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1. Study only a portion of a lesson at a time;

2. Be sure you understand each illustration before
passing to another. ' ;

3. Before answering the questions carefully review
the entire subject.
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merely use their numbers,

5. Answers MUST be written on good whire
paper, in ink, and only on one side of the sheet.

6. 'To avoid mistakes and in order that you may
receive proper credit for your work, always write
your name, your addrgss and the number of the lesson
at the top of your first answer sheet.

7. After writing your answers neatly fold the
sheets and enclose in an envelope to us, writing your
name and address in the upper left hand corner of
the envelope. : ‘ ‘ '
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INTRODUCTION,

The term traction engine, like the term locomotive, in-
cludes the engine proper, the boiler, the trucks or wheels,
and all the fittings that go to make up the complete machine.
In stationary and marine practice the boiler and the engine
are not considered as a single machine, but are taken sepa-
rately. The beiler and its fittings including pumps, injec-
tors, etc.,, make up what is known in stationary practice
as the boiler plant, while those parts which transform the
force of the steam into work, including cylinder, piston,
valve gear, governor, lubricators, etc., constitute the en-
gine.

The most important part of any steam plant, locomotive,
or traction engine, and the one requiring the most care and
attention, is the boiler. It is the part of the plant which is
the most dangerous to life and property, the part which
generally wears out soonest and which is obliged to stand
the heaviest strains, especially in traction engine service,

~and hence demands the most careful consideration on the

part of the student.

Partly on account of convenience in- studying and partly
because it seems to iollow the logical order of events, the
boiler in this work will be discussed first and the engine
afterward. '
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PART I.
. TYPES OF BOILERS.

CLASSES OF BOILERS

The cssential parts of a steam boiler are as follows: A
water rescrveir, steam reservoir, furnace, and chimney, to-
gether with numerous valves, pipes, and other fittings.

The steam reserveir may be, and generally is, included as
a part of the vessel containing the water. The furnace is
placed within the main shell in some hoilers and in others
outside. The chimney serves the double purpose of carry-
ing away the products of combustion and furnishing draft
to the furnace.

All those surfaces in a boiler which are covered with
water on one side and exposed to the hot gases on the
other may be defined as heating surface. Superheating sur-
face is exposed to steam on one side and hot gases an the
other.

Boilers are classified according to the service they are
engaged in, as, stationary, marine, locomotive, traction en-
gine, etc. According to construction they are classified in
varicus ways. Boilers fall naturally into two main classes
depending upon the course taken by the hot gases; one class
comprising those boilers which are provided with a furnace
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TYPES OF BOILERS

within their own walls known as internally fired boilers, and
the other which is provided with a separate furnace and
known as externally fired boilers. The former class in-
cludes locomotives, traction engines, Scotch marine boilers
and many others; the latter, nearly all those stationary boil-
ers which are enclosed in a brick setting,

Another mode of classification is based upon the arrange-
ment of water space and heating surface in which all boil-
ers fall again into two classes, the first being composed of
shell or tubular boilers and the sccond of water tube boilers.
in the former the hot gases come in contact with the inte-
rior tubular surfaces while water circulates about the out-
side, in the latter these conditions are reversed, water occu-
pies the space inside bf the tubes and the hot gases arc on
the outside. All locomotives, nearly all traction engines,
and many stationary and marine engines, belong to the fire
tube type. Water tube boilers find a wide application in
power and heating plants and in certain classes of matine
service,

There are many different forms of construction of each
of these four classes, which differ quite materially from
cach other and are somctimes referred to as a type of
hoiler.  For example, cach of the four classes ahove men-
tioned are built in two styles, one having horizontal tubes
and the other vertical.  Bosides these there are numberiess
other lesser modifications in design which it is not worth
while to discuss in a werk of this character,
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FI1G. I,
MULTITUBULAR BOILERS.

Multitubular boilers are used very largely in stationary
practice for nearly all kinds of service. In agriculture they
find their widest application in creameries and cheese facto-

ries. Ifig. 1 represents a longitudinal section of such a

Figd Longitudinal Saction of Muttitubiior Boiler

boiler set in a brick setting. It consists of a main cylindrical
shell fitted with tubes usually from zl4 to 4 inches in di-
amneter. The fire is built on the grate A underneath the
main part of the shell and the flame and hot gases pass
back over the bridge wall B to the combustion chamber
at the rear end, and thence forward through the tubes to the
smokebox D and out through the chimney.
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The flat ends of the boiler are braced by the flues and
usually by a number of diagonal stays in the space above
the ilues at each end. These boilers are usually provided
with a dome, although quite a good many are equipped with
a dry pipe instead. The object of the dome and the dry pipe
is the same, that is, to insure dry steam. When a dome is
used it is usually about as large in diameter as the radius of
the main shell and its height is madc equal to its diamcter.
The flat head of the dome is also staved hy means of
diagonal stays, While a dome is of considerable advan-
tage in insuring dry steam for the engine, boilers of the
other type having a dry pipe, if well proportioned, are
equally as effective,

These boilers are provided with handholes, shown at |
in the illustration, by means of which the boiler may be
cleaned. A manlicle is also provided and is placed either
at the rear of the boiler, above the brick work, or, as is more
irequently the case, on top of the bhoiler hack of the dome.
The manhole provides easy access to the instde of the boiler
for cleaning and repairs. The handholes are made about
3% x 5 inches and are of elliptical shape; the manhole about
11 x I3 inches, also of elliptical shape so that the cover may
be passed through the apening to the inside of the hoiler.
It is customary to place the fusible plug in the combustion
chamber just above thic top row of flues and below the water
level. The feed water is Introduced either through the side
near the front, or more often, through the blow-off pipe
which is placed at the rear of the boiler, as shown in the
illustration,
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The wnsual method of supporting hoilers of this kind is
by means of four brackets, holted to the sides of the boiler,
two on each side ; one ncar the front, the other near the hacl.
The rear bracket rests on rollers and the front bracket on o
plate set in the brick wall, The ohject of the rollers is to
provide for the expansion of the hoiler when heated, an:l
thus prevent the hoiler from expanding and cracking the
brick wall. The rear end of the boiler is usually sct one
inch lower than the front end to drain the boiler and to
facilitate cleaning, 4

The sides of the firebox are ‘made up of the brick walls:

of the setting. The sides hack as far as the bridge wall
and the front course of brick on tle bridge wall should be
made of firc brick.  Fire brick usually costs from four to
five times as much as common brick, so in many cases com-
mon brick is used as a matter of econony, but beingex-
posed to the intense heat of the furnace it has to be repaired
quite frequently, whereas fire brick will last for many years
and is more cconomical in the long run.

The boiler front consists of a large sheet of cast iron to
which the fire door, smcke box door and draft doors are at-
tached. The main shell of the boiler is carried out (o the
cast iron front and forms the smokebox, and an opening is
cut at the top fo allow the gases to escape to the chimney.,

These boilers are cheap, easy to keep in repair, easjz to
clean, and when set properly in a good tight setting are
about as economical as any hoiler made.

Multitubular boilers contain a relatively large amount of
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TYPES OF BOILERS

heating surface, ample grate area and adequatc steam space
when properly designed.

The heating surface consists of the internal area of the
tubes and half the outside area of the main shell, together
with the area of the two tube sheets not occupied by the
tuhes. _

The ratio of steam space to water space is about one to
two; two-thirds of the boiler 1s filled with water and one-
third with steam; about the same ratio holds also for trac-
tion engines.

VERTICAL BOILERS.

Vertical boilers are used where floor space is quite valu-
able and where there is plenty of overhead room, They are
not generally as efficient as horizontal boilers because the
hot gases pass directly out into the air before they have time
to give up their heat to the heating surfaces.

The smail vertical boilers used for agticulturzl purposes
do not compare favorably in cfficiency with small sized
horizontal boilers, but in certain places and for certain
kinds of work they are used to a limited extent.

The boiler shown in Fig. 2 is known as a submerged tube
vertical boiler, It is built very much like a direct {lue
boiler stood on end. The main shell encloses the furnace,
water space, and steam space, The grates are placed at
the hottom of the shell and the producis of combustion pass
through the tubes to the cone shaped combustion chamber
at the top of the boiler, and then out through the chimney.

7
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In this style of boiler the water level is maintained above
the upper fluc shect and protects both it and the upper
ends of the flues from the hot gases. They are also made
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with the upper tube sheet placed above the water level. In
this case the upper ‘ends of the tubes and the upper tube
sheet are apt to become burned and generally give trouble

FIG. 2.
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TYPES OF BOILERS

by leaking around the tubes. The furnace walls are tied
to the main shell by means of staybolts, which are screwed
through hoth sheets and riveted over, thus forming a water
leg all arcund the firehex. The walls of the firebox and
the internal arca of the tubes constitute the heating surface,
That part of the smckehox above the flues, which is ex-
posed to steam on the opposite side, is superheating surface,
Handholes are placed near the bottom of the water leg and
also about half way up the main shell to provide means for,
cleaning. The {feed pipe enters near the bottom of the
beiler, near which point also, a hlow-off valve is located.
In boilers of this class, dirt and sediment settle on the lower
tube sheet where it is hard to clean, and if not kept clean
trouble is apt to occur from burning hoth it and the ends of
the flues,
WATER TURE BOILERS.

Water tube hoilers are not used very much for agri-
cultural purposes. Cnly one traction engine is equipped
with a boiler of this kind. They find their widest applica-
tion in large stationary plants and in marine service.

Ifig. 3 represents a leading type of water tube boiler. It
consists mainly of a horizontal drum I and a bank of in-
clined tuhes A, These tubes are connected together hy
means of headers which communicate with the drum B by
means of a large pipe at each end. The tubes are inclined
at rather a steep angle and are entirely filled with water, the
water level standing near the middle of the drum B.

The water in the tubes rises when heated, passing to the
front end of drum B, where steam is given off, The back

9
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connection provides for continuous circulation. Water is
pumped into the rear end of the drum B and passes down-
ward to the lower header. Mud and scale settles into the
drum C which is provided with handholes at each end to

Sectiomal lew 'g/ Water Tuke Bojlar:

FIG. 3.

facilitate cleaning. The blow-off pipe is shown at D. Fire
brick arches are placed across the tubes at two places,
shown in the drawing, for the purpose of compelling the
zases to pass across the tubes several times, following the
course shown by the arrows, These boilers are set in a hrick
sctting and are provided with an iron {rent similar to the
multitubular hoilers,
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TYPES OF BOILERS

Advantages claimed for water tube boilers are that they
are quick stcamers and less liable to dangerous explosions
than fire tube hoilers. In case an explosion does oceur,
usually only one or two tubes will Jet go, in which case no
great danger would be'apt to occur.  Of course, when such
an acciclent does happen, the hoiler has to he shut down
before repairs can be made, while if a {lue in a water tube
boiler breaks it can be plugged without shutting down the
worls.

So far as cconomy is concerned, water tube boilers rank-
quite high, but do not surpass the best types of fire tube
hoilers very much.

TYPES OF TRACTION ENGINE DBOTLERS,

There are only two principal types of traction cngine
boilers in common use at the present time, viz.: the direct
fine boiler and the return flue, with the direct flue dis-
tinctly in the lead so far as number is concerned. With
only one or two exceptions all traction engine boilers are of
the horizontal style and nearly all belong to the fire tube
type.  Vertical boilers for traction engine work, except in
the case of well drilling machinery, have been practically
discontinued within the past few years.

THE DIRECT FLUE BOLLER,

The direct flue hoiler is used more widely for traction
engine purposcs than any other type of boiler. Tt is used
exclusively for locomotives and also for stationary work
wherever it is desirable to “have a selfcontained boiler
around which a fire brick setting may be dispensed with,

Fig. 4 represents a common form of traction cngine

i1
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boiler of this type, fitted for burning straw. It can be
changed to g wood or coal burner very rapidly by putting
a door in place of the straw chute O, and by removing the
fire brick arch 1. Boilers which are made to burn straw,
wood, or coal, are called universal Doilers, of which the
one shown in the illustration is an example.

. The hoiler consists of a cylindrical shell A, riveted to
a rectangular portion containing the furnace. The furnace
box is also rectangular and is fastencd to the outside por-
tion by means of stayholts 4 or 5 inches apart. The space
between the furnace box and the outer casing, which is about
214 inches wide, is called the water leg. The fire is built
on the grate I and the hot gases pass up over the fire brick
arch and through the tubes C, to the smoke box J, ani
thenee out through the chimney. "T'he water level is main-
tained about 3 inches ahove the highest point of the crown
sheet H.

This hoiler belongs to the internally fired class and when
properly designed and made is fairly economical in the wse
of fuel. Recent tests of locomotive boilers in St. Louis
showed efficiencies very slightly inferior to the best forms
of stationary boilers. Traction engine hoilers are perhaps
a little more wasteful of fuel than the best locomotive
boilers.

TYPES OF BOILERS
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TABLE IN CONNECTION WITH CUT OF BOILER, FIG, 4.

A—Shell P —Tire Brick Arch
B—Dome () -—Handholes

C-—TIlues R —Fingers for guiding the straw
D—Fire-box S —Through Stay

Fe-Grates T --Fusible Plug

F—Dead Plate U —Stavbolts

G—Ash-Pan V —Waist Seam

IH—Crown Sheet W —Reinforcing rings about openings

I —Fliue Sheets Y —Diagonal Stays

J —5Smoke Box Z —Small Side Door on side of boiler for
K—Chimney cleaning the end of the flues.
L~-Smocke Box Door AQ—Clcaning Plug

M—Water Leg AN—Exhaust Nozzla

N—Draft Doors OD—Door in Straw Chute

O—Straw Chute

ADVANTAGES O THE DIRECT FLUE BOILER,

It is small in diameter, neat in appearance, and easy to
fire. The large amount of heating surface in and aroun:
the firehox where the heat is most intense, together with a
large grate area, makes this boiler a quick, easy steamer.
The chimney on the front end makes it more convenient and
comfiortable for the engineer and leaves the cntire rear end
of the boiler free for the arranging of valves and levers
in the most convenient position.

DISADVANTAGES OF THE DIRECT FLUE BOILER,

Among its defects may be mentioned the numerous joints
in and abeut the firebox and the large number of flat sur-

14
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faces which require braces and staybolts to hold them in
position. It is a fact admitted by all good engineers that
there should he no jeints exposed {6 the direct action of the
fire. The double thickness of metal at such points malkes it
difficult for the heat to pass through and conscquently therc
is danger of burning ouve of the plates. The presence of
staybolts, while necessary in all firebox boilers, introduces
undesirable features. They impede the circulation, make
the boiler hard to clean, and offer a convenient place for
corrosion to begin. The unequal expansion betwecn the
firebox and the outer shell, due to the extreme differences
in temperature, throws heavy strains on the boiler plate and
staybolts, which is apt either to break a staybolt or cause a
leak where it penctrates the plate. In case a bolt breaks,
very heavy strains come upon the unsupported portion of
the plate and upon the adjacent stayholts,

In ascending or descending grades the crown sheet is
apt to become dry, in which casc the intense heat in the
firebox is apt to do it permanent injury. However, in spite
of all thesc apparent defects, this type of boiler is very
popular. Tt has stood the test very well in actual use.

TIIE RETURN FLUE BOILER.

The most common form of return flue boilers used for
traction cngines is illustrated in TFig., 5. It consists of a
cylindrical shell containing one large flue and a number
of small tubes. The large flue contains the grates. The
products of combustion pass through the main flue to the

15
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4 ' ‘ combustion chamber, and thence hackward through the
F small tubes (commonly called return flues) to the smoke-
2 E’§ box and out through the chimney. Water completely sur-
4 R f - rounds the main flue and should stand at a depth of 2 or 3
——’Ti 0 inches above the smaller fiues. The size of the main flue
E $ ranges from 24 to 28 inches in diameter in all boilers built
: @ : § east of the Rocky Mountains, and the smali flues from 3
l E te 4 mches in diameter. In one style of hoiler, built on
| s the Pacific Coast, the main flue is sometimes made upwards
: of 4 feet in diameter and is corrugated, as shown in Fig, 6,
5: ‘ to make it strong enough to resist the external pressure, due
g | to the pressurc of steam inside the boiler,
o E I?; b1 ‘
§ j
b Cacmopatt Menn ua
3 B !
N o | FIG. 6.
Jé\ |§ k f ADVANTAGES OF THF g g
% : ANTAGES OF THE RETURN TLUE EOILER.
§ @ ;‘,‘E 29 Tts straight cylindrical form, together with the absence
| of flat plates and staybelts, make this one of the strongest
i traction engine boilers on the market. IHaving no staybolts
: or braces within the water space, the circulation is good
) i and the boiler is casy to clean. Its compact form offers a
minimum of exposed surface for radiation and tends to-
Combusion Chomber. ward economy in the u$e of fuel. It is also claimed that
] .&.\h'—/,.l. there is less danger of fire from sparks with this boiler than
[ T
16 !
|




40

41

42

CLARKE SCHOOL OF TRACTION ENGINEERING

with the straight fluc type, due to the greater distance and
numerous turns taken by the hot gases hefore reaching the
outer- air.  Ancther good feature about this boiler is the

fact that there is no low hanging firebox to catch obstruc-

tions in the road.
DISADVANTAGES OF TIIE RETURN FLUE BOILER,

Among the principal defects of this tvpe of boiler may he
mentioned the small grate surface, rather limited heating
surface, small ash pan, large main flue, large outer shell,
and the chimney on the rear end.

The small grate area makes these hoilers rather slow
steamers in getting started, and the small ash pan requires
carcful attention on the part of the firciman to keep the
grates from burning out, due to ashes piling up in under
them. The large main flue is an element of weakness if
made very large, for it is a well known fact that the larger
the flue is, with the same thickness of metal and same length,
the Tess able it is to withstand external pressure. Where
very large main flues are used they are reinforced either by
staybolts, by corrugating, or in some other way. Some
trouble has been experienced in traction engine boilers by
the collapsing of the main fue, Where this has occurred,
however, the results have not heen very serious to life or
property. .

The large main flue necessitates the use of a boiler ghell
of large diameter. This is objectionable because the larger
the diameter of a boiler, with the same thickness of plate,
the weaker it is, a fact which will be proven in a subse-
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TYPES OF BOILERS

quent lesson. The presence of a smokebox and chimney on
the rear end is objected to by some engineers on the plea
of comfort and because this arrangement makes it difficult
to obtain the most convenient arrangement of valves and
levers,

J\D;-\]’T;\_’L‘ION OF TIIE RETURN PLUE BOILER AS A STRAW
BURNER,

When it is desired to burn straw the fire door and grates
may be removed and the attachment shown in Tig, 7 sub-
stituted ; in this case the grates, which are mercly fingers,
are placed a little above the center of the main fue.

Séraw Grate

Bttachrent for
Eug.m'ny Ftraw

FI1G. 7.

For a number of years the return flue boiler was con-
sidered the most successful straw burner; in fact, the first
really successful straw burner was a boiler of this general

19
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type. Since it was discovered that a direct flue boiler
would burn straw just as well as coal, by means of an arch,
the return flue boiler has fallen largely into disuse. Tt is,
however, a very good boiler and closely resembles the
Scotch marine boiler which has been very popular for a
great many years in stationary practice and on vessels.

THE FIREBOX REITURN FLUE BOILER,

Or, as it is frequently called, the drop firebox hoiler, is a
rather old type of traction engine boiler and is still built
by some of the leading manufacturers in the United States.
The cssential features of this boiler are shown in Fig. 8.
It resembles the direct fluc boiler in having a fire box at
tle rear end, but otherwise it is almost identical with the
return flue type of boiler. Fire Is built on the grates in the
fire box, and the smoke and hot gases pass forward to the
combustion chamber at the front end from which they return
through the small flues to the chimney at the rear end.
This boiler is provided with what is known as a water front,
that is, a water space extending almost completely around
the combustion chamber. The upper wall of this chamber
consists of a flat plate which may be cleaned through a
handhole in the shell of the hoiler. The walls of the firehox
as well as the main flue and the walls of the comhbustion
chamber are braced with numercus staybolts.  Since this
boiler contains nearly all of the features common to the
two types previously discussed it follows that it must also
combine most all of their advantages and disadvantages,

20
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THE IIGLT ROILER.

Fig. 9 is a diagrammatic view of one form of boiler made
by the IHolt Manufacturing Co. The fire bux extends
under the main shell just as it does in the multitubular
boiler described on a preceding page, and in this respect it
is uniqué among traction engine hoilers, The grates are
shown at A and the bridge wall at B, The latter consists
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FIG, Q.

of an elliptical tube in communication with the water space
of the water leg to whose sides its flanged ends are riveted.
The tube C adds increased heating surface and acts as a
brace for the front end of the combustion chamber.

This boiler has an immense amount of heatfng surface,
which is included in the cross tubes B and C, in the walls
of the firebox, hottom of the main shell and all of the flues E,

22
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TIIE WESTINGIIOUSE RBOILER.

The Westinghouse boiler, shown in Fig. 10, is worthy of
mention inasmuch as it is the only water tube boiler used

Grates.

™

FIG. TIO.

for traction engine purposes. This bolilcr co-ns1sts of. a
vertical shell surrounding a central portion which contains
the furnace and water tubes. The latter are placed hori-
zontally in courses at right angles to each other and c¢ir-
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cuiation is provided for by means of baffle plates at the ends

of, and between the sections, which causes the water to pass ' MM& ¥
from one set of tubes to the other. The hot gases pass O O E
through the central part of the boiler through the space 00 11,
cccupied by the water tubes. The outer shell is bolted to - . o o “1 -
the lower portion and encloses the main water space, and . z ° o .
the steam space at the top, . 2 :‘Jz , —
50 This hoiler is a quick steamer and quite efficient, but for g o o |k
traction engine work requiring a large amount of power it < 0 9 Ix =
is manifestly not very well adapted to.the large sized rigs = eoeo .
used in the West. § Z 2 Z Z
THE “BEST” BOILER. E N
=] Qo Q=0 O
51 The “Best” boiler is another form of boiler used on the . g ; o eto o
Pacific Coast. It is a combination of both the vertical and. 5 ceee
horizontal boiler and is built in the form of an L. The 2.2 : Z Z Z
horizonta! part contains the furnace and the vertical part 3 - |~ i
the firc tubes. The two views in Fig. 11 show up the con- ' CHE
struction of this boiler clearly enough to require no further & |
explanatiocn. , Ef‘ :
5 lE—U:lLiLJJ—U—-U—U—
MATERIALS USED IN CONSTRUCTION. E . :
(=]

52 Almost all manufacturers’ literature ‘specifies the mate-
rials used in construction of their boilers and engines. This
fact makes it desirable to include a discussion of materials

[a 3NN v]
of construction in the following pages. eoe D
53 The principal materials used for boiler work are iron and O o0 060 o
24 00 0 o0 o C
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steel. In the early days of boiler making, iron was used al-
most exclusively but during the past thirty years nearly ali
boilers have been made of steel. The only notable excep-
tion to this rule is found in certain classes of low pressure
boilers used for house heating. Many of these hoilers are
made of cast iron, in sectional form, and are designed only
for low pressures, ranging from 5 to 15 pounds per square
mch, ‘

Cast Iron.—Cast iron is brittle and untrustworthy, It
resists corrosion very well but cracks éasily when exposed
to considerable differences in temperature, In high pressure
boilers it is used to a considerabie extent for brackets, and
manhole and handhole cover plates, although during the
past few years pressed steel shapes have taken its place to
a large extent. The tensile strength of cast iron per square
inch is from 15,000 to 22,000 pounds, i. e, a bar one inch
square will require a force of from 15,000 to 22,000 pounds
to pull it in two, Itsg crushing strength is much higher,
ranging from 80,000 to 120,000 pounds per square inch in
short sections. Gray iron castings, which are considered
best, are made of the hest grade of pig iron.

Mavriase, Cast Iron.—Malleable castings are first
made like ordinary white castings and then packed in a sub-
stance rich in oxygen and placed in an oven where they are
maintained at a bright red temperature for several days,
During this time a large amount of the carbon, which is
always present in cast iron, is either burned out or changed
from the graphitic to the combined form. Tt is this un-
combined carbon and the loose structure of the iron that

26

56

57

58

TYPES OF BOILERS

makes ordinary cast iron so brittle. When the carbon is
removed the iron is more like wrought iron or steel and
becomes guite mailcable,

Malleable castings are used largely for agricultural ma-

- chinery and for the light brackets on some traction engines,

It is much more expensive than ordinary cast iron, due to
the process of manufacture,

WrouGtT Iron.—Wrought iron is used in traction en-
gine work, mainly for the reinforcing rings around the fire
door operings and at the hottom of the water leg, and to
some extent for braces. It resists strains due to unequal
expansion better than almost any other substance and does
not cracic.  Wrought iron differs from steel m having a
fibrous structure, When broken, the fibres are clearly seen
atd between them dark particles of impurities called slay
which have not been squeczed out in the process of warking,

"The only way to tell the difference between wrought iron

and steel is by the appearance of the fracture. Wrought
ron has about the same fensile strength as stecl.
StreEL—The principal difference hetween wrought iron
and steel lies in the process of manufacture. Carbon is an
essential of steel, but not of iron, and it is this substance.
that gives it its hardness and the ability to take a temper.
In mild steel, such as is used for boiler work, the percent-
age of carbon ranges from .13 to .20 of one per-cent. Steel
of this kind will not take a temmper.  Machinery steel, which
is the kind used for shafting, contains about Y% per cent of
carbon and may be made to take a mild temper. Steel con-
taining from .8 to 1 per cent of carbon is the kind that is

27




59

60

61

CLARKE SCHOOL OF TRACTION ENGINEERING

used for saws, axes, cold chisels, and other tools of the sane
nature. Ahe finer varietics of tool steel used in the manu-
facturing of knives, razors, cte., contains from 114 to il
per cent of carbon and 1s very hrittle,

Mild steel is easily welded and worked in the forge but
not quite as casily as wrought iron. Steel or iron contain-
ing sulphur is brittle when hot and is hard to weld, in which
case it is said to be “hot short.” [f phosphorus is present
in appreciable quantity it is “cold short,” 1. e., brittle when
cold. s !

Testing S1EEL—The suitability of stecl for boiler pur.
poses is determined by certain chemicai and physical tests.
The chemical test is for the purpose of determming the
amount of carbon, suiphur, phosphorus, and other clements
which affect its strength and ductibility,

Prvsican Tesrs—Physical tests may be divided into
two classes, the teastle test and the hending test. For the
tensile test, strips are cut from the boiler plate about 2 inches
wide and 18 inches long. These test pieces are marked out
in one inch divisions over a portion 10 inches long in the
middle of the piece. After this the test piece is put in a
machine, which pulls the strip in two, and registers the
tension cn a scale heam. The specimen will stretch as soon
as the load is applied, but up to a certain point will return
to its original length when the load is removed ; the point at
which it loses its elasticity and will not return to its original
length when the load is removed, is called the elastic lmit
of the metal and corresponds roughly to about one-half of
the final breaking strain,
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THE BENDING TEST.

The bending test is performed in two ways. One
method is to bend the test piece over on its self and hamer
it down cold, and in the other, the piece is heated to a
clherry red, plunged in cold water, and then bent over on its
self in the same way as for the cold test. In either test,
boiler plate up to 7-16 of an inch thick should show no
cracks or flaws on the outside of the bend,

BOILER STHEL SPECIFICATION,

Steel for boilers is classified by the manufacturers as
extra soft steel, fire box steel, flange stecl, and rivet stecl.

Extra Soft Steel—Extra soft steel will stand a breaking
strain of from 45,000 to 55,000 pounds per square inch, and
has an clastic limit ranging from 22,000 to 27,000 pounds
per square inch, It should streich 28 per cent of its length
in a space of 8 inches before breaking. It must also stand
both of the bending tests specified above. [t must not con-
tain more than .035 of one per cent of phosphorus or .03 of
one per cent of sulpiur,

Fwre Box Steel—Fire box steel has an ultimate tensile
strength ranging from 52,000 to 62,000 pounds per scuare
inch, an elastic limit of half this amount, and must stretch
20 per cent in a length of 8 inches.  The bending test and
tests for phosphorus and salphur are the same as for the
extra soft steel. This steel is used for the walls of fire
boxes, as the name implies.

Flange Steel—Flange steel has the

same ultimate
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strength and elastic limit as fire hox steel, but the required
elongation in a length of & inches is ouly 25 per cent. The
maximum amount of phosphorus allowable is o6 per cent.
and of sulphur 04. The bending tests are the same as those
specified above,

Kivet Steel—Rivet steel must have the same properties
as extra soft steel,

TESTS FOR BOILER TURES,

Boiler tubes must be made of charcoal iron or mild stee]
and be either lap welded or solid drawn., They must he
straight, round, free from defects and stand an internal
water pressure test of 500 pounds to the square inch.

A test section cut from one tube taken at random from a
lot of 150 must stand crushing down cold vertically without
showing cracks or flaws. " The length of the test section
varies with the diameter of the tubes as follows: Three-
fourths of an inch for tubes hetween 1 and 134 inch in
diameter; 1 inch for tubes between 2 and 214 inches; 134
inches for tubes hetween 2% and 314 inches for tubes be-
tween 234 and 314 inches: 134 inches for tubes between
3% and 4 inches:

All tubes must also stand flanging and beading without
cracks or faws.

ILLUSTRATION OF TEST TO
WHICH BOILER TUBES ARE
SUBJECTED,

Fig. 12,

30

TYPES OF BOILERS

10,
I,
12,
13.
14.
15.
16,
17.
w8,

QUESTIONS.

What does a traction engine include?

Why is a boiler the most important part of a steam
plant? '

Enumerate the principal parts of a boiler.

Define heating suriace, superheating surface,

How are boilers classified as to service?

State how boilers are classified in regard to the direc-
tion taken by the hot gascs.

State the arrangement of water space and heating sur-
face in (a) fire tube boilers, (b) water tube boilers.

For what purposes are multitubular boilers adapted?

Describe the course taken by the hot gases in a multi-
tubular boiler.

How are muititubular boilers braced ?

What is the object of (a) the dome, (b) the dry pipe?

What provision is made for cleaning boilers ?

How are multitubular boilers set and supported ?

What surfaces are considered heating surface?

Mention two types of vertical boilers.

Name some of the defects of vertical boilers,

Mention the advantages of a water tube boiler.

Name the two principal types of traction engine boil-
ers. ‘
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- 22,

23.
24.

25,
20.

27,
_28.
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30.
31.

32.
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How may a direct flue coal boiler be changed to a
straw burner?

What and where is the water leg?

Mention some of the advantages of the direct flue
boiler, (h) some of the disadvantages,

Mention some of the advantages of the return fluc
boiler, (b) some of its defects.

Describe the Holt boiler.

Describe the Westinghouse bailer; in what particular
does it differ from other traction engine boilers?

Describe the “Best” boiler. :

What is the principal material used in boiler construc-
tion? .

Describe the properties of cast iromn.

What use is made of malleable iron?

What are the principal uses of wrought iron for trac-
tion engine purposes?

What element is an essential part of steel?

Explain the effect of the following clements on steel,
(a) carbon, (b) sulphur, (c) phosphorus.

What are the tests required of good boiler plate ?

What grades of steel are specified for hoiler purposes
and what are the characteristics of each?
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PART 1II
DETAILS OF CONSTRUCTION.

SENERAL REMARKS.

There are three principal processes in common use for
the making of steel, viz.: the Bessemer process, the open
hearth process, and the crucible process, Railroad rails and
steel gears are made by the Bessemer process; boiler plate
mostly by the open hearth, and tool steel by the crucible
process.

Boiler plate is rolled in the large plate mills and then
shipped to the boiler manufacturer. Fere the sheets are cut
to the proper size and shape for the work in hand, the
edges are planed and the rivet holes located and drilled,
In some of the best boiler shops all the rivet holes are lo-
cated by means of a carefully laid out pattern which is
clamped to the sheet being worked upon. In this way the
work is accurately done and the rivet holes come exactly
opposite one another when the work is completed, thus
avoiding the kind of work shown in Fig. 13. In this case,
where the holes do not come opposite, a punch is driven in
which stretches the metal on opposite sides enough to let the
rivet enter., Then when it is riveted down it is deformed
in the way illustrated. Such construction is not good since
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the metal of the plate is strained with the punch, and the
rivet is weakened when headed down.  Rivet holes are some
times punched but it {s considered better practice to drill

\

A\

Fig. 13.

Deformed Riveting,

them, since punching destroys the elasticity of the metal
around the holes to some cxtent.

The next operation is to pass the plate through the bend-
ing rolls where it is bent into cylindrical shape, the amount
of curvature being determined by a pattern made for the
purpose.

Boiler heads and dome heads are usually flanged in a
large press, The sheet is first heated all over to a cherry
red in a forge, and then the flange is turned, after which
it is allowed to cool slowly and the rivet holes are drilled,
After all the sheets are drilled and shaped they go to the
erecting floor and are first loosely holted together and
afterwards riveted. The rivets are heated to a bright red in
a forge, and headed up usually with a steamn or pneumatic
riveter while stiil hot. In repair work the rivets are gen-
erally headed up by hand. When the rivets cool they con-
tract and draw the plates very tightly together.
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The furnace box in direct flue boilers is made separately,
then blecked up into position in the main shell. The holes
for the staybolts are drilled through both the outer casing
and walls of the furnace box at one operation and tapped
for the threads. The staybolts are then screwed into place,
cut the right length, and the ends riveted over cold. After
the heads arc put in, the braces are inserted, and the tubes
placed in position and expanded.

In putting ‘brackets on traction engines they are first lo-
cated by careful measurement and the Dolt holes drilled and
tapped by using the bracket itself as a template, thus insur-
ing accuracy in the drilling of the holes.

All good boiler shops are equipped with plate rolls, plate
planers, drill presses, punches, flanging presses, riveters,
hoisting machines, cranes, etc.

BLISTERS AND BAGS.

When boiler plate was made largely of wrought iron it
frequently happened that the plate was not thoroughly
welded together in all parts during the process of welding.
If a plate containing a fault of this nature were placed
in the crown sheet or in some place exposed to the direct

P ey,
7
Wy

Fig. 14.
Blistered Boller Plate.

action of the fire it was apt to blister, that is, separate at the
point where it wos not welded as shown in Iig. 14, While

83




—

10

II

CLARKE SCHOOL OF TRACTION ENGINEERING

the same thing may happen with steel plate it is not, owing
to the process of manufacture, at all likely to do so. All
boiler plate is inspected but imperfections of this character
are impossible of detection,

A bagged plate is-illustrated in Fig. 15, and is not due to
any imperfection in manufacture, but to improper handling
of the hoiler. DBagged plates appear in the plates above the
fire when they become covered with scale to such an extent
that the hcat can not pass through into the water fast
enough. 1In this case the metal softens gnd the pressure of
steam in the boiler forms the bag. A bagged plate may
result in a boiler explosion but very frequently it does not.

In the case of either bags or blisters the hoiler should he

Fig, 15,

Example of Bagged urnace Plate.

taken to a good boiler sﬁop, where the old plate is removed
and another one put in its place. This is much better and
safer than patching; in fact, a patch ought never to be put
on a hoiler where it is cxposed to the direct action of the
fire. The only places in traction engines where bags are apt
to form is in the crown sheet of direct flue boilers and in the
main flue of return flue boilers.

PATCHES.

There are two kinds of patches, called soft patches and
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hard patches, the former of which is illustrated in TFig. 16.
A soft patch is employed where temporary repairs become
necessary and where the leak is small and it is difficult to
put on a hard patch. The hard patch is used where it is
desired to make permanent repairs.

\\\\\\\ T I ey
S A G i e

" Fig. 18,

sy
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A Soft Patch Showing Patch Bolts.

The soft patch consists of a suitable piece of boiler plate
cut considerably larger than the leak it is designed to repair

in order to have sufficient margin for the patch bolts which

hold it in place. These bolts are simply machine screws
having a special form of head illustrated in Fig. 16, When
they are screwed into place the square portion may he cut
off, leaving a head which looks like 2 rivet head. In putting
on a soft patch the piece is first drilled for the bolts and
then bent to the proper form and clamped into position,
The bolt holes are then drilled in the boiler shell and tapped,
after which the bolts are put in. Before doing this, how-
ever, it is customary to put a coating of thick red lead over
the patch which helps make a tight joint when the bolts are
screwed into place. A patch of this kind would not be per-
missible in the crown sheet hecause the double thickness of
metal, together with the lead, would not allow the heat to
pass through into the water rapidly cnough and conse-
quentl: it would burn out. Where a soft patch is used the
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lead should be given three or four days to set hefore rais-
ing steam,

13 A hard patch is made by cutting out the injured sheet
and riveting a new one over the opening thus made. In-
stead of putting on a patch of this sort it is better to
remove the whole section of plate containing the damaged
portion and put a new one in,

RIVETS AND RIVETING,

14 Rivets are made of either wrought iron or rivet steel.
They are forged from round bars and are given either a
round or a pan shaped head. The cylindrical part is

41D
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PFig. 17,
Example of Fland Riveting.
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g, 18,

Example of Machine Riveting.

slightly tapered and is called the shank. The ultimate
shearing strength of rivets, which is the stress they are
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subjected to in- boilers, ranges from 40,000 to 45,000
pounds per square inch. Rivets are stronger in shear than
in tension, Fig. 17 is an example of the form of rivet head

‘made by hand riveting and I'ig. 18 of machine riveting.

RIVETED JOINTS.

A riveted joint cannot be made as strong as the solid
plate because it is chvious that the plate is weakened at
the joint to the extent of the metal cut out for the rivet
holes. It is, therefore, usual to express the strength of the
joint as some percentage of the strength of the unpunched
plate,

— e -
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g, 14,
Single Riveted Lap Joint.

Fig. 10 represents what is known as a single riveted lap
joint. In this case the two plates are lapped over each other
and held together with a single line of rivets. The distance
from center to center of the rivets is called the pitch.

Rules have been laid down covering the design of riveted
joints by which it is possible to determine the size of rivet
and the pitch for any thickness of plate and all boiler mak-
ers are guided accordingly.
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18 The transverse scams, that is, the scams passing around
the shell in traction engine boilers, are generally made single
riveted. The strength of a single riveted lap joint is about
56 per cent of that of the solid plate.

19 A double riveted lap joint is made the subject of illustra-
tion in Figs, 2o and 21. The former is a sample of what is
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Fig. 20.
Chain Riveting.
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Fig. 21.
Zigzag Riveting.

called chain riveting, the latter of zig-zag riveting. In chain -

riveting the rivets are placed one hehind the other while in
zig-zag tiveting the rivets are staggered. In zig-zag rivet-
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ing the distance between the centers of rivets in different
rows is called diagonal pitch. This stvle of riveting is the
one most commonly used in traction engine boilers. As
stated before, it is customary to single rivet the girth seams
in traction engine boilers while the longitudinal scams are
always double riveted, and in some very large engines triple
tiveted, since, as will be presently shown, the stress on the
latter is twice that on the former. Waist scams, however,
in direct flue hoilers, are frequently double or. triple riy-
eted to provide against the twisting strains that come upon
traction engine boilers at this point. The strength of a
double riveted lap joint is from 69 to 75 per cent of the
unpunched plate. Tig. 22 shows the usual arrangements
of the rivets in all of the various seams of a direct flue
boiler.

Fig. 22,
Firebox Boiler, Showing Method of Riveting the Joints,

20 A butt joint is represented in Fig. 23, having a single
cover plate.  Sometimes two cover plates are used, one on
cach side of the joint. They may be secured with one, two
or more rows of rivets, Butt joints are generally used for
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plates onc-half inch thick and upwards and since very few
plates more than threc-eighths of an inch thick arc used on
traction cngine boilers, these joints are not used much for

Fig. 23.

Butt Joint, with Single Cover Plate

this kind of work. TIn the advent of higher pressures and
thicker plates, traction engine boilers .may vet be con-
structed with butt joints. The efficiency of butt joints
ranges {rom 6o to 85 per cent, depending upon their design,

REINFORCING RINGS.

Numerous methods are in use for forming the joints

around fire door openings and at the hottom of the water
leg. Figs., 24 to 26 inclusive show the usual method of
forming the joint at the bottom of the water leg in open
fire box beilers. The heavy wrought iron ring in Fig. 26
is sometimes called the mud ring. It is made extra heavy
in some boilers and is used as the principal support for the
brackets carrving the boiler. Tire door openings are rein-
forced in the same way as the bottom of the water leg and
also hy flanging after the manner shown in Fig. 27, When
plates are flanged for any purposc they should be worked at
the proper temperature and the radius of curvature should
be at least four times the thickness of the plate; shorter
bends than this are liable to injure the plate.
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Fig. 26.

Methods of Forming Joint at Bottom of Water Leg.

N Y
A

Z

%,

Do ST
N




22

CLARKE SCHOOL OF TRACTION ENGINEERING

CALKING.

After hoilers are riveted together the seams must be
calked to make them steam and water tight. The tool used
for this purposce and the method of operating it is shown
in Iig. 28 In wcll cquipped boiler shops calking is done
with a preumatic calking tool, but in repair work, such ¢
tool as is shown in the illustration, is the one commonly
used. The end of the tool should be rounded so as not to
groove the under plate, A sharp edged calking tool should
never be used. When a botler begins to leak at a seam or
around a rivet head it can generally be mada tight by calk-
ing. Almost anybody can calk a boiler. A rather heavy
hammer should be used for this purpose so that the outer
plate will be driven firmly against the under ome.

ENNNANNENNNNNEN B NN
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Fig. 28.
44
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Tt is never safe to calk a boiler under steam pressurc be-
cause the sudden shock to the metal, which is under tension,
may be sufficient to cause a rupture, ending in a boiler ex-
plosion.  Sometimes boilers are calked under water pres-
sture. This mcthod is entircly safe, but has not very many
advantages. Doiler plate is generally planed to a bevel on
the edge to facilitate calking,

STAYS AND BRACES,

The tendency of pressure within a boiter is to make all
surfaces assume either a cylindrical or a spherical shape.
All such surfaces, therefore, are self-supporting, while all
flat plates are non-supporting and require staybolts and
hraces to hold them in position. The surfaces that require
bracing are the tube sheets, above the top row of tubes, and
the flat surfaces of the crown sheet and water leg in iscomo-
tive fire hox hoilers. The number and position of staybolts
are determined hy rules which have been worked out for the
guidance of boiler makers,

STAYS FOR BOILER IIEADS.

That part of the tube sheets occupied by the tubes needs
ne other supports than the tubes themselyes, hut the sur-
face zhove the (lues nceds staving. This is accomplished
by means of through stays, crow foot stays, and girder
stays. Through stavs consist of straight iron rods passing
lengthwise of the boiler above the flues and riveted over at
hoth ends.  The number used depends, of course, on the
size of the boiler. .\ through stay is shown in Fig. 4.
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DIAGONAL STAYS.

26 Fig. 29 shows two styles of crow foot stays. The one on
the left is made of a single piece of boiler plate, split and
doubled hack at the lower end to form the crow foot. It is

Crowfoot Stays.

known as the McGregor stay; being made of one picce of
metal and free from welds it is exceedingly strong, The
other stay comsists of a round bar of iron flattened at ane
end and having a crow foot welded on the other. When
the weld is perfectly made’it is a strong, serviceable hrace.

Another method of placing diagonal stays is shown in
Fig. 30. In this case two angle irons are riveted to the
boiler and stays inserted, as shown. Both the angle irons
and the hrace help to support the plate.

Girder Stays arc shown in Tigs. 8 and 37. They consist
of heavy tee irons riveted across the plate. All these forms
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of braces are used by some of the different makers and
appear to be entirely satisfactory.

#ig. 30.

Diagonal Beiler Stay,

STAYBOLTS.

29 Where the staybolts are short, as in the water leg, they
arc threaded throughout their whole length and screwed
into place, after which the outside end is cut off. DBoth
ends are riveted over usually by hand. ‘

30 Owing to the strains of rough roads and of traction to
which traction engine hoilers are subjected, thesc stays arc

L NN = S
Mg, &L,
Stay IDolt in Water Leg.

(

Fig. 32.
T.ong 8iay Bolt.

usually made one-sixteenth of an inch larger in diameter
" than the rules for stationary bdilers demand. Fig. 3¢
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shows one of these stays in position and Fig. 32 represents
a form of staybolt occasionally used where a long bolt is
necessary to support the crown sheet. In this case the
bolt is turned down to the roots of the threads hetween the
threaded portions so that it can be screwed through the
first sheet and then pushed on through the hole to the sheet
below. With pressures, such as are carried at the present
time, the staybolts are required to support about 20 square
inches of surface cach. This provides for a spacing of
about 4 inches apart one way and 5 the other,

Fig., 23,

A Boller of Unit Birength,

THE STRENGTH OF A CYLINDER SUBJECTED TO INTERNAL
PRESSURE.

The strength of a cylinder subjected to internal pressure
is dependent upon the thickness of the material in its walls

and its diameter. Let Fig. 33 represent a boiler of unit

length., “The arrows represent the direction of pressure
exerted by the steam, which is of course equal on all parts
of the boiler and acts in a straight line radially from the
center. Tt is cvident that the metal which resists the pres-
stre of the stecam is found along the lines AA® and BB The
area of this metal is equal to the thickness of the plate mul-
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tiplied by its length. It is also evident that if the boiler
were cut in two along the lines above mentioned and a
hottom put on the upper half, that, with a given pressurc of
stcam per square inch, the total pressure on this bottom
would exactly equal the total pressure acting upward on the
semi-circular curved portion of the shell. Tf the pressure
were 100 pounds per square inch, and the boiler were one
inch long, the total pressure on the bottom would equal the
diameter of the boiler in inches times 100. This product
represents the force tending to separate the bottom from the
curved portion. It is alsc equal to the force tending to
rupture such a cylindrical boiler along its side seams.

It is plainly evident from the above considerations that
the larger the diameter of the boiler the greater will be the

stress on that boiler with the same pressure of steam, Since -

the metal that resists bursting is the cross-secticnal area of
the plates along AA® and BB! it is cvident that the thickness

-of the boiler plate must be increased in accordance with its

increase in diameter if the boiler of larger diameter is to
have the same strength as one that is smaller.

STRESSES IN A CYLINDER SUBJLECTED TO INTERNAL PRESSURE.

Suppose that the hoiler in [Fig. 33 is 30 inches in di- -

ameter, g6 inches long, and that the plates are %4 of an
inch thick. The total pressure tending to hurst the hoiler
along a side seam, if the pressure is 100 pounds per square
inch, is 100 times 30 times g6, equals 288,000 pounds. The
area of metal to resist this force is equal to twice the thick-
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ness of the plate multiplied by its length, or, in other words,
equal to the total area of the section of the plate along both
the lines AA! and BB This area is equal to ¥4 times 96
times 2, equal to 48 square inches. tThe siress on each square
inch, therefore, is equal to 288,000 divided by 48, equals
6,000 pounds; that is, each square inch of metal along the
side seams of the boiler, if the pressure is 100 pounds per
square inch and the dimensions of the boiler are as above
stafed, bears 6,000 pounds. '

The Stress on @ Transverse or Girth Seam may be found

~as follows:

The area against which the steam can act to pull the
boiler in two lengthwise is the area of the hoiler-head,
which, in this case, is cqual to 30 times 30 times .7854,
cquals 706.86 square inches,  This area multiplied by 100
equals 70,686 pounds, which amount represents the total
pressure on the boiler head with steam at 100 pounds
presstre, The total arca of metal to resist this pressure is,
of course, equal to the circumference of the boiler times the
thickness of the boiler plate; or, stated in another way, it
is cqual to the metal which would be cut off if the boiler
were sawed in two at right angles to its length,

The circumference of a 30 inch boiler eguals 3o times

" 21416, equals 94.248 inches, which multiplicd by the thick-

ness of the plate, 14 inch, equals 23.502 square inches, The
total area of metal, therefore, to resist the pressure of 70686
pounds is 23.562 square inches.  Conscguently the stress
per square inch on the metal is equal to 70686 divided by

23.502 or 3000 pounds. This is just half the stress on the.
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mctal aleng a longitudinal seam. Tt is this difference in
stress that makes it necessary to double rivet longitudinal
scams while girth seams are only single riveted.

The Factor of Safety—In the design of machinery for
buildings it is never safe to figure on the entire strength of
the material entering inte the construction, hence, a factor
of safety is introduced ranging from three cor four in some
structures, to as high as fifteen or twenty in others; that is,
in designing the structure, instead of using the uitimate
breaking strength of the material in figuring what the
structure will bear safely, some fraction only of the ulti-
mate strength is comsidered. Tf the factor of safety is
four, only onc-fourth cof the ultimate breaking strength will
be used in computing the strength of the structure; if the
facter is ten, only onc-tenth of the ultimate breaking
strength will be considered. '

In boiler work it is usual to assume a factor of safety of
five, therefore, if the material has an ultimate strength of
fo,000 pounds per square inch only I2,000 pounds will he
considered in figuring the safe working pressure.

TIHE BURSTING PRESSURE OF CYLINDERS SUBJECTED TO IN-
TERNAL PRESSURE,

Whenever the force tending to burst a cylinder is exactly
equal to the strength of the material resisting rupture, that
cylinder is on the point of bursting. We, therefore, have
the following rule to determine bursting pressure:

Rule I—Multiply twice the thickness of the boier plate
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by the witimate tensile strength and divide the product by
the diameter of the boiler, all expressed in inches.

Lxample —Suppose a hoiler, without scams, 30 inches in
diameter is made of }4 inch plate having a tensile strength
of 60,000 pounds per square inch, the force necessary to
burst this cylinder is, according to the rule, equal to 2 times
¥4 times 60,000 divided by 30, equals 1,000 pouills.

‘The safe working pressure of a cylinder will be much
less than this because, as indicated above, a factor of safety
must be introduced and the strength of the riveted joint
taken into consideration,  Authoritics differ somewhat as
to the exact factor of safety to be emploved, but it is he-
lieved that the general practice among traction engine build-
crs is to use a factor of safety of 5. On this basis we have
the following rule:

Rule I1~—Multiply together the thickness of the boiler

- plate expressed in inches, the ultimate tensile strength and

the efficiency of the joint in per-cent. Divide this product
by 500 times the radius of the boiler. The result is the safe
allowable worlking pressure for a new boiler.

‘There is no rule for figuring the safe working pressure of

old boilers, the pressurc allowable depends upon the judg- -

ment of the operator or the inspector.

Exemple—The allowable working pressure on the boiler
above mentioned is equal to ¥4 times 60,000 times yo divided
by 300 times 15, equals 140 pounds, ‘

The Board of Supervising Inspectors of steam vessels
prescribe the following rule for obtaining the safe working
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pressure of cylindrical boilers having single riveted longi-
tudinal seams:

Rule HTT—Multiply the thickness of the shell and the
ultimate tensile strength and divide by 6 times the rodius.

Applying this to the above boiler we obtain the {follow-
ing results: 14 times 60,000 divided by 6 times 15, equals
166 2-3,

Kent's Rule—Kent's rule is another rule somectimes
given for obtaining the safe working pressure. It runs as
follows :

Multiply the constant number 14,000 by the thickness of
the plate and divide by the diameter of the boiler in inches,

Applied to the above boiler it gives a safe working
pressure of 116 2-3 pounds.

It is rather unfortunate that authorities do not agree on
rules for figuring the safe working pressure, hut an exam-
ination of the above results would show that there is con-
siderable diffcrence among them,

The working pressure for a boiler having {lal plates or
flat surfaces cannot be worked out by any of the above
rules, beczuse the rules for pressure on flat plates differs
considerably frem those applicable to cyiindrical surfaces.

Tn figuring the safe working pressure of a direct flue
boiler, the proper thing to do is to figure the safe working
pressure for the cylindrical part, and then for the walls of
the firchox, and consider the smaller value thus obtained
as the safe allowable working pressure for the whoele hoiler,

The following discussion applies to the safe working
pressure on flot surfaces
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THE SAFE WORKING PRESSURE ON FLAT SURFACES,

The allowable working pressure on flat surfaces may be
determincd by the following rule. This rule is used by the
United States Doard of Supervising Inspectors of steam
vessels:

Rule 1V —Multiply the square of the thickness of the
plate in sizteenths of on tnch by 11z, divide this product by
the squave of the distance from center fo cewler of ithe
steys.  The resull will be the allowable working pressure
for plates 7-16 of an inch and under. If the plates are
more than 7-16 of an inch thick use 120 tn the place of 112,

Example—What will be the allowable working pressire
on the walls of a firebox having plates 5-16 of an inch thick
with stayholts placed 434 inches apart?

Solution.—5> 5 112 divided by 434, squared, equals 125
{ncarly).

THE SATE WORKING PRESSURE FOR FLTJES,

The following rule gives the allowable working pressure
on plain flucs made in sections not to exceed 8 feet in length.
The ends of cach section should be flanged and riveted with
reinforcing rings between the flanges:

Rule V.—Multiply the square of the thickness of the
plate by 80,600 and divide the product by the product of the
length of the section and the digmeter of the flue.

Example—What is the allowable working pressure on a
flue 34 of an inch thick, 20 inches in diameter, 6 feet long ?

Solution.—Applying the rule just given we have 89,600
34X 34, divided by 620, equals Tos.
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It can readily be seen from these figures that the weakest
part of a return flue boiler is the main flue. If made very
large it is apt to collapse unless the metal is made exceed-
ingly thick or is supported in some way by reinforcing
rings, corrugations, or staybolts.

2.--*“ THE SAFE WORKING PRESSURE ON STAYBOLTS,

The safe working pressure on stayholts is limited by the
Board of Supcrvising Inspectors of steam vessels to 6,000
pounds per square inch.  Since wrought iron rods will bear
a tension of 45,000 pounds before breaking this provides
a factor of safety of a little more than 7. To figure the
stress on a staybolt, multiply the arca which it supports
by the steam pressure, and divide this product by the cross-
scctional area of the smallest part of the belt in square
inches,

Example —Suppose the bolts are placed 4 inches apart
one way and 5 the other and the pressure on the boiler is 120
pounds per square inch, the total area supported by the
stayholt is 4 times 5 or 20 square inches, and the total load
which the holt carries is 2o times 120 or 2,400 pounds. If
the bolt is .7 of an inch in diameter its area is about 4 of a
square inch. The stress per square inch, therefore, on the
bolt is equal to 2,400 divided by .4 or 6,000 pounds.
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L EXAMPLES.

I. Find the safe working pressure on a plain cylindri-
cal hoiler 42 inches in diameter whose shell is 34 of an inch
thick.

2. Find the safe working pressure for a return fluc
Dboiler whose main flue is 7 fect long, 24 inches in diameter,
and 34 of an inch thick. The main shell of the boiler is 48
inches in diameter and made of 34 inch steel.

3. Find the allowable external working pressure of a
flue 48 inches in diameter, 6 feet long, made of 7-16 boiler
plate.

4. A staybolt 74 of an inch in diameter supports a sur-
face 4% by 434 inches; allowing 6,000 pounds per sguare
inch as the stress on the holf, what will be the allowable
working pressure in the hoiler?

5. Find the allowable working pressure for a direct flue
boiler having the following dimensions: Diameter of the
shell 30 inches, thickness of plate in the shell 5-16 of an
inch, istance apart of staybolts in the water leg a4l iy 434,
walls of the firebex 34 of an inch thick.

6. Apply the three rules given for finding the zllowable
working. pressure on plain cylindrical boilers to the follow-
ing example: The diameter of the boiler is 36 inches, thick~
ness of boiler plate 5-16 of an inch.

PECULIAR STRESSES IN TRACTION ENGINE BOILERS.

Probably no other hoiler is subjected fo the same hard
usage as the traction engine hoiler. It not only has to gen-
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erate the steam and carry the stcam pressure but it is also
subjected in very many cases to the evils of had water and
incompetent management. 1t is obliged, furthermore, to
stand not only the twisting and racking due to rough roads
but in most cases it is used as the foundation for a heavy
machine weighing anywhere from 5 to 18 tons. As usu-
ally designed both engine and drive wheels are holted to the
boiler, together with the necessary gearing for the trans-
mitting of motion from the former to the latter. Thus all
the force excried by the stecam in propelling the engine on
the road must pass through the boiler.

A stationary hoiler is usually placed in a brick setting
nd is tended by a man who is trained to the worl. All it
has to do is to furnish stcam and all the stresses it has to
lear are the stresses due to steam pressure. A locomotive
Las somewhat harder wotk to do. It usually has poorer
water to contend with and is racked some by the inequalities
of the roadbed, but aside from those two things it has no
more work to do than the stationary hoiler, The traction
engine boiler, on the other hand, has all of these difficul-
ties to contend with, together with bad water, bad man-
agement, rough roads, high steam presstire, traction stresses,
cte,

THE DOME,

The object of the dome is twofold, It furnishes addi-
ticnal space for steam and provides a point at considerable
distance from the surface of the water from which the stcam
may be drawn., If steam is taken from near the surface
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of the water it will carry with it some water in the form
of a fine spray.
efficiency in producing power and is dangerous to the cylin-
der and valves. Water washes the cil from the valve and
valve seat and from the inside of the cylinder causing these
surfaces to wear and cut. Besides, since water is incom-
pressible, it is apt to gather ahead of the piston and knock
a cylinder head out, therefore, every effort is made to se-
cure dry steam for the engine. The use of the dome is one
of the scheomes taken to attain this result,

Tig. 34,

Boiler with Baffle Plate in Dome and Deflector in Smoke Box.

Some manufacturers place a baffle plate in the upper part
of the dome which acts as a separator. (See Fig. 34.)
Steam in rushing upward toward the entrance of the steam
pipe, has to turn around the edges of the baffle plate but the
entrained water, having more momentum than the steam, is
supposed to keep on in a straight line and strike the haffle
plate and be deflected back again toward the bottom of the
boiler. Communication hetween the shell and the dome is
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sccured by cutting one or more openings in the shell. The
steam which condenses on the sides of the dome, finds its

. way back into the boiler through small holes drilled in the
shell around the inside walls of the dome.

DRY TROUGEL

77 A dry trough is used in some hoilers to take the place of
a dome. This dry trough, an illustration of which is shown
in Fig. 35, is so placed that stcam cannect be drawn directly
from the steam space in the boiler, but must first pass into
the dry trough before it can pass out of the steam pipe. The
current of steam flowing into the stcam pipe thus causcs
very little commotion at the surface of the water and the
steam that passes through is tolerably dry. Beilers having
a dry trough in place of a dome ought to have a little more

Trig. 35.

Doiler with Dry Trough.

steam spacc above the top row of flues than boilers with
domes. A boiler without a dome makes it a little more
convenient for the arrangement of the machinery.
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STEAM PIPLS,

In sonte hoilers the steamy pipe is carried from the top of
the dome outside of the boiler shell to the steam chest; in
others, it is carried inside of the hoiler,  When the steam
pipe is placed inside of the hoiler the difficultics due to
radiation are avoided and the steam will come to the steam
chest usually somewhat dryer than if it has to pass through
a long outside pipe, no matter how well the latter may be
jacketed.  This position of the steam pipe, however, fre-
quently causes considerable trouble if it is not properly
drained. When the engine is shut down steam condenses
i the loop of the pipe and hefore starting in the morning
this water should be drained out. :

In some boilers a'stop cock at the end of the pipe is con-
nected by means of a long valve stem so that it may he
opened from the outside of the boiler. In other hoilers
there is no such provision made for drainage, until the
boiler caols down, then, by taking ‘out a handhole plate, the
drain cock can be gotten at and opencd. It frequently hap-
pens that the cngineer in charge cither dees not know
about the drain cock in the dry pipe or else forgets to open
it. In either case the steam pipe freezes and hursts daring
the winter time, and the next season trouble is experienced
from the start, with priming,

The steam pipe lies either in the water or very close to
it and if it is cracked or i the drain cock falls out, as some-
times happens, water gets in and is carried over by ‘the
steamn to the engine. Here it causes loss of power and in-
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jury to the valves and cylinder. The (n?lyl remedy in this
case 1s to put in a new dry pipe. While if is not a%;solu‘tel_y
necessary that the dry pipe be drained every morning, it is
necessary that it be drained at the end of the season’s run
when the engine is laid up for the winter. :

FIREBOX.
The firebox of direct flue boilers is made either in the
open hottom or closed bottom form. Fig. 35. represents
an open bottom firebox and Fig. 4 a firebox with a closed
bottom.  The open bottom firebox allows the use of a
large ashpan and makes it more convenient to e.nter the
firchox to make repairs; entrance to which is easily made
from the hottom by taking off the ashpan. ‘The closeid bot-
tom firehox is very strong amd compact, and is preferable
for certain styles of mounting, The water leg in E.lH fire-
box boilers acts as a mud collector and at the same tu'ne E.lf—
fords protection to the furnace walls. Water in rapid cir-
culaticn will carry a heavy load of sediment; the amount
it will carry heing dependent upon its specd. Since there
is less circulation at the bottom of the water leg than any-
where else in the hoiler, it is clear that the mud will eollect
largely at this place. In using muddy water, unless care
is taken to clean the water leg frequently, it is apt to fill
with mud, in which case the furnace walls may become
seriously burned.
FIREDOX ARCTIES.

Firebox arches are made of either firebrick or jron. If
made of iron they are cast hollow to prevent their becom-
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ing too hot and burning out. Some form of arch is abso-
lutely necessary in firchox boilers for burning straw but
not for burning coal, although in the larger sizes of en-
gines, where soft coal is burned, the use of an arch 15 often
desirable. Arches are used extensively in the firehoxes of
locomotives where they are said to give very good satisfac-
tion.  An arch is necessary in burning straw because with
heavy draft the light particles of straw would be drawn
into the flues and clog them up.

The action of the arch is very simple. It helps to mix
the products of combustion and protects the flues from cool-
ing, due to the admission of air when the fire door is openecd.
It also acts as a rellector of the radiant heat of the fire and
maintaing a more constant temperature in the firchox. At
the same time it causes the flames to take a longer course
through the firehox, thus giving the gases 2 longer time to
part with their heat, :

In burning straw and certain kinds of soft coal contain-
ing censiderable volatile malter, very good results are ob-
tained by admitting air above the firc as i the case of the
hollow arch or through a draft door in the upper part of the
firebox chamber.

\ WATER TABLES,

Water tables are used in place of arches in some hoilers.
Fig. 36 represcnts what is known in locometive practice as
the Buchanan firehox, This table extends compictely across
the firchox and has an opening cut near the upper part
through which the flames pass into the combustion cham-
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86

ber. Another form of water table is in usc in which the
table extends only part way up zeross the firebox, the rest
of the arch effect being obtained by using two or three scc-
tions of firebrick ahove the water table.

AT

Iig. 36,
Boiler with Water Table,

Means for cleaning the water table are provided in the
shape of handholes on the sides of the firehox. VVhll; the
rapid circulation of the water in the Watf:r tables .OUg t t;
prevent the accumulation of scale or sedlmen‘F, }t is a we
known fact that it does not always do so, and it is ac_iwsable
to clean the water tahle very frequently, hecause, 1tt scale
does form at this point, the intense heat of the fire will cer-
tainly burn cut some of the plates,  With arche's that do' not
extend entircly across the firehox, dif{ﬁculty is sometmlﬁes
experienced by the formation of steam in the upper poruo.n
which forces the water back and thus allows the plates to

In the type of fircbox shown in the illus-

become burned. !
QOwing

tration, no such difficulty is liable to be met with.
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to the numerous joints in the heat of the fire and the un-
equal expansion between the water table and the firehox
walls it is difficult to prevent leakage. .

87 The use of a water table adds quite a large amount of
heating surface to a boiler, but at the same time it provides
a cooling surface in the firchox at a point where it is ce-
sirable that the heat should be most intense. This leads to
incomplete combustion in many cascs, since it is a well
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The Abell IWire Box.

known fact that the difference in temperature between the
flames and the firebox walls may be anywhere from 1,500 to
2,000 degrees.

TITE ABELL FIREBOX,

88 ‘The Abell firebox is represented in Fig. 37. The peculiar
feature of this hoiler is that the flues extend hack to about

64

8¢

g0

DETAILS OF BOILER CONSTRUCTION

the middle of the firchox, thus making 2 (lue considerably
longer than the ordinary and so providing for morce heat-
ing surface in the boiler. The flame passes up over a baf-
fle plate into the combustion chamber and then passes out
through the flucs. Handholes are provided on the sides of
the firehox for cleaning the lower crown sheet. In using
muddy water these should be made use of freely,

CHIMNEY,

The chimney is built of either cast 1ron or of sheet stecl.
When made of the latter material it is {requently provided
with an inner lining, which protects the outer casing, and
which can be easily renewed when burned out. Cast iron
is somewhat more durable than sheet steel or sheet iron for
chimney purposes hecause it resists corrosion better. When
sheet steel is used it is joined to the boiler shell by means
of a casting. Tig. 38 is a section of a cast iron chimney,
or stack, as it is sometimes called.

TIE SMCOKE BOX.

The smoke box is located at the front end of direct flue
hoilers and at the rear end of return flue boilers. In both
cases the smoke passes into the smoke box hefore passing
out through the chimney. In most boilers it is formed by
a continuance of the hoiler shell, but some manufacturers
make a separate smoke box of cast iron which is fastened
Dy mecans of bolts to the main shell. Either method of
construction is entirely satisfactory.
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The object of cast iron smoke boxes is to provide a ma-

terial which is not affected very much by the hot gases. -

Scme smoke boxes are provided with a baffle plate or de-

Ifig, 38,

Cas{ Iron Chimney.

flector, whose object is to compel the smoke to pass through
all of the flues, and to regulate, to some extent, the intensity
of the draft. See IYig. 34. The length of the firebox alsa
has some effect upon the draft; if it is long and has con-
siderable volume the draft will be less with the same sized
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exhaust nozzle than if made short. To obtain the best re-
sults, therefore, the length of the smoke box should be
propertioned to the size of the exhaust nozzle.

TIIE CROWN SITELT.

The crown sheet, which ig the shecet immediately above
the fire, slopes toward the reai in some boilers and in others
is made straight. The object aimed at in the sloping crown
sheet is to prevent it from going dry in ascending or
descending hills.  Since this part is exposed to the highest
temperature in the boiler it is important that it be kept cov-
ered with water at all times,

FLUE SHEETS.

Flue shects are the thickest sheets in traction engine boil-
ers, a condition made necessary in order to give sufficient
holding surface for the flues. The usual thickness of plates
used at the present time is about 4 inch. While thin
plates allow the heat to pass through more readily, the fact
that much thicker platcs are successfully used in other types
of boilers, where pressures equally as high are carried,
seems to he evidence that plates of this thickness are per-
missible. The holes for the flues should be drilled and
reamed exactly to the required size. The trucr the hole is
made and the smoother the edges of both it and the sur-
face of the flue, the better will be the joint hetween the
two.
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BOILER TFLUES.

Boiler flues are made of either wrought iron or steel.
Until within very recent years lap welded charcoal iron was
usually specified but at the present time solid drawn steel
tubes, 1. e., tubes having no weld, are used almost exclu-
sively for the traction engine trade. These tubes are made
of a very soft grade of stcel and are drawn almost exactly
to size. They are much more uniform in size and ghape
than iron tubes, less liable to split, and much smoeother on
the outside, consequently scale does not adhere to them as
much as it would to rougher iron tubes.

Table I gives the leading dimensions of hoiler tubes from
172 inch ap to 3V4 inches in diameter. Columns 5 and 6
gives both the bursting and collapsing pressures of lap
welded wrought iron flues. Solid drawn stecl flucs will
stand somewhat higher pressures than those specified for
the wrought iron. The safe working pressures of these
flucs will be (if we use a factor of safety of §) onefifth of
the values given in {he table for bursting pressure, The
size of boiler flues used for traction enginés varies from 134
to as high as 3 inches in diameter, with probably the greater
number around 2 or 214 inches.

During the past few years efforts have been made by the
manufacturers to build boilers having a large amount of
heating surface with as small a shicll as possible. In order
o attain this object small sized flues were used. Tt can
easily be shown that the smaller the diameter of the flues
used to fll a given sectional area, the greater will be the
area of heating surface chtainable. The practical limit to
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the smaliness of tubes used depends upon the amount t!ley
retard the circulation of water in the boiler, and the diffi-
culty of keeping them clean. I-t must be remembered -tbat
proper circulation in a boiler is just as necessary a condition
in order for it to generate steam as is a large amount of
heating surface.

TABLE T,
STANDARD SIZE OF BOILER TUBES.
Length of the Collansi

i i i ire Gi Tuhb sq. £t Bursting ollapsing
Dl?zr?:}f: ® T;lff;f: er;lo.agc 1i{)feIrI::.rSurf. Presgure Pressure
145 073 15 2.853 6200 5200
134 093 I3 2.448 5300 4300
2 095 13 2.010 4500 3700
2% 005 13 1.854 4600 3600
24 106G I2 1.674 4500 3600
234 100 12 1.500 4300 3100
3 .100 12 1.373 4400 3000
' 315 120 IT 1172 4200 2700

ARRANGEMENTS OF THE FLUES.

The arrangement of the flucs in a boiler is an impaortant
matter. They should be placed in botir horizontal and ver-
tical rows, as shown in (e) Fig. 30. When so placed any
scale or scdiment can fall directly to the bottom, where it
may be washed out. In the arrangement shown in (&)
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‘where the 3 \ ; ; . -
s gt}Fzsllare staggered in vertical rows, scale or sedi- customary to bead the fircbox end of the tubes. The hold-
lodoine ){1: alls from the top- row of flues usuvally finds a ing power of flues which arc expanded without heading ap-
, ;;(thsé ace (lln tlhe one below. Moreover the circulation ‘ pears to be nearly equal to that of the beaded fluc,
o ; . - . K , .
good when the flues are so arranged. Experi- - T0I Some boiler makers use a copper ferrule between the flue

and the flue sheet in the firchox end, an illustration of which
appears in Fig. 42. Others depend upon a tight joint and
do not use a ferrule. Where the tube sheet is carefully
drilled and reamed to the exact size and the end cof the flue
' ' turned in a lathe, so that absolutely clean surfaces come
OQOO0 O000 together and a perfect fit is secured, a joint can he made
OO0 9JO! OX®) o0 that is very hard to improve upon. Copper expands very
‘ much more than iron for the same difference in temperature,
consequently when heated, the copper expands and fills the
slight incqualities in the metal between flue and flue joint,
making a perfect joint. This expansion of the copper ac-
counts for the fact that botlers so equipped sometimes have
leaky flues when cold but do net leak when warmed up.

Tig. 39, '
Arrangement of Flues in n Doiler,
TOOLE USED IN PUTTING IN FLUES.

ence has shown that hoilers so equipped do not steam well

in the field aiter they have been out a few woeks 102 There are two kinds of expanders in common use, viz.:
99 [t may be justice to the manufacturers to state :[[1at so far the spring or sectional expander (Fig. 43) and the roller
as known the building of hoilers with this arrangement of expander (¥ig. 44). There is litile choice between the
flues has been discontinued, ° two as both can he made to do good work.  For repair work
where the fluc holes are. slightly out of round, the sec-

PUTTING IN FLUES. tional expander is preferable.

100 Flucs are either put in and beaded over 25 shown in T 103 The scctional ejxpander consists of a numlber o'f hardcneﬂ
40, or clse simply expanded as shown in’ F](r Wi m g, stect segments, D, held together by a spring ring, S. A
the latter method is used in traction emo g 41 V\lfhe.n taper pin forces these se%ments outwardland enlarges the

raction engine boilers it is : head of the expander. The convex portion, D, forms the
e T
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Fig, 40.
Beaded Fluc.

Fig. 41.
Expanded Flue.

=

gk

Fig. 42,
Flue with Copper Ferrule,
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groove inside the tube sheet at B in Fig. 42. The concave
portion, C, is the part that forms the joint between the flue
and the flue sheet. In using this expander the taper pin
is driven in tightly, then jarred loose, the expander turned
slightly in the hole, and the operation repeated until the
tube is expanded. After the tube is fully expanded any
further use of the expander tends to .stretch the flue sheet
and may cause the adjacent flues to leak. These remarks
hold true no matter which form of expander is used.

The roller expander consists of three or four rollers sur-
rounding a taper pin and held in place by a cover plate
shown in the drawing, A shield is also provided on the
Lody of the expander which may be adjusted for the differ-
ent thicknesses of flues. Ispecial care must he exercised
in using this tool not to drive the rollers too deeply into
the flue sheet. It is perfectly possible, in fact it frequently
happens, that the flues are expanded so much that they are
split.

BEADING FLUES.

A tool for beading flues is shown in Fig. 45. Sometimes
a starting tool is used having a wider curve at A to start
the bead, but more cften this is done by first using the ball
pene of a machinist’s hammer and then finishing the job
with a tool such as shown in the figure. The size of the curve
at A is an important matter, for upon its size depends the
size of the bead formed on the flue. If the bead is large the
heat does not readily pass through into the water and con-
scquently the end of the flue becomes burned and a leaky

T3
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/ . .
Srrimg Feirg
Mig. 43,

Spring Hxpander,

, \ /‘*
14

=l %

Taper Pin

ig, 44,

Roller Expander,
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A~y

L

/

¢

Fig. 45. Beading Tool,

flue results. The bead, especially in the firehox end, should

be made as small as possible. When so made there is very
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little tendency for them to burn off and the diffculty illus-
trated in Fig. 46 is avoided. Fig 46 illustrates héw the
forming of the large bead has drawn the flue away from the
sheet leaving a space shown at B. Such a flue will leak in
a short time after being put in.

DIRECTIONS FOR PUTTING IN FLUES,

t. Measure for each flue separately as the sheets may
be bulged so that different lengths of flues are needed. Al-
low from 14 to 3-16 of an inch on each end for beading,

Fig. 486,

Example of Too Large Bead.

2. Anneal the ends of the flues. To do this, heat to a
cherry red, and then cool slowly in slaked iime, sand or
ashes. Slaked lime is best.

3. Clean the hole in the flue sheet, and clean all the rust
irom the end of the flue,

4. Place the flue in position and then expand ; to do this
place the expander in the flue with the shoulder of the tool
up tight against it. With a light hammer drive the taper

76
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pin in lightly, jar it loose, turn it slightly in the flue, and
repeat the operation until the flue is expanded ail around
and fits the hole tightly. Be careful not to drive the ex-
pander in at any time hard enough to split the flue or injure
the flue sheet.

5. After expanding, bead the fluc with the beading tool
shown in I'ig. 45. ‘

6. After beading, use the expander again lighily to in-
surc a perfectly tight joint.

7. De careful to keep the guide of the beading tool up
tight against the inside of the flue, so that the sharp point
A, Fig. 45, will not groove the sheect.

TOOLS FOR REMOVING FLUES,

Tlues sometimes have to be cut out in the case of repairs.
In a well equipped boiler shop a rotary flue cutter is used
which cuts the tubes without leaving any jagged edges, but

= -
( ) A
I il

Fig, 47.

Toel for Removing Flues,

in the field an elahorate tool of this sort is seldom carried.
A tool usually used for field work is illustrated in I'ig. 47.
The cutting edge is made about 14 of an inch in width and
the method of operation is to slit the tube back 2 or 3 inches
at each end, then pinch it together, and withdraw it from
the boiler. Or, it may be cut off, and removed through a

ki
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handhole, if so located that this can be done. Care must be
takeen if the flue has to be slit, as it must be if it is an inner
one, not to injure the flue sheet.

DETACHARLE FLUES.

Within the past two or three years, there has appeared on
the rnarket a form of hoiler flue, shown in Fig. 48.

The firebox end of this flue is flanged slightly and the
front end is threacded. The tube is inserted from the fire
box end and driven lightly into place. The tapered cad
malkes a tight joint in the rear flue sheet, A brass nut
shown at the right in the figure screws on to the end of the
flue in the smoke box end. This nut is slightly tapered
and when screwed into position draws itself tightly into the
front flue sheet. Tubes put in in this way do not need
either beading or expanding and can be taken out or put in
in a very short time,

-
Fig. 48,

A Dotachable Boiler Flge,
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QUESTIONS.

= 1. How is the strength of a riveted joint expressed?
- 2. What is the strength 'in per-cent of a single riveted
lap joint, (&) of a double riveted lap joint?

3. What is meant by “pitch” of the rivets?

4. What is the object of calking a boiler?

5. How are boiler heads braced?

6. Upon what is the strength of a cylinder subjected to
mternal pressure dependent?

7. What is the effect upen a cylinder subjected to inter-
nal pressure of increasing its diameter?

8. Why are longitudinal scams double riveted and trans-
verse seams only single riveted?

9. State a rule for finding the bursting pressures of
cylinders subjected to internal pressure.

10.  What is meant by the term “Factor of Safety”?

11. Give a rule for finding the safe working pressure of
a plain cylindrical beiler.
« I2. How do you figure the safe working pressure in a
cylindrical hoiler 30 inches in diameter and made of ¥4 inch
steel plate?

13. How de you figure the safe working pressure on the
walls of the firebox?

14. What is the object of the dome, (&) of the dry
trough?
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~I5. Why is steam containing water objectionable in an
engine?

16. What precaution should be taken with steam pipes
placed inside of the boiler?

17. Describe the action of the arch used in fireboxes. o
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PART III.
BOILER, FITTINGS.

Fire Box Fittings—The fire box fittings include the
grates, dead plate, fire door, draft doors, straw chute, and

-all the other attachments that make up the equipment of

the fire box. _ _

Grates.—The grates used for coal burning ‘are usually
just plain bars placed side by side in the furnaces (see Tig.
49) or clse grates made like the one shown in Flg 50,

gummany |
[ — I enn ») ‘
g S .

A Plain Grate Bar. Pig, 49,

known as the herringbone grate. The latter was designed
to overcome the tendency to warp and twist, which is a
fault of the plain bar. When straw is used for fuel all
but two or three of the grates are removed and only
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enough are left to keep the straw from {allisg into the
ash-pan.

)

Merringbone Orate Bar,  Fig, LG,

Regular straw grates consisting of fingers extending
back two-thirds of the way across the firebox -are some-
times used. These grates are quite convenient as the hard
clinker formed in burning straw can he easily pushed back
into the ash-pan and raked out.

Rocking Grates—Rocking grates arc to be preferred for
plowing or freighting engines that burn coal. The grate
bars in this kind of grate arc supported on pivets and con-
nected together by means of jointed links. A lever on the
platform communicates with these links and enables the
fireman to clean or dump his fire without having to stop the
engine or open the fire door. The inrush of cold air inci-
dent to opening the fire <oors is thus avoided, together with
the conseguent chilling of fucs, which is the principal cause
of their leaking.

The Ash-Pan.—In open firchox hoilers a sheet steel ash-
pan is suspended below the grates; m the closed bottom
boiler the ash-pan is a part of the firebox. itself.  All hoilers

82
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should be equipped with a sheet metal extension pan into
which the ashes mav be raked and thoroughly wet down
before being dumped.  In this way much danger from fire
is avolded. :

The Dead Plate—"The dead plate is a flat piece of cast-
ing ustally about one foot wide, placed at the ends of the
grates as illustrated in Tig. 4. Tt causes the fire to be
placed well toward the [orward end of the firebox and in-
fluences the dircction of the draft.

The Straw Chute—The straw chufe is a casting put on
over the fire door opening in place of a door when straw is
used for fuel. A swinging shect iren damper closes the
chute when it is not filled with straw, thus preventing the
ingress of cold air.  I'ig. 4 shows a straw chute 1n position.
The fingers K prevent straw from being drawn by the
strong draft over the brick arch. :

Dagors.—The fire door and other doors exposed to the
high temperature of the firebox are provided with an inner
wrought iron lining placed at a distance of an inch or two
from the outer door., This lining protects the door cast-
ing from the heat, All doors should shut tightly so that
the admission of air is absolutely under control. A leak of
air into the smoke bhox impairs the draft and a leak at the
draft doors makes it impossible to control the fire and, con-
sequently, to control the steam pressure,

Fahaust Nossle—The exhaust nozzle is made in two
styles, one with a bushing serewed in the end of the nozzle,
and the other, with one or more openings which may be
opened or closed from the outside called a variable exhaust
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nozzle. The size and shape of the opening and the posi-
tion of the nozzle at the base of the stack infiuences very
greatly the intensity of the draft and consequently the
steaming ability of the boiler. The form and size and the
placing of the nozzle, therefore, becomes a matier of vital
importance in the traction engine, ]

Sinee different kinds of fuel require different intensities
of draft it follows that different nozzles must be used.
With the first mentioned nozzle three bushings usually are
provided, one large one, one intermediate, and one small
one. These are marked respectively wood, coal, and
straw ; the large one is used when wooed is burned, the in-
termediate when burning coal, and the small sized one for
burning straw. Straw requires a more intense draft than
either wood or coal and therefore demands the small sized
nozzle. When a variable exhanst nozzle is used the amount
of draft is regulated by the position of a lever or valve
aperated from the outside. This operates a vatve in the
nozzle which makes the opening cither larger or smaller
for the different kinds of fuel
Kinds of Fxhaust Nogsles—Tig. 51 represents three kinds
of exhaust nozzies, (a) is an ordinary nozzle with bushing,
while (b) and (c¢) arc variable or relief exhaust nozzles,
having an auxiliary epening, closed by a valve, through
whichi steam may escape. The amount this valve is opencd
regulates the intensity of the draft and the amount of back
pressure on the engine, [t should be opened as wide as
possible and still have sufficient draft, for the more the
exhaust is throttled, the more back pressurc there is on the
engine,
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. These nozzles are of considerable advantage where the
fuel is good and little draft is needed to keep up stcam, as

OF LTI TTEE TS

(a)

()
Exhanst Nozzles. TFig, 51,

is the case when working with a light load, or when burn-
g a good grade of coal
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Position of the Fxhaust Nozsle—The exhaust nozzle
should he placed cxactly in the middle of the basce of the
chimney and should point directly up the center. [Lf it
should be tilted to one side the jet of steam will strike
the side of the stack and part of it will he deflected down
the chimney, thus defeating the very object at which it is
aimed. [t frequently happens that the nozzle becomes
shaken loosc, or misplaced in some way and the engine
does not steam well,

A good rule to follow when any trouble is experienced
from had steaming is to look to the exhaust nozzle first, see
if the right bushing is in, sce if it is pointed up the chim-
ney as it should be, and sec that it is free from scale.

The Action of the Fxhausi Nogszle—The action of the
nozzle is simple.  When a jet, of steam passes out of the
nozzle at a high velocity it induccs the air in the bottom of
the stack to meve in the same direction as itself, thus caus-
ing a partial vactum at this point. Air from the smoke
box rushes in the same direction, causing a partial vacuum
in the smoke hox also. This vacuum is greatest in the
basc of the stack and a little less in the smoke box and stiil
smaller toward the upper portions of the stack or chim-
fiey.,  The vacuwm in the smoke box and chimney causes a
rush of air through the firchox and flues and s0 causcs a
heavy draft.

The Blower~—The blower is a small pipe leading from
the steam space in the boiler to the base of the stack where
it serves the same purpose as the exhaust nozzle when the
engine is not running. It is not advisable to turn the
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blower on until a pressure ot at least 20 pounds appears
on the gauge, as enough steam will be lost in this way to
more than off-set the gain from additional draft,

Spark Arresters—The South Dend spark arrester illus-
trated in Ifig, 52 is used on a gocd many traction engines.
It consists of a conical wire screen inverted in the top of
the chimney and fitted in many machines with a rod run-
ning down the outside of the chimney for raising and
lowering it.  Cinders passing up the chimney are deflected

o
South Bend 8Spark Arrester, Tig, 52,

by the wires of the screen into a trough at the top of the
stack which communicates with a tube on the outside into
which the cinders fall and from which they may be re-
moved through a door at the hottom. Only fine cinders
can pass through the screen because in order to do so they
must turn a right angle in order to get into the cone and
anather before they can pass out into the air, The heaviest
cinders are deflected back into the smoke box,

Another kind of spark arrester is shown in Fig. 53. In
this device a wire hood is placed over the top of the stack
having either a fine wire cover or sheet metal cover on top
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which may be opencd vhen starting the fire:  The princi-
ple of action in this case 1s the sanme as in the arrester just
described, that is, the cmnders in order to escape must turn

Spark Arre e. Fig. B3,

a square angle in order to pass out through the side of the
screen. This they can not do, because, owing to their

weight and momentum, they can travel only in siraight

ines, and so strike the top of the arrester and are either
deflected back into the smoke hox or clse held imprisoneid
in an atmosphere containing very little oxiygen where their
fire is soon quenched, until pulverized sufficiently by strik-
ing the arrester to pass through into the air.

Tn Tig. 54 the cinders pass hetween the inner cone B,
and the outer shell A, until they mect the curved deflector
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D, which throws them back, if they are heavy enough, into
the central space, where they are again caught by the hot
gascs as they pass through the openings 17, and whirled
around through the same cvele until they are broken up
fincly enough to cscape with the smoke at the top,

Smiirk Avresdter. Wig, G4l

Other “spark arresters are provided with a trough or
other receptacle containing water which is supposed to
catch and quench the heavier cinders.

Tingines which exhaust up the smoke stack and which
burn either wood or straw need an arrester to prevent dan-
ger from fires.  Coal burners do not need them so much
because the cinders are heavier and unless the engine is
working very hard it seldom throws live sparks.

Care of Spark Arrcsicrs~TIn starting the fire it is neces-
sary to lift the spatk arrester out of the way, or open it in
some manner, in order to provide an nninterrupted draft.
If this is not done it will take a long time fo get up steam,
The meshes of the sereen become filled with soot after being
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used a day or two and should be cleaned out frequently with
an old hroom. Qccasionally it is necessary, in burning some
sarts of straw, to take the comical screen out altogether in
order to get enough draft, and either leave it out altogether
or turn it bottom upwards on top of the stack.

When an engine does not steam easily the spark arrester
is the secand place to look for trouble,

04l Burning Attachmoents—In certain scctlons of the
country where ofl is used for fuel the firebox must be fitted
up differently than for coal, wood, or straw and an especial
form of oil burner must be provided.

Fig. 55 represents a simple style of oil burner used in a
well known make of traction engine. Oil is supplied by

///////,,,.
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0il Turner Nozzle. g b5,

means of gravity pressurc from a tank on the top of the
Bboiler ; the flow heing regulated by means of a valve in the
supply pipe.
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‘The object of oil burners is to atomize the oil and mix
it with the proper amount of atmospheric air to insure per-
feet combustion. Tn the type of burner illustrated, the
atomizing is accomplished hy means of a jet of steam which
is supplicd through a scparate stcam pipe from the hoiler:
the air is supplicd through the usual draft doors. A fire
brick target is provided for the oil jet to strike against and
frequently a fire brick lining is provided in that part of the
firebox where the heat is most intense, When the brick is
heated to incandescence it turns the oil into the gascous
form, which is the form it must exist in, in oraer to burn
to the best advantage. Sormetimes a et {s directed upon
a fire brick target in the back of the boiler, sometimes the
jet is directed in the opposite direction. In a well designed
oil burning boeiler the whole interior of the firebox is filled
with the flame of the burning oil. A rurther discussion of
this subject will be taken up under the head of “Combus-
tion” in Tart V. '

Safety Devices—The safety devices with which most
traction cogine boilers are provided are as follows: The
steain gauge, safety or pop valve, water glass, try cocks, and
fusible or soft plug. Al of thesc devices, except the try
cocks, arc automatic or partly automatic and when in work-
ing order add very much to the safety of the hoiler.

The Steam Gauge—The steam gauge indicates the steam
pressurc in the beiler in pounds per square inch ahove at-
mospheric pressure. For example: 150 pounds pressure
on the gange mcans that on each square inch on the inside
surface of the boiler shell there is an outward steam pres-
sure cqual to 150 pounds,

1
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The most commeon form of gauge used is known as the
Bourdon spring gauge, a cut of which appears in Fig. 56.

It consists of a hollow brass spring, elliptical in scction,
as shown at A in the cut, closerd at the upper end, and con-
nected to the steam space in the boiler at the other. The
free end of this spring is connccted by means of a link,
to a segment lever, which meshes with a small pinion on
whose axis a pointer ig fastened. When pressure is ex-
erted on the inside of the tube it tends to hiccome circular in
section and to straighten cut. The distance which the
free end moves is proportional to the steam pressure.  This
motion is transmitted hy means of the link, lever, segment,
and pinion to a pointer which moves over the face of a
dial on which is recorded the pressurcs corresponding to
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different positions of the index. The back lash of the
pointer is taken up hy a hair-spring attached to the shaft
just below the small pinfon.  The parts of a steam gauge
are very dclicate and should not be tampered with.

Connections between Sleam. Gauge and Botler ~—If steam
were admitted directly into the Bourdon spring the gauge
would not register corrcctly on account of expansion due
to the high temperature to which the spring would be sub-
jected. Tt is customary in stationary boilers to connect
the gauge to the boiler by means of a circular leop of pipe;
the lower part of this loop will fill with water through con-
densation of the steam when the boiler cools. When- the
steam pressure is next applied it will push the plug of
water up into the gauge and compress the air which al-
ways occupics the space in the upper end of the hollow
spring. When ‘a gauge is in operation then, the upper
part of the Bourdon spring is filled with air and the lower
part with a plug of water, which is held in place by the
steam pressure in the boiler.  The water and the air are at
a lower temperature than the steam and protect the spring
from excessive temperatures. In traction engine work a
coil of pipe could not he used on acccunt of the vibrations
to which it would be subjected on the road.

The Syphon.—Ifig. 57 is a sectional view of a syphon
such as is used to form the connection between the boiler
and the steam gauge on traction engines. It consists of a
brass hulb 13, having a central pipe €, extending well up
into the central chamber. A cap DD, fits loosely over this’
tube and defleets the steam toward the bottom of the cham-
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ber where it condenses and is then forced up into the spring
of the gauge, When the boiler cools down, water flows
from the gauge up inside of cap D, and then down the cen-

N
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Stecam Gaouge Syphon.,  Vig. 7.

tral tube into the boiler, thus preventing any damage. to
the gauge through frost. The cap D, together with the
central tube, forms a syphon in which the cap 1) forms the
short leg and the central tube the long leg. Tt drains the
gauge in just the same way as a syphon made of a piece
of hose drains the water out of a barrel. .
Double Spring Steam Gauges.—A gauge of this kind is
shown in Fig. 58. Tor some kinds of work it is said to be
more durable than a single spring gauge, and less subject
to vibrations of the pointer in going over rough roads,
The Utica Steam Gauge, instead of being fitted with a
Bourdon spring, is provided with what is known as a cap-
sular spring which is clearly illustrated in the accompany-
ing illustration, Fig. 59, and also in [Fig. 6o, which latter cut
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also shows the whole interpal mechanism of the gauge with
ite series of multiplying levers which transmits motion

Double Bourbon Spring Gage, PFig. bS.

Capsular Spring. Fig., §9.

from the flexible capsule to the hand which rotates over the
face of the dial.
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When steam is admitted to the gauge the thin walls of
the capstle A spread apart a distance proportional to the
pressure applied within them, and while this distance is

TTtica Steam Gauge. g 60,

not very great it is sufficient, with the series of levers used,

to give encugh motion to the hand.

Both the Dourdon spring gauge and the capsular spring
gauge have heen in usc for 2 great many years, and both
have proved to be efficient in actual service.” The latter
was brought out in its present form in the year 1805, super-
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seding what was known as the diaphragm gauge, that is, a
gauge having only one pressurc plate instead of a capsule.
soth the Bourdon spring and the diaphragm spring made
their first appearance somewhere about the year 1850.

Adjustments for @ Bourdon Spring Gauge—1f the hand
moves either too slow or too fast, all that is necessary to
do is to loosen the screw that holds the adjusting strap and
by sliding this strap backward or forward the hand may be
made to travel cither faster or slower as the needs of the
case demand. The adjusting strap, by the way, is the strap
which makes the connection between the Bourdon spring
and the toothed segment which rotates the pinion,

It is not necessary wusually to oil the movement of a
steam gauge, but whenever it is necessary use only the best
clock oil, and that only sparingly. Crdinary oil thickens
and gums and will prevent the best gauge from working,

Bourdon springs occasionally split or crack on the edges,
and the first thought usually of a repair man is to solder
them. This, however, should never be done for two rea-
sons: first, the temper of the spring is changed, and second,
the solder deadens the elasticity of the spring.

Adjustments for a Capsular Spring Geuge—in order to
make the hand move faster over the first part of the circle,
it is necessary to bend the left end of the long lever which
extends across the face of the spring downward. Dending
the same end of the lever upward will cause the hand to
travel faster over the last part of the circle,

If it is desired to make the gauge register less through
the whole circle all that is necessary to do is to move the
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tongue of the toothed sector toward the left; the opposite
result can be attained by moving the tongue of the sector
to the right.  In hoth cases the gauge faces the operator.

Testing and Repairing Ganges—The gauges used for
traction engine purposes are high pressurc gauges, that is.
they register up to about 200 pounds. Up to 25 or 30
pounds they are not supposed to be accurate and rarely
are, but above 30 potinds they should not vary from the
actual pressures more than a fraction of a pound one way or
the other.

For recording low pressures; what is known as a low
pressure gauge is necded.  This will register all pressures
correctly from zero to 3o or 40 pounds.

At the beginning of the season the steam gauge should
be tested, since the safety of the hoiler depends largely upon
its accuracy. If the gauge does not agree with the pop-
valve it 1s reasonable to suppose the fanlt lies with the

Gage Testing Dovice, Fig, 61,
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gauge. In any event, no time should be lost to determine
which is at fault and set one or both of them right.

There arc a number of good gauge testing scts on the
market, but most of them are quite expensive. If one has
a hotler testing pump, however, he can easily make a gauge
tester with pipe fittings that will answer the purpose fully
as well as the more expensive ones. A gauge tester of this

kind is illustrated i Fig. 6 and perhaps requires no ex-
planation more than to say that the standard gauge should

be known to be accurate. Most steam gauges are adjusted
properly when they leave the factory, but occasionally be-
come deranged in shipment, consequently it is well to test
even pew gauges.

It frequently happens that the pointer slips on the shaft
and will register 5 or 10 pounds wrong all the way along
the scale, or it may even happen that the gauge will be
incorrect, varying in both directions, due to a slippage of
the hand. This fault is usually remedied by removing the
pointer and running the pressurc up to a known point,
using a test gauge for this purpose and then replacing
the hand. - After this is done, the pressures should be
applied to hoth the test gauge and the gauge being tested
all the way up the scale and back again to ascertain if any
scrious variations are apparent.

Spring Safety Devices.—TEvery boiler should be equipped
with a safety valve and those hoilers which are used for
road purposes, such as traction engines and locomotives,
must be cquipped with spring saiety valves. The object of
the safety valve is to relieve the pressure in the boiler auto-

09




CLARKE 3C#50L OF TRACTION ENGINEERING.

matically at a certain point previously determined upon.
If a boiler is generating steam faster than the engine can
use it, it is evident that the pressure in the steam space will
rise and if nothing is dene to rclieve this pressure an

NW?\%\\\&\\\

Crane Pop Safety Valve, Fig. 62.
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explosion is very liable to occur. It is the duty of the
safety valve to prevent the increase of pressure beyond a
certain amount,

Fig. 62 is a sectional view of a “Cranc” pop-safety valve.
The threaded portion G is screwed into the dome of the
boiler, thus placing the nterior of the valve in communi-
cation with the steamn space of the boiler. It consists of a
main valve A, beveled at an angle of 45 degrees, which is
held to its seat by means of a stem B, This stem carries
a cap at H which forms the lower support for the spring 5.
Between this flange at the bottom of cap H and the nut F
a heavy spiral spring is inserted which may be compressed
by screwing down the nut I, thus putting a load upoen the
main valve. When the steam pressure acting upwards on
the wvalve equals the load occasioned by the spring, the
valve is on the point of opening.

Just above the main valve the auxiliary valve C is located,
which is held in position by means of another spiral spring,
., which in turn is held in compression by the nut D, This
auxiliary valve regulates the amount of waste or loss of
pressure between the opening and closing points, It is
entirely independent of the main spring and valve, and
when once praperly set for the amount of waste required
needs no more adjustment cven though the load on the
main valve be changed a considerable amount. TFor ex-
ample, if the main valve is set to blow off say at 120 pounds
and the auxiliary valve is set to waste 2 pounds, the escape
of steam will cease when the pressure falls to 117 pounds,
and the valve will not open again until the pressure reaches
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120 pounds. O, if the main valve is sct at 100 pounds, the
action of the auxiliary valve will be the same as before, and
the escape of steam will cease at g7 pounds.

The action of the pop-valve may be explained as fol-
lows: In all pop-valves a chamber must be provided in the
main valve into which the steam may expand when the
valve opens, thereby increasing the area against which the
steam acts, The action of the steam impinging on this
larger area creates a lifting force greater than the strength
of the spring, thus holding the valve open until the pressure
is relieved. There must also be means provided to relieve
this pop chamber of its pressure in order that the valve may
seat easily, Referring to the figure, M is the pop chamber
which opens by means of holes or ports into an annular
space provided in the lower part of the auxiliary valve,
The force of the steam acting on the auxiliary valve at this
point is sufficient to overcome the force of the light spring
E, and allow the valve C, to lift from its seat and gradually
relieve the pressure in the pop chamber M.

When valve A first opens, the steam suddenly expands
against a large area in the pop chamber and throws the
main valve wide open, but an instant later the auxiliary
valve gradually opens and relieves this pressure, thus allow-
ing the main valve to fall back to its seat when the pressurc
in the boiler falls. In other words, the auxiliary valve
destroys the effect of the pop chamber, and consequently
the amount of waste. The time required for it to do this
depends upon the tension of the spring E.

Some makes of pop-valves are provided with regulating
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screws, or a regulating wheel, by which the waste of steam
may be regulated.  Whenever the tension of the main
spring 13 changed in these valves it is necessary to regulate
the amount of waste.

Lunkenheimer Pop Valve. Fig. 63,

The Lunkenheimer Pop Valve—Fig. 63 contains only
one spring to hold the valve on its scat, the amount of
waste heing regulated by the regulating ring A. 1f the
valve pops suddenly and docs not relieve the ﬁrcssure
enough, ring A should be turned toward the left. If it
allows too much loss of pressure it should be turned in the
opposite direction. Whenever the tension or popping off
point of the main valve is changed very much the amount
of waste or loss of pressure should be regulated in the man-
ner above described.

Spring safety valves are strongly made and will last a
long while with little liability of getting out of order. The
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point of blow off is regulated in all of them by means of a
nut at the upper end of the valve. Screwing down the
nut increases the tension, unserewing it decreases the ten-
sion on the spring.  One complete turn of the adjusting
nut on almost all of these safety valves changes the pres-
sure at which the valve will pop off from 25 to 30 pounds.

Safety valves are sct at the proper point when they leave
the factory. It is not adwvisable to increase the pressure
on a boiler bevond that at which the pop valve is sct by
the manufacturer, since he nsually sets the valve as high as
he thinks it is safe to carry the pressure in the hoiler.

Dirveciions for Taking Care of Safely Valves—The
safety valve should be connected directly to the beiler
without any pipes or elbows. Care should he taken in
making joints with red lead to miake sure that no lead gets
on the valve scat: in fact, red lead should be used very
sparingly, if at all, in making a joint. If for any reason
the valve has to be taken apart, the tension on the spring
should be readjusted on a gauge testing machine in connec-
tion with an accurate steam gauge. The lever on the side
of the valve is used to open it by hand te make sure the
valve is not stuck to its seat. In traction engine work this
precaution is hardly nccessary since the valve usually pops
off several times every day any way. but in stationary
work it is the duty of the fireman to lift the safety valve
off its seat every morning.

The steam pressure in the hoiler should be maintained
as nearlv constant as possible and at a point a little helow
that at which the safety valve acts, Tt is not an evidence
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of a good engineer to hear the safety valve blow off every
little while.

The Glass Water Gange—The gauge glass is a glass
tube about one foot long, connected to the water space of
the Dboiler at its lower end and to the steam space at its
apper end by means of suitable brass connections provided
with valves by which beth steam and water may he shut
off from the plass. A pet cock at the lower end provides

Gage Glass and Connections, Tig, 64,

means for draining the glass. The gauge on traction en-
gine hoilers is sometimes placed on the rear sicet of the
water leg; sometimes on the side of the firebox: and some-
times on the side of the main shell. It makes little differ-
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ence where it is placed, if it is located where it is in plain
view of the engineer. When properlv placed, water will
cover the highest point of the crown sheet as long as it is
visible in the glass.

Determining the Position of the Cauge Glass—On tak-
ing charge of a new boiler the engincer should first deter-
mine how the glass is placed, so that he may be absolutely
certain of the depth of the water over the crown sheet at all
times. - This may be done in the following manner, First
level the hoiler, then take out cither the filling plug or the
upper handhole plate in the back of the water leg and
measure the depth of water over the crown sheet, noting
at the same time the depth of water in the glass. (cca-
stonally a mistake is made in locating the glass at the fac-
tory, making it necessary to carry the water either higher
or lower in the glass than is customary., Tf the engineer
acquaints himself with the way the glass is placed, on
taking charge of a new engine, he will know exactly where
to carry the water,

Care of ihe Water Glass.—The glass should be hlown out
at least once every day to make certain that no scale or
sediment is lodged in the valves which connect it with the
boiler.  To do this, close the valve in the lower gauge
connection, apen the drip cock at the bottom of the glass
and then open the upper or steam valve.: These valve ooen-
ings, by the wev, are not much larger than a wheat straw,
and if not watched will become closed with scale in a short
time, .

On going to the engine in the moraing the attendant in
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charge should first open both the upper and lower valve of
the glass, or at least try them to make certain that they are
open before building the fire. If the upper valve is closed
and the lower valve is open, water will rise to the top of the
glass, due to the pressurc of the steam within the boiler.
On leaving the engine at night both the upper and lower
valve should be closed and the glass drained, especially in
the colder sections of the country during the threshing
season, otherwise the glass 15 apt to freeze and break.

In putting in a new giass it is nccessary to make sure
that both upper and lower sections are in line with each
other, for if one is slightly twisted enough so that the glass
bears against one side of the brass connection, the expansion
of the glass is almost sure to cause hreakage when steam is
turned on, The gaskets which make the joint hetween the
brasses and the glass are made of rubber and can be sccured
through the regular dealers or any of the supply houses.
It cleaning a glass be careful not to scratch the inside of
the tube with a metal point. A slight scratch on the inside
of a glass tube is almost certain to start a crack. Tn case a
glass breaks, close both the upper and lower valves and run
with the gauge cocks until stopping time, or, if care is
taken to warm up the glass, a new one may be put in im-
mediately.

The Try Cocks or Gange Cocls.—The try cocks or gauge
cocks are more reliable than the gauge glass. T ig. 65
shows the general arrangement of gauge cocks in relation
to the crown sheet and water space of the hoiler, Tt is
customary to provide a hoiler with three cocks: one at the
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highest position at which it is desired to maintain the water
level and the lower one an ine "
el d. the Iower one about an inch ahove the highest
point of the crown sheet, The proper position to maintain
the water level is ¢ : e middie g : I ‘
about at the middie gauge cock. If water

Lo
A
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Position of Gauge Cocks. TFig. BG.

18 carried too high, water will be carried over with the
steam, and if too low, damage to the hoiler is apt to occur.
The gauge cocks should be tried frequently to make sure
that they are in working order and to verify the position of
the water in the glass. ) |
. Water Columns—Water columns are used in some. trac-
tm_n engines and on almost all stationary hoilers, The
object of the water column is to provide a connection for
the gauge glass and try cocks where these accessories will
not be affected by the violent chullition at the surface of the
water,

Fig. 66 represents a water column with try cocks, and
water glass, and gauge glass attached. The readin:qs of
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both the mavge glass and try cocks are a little more reliable
when placed on a water column than when attached di-
rectly to the boiler. The steam gauge is alse frequently
attached to the water column, and when so connected docs
ot need the addition of a syphon, provided the gauge con-
nection is made below the water level in the water column.

A Water Column.  Fig, 66

The Fusible Plug—The fusible plug is located in the
highest point of the crown shect in fire box hoilers, and in
the combustion chamber, just above the top row of {lucs in
return flue hoilers. ~They are ntended to prevent damage
{0 the boiler due to low pressure. [n many states they are
required by law,

The ordinary styles of fusible plugs are shown in Fig.
67, They consist of a brass plug having an irregular open-
ing through the center about 7 of an inch in diameter at
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.the lower end. This opening is filled with a metal usually
pure tin, which has a low melting point, As loujg as the
plug is covered with water this metal is kept from melting
by the comparatively cool temperature of the water: but if
the water level sinks, léaving the upper part of the plug un-
covered, the metal quickly melts, allowing steam and water
to rush through into the fire box, thus é]uénching the fire or

Fusible Plugs. Fig. 67,

at least giving warning to the cnginecr that the water is
too low, The peculiar, shape of the soft metal plug pre-
vents the steam pressure from blowing it out.

7'"he Care of Fusible Plhugs—When in goad condition the
fusible plug is a very reliable salety device, hut like all
other‘parts in a machine it requires carcful attention to
keep it in proper working order. Tf scale forms over the
top of the plug, the metal may melt out and the steam be
held back by the scale, Many instances are on 1'elcor(1
\thre this has happened. Tt is advisable then for the trac-
tion engineer to remove the fusible plug every time he
cleans his hoiler and make surc that it is not covered with a
coating of scale.  When screwed back in place the threadé
:%hould be given a coat of graphite to keep them from stick-
tng. Do not oil the threads as the oil will burn and make it
very difficult to remove the plug next time. The plug
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should be refifled with good Danca tin at the beginning of
each season,

Handholes and Cleanout Plugs—A number of handholes
and cleanout plugs must be provided in every beiler. Their
number and positien depend upon the style of the boiler,
In firchox boilers there should he a handhole in the smoke -
box cud above the top row of flues and either a handhole
or plug below the tubes. At the rear of the beiler a hand-
hole should be provided in the water leg just above the
crown sheet and one at cach corner of the bottom of the
water leg, if it is an open bottorn or square bottom firehox.
In the case of round bottom fire boxes the two handholes,
oné in front and one at the rear, situated at the lowest
point of the curve, are usually considered enough, although
it would probably be better if two more were placed either
in front or behind at the point where the straight sides of
the firehox meet the .curved portion below. In any cvent,
the purchaser of a traction cngine, before accepting the
engine, should go over it carcfully to make certain that all
the handholes are provided which are needed to clean it
properly.  The life of a traction boiler depends largely
upon how well it is kept clean, and this can only be ac-
complished by having the proper means for cleaning pro-
vided.

A handhole plate consists of a flat piece of cast iron held
against the inner surface of the hottem plate by means of
a bolt which passes through its center and through a cast
iron spider on the outside of the boiler. Some sort of
gasket or packing must be placed between the cover plate

111




i

70

CLARKE 5CHOCL OF TRACTION ENGINEERING,

and the boiler shell,  The material used is sometimes sheet
lead, rubber packing, tubular packing, or brown paper.
The latter is usually the easiest to get and if put on properly
answers the purpose as well as anything else,

In putting in handhole plates after the boiler has been
cleaned, care must he taken to remove all particleg of burnt
packing from the inside of the hoiler against which the
plate rests, and also from the surface of the cover plate
itself. If a little graphite is rubbed on both sides of the
gasket before it is put in place, it will vot stick to the plate
and will be easily removed next time. CGaskets made of
sheet. lead can be used several times, if carc is taken in re-
moving them to put them back in exactly the same position
they occupied before. After steam has begun to form it is
necessary to tighten the nut holding the handhole plate in
position, because the, cxpansion of the bolt, due to the
change in temperatute in the hoiler, is sufficient to loosen
the tension on the nut, and unless tightened again the pack-
ing is liable to blow out. '

Blow-Off Valves—There are two kinds of blow-off
valves, viz., surface blow-off valves and bottom blow-off
valves. All boilers are provided with a bottom blow-off
valve, located at the lowest point in the boiler.  Any ordi-
nary valve may be used for this purpose, but the best is a
valve having a straight opening. A water cock answers
the purpose as well as anything that can be used. The
treuble with globe valves, or any valve that lifts from its
scat, is that scale or sediment may stick on the valve seat
and prevent it from seating tightly. The bottom blow-off
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is uscd to let the water out of the hoiler or to blow off any
required amount of water. In traction engine work it is
used, or should he used, frequently, to remove sediment
that accumulates in the bottom of the hoiler or to reduce the
percentage of alkali salts in the water, A farther discus-
sion of this will be taken up in Part 1V under the head of
“Feed Water.” :
Surface Blow-Off Valves—This pilece of apparatus is
shown in Fig, 63. It consists of a flattened cone of sheet

Pipe A comies owt we aide of boidar rarlawd
of Bt [0p ot whemn abova

A Surface Blow-Off.  1'ig, 68,

metal extending nearly across the hoiler and so located that
when the valve A is opened, the rush of steam to the out-
let will carry with it any scum or impurities resting on the
surface of the water. Water that is taken from sloughs or
coulees containing considerable decaved vegetable matier
causes more or less foaming in a boiler on account of the
scum which rises to the surface. If this scum can he re-
moved in some way, as, e. g., through the surface blow out,
it prevents a great deal of the difficulty experienced

through foaming,
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A surface Blow-off is a valuable addition to any boiler
operating in those parts of the couniry where the water is
rather alkaline and is obtained mostly from ponds or
sloughs.  Whenever cither of the Dblow-off wvalves arc
opened, with the boiler under steam pressure, it is the duty

of the enginecr to stay right by them until they are again:

closed, .

The Whistle.—The whistle is used for signaling pur-
poscs. A uniform code of signals should be adopted and
should be strictly adhered to.  While there is no cade that
is universally used, probably the onc given below, with
some modifications, is the one most gencrally in use:

One short blast while working mcans that the engine
will be shut down. :

Twao short blasts s the signal o start up again,

One long blast, followed by three short ones, is a signal
to the water man to hurry. '

Threc short blasts is a signal to the hundle teams that
grain is necded,

One long blast in the morning indicates the position of
the machine, and, .

Two long blasts in the evening is a signal that the job is
completed or that the work of the day is done.

Fig. 6g is an illustration of a stcam whistle. Tt consists
of a hasce attached to the hoiler having a valve which is
operated by means of a lever, When the lever is pulled
cver, stcam escapes around the edge of the flaring mouth of
the body of the wvalve. As the steam rushes upward it
compresses the air and steam in the bell; the air being
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‘Whistle. Irig. 49,

elastic springs back and is kept in constant vibration by the
escaping steam. It is this vibration which is transmitted
to the surrounding air that causes the sound. The tone of
the whistle can he changed by shifting the bell up or down
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en the stem which supports it.  Screwing it down makes
the sound shriller, serewing it up produces a deeper note,
Some steam whistles are made having a bell in three com-
partments, each of different size.  Such whistles will pro-
duce three distinet notes which produce a rather pleasing
effeet if the tones chord perfectly. Tf the whistle valve
gets stuck open the whistling may be stopped by filling the
bell with cotton waste, which can be poked in with a long
stick.

Pipes and Pipe Fittings—The pipes used for steam pur-
poscs arc made of lap welded wrought iron.  The size of
flues is designated according to the outside diameter, . e..
a z-inch flue is z inches in diameter on the outside. -Steam
pipes and water pipes are measurcd internally, i e, a 2-inch
stcam pipe is 2 inches in diameter inside or nearly that.
The actual sizes of pipes vary somewhat from the dimen-
sions specified,

Fig. 7o represents the pipe fittings in common use, Tt is
well for the student to examine this cut carefully and learn
their names so that he may he able to specify exactly what
he wants in case it Is necessary to order any repairs.  Table
No, 1 gives the sizes of steam, gas, and water pipe that is
ordinarily carried in stock. Sizes different from those in
the table can only be obtained on special order,
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Cross,

Mangc Union,

; . ilH" ol Shoulder
45¢ 1Elhow.Close Roeturn Bend. Nipple. Open Return DBend.

Lipped Union, Coupling, Tee, Reducer.,

Bushing., Plug. {losc Nipple. Coupling,

Pipe IMttings., ¥ig, 70,
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TABRLE 171,

83 DIMENSIONS OF STANDARD IlE FOor GAS, STEAM AND
WATER,
Nominal Size | Actual Outside © Thickness of Number of

Inside Diameter ‘

Diameter in Walls of Pipe Threads per

in Inches ‘ Inches in Inches Inch of Screw
% 40 068 2y
w| M 54 088 18
=) 3% 67 . 00T 18
2 14 B4 100 14
=404 L.0g 13 T 14
Al . I.31 134 114
B4 1.66 140 11%%
! (% 1.9 .145 1155
E 2 2.37 154 1134
2 (24 2.87 204 8
:? 3 3.5 217 8
314 4. 226 8
84 Pipe Fitting—Pipes arc usually connected by means of

couplings or unions. If the pipe can be screwed together
from one end continucusly, couplings are preferable. Fre-
quently, however, this cannot be done, owing fo the neces-
sity of joining pipes whose ends are fastened, In this case
a union must be used. Lipped unions are cployed for
small pipe and flanged unions for pipe above _21/5" inches
in diameter.
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Pipe threads arc cut with pipe taps and dies.  Orvdinary
machinists’ or blacksmiths” taps and dies will not do at all
for pipe threads. In order to make a good pipe thread,
the taps and dies must be sharp so as to cut a clean thread.

In threading a picce of pipe the dic should he turned on
until the pipe just rcaches flush with its outer surface.
This is neccessary because the die ciits a tapered thread
having a taper of 34 of an inch to the foot. If the dic is
turned on any further, that part of the pipe passing through
will have a straight thread. Under such conditions it will
be much more difficult to make a tight joint.

[n making the pipe connections a paste of red lead and

"oil is smeared on the threads after which the pipes are
" serewed into the connections the fall depth of the threaded

portion, thus making a tight joiut. The gaskets uscd for
unions should be cut to the exact size, from cither sheet
rubber or sheet lead.  Tn connecting pipes that are to carry
gasoline, ordinary laundry scap should be used instead of
red lead, and shoot lead in place of rubber.  Gasoline dis-

solves rubber, a fact which makes it unsuitable for this.

kind ef wori.

Valves—Valves are used to contrel the {low of fluids
in pipes. Those which allow the fluid to flow in cither
direction may be divided-into two classes, globe valves and
gate valves; those which allow the fluid to flow in one
direction only are called check valves,

Globe Valves—Globe valves are so called on account of
the spherical shape of the body of the valve. In the smail
sizes wsed on traction cngines they are usually made of

119

P—




CLARKE SCHOGL 0¥ TRACTION ENGINEERING.

brass throughout, but for heavier work the hody is of iron

and the valve and valve scat of brass. Iiig. 71 is a sec-

go

Ordinary Globe ¥alve, TFig. 71.

tional view of an ordinary hrass globe valve; the valve dise
is made of brass and when screwed down fits nto a cone-
shaped seat. I'ig. 72 represents another globe valve having

Flobe Valve with Compogition Dige. TFig. 72,
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a composition disc which may be removed and which may be
easily renewed when worn out.  These valves are made in
quite a variety of styles, as regards the valve disc and valve
seat.

Fig. 73 represents an angle valve which is used when-
ever it is desired to put in a stop valve where two pipes

Fig. 73.

Angle Valve.

scats against the pressure of the fluid. Tf put in in this
meet at right angles. These valves should be put in so
that the pressure comes from below and the outlet is at the
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side. Globe valves should be put in so that the valve
way it is possible to pack the valve stem with the pres-
sure ont, but if placed the other end to, it will be neces-
sary to cut off all pressure on the pipe before the valve
stem can be packed. Furthermore, if put in in the right
way there is no pressure on the packing when the valve is
closed and if the hand wheel is broken it is not so difficult
to open the valve with the pressure as against it.

The Care of Globe Valves—A valve that is subjected to
steam pressure should never be screwed down tightly on
its seat when cold, because the expansion of the metal
when steam is raised will be sufficient to throw a tre-
mendous strain on the valve seat and injure it. When the
valve is hot, on the contrary, it should be screwed down
tightly because the contraction of the metal on cooling will
relieve the pressure of the valve on its scat to some extent.
A valve never should be left partly closed so that a small
stream of steam or water can blow through. The crosive
action of water or steam upon hrass is very marked and it
only takes a short time to wear away the valve disc or seat
so that it is impossible to close the valve tightly,

Valves having brass discs can be reground. if they he-
come worn, and made as good as new. A simple way to
do this in the field is to grind the valve in with oil and fine
emery.  An ordinary carpenter’s hrace can he used for
turning the valve disc cn its scat. Tf emery is not at hand
fine grindstone dust sifted throueh muslin will answer the
purpose. The valve stem is ordinarily packed with candle
wicking. This should be twisted tightly or braided to-
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gether tightly and then given a coat of oil and graphite,
after which it is coiled around the valve stem and the
stuffing box gland screwed down. .

Gate Valves—Tig. 74 represents a scctional view of a
gate valve. [n this type of valve there are two discs which

Fate Valve., Fig. T4,
are raised and lowercd by means of a screw. When
screwed down tightly a wedge between the two discs presses
them owt against their scats. These valves offer some-
what less obstruction to the flow of fluid than gate valves
but are, as a rule, not quite as suitable for véry high pres-

SUres.

Ttig. 6.

Vertieal Lift [Mige. TT.
S m@iﬁ' Tg‘.hack Cheele Valve. Tl Cherk Valvo
Hw o Che . ‘

Check Valves—Horizontal check valves are made in
three principal styles, illustrated in figures 75, 76 and 77.
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Fig. 75 represents a swinging check valve : Fig. #6 a check
valve having a vertical lift ; and Fig. 77. a ball check valve.
There is very little choice among the three. The first two
may be reground if they hecame worn, but the last men-
tioned one is very difficult to repair if the hall.hecomes
cut or grooved.

Pipe Coverings—Steam pipes which are exposed to the
air should be jacketed in order to prevent radiation and
consequent condensation and loss of steam.

The materials used for covering pipes are hair-felt, wooi-
felt, magnesia and ashestos, The hest insulator is probably
hair-felt after which comes woo.l-felt, mineral wool, car-
honate of magnesia, charcoal. sawdust, wood and ashestos,
their insulating properties heing about in the order named.

The Boiler Tacket—~The hoilers of traction engines
should alwavs he jacketed, espeeially in the colder sec-
tions of the country, where they are déxposed to outdoor
conditions and where rapid currents of cold air cause great

loss of heat. Tt would require considerable more fuel to-

keep up steam with an unjacketed boiler than one prop-

erly protected. The amount of saving in fuel that may he

cffected by jacketing depends of course: upon the tempera-
ture of the outdoor air and upon the movement of the
wind. ' '

The principal materials used for jacketing boilers are
ashestos paper. mineral weol, and wood.  Sinee a dead air
soace has considerable value as an insulator, it is usual to
allow from ] to 14 an inch of air space between the
jacket and the boiler. With this ajc space and asbestos
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between the wood and the boiler there is little danger of
the wood being hurned. These insulating materials are
held in place hv means of a sheet iron covering which is
held on by bands of -brass or steel.
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QUESTIONS.

1. Explain the differeut types of grates used in traction
engincs.
-2 Lxplain the action of the exhaust nozzle and state
its office in conmiection with the traction engine.
Cw3. What is the corrcet position for the exhaust nozzle?
s4. Describe two styles of spark arresters and cxplain
their action.
~ 5. What effect has the spark arrester upan the draft ?
6. Name the safety devices cvery hoiler should be pro-
vided with,
7. Deseribe a steam gauge.
8. Is a syphon necessary on a steam gauge?
9. How are stcam gauges tested?
-10. Describe a spring safety valve and explain its
action. -
17, Which is more to be relied upon, the glass water
gauge or the try cocks?
12. How should the water glass be taken care of ?
13, ow high should water be carried above the top
row of flues?
14.  Of what advantage are water columns?
15, What is the office of the fusible plug?
16, What are [usible plugs filled with?
17, How should fasible plugs be taken care of?
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.18, What are handholes and clean-out plugs {for?

w19. How are handholes packed?

20. " Explain the use of both the bottom blow-off and
surface blow-oif.

210, 1low is the size of steam, gas, and water pipes
designated, and how does this designation differ from that
of boiler tubes?

22, Give a list of the principal pipe fOittings.

23. What kind of “dope™ is used on pipe threads to
make a tight joint?

24. Mention the classes of valves used on traction en-
gines.

25, llow may valves be reground?

20, Why should steam pipes and the boiler be jacketed ?
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PART TV,
BOILER TLEEDERS AND FEED WATER.

Lvery steam hoiler should be equipped with two baoiler
feeders, so that if one should suddenty fail to work another
would be ready. Tt is the duty of the engineer in charge
to keep both feeders in good working order all the time.
Failure to do so should be taken as a mark of incompetency
and excuses should not he considercd. The safety of the
boiler depends Targely upon the water stupply and cvery
precaution should he taken to keep it under instant control.
So well is this necessity recognized that almost all boilers,
no matter what purpose used for, are provided with cither
two pumps or two injectors, or an mjcctor and a pump.

Since the safety of the engine is dependent so much upon
pumps and injectors it is essential that the engineer in
charge understand thoroughly the principles governing
their action, so if anything goes wrong he will he able to lo-
cate the trouble without delay and remedy it.

In order to make the action of pumps and injectors
perfectly plain it will first he necessary to review briefly
some of the laws of physics governing their action.

The Almosphere—The carth is surrounded py a sea of
air whose deptl has been variously estimated at from 4o to
200 miles. The exact depth is not known nor need it be
considered in this discussion.
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Air consists principally of two gases, oxygen and nitro-
gen, mixed in the proportions of four parts of nitrogen to
one of oxygen. Compared with solid substances with which
we are familiar air has very little weight. A cubic foot
at sea level weighs only about a quarter of an ounce. The
pressure of the air on each square inch of surface, at the
sea level, is about 14.7 pounds. Since the depth of the
air above any point of the earth’s surface is constantly
changing, it follows that the air pressure, or weight of the
air on a square inch at any particular point, is also a chang-
ing quantity. .

All bodies on the earth’s surface are subjected to the
pressure of the air, which, according to the laws of fluids,
acts with the same intensity in all directions. It acts side-
wise and downwards and upwards with the same amount
of force and so does not incommode us because it is equal
and oppesite in all directions. The presstres are balanced
and therefore are just as though they did not exist at all
so far as bodily movement is concerned; neither does the
weight of the air exert any crushing force unless it acts on
one side of a body only.

A thin paper bex is in no danger of being crushed be-
cause there is as much pressure on the inside as there is on
the outside. However, if the pressure were removed from
the inside of the box it would collapse instantly; in fact, it
requires quite a strong structurc to withstand 15 pounds
pressurc per square inch. There is hardly a huilding or
dwelling house in the land that could stand against at-
mospheric pressure if all the air were removed from the
inside.
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Whenever a vacuum is established in any vessel its walls
are subjected to a crushing force of about 14.7 pounds per
square inch; i. e., at sea level. As we go above sea level,
atmospheric pressure becomes less because the depth of the
sea of air above us is less.  On the tops of high mountains
the atmosphieric pressure is only a few pounds, so little, in
fact, that there is not enough oxygen in the amount of air
animals can breathe to meet bodily requirements.

The Barometer——The barometer is the instrument used
for meastring the weight of the air (sce Fig. 78). It con-
sists essentially of a glass tube about 34 inches long closed
at one end and open at the other. The tube is filled with

TiWJ\?]II!“T|III$I\Il?llil;ll!]]_‘l
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Barometer. Tig. 78,

mercury and then inverted with the open end submerged in
a cistern containing mercury. On inverting the tube, only
a small amount of the mercury will flow out; the column
coming to rest at a height of from 29 to 30 inches, There
is no air in the tube above the mercury, and, hence, no
pressure, but there is pressure on the mercury in the ci:.s-
tern, viz,, that of the atmosphere. Tt is the atmospheric
pressure that holds the mercury up in the tube. Since
there is no air pressure on the top of the mercury and there
is on the bottom of the column in the tube, the weight of
the column of mercury must therefore exactly balance the
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pressure of the air., It is clear, then, that the height of the
mercury column measures the weight of the air at that
particular place. TIn other words, the mercury colamn in
the barometer exactly supports a column of air of the same
diameter reaching from the earth, upwards as far as the
air exists. : '

Any other liquid could be used as well as mercury, onty
the tube would have to be much longer. Mercury weighs
13.56 times as much as an equal volume of water. f we
made a barometer of water it would necessarily be 13.56
times as long as the mercury column, i."e., 13.56 times 30
equals 406.8 inches, or 33.9 feet. In other wards, the
height of a column of water which can be supported hy at-
mospheric pressure is roughly 34 feet; i. e., assuming that
the total amount of atmospheric pressure can be utilized in
forcing water up in the tube, ‘ -

The height to which water may be forced in a tube by,
atmospheric pressure can be found in' another way. For
example: A column of Wwater 1 inch square and 12 inches
high, weighs about .434 of a pound. The total height of
water then necessary to balance 14.7 pounds, or atmospheric
pressure, can be found by dividing 14.7 by .434; the quo-
tient will be 33.9, as before. ) '

If a long vertical pipe had the lower end submerged in
water and air were removed from the inside of the pipe
above "the water, atmospheric pressure would force water
up in the tube, Tf all the air could be removed from the
inside of the pipe, the height to which water would ‘rise
would be as before, 33.0 feet. If a part of the air inside
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of the tube is removed, making only a partial vacuum,
water will rise to a height proportional to the amount of
air pressure removed. Or, looked at in another way, the
water will rise and compress the remaining air within the
tube until the air pressure, together with the weight of the
water on the inside, exactly balances the aiv pressure on the
outside.

All suction pumps depend upon atmospheric pressure to
force the water up into the pump chamber. The pump ex-
erts no drawing force, it removes the air from the suction
pipe and air pressure causes the water to rise. Injectors
depend upon the same principle for raising water from a
lower level to the injector. Owing to the friction of the
valves in the pump and to slight leakages, it is impossible
to raise water to the theoretical height above mentioned.
A pump in good order will raise water 25 fect, but it is not
usual to figure the lift of a suction pump at more than about
20 feet. An injector cannot be depended upon to lift water
more than about 15 feet. The height to which a pump or
injector will force water, however, is an entirely different
matter, and depends upon either the strength of the pump
or the steam pressure used in the injector.

The Suction Pump.—Now that atmospheric pressure is
understood it will be easier to explain the action of a pump.

Tig. 70 is a cut of a common suction pump, A is the barrel
of the pumyp, B is the plunger rod, C is an air tight piston,

D and T are valves, both of which open upward. F is the
pipe leading downward to the water and G is the surface of
the water. The action of the pump is as follows:
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When the piston is forced downward, valve E opens and
the air displaced by the piston rushes through to the

A
g

sertin.

<

Common Suction Pump. Fig, 79.

upper side. At the same time valve D closes so that air
cannot be forced out at the bottom of pipe F. When the
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piston again moves upward it sweeps the air with it, leaving
a partial vacunm underneath,  Since the pressure in the
pump chamber is now less than that on the surface of the
water, the water will rise to such a point that the remaining

-air in the pump chamber will be compressed to such a point

that this pressure added to the weight of the column of
water will equal atmospheric pressure. The same cycle of
changes occurs every stroke until finally the water rises
and covers the pump plunger and is then forced out at the
spout. H is a foot valve, placed near the surface of the
water to prevent water from flowing back out of the suc-
tion pipe.

A suction pump will not lift hot water because when the
air pressure is reduced above the water in the pump cham-
her, the water will burst into stecam and destroy the vacuum.
Under ordinary atmospheric pressure of 14.7 pounds per
square inch, water boils and forms steam at 212 degrees
F., but if the pressure is reduced below atmospheric pres-
sure, water will boil and form steam at lower temperatures,
as shown in the table bclow:
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TABLE TI1.

Abgolute pressure in - Temperature Fah. at

Ibs. per sq. in. which water boils,
1 - 102.0
120.4
141.6
153.1
162.3
170.1
176.9
183.0
188.4
193.3
197.8
202.0
13 205.9
14.7 212.0

O 00N Oven IoLe B

[ S ]
| NI

If the supply of water is above the pump, so that it can
flow into the pump chamber, the pump will force water of
any temperature into the hoiler.

Priming a Pump—"The nccessity for priming a pump
arises when the plunger valve leaks, thereby making it
impossible to obtain a vacuum in the suction pipe. The
effect of priming is to make a water piston. When the leak
is mot so great as to allow the water to get away rapidly a
piston of water will rest on the top of the plunger, thus
making a practically air tight water plunger which pre-
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vents air from leaking into the suction pipe. By this means
air can be exhausted from the suction pipe and the pump
be made to work. )

Absolute Pressure.—Absolute pressure is measured from
the zero of pressure, i. e, from a vacuum. An ordinary
steam gauge begins with atmospherie pressure, 1. e, it does
not register any pressures below that of the atmosphere.
Zero pounds pressurc on the gauge is the same as I4.7
pounds atmospheric pressure. 1 we want to reduce gauge
readings to absolute pressures we must add 14.7 pounds to
the reading of the gauge. Tf the gauge reading is 50
pounds, the absoltite pressure is 50 plus 14.7 or 64.7 pounds;
hence; the rule,

Rule 1.—To veduce gauge pressures to absolute pressire,
add 14.7 to the gauge reading.

Force Pump.—If the common suction pump just de-
scribed were fitted with a delivery pipe instead of with a
spont, and if a check valve were placed in the bottom of
this delivery pipe, water could be forced as high as the
strength of the working parts of the pump would permit, -

Traction Engine Boiler Feeders.—Traction engine boiler
feeders may Dbe divided into two classes, pumps and in-
jectors. Both are used to about an equal cxtent and there
is perhaps no choice between them. As a rule, the in-
jectors cost a little less than pumps and are a little easier
to take carc of. They are, however, rather more. difficult
to repair than pumps when they get out of order.

Traction Pngine Pumps—Traction engine pumps may
be divided into two classes, dependent pumps and inde-
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pendent pumps. The former can aperate only when the
engine is rumning, the latter whenever there is enough
steamn pressure in the boiler. In the former the plunger
of the pum» is fastened to some moving part of the engine
and operates just as any single acting force pump.

The independent pump is a combination of engine and
pumyp. It is, in fact, a complete engine whose piston rod is
connected with the plunger of the pumnp, compelling the
latter to move in accordance with the movements of the
steam piston,

As to the comparative merits of the two pumps there is
perhaps little choice.. The dependent pump is usually sim-
plier in. construction than the independent, easier to keep
in working order, and its first cost is constderably less, The
independent pump, on the other hand, has the advantage of
being able to run whenever there is steam in the hoiler
without making it necessary to start the engine. The mat-
ter of choice appears to resolve itself largely into a matter
of taste rather than efficicncy, since the merits and defects
of the two pumps seem to be about equally balanced.

Cross-head punips and cccentric pumps belong to the
first mentioned class, while the Marsh, Moore, Clark and
Duplex belong to the second class. A description of cach
pump will appear under its own heading.

The Marsh Steam Pump.—-The following explanation
must be read with reference to the cut, Fig, 8. The right
end of the pumyp is the water end.  The left is the steam
end. The spool A is the steam piston, B is the water

_ piston, and C is the steam valve.
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Steam from the boiler is admitted through the pipe D
and flows in the direction of the arrows. There is a pas-
sage way leading from D to the center of the cylinder, so
that the space hetween the fanges of thenspool is always

Marsh Stcam Tump.  ig. 80,

filled with live steam. This provides motive power to
throw the valve when the piston rcaches the end of its
stroke.  When the flange of piston A, in traveling to the
left, passes port I, live steann from the middle of the piston
A'rushes in behind the valve head 17 and pushes it toward
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the right. This movement allows steam to flow from D
around the neck of the valve at G and down into the cylin-
der. The piston now starts toward the right, port E is
uncovered, and the steam behind the retreating piston {lows
in behind I, The valve head T is now acted upon by two
forces, live steam on the right hand side, and steam of
lower pressure, which pushes the piston, on the left. The
live steam tends to ciose the valve, while the cylinder steam
keeps it open. Since the area exposed to the stcam is
greater on the left side than on the right, by the amount
of the cross section of the valve stem G, the total amount
of pressure acting toward the right will in general be
greater and tend to keep the valve open throughout the
stroke, The exhaust steam escapes from the right side of
the cylinder in the direction of the arrows, flows past the
bridge K, and around the reduced middle part of the valve
body and so down through JT into the exhaust pipe, where
it may be turned out into the air or into the lower part of
the pump M, where it mingles with and heats the feed
water.

fixplanation of the Gowverning Princigle—1f the piston
moves faster than stcam can he supplied through the small
annular space at G, the pressure on the left side of the
piston will fall below hoiler pressure, and hence the pres-
sure on the left side of T will alse fall, thus aliowing the
incoming boiler steam on the right of F to exert the greater
pressure and push the valve to the left. The body of the
valve will now fill the opening at G and steam will be cut
off while zt the same tim. the exhaust steam acts as a
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cushion on the right side of the piston and tends to stop it.

The exact position of the valve at any moment, and con-
sequently the amount of steam admitted to the cylinder,
dej)ends upon the relative strength of the two forees tend-
ing to move the valve in opposite directions. th'n the
piston moves very rapidly the steam expands behind it and

* the cylinder pressure, which tends to open the valve, falls;

while admission steam, which tends to close the valve,
remains the same and hence forces the valve partly shut,
thus throtiling the steam supply and slowing down the
piston, ‘
The small holes at N (see I'ig. 81), which communicate
with the ends of the valve, drain the stcam pipe when the

Valve of Marsh Pump. Fig. 81,

pump is stopped and aid in governing by slowly equahz’ing
the pressure driving the piston with that in the steam pipe.
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In case the valve gets stuck it may be started by hand by
means of the tappets L.

The flanges of the steam piston A are provided with
spring packing rings making a steam tight joint between
the piston and the cylinder. The distance between the
flanges is such that live steam from 1) can flow in betwecen
the two heads when it is at the end of its throw in cither .
direction. The exhaust steam flows from the cavity H
through a cored opening not shown in IMig. 8o.

The Water End of the Pump~—This end of the pump is
like any ordinary double acting force pump. The pump
plunger works back and forth in the brass cylinder Q.
The cavity R extends entirely around the cylinder and
communicates with the water space M and the suction
pipe S.

In order to make the action of the pump clear we will
assume that the plunger starts from the extreme right end
of the cylinder, then, when it moves toward the left it forces
the air in front of it, out through the check valve 3, while
at the same time ajr from the cavity M, actuated by at-
mospheric pressure on the top of the water in the supply
tank, Tifts valve 1 and fills the right end of the cylinder.
This operation is repeated alternately until all the air is
exhausted from the suction pipe and water fills the pump
chamber. The reciprocating motion of the primp ‘plunger
forces water altermately from cach end of the cvlinder,
throngh check valves 3 and 4, into the delivery pipe. When
water flows out through valve 3, it flows into the right end
of the cylinder through check valve 1, and when it is being
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delivered through valve 4 the left end of the cylinder is
filling through valve 2. It will thus be seen that the pump
is double acting, 3. ¢, it delivers waler to ihe boiler on
both strokes.

The delivery water first cnters the air chamiber hefore
passing on to the delivery pipe. The upper part of this
chamber always contains some air ‘which is compressed by
the water and acts as a cushion, thus relicving the delivery
pipe and the upper part of the pump from sudden shock.
Besides, the compressed air causes a much steadicr flow of
water from the delivery pipe. All single plunger force
pumps are provided with an air chamber.

The Pump Plunger—The pump plunger, as will be seci
from the cut, consists of a flanged piston having one re-
movable head. The annular space hetween the flanges is
filled with a ring of packing. This ring is composed ust-
ally of canvas and rubber and is made especially for the
purpose, Defore starting out in the fall several extra pack-
ing rings should be placed in the too! hox to be used in
case repairs are necessary. The piston rod is packed where
it enters the stcam cylinder and the water cylinder, shown
at T in the drawing. Braided candle wicking saturated
with oil and graphite is usually used for this ptirpese.

Lubrication of Pump—The water end of pumps do not
need luhrication but the steam end must be oiled contin-
uously, just as any steam cugine is lubricated. The lubri-
cator should hold at least a half a pint, and should be con-
nected with the steam pipe immediately above the pump.
A good grade of cylinder oil should be provided. Owing
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to the rather delicate construction of the valve and the
small difference in pressure which trips it, dificulty is olten
expericnced through its sticking if not properly lubricated.
\’Vhi}e some purnps will ran, even 1f they are not lubricated
conttnuously, the same cannot be said of the Marsh pump.
In rder to be sure of its aperation a small quantity of oil
must he sunplicd continuously.

Starting the Pump.—In starting the pump the first thing
to do is to throw the exhaust lever over so that the ex-
haust is turncd into the atmosphere, then open the bib cock
on the water cvlinder hood and cpen the valve in the suc-
tion pipe. Now turn on steam and start the lubricator.
If the exhaust is turned into the bady of the pump first
the vacuum will he destroyed and water cannot rise in the
pump cylinder. After the pump begins to deliver, the ex-
hauvst lever may he turned in the other direction, thus turn-
ing the exhanst steam into the suction chanther in the body
of the pumn.  Tn this way all of the steam required to run
the pump is returned to the hoiler and at the same time the
feced water is heated to a considerable extent, thereby ef-
fecting some saving in fuel and relieving the boiler from
the strains duc to sudden cooling which would be caused
by introducing cold feed water. Tf the hib cock is not
open the first two or three strokes of the pump are not apt to
compress the air in the delivery pipe to such an extent that
on the next stroke of the plunger the air will simply le
compressed in the cylinder, therchy closing the fower check
valves and making it impossile for water to enter the
pump. A pump in this condition is said to be air bound.
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Pump Connections—Care must be taken in piping up a
pump to use pipe as large as the pump connections cail
for. The pipe should be tested to make sure that there are
no cracks or flaws and reamed at the ends in order that
the area of the pipe shall not be reduced through the burr
formed in cutting. Care should be taken to clean all chips
and dirt from the inside of the pipes, otherwise obstruc-
tions may find their way ecither into the stecam cylinder or
into the check valves of the water cylinder; not only stop-
ping the pump but causing damage to the moving parts.
A check valve shonld be placed on the delivery pipe close

‘to where it enters the boiler, with a stop valve between it

and the boiler,

The Moore Steam Pump.—The explanation given for the
water end of the Marsh pump applies equally well to the
Moore pumyp; the steam end, however, is very much differ-
ent. A longitudinal section of this pump is shown in Fig.
82, IFig. 83 represents the piston and plunger and Fig. &4
the valve. Tg. 85 shows piston, plunger and valve assem-
bled. The stecam piston consists of a cylinder having
flanges at cach end provided with spring packing rings.
The distance hetween the flanges is a little greater than
one-half of the length of the cylinder, thereby compelling
live steam from the supply pipe A, to first enter the cylin-
der between the piston flanges. The inner part of the
valve is provided with a wide central groove H and two
narrower grooves on each side. These narrower grooves
communicate with the steam space between the piston
flanges through a number of holes drilled through the
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valve, The position of the valve in the pump is shown in
Fig. 82. The cylindrical part of the piston is provided
with two pair of transverse slots on opposite sides ncar

Moore Steam Pump. Fig, 82,

each flange, onc wide, the otlier narrow. Cne pair is
shown at E and D in Tig. 83. A longitudinal stcam port
in the interior of the piston conncets B and D with the
vight cnd of the piston and a similar port connects the
other two slots with the left end of the piston,

The Action of the Pump —The action of the pump is as
follows: Referring to Ifig. 82, the piston is represented
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at the end of its stroke with the valve in its proper position
after having been shifted. Steam can now pass hetween
the piston head and valve and enter one of.the‘ narrow
slots I, from which it passes through the longitudinal port

Trig. 85,

valve and Plunger of Moore Steam Pump,

in the body of the piston to the right end of the piston,
where it moves the whole plunger to the left. When the
spring ring in the valve passes the steam port A, steam en-
ters between the flanges of the valve (Tig. 84) and passes
through the holes into one of the smaller grooves in the
valve, from which it passes into the wide slot b (Tig. 83)
and thenee through one of the longitudinal ports to the end
of the piston. Since boiler steam oceupies the space be-
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tween the heads of the piston, the valve is held in place to
the end of the stroke, When the piston rcaches the end
of its stroke a groove in the end of the cylinder allows the
steam between the valve and piston head to escape. Then,
when the right hand flange of the valve passes steam port
A, live stcam between the valve flange and piston flange
throws the valve over into the proper position for the back-
ward stroke,

The Exhaust—When the valve is shifted to its extreme
position the wide central groove in H covers both the slots
E and D or their corresponding pair. The steam can then
pass hack through the longitudinal ports and cnter the
wide groove in II. Trom this point it passes through the
round ports I into the hellow valve rod and thence out
through openings B, into the central portion of the pump,
from which it can be turned, by means of a two-way valve
L, cither into the atmosphere or into the suction chamber
where it unites with the feed water. '

The Clark Pump.—The steam end of this pump is just
like any other plain slide valve engine, The cylinder and
steam chest are cast in one piece and steam is supplied to
the cylinder through a plain D slide valve which is so
arranged that the engine takes steam full stroke and ex-
hausts full stroke. The lower part of the piston rod is also
the pump plunger. The water cnd of ‘the pump consists
of a brass cylinder, in which the plunger works, and two
check valves. Tts action is similar to that of the cross-
head pump, which will he described in detail on the next
page.
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45 A heavy {ly wheel en the crank shaft maintains a sicady.
" ouon and the havdle with which it is provided makes it
possible to use Gitis pump by hand, cither to pump up the

i
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s

Clark Pump. Tig, 86.
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boiler, or as a force pump in cleaning the boiler. Tig, 80
illustrates the leading features of this pump.

The drain cock at the hottom of the steam cylinder
should be opened when steam is turncd on to take care ol
the water of condensation,  DBoth it and the drain at the
bottem of the water eylinder should be opened when the
cngine 1s shut down for the night.

Daupler Pumps—N Duplex pump consists of two com-
plete pumps placed side by side. The piston rod of one
pump is connected by means of a lever to the valve of the
opposite stéam cylinder, thus cach pumnp piston drives the
valve for its neighbor. The effect of this arrangement is
that when one piston arrives near the end of its stroke
the other piston is just beginning, so that the stream of
water in the delivery pipe is kept constantly moving, first
by vne piston, then by the other.  The strains in the piping
induced by a column ol water whose motion is irregular
is thus avoided, and no air chamber is necessary. Ifig. 87
is a sectional illustration of a Gardner duplex pump.

Each water cylinder is provided with four valves and so
closely rescmbles the pumps already described as to need
no detailed description.

The steam valve, however, is entirely different. Tt con-
sists of a plain D slide valve having neither inside nor out-
side lap, consequently steam is admitied to the cylinder
during the entire stroke,

In this style of pump there are two steam ports and two
exhaust ports. Steam flows into the eylinder around the
ends of the valve through the two outside ports, and the
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exhaust passes out through the inside ports over the bridge,
through the hollow portion of the valve and through the
exhaust pipe to the atmosphere.

The valve is not fastencd sigidly to the valve stem, but
has about a 24 of an inch play. Since the valve travels
always in the same direction as the piston, it {ollows that
at the end of each stroke the play between valve and valve
stem, will he taken up, therehy causing the piston to halt
for a moment at the end of the stroke, thus allowing the
water to get away from the pump plunger before starting
a new stroke.

Directions for Setiing the Valve—These pumps take
stecam full stroke and exhaust full stroke; therefore to set
the valves, place the pistons in the middle of their stroke
and then adjust the valves so that they arc in the middle of
their travel also. When in this position the cross-head
should he located on the piston rod at such a point that the
long arm of the lever that drives the valve stands vertically.

The Speed of Pumps.—In general, the speed of the piston
of pumps should not exceed roo fect per minute altho m
the cross-head pump this limit is greatly exceeded, but, in
this casc, the pltnger is so small that no difficulty is expe-
rienced by such high speed.

The Capacity of a Pump.—The capacity of a pump de-
pends upon the size of the water cylinder and the speed at
which the pump is run. The number of gallons a pump
will deliver per minute may be determined by the following
rule. _

Rule 11 —Multiply the wolume swept thru by the piston
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on each stroke in cubic inches, by the nuwmber of strokes per
minute and divide the product by 231; the result is the
number of gallons por minute, provided no waicr ledks by
the piston. It is usual, however, in all such computations,
to allow a small wmount for leaking, say from 2 per cent
to 5 per cent,

Erample —How much water will a pump deliver per
minute if the plunger is 3 inches in diameter and has a
travel of 5 inches, if it makes 100 strokes per minute?

Solution.—3X3X 7854 equals 7.0786; equals the area
of the plunger.

707863 5 equals 35.393, the volume swept thru by the
piston.

35.393X 100 equals 3539.3 the total number of cubic
inches of water moved per minute.

3530.3 divided by 231 equals 15.3 gallons.

Care of Duplex Pumps—The stcam end of these pumps
should be oiled continuously, while running, with a good
grade of cylinder oil. On shutting down at night hoth the
steam cylinders and water cylinders should be drained.
Care should be taken not to screw up the stuffing box glands
too tightly, as the friction of tight packing at this point may
cause the pumps to stop working. These points in all
pumps should be frequently repacked with a good soft
packing.

The Air Chamber—The air chamber is placed on the
delivery pipe and is gencrally made a part of the pump.
The ohject of the air chamber is to relieve the pump and
its connections from sudden strains due to the discharge
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Cross Head Pump. Fig. 88,

of water from the pump and to insure a steady stream of
water flowing through the delivery pipe.
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The action of the air chamber is as follows: When the
water is first forced into the delivery pipe it rises rapidly
into the air chamber and compresses the air in the upper
part,  This being clastic, re-acts upon the water when the
plinger starts in the opposite dircetion and forces it into
the boiler. Water contains enough air to supply all that is
needed Lo keep thie air chamber filled.

The Cross-Head Pump—he cross-head pump, as its
name implies, s driven by the cross-head of ile cengine,
An arm from the cross-head is attached te the pump
plunger and moves it back and {orth whenever the engine
makes a stroke. Both a sectional view and a half-tone
of this style of pump appears in Tig. 88. A represents
the pump plunger, which is a plain bar of iron. B is
the body of the pump, C is the lower check valve in the
suction pipe, and D the check valve in the delivery pipe.
I represents the arm. attached to the cross-head which
drives the pump plunger. The air chamber is shown at
1" and a globe valve, not shown in the figure, is placed in
the suction pipe. A check valve, and a stop valve, between
the check valve and the boiler, are placed on the delivery
pipe.

The pump plunger is packed where it enters the body
of the pump.  Draided candle wicking or ring packing may
be used at this point. '

Operation. of the Pump.—When the pump plunger is
drawn out a partial vacuum is formed in the cylinder,
which allows the air in the suction pipe to expand. Air
pressure ou top of the water in the tank forces water up
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the suction pipe until the pressure of the air inside the
pump together with the weight of the column of water in
the suction pipe is the same as that on the ocutside.  On the
inward stroke of the plunger a volume of air, equal to the
volume of the plunger, is driven out of the cylinder
through check valve 13 and out through a pet cock in the
delivery pipe, not shown in figure, which should be open
on starting. On the next outward stroke of the plunger,
valve DD drops to its seat and water rises in the suction
pipe. After scveral strokes of the plunger, water appears
in the cylinder and is forced out into the delivery pipe.
The pet cock should be closed when water appears at that
point, Water will then rise in the air ¢hamber and com-
press the air therein and on the next stroke of the plunger
this will expand and keep a steady stream flowing into the
hailer,

A safety cap is placed on the top of the air chamber
which will blow out if the pressurc becomes too great, as
sometimes happens if the stop valve on the delivery pipe
is accidentally closed.

Regulation of the Pump.—While the engine is running,
the ptmp plunger is also moving. In order lo prevent it
from delivering water, the valve on the suction pipe may
be closed or the pet cock L left open.  If the suction valve
is closed, the packing is under the strain of atmospherie
presstire, while if L is opened, air is drawn into the cylin-
der on the outward stroke of the plunger and expelled
through the samc orifice. In this case the valve in the
suction pipe may be left open.  Then in order to start the
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pump working all that is necessary to do is to close the
valve L. The amount of water delivered to the boiler may
be regulated by the suction valve. If it is opencd only a
small amount, enotigh water to fill the cylinder will not
be enabled to get through and so only a small quantity will
be delivered at cach stroke of the plunger.

The cross-head pump is a very simple pumyp, perhaps the
simplest used on traction cengines. The objections against
its use atrc that it runs only when the engine runs and is
apt fo be a little noisy.

The Eccentric Pump.—An eccentric pumnp is used on
some engines hut it needs no separate description. It is
exactly similar to the cross-head pump, with the exception
that the plunger is operated by means of an eccentric on
the main shaft instead of from the cross-head.

Pump Troubles—Whenever a pump fails to work the

engineer should determine first whether the trouble is in

the suction pipe, in the mechanism of the pump itself, or
in the delivery pipe. Tt is sometimes difficult to locate the
exact cause of the trouble. Tn sué¢h a case the hest way to

proceed is to detach botl. the suction pipe and the delivery .

pipe, then run the pump and hold the hand over the suction
pipe connection and note if a vacuum is formed. 1f the
pump seems to have suction the trouble, then, is not in the
pump itself, but is somewhere in the suction pipe. If the
pump does not have suction the difficulty is in the pump;
cither in the plunger or in the check valves,

Tf a pump will run but does net gét water it may be
due to absence of water in the tank, a Jeak in the suction
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pipe, a leak of air into the pump cylinder itself or an
ohstruction in the suction pipe.

If the suction pipe leaks, air will enter and destroy the
vacuum formed by the pump, thus preventing atmospheric
pressure from foreing water up to the pump cylinder.

1f the pump plunger leaks, air will simply flow from one
side of the plunger to the other and & vacuum will not be
formed in the suction pipe; or, if the check valve in the
suction pipe leaks, the pump plinger will draw the air out
of the suction pipe and then force it back again, thus pre-
venting water from rising to the pump cylinder, _

If the check wvalve in the delivery pipe leaks, either
water or air will flow back inte the pump cylinder, thus
preventing a vacuum from being formed therein. These
valves can be reground by using flour of emery, as de-
seribed in Vart T1L

In using a hosc for a suction pipe that is somewhat worn,
atmospheric pressure may pinch it together and prevent
air from flowing freely to the pump.

A strainer should always be placed on the bottom of the
suction pipe to prevent chafl or dirt from being drawn up
into the pump. TFailure to provide the suction pipe with
a strainer is almost certain to result in trouble in the check .
valves of the pump. Dirt or grit in the water is hard on
the pump, hecause it has a tendency to cut out the cylinder
and causc a leaky piston,

1T a pump will run and water is delivered from the pet
cock, at the hase of the air chamber, but will not enter the
boiler, the trouble will surely he found in the delivery pipe.
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The check valve near the boiler is a frequent source of
trouble. Dirt or sediment is apt to colleet in the hinge and
cause it to stick shut.
tapping lightly with a hammer; care should be taken, how-
ever, not to strike the valve very hard and thus deform it.

Occasionally the difficulty may be found in that part of
the delivery pipe wl uch is inside the hoiler. The cause of
trouble at this peint is aencrqllv due to the pipe becoming
filled with scale or sediment. Delivery pipes which are
provided with a spray nozzle on the end are very apt o
become stopped by scale forming in the small orifices of
the nozzle. In this case if water enters the boiler at all,
it can only do so by hursting the pipe.

If the pump cylinder is cut the only remedy is to get a
new one or clse, if there is stock enough, have the pump
rebored. '

Ring packing should always be used in packing the
water plunger of independent pumps.
gency hemp packing or candle wicking may he made to
serve the parpose for a short time.

The Care of Pumps—At the close of the season when
the engine is laid up, the packing should be removed from
the stuffing boxes, and the cylinder and valves of the
pumyp should be thoroughly oiled. Unless the engine is
put in a dry building it is better to disconnect the pump,

clean it, oil it, and put it in a dry place. If left out of
doors all the winter it will become rusted and can only be
started after dosing liberally with kerosene.

Sometimes it can be started by

[1n case of emet-
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INJECTORS.

Classification. --Injectors are divided in‘o two classes,
lifting and non-lifting. T.ifting injectors, as the name
implics, raise the water from a lower level while non-lifting
injectors will not.

A non-lifting injector must cither be placed below the
water tank, so that water will flow into it hy gravity, or
else be attached to a pressure main in order to insurc a
supply of water.  Tts action does not differ from the lifting
injector aside from the one feature of not being able to
draw the water from a lower level. No detailed explana-
tion of it need be given.

Lifting injectors arc again divided into two classes,
automatic and positive. Auntomatic injectors have a single
sct of tubes and positive injectors have a double sct.

Automatic injectors are used on traction engines and in
places where  the level of the water in the supply tank
fluctuates a great deal Their adaptability for this sort
of work lies in the fact that if the end of the suction hose
is out of water for an instant, causing the suction {o break,
it will immediately pick up and begin woerking again when
the water covers the suction pipe.
net do this.
be shut off and the injector started again.

- Where therc is no danger of the suction pipe becoming

T'ositive injectors will
If the suction breaks, the steamn supply must
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uncovered the positive injector is a very desirable instru-
ment. It will handle hotter water than the automatic and
generally may be made to deliver against a higher pressure,
but the fact that it will not pick up again when the suction
breaks, makes it undesirable for traction engine purposes.
In the automatic injector the over-flow valve is closed
automatically ; in the positive injector it must be closed by
hand.

Principles of Action—The injector is one of the most
intcresting pieces of apparatus the steam engineer has to

deal with and it is also one of the hardest things to ex-

plain in a perfectly clear way without the use of mathe-
matics,

Tt seems incredible that a stream of steam can be taken
from a boiler and passed through a machine, having no
moving parts, he made to pick up a quantity of water
many times greater than its own weight and go back into
the boiler against the pressure from which it started.  This,
however, is what the injector actually does. To make its
operation plain, we will first consider the relative velocity
of water and of steam flowing from the same boiler.

If a pipe leading from the water space of a boiler under
pressure is provided with a valve, and this valve is opened,
the water will flow out with a vclocity which is directly
dependent upon the pressure therein, The velocity of the
water will be exactly equal to the velocity a stream would
have flowing from a reservoir whose height is sufficient to
give the same pressure as that of ‘the steam. For ex-
ample, suppose the boiler is under 120 pounds steam pres-
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sure. (See Fig. 8g.) Now, since a column of water one
foot high exerts a pressure of 434 of a pound per square
inch, as shown on a previous page, it follows that a column
of water which will give a pressure of 120 pounds must
be as many feet high as the quotient of 120 divided by

Yeloerty of dieap 8200 fC0f TEr £20,
r

120 Steam Fe ol pipe
Yeloesly of condensed
Jrea Adao feer per
Second,

C yetociiy of duaier (39 fect per o0
Fig. 89,

434, or 276 feet. The velocity of water falling a dis-
tance of 276 feet is almost 133 feet per second; a fact
which can be verified by the laws relating to falling bodies.
This also mecasures the velocity with which water will flow
from the boiler under discussion.

. The velocity of steam flowing from the steam space of
the same boiler will be, in general, 15 to 18 times as great

" as the velocity of water or somewhere in the neighhorhood

of 2,200 or 2,300 feet per second. [f this steam, as it
rushes from the boiler, could be passed through a per-
fectly cold pipe so as to be instantly condensed, the result-
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ing water would have exactly the same velocity as the
steam and could easily force its way back into the boiler
against a stream of its own size. In order for a stream of
water to re-enter it must have a velocity  somewhat
greater than the stream would have ﬂowingr out under
boiler pressure. In this casc it must have a vcelocity
greater than 133 feet per second. Since the condensed

Kjector. Irig. 99,

steam has a velocity upwards of 2,000 feet per second, it
is evident that it could carry with it a considerable extra
flmount of water and still have velocity sufficient to enable
it to overcome hoiler pressure.

The Ejector—Fig. go is a scctional view of one of the
-simplest  instruments embodying the injector principle,
Steam enters at A, water at B, and C is the delivéry pipe.
When steam is first turned on, it rushes through the steam
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jet and out through the forcing tube. This carries with it
whatever air may be in the combining chamber, thus
forming a vacuum in the upper part of the suction pipe,
which causes water 1o rise and fill the bhody of the ¢jeetor.
The steam now meets the stream of water from the suction
pipe and gives to it a high velocity, but at the same time
it is condensed itself. The stream which emcrges from
pipe C is composed of the water which rises in the suction
pipe and the condensed steam which flows in at A,
Ejectors are used to lift water by suction a few feet or
to deliver water to a considerable height, They are not
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Penberthy Automatic Injector, WFig. 91.

suitable for boiler feeders because the delivery jet has not
very great velocity.  Their prineipal use about a traction
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engine is for filling the water tank. They are sometimes
called syphons, and sometimes jet pumps, but in all cascs
the principle of action is just the same. They will raise
water from a depth of 10 or 12 feet and force water to a
height in feet about equal to the steam pressure in pounds.

Description of the Injecior—The automatic injector dif-
fers from the ejector in the position and number of its

jets or tubes and also in having an over-flow valve, as will .

be seen by referring to the sectional drawings of a Ten-
berthy Automatic Injector. (Tig. gr.)

Steam flows from the boiler through the steam connec-
tion V and rushes through the steam jet R and suction jet
S, carrying along with it whatever air there may be in the
suction pipes, thus forming a vacuum in the combining
chamber between jets R and S, This steam heing light
and having comparatively little monientum, passes into the
space surrounding the delivery jet Y, from which place it
escapes into the air with the air from the suction pipe by
lifting the check valve .

Atmospheric pressure, acting at the samec time on the
water in the tank, causes water to rise to the combining
chamber, where the jet of steam strikes it and is condensed,
hut in doing so it imparts a high velocity to the water,
chabling it to pass through the delivery jet and so on to
the boiler. When steam first passes through the injector
a stronger vacuum is formed in the combining chamber
than in the lower part, thus causing the little disc T to
rise on the jet Y until it is scated against the jet S, thus
making a practically continuous jet of 5 and Y when the
injector is working.
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It is this disc T, that makes the injector automatic in
action and enables it to pick up and start working again
when the suction breaks.

When' the air is exhausted from the injector the check
valve P, is closed hy atmospheric pressure from the out-
side and held forcibly to its scat as long as the injector is
delivering water to the boiler. As scon as the injector
loses suction the steam pressure on the inside apens this
valve and allows steam to escape freely into the air,

The combining space between jets R and S takes the
place of the perfectly cold pipe mentioned under the head-
ing “Principles of Action” and illustrated in Fig, (89).

Just as soon as the steam is condensed in the combining
chamber it gives up its velocity to the incoming water and
having so much more weight than the steam, added to its
velocity, has no trouble in overcoming boiler pressure and
entering the boiler. ‘

The size and particularly the shape of the different jets
are designed to give both the steam and water the maxi-
muin veloeity.

[t can casily be seen {rom the foregoing explanation that
the stream flowing through jets S and Y must be purely
liquid, that is, contain no steam or air, otherwise the stream
would not have mementum enough to enter the boiler and
conscquently would expand in the body of the injector and
force the overflow valve open.  The came thing will happen
also if the supply water is too hot to condense all of the
steam, consequently it must be plain that an injector can
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not handle hot water cven if it flows in by gravity. In
this respect its action differs from that of a pumyp.

If, on the other hand, too much water is supplied for
the amount of steam, it will not have enough velocity to
enter the boiler and so water will be forced ont at the
overflow,  When steam appears at the overfow it s gen-
crally evidence that theres is not enough water supplicd
to condense the steam or else that the supply water is too
hot.  When water appears at the overflow it is evidence
that the stcam pressure is foo low or that cnough is not
supplied to give the water sufficient velocity to pass into
the beiler.

The Action of the Ring on the Delivery Jet—In all
automatic injectors it is nccessary to provide a ring or
bushing whose purpose it is, at the proper moment, to

~close the space between the suction jet and the delivery jet,

thus making of them practically one continuous tube when
the injector is delivering water to the boiler and two sepa-
rate jets on starting.

When steam first rushes through the injector it must
have a free open exit to the atmosphere in order to have
sufficient velocity to carry the air from the combining
chamber and feed pipe. Consequently this ring or bush-
ing shown in Fig. g1 is dropped down and aliows the
steam to escape from the space hetween the suction jet and
the delivery jet.

i the bushing were held in place against the suction jet
the steam could not pass out freely cnough through the
small openings in the delivery jet, and consequently it
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would back up into the suction pipe, and thus prevent a
vacuum from being formed at that point.

Wlhen water riscs to the combining chamber the steam is
condensed and a better vacuum is formed at that point than
in the chamber below, consequently this bushing is forced up
against the suction jet aud held in place by a difference in
pressure which always exists between these two chambers.
When the suction breaks the vacuwm is destroyed in the
combining chamber, the ring drops back, and a free exit is
made for the steam through the overflow.

The small holes in the defivery jet are for the purpose
of draining the water and vapor from the space surround-
ing it, and maintaining a vacuum which is necessary at
this point to seat the overflow valve.

The Penberthy Auto Positive Injector is made the
subject of illustration in Fig. g2, It differs from the
ordinary automatic mjector in having two exits for the
overflow, and from the positive type of injector in having
only one valve to operate in stafting ; namely, the valve in
the steam pipe,

The operation of this injector may be explained as fol-
lows., When steam first flows through the jets it escapes
from the vacuum chamber by way of valve L to the over-
flow.  When water rushes through both chambers it first
opens valve K wide and expels the air from the vacuum
chamber.

The pressure of water on L. now forces it toward the
ledt until it strikes valve K, and aided by atmospheric pres-
sure, forces K to its scat. DBoth wvalves are now held
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forcibly shut by the pressure of water in the delivery cham-
ber, M. ‘

The manufacturers claim that this arrangement of valves
gives the injector greater range and enables it to handle
hotter water without losing the automatic principle.
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Penberthy Auto Tositive Injector, Fig. 92.

The Chicago Injector, made by the Ohio Injector Co.,
differs from the Penberthy in having a vertical check valve
on the overflow pipe and a ring C hetween the suction and
delivery jet that seats with gravity instead of against it
The advantage claimed for this arrangement is that a
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sudden shock or jar only seats the ring more securely and .
the injector is not so apt to break in going over rough
roads in consequence. This injector is shown in Fig. (g3).

The Chicngo Injector. Dig, §3.

I15 The United States Injector, illustrated in Fig. o4, is
shown fitted with a drip. cock at the bottom for draining,
which makes it especially desirable in the colder sections
of the country where all pipes and connections must be
drained at night during the late fall to prevent them from
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freezing and bursting. This feature, however, is found
on other makes of injectors, as well as on the one illus-
trated.

& PP DE T S T e :

Besides the injectors above illustrated there are quite a
good many others in common use, which, while they may
differ in minor details, arc similar in general construction
to the ones shown.

. 1 ~ i .

The Range of Injectors—The difference between the

lowest steam pressure at which an injector will start and

Fig, 94.

the highest at which it will work, constitute what is known
as the range of an injector. These Hmits are affected by
the vertical lift and the temperature of the feed water.
This is well illustrated in the following statement of the

performance of a well-known make of njector used widely
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on traction engines. Tt will start with a steam pressure of
15 pounds per square inch on a two foot lift, with feed
water at a temperature of 6o degrees, and will continue to
work until the pressure reaches 155 pounds, However, if
the lift is increased to 15 feet and the temperature to 100
degrees, it will require a pressure of 45 pounds to start
with, and stop working when the .pressurc recaches 70
pounds ; thus showing that the range is vitally atfected by
the working conditions.

Injectors used for traction engines usually start at from
25 pounds to 50 pounds and work up to 175 or 200 pounds,
There are special injectors on the market that will start
with steam at one pound pressure on no lift and others
that will work up to 300 pounds, but where the starting
point is so low the upper working pressure must be lowered
and likewise with very high working pressures the stari-
ing point is raised. '

Heating Iffect—Since the feed water which passes
through the injector condenses the steam, which forces it
into the boiler, it becomes heated to a considerable ex-
tent; the exact amount depending upen the temperature of
the feed water and the pressure of the steam. Ordinarily,
feed water is heated up to 140 or 160 degrees, although by
throttling the amount of water and using the maximum
quantity of stcam its temperature can easily be raised to
200 degrees. This heating of the feed water is a very
desirable feature of the injector, inasmuch as the boiler is
thereby - relieved of the strains duc to cooling when cold
feed water is uscd. Independent pumps also heat the
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feed water if the exhaust is turned into the suction cham-
ber, but this practice is somewhat ohjectionable because
the oil used in lubricating the pump is forced into the boiler,
and most all authoritics agree that it is not desirable to
introduce cylinder oil into a steam boiler.  Of course the
amount thas intraduced is relatively small and perhaps may
in many cascs De neglected.  ITowever, the fact remains
that it is not considered good practice.

Double Tube Injectors—Double tube injectors have a
wider range and will deliver considerably hotter water (o
the boiler than single tube injectors, They are used quite
extensively on locomotives, hut, only to a limited extent on
traction cngines, probably for the reason that they are
somewhat more complicated and difficult to operate than
those with a single set of tubes. A scetional view of an

injector of this type is shown in Fig. gg.
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Trouble J;t Tnjf‘ctor. Fig., 93,
1—Relief Valve. 6—Lower Steam Jet,
2—Steam Valve. 7—1 ifting Tube.
3—Overflow Valve, 8—Cap. .
4—Upper Steam Jet.  g—Couplings.
s—Forcing Jet.

In order to start this injector, first open the overflow
valve, then open relief valve 1, and the valve in the steam
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pipe; when water appears at the overflow, close relief
valve 1, open the steam valve 2, and then close the over-
flow valve. The injector is now at work. In shutting
down the injector, close the steam valve 2, then open valves
7 and 3 to drain the injector and then shut off steam from
the boiler, - :

Piping Up the Injector.—The stcam, suction, and deliv-
ery pipes must be of the same or greater size than the
corresponding conmection on the injector, They should be
as short and direct as possible and sharp turns should, in
general, be avoided. Steam should be piped from the
highest point in the boiler because dry steam works much
better in an injector than steam contairing water, The
valve in the steam pipe should be perfectly tight, otherwise
stcam will blow through and heat the mnjector, thus making
it impossible to start; for the reason that the first water
coming up the suction pipe will be turned into steam by
the heat of the injector, thus destroying the vacuum. The
only way to start an injecter in this condition is to drench
it with cold water until it is reduced to somewhere near the
temperature of the feed water,

If the lift is high, either with a pump ofr an injector, a
check valve should be placed at the bottom of the suction
pipe. This check valve or foot valve, as it is commonly
called, prevents water from running back into the tank and
makes the machine easy to start the next time,

The necessary valves and connections for piping up an
injector are shown in Fig. 96. Where the injector is to
be used in a cold country it is better to use a water cock
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instead of a globe valve in the delivery pipc' close to \frvhere
it enters the boiler, because a globe valve s ap to freeze

(=D
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and crack., Tor the same rcason the check valves should

be provided with a drain cock. )
Injecior Troubles—Injector troubles may all be di-
vided into two principal classes; the first relating to the
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suction and the second to the delivery of water 1o the
boiler, .

Among the first named troubles may be mentioned the
following :

1—A steam pressure too low for the distance the water
must be lifted. Few of the mjectors used for traction en-
gines will start with less than 30 or 35 pounds steam pres-
sure aud some require upward of 50 pounds,

2—The end of the suction hose out of the water,  This
seems so self-cvident as almost to require no mention and
yet many instances are on record where an expert has
traveled many miles to find this the sule cavse of failure.
When the suction hose has lain in a coil for a long time
previcus to heing used it has a tendency to coil up at the
bottom and get aut of the water unless weighted down,

3—A leak in the suction hose will cause trouble sinee
even a small leak will impair the vacuum and make it im-
possible for the water to rise,

4—If the supply water is too hot the reduction of pres-
sure in the suction hose caused by starting the imjector
will allow the water in the lower part of the lLose to hoil
and form steam, thus destroying the vacuum. Tt will he
remembered that it was shown on a previous page how a
reduction of the pressure on water causes it to hoil at low
temperatures, :

5—Wet steam is another condition that will cause an
injector to fail, and is apt to be met with whencver the
engine primes badly. The reason for failure in this case
is due to the comparatively low velocity of a mixed stream

of water and steam,
176
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6—Chaff or dirt in the combining tube will cause Fhe
injector to fail, but this trouble is easily avoided by placing
a straincr on the bottom of the suction hose, a precaution
that should zlways be taken in threshing.

7—I1f the overflow valve is stuck shut, steam cannot blow
out and exhaust the air from the suction pipe on ﬁrs.t turn-
ing it on and. consequently a vacuum cannot he rtnl?tame(l. ‘

The second class of troubles, namely, the condition where
the water rises to the imjector but is not forced to the
boiler, may be due to any of the following causes: .

I—Low steam pressure, which is insufficient to give the
volume of water which rises to the injector VC]OCI‘[y. c.nough
to enter the hoiler. It will be remembered thz}t injectors
are designed to work within a certain rangce anq if the steant
pressures are ahove or below the limits of this range the
injector will not work. . A

2—A very small leak in the suction pipe will allow a
mixture of air and water to reach the combining tube -and
will very frequently prevent the injector from working,
because the stream flowing through the tubes is not I;)urcly
liguid, but containg air which destroys the vacaum in the
injector, thus opening the overflow and allowing water to
escape therefrom. - _

3—If the check valve hetween the hoiler and the in-
jector is stuck the injector cannot work, The remedy for
this is to tap the check valye lightly with a hammer, or
hetter yet, close the glohe valve between the check and the
boiler, ‘and dlean it, after which it will probably work all
right.
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4—Lither too much or too litte stcam, cven of the right
pressure, will cause the injector to fail. I too little stcam
is }15@(1 the water will not have enough velocity to enfer the
boiler. I too much steam is used for th(; quantity of
water, the stream passing through the jets will be i)z{rtlf
gaseous and will not have enough momentum to enter the
borIer.' In the first case water will appear at the over-
Aow ; in the sceond, a mixture of steam and water.
) _S¥Dn'[' or lime in the delivery pipe will prevent the
mjector. from workine, The tuhes of the injector are
pron.ortmned cach to the other and if one or two become
partially filled with seale these nraportions are destroyed
there'by c_:zmsing the injector to fail.  The remedy i a cac;c’
of thlls kind is to take the tuhes out and remove ti’]() scale l;y
soaking them in vinegar or in a solution con[ainirnn' one
part muriatic acid ta ten of water. "When the scale :-i.q re-
moved, the injector should he washed thoroughly t(; re-
move all traces of the acid. o

If Water Drizoles from the Overfloww at the same pres-
sure at which it once worked well it is due to worn or dirt
g:ts or a leaky overflow valve, While an injector docs no)tr
Iave manvy m(?vil?gr parts and is not very liable to wear with
:Ciﬁi:w‘,;;tmq*}:q is soon.wom by water containing gritty
e - This is especially true of the suction jet and the
;1;0'1]: (.r\»l m.’; since hoth of these jets receive the stream at a

eh velocity, jet, which i
ﬂl; A, igm)t'l.;l;eb]s{;[ctim .il(..t,‘whmh 1s acted upon only hy
_ Z cither wear or become coated with

In case, therefore, that the injector drizzles at the over-
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fow an examination should be made of the overflow valve
and its seat to sce if it is worn or if there is any scale to
prevent it from scating properly; if there is any trouble at
this point it may be remedied by grinding the valve in with
flour of emery. To do this remove the cap covering the
valve, put oil and emery on the face of the valve and then
turn it around on its seat a few times with a screw-driver.

In casc the jets are limed they mayv be cleaned in the
manner previously explained, if they are worn new ones
should be put in.  The delivery jet receives the most wear
and consequently requires the most {requent attention,

Feed Water Teaters—Quite a good many traction en-
gines arc provided with fced water heaters through which
the feed water is pumped on its way to the boiler. Thesc
heat the feed water by means of the exhaust steam from
the cngine in a manner which will presently be explained.
While the details of construction of different heaters differ
from each other they are all built on the same gencral
principle,

Fig. 97 is a sectional view of one style of feed water
heater. It consists of a closed cylinder having double heads
which form water tight compartments, shown at T} at cach
end of the heater. Three tubes A, connect these com-
partments, making a water tight joint. The feed water
enters -one of the compartments and passes through the
large tubes A, to the compartment at the opposite end.
Smaller tubes C, are fixed within the large tubes A, making
an annlar ring abowt ¥4 of an inch wide through which the
water must pass. Lxhaust steam from the enginc enters
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at the upper part of the middle compartment and passes

out at F.

The result of this arrangement is to expose a thin sheet
of water to the heat of the exhaust steam, thereby heating

It to a temperature corresponding quite closely to the tem-
perature of the exhaust steam. This temperature  cos-
responds roughly to the temperature of steam at 5 pounds
pressurc, which is shown hy the Steam Tables to he abou;;
228I degref:s. Of course in order to reach teamperatures as
high as this the water should he pumped through the heater

Feed Water Heater. Fig. 97,

slowly. is i i
y. If this is done, there is no trouble in raising the

f . .. . .y .
ced water to the boiling point, therchy cffecting consid-

Era.ble_ saving in the amount-of fuel and at ‘the same time
relieving the hoiler from sudden cooling, due to the usc of
cold fecd 1;1«'n'tcr. The amnurt saved by feed water heaters
when an injector is wsed will be considerably less than
whe1_] using either a duplex or a cross-head ])Ul“ﬂ[) because
the injector heats the feed water to 1 .-

a considerahle extent.
Where a pump i

s used, whether of the' independent or de-
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pendent tvpe, a feed water heater is desirable. In the case
of the independent pump, by using a heater, it is not ncces-
sary to turn the exhaust steam into the suction chamber in
order to heat the feed water, consequently no trouble will
be experienced through oil being introduced in to the
hoiler.

One of the objections to a feed water heater in connee-
tion with o traction engine lies in the fact that tlie tempera-
ture, and consequently the pressure of the exhaust steam, is
reduced, thereby impairing the draflt to some extent. A drain
pipe connected with the steam space is provided with all
heaters and shonld he open when the engine is shut down
to drain out the water of condensation which results from
heating the feed water.

FEED WATER.

Feed Water—The water used for traction cngines is ¢h-
tained from surface wells, artesian wells, rivers. creeks,
lakes and sloughs, and consequently contains (in the ma-
jority of instances) a great many impurities. "the charac-
ter of these impuritics depends, of course, upon the source
from which the water is obtained. Water is one of the
greatest solvents Jound in nature and almost cvery sitb-
stance is dissolved by it to a grealer or less extent, con-
sequently, the impurities of the water will depend upon the
mineral matter in the soil through which it fows. Water
flowing through soil containing lime will be heavily charged
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with lime. If it flows through alkaline soil the salts of
alkali will be found in considerable abundance in the
water,

The character of water for boiler purposes cannot he de-
termined by its drinking- qualitics or by its general appear-
ance.  Sowme of the clearest sparkling spring water is most
heavily charged with scale-forming substances.  Tn general,
lake water or river water is the best natura! water to use.
Water from deep wells usually contains a great deal of
mincral matter wnless it flows through granite rock, in
which case it will be soft.  Slough water usually contains
whatever mineral impurities there are in the upper part of
the soil, together with large quantitics of vegetable matter
which, as will be shown later, is very undesirable in feed
water.

Classes of Water —Water 1s usually divided into two
classes—hard and soft. Flard water contains considera-
ble guantitics of lime, while soft waters, of which rain
water is an example, contains very little mincral impuri-
ties,

Incrustation—Tncrustation is the name frequently ap-
plied to the hard scale which is formed inside of the hoiler,
Itis formed by the precipitation of the mineral matter which
is hield in solution in the water., When water is heated
most of the mineral matter will fall to the bottom and form
a deposit on the tubes and lower part of the boiler shell.
The steam which rises from water is almost pure and when
condensed forms pure soft water, i. ¢., it contains no min-
erals; the mineral matter being left behind in the boiler.
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It water containing large quantitics of mineral matter is
fed to a boiler for a consiverable Iength of time a thick
sheet of scale will form on the plates, because all the min-
cral matter of all the water fed to the boiler will remain
therein, while the water will pass out through the engine
as steam.

The substances which are most active in forming scale
in boilers are carhonate of lime, sulphaté of lime, carbonate
of magnesitm, sulphate of magnesium, and mud,

Cerrosion.—Corrosion may be defined as the wearing or
cating away of boiler plates due to chemical action. It is
more active with some kinds of feced water than with others
and depends upon the impuritics of the water. Water con-
taining alkalics are apt to cause corrosion of thé boiler
plates, especially around staybolts or rivets, Corrosion oc-
curs either as a wearing away of the plate over its whole
surface or in the form of pitting, where for some reason not
yet explainable the plate bevomes caten away at some
points more than others, forming little pits or indentations
in the plate. Water containing acid causes corrosion, as
will also the presence of animal or vegetable oils in the

feed water.  The reason oils corrode a boiler is that when

heated to a certain extent they decompose, forming acids
which attack tle metal

lormation of Scale—The carbonates of lime and mag-
nesitm will not he held in solution to any extent when the
water is heated to a temperature of 212 degrees I7, When
this temperature 18 rcached these impurities settle to the
bottom and form a grayish colored sediment which cun
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be washed out quite readily if no other mineral impuri-
ties are present. However, if sulphate of lime is also
present in the water the resulting scale will be quitc hard
and difficult to remove. Sulphate of lime and sulphate of
magnesium are soluble -in water until it is heated to a
temperature of from 250 to 280 degrees. When these tem-
peratures are reached the sulphates are precipitated and
settle to the bottom, forming a hard scale; the hardness
depending somewhat upon the other impurities present in
the water. ‘Where considerable mud is present in the
water, together with more or less lime, a hard scale will
be formed. Mud alone does not usually form a hard scale
unlcss it hecomes haked on the sheets after the feed water
is removed, a condition which s apt to arise if the water
is blown out of the hoiler under pressure, the heal re-
maining in the boiler plate being sufficient to bake the mud
into a hard scale. Tn all cases scale forms on the boiler
plate in layers, which are plainly discernible when the scale
is broken up.

When mineral oil is introduced into a hoiler it has a
tendency to form around small particles of mud or seale and
then settle to the bottom where it forms 2 tough rubber-
like deposit which is very difficult to remove and which
prevents the heat from passing through into the water.
A thin coating of scale on the heating surfaces, say 1/32 of
an inch thick, is said by some authorities, to do no particular
harm, but, on the contrary, protects the plates to some ex-
tent from corrosion. However that mav he, it is certain
that when scale forms to any appreciable depth, the steam-
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ing quality of the boiler is greatly impaired, and the danger
from overheated plates is greatly increased. A compara-
tive'y thin coating of scale insulates the plate from the
water and prevents the-heat from passing through freely,
allowing the side of the plate next the fire to become greatly
overheated and softened. Most of the accidents due to a
falling crown sheet or a collapsed main flue can be traced
directly to a coating of scale on those surfaces. Acci-
dents from this cause are especially liable to occur when
an effort is made to raise steam quickly.

The Removal of Scale—In large sized boilers the com-
mon way to remove scale is to send a man inside and have
him chip it out with a hammer and chisel. Where the
size of the boiler does not permit of such an operation,
other means must be resorted to. In traction engine hoil-
ers which are small and rather difficult to. get at, scale on
the lower part of the shell is sometimes removed by means
of a long-handled scraper which is” worked through the
handholes. 1t is impossible, however, by such means, to
remove the scale from all of the flues.

Quite a common method of removing the scale is to fill
the boiler nearly full of water, then introduce several gal-
lons of kerosene and open the lower blow-off valve and
allow the water to run out slowly. The oil will settle on
the flues and sides of the boiler ard soak into the scale.
After standing for some hours a considerable portion of the
scale, at least, can be jarred loose and washed out through
the handholes. Another method is to drain the boiler and
then build a light fire on the grates. The consequent ex-
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pansion of the metal will crack a good deal of the scale
loose after which it may k2 washed out after the boiler
cools. Where this method is used care must be taken not
to overheat the boiler.

A tool sometimes used for removing the scale from the
crown sheets of locomotives is illustrated in Fig, g8 It
consists of a bar of stecl drawn down thin at one end and

3 <

jron for Removing Scale, Fig, §8,

notched and sharpened. This notched end is very cffective
in removing the scale from around the staybolts. In many
cases where trouble has been experienced with leaky stay-
bolts in the crown sheet, the difficuliy has been removed by
cleaning off the scale with a tool of this kind. It is un-
doubtcdly just as effective in cleaning the crown sheet of
traction engine boilers.

Prevention of Scale—In stationary plants and where
large quantities of water is used, or at a watering station
on the railroad where traffic is heavy and the amount of
water used warrants the cxpense, it is sometimes found
advisable to put up a water-purifying plant. Where this
is done a chemist is put in charge of the station whose
duty it is to analyze the water and put in the proper chem-
icals to effect purification. Since the amount of mineral
impurities in the water changes from time to time, bf-:in.g
greater at some seasons of the year than at O-thers, it 1s
necessary to vary the kind and quantity of chemicals used.
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It must be understood that the matter of purifying water
is a chemical rather than an enginecring problem.

In traction engine work the kind of water used varies
almost with every setting, Sometimes the water is gotten
from a river, sometimes from a well, sometimes from a
coulee, and conscquently, the mineral constituents in cach
kind of water are usually entirely different. [t hecomcs
almost impossible, then, to resort to chemical means to
purify the water with any degree of success, Probably the
safest thing for the traction cngineer to do is to depend
upon frequent cleaning and a blowing off of a portion of
the water cvery day, or even several times a day, where the
water is very bad.  Since the mineral impurities do not
pass out with the steam, but remain in the boiler, it fol-
lows that the longer a boiler is used the more scale-forming
materials there will be accumulated within, unless the per-
centage of these impurities is reduced by blowing off and
by frequent cleaning,

The Use of Kerosene.—Many engincers usc lkerosene to
prevent the formation of scale and find that it works quite
successfully. Where kerosene is used it should be intro-
duced with the feed water continucusly in small quantities.
Some injectors are on the market with a kerosene attach-
ment wherchy kerosene can be injected into the boiler
whenever the feed water is introduced. Kerosene should
be used sparingly, because it has a tendency to work into
the joints and around staybolts, causing leaks to appear
at these points; for this reason some authoritics lmit the
amount to one pint per day for a 25 II. P. hoiler.

The action of kerosenc seems to be mechanica! rather
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than chemical in that it prevents the scale from forming a
hard substance, It is supposed that the little particles of
scale become coated with the oil and are thus prevented
from adhering vo each other when they scttle on the hoiler
shell. )

Boiler Compounds—The base of nearly all boiler com-
pounds consists of either soda ash, caustic soda, or tananic
acid compounds derived either from catechu or the liguor
from bark used in tanneries. 'These -chemicals all act to
a greater or less extent on the scale in a boiler and are
possibly of some value for certain kinds of feed water.

Neither soda ash nor caustic soda are suitable for an
alkali water, but tannic acid gives some relief, [t is, how-
ever, dangerous to use as it corrodes the boiler badly unless
used in exactly the right proportions, something that is im-
possible to do in traction engine practice. ‘

Sodium triphosphate appears to give very good satis-
faction in most cases, except where the water contains the
alkalies, sodium carbovate or sodium sulphate, but it is
rather expensive.

Some engineers report having had success Wlth potato
water, others recommend the occasional use of molasses,
angl gtill others think ground coffee aids in preventing scale.
As a2 matter of fact, any of thesé substances will give relief
with certain kinds of water but none are suitable for all
conditions,

Glycerine is also recommended, especially for lime water.

There is a great deal of fraud practiced in connection
with boiler compounds just as there is with lubricants and
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many other supplies made up for the engineering trade.
Some of the companics that advertise to make a chemical
analysis of water sent for examination, agreeing to make
up a compound to fit the individual case, simply consign
the sample to the sewer and send along the regular goods,
at the same time furnishing the customer with a stock
analysis. There are, however, a number of reputable com-
panies making hoiler Lompounds whose goods may be de-
pended upon, :

The particular danger in buying a compound is in wet-
ting something not adapted to the water used that will do
positive injury to the boiler.

Trobably the least harmless substances to use are soda
ash, kerosene, glycerine and the sodium phosphate com-
pounds. None of them, as stated above, will correct the
worst alkali waters; while soda ash and caustic soda will
positively increasc foaming i many cascs.

Alkali—In many parts of the West, ccrtain alkalies are
found in the feed water which gives the thresherman a
great deal of trouble. These troublesome alkalies are
sodium carbonate and sodium sulphate.  While other scale-
making substances, such as magnesium sulphate and mag-
nesivm carbonate, are, chemically speaking, also -alkalies,
and while they give considerable trouble in the way of
forming a hard scale, they are not known commonly as
alkalics. The action of the sodium carbonate, especially,
and the sodium sulphate, to a less extent, is to make the

water in the boiler foam very badly.

The greater the amount of these alkaline salts in the
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water the more trouble there will be experienced through
foaming. They, furthermore, it is said, act chemically upon
the metal walls of the boiler, especially around the stay-
bolts and joints, and cause corrosion at these points. If no
other substanice were present in the feed water, little diffi-
culty would be experienced through scale, but when either of
these alkalies are also found in the presence of lime or
magnesium or muddy sediment, a hard scale resuits.

There scems to be no boiler compound which is safe to
use, that will act upon these alkaline substances and pre-
vent foaming. Any acid, it is true, will neutralize the
alkalies, but the difficulty is to use just the right amount

- of acid for the quantity of alkali present. If too much is

used, corrosion will occur very rapidly and the life of the
boiler will he greatly endangered.

Probably the only method the thresherman has at his dis-
posal for coping with these troublesome substances is to
blow a portion of the water out of the hoiler several times
each day, thus keeping the percentage of the impurities in
the boiler as low as possible.

Foaming ~—Foaming is caused by alkali in the feed water
or by dirt or grease in the presence of some other mineral
impurities, such as magnesium, sulphate. Water obtained
from ponds or sloughs containing connsiderahble vegetable
matter usually gives trouble by foaming. When a boiler
foams the water level in the glass fluctuates very
rapidly and the presence of bubbles makes it impossible to
tell where the water actually is. At the same time a great
many bubbles pass over with the steam into the engine,
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causing considerable trouble by washing the oil from the
valves and cylinder and causing danger to the cylinder by
gathering ahead of the piston.

When foaming is caused by vegetable matter it may be
relieved by a judicious use of the surface blow-off. Stop-
ping the engine for a few minates also aliows the water to
scitle, or even partially closing the throttle and running
slowly for a moment or two will give temporary relief, In
all cases ess trouble will'be experienced by carrving the
water as low in the glass as perfect safety permits,

Priming.—When water goes over with the steam into
the cngine the boiler is said to prime. An engine that
primes appears to work hard, cxhausts heavily, throws
water from the stack, and usnally makes a groaning noise
in the cylinder. It may be caused by carrying the water
level too high in the boiler, in which case the steam space is
too small and the rapid flow from the steam pipe carries
with it a, fine spray of water, or, if the engine is over-
loaded, priming may occur because of the excessive quan-
tity of steam required to do the work. A faulty adjust-
ment of the valve is also said to cause priming in some
cases, ‘

A boiler will prime without foaming but foaming al-
ways causes priming. To stop priming, open the cylin-
der cocks, partially close the throttle, and let the cngine
run slowly until steamn comes from the cylinder cocks.
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QUESTIONS.

*. Why should a boiler be provided with at least two
boiler feeders? '

2. How much pressure docs the air exert on cvery
square inch? (&) Is this pressure constant, and if it varies,
how does it vary?

3. What is the theoretical height to which water may be
raised by atmospheric pressure?

4. Explain the action of a common suction pump ; how
does it differ from a force pump? :

w5 Why will not a pump lift hot water?

6. Dcfine absclute pressure and state how it differs from
gauge pressure. _

- 7. How many and what classes of traction engine
pumps are there? Name the pumps in each class.

8. Describe the water end of the Marsh pump.

9. What is the purpose of an air chamber on a pump?

10. Describe the cross-head pump.

11. Describe the duplex pump. ‘

12. Upon what is the capacity of a pump dependent ?
~~13. HExplain how to locate the trouble in a pump if it
fails to work.

-14. Explain the theory of the injector.
-15. What is the difference between an automatic in-
Jector and a positive injector ?
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10, What other devices work on the same principle as
the injector?

17. What is mcant by the term “range” as applicd to
an injector?

18, What effeet has “hift” and temperature on the ac-
tion of an mjector?

19.  About how much will an injector heat the feed
water?

‘20. How do double tube injectors differ from single
tube injectors? :

21.. Why is it that an injector will ot lift hot water ?
=22 Mention the mjector troubles relating to lifting of
the water; those relating to forcing the water.

23. Describe the action of a fced water heater,

24, What impuritics are found in feed water?

»25.  What iIs incrustation?
20. Name the substances most active in forming scale.
27, Why does seale form in a hoiler?
« 28, What is corrosion and what causes it?
~ 29. What effect has scale wpon the steaming qualities
of a boiler?

30, How is scale removed from hoilers ?

3r. What means are usually taken for the prevention
of scale?

32. Define foaming and explain how it may be pre-
vented,

33 What is priming and how caused?
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PART V.

HORSE POWER OIF BOILERS,
MEASUREMIINT OF BOILERS,
COMBUSTION.

INTRODUCTION.

In the following pages a good deal will be said about heat
and the heating value of different fuels, therefore, 1t scems
advisable to explain briefly something about the nature of
heat and why a study of heat is nccessary to a complete
understanding of the principles of steam engineering.

ITcat is a form of energy and can be turned into work.
A definite quantity of heat will produce a definite amount
of work ; consequently it is possible to express heat in terms
of work or work in terms of heat.

The steam cngine is primarily a heat engine, i. ¢, it de-
pends upon heat for its motive power. It is a machine
which transforms the cnergy of heat into the energy of
motion, and that engine is the best which produces the
largest quantity of work with the expenditure of the smallest
quantity of heat, .

The transformation of heat into work is a complicated
process.  The fuel is first burned in the furnace where it
raises the temperature of the water in the boiler and forms
steam which is piped to the engine and there does work.
Numcrous incvitable Josses ocecur in the process, conse-
quently only a small portion of the heat value of the fucl
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is actually turned into work. It is commonly stated that
ten tons of coal must be burned in order to obtain the
work value of one ion, or, stated in another way, it means
that go per cent of the fuel is wasted and only 10 per cent
goes to do useful work. In traction engines the loss is
even greater than this and probably amounts to about g4
or g5 per cent. Fven in the very best engines that have
ever been built, working under the most favorable condi-
tions as to boiler plant and engine, the efficiency is very
little above zo per cent. This 'means that out of five tons
of coal burned the heating value of only one has actually
been transformed into useful work,

The Character of the Heat Losses—Since heat is a form
of energy it follows that any loss of heat mecans a loss of
power, and since the losses are very greaf in a steam plant
the question naturally arises, where do they occur and why
can they not be obviated? These various losses may be
classificd as follows — [First, radiation from the boiler, en-
gine and connections; sccond, a large amount of heat es-
capes into the atmosphere with the smoke; third, a large
amount of heat cscapes with the exhaust steam. The first
loss cannot be entirely overcome, aithough it can be mini-
mized by jacketing all of the parts carcfully, It is one of
the large losses. The second loss must always be reckoned
with. It may be reduced in staticnary plants hy placing a
coil of pipe in the smoke stack through which the feed water
i1s pumped, thus making the heat of the hot gases heat the
feed water, but cven then the loss is considerable. The
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third loss is always large and is inevitable, although it may
be reduced somewhat by using a feed water heater,

A Steam Leak.—There is another source of loss about a
good many steam engines and steam plants which dees not
come under any of the above headings, and that is leaky
steam joints. Many engineers seem to think that a slight
leak does not amount to very much and so they let it go.
It is not uncommon to see an cngine leaking steam so badly
as to be almost hidden by the vapor and vet the cngineer
will sit by as complacently as you pleasc and calmly tell
you there is not much leaking out.  The hest way to test
this statement is to lead a pipe {rom the steam space of the
boiler, put a cap over the erd of this pipe in which a small
hole has been drilled, then condense the steam that escapes
in a barrel of cold water, Weigh the harrel and water be-
fore turning on steam, ‘then let the steam run ten minutes
and weigh again. The difference will represent the weight
of steam condensed. Now figure out at this rate how much
would be lost in a day of ten hours and vou will be con-
vinced, once for all, that it pays to look after the small

leaks.

A leaky union, a leaky throttle valve, or a part of the
packing blown from smder the stcam chest cover or cylinder
head may easily make it impossible to maintain stcam pres-
sure enough in the hoiler to lkcep the cngine running.

In order to discuss cither boiler horse power or engine
horse power it is first necessary to define work, energy and
power.

Work~Work may be defined as the overcoming of resist-
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ance through distance, and the unit by which it is measured
is called the foot pound.

Work may be expressed in foot pounds as the product of
two factors, force and distance; for cxample, if a weight
of 10 pounds be lifted 2 feet, 2X10, or 20 foot pounds of
work have heen accomplished. '

The term “foot pound” is cqual to the amount of work
involved in [ifting one pound one foot high, or to the over-
coming of a resistance or force of one pound through a
distance of one foot.

In order that work may be accomplished it is necessary
that the force act through some distance. A man holding
a load on his shoulder is doing no work in the mathematical
sense of the term, neither can the holding of a weight at
arm’s length be considered work since only one factor is
involved, viz., force, and it does not act through.any dis-
tance and so does not fulfill the definition of work., The
man may become tired and feet as though he had donc a
great deal but whatever energy he has expended cannot be
expressed in foot pounds, [ a man climbs a stairs or walks
up a hill, he performs a definite quantity of worlk, whose
amount is equal to his weight multiplicd by the vertical dis-
tance through which he moves. It requires work to haul
a wagon along a level road, the amount of which depends
upon the friction between the wagon and the road hed and
the distance traversed. For cxample, if it requires a con-
stant force of 5o pounds to keep the wagen in motion, and
the distance passed over is 10 feet, the total amount of work

done is 10 times go or 500 foot pounds,
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Lnergy.—lnergy is the power of doing worl, It exists
in many different ways. For example, a weight raised to
a considerable height has a certain amount of energy due
te its position, which may he turned into work if the weight
be allowed to fall and strike an object.  An examule of this
is scen in a pile-driver where the falling hammer strikes the
head of the pile and drives it into the ground, thus doing
work. A colled spring, when either compressed or ex-
tended, possesses a certain amount of encrgy whichi may he
cansed to do work when the spring is released; likewise,
the stcam in a boiler under high pressure contains energy
which may he turned into work when it is allowed to pass
nto the cylinder of a steam engine.  Similarly a bullet
fired from a rifle possesses a very great amount of energy,
due to its high speed, which is capable of doing a large
amount of work when forcibly hrought {o rest by striking
an cohject.

There are two kinds of cnergy illustrated above, one duc
to position, and the other due to velocity or motion.  In the
case of the weight raised to a considerable height, its encrgy
is due to its position and is called, technically, potential
encrgy. In the case of the rifle hall, its encrgy is due to
its velocity and is called finetic encrgy. When the ham-
mer of the pile driver begins to fall, its potential cuergy,

or the encrgy due to position, decreases, and the kinetic .

cnergy, or the energy due to velocity, increases, until at the
moment of striking, the potential energy is nothing, while
its kinetic cnergy is a maximun1, Thus it may be scen that
bodies may possess both kinds of encrgy at one and the
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same time and illustrates the fact that ‘energy may be
changed from one form into another.

The energy of the steam m a steam boiler may be changed
in various ways.  As an illustration, it may be transformed
into the energy of motion of a moving train, and if the
brakes he applied this motion may be arrested, and make
itself cvident in the form of heat on the wheels and on the
rails, causing sparks to fly,

The Law of the Conscrvation of Energy—It is a law of
nature that matter can neither be created nor destroyed, al-
though its form may be changed in numberiess ways. To
iflustrate =—a picee of coal may be burned in a furnace and
as coal it ceases to exist, but its clements have not been
lost, 1 the ashes and all the gases of the coal which have
passed off as smake could be gathered together and weighed,
their combined weight would exactly equal the weight of
the original lump of coal. A piece of iron may be de-
stroyed by rust znd cease to exist in its metallic torm, but
it has only changed its form. There is just as much iron
in existence before rusting hegan as after, only the iron has
changed its form to iron rust or oxide of iron instead of
being in the metallic form; and so numerous lustrations
could be Lreught up to prove and illustrate the statement
that matter can neither be created nor destroyed.  Like-
wisc, it is a fundamental prineiple of nature that EnCrEy can
neither be created nor destroyed.  Tts form may be changed
but the amount always remains the same,

A picce of coal has a certain amount of energy which may
be sct frec in the form of heat when it is burned, This heat
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may be changed into steam, and the stcam be made to run
a stcam engine, which in turn drives a dynamo and pro-
duces an electric current which may be retransformed into
heat in an clectric heater. In this operation the encrgy of
the coal has been changed in various ways, from heat to
electricity, and back again into heat, and if all of the losses
through radiation and leakage could be zccounted for and
added to the final cnergy of the clectric heater, it would be
found to exactly total the original energy in the coal. This
principle, calied the Law of the Conservation of Energy, has
perhaps had more influence upon science and invention,
since its discovery, than any other one fact that has ever
been established. To state it in a perfectly plain, simple
manner it means that you cannot get any more energy out
of a machine than you put into it, in fact, it is impossible
to obtain quite as much because some work is needed to
overcome friction in the machine itseli. Consequently, it
is impossible to ever build a perpetual motion machine, be-
cause, in order to run forever the machine would be obliged
to create its own motive power, a conelition which is mani-
festly impossible, if the law be truc.

Power.— Powcer is the measure of the rate at which work
is accomplished. In all discussions of power three factors
arc invalved, force, distance and fime. The time is an im-
portant matter and must appear in all discussions concerning
power but cdoes not enter into the consideration of wark.
1§ two men are at work and one docs twice as much as the
other in the same length of time, the one exerts twice as
much power as the other. -
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Horse Power—The term “horse power” represents the
accomplishment of 33,000 foot pounds of work i one min-
ute. I a weight of 33,000 pounds be lifted one foot high,
or a force of 33,000 pounds be exerted through a distance of
one foot, 33,000 foot pounds of work will be done and if
this work be done in one minute, it will be equal to a horse
power. The amount of farce cxerted may be much less
than 33.000 pounds, hut if se, the distance must be greater
than one foot; for example, a force of 1,000 pounds acting
through 33 feet or 330 pounds acting through 100 feet hoth
equal a horse power if the speed is sufficient to cover the
distance in one niinute,

Horse power is a definite mathematical unit used in meas-
uring power and has absolutely nothing to do with the
amount of work a horse may be able to perform. As a
matter of fact, an ordinary horse working ten hours a day
cannot do a horse power of work, although for a short
length of time he may be able to accomplish considerably
more than this amount. .

The term “Horse Power” dates back to the early days of
steam engincering.  When James Watt put his stcam en-
gines on the market he found it necessary to designate their
capacity for doing work in some way that would be under-
stood by the average man, and so he compared the work of
his engine with the work which the large London dray
horses could do. These horses he found did an average
of about 33,000 foot pounds of work per minute, and this
was the unit adopted hy Watt and which has been retained
by steam engineers uniil the present day. An cngine or an
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animal that can do 33,000 foot pounds of work in one
minute is capable of doing a horse power of work.

Boiler Horse Power—The term horse power as applied
to a stean hoiler is an unfortunate term and does not con-
vey any very definite idea concerning the size of a boiler,
since the boiler doces not work in the sense above described ;
i. e, it does not overcome any resistance through a distance
and its performance, consequently, cannot be measured in
foot pounds. The term, however, has been used for a great
many years and is still in general use. At first it meant
that a boiler of a certain horse power was capable of supply-
ing energy for an enginc of the same power. Later, when
cngines were huilt that required much less steam for the
same amount of work, it was recognized that the term
“boiler horse power” meant nothing., _

In 1876 a committee appointed by the American Society
of Mechanical Engineers met in Philadelphia and measured

‘the amount of steam which was required per horse power

per hour in the average engine and used this as their basis
for figuring boiler horse power. They found that 3o
= g . ;

pounds of water evaporated inte steam at 7o pounds pres-.

sure, starting with feed water at 100 degrees, represented
the average amount of steam required to do a horse power
of work per hour. They thercupon decided that any boiler
which could furnish this amount of steam, or its equivalent,
represented a boiler horse power,

Or, stated in another way, they dcfined a hoiler horse
power as the evaporation of 3434 pounds of water into
steam at atmospheric pressere in one hour from feed water
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at a temperaturc of 212 degrecs. This quantity represcnts
the expenditurc of exactly the same amount of heat as re-
quired under the other conditions, where 30 pounds of
water is specified.

As will be scen from the above description, the term
“hoiler horse power” is not directly connected with the
amownt of work an engine is able to do but simply relates
to the evaporation of a certain quantity of water per hous.
Some engines require a good deal more than this amount
of water per horse power per hour, while some of the
small, cheap engines take upwards of 100 pounds. The
ordinary traction engine probahly uses about 30 or 35
pounds per horse power per hour, making the term “boiler
harse power” apply about as closely to these engines as to
any on the market.

The Capacity of ¢ Boiler to Genevate Steam.—It was
shown above that the power of a boiler depends upon the
amount of steam it can generate in a given length of time,
It should also be further speafied that the boiler must gen-
erate this stcam under ordinary normal working conditions
ag regards firing and with a good ordinary grade of coeal.
It is perfectly possible by using a high grade coal and fir-
ing hard to crowd a boiler much beyond its ordinary rated
capacity. It is not uncommeoen for boilers to be thus crowd-
ed from 5o per cent to 100 per cent above their rating ; thus
it will be seen that boilers, as rated, have a considerable
amount of reserve power, a condition which is quite desir-
able in all classes of machinery.

Rated Horse Power vs. Actual—The term horse power
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as applied to a traction ¢ngine is perhaps more confusing
than instructive, Very frequently one hears thie remark
that a cerfain engine of, let us say 23 horse power, is
stronger than another engine of exactly the same rating,
and it frequently happens that the statonent is perfect
true.  ITowever, if hoth machines actually were 23 horse
power there could be no difference in their strength, sinec
a horse power is a perfectly definite thing and one horse
power cannot he greater than another. The reason for
such statements 1s the fact that all traction cngine huilders
de not rate their engines on the sae basis, There are,
perhaps, no traction engines built in this country which are
not under-rated a great deal and some much more than
others.  Lngines commonly rated at 25 horse power will
castly develop zo horse power an the brake, and some of
them will develop upwards of 73 horse power. The only
way, therefore, fo determine the relative sizes of cngines
and hoilers is to compare their measurements. Two en-
gines having the same sized cylinders, working with the
same steam pressure, and running at the same rate of speed
will develop practically the same horse power, and two boil-
ers of the same type, having similar measurements thruout,
ought to develop the same amount of boiler horse power. 1f
ane is larger than the other thruout, it ought to develop
more horse power, irrespective of how it may he rated.
The reasons for under-rating traction engines are, first,
the necessity of providing for a large amount of reserve
power on account of the varied service vequired of engines
of this class which often call for an expenditure of two or
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even three times the normal amount used; aud sccond, the
desire of many manufacturers to outdo their competitors by
building a rig of the same rating having considerably more
power, _

In conscegeunce of these two reasons the result has been,
as stated above, that the term horse power applied to trac.
tion engines means very little,  Many people who Lave re-
placed steam rigs with gasoline rigs in the past few years
have found this out to their sorrow.  Most gasoline engines
are rated according to their actual horse power, altho, at
the present time, those manufacturers who are building
traction engines are under-rating their machines, lecause
of the fact that the gasoline engine was rated according to
actual horse power, men who bought 20 or 25 horse power
engincs expecting them to do the work of steam engines of
the same rating were greatly disappointed. As a matter
of fact, while they were getting exactly the same rating they
were only getting from one-third to onc-half as much power
as they had in stcam.

Horse Power Based on Heating Surface.—The capacity
of a boiler to make steam depends npon the amount of heat
gencrated In the furnace and the proportion of this heat
which is transferred to the water, The amount of heat
generated depends upon the amount of fuel burncd, the
quality of the fucl, and the size of the grate. The propor-
tion of heat transferred to the water depends wpon the ar-
rangement of the heating surface and the ratio of grate
surface to heating surface. [ach type of boiler has cortain
proportions which cxperience has shown to give good re-
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sults for that particular type. While these proportions are
not followed rigidly by all of the different manufacturers,
cither of stationary boilers or of traction boilers, silll only
a lew very marked deviations occur.

The following table which is taken from Peabody and
Miller’s “Steam Doilers” shows, n column three, the num-
ber of square feet of heating surface usually allowed per
boiler horse power in different styles of boilers.

Table 1.

Lancashire ............. 25to 30 .30 7.0
Cylindrical Multitubular. .35 to 40 .30 11.5
Locomotive ............ 0o to 70 .07 4.5
Locomative type, Stat’y. .40 to 45 .30 12.6
Seoteh Marine ......... 30 I 3.3
Water tube with cylinder

or Jrum ...l 35 t0 45 28 11.0

A study of this table shows wide variations among the
different types of boilers in regard to the amount of heat-
ing surface required for the same amount of power. When
worked under favorable conditions cach of the different
types mentioned in the table will give good efficiency and
will evaporate the same amount of water with practically
the same amount of fuel,

A comparison of all the different makes of dircet flue
traction engine boilers shows that they possess Tt 1-3 square
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feet of heating surface per rated horse power, which is an
amount about cqual to that specified for cylindrical multitu-
bular boilers, Return flue traction boilers show a slightly
smaller average amount of heating surface than the direct
flue type, the average for quite a large nwmber being
about 10.

torse Power Based on Grate Surface~—Column twe of
Table I shows the number of square feet of grate surface
per rated horse power. Here again there are very wide
differences, ranging from .36 of a square foot in the Lan-
cashire beiler to only .07 of a square foot for locomotives,

For ordinary stationary boilers of the multitubular type
it is customary to divide the total grate area in square feet
by one-third to determine the horse power. Traction en-
gine boilers of the direct flue type show an average grate
area per rated horse power of 424 of a square {foot, an
amount which is considerably in excess of any of the boilers
mentioned in the table. The rated horse power of traction
engines can be approximated quite closely by dividing the
total grate area by 4. The quoticnt will be a little high
for sone makes of engines and a little low for others,

These averages of grate surface and heating surface are
interesting when taken in comparison with the locomotive,
which is perhaps the nearest relative to the traction engine..
Where the locomotive has .07 of a square foot of grate
surface, the traction engine has six times as much, and
where the locomotive has 414 sauare feet of heating sur-
face, we find the traction engine provided with almost three
times that amount; facts which apparently show that the
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traction engine boiler is very much under-rated or else that
the locomotive is over-rated.

Measurement of ITeating Surface.—In direct Que boilers
the heating surface consists of the walls of the firehox—not
counting the parts helow the grates—togcther with the in-
ternal area of the flues, and that much of the front flue
shect not occupied by the flues.  From this total there must
be subtracted the openings for doors in the firchox together
with the combined area of the openings cut in the rear flue
sheet for the flucs. '

The heating surface in a fircbox may be found as fol-

lows: Multiply the width by the height and this product

by 2, the result will be the heating surface 1n the ends of
the firebox : from this quantity subtract the area of all the
flaes and the fire door and draft door openings, the re-
mainder will he the actual suriace. Then multiply the
height of the firebox by its length and this product by 2, to
find the heating surface of the sides. "I'he area of the heat-
ing surface in the crown sheet is equal to the width of the
firebox multiplied by its length. The total area of the fire-
box, therefore, will be cqual to the sum of the three quan-
titice above found. Tn order to find the heating surface in
the flues, first ind the circumierence of one {lue and mul-
tiply this by its length (both quantities should be ¢xpressed
in inches), the product will be the number of sguare inches
of heating surface in the lue.  This multiplicd by the num-
ber of flues will give the total heating surface in the flues.
To this add the area of the front tube sheet after subtract-
ing the combined area of the openings cut out for the flues.
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'T'he sum of the heating surface in the firchox expressed in
inches, plus the heating surface in the flues expressed in
inches, equals the total number of square inches of heating
surface in the hoiler. 11 this guantity be divided by 144,
the result will be the total heating surface of the boiler ex-
pressed in square feef.

Jivemple—Iind the numhber of square fcet of heating
surface In a direct flue hoiler whose dimensions arc as fol-
fows: Helght of firehox az-inches, widith zo-inches, length
44-inches, having oue fire door 10 % 12 inches and one draft
door 4 x 6 inches.  Diameter of shell of boiler 30-inches,
Number of Nues 2, length 10o-inches, dimmeter 2-inches,

Solution—230 X 42 > 2= 2520, the number of square
inches in the ends ol the firchox.

30 X 44 X 2= 2040, the arca i square inches of the
sides of the firchox.

44 X 4z == 1848, the area of the erown sheet.

2520 4- 2640 -+ 1848 == 700, the total arca of the firchox,
making no allowance for openings.
10 X 12— 120, the arca of fire deor,

O X 4= 24, the arca of draft door.

Now to find the area of the openings ent for the fues
find the area of each hole and multiply by 52 the numher
of holes.

The area of a circle equals onc-hall the Hameter or the
rading multiplied by itsclf. and this product multiplied by
3.1416, therefore we have in this case
I T3 2.1416:==3.71416, the area of one flue hole,

2.7410 X 52:==163.30, the arca of all flue holes.
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120 4 24 + 163.36 = 307.36, the arca of all openings in
the firchox.

7008 — 307.36 = (6700.04 sq. in., the actual heating sur-
face in the firebox after taking out all openings.

The circumference of a circle may be found by multiply-
ing the diameter by 3.1416; therefore,

2 X 3.1410 == 0.2832, the circumference of a flue.

6.2832 X 100==1628.32 «q. in., the arca of onc flue,
628.32 X 52==32627.64 sq. in., the total heating surface
in the flues,

31416 X 18 X 18 == 1017.87 sq. in., the area of the front
tube shect.

1017.87 — 163.36 =— 854.51, the area of the flue sheet
after making allowance for the openings cut out for the
flues.

6700.04 — the area of the firchox,
32627.04 — the arca of the flues,
854.51 — the area of the front flue sheet,

40182.79 — sq. in., the total heating surface in the boiler.

40182.79 -+ 144 == 279.04 sq. ft., total heating surface in
the boiler.

270.04 +— T1.33 = 24.0 or practically 235 as the rated horse
power of the hoiler above figured. _

Boiler Fficiency.—It is customary to compare the per-

formance of different boilers on the basis of the number of
pounds of water evaporated per pound of fuel burned;
that boiler being the best which shows the largest amount
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of evaporation per pound of fuel. The very best boilers,
using a good grade of coul, show an evaporation of about
12 pounds of water per pound of dry coal. This evapora-
tion is figured on the hasis of feed water at temperature of
212 degrees and the resulting steam at atmospheric pres-
sure.

Ordinary boiler performance with a good grade of soft
coal shows an evaporation of seven or eight pounds of
water per pound of coal, taking the coal as it runs. Lig-
nite does not show as good results since it only evaporates
about 214 or 3 pounds of water per pound.

In order to compare the performance of different hoilers
it i1s necessary to test them under exactly similar condi-
tions or else to take into account the conditions in each case
and make the proper allowances which will make the con-
ditions similar in effect. In consequence of this nccessity
for similarity, it is customary to reduce the results of the
test to a standard known as egquivalent evaporation. In
this standard the feed water is assumed to be at a temper-
ature of 212 degrees and the water is evaporated into steam
at atmospheric pressure. Theoretically, one pound of coal
will evaporate about 15 pounds of water, but in practical
work it is not usual to obtain an evaporation greater than
about 1134 or 12 pounds, and in traction engines exposed
to cutdoor conditions where the radiation is often very
high, results as high as these arc not often obtained. On
the basis of 15 pounds theorctical cvaporation, and 12
pounds actual, the efficiency of a boiler is 12/15, or 80%.
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In a few iustances a slightly higher efficiency has been re-
corded, but in the majority of cases fow boilers are able to
yicld much more than 6o or yo% cfficiency, i. ¢, out of
roo% of heat which is put into them in the form of fuel
only 60 or 70% can be accounted for in the stean.

Inevitalble Losses—In the best boilers there is a loss of
hiecat of about zo% and in ordinary beilers, which aundoubt-
edly include traction engines, the losses range anywhere
from 30 to 0% The question naturally arises, where do the
losses occur and why are they not prevented? A complete
answer to this question involves a discussion of the laws of
Lieat which are bevond tiwe limits of this part of ihe work
and only a brief ouiline can be given.

A considerable amount of heat is lost thra radiation to
the outside air and some in beating the metal work of the
boiler, but by far the greatest loss is duc to the hot gases
which pass up the chimney. ~In ordinary boiler plants the
temperature of the chimney gases, as they leave the boiler,
is in the neighborhood of 500 degrees. In the case of trac-
tion engines, working with strong induced draft, the tem-
perature in the stack runs as high as 600 or yoo degrees.

It requives about z4 pounds of air for cvery pound
of coal burned and all of this alr, togcther with the
resulting gascs of combustion, absorbs a large amount of
heat in the furnace and gives up a considerable portion to
the heating surface on its way thru the boiler, but as pre-
viously stated, a large amotmt passes out thrut the stack into
the atmesphere.  This loss of heat thru the chimney is the
greatest single Ioss in hoiler practice and even under the
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most favorable conditions amounts to a large propertion of
the fuel. There seems to be no way to prevent this loss of
heat, althe in some stationary boilers it is minimized by
being made to heat the leed water, '

Testing Boilers—In view of what has been said it will
readily he understood, that, in order to fest the performance
of a boiler, it is neccssary to weigh the amount 'of coal
burned and the amount of water pumped into the boiler in
a given length of time. Then, in order to reduce this to
the standard of cquivalent ¢vaporation, the temperature of
feed water and the pressure of steam in the boiler must also
he known., It can then readily be determined how many
pounds of water have been evaporated per pound of coal. In
making a complete boiler test other conditions are also talken
into account, such as the temperature of the air surrounding
the boiler, the amount of ash in the coal, and the numerous
other things which have a bearing on the test.

COMBUSTION,

Combustion or the burning of fucl is a chemical process
in which the carhon of the fuc! unites chemically with the
oxygen of the air to form a new chemical compound, carbon
dioxide. Tn this process, as is the case in all chemical re-
actions, the process is accomplished by the setting free of
heat, Since oxygen is a nccessary element in combustion,
it follows, that to get the hest results, the draft must he
right to supply the requisite amount of air for the amount
of fuel burned.
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Air consists oi one part of oxygen to four of nitrogen,
The nitrogen does not aid in combustion and is one of the
reasons for the great loss of heat through the escaping gases,
since this nitrogen must be heated up to the temperature of
the fire and passes out of the chimney still carrying consid-
crable heat.  On account of its prescnce the amoeunt of gases
passing-out of the chimney is very large and consequently
the heat loss is proportionately large,

Theoretically, only 12 pounds of air are required to hurn
a pound of coal, i. e., there is cnough oxygen in 12 pounds
of air to combine with the carbon of the fuel and effect
complete combustion, but since it is impossible to bring all
of the oxygen of the air in ceontact with all of the particles
of burning fucl, the amount of air required runs anywhere
from one and cne-half to two or three times this amount.
When the combustion of carhon is complete two atoms of
oxygen unite with one atom of carbon, forming what is
known as carbon dioxide. If there is not enough oxy-
gen supplied for complete combustion .Oniy one atom ot
oxygen unites with one atom of carbon, forming what is
known as carbon monoxide. In the first case, where combus-
tion s complete, the resulting temperature and consequently
the amount of heat sct free is the maximum, while in the
second casc the amount of heat set free is only one-third as
much. If carbon mecnoxide can be exposed to high encugh
temperature in the presence of fresh oxygen, it will unite
with more oxygen, forming carhon dioxide, and the other
two-thirds of the heat will then he set free. Tt is partially on
this account and partially because when fresh coal is thrown
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in, certain other combustible gases arise from the coal, that
it is found advisable to admit air into the firebox at the
upper part of the brick work, thus igniting these gases and
caustng them to burn above the brick work, which otherwise
would pass thru the flues and out thru the chimney uncon-
sumed, thus causing a considerable loss of fuel and conse-
guent loss of cfficiency of the hoiler.

In addition to the carbon in coal there arc certain other
comhustible substances usually present in soft coal and
lignite, called hydro-carbons. These form the volatile or
gaseous part of the fuel and are driven off when the tem-
peraturc of the coal rises nearly to the kindling point. When
fresh coal is thrown into the furnace, these gases rise and
if the temperature in the firchox is not sufficient to ignite
them they pass out of the smoke stack unconsumed.

Kinds of IF'uel—The fucls used for traction engine work
vary with the different sections of the country. The prin-
cipal fucls are soft coal, straw, oil, lignite and wood; the
most important for traction engine work heing the first
three mentioned.  Coal is used in nearly all scetions of the
country ; straw, mainly in the Northwest; oil, in the Seuth-
west ane on the Pacific Coast; lignite, to a limited extent,
in numerans western states; and wood, in the newer wooded
sections of the country.

Solt coal is used more widely than any of the other fuels
for the reason that it is generally casy to chtain and gives
good satisfaction. Ilach of the different fuels mentioned
possesses different heating values per pound of fuel, A
pound of oil, for example, possesses more heating value
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than a pound of coal or wood, and a pound of coal contains
more heat than a pound of straw or of lignite.

Heating Value of Different Fucls—The heating value
of a fuel depends upon the amount of carbon and hydro-car-
bons which it contains and also upon the amount of ash and
moisture in the fuel. A pound of pure carbon contains
14,500 heat units, i, e., it contains heat encugh, if this heat
could all be utilized, to heat 14,500 pounds of water one
degree.  Ordinary soft coal has not as high a heating value
as this, owing to the fuct that it contains some moisture and
a considerable quantity of incombustible matter which forms
the ash in the fuel.

Analyses of various soft coals show that their heating
value rauges in the necighborhood of 13,000 heat umits.
Crude oil has a higher heating value than any of the other
fuels mentioned, ranging from 10,000 to 22,000 heat units
per pound; thus once pound of oil is equal to about 1.8
pounds of good soft coal. Straw has a relatively low
heating value but it is used extensively nevertheless, be-
cause it is easy to get and being of no commercial valie
on most of the western farms its cost may be considered
zero, whereas coal, i the same locality, costs from F7.00
to $10.00 per ton, depending upon distance from the mines,

Different kinds of straw have different heating values
for example, wheat straw contains about 5500 heat units
while flax straw has between 7,000 and 8,000, or a little het-
ter than half the heating value of good soft coal. All who
have fired with straw have noted that it was much casier
to keep up steam with flax straw than with any other, and
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the reason is plainly evident when the heating value of the
different kinds of straw is comparcd.  Oat  straw  and
Macaroni wheat straw have a lower heating value than
cither wheat or flax straw.  Where a pound of soft coal
will cvaporate say & or o pounds of water per pound of
fuel, flax straw will evaporate about g, and wheat straw
hetween 2 and 304,

The heating value of lignite varies widely with the mine
from which it 1s taken or even from different parts of the
same mine.  As a rule, Henite does not run as uniformly
in quality as soft coal. It usually containg from 2o to 30%
of moisture which reduces its heating value considerably
since this moisture must be cvaporated in the firebox at
the expense of the combustible portions of the coal. Tt
also contains from 10 to 15% of ash, thus leaving only
about 00% which can be burned; conscquently, its value
as a fuel does not run any higher than straw ; in fact, nu-
merots tests whicl have been made show that a pound of
liguite will evaporate only between 2 and 3 pounds of
waler, ‘

The value of wood is considered to he equal to 4 that
of coul, 1. e, it requires 214 pounds of wood to equal one
pound of good soft coal.  Pound for pound, onc kind of
wood has about the same heating value as ancther, altho
5o far as ease in handiing and keeping up the fires are con-
cerned, the harder woods appear to have cousiderable ad-
vantage. .

The Firing-—Different kinds of {uel require different
methods of firing in order to get the best results.  While
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a great many people seem to think all that is necessary is

to shovel in the fuel and that anybody will do for a fire--

man, the facts of the casc are that in order to get the best
results a great deal of care and judgment must be exer-
cised in firing and the scrvice requires a good intelligent
man.

In many cases where trouble is experienced in keeping
up steam, the difficulty is not with the engine nearly so
much as it is with the fireman. If he takes care of the parts
entrusted to his care and keeps his fires in good condition
and uses the proper judgment in all cases, little difficulty
is usually cxperienced in keeping up steam. A man who

has heen used to firing with coal will nsually have consid-

crable difficulty with straw or with lignite, since hoth re-
quire quite different treatment, Tn order to discuss the
subject of firing to the best advantage it will he necessary
to take up in detail the method of handli myg the different
kinds of fuel. .

Starting the Fire—When coal is used for fuel the fire
must be started with wood or shavings until high cnough
temperature is reachcd to ignite the coal. Tirst, make
surc that there is plenty of water in the boiler, then start
a brisk fire with wood shavings or kindlings, and add coal,
gradually, until all parts of the grate are covered cvenly
with a thin bed of coals. The blower may be turned on
when the steam pressure goes up to about 20 or 25 pounds,
but not before. After the engine is started, the Blower
should be turned off, as the exhaust will furnish sufficient
draft for the fire,
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Firing with Coal—Coal is rather difficult to fire with
and requires considerable experience to get good re-
sults. A poor fircman can easily waste a large amount
and still not get as much steam as the boiler is capable of
furnishing. ‘T'o be effective, the firc should be thin and
evenly distributed over the grates, taking care that no
Loles or dead places appear.

Air follows the course of* least resistance and is sure
to pass up thru any open space there may be in the fire
instead of thru the fire as it snould, From 4 to 5 inches
is the right thickness for the fuel, if soft coal is used. The
coal, no matter what kind is used, should be broken into
pieces not larger than the two fists in order that it may
lay together closely and form a thin .even bed over the
grates. If large lumps are used they leave too many open
spaces in the grates thru wh]ch the cold air may pass and
the result is a poor fire.

Do not stir the fire more than enough to keep it free from
clinkers and ashes. It is occasionally necessary to run the
poker under the fire to-get rid of ashes or in some kinds of
coal to break up the clinkers. Whenever this is done the
fire will die down to some extent and it is best to perform
this operation on a rising steam pressure or at least when

. the steam pressure is high; because if the pressure is fall-

ing, the cleaning of the fires will reduce the temperature
in the firehox and make the pressure fall still lower hefore
the fires can be replenished.

Try to keep the dampers open a uniforn distance all the
time and regulate the amount of steam by the coal used,
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and the draft. The steam pressure should be maintained
just a little below the blowing off point in order to get the
best results from both the cngine and the boiler, A
change in the steam pressure means a change in the tems-
perature of the whole hoiler also and this causcs either
contraction or expansion which is apt, eventually, to cause
leaky joints. '

Swystem 4 Firing—To do the best work and get the best
results in firing, it is well, especially for a beginner, to fol-
low a system in placing the coal so that it will be spread
evenly over the grates. If the coal is thrown flrst in one
corner and then in another, and so on arocund, with a
shovelful in between, and this rotation followed every time,
it will be easy to keep an cven thickness of coal on the
grates. Between cach shovelful, close the door and wait
until the next shovelful is needed. Always open the door
quickly and close it again as soon as possible to prevent
cold air {rom deadening the fire and striking the flues.

Effect of Opening Fire Door—Tt will be chserved that
when the fire door is first opened, with a good fire on the
grates, that the flames reach the top of the firebox, but in
an instant after the door is opened the flame dies down,
leaving a bed of bright coals on the grate, thus indicating
a drop in temperature of several hundred degrees at least,
with the consequent contraction of the metal which follows
a sudden change in temperaturc. Never open the fire door
and close the damper when the engine is running, becausc
the exhaust will induce a heavy inrush of cold air over the
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top of the firc, which will lower the temperature and cool
the flues, thus causing them to leak.

Firing with Straw—In firing with straw it is essential
to keep the chute well packed with straw all of the time. By
so doing cold air is prevented from getting in over the top
of the fire and injuring the flues, Care should be taken,
however, not to push the straw in too rapidly but just fast
enough so that it may consume in the firebox hefore falling
to the grates; in other words, the firebox should not be
crammed with siraw, too much straw will check the fire
and spoil the draft. The proper way to do is to fire a small
forkful at a time and fire constantly.

Three grate bars are usually sufficient for burning straw.
These should be equally spaced in the firchox. The
front part of the ashpan should be kept free from ashes to
insure a free draft. The rear part of the grates 1s usually
made blank by means of a dead plate. Where a dead
plate is not used it is somctimes found advisable to aliow
ashes to pile up for ahout a fcot under the rear of the
grates to compel the air to pass forward and meet the in-
coming straw. The flame going over the baffle plates
should appear white, as seen thru the side doors, and should

‘not vary when the straw is pushed in,

Clinker in Straw.—Straw forms a good deal of hard
clinker, especially if it is a little damp, which, together with
the ashes, must be removed frequently from the ashpan in
order to provide an unobstructed draft. Clinker is also
apt to form on the upper side of the baffle plate or arch
and frequently clogs the flues, therefore, in firing with
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straw, the fireman must he watchful to prevent the ends of
the flues from becoming capped or clogged with clinker.
Small side doors on the side of the firebox are provided
in straw burning boilers, thru which a scraper may  he
worked for cleaning the ends of the flues,

Firmg with Lignite—The dircctions given for firing
with coal apply with equal force to firing with lignite, with
this exception, that a lignite fire must be somewhat thicker
than a coal fire and must be watched more closely,

There is a great deal of ash in lignite which accumulates
in the hottom of the fire and obstructs the draft, These
ashes must he gotten rid of by cleaning the fires quite fre-
guently. This is accomplished just as in an ordinary coal
fire by running the poker down the grates underneath the
firc. The proper depth for a lignite fire is about § inches,
or almost twice that of an ordinary coal fire,

Firing with Wood.-—In firing with woed the firebox
should be kept well filled. If the wood is dry, it mav he
thrown in at random, but if green, it should all lay in the
same direction. Moderate sized pleces will Burn botter
and keep an evener fire than very large or very small picees.

- A green wood fire must be kept up to a high temperature
all the time or it will not burn well. This is due to the -

large amount of moisture which green wood containg, It
helps a wood fire to poke it oceasionally, thus allowing the
ashes to fall to the bottom.

In firing with any of the fucls. above mentioned, care
must he taken to keep ashes from underncath the orates
otherwise, the air cannot circulate around the under part
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of the grates and keep them cool, a condition which is nec-
essary in order to.protect them from the intense heat of
the fire. I grates burn out, as they frequently do, it is
due in every case to the negligence of the fireman who has
permitled ashes to accumulate in under them, ,
Bunling l'ires—The proper way to bank a fire is to push

“all the fire and coals to the front endy of the firechox up

-

f

»

Method of Banking a Fire. Ifig. $9,
against the fiue sheet, see [iig. 99; then, if desirable, fresh
coal may be thrown on the top. What little air gets into
the firebox will then pass over the fire instead of thru it,
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causing it to burn from the top, and very slowly. In this
way a dull fire can be maintained for quite a good many
hours. . :

1f the fires are banked in the evemung they may he raked
down the next morning and the boiler fired up in a very
short time, becatuse the firchox will still be warm and the
water in the boiler will contain considerable heat. Ia cold
weather it is especially desirable to bank the fires, thus
preventing the pipe connections from freezing., A straw
fire cannot be bhanked very easily, altho it is sometimes
possible to do so with heavy chaff containing weed seeds.

If the fire is banked at night, make surc that there is
plenty of water in the boiler, at least half a glass full,
otherwise the water may be found dangerously low in the
morning.

Firebox Temperatures—Most everybody has observed
that it is casicr to start a fire mm a warm furnace or in a
warm stove than in a cold one.  The reason why it is easier
to.start a fire in 2 warnm furnace than i a cold one, is be-
cause the cold walls of the furnacc absorb the heat irom
the fire so rapidly that the fuel is kept barely at the kindling
temperature, while a warm firchox which docs not absorh
the heat so greedily, allows the fuel to become heated thro
quickly, allowing it to burn readily. Any fuel, in order
to burn, must be brought up to what is called the kindling
temperature.

Kindling Temperatures of Fuel.—Coal will not burn
until it reaches a temperature of 730 degrees I'ah, Wood
must be brought up to a temperature of 450 or sco degrees,
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and even kerosene to a temperature of upwards of 123 de-
grees Tah., before it will ignite.  The theorctical tempera-
ture of combustion for coal is n the neighborhood of 5,000
degrees, but owing to radiation and the necessary excess
of air to provide sufficient oxygen, this temperaturc is
never reached in practice.

A long serics of tests on the temperature of combustion
in locomotive firehoxes at the World’s Ifair at St. Louis,
in 1904, showed temperatures ranging from 1,350 to 2,300
degrees, with an average of about 2,000 degrees for firebox
temperatures.  In traction engine beilers it is prohable,
altho no authentic tests are on record, that the average
temperature lies between 1,800 and 2,000 degrees.
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QUESTIONS.

I. Define heat.
2. Upon what does the stcam engine depend for its
motive power? :
3. In ordinary engines how much of the heat value of
. the fucl is lost?
4. In what way is heat lost in a stcam power plant?
(b) Can these losscs be entirely overcome?
5. Define the following terms: Work, foot pound,
cnergy.
6. If a ton of hay is lifted from the ground inte a harn
20-ft. high, how many foot pounds of work is dene?
7. State examples of potential energy and of kinetic
energy.
8. Explain the Law. of the Conservation of Energy.
9. What is power and what three factors enter into all
discussions of it?
~10. Explain the term “horse power.”
~TT. What is meant by hoiler horse power?
r2. A hoiler is capable of evaporating 6,000 pounds of
water per hour, “cquivalent evaporation.” What is the
power of the hoiler?
r3. A certain hoisting engine lifts 7,250 pounds of ore
from a mine 210-ft. deep cvery minute.  What is the horse
power of the enginer
I4. A horse traveling at the rate of three miles an hour
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pulls a load which requires a force at the draw pin of
42 powls.  How much horse power is the horse excrting ? -

15 In what way should traction engines be compared
in regard to power?

1. A traction cngine boiler contains 287 sq. ft. of heat-
ing surface.  About what is its rated horse power?

17. -Stale how to measure the healing surface in a direct
fliie hoiler. _ ,

8. Find the number of square feet of heating surface ©
in a dircet flue botler whose dimensions are as follows :
Height of firehox 44 inches, width 32 inches, length 46
iriches, having one fire door 1oxiz inches and two draft
doors, cach, 2x0 inches. Thameter of shell of hoiler 40nches,
number of flues Go, length of Hues 108, diamcter 2 inches.

Ig.  What is mcant by the term “hoiler efficiency”?

20.  Mention the inevitable losses of heat in boiler prac-
tice.

21, lixplain what s meant by combustion.

2z, Why is air sometimes admitted above the fire?
{b) 1s this practice to be commended ?

23, Explain how to fire with coal.

24. Why do grate bars burn out?

25 Lixplam how to bank a fire and state the object of
b'émkingg; fires, _

20, What is meant hy the term “heating value” as ap-
plicd to fuel?

27, How do the different kinds of straw compare as to
heating value?
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28, How many foot imunds of work are done in raising
125 pounds to a height of ‘17 feet? '
29. A horse exerts a pulling force of 220 pounds on the

traces and travels at a rate of 3 miles per hour; how many

horse power of work is he doing?

30. A ton of hay is lifted from a wagon - mto the loft
of a barn, a vertical distance of seven feet; how many foot
pounds of work are expended ?

.31. The average pressurc on the piston of an engine
. 18 4.460 pounds throughout the stroke and it travels 480
feet per minute; how many horse power is it developing ?

32.  How much work does it require to pump 280 gallons
of water per minute from 4 well go feet deep; what horse
power?

33- A man weighing 200 pounds climbs a stairs 12 feet
high, how much work does he do?

34. A Dboiler cvaporates 4,000 pounds of water into
steam at atmospheric pressure, or its equivaient, from feed
water at 212 degrees I, in ten hours; what is its horse
power?
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[LESSON VI.
TRACTION ENGINL GEARING.
MOUNTING THE BOILER.

Tvres 0 MOUNTING.

There arc two principal methods of mounting a traction
engine, one in which the boiler is made the framework for
the whole machine and the other in which an independent
frameworl is built up which is used as the foundation for
the engine and to which the wheels arc attached ; the boiler
being hung independently in this framework.

There is also another style of mounting which may be
termed the “mixed style,” in which an attempt is made to
rclieve the hoiler of the stresses due to traction; by attach-
ing a framework to it which carries the main wheels and
countershaft. [ach of these types or classes will be dis-
cussed under a separate heading. '

Boiler as Iramework—Dy far the larger number of trac-
tion engines arc built in this style, and up to within very
recent years it was the only style in use.  In this form of
construction the cngine is attached directly to the boiler
by mecans of separate brackets bolted to the firebox or by
means cf axles fastened to the boiler with hrackets.
T'ower is transmitted from the engine te the drivers by
means of gears whose axles are holted directly to the
boiler, or clse supported on a shaft attached to the boiler
with brackets. The front end of the boiler rests upon a

229




O

CLARKE SCHOOL OF TRACTION ENGINEERING,

bracket which is attached to the front wheels Dy means
of a knuckle joint.

As indicated above, there arc several methods of attach-
ing the gears and the drive wheels to the boiler, and con-
siderable controversy has arisen as to which is the best
No attempt will be made hercin to prove the relative mer-
its of the diffcrent styles of construction, but a number of
the prominent makes which illustrate the different types
will he illustrated and described, thus placing the reader in
a position to form his own conclusions.

The advantage gained in using this type of construction
is that it is possible o build a much mere compact ma-
chine and one that looks considerably neater, and at the
same time reduce the weight of metal used in construction
to the lowest possible amount, The matter of weight is
quite an important one from two points of view. The
lighter the engine the cheaper it is to build and the less
power there will be required for self propulsion.

The principal disadvantage lies in the fact that all the
strains of traction must pass thru the boiler, thus making it
do double duty; first, as a steam generator and, second, as
the framework for a heavy machine which is subjected to
very severe racking and twisting stresses; the result of
which is apt to cause considerable working at the joints
and around the stayholts.

Independent Fromework—Within the past five or six
vears several manufacturers have brought out traction
engines in which a separate framework s provided to carry
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the engine, gears, ground wheels and boiler. In this style
of construction the botler is relieved of all the strains of
traction and is only required to furnish steam for the en-
gine,

Where a separate framework is used it is nccessary to
mount the engine above the boiler, or clse [ollow the loco-
motive style of construction in which the boiler is elevated
ahove the framework and the engine is placed underneath.
The advantages of this type of engine are on the side of
greater strength and safety for the boiler, and the disad-
vantages arise mainly on account of extra weight, and the
difficulty of arranging all the machinery to good ad-
vantage,

Mived Style of Mounting.—Another style of mounting
shown in Fig. 100 illustrates what may he termed the
“mixed style” of mounting in which a framework is pro-
vided for the wheels and countershafts, thus relicving
the firebox by distributing the stresses over a large area
and also relieving it of the heavy stresses between counter-
shaft and drivers. However, since the engine and driv-
ing mechanism are attached to the boiler, all the strains
of traction must necessarily pass thru it '

Spring Mounting.—There seems to be considerable dif-
ference in opinion as to the merits of spring mounting, A
number of the leading manufacturers of traction engines
provide a spring connection between drive wheels and boiler
and almost an cqual number dispense with them almost
entirely.

The object of the springs is to provide an elastic form
of construction which will take up the wear and shock of
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rough roads without injury to the boiler or any of its con-
nections. With this idea in view the belicvers in spring
mounting have placed springs between the drive wheels
and boiler, springs between the front axle and boiler, and
springs in the stcering chains. The boiler then rests upon
springs all around and motion is transmitted from the drive
shaft to the drive wheels thru a spring gear.

In such a style of construction any sudden shock due to
rough roads will come gradually upon the wearing parts
and therc is little danger of breakage. Likewise, the cush-
ion gear takes up the shock occasioned by the drive wheels
striking an obstruction in the road and possibly prevents
the gears from breaking, in some cases; while the springs
in the stecring chains often prevent them from breaking
when the front wheels strike a stone or other obstacle in
the road.

The introduction of springs, while in itsclf a very good
thing, brings with it several undesirable features, the most
important of which is the difficulty of maintaining the exact
distance between the centers of the shafis at all times,
If the distance between the shafts vary, the gears do not
mesh properly and, hence, they wear tmevenly and soon
cut otit,

Some manufacturers who build spring mounted engines
for general threshing advocate the taking out of these
springs and the substitution of a solid block when the engine

" s used for plowing or heavy frelghting on account of the

wear occasioned upon the gears when the springs are used.
Those companies that do not use the spring mounting
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depend upon rigid gears. Nearly all, however, place spiral
springs in the stecring chains.

The advantages of spring mounting are found in the
relief from sudden blows which this form of construction
provides. Its disadvantages are found in the varying dis-
tances between shaft centers, which may cause the gears to
mesh badly, in the greater number of sliding parts which,
when they wear, throw the gears out of line, and trouble
and delay from hroken springs.

Influence of Weight on Traction—The load which a
traction engine is capable of hauling depends upen the
power of the engine and the weight on the drive whecls.
In general, the greater the amount of weight upon the
drivers, the greater will be the tractive effort of the engine ;
in fact, one of the reasons for making locomotives so
heavy is to get weight enough upon the drivers to keep the
wheels from slipping on the rails in pulling heavy loads.
If all the weight of the engine could he placed upon the
drivers the engine could exert the greatest possible pulling
power consistent with its strength.  Such an arrangement,
however, would be impractical for various reasons.  In the
first place, there must be sufficient weight upon the front
wheels to hold them firmly to the ground in order to make
the engine steer properly. In the second place, there must
be enough weight ahead of the rear axle to prevent the en-
gine from tipping backwards in going up an incline, Con-
sequently, the center of gravity or the center of weight of
the engine, in order that it may he able to pult the maxi-
mum load and at the same time be {ree from any tendency
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to rear, should be a little ahead of the rear axles. At the
present time with the long boilers in general use there is
practically no difficulty with “rearing,” but a few years ago
when the boilers were made much shorter, considerable diffi-
culty was expericnced in this way, and many devices, such
as placing the engine well forward, mounting the water
tank on the front end, ctc, were resorted to, to ovércome
this trouble.

The cffect of the distribution of weight is clearly shown
in Fig. 101,

EFFECT OF DISTRIBUTION OF WEIGHT TN TRACTION ENGINES.

19

[n the upper diagram the centre of weight is assumed
to he at A, or, in other words, we will assume that the
weight is so distributed in the engine that it would balance
on a pivot at A, Now when the engine starts up an in-
cline such as C D, the whole machine tips upward and the
point A moves to B. The samc thing is also true in the
lower figure with this difference, that in the first figure a
vertical line drawn through B falls ahead of the rear axle,
and in the sccond case, behind; consequently the first en-
gine will have no tendency to rear while the second one
is sure to, hecause the centre of weight or centre of gravity
falls outside of the supports. Tt must not be understood
by the rcader that all engines, or, in fact any of them at
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the prcsént time, with the wheels mounted on the firehox
sides will vear, because the centre of weight will be found,
nct at A, but at some point , much farther ahead of the
rear supports than A, Howcver, if the weight were cen-
tred at A, the engine would certainly upset in going up a
steep grade. _

The result of such an arrangement as shown in the fig-
ures is that the lower engine will have more pulling power
for its weight and strength on a level than the upvper one,
but not so much in going up a hill.

Rear Mounting.—In this type of mounting the rear axle,
carrving the drive wheels, is attached to the rear of the
fire box by mecans of suttable brackets. The countershaft
appears immediately above the main axle and is attached
to the hoiler with suitable connections.  This style of con-
struction is carried out in different ways by different manu-
facturers, some using springs, others dispensing with them.

Rear Mounting with Springs,
of spring mounting in this style is shown in Figs. 102, 103,
and 104, .

Where the counter shaft is placed directly above the axle
it,is evident that if spring mounting is to be employed, some
provision must be made to maintain the countershaft and
axle at a fixed distance from cach other, otherwise the gears
will not mesh correctly. To accomplish this, and at the
same Lime retain the springs, so called radius links are used,
which hold both the axle and the counter shait to the fire
hox sides, and a distance har on each side to maintain a
uniform distance between the countershaft and axle.

A well known example
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The boiler is supported from the axle by means of heavy
brackets bolted to the rear of the firebox, resting on heavy
compression springs which in turn are supported by strong
rods attached to the axle.

The counter shaft is attached to the sides of the fire hox

Fig. 102.
by ‘means of the upper radius bars and prevented from
moving cndwise by means of anotlier link shown in Tig.
104,

The boiler is thus free to move up or down as far as the
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springs will permit without disturbing the relative distances
between counter shaft and axle,

I, 103, o
Ruad, Link to Prevent (_Trmrﬁ:um]ml'l Trom Moving lindwige.

2y Another Method of Rear Mounting with Springs—One
style of a certain MIg. Co.s regular traction engines is
rear mountad and provided with springs in such a way that
the main axle may filt up or down at either cnd, The
mechanism by which this is accomplished is shown in Tig,
105 and described below. Motion s transmitted  from
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the driving pinion A, to the large gear B, which rotates on
a large hallow spindle M. The axle passes through M, and
can move up or down a considerable distance without touch-
ing it

A malleable iron ring D, is attached to B, by means of
four rods C, placed opposite each other, Two of these rods

Tig, 104,

are in tension during the forward motion, the other two
when moving backward. TFour other rods IS, at the right
angles to each other are attached to 1D and to the differential
gear I'. A universal coupling, permitting motion in any
direction, is provided, where thése rods are attached to 1).
The holes inn the lugs on 17, through which these rods pass,
are large and permit some side wotion of the rods, while the
spiral springs at the ends form a spring connection hetween
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D and the differential gear, which relieves the latter of
sudden shocks. Dy means of ring D and the system of
levers ahove described, moticn can be transmitted to the
diffcrential gear even if the axle is tilted one way or an-

other without causing any of the gears to be out of mesh,

Spring Mounting in Which the Rear Axle is not Held Parallel to
the Countler Shalt. Fig, 104,

A heavy bracket, holted to the side of the boiler, rests on
springs O which are supported from the axle by means of
bolts P,

Rear Mounting Without Springs—When this style is
adopted both the main axle and the counter shaft are bolted
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rigidly to the rear of the fire box and the distance hetween
ceritres s thus made unvarying.,

The adoption of this style of construction malkes it con-
venient to bolt the brackets (o the corners of the fire, hox
where that structure is strongest and least lable to spring
out of shape.

Through Axles Under FFire Box-—Several of the leading
companics are building engines in which a heavy bent axle

Through Axie Under IFirce Box, with Springs.  Fig. 106.

extends under the fire box, thus cbtaining some of the ad-
vantages of a through axle and at the same time sctting the

242

33

34

35

36

37

TRACTION ENGINE GEARING,

drivers well forward where they will carry the greatest
amouwnt of weight.

An example of this style of mounting is found in Fig.
00, '

A heavy bracket on cach side of the fire box is fitted
awith guides in which a sliding picee, fastened to the axle,
works up and down against a heavy coiled spring which
supports the boiler, '

‘I'he boiler itself is also supported by a truss rod extend-
mg from one side of the bent axle to the other.

Where this style of construction is used the eounter shaft

must be carried in front of the fire box and in under the
main shicll,
S Sl Avle Mouwntmg is a term applicd to those boilers
having a bracket, provided with an axle, bolted to the side
of the fire ox. Some builders provide springs between the
boiler and axle, while others depend upon a solid axle and
bracket.  In the largest sized engines these brackets cover
the greater part of the fire box walls and are made very
heavy.

I this style of construction the alignment of the axles
depends entirely upon the stiffness of the fire box walls.
If they should épriug, the wheels would be thrown slightly
out of linc and the gears would mesh Ladly.  This tendeney
to spring is obviously greater with small brackets 1han with
large ones, conscquently heavy plowing cngines huilt in this
way must be provided with brackets covering a large part
of the fire hox sides.  The fact that engines so built have
stood the test under the most severe conditions is proof that
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when properly designed and constructed this style of mount-
ing is satisfactory.

The advantages gained by the stub axie style of mount-
ing, are, neatness of appearance, easy distribution of the
weight, and convenient arrangement of the working parts,
The disadvantages may be summed up about as follows:
1st, the liahility of error in getting both axles in perfect
alignment. 2nd, the tendency for the boiler walls to spring
sufficiently to throw both the wheels and gearing out of

stub Axle Mounting Without Springs. g, 107,

line. 3rd, the strains on the fire hox walls which may, if
the strength of all parts is not well considercd, cause the
joints to leak.

Stub Axle Mounting Without Springs—An example of
this type of mounting is to he found in IVig 107. A refer-
ence to the drawing will show heavy brackets bolted to
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each side of the fire box having two lugs on the lower side
through which truss rods pass underneath the boiler,
These truss rods serve to support the boiler and also to re-
lieve the load on the lower stud bolts which secure the

Stub Axle Mounting with Springs. TFig, 108,

brackets, The manufacturers submit the claim that there
is sufficient spring in the fire box walls to rclicve sudden
shocks without inserting springs.

Stul Axle Mounting With Springs.—Tig. 108 is a good
example of this style of construction.

Reference to the fignre will show that the casting carry-
ing the axle is swivelled on the countershaft by means of
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a bracket arm which rests between two heavy spiral springs
secured in the maim bracket.  This axle bracket moves np
and down between guides which are bolted to the bracket
and the side of the boiler.  The object of the swiveiled arm
is to hold the axle at a fixed distance from the countershaft,

Spring Mounting. Stub Axlce Construction. I;‘ig. 109,

thus causing the gears to mesh properly at all times irre-
spective of the position of the boiler.

Where some means are not provided to maintain this dis-
tance some manufacturers advise, in heavy road work, such
as plowing or grading, to take ont the springs and put in
blocks, otherwise the gearing may wear considerably on
account of the wvarying distance hetwecn  centres. Of
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course, since the center line passing through the centers
of the countershaft and axle is practicaily horizontal, varia-
tion in distance hetween the two shaits, due to any up or
down movement of the axle, will be very glight in erdinary
work, and where the strain on the gearing is not very heavy
it will not injuriously affcct them to any great extent, It
is only in very heavy work that this varation makes any
considerable difference.

A Characteristic Type of Mounting —Tig. 1oy shows
a style of mounting in quite general use. The axle
B is rigidly attached to a casting A which is pivoted
at I, to a bracket fastencd firmly to the firebox. The other
end of bracket A slides between the guide plates 12 and D..
Jolts ¥ pass through slotted holes in A and are provided
with nuts to adjust the distance between the guide plates
so that A can move up or down without any side motion.

The weight of the hoiler is carried on the bracket L
which rests between two springs H and G, Any down-
ward movement of the bhoiler is arresied by the springs G
and any upward movement by I,

Spring H is independent of G and is held in place by a
bolt passing through casting L and attached below. The
master gear in this construction moves in the arc of a cir-
cle convex to the driving pinion.

Mounting the Return I'lue Beiler.—In this type of boiler
the rear axle passes underncath the rear end of the boiler
and is attached thereto by means of a saddle bracket. This
mzkes a strong style of mounting in which the beiler is
not subjected to as scverc strains as in the case of firebox
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hoilers, since both the engine and driving gears are bolted
to it.

Spring Mounting of Keturn Flue Boilers—A method of
accomplishing this is illustrated in I'igs. 110 and 111, The
main axle shaft is made rectangular and passes through a
rectangular opening in a case hardenced trunion which re-
valves in the hub of the drive wheel,

Spiral springs arc inscrted in this trunion in the rec-

A Spring Drive Wheel, Tig. 110,

tangular slot underneath the squarce axle and form a spring
support for the boiler. The wheel revolves on this trunion.
Fig. 112 shows the spring mounting at the front end of

the boiler.
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50 Boilers With Independent Frame—Tngines built with
an independent framework are constructed in two ways.
One scheme is to mount the cngine above the boiler, the
other is to put the engine and all working parts under-

ITub of Spring Wheel. Tig. 111,

Front Mounting of One Style of Return IFlue Boiler,
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neath, thus following the plan adopted in all focomotives,
51 Iig. 113 illustrates a style of engine which follows
the first plan. In this engine a pair of chanuel beams reach
from the front axle to the rear axle and forms the founda-
tion for the framework. Two heavy plates at the rear of
the machine riveted to these channels extend upward and
support the ecngine, countershaft and main axle bearing,
while a wide stirrup supports the firchox. A chair resting
- on the front axle supports the front end of the hoiler. This

Mg,

Independent Frame Work.

Another Stylo of Indeﬁendent Frame Work, Fig, 114,

arrangement of mounting forms a truck for carrving the
s  boiler without subjecting it to any of the strains of traction,

g 52 The engine and main shaft arc placed well toward the
_ B rear in this arrangement, thus making a straight drive be-
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tween the driving pinion and dilferential gear and dispens-
ing with the intermediate gear,

53 The other style is well illustrated in Tigs. 114 and 115.
The framework consists of heavy channel beams which
support the engine, gearing and drive wheels, The boiler
is mounted on the frameworlk and is thus independent from
the engine and all working parts.

Another View of Fig, L14—IFig. 116,

54 Gearing.—The term gearing is used to designate those
parts of a machine by which motion is transmitted from

one part to another.
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It may consist of toothed wheels, friction wheels, chains,
screws, or any combination of these devices. The term
gear is applied generally to a toothed wheel, while the
term train of gears applics to a number of teothed wheels
in mesh with each other which transmit motion from one
shaft to another, as for example the train hetween the main
shaft and drive wheels.

There are a number of different kinds of gears, the com-
monest of which arc spur gears, annular gears, bevel gears
and worm gears ; all of which are found on traction engines,

A Bevel Gear, Fig., 118,

At A, Tig. 123, there is an illustration of a spur gear. Tt
consists of a cylinder having parallel teeth cut on its sur-
face. A bevel gear is shown in IFig. 116, in which teeth
are cut on the surface of a portion of a cone.  Bevel gears
are used where motion is transmitted between two shafts
which makce an angle with each other.

An annular gear is just like a spur gear except that the
teeth are cut on the inner surface of a cylinder instead of
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on the outer surface. Some manufacturers use an annular
gear for the main driving gear,

Wherce two gears are in mesh, one large, the other small,
the large one is called the gear, the small one the pinion.
This applics to either spur gears or bevel gears.

A worm geay is used where it is desired to effect 2 great
reduction in speed between the driver and {follower, and
where the shafts are at right angles with each other. A
familiar example of worm gearing is scen in the steering
gear. lIlere the object is not so much a reduction of speed
as it is to obtain a considerable twisting effort on the chain

A Simple Train of Gears. TFig 117.

drum and the necessity for a gear that will not have a
tendency to run backwards.

A simple train is made the subject of illustration in Fig.
117, The speed of the last gear D is just the same as
though gears B and C.were not used and D meshed dircetly
with A, The only effect of the intermediate gears is to
change the direction of rotation of the follower if an odd
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number of gears are put in such as onc or three or five;
but when an even number of gears, as two, four or six are
inscrted there is no change cither in speed or direction of
the last gear of the train.

Iiig. 118 represents a compound train of gears, The ob-

A Compound Train of Genrs, Fig. 118,

ject of using a compound train is to either increase or de-
crease the speed of the last gear and possibly to change its
direction of rotation.

In the accompanying figure if A is the driver and E is
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the last gear of the train, the speed of 12 will be greatly
decrcased,  But if T he the driver, and A the last follower,
then the cffect is to multiply the speed, as will be explained
under the “rules for figuring the speed of gears.”

Matdrivls Used in Gears—The pears used on traction
engines are made of cast iron, cast steel and semi-steel.
It has only been since stcam plowing and heavy roadwork
has come into vogue that anything but cast iron has been
used.  Owing to-the grit aud dirt which get in bhetween
the teetl, the gears have a tendency to wear out pretty
rapidly, especially where they are used continuvously in
plowing or freighting.  Furthermore, they have to be made
very strong in order to withstand the heavy work they are
called upon to do.

The conunon width of drive gears for traction engines
a few years ago was 304 inches for 23 horse enzines. At
the present time they are made from 5 to 7 inches wide,
When gears are made of cast iron as wide as this they are
very heavy and so efforts have been made to use other ma-
terial having greater strength which would make 1t possible
to reduce the weight to a considerable exient without weak-
ening the gear.

I’artial success has becn atfained by the use of steel and
scmi-steel castings.,  Steel castings are made by either the
open hearth or the Bessemer process and are cast in molds
like ordinary cast iron. Scmi-steel, so-called, 1s simply a mix-
turc of cast iron and steel, consisting mostly of iron and a
small portion of steel scrap, which is cither put intc the

cupola and melted with the iron, or else thrown into the
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ladie in the form of chips or shavings. None of these ma-
terials have been wholly satisfactory.

Cast iron is heavy and brittle but it wears exceedingly
well.  The friction of the teeth rubhing upon cach other
does not cut away the metal nearly so fast as in the case
of steel gears.  Steel, on the other hand, is light and tough.
A steel gear tooth will bend hefore it will hreak but it does
not wear well, consequently the teeth become thin in a com-
paratively short time and consequently weak,

Semi-steel s apt to be uncertain in composition, some
parts of it being exceedingly hard and other parts quite
soft, thus showing that it is difficult to secure an intimate
niixture of the iron and the steel.  On account of the dif-
ference in hardness between different parts of even the
same tooth, wear does not take place evenly across them,
Asg yet there is no material known that is entirely satis-
factory for cast gearing doing rough worl, While each
of the kinds mentioned above have desirable qualities pe-
culiar to themselves it seems impossible to unite all of these
advantages of lightness of weight, strength and wearing
qualities in one and the same product. .

Gears made from metal patterns are perhaps somewhat
better than those made from wood, because the tecth in the
metal pattern are more perfectly formed; the gear is more
ncarly truc, and the teeth arc more ncarly straight than
when wood patterns are used,

The Speed of Gears—The speed at which a gear runs
depends upon its number of tecth and the number of teeth
in the driver. _1f the follower gear has the samc number
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of teeth as the driver it will run at the same speed as the
driver.  1f it has hali as many teeth as the driver, it will
make twice the number of revolutions, and in every case
will revolve in the opposite direction to the driver.

When three gears are in mesh in straight line the size
of the middle gear makes no difference with the speed of
the last driven gear, but the direction of rotation of the
latter is.reversed. To show that the middle gear has no
effect upon the speed of the last driven gear it is only nec-
essary to consider that when a tooth of the driver passes
a given point it pushes one tooth of the middle gear an
equal distance,  This in turn, pushes a tonth of the third
gear the same distance, consequently the third gear moves
a distance exactly cqual to what it would travel if per-
fectly in mesh with the driver. -

To Find the Speed of the Last Gear of ¢ Troin—1Use the
wumber of teeth in the driver for the numerator of a frac-
tion, the number of teeth in the lust driven wheel for the
denominater, and mulliply by the speed of the driver. The
result will be the speed of the driven wheel neglecting all
intermediate gears.

For example —Suppose there are three gears A, B and
C in mesh forming a simple train. A has 20 tecth, B, 6o
teeth and C, 40 teeth. A makes 50 revolutions per min-
ute ; how many revolutions does C make?

Solution.%xﬁoﬁ% the number of revolutions which C will

make in one minute,
In a simple gear train it does not make any difference
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how many gears are in mesh, all that need be considered 1is
the number of tgeth in both the first gear and the last gear
and the speed of the driver.

Frample—Tive gears, A, B, C, D and E arc in mesh,
A has 6o teeth; B, 50; C, 8 D, 30; and E, 100. A is the
driver and makes 80 revolutions per minute; how many
does It make?

. 60
Solution.-— > 80==48,
olution. 100><

Rule for Figuring Speed in a Compound Gear Train.—
Use the number of teeth in each dviver as the numerator,
and the number of teeth iw cach corresponding follower as
the denominator of a fraction. Multiply these fractions to-
gether and the product by the speed of the first drivar;
the result will be the speed of the last follower.

Fixample —Referring again to Fig. 118 A is the first
driver and I) the second. B, Cand It are the respective fol-
lowers. A has 18 teeth; B, 56; C, 70; D, 16 and K, 72,
Suppose A makes 200 revolutions per minute; how many
does & make?

- 18 _ 18 B
Solution. 2. _ o o
OULION. o p X200=11 [~ Ans.

The rules for figuring the specd in'a compotnd train of
gears are almost the same as for a simple train, only care
must be taken to consider which is the driver and which
the followwer in cach case. '

Where cither a considerable reduction or multiplication
of speed is desired, and where a reversible motion is cssen-
tizl, the result can he accomplished by the use of a com-
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pound train of gears. Where only a simple reduction of
motion is desired, it can be obtained with the use of a worm
gear, but, as stated beforc, the worm wheel can rarely be
used as the driver.

Worm Gearing.—In figuring the reduction of speed by
using worm gearing it is usual to consider that the worm
is a gear of only one tooth. Then, if the worm gear has
60 teeth, it will require 6o turns of the worm to make the
gear.revolv'e once. By making the gear as large as we
please it is perfectly possible to effect any reduiction of speed
desired. As worm gearing s usually built, it is self-lock-
ing; that is, the worm wheel can not he made to drive the
worm.  An exception to this rule, however, is found in
certain types of machines, as for example, cream separa-
tors. ITere a very great multiplication of speed is desired
which is accomplished by making the worm wheel the
driver.

All the parts must, however, be made very nicely and
the construction of the worm must be changed somewhat,

Pitch of Gears. The term “pitch of « gear” designates
the size of the tecth, the smaller the pitch, in involute gear-
ing, the larger the teeth. In involute gearing diametral
pitch is used; 1, e., in a 5 pitch gear there are § teeth in
the circumiercnee for each inch of diameter. A 3 pitch
oear 4 inches in diameter, therefore, contains 2o teeth, The
depth of the teeth is cqual to a little more than twice the
reciprocal of the pitch. Tor example, in a 5 pitch gear the

total depth of tooth cqrals 2 times 1/5 plus a small amount

necessary for clearance.
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In the involute system of gearing 1z teeth arc considered
the smallest number which may be used in a pinion. The
reason for this is that the roots of the teeth hecome too
thir if a fewer number of tecth are used. It follows, there-
fore, that the teeth of pinions having a small number of
tecth are wealcer than those of gears ; the smaller the pinion,
the weaker the teeth. This is one of the reasons why the
pinions on the countershaft which drive the main wheel
are more apt to break than the gears. T'urthermore, since
they have only a small number of tecth and each tooth re-
ceives more wear than in the gear, they consequently wear
out much sooner. Manv manufacturers at the pfesent time
are changing the size of their gearing in such a way as to
avold using very small pinions,  The result of such eflorts
can not fail 1o increase the strength of the gearing and make
it wear much longer.

The reason that involute gears are preferred for traction
engrine work is because a slight variation in the distance
between the centres of the shafts makes no particular dif-
ference to the correct working of the gears, This is not
true of gears made on any other system.

Systems of Gearing.—There arc two systems of gearing
in commen use; viz., the cycloidal and the involute, and
traction engine gearing is made in both systems. The in-
volute systen1, however, is used more exiensively for rea-
sons ahove stated. ' _

[f a string be wound about a circular post and then un-
wound, holding it taut at the same tine, the end of the
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cord will describe a curve known as the involute, and it is
this curve which forms the faces of gear teeth constructed
on the involute principle.

Traction Engine Driving Gear Train—On a well known
make of traction engine, the driving pinion A has 18 teeth;
the intermediate gear B, 54 teeth; the differential gear C,
72 teeth; the master pinion 1), 12 teeth; and the master
gear or driving gear 7o teeth. The main shaft makes 260
revolutions per minute; how many does the drive wheel
make ?

w

Solution-—égfxr}zg-><260=11-;-- Ans.

The intermediate gear forms with the gears A and C a
simplet train and so does not need to be taken into con-
sideration at all, since it neither increases nor decreases
the speed of B.

The diameter of the road wheel is six feet. I it makes
1T 1/7 revolutions per minute; how fast docs the engine
travel on the road?

Solution.—The circumference of the road wheel is 6%
3.1416—18.8496 feet. Thercfore, every time it turns
around, the engine nioves a distance of 18.8496 feet, or, an
amount just equal to the circumference of the whecl.

[ one minute, therefore, it will move 11 1/718.8490 or
210.04 feet.

In one hour the engine will travel 210.04<60 or 12602.4

feet.
There are 5280 feet in one mile, therefore the engine
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will travel as many miles per hour as 280 is contained
inn 1z602.4 or 2.38 miles per hour.

Road Speed of Traction Engines.—The speed of a trac-
tion engine on the road depends, as shown above, upon
the number of teeth in the gears in the driving train, and
upon the speed of the main shaft.  These gears are so
proportioned in most cases that when the engine is run-
ning' at its normal speed it will drive the whole machine
along the road at a rate of from 214 to 234 miles per hour.

Tror ordinary work, in moving from one piace to another

in threshing, the above speed is sufficient. A road speed
much greater than 24 miles an hour is too much in hauling
one of the large sized separators over rough couniry roads,
because of the racking and twisting which it receives in
passing over obstructions in the road. There is not the
least doubt but that separators have been damaged far
more by hustling on the road than when threshing. Mov-
ing one of the large 44 hy 72 separators is almost like mov-
ing a house, and a heavy shock occasioned by the wheels
falling into a rut or passing over a stone, is sure to twist
the framework and cause the joints to work loose.

Likewise in plowing, a speed of 2 to 214 miles per hour
seems to be sufficient because a much faster rate throws
the furrows badly. Tt is also a fact that the slower road
speed an engine has, with the same speed of main shaft, the
heavier load it can draw, even with the same size of engine
cylinder and the same stcam pressure,

When an engine is used for freighting purposes only, it
is often desirable, in coming back empty, to have an ar-
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rangement whereby the speed may be changed, thus permit-
ting the engine to move slowly when Joaded and fast on the
return trip when there is no load. To accomplish this pur-
pose a double speed gear is provided,

Double Speed Gears—Tig. 114 is an illustration of on.
style of double speed gear, “I'he main spur pinion A s
considerably larger than that used on most engines, cou-
sequently, when it is directly in mesh with the interme-
diate gear I3, the engine moves on the road at a high rate
of speed; but when it is shifted over along the main shaft
until it meshes with C, the speed is reduced. Tirst he-
tween A and C, then between 1D and B, hecause C is larger
than A and B is larger than 1. Gear A is shifted along
the shait by means of a pinion on the end of rod (G, which
meshes with a rack E." This is actuated by means of a
“hand wheel 1, which is located within casy reach of the
engineer at the rear of the engine.

The Intermediate Gear—When an intermediate gear is
used on a plowing or freighting engine it is mounted on a
very heavy stub axle bolted to the side of the boiler. The
object being to give it sufficient bearing surface so that it
will not wear sufficiently in the life of the engine to cause
any difficulty through lost motion and bad alignment,
Many builders are dispensing with an intermediate gear al-
together in their heavy engines, by gearing directly from
the main shaft to the differential gear.  The advantage
claimed for this change, and it seems a reagonable conten-

tion, is that they thus overcome the difficaltios incident to
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the springing of the engine and the throwing of the inter-

mediate gear partly out of line,

100 The Differential Gear, or compensating gear, as it is fre-

Ons; Style of Double Specd Goar. Yig, 115

quently called, is necessary on all traction cngines, auto-
mobiles, or other read cngines, in order to enable it to

turn corners. Whenever a wagon or other vchicle turns
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a corner, the outer wheel must travol a greater distance
than the inner one because it moves on the arc of a larger
circle. Consequently, if hoth wheels revolved at the same
rate of speed, the inner one woulg be obliged to slip. On
aAheavy machine with whecls provided with grouters, this
would throw a heavy load on the engitic and strains on the
wheels and driving gears causing considerable wear and
possible breakage, at the same time making an engine
that would not turn readily and with certainty.  In order
to overcome these objections a differential gear is placed
on the countershaft which enables one wheel to adjust it-
self to the speed of the other under all conditions. The
mecharism of this device is clearly illustrated and described
in Fig. 120, The differential gear consists of the spur
gear K, bevel gears, D and E, and hevel pinions . The
bevel gear 17, and driving pinions I3, are cast n ane piece.
Gear K runs loose on the countershaft and containg hear-
inés in which the axles of pinions I7 revolye,

Bevel gear 12, and spur gear C, are keyed to the counter-
shaft while T runs loocse, Motion 15 lransmitted to the
countershaft through the large gear K. When both road
wheels G and H meet the same resistance the pinions 14, locle
I and To together and the whole gear revolves as a soiid
gear transmitting equal motion to both master gears, [f
gear G, however, were lifted from the ground, thug being
free to turn, it would meet no resistance ; while H, being on
the ground, would mect with considerable resistance.

In this case any motion given to K would cause pinions
I" to revolve and thas drive gear D at double its usual rqte
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of speed, but, since the wheel to which G is secured is fre

to turn, no motion will be given to the engmc,t o
- H were g urn w
If on the other hand gear H were free to

DRING FpIN

——| Ay soor

FLY WHLE]

Lrmmn prze.

d
[ LAYEAMEDATE G440

A

kI TEn CeAm

)

N

,_
[N
[

Diagram of Diffcrential Gear, Fig, 120,

resistance, and the wheel to which G is secured werc on the
ground any motion given to I would again cause pinions
T to revolve and B would be driven at double its usual rate,
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but being loose on the countershaft it can not transmit any
motion to the opposite drive wheel. The result, in this
case, is that it would spin around at double its usual rate
of speed and the engine would stand still as before. If,
however, the right road wheel should meet with slightly
less resistance than the left, as would be the case in turning
to the left, the pinions I¥ would thus emable it to travel
enough faster to compensate for the turn.

One Drive Wheel in the Mud.—It is evident from the
above discussion that if cne drive wheel should come 1o a
soft muddy place in the road where it would meet practi-
cally no resistance, that the cffect of the differential gear
would be to cause it to revolve while the othér one would
stand still.  The result would be that the wheel in the mud
would bury itself deeper the longer it was allowed to run,
and the engine would be stuck worse than before.

Lacking the Differential Gear—1In order to overcome the
above difficulty, and enable the wheel which is on firm
ground to pull the engine out of the mud, a lock pin is
provided which locks the different parts of the differential
gear together and compels both road wheels to move uni-
formly together. The exact location of this locking device
varies in different machines hut can be easily found and
recognized,

Other Differential GGears—In addition to the differential
gear above described having hevel gears and bevel pinions,
there are other types in which spur gears are used through-
out, such as the ones depicted in figures 121 and 12z, but
the resultant action, nevertheless, is just the same as though
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bevel gears were used.  The gear shown in figure 121 has
one notable advantage, which, by the way, is found in other
makes also, and that is that it is cnclosed in a tight case

which prevents sand and dirt from entering and cutting out

Difterential Gear with Spur Pinions and Dust-Proof Case. Fig, 121.

the pinions. Tt is also provided with a locking cam shown
in the figure, wherchy it may be locked through means of
a lever extending back to the rear of the engine,

Reasons for Gears Wearing Out—There are several rea-
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sous why! gears wear out rapidly, narhely bad alignment,

due to faulty work in assembling, bad alignment due to the

springing and twisting of the engine, and sand and dirt

between the teeth. The first cause, it is g pleasure to

Differentinl Gear with Spur Pinions. Tig. 122,

acknowledge, is not a very prevalent one and ig becoming
less every year as the manufacturers take more pains to
improve their methods of work,

' ‘The second cause differs
in degree in different makes an

d in less where especial
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Driving Gear Train, Stecring Gear, Stﬁb Axle, Spring Mitg.
Frame for Countershaft,. Tig, 124,
means are provided to stiffen those parts of the machine
to which the gearing is attached.

The third cause differs greatly in degree also, depending
upen the character of the work being done and the kind of
ground the engine is working over. It is greater where
the ground is dry and sandy than on ground free from grit,

Steering Gears—In the majority of traction engines the
steering gear consists of two chains, fastened to each end
of the front axle, while the other ends are attached to a
winding dram in such a way that when one winds cn the
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other unwinds. This drum is actuated by means of a worm
and worm wheel. The worm wheei is fastened to the end
of the drum and the worm to the end of a long rod which
extends back to the engineet’s platform. The end of this
rod is provided with a hand wheel which enables the engi-
neer to turn it either to the right or to the left.

The chain should be wound on the drum in such a way
that turning the hand wheel to the left turnd the engine
to the left, and vice versa. This type of steering gear is
illustrated in figure 123, On most cengines the steering
wheel is located on the right or band wheel side of the en-
gine where it is convenient for the engineer in lining up
to the separator, Some engines, however, are arrange
with a worm wheel on each end of the chain roller so that
the steering wheel may be easily changed to the opposite
side, where it occupies a more convenient position for
handling the engine in certain kinds of work such as grad-
ing, ditching, etc, :

The chains should he kept moderately tight, otherwise
when one of the wheels meets an obstruction in the road
the engine will he thrown out of its course.  Most young
engineers make the mistake of steering too much, that is,
they whirl the steering wheel around too far to make a
slight turn, and then have to whirl it hack again to get the
engine on its course, while the experienced engincer will
not turn the wheel more than is absolutely necessary. Tt
is much easier to turn the front wheels when the engine is
moving than when standing still.

Another type of steering gear which has heen brought
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out by one of the large manufacturcrs recently is shown in

figire 124. Instead of a drum and chains to throw the
{ront wheels around, a large screw is provided extending

Steering Gear with Serew and Nut, Pig, 124,

crosswise of the frame of the hoiler. This screw engages
with the nut I} which is attached to the reach rod A, ' When
the screw is rotated the nut travels either to the right or
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left, depending upon the dircction of rotation, and the
front wheels arc turned either to the right or to the left.
In this type of steer mg gear the wheels are held more rigicd-
ly ou their course than with the use of chains,

113 Power Steering Gears—Some of the large freighting en-
gines and almost all road roilers are provided with power
steering gears,  These consist of ag arrangement wherehy
power from the main shaft may Be transmitted through
stitable gearing to the stecring mechanism, thereby enab-
ling the engineer to steer (he cngine by simply operating
a lever or hand wheel. A cut and description of one form
of a device of this kind follows. See Fig. 123,

114 A is the gear on the engine shaft, driving 1, an interme-
diate, to which is attached 2 bevel gear C. This in turn
rotates the two hevel gears D, which are provided with
conical sockets into which the double cone slecye I may
be slid.  As the two Dbevel gears 1) revolve in apposite
directions, it is plain that when the conc is pushed into the
one, the motion of the shaft I is just the reverse of what it
would he when the cone is slid into {he other socket, When
the hand wheel O is in the position shown in the eut it ro-
tates the slecve H and that being provided with a helical
slot M iuto which the pin N is fitted, this pin heing fas-
tened to shaft I, it follows that when the sleeve H s turned .
either one way or the other it pashes the shaft 7 cither for- 115 When it is desired to steer by hand the hand wheel O.IS
ward or bacl&ward and with it the double cone sleeve I, released from its position by Lifting the pin J, and then slid-
causing it to engage the hevel gears D, The amount of ing the hand whecl back against the washer L. The hand

movement of the hand wheel () [rom one direction ta the wheel may be released from the sleeve IT and rigidly con-
other is about 45°.

Fig. 125,

Power Stesring Device,

— e S
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nected to the shaft IY. Tt may then be turned backward or
forward to opcrate the steering roll in the usual way by
means of a2 worm on the lower end of rod P.

Cushion Gears.—Where springs are used in the gearing
they are placed in the differential gear. Sce Fig. 126, This
gear is made up of a large spur gear having in the middle

Cushien Spring Gear, TFig, 126,

a casting which contains 3 or 4 bevel pinions. The scction
containing the bevel pinions is provided with lugs A, which
fit in between the sections ‘of the spiral springs, thus the
motion is transmitted from the outside gear B, through

the springs to the inner portion containing the bevel pinions, .

and thence to the countershaft of the engine. With this
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arrangement any swdden starting of the cngine in either
direction, which would naturally come as a shock upon the
gear teeth, will he taken up in the springs. Quite a good
many of the traction engine manufacturers provide their
engines with cushion gears, while others dispense with them
entirely,

Oiling the Gears—As a general principle all gears should
be oiled to prevent them from wearing. Consequently it is
becoming the custom among manufacturers to provide their
heavy engines with an oil reservoir on top of the boiler
having small oil pipes leading to the different gears, thus
providing them with a continuous supply of oil. However,
where the soil is sandy the oil often serves to collect par-
ticles of sund which may defeat the very object for which
oiling is provided. [t is better, therciore, for the engineer
to exercise his judgment and cither use oil or not as the
circumstances seem to warrant.

Drive Wheels.—Almost every manufacturer of traction
engines has a style of drive wheel peculiar to his engine,
which he makes a “talking point” in selling his goods,
Consequently it will be impossible to describe all of them.

Stecl wheels are made with a steel rim and steel spolkes
cast wheels, usually with a chilled cast iron rim, and either
steel or wrought iron spokes. Both types of wheels are
in gencral use, both have given satisfaction, and hoth have
points of merit peculiar to themselves.

The steel tim wheel is much lighter than the cast wheel,
and there is no danger of a erack or break occurring in the
rim, cven with the hardest usage. These wheels combine
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Drive Wheol with Tlat Spolkos.  Fig. 127

great strength and lightness of weight, two desirable fea-
tures in a traction engine wheel

The spokes are somelimes made flat, and upsct at the

outer end, to facilitate riveting to the rim

, and somielimes
made round.

Figure 127 shows the construction of a stec! wheel with
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flat spokes. Particular attenticn is directed to the method
of sccuring and inserting the spolkes,

Another type of stecl wheel is shown in figure 128, hay-
ing round hollow stecl spokes sccured to the rim, and to

Drive Wheel wilth Steel Rim and Round Hollow Steel Spokos,
Fig, 128,

the hub in a rather peculiar manner, which is clearly

brought out in the engraving. ‘

Ieavier wheels made in this style are provided with
two rows of spokes. The grouters on steel wheels are
made of cast iron and riveted to the rim.

Various forms are given to these grouters, and they are
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placed upon the wheel in different ways, some cxtending
straight across, and some diagomally. In many inslances
two rows of grouters, one on each side of the ritn, and
placed diagonally so that opposite pairs form a V, toward
the center of the rim, are riveted in position.  The object
of the grouters of course is to prevent the wheel from
slipping,

A, cast iron drive wheel is made the subject of illustra-
tion in figure 129. This wheel is provided with a cast iron
grouter, cast as a part of the rim, having a peculiar shape
designed for the parpose of making the wheel sclf-clean-
ing in muddy ground, To a certain extent there is 1o
doubt that this abject has been accomplished, but so far as
known no wheel has vet been invented or probably ever
will be, that wiil be sclf-cleaning when the mud is stidf and
sticky.

The principal advantages gained in using cast iren
wheels  are that the rims are stiff and do not spring and
that they do not wear in sharp gravelly soil, especially {f
they are chilled,

The Widih of Drive Wheels varies with the size and
weight of the engine. For engines weighing hetween 1o
and 12 tons the usual width is from 24 to 28 inches. Heavier
engines are provided with standard wheels as much as 30
inches in width, Where these engines are nsed for plow-
ing the wheels are fitted in such a way that an extension
rim can be holted to them, increasing the width from 12 to
15 inches. These extension rims arc usually found neces-
sary in order to keep the engine from settling too deep in
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‘the ground in stubble plowing or in places where the soil

is wet.
Mud Hooks consist usually of large cast-iron spikes

five or six iaches high, which may be bolted to the rims
of the drive wheels. They are used in soft muddy greund
and are supposed to penetrate to the solid ground helow,
wherce they will obtain a secure footing,

Cast Tron Drive Wheel. Tig. 129,

Front TWheels—The only thing necessary to explain
about these wheels is the construction of the rim, which is
provided with a central ridge from one inch to one and
one-half inches high to keep the wheel from slipping side-
wise.

Drive Wheel Axles-—Here again the inventor has given
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us a good many different styles to choose from, all of
which have considerable merit.  Some axles are made
straight and solid, some have the otiter end made of smaller
diameter than the inner, with a square shoulder between
the two parts of different diameter, while others again are
made hollow, and are provided with oil holes opening into
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Hollow Spindle—&tub Axle, Trig, 130,

the interior whereby they may be oiled from the inside
through a pipe extending to the outer end of the axle,

3y glaneing back over the cuts which Mustrate the Jif-
ferent types of mounting, several different styles of axles
will he scen.  They are simple in construction and need no
detailed explanation.

Fig. 730 illustrates a hollow axle which has been used

2832

on onc of the leading styles of traction engines for a good
many years with a great deal of success. [t makes pro-
vision for supplying oil to all parts of the bearing surface
continuously, through a small pipe which leads into the
interior of the spindle.  This matter of oiling the axles is
an.important one in machines as large and heavy as trac-
tion engines, and which are subjeet to such hard usage.

Btubh Axle with Slecve. IMig, 181,
Figs. 131 and 132 represent anothier entirely different type
of axle which is fitted with a sleeve having a collar on the
inner cnd provided with projections, shown at A, in the
figure, which fits inte corresponding notches B, in the
bfucket, thus holding the sleeve in position. A cap fits
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over the end of the axle and is held in place by a pin,
The wheel revolves upon the sleeve while the sleeve
remains stationary upon the axle.  All the wear, therefore,
comes upon the under part of the sleeve. The manufac-
turers claim that when this sleeve becomes worn it may
be taken out and turned haif way around and becomes just

Fig, 132,

as good as new. At any rate, when too much lost motion
occurs at this point, it is easy to make repairs by taking out
the oid sleeve and puiting a new one in its place,

Still another type of driving wheel axle is represented
in the following illustration, [ig. 133. Like the onc illus-
trated in Fig. 130, it is also made hollow but differs con-
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siderably in the way it is attached to thc main bracket. A
large tapered portion fits into an accurately bored hole in
the bracket and is held in place by a number of stud bolts
which pass through flange A and draw the axle and casting

B tightly together,

In all engines having stub axles the axle remains sta-
tionary while the wheel revolves, but in rear mounted en-
gines it is the general custom to mount the axfe in a long

Another Type of B3tub Axle. Fig, 133,

bearing.,  One drive wheel is sceured to the axle, while
the other is allowed to rim free on the axle. When it is
desired to lock both wheels in case one sinks into a soft
spot in the road, provision is made to securc the free wheel
to its axle by means of a pin instead of locking the differ-
ential gear,

The Main Shaft is made of machinery steel, that is, a low

~carbon steel. It is neither as soft as boiler plate nor as

285




139

140

I41

P

hard as tool stecl. Where an extra good quality of steel
is demanded, cold roiled steel shafting is frequently speci-
fled.  This is harder and much stiffer than ordinary ma-
chinery steel, and is hetter adapted to hard service.

The speed of the main shaft varies slightly, depending
upen the size of the fly wheel, ranging from 230 to 250
revolutions per minutes.

The Counter Shafi—Tn past years it has been customary
Lo make the countershaft about the same size or perhaps
1-16 of an inch greater in diameter than the main shaft,
and for ordinary work this has heen sufficient,

Tror heavy road work, however, it is ohvious that this is
a mistake,
shaft runs only at about onc-quarter of the speed of the
main shaft. When the engine is hauling all it js able, all
of the twisting cffort of the fast runving main vhaft is trans-
mitted to the commntershaft, which, running at a much slower
rate, must, consequently, be subjected to a much greater

Owing to the design of the gearing the counier-

twisting stress.

For this reason the countershaft should he much larger
in diameter than the main shaft. The arca of the end of
the shait should, in other words, be about as much greater
than that of the main shaft as its speed is less, in order to
carry the same load,

The I'ront Axle—The usual method of constructing the
front axle is to enclose a steel shaft in a heavy casting at
the central part to carry the turn table for the bracket and
kuuckle joint supporting the boiler, and then reinforce the
whele axle with truss rods underneath. This makes a
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strong serviceable structurc. A brace extends from the
lower central part of the axle to some convenient point on
the boiler to hold it in position.

The Knuckle Joint is formed in a varicty of ways; some-
times with a turn table bracket sccured to the boiler, rest-
ing on balls in a similar turn table on the axle, to which it
is secured by means of a king bolt; and sometimes by a sim-
ple ball and socket joint also held together with a king bolt.

Friction Clutches—All single cylinder traction engines
and a considerable number of double cylinder engines are
provided with some sort of a friction clutch, The object of
a friction clutch is to enable the engineer to connect the main
shaft to the driving gears at will, and so move the whole
machine on the road, or stop it, without stopping the mo-
tion of the engine itself,

In gencral, a friction cluteh consists of a sliding sleeve
mounted on the hub of the driving pinion and secured
thereto by means of a feather key., This sleeve carries two
or more jointed arms which are provided with wood shoes
on their outer ends, When the sliding sleeve is pressed
over toward the fly whecl the arms straighten and press
the shoes firmly against the inside of the rim of the fly
wheel, The friction at this point prevents the shoes from
slipping and so they, together with the arms and sliding
slecve, revolve with the fly wheel.

Sinee this slecve is attached by means of a key to the
driving pinion it must also revolve with the main shaft.
Consequently the driving gears are put in motion and the
drive whecls move the whole machine either backwards of
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i
forwards, depending upon which way the reverse lever is
thrown, The driving pinion is not keyed to the main shaft,
and can only be made to revolve with it through the fric-
tion clutch and fly wheel, or by means of a lock pin which
locks the arms of the friction clutch to the fly wheel. Run-
ning in this way is somctimes spoken of as running with
a “s#Hff gear.

Discussion of Friction Clutches—A  friction clutch is
very desirable on all single eylinder engings, as it gives
the engincer instant control over the road movement of
his engine ‘and cnables him to back into the helt, when
belting to the separator.

There seems to be room vet for improvement in a good
many clutches, judging from the way they sometimes act.
A good clutch will engage with the fly wheel readily, and
what is of much more consequence, will let go just as soon
as it is released. )

Here is where the difficulty arises. They do not always
let go when thrown out. This failure has been responsible
for accident and even death to a great many men,

The reasons, apparently, that a clutch sometimes fails to
release, may be due to a faulty adjustment of the shocs or
to centrifugal action. The rather heavy clutch shoes re-
volving at the same speed as the fly wheel have a tendency,
due to this motion, to fly out against the rim of the fly
wheel.  Ti the clatch lever does not pull these shoes entircly
free and lock ‘the clutch to the driving pinion, the cen-
trifugal action wiil hold them engaged and the enginc will
not stop.
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Some are pro-

Clutches are built in a varicty of ways. 7
Figs. 134 and

vided with two shoes and some with three.
135 show to rather common styles, and Fig. 136, a cluich

Tig, 134,

Friction Cluteh with Two Shoes,

in which a comnter balance is provided with the object of
overcoming centrifngal action.

Putting
in two ways, depending upon the design of the engine.
One way is to use a friction clutch just as in simple or tan-
dem compound engines, and anotlier 15 to secure the driv-
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ing pinion to the main shaft by means of a pin.  Both
methods are satisfactory and hoth are in use at the present
time. Those whe adherc to the clutch method claim it is
better not to have a perfectly rigid conncetion between the
engine and drive wheels, claiming safety on the arounds

Friction Clutch with Three Shoes. Fig. 1335,

that under very heavy stress the cluteh will slip and pre-
vent breakage. They furthermore claim that the clutch
gives better control of the engine since it may be engaged
or disengaged while the machinery is running, thus throw-
ing the traction in or out as the occasion demands.

‘The adherents of the other idea claim that a clutch only
adds more parts which arc apt to get out of order, with-
out introducing any positive advantages. Their claim is
based on the fact that a double engine may he started or
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7
i o FTq whee

Tig, 136,

Counterbalanced Triction Clutch.

stopped slowly while pulling a heavy load without danger
of gelting on dead centre. Then, when the maching is in
position, the engine may be stopped and the pin quickly
discngaged, thus putting the engine in order for running in
the belt. The necessity for a clutch is not so great on a
double enginc because it may be moved as much or as little
as desired and as fast or as slowly as desired by the proper
use of the throttle.

The two following illustrations, Figs. 137 and 138, rep-
resent two kinds of clutches used on double engines. Fig.
137 shows a friction clutch mounted on the opposite end
of the main shaft from the fly wheel. Fig, 138 represents
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_spring when in position for driving.

a pin cluteh.  The pin is held normally in place by a spiral
A lever handle on
the outer end of the pin slides over a a spiral cam and with-
draws the pin from the driving pinion and at the same time
compresses the spring,

Method. of Adjusting Clutch Shoes—Perhaps the sim-
plest method is to turn the adjusting nugs back until, when

Cur Style of Wriction Clulch Used on Double Engine, Fig. 137.

the cluteh lever is in position to engage the shoes, they do
not touch the wheel. Then with the cluteh lever stitl in,
set cach shoe out until it just touches the wheel. Now turn
each adjusting nut the same distance, and set the shoes out
as far as desired. They will hoth bear cvenly on the wheel
if the work is done carefully and be in less danger of cither
slipping or sticking than if they bore against the wheel
unegually.

Winding Drums—Quite a good many traction engrines,

i
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»

Fin Cluteh Used on Double Bngine.

Driving Prriveg

g, 138,

especially the large sized ones which are used for freight--
ing purposcs, are equipped with what is called a winding:
or hauling drun attachment. Engines so cquipped can bhe
uscd as hoisting cugines or for any purpose where it is de-
sirabie to use a long cable for hauling, the engine, of course,

remaining stationary. _

Winding drums. are made in a varicty of styles, some
with the axlg horizontal, and others with the axle vertical.
Figures 139 and 140 represent a hauling attachment used
by one of the prominent traction engine companies of this
country.

In this case two drums are provided, mounted upon an
axis und driven through suitable gearing from the engine
countershaft.  When used simply for hauling or hoisting
purposes the driving pinfon is slipped out of mesh with
the master whecl and locked in this position. At the same
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Perspective of Winding Lrom Attachment Shown in Wiz, 189,

Lrig, 14 !

time the gear which drives the winding drum is made to
engage with the driving drom gear.  When the winding
drum is ased to help pull the engine out of the mud, as
it sometimes is, the cable is run out and anchored to sotme
sceure support aliead of the engine.  The driving pinion
is made to mesh with the master wheel, and thus both the
driim and driving gears work together to pull the engine
out on solid grouwd.

The notes accompanying the sectional drawing, Fig. 1373,
shonld make the construction of this attachment plain with-

out furthier explanation,
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Draw Bars—Iivery traction engine must be provided
with a framework attached either to the boiler, or to the
rear axle or both, to provide an attachment for coupling
up to the tender, separator, or whatever the operater wishes
to hiteh to.  This Tramework is usually made of flat bars of
wrought iron or steel holted to the sides of the firebox in
engines designed for heavy work, These draw bars are

Draw Bar. g, 141.

made extra heavy, and long cnough to reach the entire
length of the firchox. The bar to which the object to be
hauled is attached is, in the majotity of instances, provided
with a hicavy compression spring to relidve the cngine from
sudden shock ot jar.  These draw bars are made in quite
a variety of styles, depending upon whether the engine is
used for threshing, plowing or freighting.  Fig. 141 rep-

resents the cssential features of draw  Dbar construction. %
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Automatie Coupler. Rig, 142,

Draw bars not only scrve as 2 means of connection hetween
the engine and the chject hauled, but also act as a support
for the engincer’s platform and perhaps the water tank.
Automatic Couplers—Quite a number of manufacturers
provide their engines with automatic couplers which enable
them to hitch to the separator or other object without the
usc of the cumbersome link and pin. These couplers act
on the same general principle as car couplers and are easier

" to handle, quicker, and cause less danger to the operator

than the old pin couplers. There are several forms of au-
tomatic couplers on the market which are made to attach
to any engine and which are guite moderate in price.  See
g, 142,

QUESTIONS.

= 1. Name the different types of mounting.

42. Name the advantages gained in using the boiler as
frame work.

2 3. Mention the advantages gained in using an inde-
pendent frame work for the boiler and engine.
4. Lxplain what is meant by the term spring mount-
ing.
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5. Explain the influence of the distribution of weight
on the pulling power of an engine.

6. Describe two styles of rear mounting,

7. Explain what is meant by stub axle mounting,

8. Describe one ‘style of stub axle mounting with
springs. ‘

9. Explain two different styles of independent frame
work.

£.70.  What is meant by (a) a simple train of gears, and

(b) a compound train of gears.
;11 State a rule for finding the spced of the last gear
in a simple train of gears.

Li2. State a rule for figuring the speed of the last gear

in a compound train of gears.
13. Knowing the speed of the worm, and the number

of teeth in the worm wheel, how do you figure the speed of

the worm wheel?
&-14. Explain how to find the road speed of an engine
when the number of tecth in each of the driving gears is
known and the speed of the engine.
£ 15. Explain the action of the differential.gcar. '

16,  Should driving gears be oiled ?

17. Deseribe one style of cushion gear.

18. Describe two types of driving wheels.

19. Describe three styles of driving wheel axles,

Show how metion is transmitted from the engine

to thc driving gears.

— 2I. Describe a method for adjusting friction clutch

shoes,
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7. After writing your answers neatly fold the
sheets and enclose in an envelope to us, writing your
name and address in the upper left hand corner of
the envelope, '
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GLARKE SCHOOL OF TRACTION ENGINEERING

{BY CORRESPONDENCE)
MADISON WISCONSIN

Copyright, 1907, by
PHILIP 8. ROSE
CLARKE 3CHOOL OF TRACTION ENGINEERING
' All Rights Reserved.

LESSON VIL

MANAGING A TRACTION ENGINE.

_ ‘Tc_zking out a New Engine. All boilers and engines are
put in proper shape, steamed up, and tested before leaving
, t¥1e factory and all necessary adjustments are made at this
 time before they are approved by the company'’s expert;'
"A-t:ter having been tested thoroughly they are Iprepared for
"shipment. All of the brasses are removed, together with
the pumps and injectors and other parts which might be

accompanied with an invoice sheet which shows ali the tools .
and fittings which should accompany the machine. When.
-the engine arrives at its destination and it has been un-
“loaded apd settled for, the purchaser should go over this list
‘carefully with the company’s expert and check every article
If anything is missing the fact should be reported to thc;
. company’s nearest hranch house at once in accordance with -
- the regulations which are perscribed in such cases. The
comipany always stands ready to make good any loss or
breakage during shipmerit, provided the fact is made known
.to them at once and in proper form.
Unloading an Engine from the Cars. The company usu-
ally sends out an expert from their nearest branch hour
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to take charge of unloading the rig from the cars and put-
ting it in proper running order. This is generally to the ad-
rantage of the purchaser, as the expert will he familiar with
the best ways and means of unloading and can comnplete the
work with the least waste of time.  He is also familiar with
all parts and knows exactly how to examine the engine for
breakages due (o faulty handling i transit, The expert,
moreover, who is usually a competent man, can give the
purchaser information at this time in regard to the proper
handling of the machine and also make him acouainted
with all of its parts and featurcs of construction which neet!
especial care.  Turthermore, the purchaser is relieved of
the responsibility of putting the machine in proper running
order.

In wnloading one of the large sized engines it is neces-
sary, unless the car happens to be at a station where pro-
vision has been made for this sort of business, to build a
Sstrong substantial platform extending from the level of the
car down to the ground.  This platform should be made of
heavy timbers, and supported at intervals by proper sup-
ports, so that there will he ne danger of its either hrealk.
ing down or falling down under the weight of the engine.
Sometimes at out of the way stations a pile of railroad tics
are piled up at the cnd of the car and the engine run down
over them.  Such a platform is not very safe and should not
be used unless nothing else can be found. Defore moving
the engine, the car hrake shouid be set to prevent it from
moving when the engine starts down the platform,

Sometimes the engine is unloaded by hand, and sore-
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times steamed up and run off the car with its own power.
When the task is performed by hand the friction clutch is
thrown in and 2 rope wound around the fly wheel. Three
or four men pulling on this rope can move the engine in
this way, and with another man at the steering wheel the
job can be accomplished in a satisfactory manner, If the
engine is not supplicd with a brake the cylinder cocks may
be closed and the compression of air in the cylinder made
use of to prevent the engine from running too fast down the
incline. It is more satisiactory in most cases to steam the
engine up and run it off with its own power. This gives
the engineer perfect control of the engine.  If it starts.to
run of its own weight he can stop hy reversing the engine
and thus go as slow or as fast as he chooses. It is quite
customary to unlead engines in this way and at the same
time unload the separator by hitching it behind the engine.
In fact, where the whole rig is sent out loaded on the same
car, it is customary to load them in such a way that they
may be unloaded in this manner.

Precautions with o New FEngine. Most engines and
separators have to be shipped by rail a considerable distance .
before thev reach their destination. They are loaded upon
open flat cars where they are exposed to dust and the cinders
from the locomotive. These cinders ledge in every avail-
able place about the engine and separator, and unless pre-
cautions have been taken at the factory, some of them are
very apt to find their way into the bearings. If this hap-
pen's to be the case, and care has not heen taken to clean
the bearings thoroughly when the machinery is first taken
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out, there is sure to be trouble with hot boxes. Tl scems
advisable, therefore, in taking out a machine that has made
a long journey by rail, to examine all the hearings care-
fully before starting, to make certain that no cinders or dirg
has lodged in the oil pockets or any place where they can
get into the bearings.  Proper care in this matter will
prevent a great deal of trouble with hot boxes on new ma-
chines,

Filling the Beiler. Traction engine boilers are usually
provided with a filling plug on the top of the bailer, which

may be unscrewcd, and the opening fitted with a funnel

throtigh which water may he introduced into the hoiler,
If a filling plug is not provided, the whistle or pop valve
may he unscrewed and the hoiler filled at this point. A
tank pump, which is a part of the proper equipment of
the water tank, is used for pumping the water into the

boiler. When about two inches show in the glass, examina-

tion should be made to find out how much water there is
above the crown sheet or above the top row of flues. This
will test the location of the glass. The engincer will thus
be certain when he sees an inch of water in the glass just
how much water there is above the crown sheet. The posi-
tion of the gage cocks with refercnce to the water level
can be ascertained at the same time. If both of these tests
are made the engineer will know with absolute certainty
exactly where the danger level of the water is with refer-
ence to both the gage glass and the gage cocks.

Raising Steam after the Botler has been Filled. The fires
should be started and steam raised slowly. While the pres-
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sure is coming up the engineer should examine all’ pipe
connections and observe if any leaks appear at the hand
holes or any other place. If a leak is discovered, the tight-
ening vp of a nut or a packing gland, will usually stop the
leak and put the engine in proper shape for running. The
same precaution should he taken when steam is first turned
into the cylinder to note whether the steam chest covers,
cylinder head, and all other parts having a packed joint
are screwed up tightly and do not feak. Tf all these pre-
cautions arc taken there is not very much danger of packing
blowing out at any of the joints after the engine has started
to work.

Steam Pressure.  After the stcami pressure has risen to
50 or 6¢ pounds it is advisable to try the safety valve and
make sure that it is working, Then try the pump and
injector, or both of them, to make sure that they are in per-
fect working order, and that the check valve on the de-
livery pipe is working. The action of the latter can be
determined by listening to it. If it is working all right
a sharp clicking noise will be heard whencver the pump
makes a stroke. The gage cocks and gage glass cacks
should also be tested to make sure that they are in good
working order.

The pressure which the boiler should carry is usually
specified in the builder’s catalogues and if the pop valve docs
not act when the pressure fises to the proper point it is
pretty good evidence that the steam gage is out of order
or that the pop valve is not properly adjusted. The latter
difficulty, however, is one that is rarely met with, and the,
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difficulty will most likely he found in the steam gage. In
either event, if is the engineer’s duty to locate the trouble
and remedy it without delay.

The steam pressure should be maintained as near con-
stant as possible and just a little below the point at which
the pop valve is set.  To do this, requires good firing, and
a proper manipulation of the dampers. Tt is necessary
to maintain a constant steam pressure in order to have a
steady source of power with which to keep the engine
running at a uniform rate of speed. I the pressurc varies
a considerable amount, the speed of the engine will also
vary to some extent, in spite of the fact that it is equipped
with a governor which is designed to maintain the speed
at a constant value. A change in the pressure of the steam
means also a change in the temperature of the boiler. If
the temperature of the boiler fluctuates widely, and re-
peatedly, it has a deteriorating effect upon the metal. It is
a well known fact that sudden changes of temperature has
a tendency to crystallize hoth iron and steel and thus weaken
them. Tfor these rcasons, therciore, the steam pressure
should be kept as nearly uniform as possible,

Methods of Regulating the Steam Pressure. In firing with
straw there is usually very little danger of having trouble
with the steam pressure rising too high. If there is, a littie
slower firing, or the shutting of the draft doors will remedy
the difficulty. In firing with coal, however, it frequently
happens that the heat in the fire box will hecome very
intense with a heavy fire. If the engine is not running with
a full load the steam pressure will rise and the pop valve
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will be blowing off at very frequent intervals, The same
thing will happen also when the engine is stopped. The
Lest way to reduce the pressure is to close the draft doors
and start either the pump or the injector. The pumping
of cold water into the boiler will reduce the pressure therein
sufficiently to keep the pop valve from blowing off.  Somce-
times the fire door may be opened a small amount to keep
the steam pressure from rising.  This admits cold air over
the fire and tends to deaden it. If the door is not opened
wide, and the engine is not running, this method is not very
objectionable, but it should never be done when the engine
75 runuing because the dralt in the smoke stack, duc to the
exhaust, will draw cold air rapidly through the flues and
¢hill them, thus causing them to lcak. The flues heing com-
paratively thin are quickly heated or quickly cooled and
so expand or contract and work loocse in the {lue shects
and leak unless care is taken to prevent sudden large changes
in temperature. '

Fow Water, Water should never be allowed to get so
low in the boiler that it cannot be seen plainly in the glass
or so low that the crown sheet will become uncovered.
However, it sometimes happens that an accident will happen
to the tank man, preventing him from getting back to the
engine, when he is expected.  The engincer, expecting him
every moment, may run until the watcr becomes danger-
ously low. In this case, if he is very sure that the water
has not dropped below the crown sheet, he should keep
on running, beeause the agitation of the water when the
engine is in motion, keeps it moving over the heated sur-
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faces and there is not as much danger as if ke stopped en-
tirely, If the tank man is not in sight by this time the
proper thing to do is to deaden the fire by throwing on
dirt or wet ashes. Drawing the fire when the water gets
low is net a good plan, because, doing so, will increase the
temperature in the fire box momentarily; and may cause dis-
aster to the boiler.  Never throw water on a fire in the fire
box to deaden the fire.

The Duty of the Fireman in the morning.  The fireman

is the first man at the engine in the morning and it is his
duty to get up steam and have the engine in readiness to
start at the appointed time. On coming to the engine he
should first open the gage cocks on thé gage glass and
make sure how much water there is in the boiler. He should
also try the gage cocks to sce that they correspond with the
olass. He should then rake out the ashes from the fire
box and clean the flues. The next thing to do is to start
the fire and get up steam. If there is enough water in the
hoiler, and there should he if it has been left in proper
shape the night before, he should open the bottom blow
off valve and drain some of the water out of the hoiler. The
object of doing this is to clean out whatever mud and sedi-
ment may have settled during the night, When letting
water out of the boiler the fireman sheould stay by the
blow off valve and be absolutely certain that it is not draw-
ing off too much water and thus allow the water level
to fall too low in the hoiler,

Cleaning Flues. The flues should he cleaned with a good
flue cleaner that will scrape all the soot out of the inside
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of the llucs. Soot is 2 very good insulator an:d if not cleaned
out frequently, will make firing very difficult, and make it
almaost impossible to keep up stcam. In a recently con-
ducted test on a hoiler in which the {lues had not been

Flue Scraper. Tig. 143,

cleaned for three days, it took almost three hours to get
up steam, with coal for fucl. After cleaning the iluecs
steawn was raised in less than one hour, The flues should
always be cleancd before the fire is built in the morning, and

Irlne Scrapar.  Itig. 144,

again at noon if they are at all dirty.

15 Figures 143 and 144 represent two different styles of
flue cleaners ; both of which will do satisfactory work when
new.  After using for some time, the wires in figure 144 be-
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come worn and the brush is uscless.  lfor genmeral pur-
poses, therefore, the one shown in figure 143 is preferable.
Tt is constructed in such a way that screwing in the rod
will extend the jaws and thus make provision for any wear
that may occur. When the {flanges which rub against the
inside of the {luc are worn off, the cleaner is worthless
and a new onc must be purchased. Tt dees not pay to usc
a worn out flue cleancr.

Duty of ithe Fireman at Night. When the cengine is
shut down at night the water should be pumped up so there
are 4 or 5 inches in the glass. This will reduce the hoiler
pressure and even if there is considerable fire in the fire
hox there is no danger of the water getting low before
morning.

[f the weather is cold, or, if the engine is in a section
of the country where frost occurs, all connections in which
water may have accumulated should be drained in order to
prevent damage to the pipes or valves on account of frost,
If the fireman or enginect will adopt a system in draming
connections, there will be no danger of forgetting any part.
A good plan to follow is to start with the gage glass. After
water has been pumped up to the proper height in the
hoiler, close hoth the upper and lower valves and open the
drain cock at the hottom of the glass. Then drain the pumps
and cylinders hoth at the steam end and at the water end.
If a lubticator is used, this is the next point to look after.
Then go around the hoiler and drain the feed pipe, close
the shut off valve on the delivery pipe where it enters the
hoiler, drain the check valve in the delivery pipe, and then
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open the drain cock in the steam chest. The next thing to
attend to is to close the globe valve in the main steam pipe.
that is, if there is one, and then drain the throttle vaive.
The cylinder cocks, of course, are always opened when the
engine is stopped. If all of these things arc attended to
every night, whether the weather is cold or not, there wili
be no danger of forgetting, or what is worse of having
to say the next morning “T dict not think it was going (o
frecze.” '

After the engine is drained, it is a good plan, if coal is
being used for fucl, to bank the fire. [{ this is done the
steam can be gotten up in a much shorter time next morn-
ing.

Managing the Fire. The subject of firing has heen is-
cussed in a previous lesson and little need be added in
regard to the methods of firing. A few precautions may he
mentioned, however, that should always be observed in
handling the fires. I'or example, when using a kind of fuel
which throws sparles badly, like certain kinds of wood such
as old rails, care should be taken to keep the spark arrester
in good order and in its proper position. When ashes are
raked out of the fire box they should always he wet down
thoroughly to make absolutely certain that there is no dan-
ger from fire. This is especially true where straw is uscd for
fuel.  The half burned chaff and clinker from a straw fire

-will retain heat for several days and is quite difficult to

aquench unless spreacd out thin and soaked with water.
Cleaning the Five. This is necessary in using any kind of
fuel, but more ¢specially in using ecither coal or straw. The

309




21

' CLARKE SCHOOQL OF TRACTION ENGINEERING.

ashes and clinker which form in the hottom of the fire clogs
the grates, and unless cleaned at frequent intervals air can-
not reach the fuel and the fire will be poor. [t is necessary
thercfore, every two ar three hours, or sometimes more fre-
quently, depending upon the character of the fuel, to clean
tlie grates. This should be done when the engine is stopped
and should be done as guickly as possible to prevent the fire
from dying down and thus reducing the boiler pressure.

- Qi

Plugs for Bursted Boiler Tube. Fig, 145,

The proper method to pursue is to first clean one side by
raking the fire up from the grates with the fire hool, pulling
out the clinker on cne side first, and then clean the oppo-
site side. This work never should be done while the engine
is working.

A Burst RBotler Fiue. (Occasionally a boiler flue will crack
and water will spurt out of the beiler and guench the fires,
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Where this occurs in the field and there is not time to put
in a new flue, repairs can be easily and guite quickly made
by driving a pine plug in each end of the hroken flue and
bolting the two together as shown in figure 145. In fact,
it is a good plan to always keep a couple of these plugs in
the tool box to be ready for just this emergency.

The Tool Rox Equipment. The tools which are furnished
with an engine consists of the following: A flue cleaner,
poker, oil cans, monkey wrench, and & number of other
open wrenches,  In addition to these the engineer should
provide himself with a good machinist’s hammer weighing
about 114 pounds, a comhination wrench which can be used
on either pipes or nuts, a flue beading tool, a calking tool, a
cold chisel, cape chisel, some {iles, and a number of punches
of various sizes. He should also bave a couple of good
sctew drivers, one large, the other small, a pair of plyers,
wire cutting pliers 7 or & inches long are best—and a set of
packing hooks. A man who works around engines for any
length of time usnally provides himself with a kit of tools
which include all of those above mentioned and perhaps a
oood many more. The outfit herein described will be found
adequate for nearly all the work that is necessary to do
about a traction engine, and is recommended to the young
engineer [irst starting out.

Lxtras Which Shouwld Be Carried In The Tool Box. In
addition to the usual complement of tools which have just
been described, a number of extras should be carried with
which ordinary répairs can be made 1 the field. “The list
of extras which should be carried depends largely upon
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the distance from the nearest town. There are some, how-
ever, that should always be carried along no matter how
quickly repairs can be gotten. The following list may he
taken as a guide in making out the list of supplies that
should be ordered in starting out at the beginning of the
season: A roll of rubber packing about one-sixteenth of an
inch thick, to be used to pack the steam chest cover and

hand hole plates, a hall of candle wick packing for valve .

stems, a bundle of cotion waste, two or three extra water
gage glasses together with gaskets for the same, several
gaskets for packing the water end of the punp plunger,
a can of hard oil, a pound of ring packing for the piston
rod, a few strips of lace lcather for both the governor helt
and the main belt, and fifteen or twenty pounds of habbitt.
To this list add a good supply of cylinder oil, and perhaps
an extra steam gage. The list may be added to as occasion
Jdemands, but at least those articles specified above should
be found in every well equipped tocl hox.

Cotton Waste. A bundle of cotton waste costing from 7
to 10 cents per pound is a necessary part of every tool hox
cquipment. DBy its aid the engineer can keep his engine
locking well, and not only that, but he will, as he gocs over
the machine every day, find those places that need adjust-
ment. Wiping an cngine and keeping it looking neat is a
good thing in itsclf because any machine that is kept in

good shape lasts longer. Dut, better than this, it is the

surest means of inspection. 1f the engine is wiped clean
every day very few things can start to go wrong without
the engineer’s finding it out. ITurthermore, and not least
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by any means, a clean engine is a good advertisement for an
engineer. [t shows that Le is careful, conscientious, and
indastrious, and that he takes a pride in his work,

The Use of the Monkey Wrench. The stationary jaw of a
monkey wreneh is weaker than the movable one, hecause

§
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the latter has a long bearing surface while the former has
only the metal just back of the head to support it. A
wrench is weaker hetween the two heads than anywhere else.
In using a wrench, therefore, it should be turned in such
a way as to bring the leverage on the long jaw. DBoth the
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right way and the wrong way to use a wrench are illustrated
in fig. 146, When the wrench is drawn down upon the nut
as shown in & the jaws bear at C and at D thus putting the
fonger leverage upon the movable jaw, and the short lever-
age on the fixed jaw as it should.  In e the long leverage
comes upon the fixed jaw and the short one on the movable
jaw which is wrong., When used in this way the wrench has
a tendency to hend at T2, its weakest point.

The monkey wrench is one of the most useful tools in
the tool hox, but, nevertheless, it gels a great many young
enginecrs into trouble. It should be used only when neces-
sary. Many men try tightening the nuts on all of the boxes
just as soon as they hear a pound or knock, This is wrong.
The thing to do is first to locate the knock definitely hefore
trying to curc it. When the trouble is found, then use the
monkey wrench, but do not use if to experiment with in
the hopes that you will stumble upon the right place,

Eungine Cabs. Quite a good many traction engines are
now equipped with cither cabs or canopy tops. Ior ordi-
nary threshing, when the weather is not too cold, a canopy
top is sufficient protection for the engincer, while at the

same time it affords some protection to the engine from both

the sun and the rain. ~Where an engine is used in the win-
ter time for sawing wood or shelling corn, a cab with side
curtains is almost a necessity, It not only protects the en-
gincer and adds to his comlott, but often prevents the steam
gage and lubricator from freezing and reduces the loss
through radiation. The only objection to its use is that if
the engine goes through a bridge, or meéts with a scrious
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aceident of a somewhat similar nature, the cugineer has

less chance of escape than 1f the platform were open.  Acci-

dents of this nature, however, are comparatively rare, and
if the cngine is to Dbeused late in the fall or in very
cold weather it is very much hetter to provide it with a cab
or with a canopy top having.si(lc curtains, which can be
{astened down at the side. '

DBotler Testing. There are two methods of testing a
boiler, namely ; the hanmimer test and the hydrostatic or cold
water test.  Both methods are used by hoiler inspectors,
Either, in the hands of a competent man, is fairly satis-
factory. In addition fo the test the inspector takes account
of the age of the boiler, the kind of care it has received, a:
near as he can ascertain it, and the general appearance of
those portions which have been exposed to the fire. Doiler
testing, however, is not & very cxact thing and depends
fer its reliability upon the previous training and the good
judgment of the inspector.

The Hammer Test consists in going over every |11ate'and
rivet in the boiler and tapping it with the ball penc
of a light hannver. If a traction engine is tested in this way
the boiler jacket must be removed, consequently this test
is seldom applied to traction engine hoilers, but is almost
always applied to stationary boilers.  In malking this test the
ingpector depends upon his car, and upon the action of the
metal wder the hammer. The sharp ringing sound of a
perfect plate is quite different from one that is cracked or
pitted.  1f the plate is dented, it is evidence that it is thin
at that place. All suspected weak plates, including loosc

L)
=




30

3I

CLARKE SCHOOL OF TRACTION ENGINEERING.

rivets are marked with a picce af chalk and orders given
for their repairs, Where a thin plate is suspected the
inspector drills through at that point to determine the exact
thickness of the metal. Tf it is found all right he runs a
tap through and screws in a plug, if thio, the whole plate
i¢ condemned and must be taken cut and a new oune put in
its place. In the hands of a competent man the hammer
test is a good means for determining the strength of the
hoiler.

The Hydrostatic Test. This is the test applied to most
hoilers to determine their strength, or the stcam pressure
they shouid he allowed to carry. In making the test, a
reliable steam gage must be used. The boiler is first filled
with water and then pressure is applied by a small hand
force pump, care being taken to first open the pop valve
so that no air may be compressed in the dome or upper part
of the hoiler. The pressure is then applied until the gage
registers 50% more than the steam pressurc the boiler is
expected to carry. - For example:—If the steam pressure
is to be 100 pounds, the test should be carried to 50 pounds
cold water pressure. During the test the inspecter watches
the gage, and if any sudden drop in pressure occurs it is
evidence that a stay bolt or brace has given way. He also
looks for leaks and for bulging of the hoiler plates. If
any weak plates arc {found they are marked and the inspector
gives the necessary orders for repairs, at the same time he
specifies the steam pressure which the boiler is permitted
to carry.

Testing The Boiler By the Expansion of Water. Where a
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force pump is not at hand the beiler may be given a water
pressure test by taking advantage of the fact that water
expands uander the influence of heat.

In making this test the boiler is pumped full of water by
means of the tank pump, taking care that no air is trapped
in the stcam dome. When the hoiler is completely filled,
a fire is built in the fire box. "The heat causes the water to
expand and put a pressure on the walls of the hoiler. The
same obscrvations should be taken as during the pump
test. If the boiler is completely filled with water, the pres-
sture may be raised to almost any desired amount before the
water reaches the boiling point, There is no danger of a
boiler explosion in making the water test in cither way,
hecanse water has no expansive force unless heated above
the hoiling point. Iiven if the boiler should burst, due to
water pressure, it would simply crack open and allow the
water to escape. However, 1f a considerable quantity of air
were trapped in the upper portion of the hoiler and then
compressed, there might be, if the bhoiler should burst, a
slight cxplosion, hence the necessity of gelting rid of the air.

Objections to the Cold Water Test. Many engineers oh-
ject to the cold water test on the grounds that it strains the
boiler much more than sieam, because the water pressure
is carried so much higher than the steam pressure, and
also because the metal is not quite so strong when cold
as when warm. It is also claimed that a boiler may be
injured during the test without the inspector knowing it.
Like many other arguments there seems to be no clearly
proven facts at hand by which to decide the case. The
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objectors to the tlests above described are not yet able to
offer apvthing better amd until they are able to do so, the
cold watér test will doubtless continue to he the standard
method of testing,

Boiler Eaplosions, Whenever a boiler explodes it is due
in most cases to the carelessness or the ignorance of either
the man in attendance or of the hoiler inspector. A hoiler
will explode when the internal pressure is greater than the
strength of the metal in the boiler walls.  This may come
about through any of the fellowing causes: First, poor ma-
terial in the boiler ; second, bad workmanship in building the
boiler; third, a very high steam pressure, due to a faulty
pop valve or a faulty stcam gage; fourth, allowing water
to get too low; fifth, a heavy coat of scale on those places
exposed to the action of the fire, which allows them to he-
come burned ; sixth, carrying a higher stecam pressure on an
old hailer than it is capable of bearing. With the excep-
tion of the first fwo items all hoiler explostons are, as stated
before, due to either the ienorance or the carclessness of
the man in charge. Tt is advisable in the case of old boilers
ta determine how much pressure they are able to stand by
somme micthod of testing, and then take care not to exceed
that pressure.  There are some men whao hoast that they
are not afraid to run an old condemned boiler, but when they
de so, they are simply advertising one of two things; eitlier
that they have no knowledge of the cnergy of steam, or
else, that they have no common scense and do not know
cnough 1o he afraid.  Since there scems to be'considerahle

ignorance regarding the amount of energy in steam it may
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not be out of place to present a few facts in this connection.

The FEnergy of Steamn. ‘There is an enormous amount of
cnergy in steam and heated water in a hoiler under pres-
sure, much more than the average engineer realizes. Even
after sceing the figures which represent this encrgy the
mind is scarcely able to comprehend their meaning, The
accompanying table which is taken from Thurston’s “Man-
ual of the Steam Boiler” shows the total available encrgy
in one pound of water and of steam at different pressures.

Column I. represents the stcam pressures. Columm T71.
the corresponding temperature of the water and of the steam
at the different pressures.  Columnn IILL shows the amount
of energy expressed ip foot pounds which is contained in
one pound of water and which may be set free by explosion
when the pressure falls to that of the atmosphere. Column
IV, shows the amount of energy, in foot pounds, which one
pound (by weight) of steam contains at the various pres-
sures.  Column V. shows the volume occupied by a pound
weight of steam.

It will be observed on referring to columns TIT. and IV.
that a pound of water contains much less energy than a
pound of steam, hut, since there are a great many more
pounds of water than of steam in the boiler, it is evident
that the whole mass of healed water containg tmuch more
energy than is contained in all of the steam. TFor example,
at 100 pounds pressure, one pound of water contains 6885.2 -
foot pounds of ¢nergy, while a paund of steam at the same
pressure contains 1060728 foot pounds. The volume of
the pound of water is a little more than one cighth of a
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cubic foot, while the volume of a pound of steam at the
given pressure is 4.33 cubic fect. In other words, at 100
pounds pressure, a pound of steam oceupies about 34 times
as much space as a pound of water; consequently, in the
same amotmnt of water space as that occupied by the steam,
there will be much more energy in the water than in the
steant; that is, volume for volume, hcated water contains
more encrgy than steam when both are at the same pressure
and temperature.

In an ordinary 25 horse power traction engine boiler
there are about 52 cubic feet of water and 26 cubic feet of
steam. If the steam pressure be taken at 145 pounds gage
pressure, the total amount of energy contained within the
walls of the boiler can casily he computed by the aid of the
table. Dy referring to a table showing the properties of
steam it will be found that one cubic foot of steam at the
given pressure weighs..35828 of a pound. In 26 cnbic feet,
therefore, there would be g.32 pounds of water in the form
of stean. FEach pound of steam contains, at 145 peunds
gage pressure, 1327678 foot pounds of cnergy which may
be set free by explosion. The total amount of energy con-
tained in the steam must, therefore, cqual 132767.8x9.32
or 1237335.g foot pounds.

Referring to column [1. the energy per pound of water
at 145 pounds pressure is shown to be 11444.2 foot pounds.
[f the boiler contains 3250 pounds of water, the total energy
in the form of heated water, will be represented by the
product of 3250 and 11444.2 which equals 37193650 foot

pounds. This sum, added to the encrgy in the steam, equals
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38431035.9 foot pounds of energy stored within the walls
of the boiler in the form of both steam and water., The
magnitude of such a force is not easily con]])rchended. Tn
fact, the only way to gain an adequate idea of its immensity
is to consider what it is capable of doing. For example,
suppose it were so applied as to hurl the whole engine
weighing 22830 pounds upwards into the air ; how far would
it go?

A little computation reveals the fact that it would reach
an elevation of 1683 fcet, or almost one-third of a mile, and
that it would start with a velocity of 329.2 fect per secomd
or something over 417 miles per hour. :

Road Management, Ilandling a traction engine on the
road is an art that can best be learned by practice,  Some
men hecome guite expert in a very short time and others
never become really proficient. Tt is an art like driving
team which comes handy to some and not to others. There
are a few general directions, however, which may be given,
that should prove helpful.

Runming with Governor Belt Of. This is something that

should never be done, especially when hauling a separator.
What little time may be gained by a faster road speed is
more than off-set by the wear and tear on the machinery.

Handling the Throitie. By the proper use of the throttle,

an-cngineer can make his engine move as slowly as he
pleases or as fast as the governor will permit. Tt is the
only means he has for controlling the speed of the engine
in moving into position. Where a rather sharp turn is to be
made the throttle should be closed until the engine just
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moves. The turn can then be made easily and with certainty.
The engineer can see just where he is going and has time
enough to turn the steering wheell  An engineer should
practice with the throttle until he can start the engine
as slowly as he wishes. The ability to do this 1s absolutely
necessary in order to back into the helt without throwing
it off. 1t 1% also necessary to be a good hand at the throttle
in order to hack up to the separator, or te maneuver tlie

‘engine in any place where the space to move in is limited.

Many engineers who are expert with the throtile do not
use the friction clutch at all, but prefer to run with a “stiff
gear.”

Dyvive Wheels in the Mud. Care should be taken in going
over low ground to keep away from the soft places.  [n fact,
where the ground leoks suspicious a man should always
be sent ahead to select a safe road for the engine. In case
the drive wheels do sirike a soft place, the engine should
run slowly and be kept moving unless the wheels begin to
slip.  Just as soon as this occurs the engine should be stopped
or otherwise the grouters will dig out the earth irom be-
neath the wheels and the engine will be stuck worse than -
ever.

The usual method of getting out of a mud hole and about
the only ready means is to put planks, old rails, or brush
in {ront of the drivers in order to give them a footing and
then start the engine slowly.  Where an engine is fitted
with a winding drum a cable may be used to pull the engine
out, as explained in Lesson V1. Somctimes the mud hooks
may be used with good cffect, or a long log chain fastened
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to a solid anchor ahead of the engine, with the free end
under the driver, may give sufficient footing to enable the
engine to get on solid ground again.

In any event, if the engine is hauling a load when it gets
in the mud, it should he uncoupled. After it gets on solid
footing the load may be pulled through by means of a long
chain, which, by the way, ought always to be carricd for
just such cmergencies.

Troveling over Loose Sand. The secret of running an
engine over soft, loose sand successfully is to go slowly.
Do not (ry to pass over with a rush, but give the sand time
to pack under the drivers, If the cu~ine runs too fast
the wheels will slip and the engine will hury itself without
advancing. In case such an accident does occur the engine
may be gotten out by the same methods cmiployed in mnd.

Climbing Huls. DBefore attempting a long hill be sure
there is enough water in the boiler to last until the top is
reached, and then get the steam pressure up almost to the
popping off point.

It is never safe to attempt a hill on a low or a falling
pressure. The engine is apt to get stalled before reaching
the summit and a long stop will be necessitated in order
to raise steam again., “This is hard on the front ends of the
flues which are not protected by water, and s apt to hurn
them badly.

When steam pressurc is raised, start up the hill slowly
so as rot to agitate the water and cause priming. A good
steam pressure and a slow steady gait is the best way to

attempt a hard or long hill.  If necessary, «rvop the reverse .
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.

lever down to the end of the reverse quadrant. The engine
will then have its greatest power but it will alse take a large
amount of steam.

Descending Hills, In going down a steep hill the water
flows to the front end of the boiler and the crown sheet is
left bare. This condition of affairs makes it nccessary
to have very little fire on starting down a long steep grade,
otherwise, the fusible plug will melt out and cause a good
deal of treuble and delay. If the fire is heavy when the
top of a very steep hill is reached it is better to draw it
before starting down, and then rekindle it at the bottom.

Crossing Bridges. Many states have enacted bridge laws
governing traction engines. These laws generally specify
that the bridge must be planked with heavy planking laid
lengthwise of the bridge, hefore the crossing is attempted.
In states where such a law is on the statute hooks the en-
gincer should be careful to comply exactly with its re-
quirements. Otherwise, he will not, in case of accident, be
able to collect damages. The object of the planking is to
distribute the weight over as great a span of the bridge
as possible. A moving load, like a traction engine, is much
harder on a bridge than a dcad load or ‘one that does not
provide its own motive force, for the rcason that the strue-
ture must not only sustain the weight of the engine but
also bear the reaction of the force which propels the ma-
chine. : :

It is a good plan to plank a bridge, if it appears at all
weak, whether the law specifies that it be done or not.
Unless the bridge is a good strong one it -is better to un-
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hook from the separator and take the engine over zlomne, then
draw the separator across with teams or else with a longr
cable. Always move slowly in crossing a bridge. Unless
the engincer is absolutely certain as to the strength of the
bridge, he should, before attempting to cross, give it a
thorough examination.

It a bridge has Dheen condenined by the proper authorities
and a notice posted on hoth ends of the bridge to that cffect,
the owner of a traction engine canuot recover damages if
an accident cecurs in crossing. '

For traction engines of the larger size, bridges of not
less than forty tons’ capacity should he constructed. Owners
of such rigs would do well to use their influence to have
bridges of the proper strength constructed in their respec-
tive townghips.

The following table shows the average weights of trac-
tion engines and separators, of different sizes, and may he
used as a guide in determining the strength of hridge to
build.

QPERATING THE BOILER,

Table Ii.

Approximate Weights of Traction Engines and Separaiors.

MORSE POWER  WELGLLT OF ENGINE SIZE OF WEIGHT OF
OF ENGINES, IN POUNDS, SEPARATOR.  SEPARATOR.

1z 12000 30-54. 5000
10 16000 30-58 6000
18 18000 40-02 (000-7000
20 15700-20000 44-60 Z7000-Q500
22 16000-22000 44-72 8000-9500.
25 17000-23000
30 21000-28000
35 28000-30000

Plowing Iéngincs
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28060-30000

Lining up to the Separater. After the separator is p‘ullcd
into place the engine may be brought into line by making a
wide circle either to the right or to the left, or else, it may
be run forward a short distance, turned cither to right or
the left unti! it stands at right angles to the separator, and
then reversed and backed into position. The drive beit
should be pulled out in line with the separator, This will
aid the engineer considerably in making correct aligniment.
T1 there is little or no wind, or if the wind blows lengthwise
of the helt, the outside edges of the driving pulley on the
engine, and the cylinder pulley on the separator, should
Be in the same straight line as. shown in figure 147. If the
wind blows from either side very hard the engine should
be set slightly out of line, see figure 148, The action of
the wind will move the belt sidewise and the engine must be
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sct over to off-set its effect an amount sufficient to cause
the belt to run straight upon the driven pulley. It does not
matter much at what angle a belt leaves a pulley provided
it rung on straight, I it does not run on straight it will
have a tendency to run off to one side or the other.

It is rather difficult to judge just exactly how much off-
set to make for the action of the wind, and so numerous
belt guides have been devised which are supposed to take
care of the belt in ordinary side winds. A few of the more
successful of these are illustrated in figure 149.

In lining up to a separator quickly the engineer must ¢x-
ercise good judgment and determine at a glance just where
the engine should stand and how he is going to get it there
before starting.  If he runs slowly when he gets almost to
position he can line up correctly without much difficulty.

Putting on the Drive Belt. To do this the engine is run
forward far enough so that the belt can be slipped on easily,
then reversed and backed into place. Or, the beli may be put
on while the fly wheel is in motion either hy hand or with
a “helter,” which is a device made cspecially for this pur-
pose. If put on hy hand, the belt should be pressed against
that side of the wheel which at the given instant is moving
away [rom the dircction of the belt, After the belt is in
place the engine should e backed slowly until it is given the
proper tension.

A pgreat many engineers make the mistake of running with
the drive belt too tight. A rubber belt 160 feet long is very
heavy and in order to pull it up where it shows very little
sag in the middle the tension must be excessively great,
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This causes a very heavy load on both the separator boxes
and the engine bearings and is, perhaps, the most fruitful
cause of trouble throngh hot hoxes at these points. The
Lelt should e pulled up until it clears the ground and has
some little tension, but not so tightly that it does not sag
a considerable amount in the center.

Blocking the Engine. Double cylinder engines are very
well balanced and do not need to be blocked in order to hold
them in place unless the ground is very hard. Single cyl-
inder engines or tandem compound engines, however, fre-
quently require blocking.  This may be accomplished by
using a heavy block in front of one of the drive wheels, or
with a short plank, ore end of which is shoved under one
of the drivers and the other held up by means of a jacle
screw.  Sometimes digging a shallew hole in the ground
is all that is necessary.

Moving the Engine a Short Distance io the Right or Left.
Young engincers, cspecially, seem to have a good deal of
difficulty in moving an engine sidewise a short distance,
so it would scem, at least, judging from the awkward at-
tempts that a good many of them make.

There are two ways in which this may be accomplished ;
first, by backing up and then running forward into position
as shown in fig. 150, or else, by reverse process, in which
the engine is first run forward and then backed to place.

Referring to the diagram, suppose it is desired to move
from position 1 to position 4. The first thing to do is to
cramp the front wheels to the position shown ina b. When
the engine is backed it swings about the centre O. Then,
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Moving an Fngine Sidlowise,  Fig,
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when position z is reached, the front wheels are cramped to
the position ¢ d, thus causing the engine, when it is backed
[urther, to turn about a centre at P. When position 3 is
reached the front wheels are straightened into line with
the new position 4, and the engine is run forward to the
desired placa.

A little study of this diagram ought to make it easy for a
student to make a similar sketeh showing how the engine
may be run forward and then backed into position, moving
a short distance sidewise at the same time.

Ingineer’s License Laws. Nearly all of the states in the
Union require all engineers {0 pass an examination hefore
being granted a license to run a steam engine.

In states where such a law has heen enacted, a man who
riuns such stecam machinery without first receiving a license’
or permit is deemed guilty of a misdemeanor and is subject
to a heavy fine. These licenses are granted by an inspector
appointed by the proper state authorities.  In case the appli-
cant docs not know where to apply he can obtain the re-
quireed information by addressing the Sec’y of State, or Chicf
Boiler Inspector at the state capitol.

Classes of Engineers. Engincers are divided into classes
depending upon their experience and previous training, such
as chief engineer, first class engineer, second class engineer,
or special engincer; the qualifications differing for each
class.

In every case the applicant must he of proper age, usually
twentyv-one or over, and be of good character. A chief
engincer is granted license to run any size of engine or
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handle steam machinery of any capacity. Thosc of lower
grade are limited in regard to the power of engines they are
allowed to opcrate.

All cngineers, except those holding special llicenses or
permits, must have had a certain amount of practical expert-
ence specified by law. Special engineers 1nerel_v have to
satisfy the inspector or examining board that they are suf-
ficiently acquainted with steam machinery to be safely‘ en-
trusted with its care and operation. Since the laws differ
somewhat in different states or in different countries, no
definite instructions can be given in regard to engineer’s
license laws., The proper thing to do is for the applicant to
find out from the propet authorities what the laws are in
his state or province and then study to meet these require-
ments. A license can be revoked by the authorities which
gra11tecl it on proof of incompetency of the licensee.

Lavying up an Ingine. Unless an engine is properly Fared
for during the time it is standing idle it may deteriorate
Almost as much as while working. Traction éngines are
well made. Good material is used throughout and skilled
labor is employed in manufacturing, With proper care they
should last for a long term of years, considering the fact that
they are in operation only a small portion of each year.
As a matter of fact, their average life is short, due to the
ill usage they receive in the ficld and especially while lying
idle. A traction engine costs a large sum of money and
if the owner wishes to make a profit on his investment it
must he taken care of .

At the end of the scason, the boiler” should be drained and
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thoroughly cleaned. All scale and mud should be removed
and the boiler then filled with cold water. Two or three
gallons of a good heavy mineral il should he poured in on

" top of the water. Then when the bottom blow off is opened

the ¢il settles on the sides and helps keep the inside from
rusting.

The ash pit and the combustion chamber should hoth be
cleaned thoroughly. Ashes or soot collect moisture und this
cauises iron to rust. _ '

Care of Ingine Parts, Pumps, Ftc. The independent
pump should be removed from the engine, taken apart,
dried, and put away in a dry place. Tlpless this is done it
will require a liberal dosing of kerosene to remove the rust
in order to start the next season.

The packing should be removed from the piston rod
stuffing hox . and the inside of the cylinder given a coat
of oil. This is accomplished sometimes by flooding the cyl-
inder with oi! the last time it runs, and sometimes by taking
out the piston and giving it a coating of hard oil.

All bright iron or steel parts should be given a coaiing
of a preparation made by melting equal parts of tallow and
white lead together. The smoke box and chimney can be
protected by painting them with asphaltum paint.

Housing the Ilngines. An engine should he kept in a
clean, dry place. No man can afford to own a traction en-

ginc unless he also has a house to keep it in. A shed is all

right provided it is rain tight and has a dry floor. With
proper care and proper housing any kind of machinery can
be made to last very much longer.
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Painting Machinery. There is no better preservation for
cither wood or iron than paint. As stated before in these
lessons, rusting is due to moisture in the presence of air
acting upon iron. 1f the moisture and air can be excluded
the iron will not rust and this is easily accomplishied by
a judicious usc of paint. !

The rotting of timher is almost an identical process with
the rusting of iron and can he prevented by keeping the
wood enclosed in a coating of paint. It would pay every
thresherman at the end of the season to clean and paint all
such parts about both the engine and separator frem which
the paint has heen scraped during the working seasotl.

Plowing with a Traction FEngine was first taken up in
England some forty or fifty years ago, and not only proven
practical but was put upon a satisfactory working basis
hefore it was introduced in America. In the U. S. the
first stcam plowing outfits were put on the market about
twenty-five years ago, but were not looked upon with general
favor until within the past eight or ten years, when the de-
velopment of the large farms in the West, and the scarcity
of labor, brought them into prominence.

At the present time, 1907, steam plowing is one of the
most important uscs, next to threshing, to which the trac-
tion engine is adapted.

Size of Iingine for Plowing. The expense of running a
stnall sized engine in plowing is almost as great as running
a large one, consequently, rigs of twenty-five rated horse
power and upwards are in most general use. The actual
power of these engines, of course, ranges much higher.
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Many of the most successful outfits operating in the West
range anywhere from fifty to 120 actual brake horse power,
and will develop this amount of power for hours ‘at ”:
stretch, Tt is generally conceded that it does not pay to
plow with an cngine rated under twenty-five horse ﬁo%ﬁrcr

.Pcculiariﬁics i the Design of Plowing and Gradin . En:
gines. The parts most liable to wear and break in hplow-
ing engines arce the driving gears and the countershaft.
Conscquently, these parts are made muoch heavier and
stronger than for ordinary threshing, the bearings are made
Ion{gcr, and thase parts of the boiler which arL liable to
spring are made stilfer. The adaption of the traction engine
to plowing has perhaps been the principal factor in t?]eir
reeent development,

Methods of Hitching Plows to Engine. There are two
distinet methods of hitching plows to a traction cngine
Ordinary gangs may be attached by means of chailis t(;
a beam extending across the rear of the engine. Or a solid
frame may be used, which supports the plow bottoms.  In
the first method, the Leam is sometimes attached to ch(:
.rcar axle hy means of radius links, and sometimes by heavy
iron or steel straps, riveted to the sides of the fire box (SC::
fig. 151). Wilh radius links the hean can move up or down
a cerlain amount and thus accommodate itself, to a certain
exient, to the inequalities of the ground. Where a rigid
beamn iy wsed, the chains are depended upon to furnish the
up andd down maovement,

. In the second method, a separate frame is provided, which
is made in various sizes to accommodate as many plow
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bottoms as the purchaser may desire. These plow frames
are made in quite a variety of styles. In-some, cach plow
is made independent, while I others the plows are arranged
in gangs of three or four, cach section heing independent of
its neighbors, and arranged to be ralsed or ]t::wgzrcd either
by hand levers or by steam.

Plow Frames for Traction Iugines. 1ig 152 illustrates
a type of frame in which cach plow is made independent. A
distance bar holds ecach plow botlom from its neighbor,
hinged in such a way that it is free to move up or down,

Attached tq/

Axle

Ta la {s) la P

Plows hitehed gt @

Mow Beam Bolted to Fircbox Bides. 1Wig. 151

but not sidewise. Each plow heam is attached to the frame
by means of a wooden plug, which is designed to shear off
and let the plow drop out of the frame should it chance to
meet a serious obstacle. The lifting of the plows is accom-
plished by means of a chain passing over a pulley and at-
tached by means of a piston rod to a piston operated by
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steam from the traction boiler. See A in the figure. When
steam is rcleased from the cylinder by means of a valve
on the engincer’s platform, the weight oi the plows pulls
the piston back. The depth of Turrows is regulated by

Plow Frame, IPlows 1leld Ttigidly Together in CGlangs.  Big, 153,

hand levers on the plow frame, all of which is plainly shown
in the illustration,

In IFig. 153 the plows are suspended froni a high frame
as shown, and are tigidly fastened together in gangs. Ar-
ranged this way they cannol meet the inequalities in the
ground as well as shown in Tig. 152, hut possess another
advantage of perhaps equal merit in that they are ot |
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thrown out of the ground as easily when it is hard and
baked. A steam cylinder is also provided, which enables
the operator to lift ene or more of the sections out of the
ground. In hoth styles, a lock is provided to hold the plows
up after they have heen lifted by the piston.

Advantages of the Plow Irames. The pringipal advan-
tages obtained in the use of the plow frames may be sumnied
up about as follows: -

1. The whole outfit is compact, strong, and ready to
hitch onto in a moment’s notice.

2. They can be used to advantage in a smaller field than
where ordinary gangs are uscd.

3. The plows can be lifted out of the ground instantly,
and backed or turned as desired, thus saving time, and mak-
ing it possible to plow the corners of the land.

The Use of Ordinary Gangs. I'ig. 154 shows how a num-
ber of ordinary gang plows may be attached to a traction
engine by chains or rods. A great many thousand acres
have been plowed in this way and while the arrangement
is' not whelly satisfactory in turning the headlands, it has the
great advantage of cheapness. ITor small fields this arrange-
ment is not as handy as the plow frames.

Keeping Accounts.  Operating a traction engine and
threshing outfit in doing any kind of work, is a business of
considerable magnitude, involving, as it does, the expendi-
ture of $3000 or $5000.  In order to he successful, it must
be managed just as any other business enterprise is man-
aged.  In other words, a carcful system of accounts must
Lo Lept and all items taken into consideration, such as first
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cost, interest, depreciation, labor, fucl and oil, tools, inei-
dentals, cte.  Unless such an account is kept, the owner can- .
not tell whether he is making money or not. The proper
thing to do, therefore, is to keep a simple set of books, and
keep exact account of evervthing., In this way it will be
possible to determine at any time if the investment is pay-
ing, or if it is not, the books ought to show what the trouble
is, and suggest a remedy.

How to Figure Cost of Steam Plowing. No very authentic
information has yet heen gathered on this subject. Men
who operate plowing outfits even in the same locality do not
agree on the cost of operating such rigs. This is due to
the fact that they do not keep a strict account of receipts
and expenditures. Many estimates have been made, but
even these do not agree,

The items to be considered are: Total cost of lzhor, in-
terest on the investment, wear and tear on the outfit, cost of
repairs, cost of fuel, cost of oil and incidentals. . If the total
expense be divided by the total number of acres plowed,
the quotient will be the cost of plowing one acre.

The number of men employed ranges from three to four,
according to local conditions. Ome to run the engine, one
to lock after the plows and act as fireman, one to haul water,
and one to haul fael. At least one, and often two tcams
are necessary, depending on the fuel used and the distance
it must be hauled. The amount of coal burned varies with
the character of the soil, the condition of the engine, the
skill in firing, and the quality of the coal. In stubble [;IOW~
ing where the ground is mecllow and a good grade of soft
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coal is used, the coal consumption is about 100 potnds per
acre. The cost of lahor depends upon local conditions en-
tirely. The cost of repairs is also net easily cstimated. A
number of users place this item at one cent per acre, but the
estimate is undoubtedly far too low if figured on the whole
life of the engine, because, as the engine grows clder, the
repair bills become necessarily much heavier. The de-
terioriation charge, or charge on wear and tear of the engine
is hard to estimate. This charge is uswally rather high.
Often the deterioration while the engine is staincling idle
is almost as great as while running. This is the case if it
is not thoroughly cleancd and properly housed. The best
that can be done is to make an estimate of how many years
the engine will Tast, and then cstimate the number of actual
days it will run in each year. Multiply these two items
together and the product will be the total nuniher of day’s
work the engine will do. Now divide the total cost by the
number of days so estimated, and call this quotient the fixed
daily charge for deterioration. This will be a fair estimate,
because even though deterioration occurs while standing
idle, it can only be made up while the engine is at worlk.
The interest on the investment must always he figured on
the prevailing rates of interest in the locality where the
engine is used. This charge is say 8% per year. On $2500
it would be $200 per year. It should, however, he charged
against the actual number of days the engine runs. If this
is 40 days per year, the interest per day is $5.00. This
method of charging interest is fair because the engine can
only be made to-pay when it is actually at work, To find
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the actual cost of plowing one acre, add the cost of lahor,
- cost of repairs, cost of [ucl, cost of oil and incidentals, in-
‘ terest charge, and deterioration charge, as computed for ene
day in each case, and divide this sum by the total average
number of acres plowed per dav.  To make a profit on
the investiment it will he fiecessary to charge considerably
more than the actual cost. The amonnt to be added for
vrofit can be figured on the total investment just as inter-
est is figured.

QUESTIONS.
I. Explain how an engine is wloaded from the cars.
s 2. What precautions shonld he taken with a new engine?
3 What precantions should he taken with a new boiler, in

regard to waler and raising of steam ?

LA How is steam pressure regulated ?
L5 What are the fircman's duties in the nmorning ?
1 ' 6 What are the fireman's duties at night ?
!' 7. Explain how to clean a fire? : .
' 8 What tools should an engincer provide himself with?
0. What extras should he carried in the too] box ?
, 10, State three metheds of testing a Doiler, and explain cach
mcthod ?
T What cavses a loiler to explode?
] 12, How many foot pounds of energy are there in one pond

“of stean at 100 s, pressure?
at 100 1hs. pressure?

In one pound of water

345




13.
o 14
-15.
—~I0.
17.

18:

~I0.

20.
21.
22,

CLARKE SCHOOL OF TRACTION ENGINEERING.

How is the road speed of a traction engine regulated ?

Explain how to get out of a mud hole with a traction
engine ? '

What precautions should be observed in dimbing hills?

What precautions should be taken in crossing bridges?

Show, by a diagram, the effect of a side wind onthe belt
when running a separator ?

Explain, by a diagram, similar to figure 750, how to
move ant engine a short distance sidewise, by first run-
ning forward? :

What should be observed in laying up an engine at the
end of the season?

Of what use is paint in preserving machinery ?

How are plows attached to a tracticn engine?

Explain the advantages and disadvantages of plow
frames over ordinary gangs?
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I

LESSON VIII.
THE STEAM ENGINE.

Definition. A steam engine is a machine which changes
the heat energy of steam into work. 7These machines are
made in a variety of ways and fall naturally mto scveral
classes.

Clussification of Stemm FEngines. They may be classified
according to the service for which they are designed, ac-
cording to the number and position of the cylinders ; accord-
ing to the valve motion; or according to the motion of the
piston. In the first group we have: stationary, portable,
marine, locomotive and traction engines.

In the sccond group: simple, compound, triple expansion,
quadruple expansion and double cylinder simple engines.

In the third group: reciprocating engines, rotary engines
and steam turbines.

Reciprocating engines may he cither single or double act-
ing, that is, take stcam at one end or at both ends of the
cyiinder. They may also be made with the cylinder ver-
tical or horizontal or inclined.

How an Engine Runs. Tt is a mystery to many people,
especially boys, how a light gas-like substance like steam
can have power to run a heavy machine. Tig. 155 is
a diagram mtended to illustrate this point and to show how
reciprocating motion, that is, back and forth motion, is
changed to rotary motion.

Suppose pipes, A and B, were connected to a boiler under
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a steam pressure of 100 Ihs. per square inch, and further-
more let us supposc that the piston is 14 inches in diameter
and that it works back aund forth in a steam tight cylinder.
The arca of this piston, therefore, is 14x 14 x ;7854 or al-
most exactly 154 square inches. If valve A were opencd,
with the piston in the position shown, steam would flow in
on the left hand side of the piston and exert a pressure
almost cqual to boiler pressure. - Since this is 100 Ihs, per
square inch and the piston has an arca of 154 square inches,
the total pressurc on the piston must be 100 x 154 or 15400
pounds. This force causes the piston to move towards the
right and do work. Motion is transmitted through the
piston rod and the connecting rod to the main shaft and
causcs the latter to rotate. If, when the piston reaches the
end of its travel toward the right, valve A were closed and
valves BB and (' opened at the right instant, the crank would
keep on turning in the direction of the arrow and the
piston would start back toward the left. The ohject of
opening C is to let steam Dbehind the piston escape; thus
the back and forth motion of the piston is changed, by
means of the cross head, connecting rod and crank, into
rotary moticn at the main shaft. Of course, with the ar-
rangement shown in the diagram, the engine would very
likely stop on dead centre, and would need the addition of
a heavy fly wheel to keep the piston from stopping at the
end of its stroke in either direction. Such an arrangement
of pipes and valves would also be impracticable in a work-
ing engine, and so some sort of automatic valve must be
provided which will let stearn in behind the piston at the
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right instant and let it escape from the opposite side when
the piston starts on its refurn stroke,

Classification of Farm Ingines. All farm engines arc of
the reciprocating type and may he divided into the follow-
ing classes: Smmple engines, double cylinder or duplex
engines, tandem compountd, and cross compound engines.

A simple eagine has only one cyvlinder and has the min-
imum mumber of parts. A duplex engine has twao cylinders
cach of the same size. DBoth arc connected to the same
shaft, but otherwise arce entirely independent of cach other
and are, in fact, two separate simple engines.

Tandem compound engines have two cylinders, one large
the other small, placed end to end.  Steam enters the small
evlinder first and then exhausts into a chamber which sup-
plies the large or low pressure cylinder. Toth pistons are
fastencd to the samc piston rod.

Cross compound engines are provided with twe cylinders,
one small, the other large, placed side hy side and connected
up to the same shaft by cranks placed at right angles. Steam
first enters the small cylinder and then exhausts into a
chamber cailed a receieer, from which it is drawn fo supply
the low pressure cyvlinder.

All of these different classes of engines are in commeoen
use at the present time, and any of them will give satis-
faction when handled right.

Construction of a Simple Engine. Ifig. 156 represents a
sectional view of a simple engine, taken lengthwise through
the centre of the cylinder. In the majority of engines the
steam chest is placed directly back of the cylinder, thus

THE STEAM ENGINE.
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making a straight cobnection from the cecentric to the
valve. Tn order, however, to show the construction better,
the steam chest is placed on top of the cylinder in the draw-
ing, thus making it necessary to put in a rdcker shaft be-
tween the eccentric and valve. This plan, while not used
on (raction cngines, is perfectly feasible and is sometimes,
though not often, adopted in stationary practice.

Referring now to the numerals shown in the diagram in
Trig. 156, 1 represents the cylinder: 2, the cylinder head; 3,
the stcam chest in which the valve moves; 4, the steam
chest cover; 5, the steam pipe which supplics the engine
with stcam from the hoiler; 6, the guides, and 7, the engine
bed of frame. In an engine of this class the cylinder
guides and [rame arc cast in one piece. 8, is the guide
for the valve stem. The parts just named copstitute the
fived or stationary parts of the engine.

No. g represents the piston; 1o, the piston rod; ry, the
cross head ; and 12, the connecting rod, only part of which
is shown in the figure. 13, is the crank dise, and 14 the
fly wheel, which is keyed to the far end of the main shaft,
15. 16 and 17 represent the piston rod, stuffing box, nut
and gland ; and 18, the crank pin to which the other end of
the comnccting rod is attached. . The numbers from ¢ to
18 inclusive, designate the micvable parts of the engine.

The valve which, hy the way, is a plain D slide valve, is
shown at 1¢9. 2o represents the valve stenn; 21, the rocker
arm 1)iVOt('3(-1 at Ay 2z the cccentric rod; 23, the eccentric
strap, and z4 the eccentric sheave. The eccentric sheave
and strap are behind the dise and so are shown in dotted
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lines. The valve stem stuffing box is shown at zg,  The
valve and eccentric together with all connections consti-
tute what is called the valve gear,

Steam first {flows into the steam chest and from there
is admitted by means of a valve, first into one end of
the cylinder, then into the other. With all of the parts in
the position shown in the diagram, steam will flow in the
direction of the arrows, from the steam chest past the left
edge of the valve and into the left end of the cylinder. At
the same time, the steam on the right-hand side of the piston,
left from the preceding stroke, is permitted to escape
through the right hand steam port and through the hollow
part of the valve, over the bridge B, to the exhaust pipe
E, from which it escapes to the atmosphere, in all non-
condenging engines; or into a condenser, if the engine is
a condensing engine. '

All traction engines are non-condensing engines.

Definitions.  The end of the cylinder farthest from the
main shaft is called the head end and the end nearest the.
crank, the crank end of the cylinder. A traction engine
when running in the Delt is said to be running ever, when
running in the opposite direction it is said to be running
under. In stationary practice an engine is said to run over
when the top of the fly wheel moves away from the eylinder
and to run #nder when the top of the fly wheel runs in the
opposite direction.

Clearance. The space between the piston and the cylin-
der heads when the piston 1s at the end of its stroke is
usually spoken of as clearance. Strictly speaking, clear-
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ance also includes the volume of the steam ports in addi-
tion to the space above mentioned.  The distance between
the piston and the cylinder head when the piston is at the
end of its stroke, is, in traction engines, not fo exceed 15
an inch, and oftemr much less.  Whenever the piston is
removed it {s necessary to screw the piston rod into the
cross head far emough to equalize the clearance at both
ewdls of the cylinder,

Directions for Equalizing Clearance. The length of the
cylinder, between the heads, must be eqgual to the length
of the stroke plus the thickness of the piston plus twice the
clearance space. If the piston is out of the cylinder it is
easy to measure the length of the cylinder, the thickness of
the piston, and to find the length of the stroke by measur-
ing the crank. Irom these dimensions the clearance space
can easily be found.

Example.  Suppose the length ol the cylinder is 1474
inches, hetween heads; length of stroke 12 inches; thick-
ness of piston 214 inches; how much clearance space must
be allowed at each end? :

Solution. 12 plus 214—14V5 inches occupled hy the
piston and the stroke. T'he remaining distance in the cylin-
der belongs to the clearance.  14% minus 14%=—3§ of an
inch. Tlalf of this amount, or 3/16 of an inch, is the
amount of the clearance at cach end. If the crank is placed
on the head end centre, and the piston rod serewed into
the cross head until it shows 3/15 of an inch of clearance, it
will he adjusted at the other end also, for the example
just given, '
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The clearance may also Be adjusted without taking the
cylinder heads out in the following manner. The ocea-
sion for doing this arises when the cross head has to be
removed for repairs and it is not deemod necessary to take
out the piston. First, connect up the cross head, connecting
rod and piston ; then turn the crank to its extreme position
to the right. This will pull the piston to the crank end of
the cylinder. Now make a mark across the cross head and
guides and disconneet the connecting rod from the crank
pin; then, by means of a crow har or leavy rod, push the
piston as far toward the crank end of the cylinder as it
will go. The distance between the mark made on the
guides and the one on the cross head will be the clearance
at the crank end of the evlinder.

If the piston is now pushed back to the head end of the
cylinder by means of the crank pin resting against the
inner brass on.the connecting rod, it will stop when it
rcaches the end of its travel in that dircction. By again
marking the cross head and guides, and then pushing-thc
piston as far as it will go toward the head end of the cylin-
der, the distance hetween the marks will as before indicate
the clearance at the head end. Tf there is any differcnce in
the clearance between the head end and the crank end, cor-
rection may he made by screwing the piston rod either into
or out of the cross head an amount equal to half of this
difference. :

The clearance space should be equal for several reasons ;
the engine works hetter and takes less steari, and there is
less danger of water in the cylinder causing damage to
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the cylinder head if there is space cnough for it to col-
lect in. ,

Water, by the way, is incompressible and if more gathers
ahead of the piston than encugh to fill the clearance space
it may cause a cylinder head to be broken. Whenever an
engincer hears the groaning noise made by water in the
cylinder he should open the cylinder cocks.

The Sise of an Engine may be designated by stating its
rated horse power, ar, what is better, stating the size of
the cylinders in inches. Where this plan is adopted the
diameter in inches is named first and then the length of the
stroke. A 7 x 12 engine would mean one having a cylin-
der seven inches in diameter and a stroke 1z inches long.

In the case of a compound engine, the diameter of both
cylinders is expressed first, followed by the length of the
stroke, all cxpressed in inches. Tor example, an engine
7% 12 x 14 means that the small cylinder is seven inches
in diameter, the large one twelve inches, and that both have
a fourteen inch stroke. -

The Eccentric. Motion is given to the valve by means

of an cccentric, which is secured to the main shaft. An
eccentric acts just like a crank. In fact it is a crank cn-
closed by a circular piece of metal, revolving inside of a
strap to which the eccentric rod is attached. The meaning
of the word “eccentric” is off centre. An eccentric, there-
fore, is a wheel that is off centre.

A line drawing of an eccentric is shown in Tig. 157. The
centre of the shaft is at A, and the centre of the cccentric
at B. The eccentric sheave is sccured to the main shaft
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by means of sct screws, conscquently, wlien the shaft re-
volves, the point B moves in a circle whose radius is A B.
Since the cceentric shieave revolves within the strap, the lat-
ter must move to the right or left a distance equal to A D.

The Hecentric. Fig. 157,

The distance A 1 is called the throw of the eccentric or
sometimes the eccentriciiy. The use of an cccentric on all
steam engines is to give motion to the valve. 1t is sc-
cured to the main shait sometimes by means of a key, hut

gencrally by means of sct screws. “The correct motion of
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the valve depends largely npon the position of the ceeen-
tric rclatively to the crank. A discussion of this subject
will appear in the following pages.

The Slide Valve is a valve working back and forth in
the steam chest of an engine, and adwmits steam, first into
one end of the cylinder, then into the other. At the same
time it allows the steam which has Deen used in the pre-
ceding stroke to go out through the exhaust pipe. A
plain D slide valve is shown in figure 162, The metal upon
which the valve slides s called the walve sear. The pas-
sages from the steam chest to either end of the cylinder arc
called the steam ports. The stcam which the valve admits
to the cylinder up to the point of cut off, is called live
steam,  Steam that passes out of the exhaust pipe is called
exhaust stean.  There are quite a good many . different
stvles of valves, a number of which will be described in
Lesson TX.

A Sguare D Folve. Fig, 158 is a diagrammatic view
of a plain slide valve engine fitted with a “square”™ 1D valve.
A “square” D valve when in its central position will just

exactly cover hoth stecam ports without overlapping the

ports on either the inside or the outside edge.

The eccentric is always sccured to the main shaft, and
‘the steam chest is located gencrally on the side of the cylin-
der. Such an arrangement can not very well be illustrated
and so, in the diagram, the steam chest is shown above the
cylinder and the eccentric above the main shaft and in line
with the steam chest. The position of the eccentric relative-
ly to the crank is shown correctly in all cases. Instcad
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.

of showing the eccentric sheave and strap, it is repre-
sented by a small crank, which is also again indicated at the
cenire of the main crank circle where it more clearly illus-
trates the relative positions of crank and cccentric,

Steam Distribulion with a Square Valve. Referring
again to Fig. 158, the valve is cxactly in the middle of its
travel to the right or left; consequently the eccentric must
alse be in the middle of its travel, and therefore in a ver-
tical position. If the fly wheel is to turn in the direction
of the arrow; it is evident that the eccentric must occupy

the position shown in Fig. 158, for then any movement of

e ECCentric

Eccentric 90° ahead of €raik.

Squars Valve in Mid Tosition. Tig. 158,

the main shaft in the direction indicated will cause the
cceentric to puil the valve toward the right and open the
left hand port, thus letting stcam in on the left side of the
piston and causing rotation to take place in the direction

of the arrow.

With a square valve the eccentric must he placed just
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a quarter of a turn or o degrees from the crank, as ineli-
cated in the figure. 1f no rocker shaft intervenes between
the cecentric and valve like the one shown in Fig. 156, then
the cccentric must be go degrees ahead of the crank. In
an engine like the one described on page 352, the crank
follows ihe eccentric.  We will now investigate the action
of the valve, piston, and eccentric during a complete revo-
[ution of the fly wheel, If this, the simplest possible arrange-
ment, is first thoronghly mastered, the more complicated
movements can be readily understood when they are pre-
sented.

In Fig. 158 the piston is at the end of its stroke and the
valve exactly covers both ports. Any movement of the

Square Valve, Teft Steam Dort and Right Bxhaust Port Wide
Open. Wig. 168,

crank upward will mave the valve toward the right and
admit steam to the left side of the piston; at the same time
any steam on the right side of the piston can cscape through
the right hand steam port, over the bridge, and through
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the hollow part of the valve to the exhaust pipe.  As the
fly wheel revolves the valve will continue to open until
the eccentric reaches its extreme travel towards the right
as shown in the fignre 150. Doth the steam port and the
exhaust port are now wide open and the piston is in the
middle of its stroke. Any further movement of the crank
towards the right will cause the valve to start on its return
stroke.  When the piston rcaches the end of its travel
toward the right, the cccentric will again be standing ver-

lingine With Square Valve Right 8leam Tort oen Point of Opening.
Fig. 169,

tically as at Tt, Tig. 160, and the valve will he in its mid
travel just covering hoth ports.

The valve is now in position to admit stcam ¢o the right
end of the cvlinder and to let steam escape from the left
side of the piston, through the left steam port, sce fig. 101,
by the inner edge of the valve, and over the bridge B3, on
the left, into the hollow part of the valve and down into
the exhaust pipe. When the piston reaches the middle of
its travel toward the left, the right steam port and the left
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exhaust port are hoth wide open.  As the piston advances,
both ports begin to close, and when the end of the stroke
is reached the valve is again in mid position as in fig. 158,

A little consideration of the above description and an
examination of the accommarying diagrams reveals the fact
that a “square” valve admits steam to the eylinder through-
out the whole stroke and also allows it to exhaust during
the whole stroke,

Objections to the Square Valve. Steam or any other gas

HSoguare Valve, Right Steam Port and Teft Exhaust Port Wide Open,
Trig. 161,

under pressure has a tendency to expand, and will do so

-umtless imprisoned within strong walls. When stcam is

allowed to flow into the atmospherc it expands and its
pressurc falls until it has the same pressure as the atmos-
phere, namely 14.7 pounds per square inch. If it were
allowed to expand into a vacuum, its pressure would fall
until its pressure Lecame practically nothing,  If steam,
at’ 100 pounds pressure he admitted behind a Piston until
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the cylinder is half full and the supply is then cut off, it
will hegin to expand and still drive the piston, but with a
constantly decreasing pressure as the piston moves for-
ward. At the end of the stroke it will still have some
expansive energy left, but not so much as it would have
if it were admitted during the whole stroke and exhausted
at 100 pounds pressure at the end. Herc is where the
economy of working steam expansivelv comes in. When
steam is cxhausted at high pressure at the end of the
stroke it has a large amount of energy which goes to waste.
It it is expanded until its cnergy is nearly spent, a much
iess amount goes to waste, It pays to work steam expan-
sively, and hence a square valve is not desirable except
perhaps for slow moving pumps. The relations cxisting
between the pressure and the volume of a gas will be dis-
cussed presenily under the heading, “Bovle’s Law.”

Cut OfF. There is an old saying that if steam is not used
expansively it 1s used expensively., In order to use steam
expansively, steam must be cut ofl quite early in the stroke ;
that is, it should be allowed to enter the cylinder during
only part of the stroke, when the valve should close the
port and prevent any more stcam from entering the cyl-
inder,

Cushioning the Steam. Likewise, the exhaust port should
close before the end of the stroke is reached so that the
steam left in the cylinder may he compressed or cushioned
by the further movement of the piston, thus bringing the
moving parts, such as piston, cross head, and connccting
rod to rest without shock or jar at the end of cach stroke.
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1f there were no steam cushion te arrest the motion of
the piston and other moving parts at the end of the stroke,
this task would then fall upon the crank pin.  The blow
struck on the crank pin due to the sudden reversal in direc-
Liem of such a fast moving heavy mass will cause hot hoxes,
if the engine runs fast, and pounds or knocks at various
places.

Plain 1) Shde Valve with Lap. An carly cut off, the cx-
pansive working of steam, and the cushioning of the exhaust

—{fie—
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A Dlain D 8lide Valve.,  IPig. 162
‘With Both Outside and Tnside Lap.

can all be provided for by giving the valve the right shape
and sctting both it and the eccentric properly. Fig., 1062
shows how the valve should De changed. The metal which
overlaps the stcam ports on the outside, when the valve is
in the mid pesitien, is called the steam lap or outside lap,
shown at A in the figure. The amount that the valve over-
laps the stcam port on the inside, is called the exhaust lap,
or inside lap, This is shown at .
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Steam lap governs both the admission of steam to  the
cylinder and the cut off. Exhaust lap governs exhaust and
compression.

Lead. The distance the valve has uncoverced the port
when the piston is at ecither end of its stroke, is called
the lead.  (See fig. 1503 The amount of lead a
valve should have depends upon the design of the engine,
the style of the engine, the style of the valve gear, and the
peculiarities in the engine itself. Trom 1-32 to 1-16 of an
inch is the usual lead given the valves of traction engines.

Bayle's Law states that if the volume of a gas be doubled,
its pressure will be reduced to one-half, or, if the pressure
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Diagram Showing Inerease in Uressure IDuce to Compression.
be doubled, the volume will be reduced 10 one-half of the
original wmount. In other words, an cxact relation exists
between the pressure and volume of a gas.  When the
pressure goes up the volume goes down, and when the
volume goes up the pressure goes down,  That is, if the
temperature does not change. Tor example, suppose a
cylinder of ten cubic fect capacity be fitted with a piston and
arranged as shown in fig. 163, Suppose, to begin with, that
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the cylinder is filled with air or some gas at a pressure of
ten pounds per square inch, absolute pressurc. If the pis-

ton were pushed in to the point A, compressing the ten

cubic feet to nine, the pressure would increase to ten times
ten-ninths or 11 1-¢ pounds. The following tahle shows
the pressure at the differcnt points along the cylinder, as the
piston is pushed in and the gas is compressed. The table
also shows how the change in pressure is figured,

Iox10-9 cquals 11 1~ Ih. I' roxro4 equals zg Ib.
1ox10-8 equals 12 1-2 lbs. G 10x10-3 cquals 33 1-3 1b.
10x10-7 cquals 14 2-7 1. H ioxio-z equals 50 Ibh.
10x10-0 cquals 16 2-3 Ih. T 1ox1o-r equals’ioo  Ib.

Now let us figure how the pressure will fall when the as
"is allowed to expand.  Iet fig. 164 represent the cylinder
of a steam engine. Suppose steam at 120 pounds absolute
pressure be admitted during 14 of the stroke. Let it he
required to find what the pressure will be in the cylinder
at various points in the stroke during the expansion. The
method of doing this is tabulated helow:

METHOD OF FINDING

STROKE. PRESSURE. RESULT.
3-8 120X2-3 _ 8  ih.
4-8 120X2-4 o b
5-8 120x2-5 48 b,
6-8 120x2-0 40 I,
7-8 120x2-7 34 2-7 Ih,
8-8 (end of stroke) 120x2-8 30 b

lixplanation.  In this discussicn we are supposing that
there is no clearance volume to be filled with steam. [f

364

35

30

THE STEAM ENGINE,

the total volume of the cylinder he divided into cight parts,
it is cvident that at 1-4 stroke, two parts will be filled with
steam at 120 pounds pressure. If this stcam be cxpanded
antil the cylinder is 3-8 full, the two volames wili be ex-
panded to 3, consequently the pressure will fall to 2-3 of
what it was in the heginning, that is, 2-3 of 120, or 80
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Irall of Pressurcs Due to Fxpanston.  Tig. 164,

pounds.  If steam he further expanded until the cylinder
is half full, the two volumes will be increased to 4, and so
the pressure will fall to 2-4 or 1-2 of the original, which is
6o pounds.

Rule 2. Therefore, if we use the original volume for
the nuwerator of a fraction, and ihe final volume for the
denominator, wid mudtiply the fraction so formed by the
original pressure, the product will be the final pressure.

Application of Boyle's Law. In order to show the appli-
cation of Boyle’s law to problems of the steam engine, it
will first be necessary to show that a force may be repre-
sented by a line, For example; suppose we represent a
force of 100 pounds by a line 10 inches high. Then accord-
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ing to the same scale 50 pounds would be represented by
a line 5 inches high, or 10 pounds by a line one inch high.
Oy, we might change the scale and represent Too pounds by
a line one inch high, then ten potnds would e represented
by a line 1-10 of an inch high. In like manner we may
choose any snitable scale and represent pressures of varying
amounts by lines of varving lengths, corresponding with
the magnitude of the foree. Tf it is agreed that forces and
also distances may he represented by lines, it will be seen
to be perfectly possible to represent the varying pressures
ot the piston of a steam engine by lines drawn to some
convenient scale, This we will now proceed to do.

In fig. 164 let O8 represent the stroke of the piston, to
some convenient scale, and let OB represent the pressurce
on the piston per square inch at the beginning of the stroke.
[ this pressure is 120 pounds per square inch, we can make
OB two inches high, thus one inch measured in the direc-
tion of OB will represent 6o pounds. Since we have com-
puted the pressurc at cight different points, we will divide
08 into eight equal parts. Cut off occurs at 2, thercfore,
line O, 1 and 2 will cach be two inches high. At 3 the pres-
sure has fallen to 8o pounds, thercfore, it must be nmade
1 1-3 incles high. At A the pressure is Go pounds, which
will be represented by a line one inch high.  The pressures
at g, 6 and & are respectively 48, 40 and 30 pounds, repre-
sented by lines 48-6o, 40-60 and 30-60 of an inch high re-
spectively, In this way the points, a, b, ¢, d, ¢ and f
are located. Tf we join these points by a smeoth curve, as
is done in the figure, we can measure upward from ihe line
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O8 to this curve and thus find the correshonding pressure
for any point in the stroke. This curved line shows the
fall in pressure during the expausion,  All .]_JI‘CSSLII'CS meas-
ured in this way arc ahsolute pressures, that is, they are
14.7 pounds greater than the corresponding gage pressure.
To find the gage pressure, 14.7 must be subtracted Irom each
of the pressures measurcd in the diagram. With the fore-
going explanation it will now he casy to show the gain in
economy by using steam expansively,

Increase in Lconomy by Curiting OF Steam Farly in the
Stroke. It must be remembered when reading the following
discussion, that the resulis ohtained are purely theorctical,
They are not, and cannot, he exactly realized in practice
because such perfect conditions cannot be found in any en-
gine as arc supposed to exist in the problem discussed.
In the first place, the expansion of steam does not follow
Bovle’s T.aw exactly. In the second place, no clearance
volume is taken into account, and in the third place, no
losses dite to condensation or loss of heat are considered,
Nevertheless, if we find thecretically that we can gain a
great deal by doing certain things, we know that practically
we will also gain, but not to such a great extent. Theory
often points the dircction that must be taken to sceure
improvement and shows us the Hmit of perfection that may
be reached. ’

In fig. 165, which is a diagram showing the pressures
on the piston when taking steam full stroke, the line BC is
parallel to AT, showing that the pressure does not fall after
steam is admitted. The average pressure throughout the

3




CLARKE SCHOOL OF TRACTION ENGINEERING.

stroke is, therefore, the same as at the beginning. If the
pressure at the beginning of the stroke is 100 pounds, abso-
lute, then the average pressure throughout the stroke is 100
pounds. In all of the diagrams, figures 166 to 2066 inclusive,
the same pressure at the beginning of the stroke will be
used, namely, 100 pounds, absolute. In cvery case, also,

B_ (4
h

FPressure Line BC does not fail,

sﬁawxhy the pressure 1s constant.
thro u?/l oul the stroke.

— ) D
A

Tig, 165,

the pressure will he figured at twelve points along the dia-
gram, at equal distances from cach other.  In this way we
will figure the average pressure on the piston for the entire
stroke, in cach case, :

Cut OfF at Three-guarter Stroke. Tig. 166 shows the pres-
sures in the cyiinder when the steam is cut off at 3-4 stroke.
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The pressure at each of the first nine points between T3 and
Cis 100 pounds. At the roth division the pressure has
fallen to ninc-tentlis of 100 or ninety pounds. At the rith
division the pressure is ninc-elevenths of 100 pounds or
81 g-11 potnds, and at the end of the stroke, 9-12 of 100 or
75 pounds. The rectangle A I3 C D shows the work done

B jo0 zooi 700 1 [00 /a8 /B0
i | { I !
| Ayerprs phecur
[N I R
(R ! Iy
T B
: | f f : [

t

T Cb{faf.l
| 1/“1 . f:
] I ] : | !
[

o oy
I f | : | |
BEEEE
RN R B

A

Diugram Showing Lrossure Dehind Piston for % Cut Off. Trig, 166,

while stcam is being admitted and the shaded portion the
work done during the expansion.  Adding (he pressures at
cach of the twelve points of division, we get a total of
1146 9-11 pounds. If this sum be divided by twelve, the
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number of divisions, the quotient will show the average pres-
surc on the piston in pounds per square inch. The result
in this case is a little more than g5 1-2 pounds. Theoretic-
zlly, the average pressurce on the piston for #he whole stroke,
when steam is cut off at 3-4 stroke, is a little more than
05 1-2% ol the pressure before cut off.
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Tig. 167, :
Pressures at Various Points in Lhe Stroke—Cut Of at TIalf Stroke,
Cut OfFf ar Half Stroke. 1¥ig. 167 shows the pressurcs at
diffcrent points in the stroke, when steamn is cut off at half
stroke, Adding all of these pressures together and dividing
by twelve, the number of pressures added, gives an average

of 2.0 pounds per square inch for the whole stroke. As -
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in fig. 166 the unshaded part represents to some scale the
work done during the admission of the stcam, and the shaded
portion the work «lone during the expansion. The diagram
shows that with onc-half as much steam 82.6% as much
work can be done, when the steam is cut off at half stroke.
Of course, to realize such conditions in practice it would be
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necessary for the steam to exhaust into a vacuum, and even
then the results would lack some of coming up to the theo-
retical figures. llowever, the diagram shows that there is
much to be gained by the expansive working of steam.
Figures 168 and 16y show the pressures on the piston
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for one-third cut off and one-quarter cut off respectively,
The curved line shows the fall in the pressures after cut
off in each case. The unshaded portion shows the work
done by the steam before cut off, and the shasded portion the
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work doue after cut off. Tn both cases the work done dur-
ing expansion exceeds fhat done before cut off.

It more points of division were taken in the fig-
ures, the result would he more nearly cortect. Tal;lué
I shews the results obiained by an exact method of com-
putation for different points of cut off, with steam [ires-
sures at 1o0 pounds, absolute, as hefore,
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Table T.

Theorctical Mean Average Pressure at Different Points
of Cut OF.
TIIEGRETTICAL

POINES OF CUT OFF. AVERAGE PRESSTURE,

34 06.4
I-2 84.6
-3 69.9
1-4 50.6

Discussion of Diagrams. At full stroke the average pres-
surc on the piston was 100 pounds, and at 3-4 stroke, g5 1-2
pounds. That is, with 75% as much stcam used, 95 1-2%
as much work can be accomplished, theoretically.

At the earlier points of cut off the increase in cconomy
is much greater. For instance, at 1-2 cut off, the average
pressure is 82.0 pounds, which means that with 50% as
much steam 82.6% as much work can be done.

At 1-3 cut off, 1-3 as much steam is used as at Tull stroke,
and 67.3% as much work is done. At 1-4 cut off, 56 3-4%
as much work is done as at full stroke, with 1-4 as much
stcarm.  Thus it will be scen that the earlier the cut off, the
greater the theoreiical gain in economy.

Practical Limits of Early Cut OfF. It appears from the
above discussion that the earlier the cut off occurs, the
greater will be the gain in economy. This is found to be
only partially true in practice. Making the cut off oceur
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earlier in the stroke improves the economy until somewhere
about 1-4 cut off is reached, at which place the economy
is greatest.  Earlier cut off than 1-4 generally results in
a loss of economy. This is due to a number of causes, most
important of which are condensatien in the eylinder and
loss from worle done hy back pressure on the piston.  Con-
siderahle depends, too, upon the tvpe of the engine, and the

care taken in its construction as well as the pressure at which -

steam is admitted to the cyvlinder.

In explanation of this latter point, namely, the pressure
at which steam is admitted to the cylinder, we will asstme
that stecam is admitted at Go pounds, absolute pressure, and
that cut off occurs at -4 stroke. At the end of the stroke,
therefore, the pressure will he 1-4 of 60 or 15 pounds, abso-
lute, or only a fraction of a pound above atmospheric pres-
sure,

1f the steam pressure were 5o pounds at the hegiming of
the stroke, and cut off occurred at 1-4, the pressure at the
end of the stroke would he 1-4 of 5o or 12 1-2 pounds. In
this case the pressure at the end of the stroke is less than
atmospheric pressure, conscguently the piston, at the end of
the stroke, will be working against atmospheric pressure,
of 14 7-10 pounds, with only 12 1-2 pounds to push it for-
ward. Thus showing that back pressure on the pisten is
greater than forward pressure, and, consequently, the ex-
pansion of stcam has been carried too far.

Back Pressure.. [f an engine exhausts into the atmos-
phere, the steam flows out into the air against atmospheric
pressure and meets a resistance of 14,7 pounds per syuare
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inel, In actual working conditions the steam mecets more
resistance than this, because of the relatively small size of
the exhaust ports, which cause friction and consequent back
pressure.  The amount of this back pressure ranges fromt
1 1-2 pounds in the best engines, 10 3 or 4 pourds in small
ordinary engines. In traction engines and locomotives this
back pressure amounts to from 5 to 8 pounds, due to the
throttling of steam in the exhaust nozzle. The total amount
of back pressure on a traction engine, therefore, amounts
to from 20 to 22 pounds absolute pressurc.

Mean Lffective Pressure, I'he mean or average effective
pressure, 1. e., the pressure that does the work, is egual
{o the average forward pressure minus the bacle pressure.
Consequently the average pressure on the piston as found
by the foregoing diagrams, is from zo to 22 pounds too
high for traction engines.  In other words, the effective, or
working pressure, per squarc inch on the piston of traction
engines is cqual to the pressure ahove shown minus 20 or
22 pounds, depending on the size of the exhaust nozzle.
Tt is best to use just as large an exhaust nozzle as possible
and so reduce the back pressure as much as possible. Every
pound of back pressure taken away is equal, at least, to-a
pound of forward pressure added. In consequence of
this high absolute pressure of the exhaust it is evident that
with low boiler pressure, the cut off must not occur too
c:—u"lv. lior example, if cut off occurs at 1-4 of the stroke,
the final pressure must be 2z pounds, then the initial pres-
stre must he 88 pounds, absclute, at least, or 73 pounds
by the gage. An earlier cut off than this would carry the
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exhaust pressure too low and mo gain, but rather a loss
would result in the last part of the expansion.

Back Pressure in Condensing Fngines. 1f the steam as it
exhausts from an engine cylinder could he delivered into
a closed vessel where it could either meet a spray of cold
water or strike a very cold surface, which is kept cold with
flowing water, and thus be instantly condensed, the pres-
sure in the vessel might be reduced to almost zero. In fact,
many cngines ranning with a condenser exhaust at a pres-
sure of from 12 to 13 pounds helow the atmospheric pres-
sure, If the bhack pressure is reduced it is clear that it
must amount to the same thing as adding an equal amount
of forward pressure.  Attaching a condenser to an cngine
increases its power, because it takes away back pressure.
Condensers are not attached to traction engines and can-
not be very casily because they require so much water to
condense the steam.  One pound of steam requires about
25 pounds of condensing water, thercfore, a traction engine
that would use five tanks of water a day with a condenser,
would need an additional 125 tanks to condense the steam,
It will thus be seen that the gain in using a condenser under
such conditions, is more than offset by the increased cost
of providing condensing water.

The Angle of Advance. Referring back to fig. 158, it is
obvious that if the valve has lap, and is set with lcad, that
the cecentric must be rotated to the right far encugh to
move the valve from its central position an amount equal
to the lap plus the lead. The angle between the go® position
and this new position of the cccentric, shown at A, in fig.
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170, or at B, in fig. 177, is called the angle of advance of
the cceentric. Dy increasing the angle of advance, it is
obvious that the lead may be increased. Thus steam will
be admitted earlier, and refease, or the opening of the ex-
haust will be carlier. Tikewise, the closing of the exhaust
will oceur sooner, and compression will begin earlier. In
other words, if one function of the valve is made to occur
earlier or later, all other events will also occur cither earfier
or later.  As just shown, with a valve and valve motion fike
the one under discussion, these events may he regulated to
some extent by changing the angle of advance. It must be
understood, however, that this is true only for the kind of
valve motion now under discussion. These remarks do not
apply to some of the reversing motions found in traction
engines, _

Travel of the Valve. 1t is obvious that if the valve is
provided with lap, and set with lead, that it must have more
travel than a square valve. In the case of a square valve,
the travel of the valve from mid position just equals the
port opening. With a valve having lap and set with lead,
the eccentric is moved over, a distance B, fig. 170, at the
beginning of the stroke and, therefore, the length of throw
must be increased, over that of the square valve by this
amount, so that the remaining distance that the valve moves
toward the right, C, will equal the width of the port.

Action of a Valve Having Lap, set with Lead. The fol-
lowing four figures, fig. 170 to 373 inclusive, show the po-
sitions of the valye, eccentric, piston and crank at four dif-
ferent points in the stroke,
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In order to show the relative positions of crank and
eccentric, the eccentric position is also shown at the centre
of the crank circle. If the reader will make himself familiar
with the relative positions of the crank fnd eccentric at’
the beginning of the stroke he can tell at a glance, within
a very small amount at least, whether the eccentric is in its
right position or not. He will not have to guess if the
cecentric has slipped, he can tell by looking at it.

In fig. 170 the left hand steam port is opened the amount

Valve with Lap, Valve Open the Amount of Lead, Beginning of
Stroke. ig. 179
of the lead. The crank follows the cccentrie, and hence
rotation will proceed in the dircction of the arrow. Since
the crank and eccentric are both fastened to the same shaft,
it is evident that the port will be wide open before the
crank makes a quarter of a revolution, and that it will he
closed again before the piston reaches the end of its stroke.
Fig. 171 shows the position of all parts when cut ofl
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occurs,  ITrom the point of cut off until the end of the stroke
expansion takes place, ‘

Release. The valve should open the exhaust port on the
steam side of the piston just hefore the latter reaches the
end of its stroke in order that there shall be the smallest

Left Steam Port Just Clesed, Expunsion Commencing. Fig, 171

possible amount of back pressure when the piston first starts
back. The point at which this opening occurs is called
release. IFig. 172 shows the position of the piston and valve
when this event occurs.

Compression. As indicated on a preceeding page, steam
should not be allowed to exhaust up to the end of the stroke.
By giving the valve the right amount of inside lap it is
possible to make it close the exhaust port at the proper time,
so that the remaining steam left in the eylinder will be
compressed sufficiently to bring the strain of reversing the
piston upon the cylinder head instead of upon the crank pin.
The point at which the exhaust so closes is called the point
of compression and is shown in fig. 173.
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Valve with Lap, Left lxhaust Port on Point of Opening for

Release,  Fig, 172,

Valve with Lap, Compression Just Commencing  TFig, 173

Effect of the Angularity of the Comnecting Rod. The
crank end of the conneeting rod noves up or down past the
centre line of the engine a distance equal to the length of
the crank during every revolution of the engine, thus mak-

ing an angle, which varies at different points in the stroke,

with the contre line of the engine. In consequence of this
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action the piston does not keep exact time with the crank.
This is clearly shown in the accompanying diagram, fig. 174.
The stroke of the piston is from A to B. If we move the
piston to M, the mid point of its stroke, and then strike an
arc with a pair of dividers set to the length of the connect-
ing rod, we will find that this arc cuts the crank circle at C,
thus showing that the crank has not yet made a quarter
of a turn when the piston has completed half of its travel
to the right. Now, if we move the dividers to D, and strike
an arc across the centre line of the engine, we shall find
that when the crank has made half of its travel from right

Diagram Showing Effect of Angularity of the Connecting Rod.
TFig. 174,

to left, the piston has traveled a distance MN bevond

centre.  During the next guarter of a revolution of the

crank the piston will complete its stroke, reaching the po-

sitfion B, Now, if the crank revolves at a uniform speed,

as it should, it s plainly evident that the piston must travel

faster at the head of the cylinder than at the crank end.

It is also evident that if the connecting rod were very long,
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as compared to the crank, that this difference would De
very small. It is also cvident that if the connecting rosl
could be arranged in some way so that it could always re-
main parallel to the centre line of the engine, and not make
any angle at all, that the piston and crank would travel
exactly in time with each other. In practice, however, this
result cannot be obtained. '

Effect of the Angularity of the Connccting Rod on the
Valve Motion. Since both the cceentric and the crank are
fastened to the shaft, and since the crank does not keep cxact
time with the piston, it must be evident that the eccentric
cannot keep time with the piston. The valve is driven hy
the eccentric, and therefore the vafre cannot move in exact
titze with the piston. Consequently, it is impossible to malke
the valve, when set with equal lead, in an engine such as we
have been considering, cut off steam at the same point in
both the forward and the backward strokes. Tor, as shown
before, the piston gains on the crank at ome point in the
stroke and loses in another. We can, however, make the
valye cut off steam equally on both strokes if we give it
more lcad on one side than on the other. We cannot have
both equal lead and equal cut off. If we have equal lead
the cut off will he unequal, and if we have equal cut off
the lead will not be equal. It is better in most cases and
gives a smoother, hetter running engine, to have equal lead
regardless of the cut off, and so valves are usually set with
cqﬁal lead. When sct in this way, the engine does a little
more work on the head-end stroke than on the return stroke.

Dead Centre.  An engine is on dead cenire when the
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centres of the piston, crank pin, and main shalt lie in the
same straight line, in which case the piston is at the ex-
treme end of its travel in either direction. If an engine
stops on dead centre, it cannot be started wntil turned off
from centre by hand. The force of the steam does not have
any turning cffect on the crank when the engine is on centre.
If it were not for the energy stored in the fly wheel, a simple
engine could not pass the dead centre position. In order to
set the valve or eccentric, it is nccessary to put an cngine
on dead centre. Simply guessing at centre is not accurate
enough because a slight movement of the crank near the
dead centre positions causes a greater movement of the valve
than at any other points in the stroke. One can rarcly ever
eruess the exact dead centre position, so it is advisable always
to put an engine on centre hy means of trams. Such an
operation is frequently termed “tramming an engine.”

Directions for Putting an Fugine on Centre. The method
of performing this operation is shown in fig. 175, and ex-
plained below. The order of procedure is indicated in the
explanation.

1. Take up all lost motion in the cross head, connecting
rod, crank pin, and main bearings.

2, Turn the engine a little above, or a little below, centre.
The crank will be at, say A, in the figure.

3. Make a punch mark on the engine frame at any con-
venient point as at 13, then with a tram like the one shown
inr the figure, one end of which is held at I, make a mark C,
on the rim of the fly wheel or crank disc.

4. Now make a punch mark on the cross head and
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another at some convenient place on the guides; as D and E,

and set a pair of dividers with he points in these two marks.

5. Next tumn the engine past centre until the cross head

' comes to the same position as before, and the points of the
dividers will exactly fit into the two marks D and E. The ]

v = crank is now on the other side of centre just exactly as
\w . i far as it was past centre in the opposite direction.
kd"" P 6. With the end of the tram still in position I3, make
e g ' another mark F, on the rim of the fly wheel. Now find
E by careful measurement, a point on the wheel, G, exactly
z ; midway bhetween C and F. If the engine is now turned
éi qntil the points of the tram just fit into. the marks B and
- i, the engine will be on dead centre.  The other dead centre
! z ’ may be found by an exactly similar process. Now that it
;:; is understood how dead centre may be found, it will he
& easy to cxplain how to set a plain slide valve.

5 05 Directions for Setting o Plain SYide Valve, After taking
Y up lost motion the first thing to do is to adjust the length
g of conncctions hetween the valve and the eceentric.  To do
& this, and then set the valve and eceentric, proceed in the

E ; order given below.
2 1. Fooscen the set screws in the eccentric and turn it
;:j completely around the shaft and notice if the valve opens
one port as wide as it does the other. Tf it does not do so,
then move the valve on its stem: or else change the length
of the connecting rod until the valve will open both ports
exactly the same amount. Tf the engine is nol too large the
eccentric may be secured to ‘the shaft and the v wheel
turned around instead. The same result may be secured

hy cither method.
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2. Now place the engine on dead centre by means of the
trams and then set the eccentric.  If no indirect rocker shaft
intervenes between the shaft and the cccentric, then the
eccentric must be placed with its arm or highest part a little
more than a quarter of a turn ghead of the crank. With
the crank on, either dead cenire, rotate the eccentric in
the direction the crank is to revolve until the valve shows
the proper amount of lead on the side next to the piston.
Secure the eccentric in this position and put the engine
on the other dead centre and sce if the lead is the same.
It will be if all measurements have been made accuratley.

3. If there is a difference in the amount of lead, it may
be made equal by correcting onc-half of the error by chang-
ing the length of the connections and the other half hy
moving the cccentric.

Racker Arms are of two kinds, direct and indirect. A
direct rocker arm either gives the valve more travel than
the throw of the eccentric, or less, depending upon how the
valve stem and eccentric rods are connected to it. The
upper diagram in Fig, 170 shows a direct rocker arm in
which the valve has a greater travel than the throw of the
eccentric.  The lower diagram represents an indirect rocker
arm. Both rocker arms give the valve the same motion,
but it will be noticed the positions of the eccentrics are
exactly opposite one another. The direct rocker arm has
the same eccentric position as though no rocker arm were
used.- In the case of the indirect rocker arm the eccentric
is exactly 180° from the original position. When an indi-

rect rocker arm is used the eccentric is located go° minus
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the angle of advance dehind the crank. With a direct rocker
arm, or with no rocker at all, it is placed go® plus the angle
of advance ahead of the crank.

Reocrsing a Plain Stide Valve Engine.
with no rocker arm, the cecentric is placed a little more
than 0o° ahcad of the crank. Afead in this case meaning
in the direction of rotation.  Comsequently, if the eccentric
is turned to position A in fig. 177, the engine will run

Om an engine

Position of Heeentric Shown in Dotted Tines When TFngine is
Reversed,  ig, 177,

in the direction of the arrow. If it is turned an equal
amount past centre in the opposite direction to the position
(, the engine will he reversed, To reverse an engine, there-
fore, put the engine on dead centre and rotate the eccentric
in the direction it has been running, past the centre line
of the engine until the valve shows the same amount of

lead it had before.
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QUESTIONS FOR LIESSON VIIL

In how many and in what ways may steam engines he clas-
sificd 2

How may farm engines he clussified ?

Lxplain lh.c differcnee between a compound engine and a
double simple engine?

Name' the parts which make up the fixed parts of a simple
cngine ?
7 .

What parts constitute the valve gear of an (_11"11](,;

When is an engine said to

When is an engine said to ¢

Define clearance?

How is the size of (a) a simple engine designated, (h) a
compound engine ?

Explain what is jueant by the “throw of the cceentric ?”
Explain the use of the ecceutric?

Describe a square ID valve?

‘run over ?
run under 27

What is the position of the cccentrie relatively {o the crank,
when a square valve is used ?

What are the objections to the square valve?

Define “cut off p

What is the object of cushioning the steam ?

Define (a) Steam Tap? (b) lixhaust Tap?

What is the object of giving a valve Jap?

If steam or air, at oo pounds absolute pressure expands
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from two cubic icet to five, what will its pressure then be?

If three cubic feet of air, at 5o pounds absolute pressure be
compressed to onc-half a cubic foot, what will its pressure
then be, assuming that there is no rise in temperaturc
during the operation?

Show, by means of a diagram, the fall in pressure of steam

"‘which is admitted to an engine cylinder at. 100 pounds
absclute pressure and is cut off at haif stroke?

s there any theoretical gain in cutting off steam carly in
the stroke? :
Give a brief explanation of it?

Explain what is meant by the ferm “mean effective pres-
sure?” :

What is meant by the term “Angle of Advance?”

Why is an eccentric given angle of advance?

What is the effect of increasing the gngle of advance?

What is meant by the term “relcase” as applied to engines?

What is mecant by the term “angularity of the connecting
rod

What cffect has the angularity of the connecting rod on
the distribution of steam in an engine cylinder?

Explain how to put an engine on “dead centre?”

What is the position of the cceentric, relatively to the crank,
in the case of a valve which has lap?

Iixplain the effect of an indirect rocker arm on the posi-
tion of the eccentric?

What must be done in order to reverse a plain slide valve
engine ?
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PART IX,

COMPOUND ENGINES AND ENGINE DETAILS.
INTRODUCTION,

Compound engines, stuch as arc used on traction engines,
have two cvlinders, one small, the other large. The small
cylinder is called the high pressure; the large one the low
pressure cylinder.  Steam first enters the small cylinder,
and after doing its work therein, is passed on to the low
pressure cylinder, where it is expanded still further and
does more work. In peneral, it may be said that com-
pound engines take greater advantage of the expansive
power of stcam than do simple engines, and, for this reason,
and other reasons which will he presented later on, they
are considered somewhat more economical in the use of
fuel. This is especiallv true of the large sized engines
of fifty horse power and upwards.

There are two distinct types of compound engines, name-
ly: tandem comnound, and cross compound.  Tandem com-
peund engines have the cvlinders placed end to end, while
cross compound engines have the cvlinders placed side by
side.  The nistons of tandem compotnd cnegines are neces-
sarily sccured to the same piston rod and, consequently,
only one crank is needed. In the case of cross compound
engines, on the other hand. the nistons are fastened to
separate piston rods which are connected up to two cranks
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,placed 90°, or one quarter of a turn, upa.rt.. \?VIIGI? one
piston is at the end of its stroke, the other is in the il?ld(ll(}.
Both types of engines. have points of merit peculiar to
themselves, amd both have been uscd extensively, not only

Steam Admitted Between Two Distons of Fqual Size. Rig. 178

i
oz 5 e}

Steam Admitled Between 'T‘vs}o istons of Different Size, g, 17%.

on traction engines, hut in stationary practice as well, where
they have given very good and efficient service.

The Stze of Compound lingine Cylinders. The diamcters
of the pistons of a compouu(l traction engine ar¢ about
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in the ratio of three to five, 1. e, if the high pressure pis-
ton is made three inches in diameter, the low pressure pis-
ton must he about five inchies in diameter, or in that ratio,

The areas of circles are proportional to the squarcs of
their diameters, therefore the areas of the two pistons will
be as three squared to five squared.  Three squared cauals
nine, and five squared equals twenty five. The ratios of
the arcas of the pistons are as nine to twenty-five.  Tn
other words, the five-inch piston is about 2. 7 times as large
as the three-ineh piston. Tt is necessary that the pistons
be of different diameters, hecause the effective work done
on the Tow pressure piston is due to the difference in area
between the twa pistons.

This can be clearly shown by the aid of Tig, 178, Thus
suppose steam to e acmitted between the two pistons
of the same arca, as shown at A, With an arr angement of
this kind it is evident that the pistons will not move in
either direction, hecause the total pressure on hoth pistons
is exactly equal and in opposite directions ; but if steam be
admitted hetween two pistons of unequal diameter, as in
Fig. 179, movement will take place, hecause the total pres-
surc on the large piston, acting toward the right, is greater
than on the small piston acting toward the lefi.  Con-
sequently, hoth pistons will move toward the right, propelled
by a foree coual to the difference hetween the pressures
on the two pistons.  For example, suppose the pistons are
six inches and ten inches in diameter respectivelv, and that
the pressure is 100 pounds per squarce inch. The area of
the six-inch piston is 28.28 square inches, and the area
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. of the ten-inch piston is 78.50 squarc inches, The total
| ' pressure on the six-inch piston, acting toward the lelt, is
28.28x1co or 2,828 pounds, while that on the ten-inch pis-
ton ‘acting toward the right is 78.30x100 or'7,8356 pounds.
The force producing motion toward the right, thercfore, is
equal to 7,856—2,828 or 5,628 nounds.

The Action of a Tandem Engine. TFig. 180 is a diagram
of a tandem compound engine, showing the direction taken

|
nd

7~

%
rig. 180
=

W

o

{7}} § by the steam in passing through both cylinders, and, also,

3N g the action of the valves and pistons, The diagram shows
I g_u___h “ cach cylinder provided with a separate stcam chest and

3 L

N %Eﬁ?« valve, Steam enters the high pressure steam chest, through
the pipc P from the boiler, and is admitted to the left

i
|
|
|

N 3 end of the cylinder A, just as in a simple engine. The
t s steam in the right end of A, left from the preceding stroke,
' \P N £ passes out through the right hand port to the exhaust
o N E pipe T, which conducts it to the low pressure steam chest.
& Here it is admitted to the low pressure cylinder by means
" B q;j of a valve just as in the case of a simple engine. The
E valves B, and C, are given lap, and cut off the steam in both
§ 5 cylinders at the desired point. Steam is thus worked ex-
S ‘ N g pansively in the high pressure cylinder, and then agzin in
! % & the low pressure cylinder, Since the low pressure cylinder
\ E g is much larger than the high, it is evident that if steam were
ﬁ;ﬂf;‘é\—* == x RN u‘;cd. full stroke in hoth cylinders, there would even then he
\ \ _ S \ i considerable expansion, hecause the steam used in the small
N j cylinder would have to expand and fill the large one. When
A8 N \ stcam is cut off hefore the end of the stroke in both cyl-
Ny < T : inders, it is also clear that there must be still more ex-

RN i pan sion,
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Pressure in the Cylinders. YVhe pressurc on the high
pressure piston is the same as it is in the high pressure
stearn chest, If the engine is working hard, so that the
governor valve is wide open, it is about the same as hoiler
pressure.  The pressure on the low pressurce piston at the
beginning of the stroke and up to cut off, 1s nearly the same
as the back or exhaust pressure on the high pressure pis-
ton. Tn other words, the forward pressure on the large
piston is the same as backward presstre on the small at
the beginming of the stroke. The pressure on the low
pressure piston at the end of the stroke should be, and gen-
crally is, only a little above atmospheric pressure.

On account of the number of expansions in a comp
engine, it is necessary that hoiler pressure be quite high.
It is not considered economical to work a compound engine
on less than 120 pounds steam presstre. A simple enging,
on the other hand, will work well on any pressure, high
or low.

The Cowrse Taken by Steam in a Cross Compound Iin-
gine. Tig. 181 is a diagram showing the course of steam
through the cylinders of a cross compound engine. T is
the admission pipe to the steam chest of the high pressure

Steam is admitted behind th¥ pisten A in the
At the same time

ound

cylinder,
ustial way, by means of a slide valve.
the exhaust from the right side of the piston passes out
through the exhaust pipe B, to the steam chest of the low
from whence it is admitted to the low
The pistons of a cross com-
apart,

pressure piston,
pressure cylinder by valve C,
pound engine arc connected with cranks set go°
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conscquently when the high pressure piston is at the end
of its stroke, the low pressure piston is at the midpoint of
the low pressure cylinder.  Thus one piston is-cxerting
its maxinuum turning foree upon the crank, when the other
is at dead centre.  When the low pressure piston D reaches
the end of its travel toward the right, the high pressure
piston is at the midpoint of the high pressure cylinder.
The exhaust from the low pressure cylinder passes into the
exhaust pipe and escapes up the chimmey, just as in the
simple engine. When the stcam is cut off at one-haif
stroke in both cvlinders, as it frequently is, the course of
steam will he as follows: Starting with the pistons in the
position shown in the diagram, steam will he admitted to
the left hand side of piston A, until it reaches mid stroke,
At the same time, valve C has just closed the left port of the
Iow pressure cylinder.  The exhaust from the high pres-
sure piston, until the piston reaches point G, will now be
forced into the low pressure steam chest, where the pres-
sure rises until the valve C opens the right hand steam
port.  When this occurs, the piston T} has reached the end
of its stroke, and is ready to start on its return stroke to-
ward the left.

Tandem Compound Fngines may he divided into twao
classes. In the first class there arc two cylinders placed
some little distance apart, each provided with a scparate
steam chest and valve,  Tn the second class, known as the
Woolf Compound engine, the two cylinders are placed close
together, having a common cvlinder head hetween them and
provided with only one valve and one steam chest.  Tig.
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182 is a scctional view of an engine of the first named class
that is used on a well known make of traction engine. With
the explanation given for Fig. 180 in mind, the student
will have no difficulty in tracing the direction taken by the
steam.  Darticular attention is directed to the desig—'n of
the stuthng boxes, and of the valve.

The Wool] Compound Fngine,  1ig. 183 shows the cyl-
inders of this type of engine sawed in two lengthwise, re-
vealing the interior construction of pistons, valve, and stetm
chest.  The valve is shown entire ahove the small cvlinder,
atul alse sawed in two, and in place in the steam chest. Al
the steam that comes from the boiler passes from port A,
which is cast as a part of the steam chest, and into, the in-
terior of the valve through the port B.  This port B is
large enough so that it always covers port A, no matter
which way the valve travels.  After passing through the
valve, the steam emerges through port C, and passes, by
means of ports 1) or E, either to the right or left end
of the small evlinder. depending upen the position of the
valve and pistons.  As shown in the fizure, steam is Aow-
ing through port D to the right side of piston I, while the
exhaust s passing out through E into the steam chest.
When the piston 17 arrives at the opposite end of the cyl-
inder, the valve will have moved to the right until port C
covers port 17 when stcam will be admitted to the left end
of the cylinder and the exhaust will pass out througl 1)
int> the steam chest between the rectangular parts of the
valve, m and n,

Steamt from the steam chest is admitted to the low pres-
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| Section of Cylinders and '\’ull\';'s I]Ji).‘i Tandem Compound Engince.
i 18I

Section or Cylinders and Valves of a Tandem Compound Engine.
Ifigr, 183,
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sure cylinder just as in the case of a plain slide valve
engine. T'he large part of the valve (i is nothing more than
an ordinary plain slide valve which controls the admission
and the cxhaust of steam in the low pressure cyl-
inder, The exhaust from the low pressure cylinder passes
out through the port H to the chimney.

Since there is steam pressure on the inside of the valve
pushing it away from its seat, it is nccessary to put more
pressure upon its back than what is atforded by the ex-
haast steam from the high pressure cylinder.  This is
accomplished by two small pistons, K and K, in the stcam
chest cover, which press against the valve by the foree of
live steam which enters from the hoiler through’ the pipe
P, Tf stcam is not admitted behind K and K, the valve
will sometinies pound against the seat when the engine is
running.  This is causcd hy the valve lifting from its
seat, on account of too much pressure on the inside, and
then dropping back under the influence of the exhaust from
the high pressure cylinder.

The Centre Head,  The head between the two cylinders
is made steam tight by means of spring metallic packing,
an illustration of which appears in TFig. 184.

Cylinder Condensation.  When steam is admitted into a
cylinder which 1s colder than itsclf, it will part with enough
of its heat to raisc the cylinder walls to its own temperaturc.
In doing so & part of the steam will be condensed to water,
which will form a thin film on the sides of the eylinder.
This is called nitial condensation and is responsible for a
considerable loss in heat and consequent loss of efficiency
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of the engine.  Whatever heat is lost in this way is almost
a total loss. Tt seldom amounts to less than 10 per cent
in any engine, and may be much more.

When steam exhausts into the air, its temperature falls
to 212°, and consequently the temperature of the cylinder

The Centre TTead and Meiallic Packing of Wooll Compound
Kngines. Mg 154,

falls a considerable amount.  When new steam re-enters
through these same poris it must part with enough heat to
warm them again, and thus condensation takes place.

[iver since Watt's day engineers have heen seeking a way
to supply the cylinder with dry steam, and to keep it dry,
for therein lies the seeret of using steam economically.
The miecans adopted to sceure this result in traction engines
are as follows:

ist. Taking stcam from the top of the dome where it
is dry and keeping it dry on its way to the boiler, by (a)
making the stcam pipe short and direct, and covering it
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with some non-conducting substance, such as hair felt or
asbestos. (h) Carryving the steam from the top of the dome
inside of the hoiler. and then bringing it to the stcam chest
hv the shortest path, leaving as little exposed as possible,
and coverine what is exposed with a jacket.

and.  Jacketing the Cylinder cither with asbestos, felt,
wood, paper, etc., as is usually done, or with a live stcam
jacket.

ard.  Cushioning, that is, compressing the exhaust. This
is zccomplished as previously explained by adding inside
lap to the valve.

ath.  Superheating. Some tractfon engine builders pro-
vide a super-heater pipe, or chamber, placed in the path of
the hot gases, which heats the steam on its way from the
hoiler to the engine.

sth.  Compounding. Tach of these different methods

will he described and discussed separately.

Loss Due to Wet Steam. The question is often asked,
whv is wet steam, or stecam containing water, the cause
of so much loss in an eneinc? The answer to this ques-
tion is that when the walls of the cylinder become wet,
thev radiate and conduct the heat away a great deal more
rapidly than when dry.  This is why cither initial conden-
sation or priming catses so much loss,

Jacket on the Cylinder and Steamn Pipe. The jacket on
the evlinder consists of, first, an air space, then a covering of
wood, next a laver of sheet ashestos, and lastly, a casing of
sheet steel. held in place by metal bands.  The dead air
space is itself a good insulator, and prevents the wood from
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charring. A jacket of this kind prevents a great deal of
radiation fram the eylinder and adds to its appearance. The
stcain pipe covering is usually some preparation of mag-
nesium or asbestos, held in place cither hy canvas or a thin
metal covering.  Where the pipe is long it should always
be jacketed to prevent condensation as much as possible,
In some cngines the steam pipe is carried insicle of the
hoiler in order te avoid condensation entirely.

Tacketing the Cylinder with Live Steam. ig. 185 .shows.
a traction engine cylinder provided with a live steam. jacket.

Cylinder with Live Steam Jaeket, 1Pig. 145,

The cylinder is cast with hollow walls so that steam from
the boiler can circulate all around the inner eylinder.  The
pipe which supplics this space slopes sharply hack to the
boiler so that any water which condenses in the jacket
will flow back to the botler by gravity.

Since the inner cylinder is surrountled by stcam at the
same temperature as that in the boiler, it is maintained at
practically constant temperature.  During expansion when
the temperature in the cylinder falls it will draw heat from
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the jacket.  Consequently, there will he little or 1o initial
condensation.  There will he some loss of heat through
radiation amd condensation, however, in the jacket, which
cannot be avoided.  In Ifig. 187 hoth cylinders of the cross
compound engine arc jacketed by the exhaust steam from
the low pressure cylinder, which first circulates around the
cylinder hefore passing out through the exhaust nozzle,
Shiperheating.  Steam in (he presence of water from

One Style of Superheater,  Fig, 186,

which it is formed, as, for example, boiler steam, is said to
be dry saturated steam.  If this stcam were heated still
more, but not in the presence of water, it would hecome
superficated steam.  Steam that is superheated must lose
all of its super-heat before it begins to condense. It is
clear that if super-heating he carried high cnough, initial
condensation could be cntirely overcome, that is, if the
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steam contained enough additional heat to warm the cylin-
der walls, hefore all of this extra heat was used up. Even if
the super-heater evaporates what water goes over with the
stearn as priming, it does some good. [n stationary prac-
tice a super-heater consists of a coil of pipe, placed ir the
path of the hot gases, through which the steam passes on
its way to the engine. The only objection to super-hcaters
is that they burn out quickly.

Fig. 186 illustrates a super-heater used on a certain trae-
tion engine.  Steam passes from the dome through the inner
pipe, down into the main flue and then back between the in-
ner and outer pipes to the boiler. The principal object of
this type of super-heater is evidently not so much to super-
heat the steam as it is to evaporate the printing.

Fig. 187 rvepresents another type of super-heater which
is also a re-heater.  This is used on a cross compound en-
gine. The exhaust from the high pressure cylinder passes
through a large casting in the upper part of the fire box,
shown at K in the figure, where any water it may contain
from condensation in the high pressure cylinder will be re-
evaporated, and the steam given a few degrees of super-heat.

Cushioning the Frhaust. The exhaust port is closed, in
most engines, before the end of the stroke and the steam then
remaining in the cylinder is compressed by the force of the
steam on the opposite side of the piston.  When steam is
compressed its temperature rises and thas the exhaust ports
are warmed to some extent before new steam enters, thus
preventing a considerable amount of initial concdensation,

The Effects of Compounding. The compound engine en-
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abfes the fullest advantage to Le taken of the expansive
power of high pressure steam, and at the same time re-
duces initial condensation.  Initial condensation is reduced
largely by reducing the range in temperature in each cyl-

Crosgsg Compound Iingine Showing Superheater, Inlercepting Valve,
and Steam Joekoet for Oylinders,  Wig. 187,

inder.  Por example: suppose steam having an absolute

pressure of 140 pounds, and a corresponding temperature

of 352.8 degrees were to be used, and, snppose further that

it passcd on to the next evlinder at a pressure of yo pounds
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and a temperature of zoz.7 degrees, and that it expanded
down to 25 pounds with a temperature of 240.2 degrees in
the low pressure cylinder.  In passing it may be ohserved
that a certain temperature -always accompanics a certain
pressure in the ¢ase of steam.  The difference in tempera-
ture between the two ¢nds of the high pressure cylinder
under the ahave conditions is 40.1 degrees, and in the low
pressure eylinder the difference is 62.5 degrees.  The initial
condensation, therefore, will he much less than if all the
expansion occured in one cylinder; the same is true of the
low pressure cvlinder. Furthermore, when steam expands
from the high pressure to the low pressure Cylinfler, the
pressure falls and the steam of higher pressure, which con-
tains pound for pound more heat than that of lower pres-
sure, turns the condensed water into steam,  Consequently,
the steam that goes to the low pressure evlinder is almost as
drv as hoiler steam, and really ahout all the loss through
initial condensation occurs in the low pressure cylinder,
i e.. if the eneine is correctly designed.

Tf all the expansion from 140 pounds pressure to 2§
pounds, occured in one cvlinder, the difference in tempera-
ture between the two ends would he 112.6 degrees, and the
initial condensation woulf bhe considerably greater and the
loss proportionally more. .

Tt is a well known fact that the rate at which heat will
flow from a hot hody to a cold one depends rpon the {li.F—
ference in temperature hetween them. If the (liﬂ:e}'cnce is
large, the rate of flow will be large;; if the (liffcxjelec is small,
the heat will flow slowly. Applying this principle to. the
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compound engine we can readily see that since the differ-
ence in temperature between the evlinder and the steam is
smaller than in the simple engine, the ratc at which
the heat will flow will he correspondingly less.  Further-
more, the cylinder walls do not heat up and cool down in-
stantaneously, and so with a small range in temperature he-
tween the steam and the cyvlinder walls there will not be

- very much cooling during the exhaust. In the case of

the simple engine. where the range in temperature is as
great as it is in hoth of the cvlinders of the compound
engines taken together, the rate at which the heat will
flow from the cvlinder walls 1o the steam during expan-
sion, and the amount the walls will cool will he mach more
than in both cylinders of the compound cngine.  Conse-
quently, a great deal more heat will he needed fo re-warm
the exhaust ends of the simple engine than of the compound,
and this canses greater initial condensation.

Mechanical Advantages of Compounding.  Compound
engines cause less strain on the Dearings and on the main
shaft than do simple engines of the same power. In the
case of eress compound engines the cranks are set 0o apart,
thus when ene piston is passing centre, the other is exert-

ing its greatest twisting effort on the crank. Therefore,

there is no peint in the stroke where there is no turning
force exerted on the main shaft as in the case of a simple
engine when the crank is passing centre.  Tn consequence
of this more even distribution of the twisting cffort on the
crank, there is less strain on the main hearings than in
the case of a simple engine. A cross compound engine will
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run steadier than either a simple or a tandem engine, andd
with a lighter iy wheel.  The twisting effort on the crank
in the case of a tandem engine is, however, more evenly
distributed throughout the stroke than in a simple engine,
beeause the initial pressure at the beginning of the stroke is
higher and the termiral pressure lower. This can be casily
shown by a few simple calculations.

[t is usual te assume that a simple engine whos¢ cyl-
inder has the same dimensions as that of the low pres-
sure  cylinder of a compound engine has the same
power as the componnd.  With this assumption we will
proceed with the calculations.  Suppose the area of . the
high pressure piston is 24 square inches, and that of the
low pressure piston 72 square inches, and that the initial
pressure on the high pressure piston is 140 pounds, and
on the low pressure piston 7o pounds.  The total pressure
on hoth pistons is 243140 plus 72x70 or 8,400 pounds. At
the end of the streke the pressure on the high pressure
piston is 70 pounds, and on the low, 25 pounds, thus caus-
ing a total pressure on hoth pistons of 24x70 plus 72x25, or
3,480 pounds.  If the simple engine of the same power had a
cylinder of 72 square inches working hetween the same
ranges of pressure, the total initial pressure would he 140%
72, or 10,080 pounds, and the final pressure, 25%72, or 1,800
pounds.  Thus it will be scen that the initial pressure
would be higher in the case of the Silnplc‘ engine and the
final pressure lower than for a tandem compound. engine.
A tandem engine ought, therefore, to run steadier than a
stmple engine, on account of the better distribution of the
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pressures on the pistons during the stroke, but not quite as
steady as a cross compound.  The fly wheel can he lighter
and the load on the hearings and their tendency to heat will
be less than for a simple engine of the same power,
Tutereepting Valves. A cross compound enginé is just
as apt to stop on dead centre as a simple engine.  If there
is no steam in the low pressure cylinder, and the high pres-
sure piston is at the cnd of its stroke, then the engine can-
not he started as a compound engine, hecanse all the steam
that reaches the low pressure cylinder must first pass through
the high.  Since the high pressure piston is on centre, any
steam admitted behind it will not cause motion.  If, how-
ever, stcam were admitted to the low pressure cylinder,
its piston, which is at its mid stroke, would be in position to
start.  Just as scomn as it moves the high pressure piston will
also move and the engine can then run in the usual man-
ner.  All cross compound engines, therefore, are provided
with what is called an intercepting valve, which enables the
engineer to turn Doiler steam into the low pressure cylinder
until the engine starts and then, when motion begins, to shut
it off and convert the engine into a regular cross compeound,
Fig. 188 is an illustration of the intercepting valve used
on a well known cross compound traction engine. It con-
sists of a slide valve working in the chamber A. This
valve is operated by means of a bell erank lever B, having

“a toothed sector which moves a sliding picee that is attached

to the valve stem. * Bell crank T8 is operated by a foot lever
on the engineer’s platform which is connected to rod C.
The valve operated by B is so arranged that when it is
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pushed down it turns live steamy into the low pressure cyl-
inder, and at the same time allows the exhaust fronr the
high pressure eylinder to go out through the climney, thus
converting the engine into a double simple cngine.  When
the enginc is run in this way, it has a great deal more
| power than when running compound, a fact that is often

One Style of Intercepling \f:llvv./ Mg, 188,

taken advantage of in getting out of a bad place, where a
large additional amount of power is required for a short time,
The engine, when running as a duplex engine i this way,
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of course, uses a great deal more steam than when running
compound, and the pressure in the boiler will quickly run
down because enough steant cannot he generated fast enough
to meet the additional demand of the large cylinder.
Another style of intercepting valve is shown in figure 187,
and again in figure 189.  This engine can be turnf{d into

Another Style of Tniercepting Valve., Tig. 180

a double simple engince by opening the three-way valve D,
(fig. 187) which turns the exhaust from the high pressure
cylinder directly up the smoke stack and at the same time
shuts off the passage through the superheater I and pre-
vents steam from going over to the low pressure cylinder.
The intereepting valve is shown scparately in Fig, 18q,
mounted over an opening in the low pressure steam chest,
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Live steam enters the body of the intercepting valve through
port A, and causes the piston 12 to move to the right and
allow steam to flow through port B to the steam chest, At
the same time stcam from the steam chest flows back
through port C, to the right side of piston T, and tends
to closg it against boiler steam. Since the area against
which steam can act is greater on the right of E than on
the left, it is clear that a much lower pressure in the steam
chest will force I£ sufficiently to the left to close port I3
The result of this arrangement is that the pressure in the
low pressure steam chest will never fall helow 2 certain
amount, which amount depends upon the relative sizes of
the right and the left hand sides of valve T.. 11 there is
enough exhaust from the high pressure cyvlinder to main-
tain this required pressure, port BB will remain closed, but
if there is not, then the intercepting valve, or, to he more
exact, the pressure equalizing valve, T, will admit fresh
steam to the low pressure cylinder. When the cngine is
working as a double simple engine, it cannot have full hoiler
pressure in the low ﬁrf‘.ssure cylinder for the reason above
given. The object of using an intercepting or equalizing
valve of this kind is to so proportion the steam pressure
as to make both pistons do an equal amount of work, If
a little high pressure steam is needed in the large cylinder
to equalize the load, ihe intercepting valve supplies it in
the manner describerd ahove. ‘

Clearance.  As stated on a previous page in these lessons,
clearance volume should be made as small as possible in
order that the engine may be run with the smallest antount
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of steam per horse power, and that it may he cenabled to
yield the greatest efficiency.  [f the engine took steam full
stroke, whatever steam was required to fill the stean port
passages and the clearance space at the end of the eylinder
would be exhausted into the atmosphere at the end of the
stroke, and thus be a tolal loss.  When steam is used ex-
pansively this loss on account of clearance is considerably
less, because aflter cut off all the steam behind the piston
expands and is thus utilized to do work.  In this way the
steam in the clearance space is made some nse of after cut
off, but does no work before. Tt will readily be seen from
the above hrief cxplanation that long stcam ports impair
the cconomical working of an cngine to some extent, caus-
ing it to consume more steam per horse power than it would
if the clearance volume were smaller,  Tikewisc the loss
from initial condensation will he greater with a large clear-
ance volume than with a small, hecause there is more str-
face for the steam to come in contact with. In the best
makes of stationary cngines the matter of clearance volume
is one that is given a great deal of attention.
ENGINE DETAITS.

The Cylinder.  The cylinder of a steam engine is the
closed vessel in which the piston moves forward and back.
It is made of hard close-grained cast iron, and bered out
as smooth as possible in order to make a good surface for
the piston to slide on. The ends of the eviinder are bored
out about ¥4 of an fuch in diameter larger than the main
body, and hack a distance from the ends sufficient for the
first ving on the piston to pass into this larger porticn a
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distance of about W of an inch. il the eylinder were not
counter-hored the piston rings would, in the course of
time, wear the inside of the eylinder u little, forming a
shoulder at the end of the stroke against which they would
strike on every forward and back movement, thus making
a pounding sound which it would he impossible to prevent.
An illustration of the interior of a cylinder, showing the
counter hore and the position of the steam ports is shown
in Fig. 1g0.

N2

Scetion of Engine Cylinder Showing Steam Ports and
Counisrbore, 1Tig. 190,

The Engine Frame. The engine frame consists of a
heavy casting which is secured to the hoiler by means of
cap screws which pass through the flanges on the [rame,
and are serewed into the boiler shefl. — In most traction en-
gines built at the present time, the cvlinder, guides, and
brackets, which fasten the engine to the boiler are cast
in one piece.  In some engines hoth bearings for the main
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shaft are cast with this frame. Where the cylinder and
auides are cast together, they are bored oul at one setting
with the same boring tool, and hence both eylinder and
guides are bound to be in exact alignment. Where the
cylinder is holled to the frame and the guides are bored,
it is usual to it the eylinder in position first, and then hore
hoth it and the guides together, Iig. 191 is an illustration
of an enginc having bored, or Corliss guides as they are
sometimes called.  Tingines built in this way have certain
advantages which make them peculiarty well adapted for
traction cngine purposes.  These advantages may be enu-
merated as follows: 1st, the cylinder and guides are in
perfeet alignment, as both are bored at one setting with the
same horing tool; znd, the engine is very rigid and strong,
and not liable to get out of adinstment, becanse it contains
the fewest possible number of joints; 3rd, bored guides are
cheap to construct and present a very large hearing surface
for the cross head, so that even if used for a considerable
number of years, there will he Jittle danger of their becom-
ing badly worn, or worn out of line.  In case they do wear
there is. of course, only one remedy—and this may be urged
as a possible objection, that is, they must be sent to a ma-
chine shop to he re-hored.

Loconative Guides. Iiig. 102 shows an engine ftted
with Locomotive guides. "This name is applied fo them be-
cause they are used almost exclusively on locomotives.  As
will be observed, on referring to the drawimng, they consist
of beavy parallel steel hars, holted to the {frame at cach end
and held the required distance apart by means of distance
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blocks B. They possess one advantage and that is that when
they are worn the parallel bars may be taken out, planed,
and refitted in position just as good as new. Their proper
adjustment being obtained by putting in shimming between
the blocks and the parallel hars.  The objection to their
usc lies in the fact that there arc a large number of joints
to be made and the difficulty of obtaining perfect alignment
in consequence thereof, and, furthermore, the fact that the
engine frame is not nearly so stff or rigid as in the case
of the hored guides. Taken all in all, the bored guides
scem to possess advantages for traction engine work not
possessed by the TLocomotive guides.

Side Crank Engines. An engine having a crank disc,
or crank at the outer end of the shaft, is called a side crank
engine.  Most simple engines and tandem compound en-
gines arc constructed in this way. Such an arrangement
makes it necessary to mount the engine on the side of the
hoiler, thus leaving the whole top of the boiler unobstructed
and providing room for the arranging of the nccessary
piping and levers in a convenient manner.

Centre Crank Engines are mounted directly on top of the
hoiler and therefore require a different kind of a crank
shaft, since the cranks are placed between the hearings.
They possess an advaniage in thus causing the load or
thrust of the piston to be distributed equally between the
two bearings instead of all on one, as in the case of the
side crank engines.  All cross compemnd and double cvl-
inder simple engines are mounted in this way.

The Piston. The piston consists of a short cylinder of

121




40

CLARKE SCHOOL OF TRACTION ENGINEERING.

cast iron, usually cast hollow to reduce the weight to the
smallest amount. I this were not done, the weight of a
heavy soflid block of casting, resting on the bottom of the
evlinder and working hack and forth, would, in the course
of time, wear the cylinder out of round.  The piston is
turned ahout 1/32 of an inch in diameter smaller than the
bore of the cylinder, and a steam tight fit is secured by the
use of spring rings which fit in the grooves in the piston.
Tn ordinary sized steam engines two rings are used: gas
engines require from four to six,

The Piston Rings. The piston rings are made of cast

iron and turned first as a solid ring, about 4 inch in

diameter larger than the bore of the cylinder.  They are
usually made a little thicker on one side than on the other.
They are then cut in two at their thinnest place,
and a portion removed at this  point long enough
<o that when the ring is sprung together it will
be a tight fit in the cylinder. The method of cutting this
ring varies according to the ideas of the designer as il-
lustrated in the accompanying drawing, Fig. 193.  When
cut as shown at B, it is necessary to insert a pin in the
groove in the piston about which the notch in the piston
ring fits. When the rings arc inserted in this way the
joints in the rings arc made to come on the apposite sides
of the piston. When the piston riags are properly turned
up and fitted, they should he sprang together and re-
turned to the same diameter as the bore of the cylinder
in order to make a perfect fitt  When fitted in this way,

122

47

COMPOUND ENGINES AND ENGINE DETAILS.

they make a perfeetly steam tight joint and add very much
to the economical working of the enginc.

Leaky Pistons.  Leaky pistons arc a source of consider-
able loss of steam aund loss of power, because whatever
steam flows f{rom one side of the piston to the other is a

Spring Diston Rings, Fig. 193,
total loss. To determine if piston rings leak all that is
necessary to do is to turn the engine a little past centre,
block the cross head so that it cannot move, admit steam to
the cvlinder and then open the cvlinder cock at the end of
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the cylinder opposite to the end at which steam is adiitted;
if the rings leak, steam will Dlow out at this cylinder cock.
This method fails, however, if the valve leaks.

Method of Removing Piston Rings.  Whenever it is nec-
cssary to remove the piston rings considerable care should
be taken not to spring them any mwore than it is necessary
or they will cither he broken or stretched past their clastic
limit and  will never again fit the cvlinder properly.
An easy  method  of  accomplishing  this  result is to
spring the piston ring out of the groove at the point
where the ring is cut, a sufficient distance to insert a thin
piece of steel or a plece of stiff tin underncath the ring
between it and the pisten. Dy working two er three pieces
of tin underncath the ring at three or four places around
the circumference of the piston, the ring will be sprung
out a sufficient distance to allow it to he slipped out of the
groove. These sirips may all he inserted at the end of the
ring and then slipped arcund the piston to the proper po-
sitions.  When the work is done in this way, there is no
danger of breaking a ring. Sec Tfig. 104.

Piston Rod Fastenings.  Tig, 195 shows two methods
of securing the piston head to the re 1. As will he noted at
A, the head of the piston is bored tapering, and the rod
turned to it this taper, and with a shoulder at the point
where the main hody of the rod comes up against the piston
head., At B, a2 nut is screwed on th}' ened of the rad, which is
sometinmes secured afler it is serewed in place by means of a
pin which passes throngh both the rod and nut. At C,
the rod is simply forced into the piston under licavy pres-
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sure and then riveted over. The opposite end of the pis-
ton rod 1s usually, serewed into the eross head and locked
in place by mecans of a lock nut or jambh nut.

Method of Rewoving Piston Rings. ig, i94,
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Melhods of Securing Pislon Heads to Rods,  TFig, 1956,

50 Tig. 196 shows the construction of one style of pisto
rod stuffing box.  The gland G is forged against the pack
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ing by means of the nut N, thus pressing the packing tightly
against the rod.  When adjusted properly, steam cannot
blow out past the packing, but drops of water will pass
throngh and show on the piston rod outside of the cyl-
inder.  When the packing is new the stuffing box nut

Piston Rod Stufling Box. TFig. 196,

can be turned up tightly enough by hand to prevent steam
from leaking out. 1§ serewed up too tightly, the friction
on the rtod at this point may be sufficient to reduce the
power of the engine a great deal; in fact, many instances

N

¥

Diagram Showing I'ressure on thchmrc‘n' Guide.  Big. 187.

have been known where engines have been almost stopped
hy serewing up the stuffing hox nut too tightly.
It is always a good plan when an engine shows lack of |
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power, to examine this point, and see if this nut has net been
screwed up too tightly,

Pressurce on the Guides.  The pressure on the guides of
a traction cngine, and in fact on all reversible engines, is
on one guide when the engine is running in one direction,
and on the other guide when the engine is reversed.  On
referring to I¥ig. 197, it will be observed that with the po-
sition of the piston, connecting rod, and crank as therein
shown the line from the piston to the connecting rod
and from there to the crank, is a broken one. The force
which causes motion comes upon the piston.  The crank

=

-]

Diagram Showing when Prossure ig on Lower Guide. Fig. 198,

which offers resistance is a force acting in the opposite di-
rection,  The tendency of these two forces acting upon
the ends of this broken line tends to make the line a
straight one and causes an upward throst upon the guides.
As long as the engine runs in the direction shown by the
arrow the pressure will he on the upper guide. At the
end of the stroke this pressure will he zero, and near the
middle of the stroke it will he the greatest.  Consequently,
the guides will have a tendeney to wear more in the middle
than at either end.

Tn Fig. 198 the arrow shows that the engine is runaning
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in the opposite direction. By applyinn' the same prin-
ciple that we did in the preceding figure, it is evident that
all the pressure will come upen the lower guide. In all
reversible engines therefore, there must be both an upper
and lower guide of equal strength.  On an engine that
always runs i the same direction the pressure will always
be on one guide, hut when steam is shut off from the cyl-
inder, and the stored energy in the fly whee! causes the
engine to make a few revolutions, the driving force then
comes from the crank pin, while the piston acts as resist-
ance ; consequently under these conditions the pressure will
come upon the opposite guide.

The Connecting Rod connects the cross head with the
crank pin, and is the link through which reciprocating
transformed into rotary.
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motion is

L
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:
.

The length of the connecting rod, which is measured from
the centre of the crank pin to the centre of the cross head
pin, in traction engines, is from four to six times that of

T
'
]
'
B
)

Strap Fnd Conneeting Ttod. Trig, 148,

54

the crank.
[Fig. 109 ilustrates a well known form of connecting rod

fitted with strap and tapered key. Tt is still used quite ex-
tensively on some of the best makes of engines, and when
the work of fitting is carefully done there is no question
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but that it makes a very satisfactory arrangement; how-
ever, there are a large number of joints, comparatively, and
these are, as is well known, in all kinds of machinery apt
to be a source of treuble

The following cut, Fig. 2o, illustrates a much simpler
form of cqnnccting rod, which 1s forged out of soft steel;
13 is the brass crank pin box, one side of which is inclined
or wedge shaped. C s an ifron wedge block, having one
side inclined to correspond with the box 13.
justing screw which passes through a threaded hole
block C, and plain holes in the head of the connecting rod.
By turning the adjusting screw the block C can be raised
or lowered, thus tightening or loosening the brasses. E is
a jamb nut to lock the adjusting screw when the parts arc
properly adjusted.

D is an ad-

Solid End Ceonnecting Rod.  Big. 2040.

The shape of the body of the connccting rod docs not
matter much in the case of traction engines. Some arc
made rectangular and some are channeled.  This latter
form is for the amount of metal used, the stronger form of
the two.  See Fig. 201.

The Cross Head. The cross head is a block fastencd to
the outer end of the piston rod, to which the connecting rod
is attached by a pin, sometimes called the wrist pin and
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sometimes the cross head pin, passing through the cross
head and connecting rod cnd.

Nearly all cross heads on hored guide cngines follow
{he same general form of a solid body, having tapered sides,
top and bottom, to which shoes are attached, whose inner
sides are inclined exactly in the epposite direction to that

Anolther Style of Connerting Rod. Fig 201,

of the body, so that when both shoes are in place their
upper and lower surface elements will be exactly parallel.
By slipping these shoes further up or down the incline,
tI{e whole cross head may be nartowed or widened and ad-

Cross TTend with Tapered Bndy and Tapered Shocs. Wig. 202,

justed properly to the width of therguides. 'l he acconi-
panying drawing. Fig. 202, illugtrates this type of cross
head.

Ancther form of cross head that is used on some makes

of traction engines has a body with parallel faces and
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shoes  which are adjusted with set screws at each
end.  See TFig. zo3. It is much harder to adjust the
shoes in this case, than in the type first described, for, in

-the former, the upper and lower elements of the shoes

cannot be other than parallel, while in the latter, great care
must be exercised in adjusting the screws to make them
parallel.

In adjusting the shoes, care must be taken to malke the
centre of the cross head exactly central with the centre
line of the cylinder.  In the factory where the work is done

“with a special jig, the task is easy, but it ig harder in the

field where there are fow teols fo work with, A fairly
accurate way, however, is to place the engine on the head
enel centre and conncet the cross head to the piston rod,
adjusting the shoes so the rod appears to pass cxactly
central throiigh the stuffing box in the head of the cyl-
inder.  For small distances the eve is a very accurate
measuring instrument, so that with the exercise of a little
care this method may prove quite satisfactory. Tig, 204
represents the cross head nscd on a locomotive guide en-
gine.  When it gets worn it may he re-adjusted by taking
out some of the shimming between the parallel bars and the
blocks hetween them.  When this is done, care must be
taken to re-align the engine.

Pounding at the Cross Head.  Tf the engine runs smooth-
Iy when the pressurc is on the lower guide, but pounds on
the reverse motion, there is very good evidence that the
crass head shoes are not properly adjusted.  The reason
for this pounding is that at the end of the stroke the cross
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head falls by its weight and rests upon the lower guide
when the cngine passcs centre, but just as soon as the
central point is passed it is thrown forcibly against the
upper guide, thus making the disagreebale pounding noise
which is heard twice during every revolution.

Piston Speed.  The piston speed of traction engines is

&KQ
EFre A
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e
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—

Crosshead Tor DBored Guides, Fig, 203,

from 450 to 500 feet per minute.  'The piston specd of any
engine may casily he determined by muitiplying  the
length of the stroke in feet hy the number of revolutions
per minute that the engine makes: for example: If the
engine has a 1g-inch stroke, and runs at 250 revelutions
per minute, the piston speed will be 14x2c00x2, divided by
12, equals 400 2/3 feet per minute,
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The Crank Disc.  All side crank engines, and this in-
cludes nearly all simple engines and tandem compound en-
gines, are provided with a crank disc ou the end of the
main shaft. This disc is made lighter on the crank pin
side than on the opposite side in order to provide a counter
balance for the engine.  The usual method of accomplish-
ing this result is shown in Fig. 205 ; the crank disc is bored
out a little smaller in diameter than the main shaft and is

el

J

Crosg Head for Locomotive Quides. g, 201,

then forced onto the shaft hy means of hydraulic pressure
of a good many tons per square inch., When forced on in
this way, there is little danger of its ever hecoming loose.

Ralancing an Fngine.  In a reciprocating engine the pis-
ton, piston rod, cross head and connecting rod are con-
stantly moving cither forward or hackward.,  Their com-
bined weight amounts to somewhere in the neighborhood
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of 150 or 200 pounds, in traction engines, and unless counter
halanced i some way, this weight, moving first one way,
then another, would cause the whole engine to partake
of the satne motion, thus making it inmpossible to hold
the engine steady while it is running.  The method em-
ployed to offset the action of this weight moving back-
ward and forward is to provide an cqual weight, or its
equivalent, always moving in the opposite direction. This

Crank Disc with Teavy Weight Opposite Crank Pin to Ralance
Engine. Wig, 203,

is accomplished as ahove indicated, by placing a large
amount of welght in the crank disc. Tt will be observed
that when the piston is moving in one direction, this weight
which is placed opposite the crank pin is moving about the
centre of the shaft in the opposite dircction. When the
piston, or moving parts, near the end of the stroke, where
the shock is the greatest, the wgight in the crank disc is
exactly opposite and has a tendency to move the engine
in the opposite direction.  [f these two forces are cqual,
and both act in oppesite directions at the same time, they
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will exactly offsct cach other and the engine will stand still.

Centre crank engines are provided with heavy weights
attached {o the main shaft opposite the cranks, which act
in exactly the same manner.

Valves. The valves used to admit steam to the cyl-
mders of traction engincs may be classified according to
form, according to their direction of motion relatively to
the piston, and according. as they are, or arc not, held to
their seats by the fnll pressure of steam in the steam chest.

Under the first classification we have plain D slide valves,
Waolf valves, double ported valves, piston valves, and pop-
pet valves. Ulnder the second classification, balanced valves
and unhalanced valves,  Doth the plain 1 valves and the
Waolf valve have already been explained and need no fur-
ther mention.

Double Poried Valves.  An illustration of a double ported
valve appears in figure 182, An examination of the illus-
tration will show that steam not only passes into the steam
port in the usual manner, past the outside edges of the
valve, hut also through a port in the valve itself. The
advantage posscssed hy such an arrangement is that the
opening of the port is double the movement of the valve.
Tf the valve moves an eighth of an inch, the port will open
one-fourth of an inch. This arrancement has the effect
of 2 quicker acting valve than an ordinary slide valve, and
provides for a large volume of steam behind the pisten at
the heginning of the stroke when it is most necded,

Piston Valves. TPiston valves are just like plain D slide
valves rolled up into the form of a cylinder. Tig. 206
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is an illustration of a valve of t]’llS- kind. Thesc valves are up from its seat by means of a cam and suaps back again
chilled and fnade as hard as po:“?mlﬂ.e, and then ground to “under the action of a strong spring.  They have been nsed
an exact fit in the valve scat, which is also ground {o cxact to a limited extent on some makes of traction engines, but

have not come info general use.  They are well adapted

7

D

@ﬂﬂmﬂi"// . for slow moving engines, but do not work so well when the
%”Wé{{({{gﬁm speed is high, The advantage possessed by valves of this
e class lies in the quick opening of the ports and its equally

quick closure at cut off, which is much more cconomical
in the usc of stcam than the slow dragging movement of
the slide valve. ‘

72 A Direct Acting Valve. A direct acting valve is one
that moves toward the right to open the left hand steam
port, and - toward the left to open the right hand steam
port.  All of the valves herctofore illustrated have been
of this class.

73 ‘A valve which moves toward the left to open the left
hand stcam port is called an dndirect valve. See Iig. 200.
The majority of traction engines are provided with direct
acting valves and only a few have indirect valves. TIf an
indirect valve is used the eccenfric is placed go® minus

- " the angle of advance behind the crank.
74 Balanced Vailves. 1f steam is prevented from reaching
the back of the valve and exerting pressure thereon, the
Indirect, Balanced Pision Valve. Fig. 206 valve is said to he balanced. There are several schemes
' for accomplishing this result.  One is to inserf a ring in
size. Valves made in this style are very satisfactory. Of , a groove in the back of the valve. This riﬁg slides on
coarse, if they wear and leak stcam they become practic- o the inner surface of the steam chest cover, against which
ally worthless. it is held by spiral springs in the hottom of the groove.
71 Poppet Valves. A poppet valve .is one that lifts straight Since it makes a steam tight joint against the cover no
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steamn can reach the back of the valve within the ring. The
portion of the valve not covered by the ring is unhalanced.
Sometimes the valves are made semi-circular in cross sec-
tion and At inside of a steam tight casing which rests on
the edges of the valve seat,

Tiston valves are a good example of the balanced type
of valve, in fact, they arc the most perfectly balanced valves
made, since the stcam pressure comes equally upon all sides
of the valve and do not cbstruct its motion in the least.

RBenefit Derived from Using Balanced Valves. 1f the
valve is unhalanced it is held to its seat by a considerable
force, which increases the total amount of friction between
the valve and its seat and makes the valve move much
harder. This in turn causes a great deal of friction be-
tween the cccentric sheave and strap with a greatly in-
creased tendency to heat at this point.  Some of the power
of the engine is also absorhed in running the valve, and the
eccentric, on account of the load it has to carry, has a ten-
dency to slip.

The amount of power necessary to run an unbalanced
valve 1s often overestimated. The valve of a certain well
Lknown engine, capable of developing 50 horse power, is six
inches wide and eight inches long, its area is therefore 48
square inches. If there is a steam pressure in the steam
chest of 120 pounds per square inch, the total load on the
valve will he 48x120, or 5760 pounds. The pressure of
the exhaust steam and of tife compression may he esti-
mated at 760 pounds at least. The total unbalanced pres-
sure on the valve is, let us sav, 5,000 pounds. The force
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necessary to pull a smooth valve on a smooth valve scat is
usually taken at 1/10 of the load on the valve. In this
case it will require a foree of 500 pounds to move the valve
hackward and forward., If the valve has a total travel of
three inches, and the engine makes 250 revolutions per
minate, then the valve will move a distance of three inches
5oo times in one mipute, or a total of 125 feet per minute.
The total amount of work required to move the valve will
be the force in pounds multiplied by the distance it travels
in feet, which in this casc is sooxr25, or 62,500 foot pounds
Hz,500 divided by 33,000 equals almost 1.9
horse power.  Under these conditions 3.8% of the total
power of the engine was used in ruuning the valve. 11 the
valve in this case were perfectly halanced, the gain in power
would be just 3.8%.

Fiiting Valwes. The method of fitting slide valves, prac-
ticed in the hest shops, is to plane both the valve and the
valve seat as smooth as possible and then finish both by
scraping with a hand scraper to a perfectly flat surface. The
planer alone will not make a steam tight joint.  Scraping
must be done by hand by skilled workmen, and being a
long tedious process, is rather expensive. Tt is very easy
to tell if a valve has been scraped by taking it out and
looking at it ; the short irregular marks of the scraper ought
to he plainly visible while the long streaks left by the
plancr ought not be.  If a valve is not properly fitted, steam

per minute.

‘will blow through between the valve and its scat into the

exhaust and not only cause a loss of steam, but back pres-
sure on the piston,
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To Determine if @ Valve Leaks,  An easy way to do thig
is to turn the engine until the high part of the eccentric
stands vertically.,  When in this position the valve is ex-
actly in the middle of its travel and covers both ports,
If the cylinder cocks be opened and steam turned into the
gteam chest, none will get into the cylinder, and none can
pass out through the cylinder cocks unless the valve leaks.

The Throttle Valve is placed on the main steam pipe
somewhere hetween the governor and the point where the
steam pipe enters the hoiler and is operated by a rod and
lever on the engincer’s platform. Some throttle valves are
made much like an ordinary gate valve and others consist
of a conical plug having an opening through it which turns
half way around to admit steam.

All engines should be provided with a cut off valve of
some sort, between the throttle valve and the boiler which
may be closed whenever it becomes necessary to repack the
throttle valve stem or to make repairs.
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QULESTIONS IFOR PART IX.

Fxplain the arrangement of cylinders in cach of the follow-
ing engines: (a) a duplex engine, (b) a tandem com-

“pound cngine, {¢) a cross compound enginc.

Why are the cylinders of a compound engine made of dif-
ferent sizes?

Deseribe ‘the course of steam through the cylinders of a
tanclem compotnd engine.

Is there any back pressure on the high pressure piston of a
compound engine ; explain?

ITow may tandem compotnd engines be classified ?

How is the centre head of a Woolf compound engine made
steam tight?

What is cylinder condensation ?

Why is dry steam desirable in an engine cviinder?

What means arc adopted in traction engine design fo se-
cure dry steam?

Explain the effect of jacketing the cylinder with live steam.

What is superheating, and how is it done; is it an advan-
tage?

Explain the effect of cushioning the exhaust.

What advantages are gained by compounding?

Can a cross componnd engine stop on dead centre?

Explain the use of an intercepting valve.

What is clearance and why should the clearance volume
he made small?
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Explain the construction of an engine cylinder,

What two types of guides are used on traction engines?

What is a side crank engine, (b} a cenire crank engine? -

What are piston rings made of and how are they fitted ?

LExplain how to find out if a piston leaks.

How may piston rings he remowved?

Snow by diagram why the pressure of the cross head upon
the guides changes when an engine is reversed.

What causes pounding of the cross head?

What is the usual piston speed of traction engines?

ITow is an engine halanced, and why is this necessary?

How may valves he classified ? '

What is a balanced valve ; how are valves balanced ?

What is an indirect valve?

ITow are valves fitted ?

Explain how to determine if a valve leaks.
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LESSON X.

GOVERNORS.

Introduction. Neither the load that is on the engine nor
the force that drives the piston are constant, but on the con-
trary both vary from instant to instant. In traction engines
especially the load is very variable, one moment taking the
full power of the engine, as when a wet bundle goes into
the separator, and the next requiring almost no power, as
when the separator is running empty. The pressure of the
steam on the piston is also variable, being highest at the be-
ginning of the stroke and gradually falling off after cut-
off occurs until it is perhaps almost nothing at the end of
the stroke. The turning effort on the crank is also variable,
being nothing at the ends of the stroke and greatest at the
point where the crank and connecting rod make a right.
angle with each other.

In order to have an engine run steady it is necessary to
proportion the average force acting on the piston to exactly
meet these variable resistances by sonie automatic device
that will act quickly and with certainty.

Methods of Governing. It is evident that the effective
force driving the piston can be varied in any of the three
following ways: by changing the pressure of steam, by
changing the quantity of steam admitted to the cylinder and
by varying the back pressure.
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Governors which influence the pressure of the steam are
called throttling governors, and are placed on the main steain
pipe.  As the name indicates, they decrease or increase the
opening through which the steam flows from the hotler to
the engine, according as the speed of the engine increases
or decreascs. I the speed of the engine increascs beyond
a certain point a valve partly closes the supply pipe, causing
the steam to pass through a small opening, and since not
enough is admitted to the steam chest to keep it filled with
steam at hoilef pressure, it must expand to a lower pressure
and is admitted to the eylinder at a low pressure.

In all high-speed stcam engines those governors which
vary the quantity of steam admitted to the cylinder without
changing its pressure are placed on the main shaft and act
directly upon the cccentric. Governors of this class arce
called shaf! governors and an engine thus equipped is called
an aufomatic engine.  The action of the shaft governor is to
cause the stcam to be cut off earlier in the stroke to corre-
spond with the changes of the load on the engine.  1f the
load is light, cut-off occurs early, and if the load 1s heavy
the cut-off occurs later. Thus the average pressure driving
the piston is decreased or increased in accordance with the
load. The shaft governors act in one of two ways: either
the cceentric is rolled farther aronud the shaft and given a
greater angle of advance, or it is moved across the shaft
and the travel of the valve shortened.  n the first case the
valve is given more lead, an carlier cut-off, earlier release
and carlier compression when the load becomes lighter: in
the second method the effect is also to increase the angle
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of advance, to make cut-off, rclease and compression occur
carlier, but the lead remains constant. Shaft governors are
not used on traction engines for the reason that they are not
well adapted to a reversible engine.  They are somewhat
more economical in the use of stcam than throttle govern-
ors and are used largely on stationary engines.

There arc no governors designed to act primarily on the
exhaust and increase or decrease the back pressure, for the
reason that they would not be economical in the use of fuel
and water. Incidentally, however, the effect of shaft gov-
ernors is to vary the point of compression and thus vary the
back pressure to some extent.

Corliss cngines are governed by changing the point of
cut-off, but the governor is not placed on the main shaft,
neither does it vary the position of the eccentric. It is driven
from the main shaft, however, and acts on a releasing gear
mechanism which trips and shuts off steam at the desired
point.

Locomotives and traction engines running with the gov-
ernor belt off are governed by hand in two ways: by the
throttle, and by “hooking up” the reverse lever. The ef-
fect of “hooking up” is to vary the point of cut-off ; work-
ing the throttle governs the pressure of steam in the cyl-
inder. .

The Effect of the Throttle Governoy on the pressure in
the cvlinder under the different conditions as to load is
shown graphically in Fig. zo07. -

Since this stvle of governor docs not act upon the valve,
the point of cut-off will remain at some fixed point; in the
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diagram this point is supposed to be at half stroke. When
the engine is working under full load the pressure behind
the piston is shown in the ouler diagram; up to cut-off the
pressure behind the piston is almost cqual to hoiler pressure,
but from that point to the end of the stroke it gradually
falls. Under half load the size of the opening in the steam
pipe is reduced so that less stcam can pass through, with
the result that a good deal of expansion and drop of pres-

1 cut off

& B K e

Diagram Showing the Tiffcet of a Throttie Governor on Steam Prese
gures Under Varying Loads. Fig. 207

sure takes place in the steam chest. The pressure behind
the piston for half load is represented by line number 2,
in the diagram. The lighter the load on the engine the
lower the pressure on the piston will be, as shown by lines
3, 4 and 5. Line 5 represents the cengine running light ; al-
most no steam passes through the steam pipe and the pres-
sure behind the piston is just sufficient to overcome the
friction of the engine itsclf, Tn cach case the pressurcs at
different parts of the stroke are proporticnal to the length
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Diagram Showing Wffeet of Shalt Governor on Steam Pressures Under
Varying Loads, Fig, 2080
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of vertical lines extending between the lower line of the
diagram and whichever onc of the numbered lines is under
consideration.

Governing by Changing the Point of Cut-Qff is made the
subject of diagrammatic analysis in figure 208. The height
of each one of the diagrams, 1, 2, 3 and 4, up to the point
of cut-off is the same, but the point of cut-off in cach is
different, to correspond to the difference in load. Since the
height of the diagram represcnts to some scale the pressure
behind the piston, it is clear that steam is admitted to the
cylinder at the same pressure in each case. After cut-off
the pressure falls as shown by the expansion lines. When
the load is light cut-off occurs sooner, the expansion drops
lower, and the total average pressure driving the piston is
less than for heavy loads.

The lower line is the exhaust line, and since it is at some
little distance above the atmospheric line, it shows that the
piston is meeting with some resistance on the hackward
stroke. In diagram A, where the engine is working under
a heavy load, the exhaunst closes at X, and the steam re-
maining in the cylinder is compressed as shown by the line
X Y. Under a lighter load, where the cut-off occurs earlier,
the valve cuts the stcam off carlicr in the stroke and the
compression rises still higher. This is because the governor
gives the eccentric a greater angle of advance, which, with
a slide valve, makes all of the events in the distribution of
the steam occur earlier in the stroke.

Under a very light load, as shown in diagram D, the
steam is compressed on the hackward stroke until it is folly
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as high as boiler pressure. This, of course, causes the pis-
ton to do an extra amount of work on the back stroke and
so tends to reduce the speed of the engine. 1t is in this way
that cngines are, as previously stated, governed to some ex-
tent by the regulation of comprssion. .

Gowverning the Speed by [and. Al reversible engines
that are provided with a notched reverse lever quadrant can
be governed Ly hand within certain limits as to load by mov-
ing the reverse lever nearer to the centre noteh.  The effect
of so doing is to decrease the throw of the cecentric, so that
the valve docs not open the ports as wide, and to give it a
greater angle of advance, which, as hefore explained, canses
steam to cut off carlier in the stroke. [t must be understood
that the cecentric is not actually moved on the shaft to make
the angle of advance any greater or less, but the cffect of
moving the reverse lever is the same as though the angle
of advance were changed. A further discussion of this in-
teresting topic will be taken up in esson XTI

The opening or closing of the throttle will also control
the speed of the engine by changing the pressure behind the
piston. A good traction engineer makes a great deal of use
of the throttle in controlling the speed of his engine on the
road and in moving info position. Slowing down the speed
by partly closing the throttle gives him time to work the
steering wheel, and in putting on the helt he opens the
throttle very slowly in order to start slowly without throw-
ing the belt.

Governing Tffect of the Ilv Wheel. The governor, no
matter how well constructed, can not take care of all the
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simall irregularities in the speed of the engine during a
single revolution of the shait or of two or three revolutions.
The erank is supposed to revolve at a uniform rate of specd
and not to vary more than two or three per cent either way
from the speed reguired.  If the turning force at the crank
were constant the task of governing would be easy, hut it
is not constant; at the beginning of the stroke it is nothing,
but increases gradually toward the middle and from there
drops to nothing at the other end of the stroke.

The resistance at the pulley rim in pulling a heavy load
is constant; hence we have the condition of an intermittent
or pulsating force acting against a constant resistance. The
average amount of this force must be equal to the resistance
or the speed will fall. Tt is necessary, thercfore, to provide
soine device that will store up energy when the piston is in
the middle of its travel and give it up when the crank passes
centre,  "This is the duty of the fly wheel. The heavy rim
of the fly wheel, at a distance from the centre of the shaft,
reststs the heavy push of the pisten at the middle of the

stroke so much that the speed of the engine is not percep-

tibly increased, and at the end of the stroke when the crank
receives no help from the piston the duertia or energy that
is in the fly wheel causes it to give up enough force to en-
able the crank to pass centre without any change of speed.
A single-cylinder engine could not run without a fly wheel,
but would stop on centre. [f the fly wheel 15 too small and
licht the engine will not run steady. The larger in diameter
the {1+ wheel is, and the more metal there is in the rim, the
less change there will be in its speed during a single revo-

lution.
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the one invented by Watt, is shown in figure zog.

SPEED CONTROL

Gas engines require very heavy fly wheels because or-
dinarily they receive only one impulse during cvery four
strokes of the piston, and unless the fly wheel were heavy
enough to ahsorlh the power during explosion and give it
up on the suceeeding strokes the engine would have a very
irregular speed.  Large fly wheels do not add power to an
engine, but they cause it to have a steadier motion,

Centrifugal Foree. 11 a hody be made 1o revolve rapidly
about a centre, cvery parficle of that body has a tendency
to fly outward from the centre; the faster the hody re-
volves the stronger this tendency becomes, and if the speed
becomes great enough the force will be sufficient to burst
the body in many pieces. This force is called centrifugal
force. 1f the governor belt should fly off and there was not
much Ioad on the engine it would very quickly develop speed
enough to burst the fly wheel. Many such accidents have
occurred which have not only wrecked the machine hut have
alse killed people in the mmmediate vieinity.  Grindstones
and emery wheels often burst also on account of centrifugal
foree when run at teo high a specd.

Centrifugal force, however, may be, and is, taken advan-
tage of very often to produce most useful results. [t is the
principle upon which most all steam engine governors worle,
Its method of application will sow be considered. _

Watt's Gowvernor.  The simplest form of governor, and
It con-
sists of two Dballs 13, having arms pivoted at A, and two
links 1. attached by ping to a sliding sleeve S, A bell crank
lever D, pivoted at P, Is actuated by the slecve S, ag shown
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i the figure. Rod 10 is attached to the throitle valve, A
pulley, not shown in the drawing, is driven by means of a
belt from the main shaft, and causcs the spindle C and the
palls 3 to revolve at a rate exactly proportional to the ro-
tation of the main shaft. The balls, under the action of

O A
p .

Walt’'s Governor, Fig, 209,

centrifugal force, tend to move farther away from the point
of support A, bit being held by the arms M, are obliged to
travel in the arc of a circle about A as a centre,

When the engine is at rest the halls occupy the lowest
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position and the throttle valve is wide open. When they
are in motion they take up some other position, such as N
this 1ifts the sleeve S and rod 12 moves toward the right,
partly clasing the throttle valve,
depends upon the action of gravity tobringthe halls down and
upon centrifugal force to raise them. It has certain defects
and is not uscd at the present time, except in a modificd
form for slow-speed engines of the Corliss type.

Governors are designed in such a way that the move-
ment of the sleeve from its hottom to its top position will
take place within a certain range of speed of the balls, A
certain specd of rotation must be reached hefore the balls
move outward and act on the valve. When this speed s
reached the governcr begins to act.  If the governer reaches
its top position when the speed increases, before it closes the
steam supply to the engine, then the speed may go on in-
creasing indefinitely because the governor no longer acts as
a governor. It governs only through the range of specd nec-
essary for the slecve to rise from its hottom to its top posi-
tion, or from the top to the hottom position if the valve
spincle moves down to shut off the stcam.

Defects of Wait's Governor. The governor balls must’
rise or fall in order to clese or open the throttle valve; but
since their position depends upon the speed of the engine, it
is clear that the engine must change its speed befdre the
governor can act, When the engine is running light the
throttle valve must e almost closed, admitting only enough
steam to overcome the [riction of the engine. In this case
the balls must swing much farther outward than when the

This ferm of governor
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engine is beavily loaded and the throttle is wide open.  Evi-
dently, then, the engine must run somewhat faster, running
light, in order to revolve the governor balls faster and make
them swing farther out than when running loaded.  Thus
it will he seen that the speed of the engine can not be con-
stant for varying loads, but must change with every change
of load. This is also true of the other governors, because
all governors act only effer the engine has changed its speed,
but the variation in speed with other forms of governors is
much Tess.  An examination of fgure 209 will reveal the
fact that in order to move the rod L2, which operates the
throttle valve, an appreciable amount, the balls must move

*through a considerable distance, and in order to do so there

must be a considerable variation in specd, especially at the
higher speeds. Consequently this governor is of no use ior
engines that run at high speeds, such as traction engines.
Furthermore, gravity is depended upon to pull the halls
down after they have been raised by centrifugal action.  But
gravity acts slowly in such a case hecause of the resistance
of the throttle and the tendency of the balls, on account of
theif motion, to keep revolving at the same rate of speed
and in the same planc of revolution.

The Weighted Governor, also known as DPorter’s gov-
ernor, while not used on traction engines, is of interest in

general discuissions of governors, hecause it is an example -

of haw the sensitireness of the governor may be increased.
The term “sensitivencss,” as used in this connection, means
susceptibility to slight changes in speed, and its power to
keep the speed of the engine nearly uniform.

SPEED CONTROL

25 Figure 210 shows this style of governor, The halls B
are made small and are revolved at a high rate of speed.
Raods A are attached to the spindle and rods €, to a weight
W, which is free to move up or down on the spindle, hut
which revolves with it.  When the balls move vpward and
outward under the action of centrifugal force they must

The Weighted Governor.  Trig, 210,

also lift the weight W oas well as move the throttle. The
lever which moves the throtile is counterbalanced also and
noves casily.

265 The cffect of this arrangement is that a comparatively
slight movement of the halls, owing to the way rods A :11-‘0
arranged, moves the throttle a considerable amount and
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hence a slight change in speed will affect the governor. The
weight W, not being affected by centrifiygal force, and being
quite heavy, acts promptly to draw the valve down and open
the port wider.

Traction Engine Governors, Uhe governors used on trac-
tion engines are all of the type known as spring loaded
throttle governors. Instead of being provided with a weight
to bring the balls back to place they are provided with a
spring that resists centrifugal force and whose resistance in-
ereases somewhat faster than the centrifugal force does,
The result of such an arrangement is to prevent violent
fluctuations in the pressure of steam in the cylinder and to
keep the speed of the engine within narrow limits. _

Hunting of the Governor. When a governor is too sensi-
tive to changes in the load on the engine, and either opens
the port wide or closes it almost entirely, it is said to “hunt”
and is not as satisfactory as one that acts more slowly. This
is why the resistance of the spring in spring-loaded govern-
ors is made to increase faster than centrifugal force, and
why governors like those of the Dorter type are provided
with a dash pof to offer resistance to any sudden movement
of the governor spindle, '

Throttle Governor Bodies and Valves. Yigures 211 and
21z represent two different methods of constructing the
body and valve of throttle governors, Two objects are
aimed at: one is to provide the largest possible opening or
closing of the steam passages with the least movement of
the valve, hecause the movement is slight at hest; and the
other is to make the valve balanced, that is, subject to as
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much pressure on the top as it is on the hottom in order
that the governor will not have any steam pressure to over-
comle in moving the valve,

In figure 211 this is accomplished by making thie valve
in the form of a spool which seats at A and B. “The steatn
passages are cored out in such a manner that steam comes
upon the top side of the upper flange and upon the bottom
of the lower. The upper flange is a trifle larger and so
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Governor Dody and VWalve, Governor Body and Valve
Fig, 211, g, 212, -

bears a little more pressure than the lower one, thus throw-
the valve shghtly out of balance. Tn figure 212 the valve
is made hollow and is therefore balanced : steam enters the
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steam chest at four places, as shown by the arrows, thus
making it a quadruple-ported valve. 1-32 of an inch of
movement of the valve stem provides for 14 of an inch of
stemm port opening, thus helping to make the governor

mote seasitive to small variations in the speed of the cn-

gine withowt increasing its tendency to Vhuant.”

Regulaiing the Specd of an Engine with Throttle Goz-
ernors.  Throttle governors, ‘as before explained, govern
well only within certain limits of speed for which they are
designed.  “Their novmal rate of speed is usually stamped
somewhere on the governor. When a traction engine is
sent oul the pulleys on the engine shaft and on the gov-
ernor are made the right size to give the governor the cor-
rect speed for the normal speed of the engine.  Within cer-
tain limits the speed of the engine may be changed by
changing the tension of the speeder springs, or by changing
the position of the valve by adjusting the nuts on the top of
the spindle, thus changing the position of the valve in the
governor body.

The first method changes the load on the valve and makes
a change of specd necessary to change the centrifugal force
and cause the governor to act.  The second method varies
the travel of the governor valve. In cither case a consid-
crable change in speed can not be accomplished  without
changing the power of the engine. This is especially true
of the sceond method, which, while it makes a slow speed
possible, docs so by preventing the steam pressure in the
cylinder from approaching anywhere ncar hoiler pressiure,
consequently decreasing the power of the engine.
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Li'it is found nccessary to change the speed of the en-
gine very much, and for a considerable length of time, it
can he done better by changing the size of the pulley
on the governor shalt, making it the right size to run the
gavernor at its normal rate of speed. The following rules
explain how to figure the sizes of pulleys:

Rule One, Tofind ihe Diwoncter of the Governor Shaft
Pulieys: Multiply the desired number of revolutions of the
engine per minute by the diameter in inches of the engine
shaft pulley, and divide by the speed stamped on the gov-
erner ;) the quotient will he the diameter of governor pulley
needed.

Rule Two. To Find the Diameler of the Iingine Shaft
Puliey:  Multiply the number of revolutions stamped on the
governor by the diameter of the governor pulley in inches,
and divide hy the speed at which the engine is to run; the
quotient is the diameter in inches of the engine shaft pulley.

In general it is better to change the governor pulley, but
if the change in the speed desired would make it too small,
then Rule Two must he used to determine what change to
make in the engine pulley.

The Pickering Governor, which is made the subject of il-
lustration in figure 213, is a style of governor that i3 tsed
widely on traction engines. The balls are made light and
revolve at a high rate of speed, ranging between 4oo and
500 revolutions per minute for traction engives. Motion is
given to the Dalls by means of a pair of bevel gears (5, which
are driven by means of a belt from the engine shaft. T'he
pulley 1* on the governor is wade enough smaller than the
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pulley on the engine shaft to give the governor balls the
correct speed. When the balls are rotated they tend to move
outward under the action of centrifugal foree, and down-
ward because the lower connection is fixed in position and the
‘upper one, 17, is free to move. The throttle valve in the
hody B is closed by moving downward. ‘fhe arms A are
made of a number of thin leai springs fastened vigidly to

The Pickering Governor, g, 213

the heads C and I¥ and to the balls, thus avoiding the wear
and lost motion due to pin jeints. Yhe spring arms are
made stiff and strong and resist the outward movement due
to centrifugal force. When the engine heging to slow down
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on account of a heavy load the spring arms bring the balls
quickly back toward the spindle, thus raising the valve and
letting in amore steani,

Changing the Speed. This may be donc by giving the
speeder spring a little more tension. "There is a worm
wheel W on the outer end of this spring, operated hy mcans
of a thumhscrew T, By turning this screw toward the right
the spring is tightened and a forked arm which cngages a
collar on the valve spindle holds the latter firmly up to its
seat and puts a load on the valve which has the effect of
holding it open or bringing it back to its original position
when the speed of rotation of the balls decreascs.

The Sawyer's Lever is shown at L. Two wires or cords
run from cither end of this lever to the cngineer’s platform,
enabling him to close the governor valve and change the
speed of his engine at will. This lever derives its rame
from the fact that il was operated in sawmills by the head
sawyer to increase the speed of the engine when sawing a
large or especially difficult log. '

The later governors of this type are provided with a
knurled nut N, whose lower end rests against the top of the
valve spindle and changes the position of the valve as well
as its vertical movement. This gives the governor a wider
variation in speed.

The Safeiy Stop, with which some of these governors arc
provided, consists of a heavy pulley R, whicli rests, normally,
on the top of the governor belt.  1f the belt breaks, this pul-
ley falls and, acting in the same way as the sawver’s lever,
forees the valve to its seat and stops the engine.
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The Waters Governor s also a high-speed governor. Like
all modern high-speed throttle governors, it does not deperd
upon the action of gravity but upon centrifugal force and
the action of the springs which are attached {o the spindle
and to the balls.  The former throws the balls outward, the

I
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The Waters Governor.  I7ig. 214,

latter tends to hold the balls close to the spindle and resists
centrifugal action.  Sce Iig. 214.

Changing the Speed. This governor is alse provided with
a sawyer’s lever, as shown at 1 in the figure, for controlling
the speed of the engine from the engineer’s platform,  The
speed at which the engine rans can he adjusted permanently -
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by means of the screw 5. Screwing this down decreases the
speed of the engine; serewing it up ducreases the speed. If
this screw is lowered as far as it will go, the valve in the
governor body will he closed and the engine can not run.
After adjusting to the proper speed the jamb nut # should
be screwed down, locking the adjusting screw in place.

The Safery Stop, The action of this device on the Waters

governor is shown at the left in figure 214, A spring act-
ing on the gear shaft throws the gears cut of mesh when
the helt breaks and allows the whole top part of the gov-
ernor to fali and close the valve. In putting the governor
in operaticn again the top part must be raised, the set-screw
in the collar on the gear shaft pointed dircctly toward the
engine shaft, and the gear slipped into mesh, The tension
of the governor belt will hold the gears in mesh,

The Gardner Governer of the style most frequently used
on traction engines is illustrated in section in figure 215. It
is equipped with a safety stop i desired, and with a sawyer’s
lever and speeder, the two latter being plainly visible in the
diagrarm, ' '

The [iclipse Governor is another type of throttle governor
used on a large number of traction engines. It is provided
with a strong compression spring surrounding the spindle,
which brings the balls back to their position of rest. The
details of constructien arc clearly shown in the accompany-
ing cut, igure 216. This governor is fitted with a speeder
spring, a sawyer’s lever and a speeder rod extension to the
engineer’s platiorm for changing the speed of the engine.

Torizontal Governors. Fach of the different makes of
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governors just described are macle in either the vertical or
horizontal style.  When made horizontal the driving pulley
is placed at the base of the spindle, as in figure 217, Some
builders of traction engines prefer a horizontal governer,

The Helipse Governor, Tig. 216.
claiming that it is less influenced by jolting over rough roads
than the vertical governor, amd so maintains a more even
speed of the.engine on the road.

48 The Care of Governors. They should be kept clean and
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all the hoxes should be kept oiled with a good grade of ol
that will not gum. [n casc they do become gumny they
may be cleaned with keroscne.

The valve spindle stulfing box sheuld he packed with
candle wicking which has frst been braided and given a
coat of oil and graphite. The packing nut can be screwed
down tightly enough by hand. 1t onght te be quite loose,
so that drops of water may come throngl but no steam. 1§
serewed on too tightly the governor will stick and the speed

A Horizontal Governor. Tig, 217.

of the engine will be irregular.  Sometimes a drop of paint
will be found on the valve stem of a new governor which
will make it stick, or the valve stemt may become slightly
bent.  This often happens if the governor is removed from
the engine: the stem is made of a small brass rod and if the
governor 1 not lifted off perfectly straight it 15 sure to et
bent.

Trvegularitios in the Speed of the Fngine should alwavs
he looked after in the governor first,  Tf the speed is some-
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times too fast and at other times too slow it is probable
that the governor valve sticks, that the stem 1s crooked, the
packing too tight or that the helt slips.

Figure 219,

If the engine races it may he caused by a loose belt, 5
loose pulley, a loose gear on the governor, too much friction
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on the governor shaft, oil on the belt, or else some one has
adjusted the governor for a very high speed.

A Shaft Governor. A simple form of shaft governor {s
shown in figure 218, The engine is supposed to he at rest
and on dead centre with the crank on the left side of the
shaft. When in this position the cccentric has a certain
angle of advance g, and it is in position to give the valve full
travel,  When the engine starts it has to attain a certain
speed hefore the weights develop enough centrifugal foree
to overcome the tension on the spring 5. When this speed
is reached the weights move outward and the anmn b, which
is pivoted at p, carries the cceentric across the shaft,. The
effect of this is to bring the centre of the cccentric nearer
to the centre of the shaft as shown in figure 210.

When this occurs the wvalve travel is reduced. In the
figure it is only equal to a and the angle of advance is in-
creased to b, In extreme cases of high speed the wvalve
travel is little more than the amount of lead. With a gov-
ernor constructed like the one under discussion the lead of
the valve increases as the speed of the engine increases.

The method of changing the speed of a shaft governor
engine is to change the tension on the springs and shift the
position of the weights.

To increase the speed of the engine move the weight
necarer to the pivot on which the weight arm turns and in-
crease the tension of the spring; to make the engine run
slower move the weight farther out and slacken the tension
on the spring. It is impossible to change the speed while the
cnginge is running,
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The Inertia Shaft Governor. 1In this type of governor
the eccentric is moved across the shaft partly by centrifugal
force and partly by that property of the weights which is
called inertia. ‘

Inertia is that property of a body by virtue of which,
when onece put in motion, it has a tendency to keep in mo-
tion, or, if in a state of rest, to remain at rest. There arc
many examples of inertia; for example, if a ball 1s thrown
it will keep on moving unless some external force stops it
T'he force to do this in the case of the hall is the resistance
of the air and gravity. If a railroad car on a level track he
put in motion it will keep on moving until the friction of the
wheels on the rails or some other external force makes it
stop. It always requires a great deal more force to start a
load than it takes to keep it in motion after it has once
started. The reason for this is that the incrtia of the load
resists the force causing motion. Many other examples of
inertia might be furnished, but these will readily occur to
the reader after he gives the matter a little thought. The
principle of inertia is taken advantage of in the type of
governor shown in figure 220, the construction of which is
as follows:

A is the cccentric, which is slotted and fHits loosely on the
shaft. 13 is a rod attached to the eccentric, having balls C
attached to each cnd; a helical spring 13 1s fastened to the ec-
centric at one end and the other is attached to a hoss cast
in the rim of the fly whecl.

TFrom what has heen said in regard to inertia it is evident
that if the Ay wheel should move ahead suddenly the bar I3
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would remain at rest, that is, it would not turn with the
wheel until the tension on the spring becomes great enouglh
to overcome the inertia and cause it 1o rotate with the wheel.

The Inertin Governor, Fig. 220,
The wheel rotates in the same direetion a8 the hands of a wateh.

Engines of this class are not started suddenly as a rule,
but on the contrary quite slowly, and the tension on the
spring is sufficient to start the arm with the wheel. The
valve will now have full travel and its latest point of cut-
off, giving the enginc plenty of steam and inereasing its
spee. When the engine nears full specd its increase in
speed becomes more rapid and the original tension on the
spring D becomes insufficient to overcome the inertia of the
arm and balls.  Conscquently they lag behind the wheel
and the centre of the shaft moves farther down in the slot
of the cecentric, thus bringing the centre of the shaft nearcr
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to the centre of the cecentric.  The cffect of this action is
to shorten the throw of the eccentric and to increase its
angle of advance, making the valve have less travel and
causing cut-off to occur earlier in the stroke and slacken-

ing the speed of the cngine.

After the engine attaine full speed, if its speed sh&uld
slacken w1 the least, the arm and balls would move faster
than the wheel and push the cceentric across the shaft nearly
to the position shown in the drawing. This would cause
cut-off to oceur carlicr and give the engine more speed, until
the arm again changes its position relative to the wheel and
adjusts the point of cut-off relatively to the load.

In order to adjust the speed of an engine provided with
an incertia governor, the hest way is to add to or take from
the weights at the ends of the arms, until the speed is nearly
correct and then make the final adjustment by changing the
tension on the spring.  The ends of the arm are sometimes
cast hollow and filled with shot and sometimes composed of
a number of discs held in place with a bolt in order to make
it casy to adjust the weights.
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QUESTIONS TTOR PART TEN.
L}

In how many, and in what ways may ‘an cngine be gov-
erned ?

In what way docs a throttle governor act?

Show by means of a diagram the effect of a throttle gov-
ernotr, (a) when the engine is heavily loaded ; (b) when
running with no load.

Show by means of a diagram the effect of a shaft gov-
ernor an the steam pressure in the cylinder, {a) when
running with a heavy load, (1) when running with a
mediunt load, {¢) with no load.

I'n what way may a traction engine he governed by hand?
Fxplain the governing effect of the fly wheel. Why do
some engines require a heavier fly wheel than others ?

What is centrifugal force?

Mention some of the defects of the Watt's type of gov-
ernoer, .

[Explain the term #“sensitiveness” as applied to a gavernor,

What type of governor is used for traction engines?

What is meant by the term “bunting of the goverttor ?”

What two objects are almed at in the design of throttle
governor valyves? ) -

In what three ways may the speed of an engine be changed
with a throttle governor?

Lo

o
-1

4.

1.
16,
I7.
~ I8,
/7195
20.
21,
22,

23.
24.

SPEED CONTROIL

In case a considerable change in the speed is desired, how
may it be secured? :

What is the use of the Sawyer’s lever?

How does the safety stop on the Pickering governor act?

How do you change the speed of a Water’s governor?

How should governors be cared for? g

If an engine races, what is probably the cause?

What will cause the specd of an engine to be irregular?

IExplain the action of a shaft governor,

How is the speed of an engine provided with a shaft gov-
ernor changed?

Define inertia and give an example.

How do you change the speed of an engine fitted with an
inertia- governor ? :
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ENGINE MANAGEMENT.

Directions for Starting an Engine. An engineer should
sdar 3 regular order in starting or stopping an engine, and
then stick to it. Every move then will come to he a habit
and there is less danger of omitling any important detail.
‘The following outline is a good onc to follow in starting a
traction engine, and with a few modifications will do for sta-
tionary engines as well:

1. TLook over the machine and see that everything is in
proper order,

2. Make sure that the cylinder cocks are open.

3. The crank should make an angle of 45° with the
centre line of the enging, and be leaning toward the cylinder
and moving from it, to start casily.

4. Open the throttle a small ameunt to warm the eylin-
Jder and drive the water out of the pipes.

5. i the oil cups, oil all bearings, fill the lubricators and
make sure that all arc in working order.

6. Throw the reverse lever over in the direction the en-
gine ig wanted to rumn,

7. Open the throttle slowly and bring the engine up to
speed gradually, keeping the throttle lever in hand to stop
instantly if nccessary.

& If the crank is not sct right to start the engine, throw
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the reverse lever over and when the engine starts reverse
it slowly.

9. Turn the throttle valve wide open and let the gov-
ernor take care of the speed. )

1o. Close the cylinder cocks and the drain in the steam
chest.

11.  Adjust the eylinder lubricator to supply the preper
amoun® of oil, generally from six to ten drops per minute,

Dirvections for Stopping an Engine.

I. Close the throttle valve slowly and set the reverse
lever in the centre notch.

2, Open the cylinder cocks.

3. Shut off the lubricators.

4. Wipe the cngine clean while still warm and examine
all bearings to see if they heat.

5. 1f the engine is to be stopped very long, throw the
drive belt and drain all parts that nced draining.

Starting @ New Fngine. The same general directions ap-
ply to starting a new cngine as those just given, but. there
are other precautions that should be taken. Defore turn-
ing on steam, the fly wheel should be turned over hy hand
te make sure that evervthing is adjusted properly, The en-
gine should be run slowly for an hour or more and careful
watch kept of all bearings and wearing surfaces to see that
they do not heat ; all hearings as well as the cylinder should
he given plenty of oil on the first run as new bearing sur-
faces arc always somewhat rough and require more oil than
thase that have been run for some time. If an engine runs
light for an hour or two and the bearings do not heat, and
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everything appears to be properly adjusted, it may be start-
ed to work., _

The Main Shaft Bearings consist of heavy iron castings
lined with either brass or babbitt, generally the latter. In
the casc of side crank engines the lower half of the hox is
frequently cast solid with the frame, Dut sometimes it is
made separately and bolted to the {rame. The bearings are

Pillow Block for Main S8hafi. Fig, 221,

always made in two patts with shimming or liners hetween
the halves, which may be taken ont as the boxes wear and
refitted to make the box cxactly fit the shaft.

The shimming may consist of strips of cardboard, sheet
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metal, or hard wood. The thickneds of the shimming should
be just sufficient to hold the two halves of the hox at the
right distance apart to accurately fit the shaft when the up-
per half of the box is bolted in place.

TFig, 221 shows a style of Dox used on a certain well-
known malce of traction engine. It 1s lined with babbitt and
has an oil reservoir to insure proper lubrication. This res-
ervoir is filled with waste and saturated with oil.

Iig. 222 shows another style of bearing or pillow block

Pillow Block with Chain Otlers, Irig, 223,

as the main hearings arc somctimes called, provided with
chains which, resting on the shalt, revolve with it and bring
up oil from a reservoir located underncath,

Quarter Boxes. Vig, 223 represents what is known as a
quarter box, a style of box that is used somcetimes for engine
bearings. The bearing surface consists of four sections of
brass arranged as shown in the drawing., The stde sections
are held up against the shaft by means of two set screws
on each side, one at cach end of the bearing. The object of
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this arrangement is to sct the sections in or out to compen-
sate for whatever wear may occur, and thus keep the shaft
at right angles with the centre line of the eylinder.

Bearing Mectals for Shafts arc usually made of some soft
material if the shail is of any considerable size. The sub-
stances i common use arc habbitt, brass, bronze, and phos-
phor bronze. :

In light, delicate machinery where friction must be re-
duced to a minimum, very hard bearings and journals are

Tron

A Quarter Box. Tig, 223

used, as for example, the jewelled bearings in watches.
Hard hearings and journals, however, would not give good
satisfaction in heavy machinery. They would be more cost-
Iy because they would have o be perfectly true, more casily
151'01(011, and very difficult to repair, while with ordinarv
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steel shafting and soft hoxes ail these difficuliies are ob-
viated.

A good hearing for farm machmery chould be easy to
repair or renew in the ficld at slight expense. Tt should also
wear well and sustain the heaviest loads without heating.
All bearings heat some and alter rumning for some time will
feel quite warm to the hand, but bevond that the tempera-
ture should not increase in a well made, well designed hox.

An alloy for a bearing should be made up of at least two
metals, one rather hard and unvielding, the other some-
what soft and'springy.

The object of the softer metal is to form a springy sup-
port for the particles of hard metal.  As noted above the
harder the metal, the Tess the friction, a fact which would
seem to show that a hard hearing is the best and the springy
support is not needed, but hard metals will not conform to
the shape of the journal, so that an unyielding metal, un-
less the fitting is very carefully done, will cause a concen-
tration of the load on a few high spots, and produce rapid
abrasion and heating.

There are five metals used in inaking hearings, namely,
copper, tin, lead, zinc and antimony, AN habbitts and brass-
es arc made up with twvo or more of these metals, with occa-
sionally a small quantity of some other metal.

Bronsze and Prass.  All alloys of copper and tin were
formerly called bronzes, while the allovs of copper and zine
were known os brasses. At the present time there is no
sharp line of Jdifference hetween the two, since nearly zll
copper allovs contain not only tin, but lead and zinc also,
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R, —

The terms bronze and brass are now frequently used syn-

-onymously.

Babbitt. (Genuine babbitt is made of copper, tin, and
antimony in the proportion shown in the following table.
At the present time many different alloys are sold as bahbitt,
which differ very much from the genuine babbitt. Most of
the anti-friction metals advertised in trade journals contain
a large amount of lead and are much cheaper and somewhat
inferior to genuine babbitt, but are plenty good enough for
ordinary work, provided they can he bought for what they
are really worth, Babbitt is so easy to adulterate and so hard
to judge that a great many cheap babbitts have heen put on
the market and sold for a fancy price. A babbitt contain-
ing a large amount of tin is cxpensive, while onc that is
largely made up of lead should be sold for from one-third
to one-half the price. The enly way te buy babbitt is from
a reputable dealer who has a well established reputation for
fair dealing. Anti-friction metals which are widely adver-
tised as the “best on earth,” or with_some cqually high
sounding phrase, are frequently no better than an ordinary
grade of babbitt sold by the regular dealers.

TABLE 1.
ALTLOYS TTOR BILARINGS.

Capper, Tin, Tend. Zinc. Anitimony.
Brass, Common ...... 843 10.5 e 0.2 P
Brass, Hard ......... 79.3 14.3 4.1
Brass, White ,....... 80 i0 Lo 10
Tropzae, Best ... 0., 78 T 15 - .
Bronze, Yellow ..., 67.2 1.6 s 31.2
RBronze, Gun Metal, ... 90 10
Babbitt,. Genuine . ... 3.7 89.1 e 7.
Babbitt, Good ....... . a0 70 R 10
Babkitt, Cheap ....... ce 87 e 13

(for light loads)

Bronze, Phosphor .... 89 10 1 part of phosphorus

Bronze, Aluminum ... 90—3%5 Se-10 parla of aluminum

480

17

18

0

ENGINE MANAGEMEN.

Discussion of Dearmg Metals. The reports of tests of
bearing metals show that Drass or hronze is slightly hetter
than hahbitt [or the reason that with the same load, the same
specd of rotatien, and the same amount of oil, it Teats less
easily. The differcuce, however, is uite small and for
rough heavy worl habbitt has been found to he more sat-
isfactory, Dbecause, as hefore stated, it can he casily re-
paired in the ficld; whereas, a brass box when badly cut
must Be sent to a machine shop for repairs, thus causing
delay and much loss of time. Moreover, the first cost of

- a brass box is much more than of one made of babbitt, on

account of being composed of more valuable ingredients and
because of the labor necessary to put it in shape.

Phosphor Bronze. A bearing made of phosphor bronze
1s comsidered to be somewhat superior to an ordinary brass
or babbitt hox. Tts composition is shown in Table I, and
it will he observed that it differs from a brass hox only in
the addition of a small amount of phosphor, whose effect
is to make the bearing metal harder and somewhat more
uniform in structure thronghout.  While it reduces the
amount of friction between the bearing and shaft it has all
the disadvantages which attend brass boxes and which have
heen mentiencd heretofore ; except for some special service,
where it is necessary to reduce the Iriction to the lowest pos-
sible amotnt, the use of hoxes of this kind s of doubtful
advantage,

Dvections for Babbitting a Bex. The following direc-
tions, if carcfully followed, will enable anyone to babbitt a
box in an acceptable manner:
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1. Tirst cover the shaft about which the habbitt is to be
poured, with paper, ordinary writing paper is about right.
The edges of the paper may be stuck together with muci-
lage, or it may be ‘tied on with a stout string.  When a
‘string is used, it forms an oil groove in the hearing. The
paper not only prevents the habbitt from sticking to the
shalt, but acts as an insulator and prevents the babbitt from
cooling too rapidly when it strikes the shaft.

2. Cut two discs of cardboard to exactly slip over the
ends  of the shaft and place one at each end of the box for
the Babhitt to be moulded against.

3. Now block the shaft in the hox exactly in the position
desired and slip the paper discs up close to the bearing.

4. it the shimming Detween the two halves of the hox,
putting the same thickness on each side. Cut small V notch-
es in the inner cdge of the shimming, sce Fig 224, and let

NN

Shimming for o Split Box. g, 224,

it fit close to the shaft on cach side. The notches allow the
babbitt to flow through to the lower half of the box, but do
not leave much metal holding the two halves together, After
the hox is poured, the two halves may be separated hy means
of a hammer and cold chisel.

5. After the shimming is fitted, slip the cardboards up
against the box and close all openings at the end with a
stiff clay paste. A small vent should be left in the clay at the
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ends of the box on the npper side io allow air to cscape.

6. The babbitt may be poured through the ci! holes in
the oil pocket at the top of the box, or these may be plugged
with wood and a clay funnel moulded at one end and the
babbitt poured in at this point. The plugs may then be

How ¢ il & Box, Fig, 234

removed and it will not he necessary lo hore {he oil holes
out,

7. After everything is in readiness, and before blocking
the shalt in place, the box should he heated by burning some
greasy wastc in it, by means of a gasoline torch, or hy means
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of a large red hot piece of iron. ‘The latter is best. If the
box is not first heated it is very apt to chill the bahbitt, and
prevent it from running properly.

8. The babbitt should be heated until it will readily
brown a pine stick.

9. In pouring be careful to prevent the slag, floating on

A Babbitt Tox Showing il Grooves. Fig. 226,

top of the babbitt, from entering the box and pour as rapid-
ly as possible, ncver stopping until the box is completely
filled. -

10, After the habbitt has solidified, take the cap off from
the box by mcans of a hammer aml cold chisel, and trim
up the edges.  Then relieve the edges of the box after the
manner shown in Tig. 225, This may be done with a
scraper made by grinding an cld file square across the end.
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Only ahout three-quarters of the eircumference of the shaft
should be in contact with the box; if it touches all around it
is almost certain to heat.

11. Ol grooves should now be cut in the soft metal with
a small round nose chisel, somewhat after the manner llus-
trated in Fig. z20.

Thie Cause of I{ot Boxves. There are many causes that
lead to the heating of boxes, a number of which are here-
with enumerated and discussed on succceding pages,

1. Boxes set up toc tightly,

Newly fitted brasses or journals.

Not enough oil.

Gritty oil or oil of poor quality,

Boxes and journals badly proportioned.
Drive belt too tight.

Engine out of line.

Engine -overloaded.

9. Doxes improperly fitted.

Methods of Treating a Hot Bearing. 1f a bearing begins
to heat the first thing to do is to increcase the feed of oil;
if this docs not have the desired cffect, the next thing to do
is to shut down the engine and make an examination to de-
termine, if possible, what causes heating, and how to rem-
edy it.

All bearings heat somewhat after they are run for a time,
but one that is in proper order soon reaches its working tem-
perature, beyond which it will not rise even if run for hours
at a stretch. Tt takes some little experience to recognize
what is actually dangerous heating, Of course, wherever

» N
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heating occurs it is evidence of friction and that means a
loss of power, but it is not particularly dangerous to either
the bearing or journal until the temperature is uncomiort-
able to the hand.

The most prevalent cause of hot bearings is caused by the
gripping of the journal by having the hoxes set up too tight-
ly; in this case the ohvious thing to deo is to loosen them
slightly and add plenty of oil.  Somectimes a little {lake
graphite or flour of sulphur, introduced in small quantitics
with the oil, helps to make a box run cool.

In case of great emergency a bearing may be kept cool
with water, but if it requires such treatment it will be
pretty apt to cut.

Method of Adjusting Bearings. In setting up the main
bearings a good method to pursue is to disconnect the con-
necting rod and then fit the caps to the boxes hy putting in
shimming between the halves. A very close adjustment
can be sccured hy using two or three paper shims after
ptitting in the heavier shimming. When properly adjusted
the fly wheel will turn {reely and no lost motion can be de-
tected at the hoxes.

The connecting rod may he connected up to the cross
head and the wedge or taper key then set down very gradu-
ally until no lost motion can he detected by pushing or pulling
on the rod. The adjustment of the crank pin should he made
in the same carcful manncer, by setting the wedge in a little
at a time, until a point is reached where no lost motion can
he felt at the pin when the fly wheel is rocked hackward

and forward,
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Seme engineers prefer to set the boxes ap just a little
loose at first and then take cut a little lost motion cach day
or half day unti! they finally make a perfect fit. This
method is a very sure one and genecraily results in a very
close and satisfactery adjustment. After a bearing is once
properly adjusted its adjustment should not be changed un-
less absolutely necessary.

It seams impossible to take a cap off from a hox and put
it on again exaciy as it was before and have the shaft run
as well as it did before, even if the same shimming is used
and the nuts are drawn down on the cap with the same force.
Generally when a box has been loosened up it has to bhe
brought back to adjustment again very gradually. A good
engincer never touches the adjustment of a hearing until
lhe is certain it is wrong.

Refitting a Cut Bearing. 1f a bearing heats badly, it soft-
ens and becomes cut or grooved, and the shaft cuts likewise,
although it frequently happens that a hox gets hadly scored
while the shaft remains in good shape. If a box once gets
cut, it will never again run cool until refitted.  Babbitt hoxes
arc casily refitted if not too badly cut, by scraping them as
smooth and true as possible with a steel scraper, which
may be made by grinding off the end of a file true and
square. The hox should not be set up too tightly after re-
fitting, but left a trifle loose, and gradually brought down
in the course of a few days to a proper fit. It is a good
plan also fo put in some flake graphite or lour of sulphur
to fill the little irregularities in the box and thus make a
smoother and more even hearing surface, If the shaft is
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cut it is hard to refit without having it re-turned; careful
filing will, however, remacve the burr or raised parts, and,
if it is not too badly cut, it may work again all right; one
or two straight grooves will not hurt very much.

A badly cut babbitt bearing should be repoured, and a
badly cut brass bearing should be renewed. A brass bear-

ing may be refitted by scraping, if it is not too badly cut or -

scored. A new brass bearing requires constant watching to
prevent it from heating, because the tool used in boring it
out usually leaves a large number of very small ridges or
points of metal for the journal to work upon, instead of a

perfectly smooth surface. Until these points of metal are

bent over and smoothed down the box is very apt to heat.
A new babbitt bearing, on the other hand, is not very apt
to heat, if well made, because it is cast instead of being
machined.

Heating Through Poor Lubrication. The chiect of lu-
brication is to interpose a thin film or cushion of oil be-
tween the journal and the bearing; if the box is set up too
tightly or the load on the shaft is so heavy as to squeeze
the oil out, heating is surc to be the result.

Almost all oil contains more or less dirt which eventrally

- finds its way into the bearing, or else clogs up the oil

holes. Sometimes this dirt consists of some gritty matter
which causcs considerable friction. Troubles from  this
sotirce may be overcome by straining all the oil through a
cloth,

An oil that is either too light or too heavy for the bear-
ing, or one whose quality is otherwise poor, may cause
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heating. Since oil is so casy to adulterate and so difficult
to test, the consumer can hardly do better than trust to the
judgment of some reputable dealer to get a good grade
of oil.

The [leating of Crank Pin Brasses. Occasionally the
connccting rod brasses are not properly relieved at the cdges

“when fitted at the factory and, in censequence, run hot

when they are put in service. If this is found to be the
case, the brasses should be fitted as described under the
heading of “directions for babbitting boxes.” Tf the crank
pin and cross head pin are not exactly paraltel, the pressure
will not be evenly distributed throughout the whole length
of the bearing and this will cause heating, because the Wh'ole
load comes upon only a small surface and, consequently,
being very heavy, squeezes the oil out and causes heating.
This condition may arise if the pins are not put in exactly
right in either the cross head or connecting rod, or if the
main shaft is not.lincd in properly. If the former cause
makes the difficulty, the jobh should be turmed over to a
good machinist, if the latter, the engine should be realigned.

Heating of Main Bearings Due to the Boiler. When the
main shaft bearings are holted to the boiler, they will he-
come almost as hot as the boiler, even if the engine is not
ruri. 1t is only when these bearings appear to he getting
hotter than the boiler that any apprehension need he felt in
regard (o their condition. An cngineer, however, should
watch these bearings carefully, nevertheless, and if he has
some experience his judgment will tell him when they are
getting too hot.
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{eating of Main Bearing Due to Drive Belt Being Too
Tighi,  As previously noted in these lessons this ix one

of the principal causes that lead to the heating of the hear- '

ing next o the fly wheel. When the helt is drawn up very
tight the oil is squeezed out of the hearing and causes it
to heat and perhaps cut.  Care should be taken not to pull
the drive belt up any tighter than absolutely necessary to
prevent it from slipping.

« The Heating of the Eccentric may he caused by having
the strap set too tightly or by screwing up the stufting box
so hard as to cause much friction on the valve stem, thus
throwing a heavy load on the eccentric. If the eccentric
hecomes cut through overhcating, or on account of grit or
dirt, it may he refitted by filing, if the work is done very
carefully, or, il the casc is a desperate one, it may he
ground down by putting in emery between the straps and
cccentric, and running the engine slowly. ‘This treatment
does not make a very smooth job, but the grooves in the
eccentric will fit the ridges in the sirap and make a fairly
scrviceable job.  After it is ground down, care must he
taken to wipe out every particle of the cmery, then put in
some flake graphite and adjust the strap. 1t is best not to
make too close an adjustment at first, but to run for a while
and gradually take up lost motion until the adjustment is
complete.  This may take two or three days.

Kuocks or Pounds in an Engine. Kunocks or pounds
about an engine are duc to lost motion ar loose parts, en-
erally, and in all cases, except noises in the cvlinder, to a
tack of proper adjustiment of some part or parts of the
engine or its connections.
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A neisy engine is always a source of annoyance to an
engincer, and the inexperienced man generally starts out
immediately with a monkey wrench, trying all the nuts to
see if he can stop it.  This kind of practice is wrong. A
knock does not always mean that any part is very badly out
of adjustnient, and in the great majority of cases it docs
no particular damage. When an engine begins to pound a
careful engineer will first make a careful inspection to de-
termine what is the cause, and he newzer tightens a nut until
he is sure it needs to be tightened.  Owing to the way
sound is trausmitted through the metal, very little depend-
ence can he placed upon locating the trouble by ear. The
hest way to do is to depend upon sight and touch. If the
lost motion is not easily located go over the engine carefully
and watch each bearing and sec 1f any lost motion can be
secn or felt.  In the case of the crank pin or connecting rod
the lost motion can he generally felt if somecne rocks the
fly wheel back and forth,

Causes of Pounding. 'The following is a partial list of
the causcs that lead to the knocking or pounding of an
engine '

1. Water in the cylinder, due to priming or to eXCOSSive
condensation of steam,

2. Loosc piston rings, or the piston loose on the rod

3. The cylinder head loose, this can he casily secn and
the remedy is obvious.

4. The valve loose on its stem.

5. DBack pressure too high, due to the valve heing im-
properly set.
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6. The pressure plates on the back of the valve not prop-
erly adjusted.

7. Cross head shoes loose, or not properly adjusted.

8. Connccting rod brasses not properly fitted.

9. The crank pin loose in erank disc, or the crank disc
loose on the shaft.

10. Lost motion between the cccentric and eccentric
strap.

11.  lost motion in the reversing gear.

12. The fly wheel loose on the shaft.

13. Main bearings too loosc.

14. The valve improperly sef.

Items 8, 10 and 13 have alrcady been discussed.

Water in the Cylinder. 10 the engine primes badly, water
gathers ahead of the piston and causes a groaning and
knocking sound in the cylinder, which the engineer will
soon learn to recognize. The remedy is to open the cylinder
cocks and give the cylinder a little more oil to take the
place of that washed out.

Loose Piston Rings, that is, rings which do not fit the
grooves in the piston, sometimes canse poundmg, as do aiso
broken rings. The only remedy is new rings properly
fitted.

The Valve Loose on tts Stem. [ the nuts holding the
valve to the stem work loose, the valve stem will move a
short distance at the heginning of the stroke and then strike
the valve cansing a knock, This can not be ascertained
without taking the steam chest cover off.

Rack Pressure too High. [f the compression is too early
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at ome end of the siroke, it may raise the back pressure
higher than the pressure in the steam chest and lift the valve
from ils seat; just as quick as this is relieved by the open-
ing of the port the valve will fall back to its scat, making
a noise. The remedy is to reset the valve,

In the case of Woolf valves which are held to their seat
hy live steam, the valve in the live stcam pipe leading to
the Dhack of the steapt chest cover nay he closed, allowing
the valve to lift from its seat and [all back again; or, in
the case of a halanced valve, the pressure plate on top may
not be properly fitted.

Toose Cross {Tead Shoes. In some styles of cross heads
lost motion may occur at this point, but it s readily de-
tected by running the cngine slowly and watching closely.
Tf the engine runs smoothly in one direction and pounds
when reversed, the cross head shoes need setting out. If
they are set out until they pinch a picce of glazed paper
they will be found to he about right. In doing this care
must be excrcised to set hoth upper and lower shoes out
the same amount so that the piston rod runs cxactly central
in its stuffing box. This can be determined accurately
enough by eye.

A Loose Crank Pin or Crank Disc is scldom found be-
cause they are put in place by very heavy pressutc: when
this is the difficulty, the only remedy gencrally is a new
shaft; or at any rate, a trip to a machine shop.

Tost Motion in the Reversing Gear. Owing to the dif-
ferences in the construction and design of reversing gears
it is almost impossible to state in general terms just what

493




48

49

51

CLARKE SCHOOL OF TRACTION ENGINEERING.

may be wrong, but in any event since it is all open to view,
the lost motion may be cither felt or scen, if a careful exam-
ipation is made, and the remedy will be at onee obvious.

A Loeese 'y Wheel is frequently the cause of a had
knock and is due almost always to the key being poorly
fitted. 1 the key does not fill the key way sidewise in both
the shaft and the hub, lost motion is apt to occur which is
not only annoying hut dangerous to the fly wheel as well.

The Valiee finproperiy Set. 1f the valye is set in such a
way that there is a good deal of cushion at onc end and
none at the other, the engine will pound at the cross head,
crank pin, or main hearings, and may be at all three places.
As explained in a preceding lesson, the object of the cush-
ioning of the steam is to prevent the strain of reversing the
direction of the piston, cross-head and connecting rod at
the ends of the stroke from coming upon the bearings, but
to make it come upon the cylinder heads instead, by meet-
ing the resistance of the compressed steam. Therefore, if
a valve is set with too much lead at one end and none at
the other, the engine is liable to pound.

PackING.  In order to make either a steam or water tight
joint between two metal surfaces, thcy must he  either
ground perfectly true or else a thin sheet of some soft yield-
ing material ntust be placed between them.  Ground jeints
are expensive to make and the usual practice is to use some
sort of packing.

The material used for packing flat surfaces, such as hand
holes, man holes, stcam chest covers and flange unions are
paper, sheet rubber, sheet lead, ashestos, wire gauze, ete. or
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cvlindrical surfaces such as piston rods and valve stems,
there are hemp, candle wicking, asbestos, rubber, and metal
packings., Each one of these different kinds of ‘packing
have some merit peculiar to themselves, and cach is cs-
pecially adapted for some particular service.

Pucling for the Steam Chest Cover: A good packing
for this place is tar paper, heavy manilla paper, or shect
rubber; other things have been used alse with good effect,
such as an old grain sack or sheet lead; the latter, however,
is expensive. The surfaces packed should always be scraped
clean, and if rubber is used rub graphite over hoth sides of
it to prevent it from sticking to the metal when it softens
with the hicat. All the nuts on the bolts should be drawn up
tightly and all given as ncar the same tension as possible.
Then, when the steam is turned on and they begin to length-
enn from expansion, go over all the nuts agein.  If this is
not done the packing is apt to blow out. In cutting paper
packing usc a sharp knife that will not tear the edges. A
torn piece of packing is uscless.

Packing the Piston Rod. The best packing to use for this
place is some form of patented rving packing. Most of this
packing is composed of scctions of rubber and hemp, en-
cased in a woven cotton casing impregnated with graphite.
An end view of a good kind of packing made in this style
appears in Fig, 2zz7. Ring packing sometimes is inserted
in a continuous coil and somctimes cut in short sections and
put around the rod, the scctions being put in so as to
break joints, DBefore packing the piston rod, all of the old
packing should he removed with the aid of packing hooks,
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which every engineer should carry with him.  The usual
forms in which packing hooks are made appears in Fig, 228,

Ring packing is made in one-cighth inch sizes, as one-
fourth, three-eighth, one-hali, ete.  In ordering, measure the
space between the inner cdge of the stuffing box and the
piston rad. T this distance is 34 of an inch, order 34 inch
packing.

In case ring packing is not at hand, use either hemp

Ring Pucking. PBig, 227,

or candle wicking. TTemp should always Te picked apart
to remove the lumps, then braided, soaked in cylinder cil
and coated with graphite.  The box should be completely
filled and the packing nut sct up tightly to force it in place
and then slacked back to avold too much friction.  Candle
wicking should receive the same treatment as hemp with
the exception that it does not need to be picked apart. The
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only objection to cither hemp or candle wicking is that it
soon gets hard and is apt to cut the piston rod.

A piston rod when properly packed will not leak steam,
but draps of water should come through and sbow on the
rod.  If the piston rod packing is screwed up too tightly
it will throw a heavy load on the engine: cases have been
known, in fact, where an engine appeared to have insuffi-

O-

—))
—)

Packing Hooks, Fig. 228,

cient power, and the only reason was that the piston rod
packing was set up too tightly.

Asbestos Packing is used wherever a packing is nceded to
withstand dry heat. Tt is made from a peculiar fibrous
sort of rock and will not burn or melt at any temperature,
but will be affected and softened hy water, hence it is of
no use for packing pumps or where much water can come
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in contact with it. When madce in the form of a heavy
cord or rope, it is sometimes used to pack the piston rod or
valve stems. It does not cut the rods and does not harden,
Asbestos finds wider application as a packing around gas
engines than it does about steam engines.

Wire gause is sometimes used to pack large flanges, hut
when so used the meshes are filled with a thick paste of
either white or red lead. After it is screwed up in place,
the lead is allowed to harden and it is this that really makes
the joint. Such a joint, however, is hard to break apart
when once set.

Living Ur an Encine. When a traction engine is in
line, the following conditions must be fulfilled, viz:

1. The centre line of the cylinder, centre line of the
guides and the centre of the main shalt must lie in the
satie straight line.

2. The centre line of the main shaft must be exactly

at right angles with the centre line of the cylinder and in
the same plane. '

3. The crank pin, cross head pin, and counter shaft must
all be exactly parallel with the main shaft, and this must
be parallel with the drive wheel axle or axles.

The worle involved in lining up an engine, thercifore, con-
sists in putting it in such shape as to fulfill the above nanted
conditions.

Prefiminary Operations.  We will assume, to start with,
that the engine is to he thoroughly overhawled and put in the
best possible working order.

The first thing to do is to run the engine on te a level
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flcor, jack it up, take off the driving wheels and then level
the main axle by measuring from a bed plate on the {loor,
which has first heen carefully levelled. This levels the en-
tire machine sidewise, The cngine may now he levelled
lengthwise hy leveling on the engine frame; using in both
cases a spirit level, and heing careful to change it end for
end while levelling.

The front cylinder head, piston, cross head, and connect-
ing rod should now he removed, after which everything is
in readiness to proceed with the operation of lining up. In
this method of lining up every measurcment is referred
finally to the axles, which are supposed to be correct to
start with.

Strelching the Centre Line. A small hard twisted cord,
like a fish lme, should he passed through and be made to
coincide exactly with the centre of the bore of the cylinder.
One end of the line should he secured to a cross piece in
the head end of the cylinder, and the other fastened to a
standard just bevond the main shaft.

In order to centre the line in the head end of the cylinder,
a piece of board may be prepared as shown in Fig. 229,
with a slot in one end to fit one of the stud bolts in the end
of the cylinder, and with a small hele in the centre. The
centre of this liole is made to correspond as closely as pos-
sible with the centre of the cylinder; then the line is passed
through, drawn tight, and secured to the standard at the
opposite end.  The line must now be exactly centred. This
may he accomplished in the casiest manner, as follows:
Take half the diameter of the bore of the cyvlinder, and
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strike a half cirele with a pair of dividers on a piece of tin
or cardboard and cut out a picce two inches wide, that will
exactly fit into the counter hore at the end of the cylinder.
See FFig, 230. The upper edge of this piece will extend,
then, exactly across the centre of the cylinder and if it has
a small V cut in the centre, it will show exactly where the
* : line must be located. By inserting this measuring piece,
first in a vertical position and then in a horizontal position,

Fig. 229,

Diwmeier of C'.glmder

~A

Bend at rl.j'}lf angles at A
to form ahardle.

Device for Centering the Line in the Cylinder. Tig 220,

the linc may he exactly centred. A similar measuring de-

vice used in the stuffing box, will locate the line accurately

in the crank end of the cylinder also. z

64 The standard should he made with a hole ahout two

inches in diameter for the cord to pass through. Then if

a stiff picce of wire or large nail he passed through a loop

on the end of the cord, it may be moved a little onc way

or the ather to make the necessary adjusement at the crank
end.  See Fig. 2z2q.

. 6s When the line is centred it should coincide exactly with

the centre line of the guides. Carcful measurement will

determine, therefore, if the guides arc properly fitted and

Ceopre Lize

Diagram Showing How to Line Up an Kngine.
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if they are not it can readily be seen what is nccessary to
do to make them right,

Squaring the Shaft. First turn the crank to the owuter
dead centre position and see if the centre line crosses mid
way between the outer and inner shoulders of the crank
pin; then turn the crank to the opposite position and note
where the line crosses the pin.  If the centre line comes
nearer to one end when ju one position, and nearcer to the

_other end in the other position, the outer end of the shait

must. be moved forward or back as the case may require.
If the centre line does not cross the middle of the crank
pin, but is at the same distance from the ends when the
crank is on either centre, then the whole shaft must be
moved endwise until it does. I the shaft is either too far
out or too far in, so that the centre of the crank pin is
not in line with the centre line of the cylinder, the con-
necting rod hrasses will bear only on one edge and will con-
sequently run badly and heat.

The next operation is to drop a phunb line straight across
ihe cenire line of the shaft. The crank should now be
tarned upward until it just fouches this line and a care-
ful nicasurement taken to determine the distance between
the line and one end of the pin.  When the crank is turned
half way around, until the pin touches the line again, a
measurement, taken at the same place, should agree with
the first one ; if these two measurements do not agree, then
the outer bearing must be raised or lowered a sufficient
amount to tmake them agree.

Another Method of Squaring the Shafi is sonetimes em-
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ployed in which a carpenter’s square is used.  This method,
while not as accurate as the one just described, may e
used with good effect on some styles of engines to deter-
mine roughly if the outer end of the shaft is too high or
toe low. In using this method, the steam chest cover is
removed and a common square is held up against the steam
chest walls with the blade of the square extending parallel
with the main shaft. Care must be taken that the blade be
squared also with the steam chest. By sighting across the
top of the square and the upper edge of the shaft, the
two should appear exactly parallel. If they are not, the
outer end of the shaft should be raised or lowered until
they are. It may not always be true, that the steam chest
walls are exactly vertical when the cngine is level, and
if not this method fails.

Locating the Shaft. Tf the shaft must be rebabbitted, all
the old babbit must be removed, and the shaft then blocked
up on good, substantial blocks, which may be moved a trifle
in any direction, as nearly centra] in the bearings as pos-
sible. The final adjustment sheuld then be made, accord-
ing to the first method described for squaring the shaft,
after which the boxes mav be poured.

The Counter Shaft. Measurements taken betwecn the
ends of the counter shaft and the cends of the main shaft
should be the same at either end. IL.ikewise, the cdistance
between the counter shaft and the axles should agree at
either end. If they do not, the countershaft needs re-ad-
justing; that is, if the main shaft has first been properly
located.

<t
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To Testif the Crank Pin 1s Parallel to the Main Shaft.
Remove the cross head pin and tightea the box fairly tight
on the crank pin; then turn the flv wheel over and ohserve
il the free end of the connecting rod moves sidewise, [f
it does, it proves, if the main shaft is properly located, that
the crank pin is not parallel to the shaft, or else that the
brasscs have not been properly hored.  The only safe rem-
cdy is to take the engine to a machine shop and have the
crank pin te-dressed or the brasses refitted.

To Test if the Cross Head Pin is at Right Angle to the
Centre Line of the Ingine. Remove the Lrasses from the
crank pin, and tighten those in the cross head pin.  Now,
push the piston to the extreme end of the cylinder and note
the position of the free end of the connecting rod, relative
to the centre line of the engine; then push the piston to the
other end of its stroke and observe if the end of the con-
necting rod has moved sidewise. {f'it has, it proves that the
cross head pin either makes an angle with the centre line of
the engine or else that the brasses have not been hored and
btted properly.  As in the case of the crank pin, the best
remedy is to employ a competent machinist.

What May Be Wrong if a Traction ngine Does Not
Keep Up Steam, or Lacks Power. 11 a traction engine does
not yield as much power as it should, or if difficulty is ex-
perienced in keeping up steam, the trouble may be due to
one or more of a large number of causes. Some of these
have already been touched upon in this and preceding
lesscns; but since the subject is an important one, it is
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thonglit best to summarize them as follows, in order to
bring them all forcibly to the student’s attention.,

1. Soot in the flues,

2. The exhaust nozzle not peinted directly up the centre
of the chimney.

3. The wrong bushing in the exhaust nozzle, or scale in
the end of the nazzle.

4. Scale inside of the boiler.

5. Dirt and soot in the spark arrester.

6. A poor quality of fuel

7. The grates and dead plate not arranged properly,

8. A leak of iive stcam at some point.

9. A leak of live steam from the high pressure to the
low pressure cylinder of a compound engine, die to a faulty
intercepting valve, .

.10 Main hearing screwed up too tightlv, or the cross
head shoes set out too far.

11, The valve bhadly set.

Reversing an Engine.  An engine should not he reversed
quickly when the throttle is wide open, hecause it throws
a very heavy strain upon the cylinder head and the valve,
The proper thing to do is to close the throttle and then
reverse the engine, or, move the reverse lever to the centre
notch and then, when the speed of the engine slackens con-
siderably, throw the reverse lever over to the running posi-
ticm.
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QULSTIONS, PART II.

Name three important directions in starting an engine, in
stopping an engine.

What precautions should be taken in starting an engine?

Describe a quarter box.

What metals are used in making the bearings for shafts?

What is the difference between brass and babbitt?

Name five causcs of hot boxes.

Cxplain how to treat a hot bearing.

Hew should hearings be adjusted?

Why do new brass boxes heat more readily than cld ones?

Mention 10 causes of pounds or knocks in an engine.

Explain how to locate a knock. )

Explain how an improperly set valve will cause an engin

. to pound.

What materials are used for packing flat surfaces? Cylin-
drical surfaces?

What conditions must be fulfilled when an engine is in
line?

What is the object of stretching the centre line?

Explain how to squarc a shaft.

If a traction engine oes not keep up stean, mention at
least seven things that may need attention.

Explain how to habbitt a hox.

Why is babbitt a good bearing metal for farm machinery ?

How should a box be fitted ?
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LESSON XII

Valve Gears and Reversing Mechanism.
Definition. The term Falve Gears includes the valve,
U valve stem, eccentric, eccentric strap, and all other parts
" of the mechanism that operates or controls the valve,

applied to traction engines may be divided into two principal
classes, namely : those which have two eccentrics, known as '
‘the fink reverse, and those which have only one. The latter
class may again be divided into two more classes, one in
which the eccentric is made to move either across or around
‘the shaft, and the other having a fixed eccentric, e
Reversing Principles. In the case of an engzne ﬁtted L
with a direct acting valve, without an indirect rocker arm, ;
the eccentric is placed go® plus the angle of advance ahead
of the crank, as shown in the accompanying diagram, Fig,
231, and the direction of rotation will be as shown by the
arrow. R
-.In order-to reverse an engine of this kind, it is necessary
d rove the eccentric to the p051t1on shown in Fig. 232, -
tnaking the angle A equal in both cases. '
It is clear that if we had some arrangement of levers,”
-whereby the eccentric could be moved from one position fo
. the' other, either by rotating it around the shaft or by pro-
. viding it with a slot and sliding it across the shaft, that we

A

Classification of Reversing Gears. All reversing devices -
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woulil have a practical reversing gear. A large nwmber of
traction cngines are provided with gears of this class and
the details of the different devices will he discussed pres-
ently, '

If we had two eccentrics located as shown in Fig, 233,
and could fasten the cccentric rod first to one and then o

Lecentric
A
Crank /‘/ .

Fig. 231
(&
P a
Q_\
g, 232.

Trig, 233,

the other, it is clear that we could also reverse the engine;
or, if we could connect both of them to the valve rod in
such a way that by moving a lever, first one could he made
to operate the valve, and then the other, we would also have
a practical reversing device.

Again, if we had an eccentric provided with a long strap,
as shown in Fig. 234, and made the upper end of this strap
travel in the direction C D, it is clear that if the valve stem

LS
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wag connected as shown, the engine would run in the diree-
tion indicated by the arrow. A liftle consideration of the
figure will show that if some device were arranged to com-
pel the end of the strap to follow the path A I3, the engine
would run in the opposite dircction. While there are a
good many kinds of reversing gears used on traction en-
gines, differing widely in details of construction, alf of them
arc based on one or the other of the foregoing principles.

Valve Stem

/

f, Crank Eeccentérre

\ X-represents the path of point 2

Dagram of Nodial Reverse (lear, g, 234,

Classification of Single Ecceniric Gears. All of the sin-
gle eccentric reversing gears may be divided into three
groups: radial gears, shifting cccentric gears, and the gear
reverse,

In radial reverse gears the eccentric strap is provided
with a long arm whose outer end is made 4o travel in a fixed
path and thus give mation to the valve stem.
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Shifting eccentric gears are arranged to move the eccen-
tric cither across or around the shaft, usually across.

The gear reverse consists of a small crank, which operatés
the valve rod, motnted on an independent shaft, which Iat-
ter is driven by a gear which reeeives its motion from a
similar gear mounted on the main shaft. Its principle of
reversing is the same as an eccentric which is rotated around
the shaft.

The Stephenson Link, which is shown diagrammatically
in Fig, 235, is the style of link reverse used most widety on
traction engines. It consists of lwo eccentrics E and E’
connected to a curved link L, by means of eccentric rods
R and R’. The link is usually suspended from its centre
by means of a strap attached to a bell crank lever, pivoted
at °. The reverse lever 11 is connected to the bell crank
by means of a rod D; consequently, when the reverse lever
is sct in the quadrant at ¢, the link is lowered until the end
of the rod R comes opposite the centre of the link block™ B.
When the reverse lever s in the other end of the quadrant
the link is in its highest position and the rod R’ comes oppo-
site the block.

The valve stem is usually connected directly to the lnk
bloclk as shown, or sometimes by means of a rocker arm.
When the link is dropped down vntil the end of the rod R
is opposite the pin in the block, the cccentric gives motion
to the valve and I’ has practically no effect.  With the link
in this position the valve has its maximum travel, opens
the ports to their fullest extent, and cuts off stcam at the
Iatest point in the strole.

VALVE GEARS AND REVERSING MECHANISM

When the link is lifted to its extreme upper position, the
end of rod R’ is opposite to the centre of the link block
ardd the ¢ngine is in full gear running in the opposite direc-

Diagram of Linle Reverge Geor,  ig, 2385,
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tion, and eccentric If has practically no effect on the motion
of the valve. I the reverse lever is placed in the centre
notch of the quadrant, the link block will be in the centre of
the link where it will he acted upon cqually by both eccen-
trics and will not generally give sufficient motion to the
valve to supply steam to the engine, ‘

When the block is ahove the centre, the upper eccentric
operates the valve; when it is helow, the lower eccentric de-
termines the valve movement.

The reverse quadrant is provided with a number of
notches, usually the same number on cach side of the cen-
tre, and when the reverse lever occupics one of these inter-
mediate positions, as for example A in the upper figure, the
link block will be at N,  In this position hoth eccentrics will
have some effect upon the movement of the valve, but the
lower one will give the valve its direction and determinge the
way the engine will run. The travel of the valve will he
much less than when the engine is “hooked up,” and cut off
will occur earlier. By providing the reverse quadrant with
the proper notches, cut off may be made to occur at any point
between the maximum for which the valve is designed, usu-
ally three-fourths, to almost nothing ; and, conscquently, the
expansive property of the steam can be utilized as much as
may be desired. :

Moving the reverse lever nearer the centre notch is called
“hooking up” an engine. Considerable saving may he effected
in fuel and water by hooking up, but the saving is less in
the case of a traction engine than of a locomotive, because

the formér is provided with a throttle governor which ex--
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pands the steam in the steam chest, thus reducing the pres-
sure, while the latter depends centirely upon the point of
cut off unless the throttle is partly closed.

o Open Rods and Crossed Rods, 1n considering this ques-
tion, the eccentrics are supposcd to poiut foward the link
when the engine is on dead centre, regardless of where the
crank may be. Ifigs. 230 and 237 show open rods, and
Tigs. 238 and 239 show crosscd rods.  In Ifig. 236 the rods
appear to be crossed, but a little consideration will show
that when the crank is turned to the opposite centre the ec-
centrics will point toward the link and the rods will be open.

Effect of Open or Crossed Rods on Lead. "Hooking
up,” or moving the reverse lever toward the centre noteh,
increases the lead when open rods are used, and decreases
the lead with crossed rods.

Putting the reverse lever in the middle notch will sto‘p
an engine having crossed rods, but with open rods ‘Lhere. is
always some port opening even in mid gear and the cngine
will not stop unless it is loaded.

The curvature of the centre of the slot of the Stephenson
link has a radius equal to the length of the cccentric rods
measurcd from the centre of the cecentric; and it is this
fact which causcs the change in lead for different positions
‘of the reverse lever.

Dircctions for Setting the Valve with Link Motion. There
are two accidents which are apt to happen to the valve gear
in the ficld; namcly, the valve may slip on its stem, or the
eccentric may slip. The first thing to do in case trouble of
this kimd is 'snspcctccl is to determine which has happencd.
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If the engine exhausts more 'llczwily on one stroke than on
the other, when loaded heavily and running very slowly,
or if it lacks power, it is cvident that something is the mat-
ter with the valve or cecentrics.

If the engine is placed on dead centre an inspection of
the position of the eccentrics will show if they are about
right.  Both should make the same angle with the crank
and appear about as shown in Fig. 235.  While one can not
be absolutely sure of their correct position by inspection, it
1s a very good check. Turthermore, most builders mark
both the shaft and the hub of the cceentrics with a cold
chisel and thus make it easy to reset them if they slip.

The only sure way to tell if the valve has slipped on the
stem is to take the steam chest cover off and observe if it has
the proper lead when the engine is on either dead centre,

If the Eccentrics Ilave Slipped, put the engine on dead
centre and throw the reverse lever over into the last notch
in one end of the quadrant. Now rotate the eccentric,
whose rod is in line with the valve stem, unatil the valve
shows proper lead, Reverse the engine and rotate the other
eccentric in the opposite direction until it gives the valve
the right fead, usually about 1/32 of an inch, on the side
next to the piston,

If the Valve Has Stipped on the Rod and the cccentrics
are in their correct positions, proceed as follows: Put the
engine on dead centre and then move the valve on its stem
until it shows the proper lead on the side next to the piston.
If the eccentric rods are the right length and the eccentrics
are sct right, the valve will be properly set.

516




CLARKE SCHOOL OF TRACTION ENGINEERING VALVE GEARS AND REVERSING MECHANISM

27 To Assemble the Link Gear and Sel the Valve, 1. First
adjust the length of the reversing lever 1., in figure 240,
so that the points ¢ and b of the Dell erank lever stand in a
vertical line when the reverse lever is in the centre notch
and the link block is at the middle of the link. Then, when
the engine is turned over the hlock will move an equal dis-
tance past the mid point of the link whew i full gear for-

5 | :

A i ward or in full gear hackward,

W i 28 2. DPut the engine on the crank end centre and rotate
&

, both eccentrics until both stand vertically, one pointing up,
the other down, Connect hoth to the link with rods open,
making hoth as near the same length as possible and so that
the ends of the link stand in the same vertical line when
the reverse lever is in the middle notch of the quadrant.
Now place the valve central over the ports and sccure it to
the valve stem:. This locates the valve on the stem.

20 3. In otder to find the correct length of the eccentric
rods, drop the reverse lever into the last notch in the quad- -
rant, either forward or back. Then rotate the eccentric,
whose rod is in line with the valve stem, about the shaft, and
note if it moves the valve as far past one port as it does

[ past the other; if it does not do so the eccentric rod must he

) cither shortened or lengthenced until it docs.

20 When the adjustment is made for one rod its eccentric
should he left standing vertically as at first, and the reverse
lever pushed over to the other end of the quadrant. The
other cccentric rod may now be adjusted for correct length
in a similar manner. If its length has to be changed very
much the whole aperation should be repeated,

A Link Reverse (ear Assembled,
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4. With the engine still on dead centre, and the reverse
lever in the last notch of the quadrant, roll that eccentric
whose rod is in line with the valve stem in the direction the
engine is to run until the valve has the right lead, usually
1/16th of an inch, and secure the cecentric in this new po-
sition.  Now reverse the engine and set the other eccentric
in the same way. Reverse again and note if the lead has
been disturbed by moeving the second eccentric; if it has,
correct the first eccentric.

5. Put the engine on the other dead centre and see if the
lead is the same as in the first position in both the forward
and hackward movements, Tt should be if all measure-
ments have been accurafely made and all lost motion taken
up.  In case the lead is not the same, correct half of the
error by moving the eccentric, and the other half by moving
the wvalve.

7. Tt should be kept in mind that giving the valve more
lead by moving it on its stem gives it [ess lead when the
engine is on the other centre.  Moving the eccentric affects
the lead equally on hoth centres,

8. Incase the engine has two valves attached to the same
valve stem, as in some forms of tandem compound engines,
make all the adjustments for one valve, paying no attention
to the othier until this is cone; then set the other valve for
proper lead and secure it to the valve stem and the job wiil
be completed.

Effect of Link Motion on Steam Distribution. When
Stephenson invented the linle reverse motion, his only idea,
it is said, was to make a device that would change the direc-
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tion of motion of the engine.  After it was completed he
found that it not only did this perfectly but gave very good
control of the point of cut off of steam in the evlinder, a
property that made it of the greatest value on locomotives,

The dink valve can be set for equal lead in either the for-
ward or hackward motions, but when so set will not have
exactly equal cut off, due to the angularity of the connecting
rod. If set for equal cut off it will not have equal lead.
In general the valve is given equal lead for the same reason
as a simple valve gear. [t has also heen shown that while
the lead may be equal for the same cut off in both motions
it will not be constant ; that is, it will vary for different points
of cut off, either increasing or decrcasing as the engine is
hooked up,. depending upon whether open or crossed rods
are used.

A large number of traction cengines wse crossed rods, al-

though any of them may be set with the rods open. The

directions given for asserubling the link apply to crossed
rods.

Raprar. RuveErsE GraRs.

The first gear of this type to he considercd is the Woolf
gear. [tis used more extensively than any other gear of
this class and has heen applied at one time or another to
rerhaps more than half of the different makes of traction
choines.

I"ig. 241 shows the cssential features of the Woolf re-
verse,  In this device the upper hall of the eccentric strap
consists of a long arm, the upper end of which is provided
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Tig. 24L

The Woolf Reverse Gear,
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" with a block or roller that works in a guide. This arm is

provided with a connection for the eccentric rod cast solid
with it and projecting at right angles from its centre line,

By means of the reverse lever the guide I¥ may be tilted
cither forward or back at any angle, or be made to assume
a vertical position. The action of the eccentric is to move
the arm C up and down as it revolves. If now the top of
the guide be tilted forward as shown in the figure, the block
E, as it is pushed up by the eccentric B, must also be moved
forward on one-half of the stroke and backward on the
other half, thus driving the valve alternately forward and
back. 1f the top of the guide is tilted backward, evi-
dently the motion will be reversed, and the valve will move
alternately backward and forward, thus reversing the mo-
tion of the cngine.

If the guide stands vertically the mechanism is so designed
that the ports cannot open more than the amount of the lead
even tf the shaft does turn, while if it is tilted at its greatest
angle in either direction, the valve is given its maximum
travel. By changing the angle of the guide it is possible to
give the valve any throw between almost nothing and the
maximum. The lcad is constant for all points of cut off,
hut the cut off is not quite egual for both forward and return
strokes on account of the angularity of the connecting rod,
as cxplained for the simple eccentric,

On engines where the valve stem is connected to the valve
rod direct without the intervention of an indirect rocker
arm, the eccentric is placed on the opposite side of the shaft
from the crank pin and exactly in line with it.
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The centre of the roller or sliding block must be exactly
opposite and in line with the axis of the stub shait, on
which the guide rotates, when the envine Is on dead centre.
Since now the centre of the block is opposite the contre of
the guide, tilting the guide will not move the position of the
centres and no motion will be transmitted to the valve. Put-
ting th engine on centre and moving the reverse lever back
and for'h to see if the valve moves is one of the tests for
determining if the cccentric is properly set. This test, how-

ever, is 1ot conclusive, because all Luilders do not propor-

tion the various parts the samic.  As a general role it may
be state:! that when the engine s on dead centre the valve

Swill have the least movement when the reverse lever s

‘worked, provided the ccecentric s properly located, and in

“most enzines it will have practically no wovement at all.

The Angle of the Guide from the vertical is not the same
on the full forward and full hackward motions and should
not be, because when so adjusted the valve will not have
equal travel, hut will travel considerably past the ports on
one motion. Tn case it becomes necessary at any time to
make this adjustment, take off the steam chest cover and
adiust e lenzth of the reversing rod until, when the en-
gine is turned over, the valve travel is nearly equalized.

Directions for Sciting the Woolf Reverse. First, take
up all lost motion in all parts of the valve gear; this is very
important hecause a very little lost motion will affect the
correct working of the valve vcry_nmterially.

Second, put the engine on dead centre and set the eccen-
tric in line with the valve stem, either on the same side as

T
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the crank or clse on the opposite side, depending upon
whether an indirect rocker arm is used or not. If 2o
rocker arm or a divect rocker arm is used the cecentric
should he on the opposite side from the crank., Now
throw ithe reverse lever backward and forward and fined a
place for the ecceniric where the valve moves least and
secure the cceentric to the shaft by means of sct scrows.

Third, give the valve the proper amount of lead on the
side next to the piston and then put the engine on the other
centre and sce if the lead is the same; if it is not, move the
valve on the stem a distance equal to one-half of the differ-
ence hetween the two leads. All that can be dene with this
valve gear is to cqualize the lead; it can not be changed
from what it was designed 1o De.

Setting the Valve by Listening to the Fahaust. This
may bhe accomplished with any type of valve gear if the
eccentric is properly located. The method of procedure is
to puat the engine on a heavy Ioad and run slowly ; then
lengthen or shorten the valve stem until a point is found
where the exhaust sounds the same at beth ends of the
stroke.

Adnother Tyvpe of Radial Reverse Gear is shown in per-
spective in IMig. 242, and diagrammatically in Tig. 243. The
long arm of the eccentric strap resembles the Woolf, ex-
cept that instead ‘of having a Dblock and slide to guide the
lower end, it is provided with a radius link b which forms
the arc in which the end of the strap must travel.  The free
end of the link & may be made to assume different posi-
tions hetween 1 and 3 depending upon the position of the
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reverse lever. It will be observed that the two exiremce
arcs ¢ and ¢ correspond in gencral direction with the ex-
treme positions of the guide in the Wonlf gear, .and thc‘ arc
d, when in mid gear, corresponds with the vertical position
of the Woolf guide.

50 This gear gives substantially equal lead and equal cut

Pival P stards spposice end vf
Eumbling shaft whon engime i3
o dead centre.

6

Another Style of Radial Reverse Gear. Fig. 242,

Perspective of Preceding Figure. Fig. 243,

off for hoth forward and return strokes. Like all gears of
this class it provides for a quick opening of the port at ad-
mission; and a quick sharp cut off.

51 As generally built the engine will take steam seven-
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eighths stroke in full gear and one-cighth stroke when
hooked up in the last notch, thus providing for as many
grades of cxpansion of steam as necessary.

Divections for Sciting the Valve and Lceentric, The
starting point is to place the reverse lever as far back as
it will go against the sfop on the quadrant, then put the
engine on the crank-end centre by turning the band-wheel
forward,

The next step is to set the eccentric almost 180 degrees
ahead of the crank pin and fasten the same with one of the
sct serews just lightly for a trial, then place the valve on
the stem and sct it to the steam port nearest the crank pin,
leaving 1/16 of an inch opening. _

After this has heen carcfully done turn the band wheel
forward and put the cngine on the head end centre and
see if the steamn port shows 1/16 inch opening. If it does,
the valve is properly set. ‘

Should this last port show a 14 inch opening, divide the
differcnce, half by moving the valve on the stem, the otheér
half by moving the eccentric: then the opening or lead on
the crank end will not he affected. These same adjust-
ments are necessary should the port be closed instead of
having the !4 inch opening.

Tt is impossible for an cecentric on engines provided with
this gear 1o slip as it is keyed to the crank shaft. The way -
in which it is fastened, i{s as follows: A %% inch hole is
drilled in the crank shaft about one-half inch deep in which
an iron plug is driven very tightly, This plug is allowed
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to. protride above the shaft V4 inch. Tt is then filed Alat
on each side and the cecentric, which is slotied, is slipped
over this and the two sct screws tightencd down solid.
Alter a number of years of service of an engine, it some-
times becomes necessary to shift the eccentric in order to
get the proper valve travel. This can be done hy putting

‘in ancther plug and filing it {lat on only one side of the

centre, which will allow the cccentric to he shifted slightly
from its original position. This arrangement does away
with cutting another keyway in either crank shalt or ec-
centric.

CWearmg Down of the Main Bearings. In this type of
radial reverse gear, the distance hetween the centre of the
mainshaft and the tumbling shait or guide pivot must be
a constant distance. A variation of a thirty-second of an
inch at this point from what the gear is designed for, will
cause the valve to distribute the steam badly to the cylinder.
Consequently, after an engine has run for a few vears the
main shaft bearing will be too low, due to wear, and must
be re-habbitted in order to put the valve in exact adjust-
ment again. '

The Springer Reverse Geay is almost identical with the
Woolf, the principal difference being that the guide, instead
of being straight, is made in the arc of a circle. This gives
practically the same motion to the end of the eccentric strap
as the reverse gear just described. It is claimed this re-
verse gear provides equal lead and equal cut off. Sec Iig.
244. The directions for sefting the Woolf gear apply both
to this gear and the Grimes reverse.
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- Another Interesting Keverse (Gear with propertics similar
to those just described, appears in IMig. 245. In this gear
the eccentric is placed a little more than go® ahead of the
crank and motion is transmitted to the valve by means of
a rocker arm a1 attached to the free end of the long arm of
the cccentric strap 5. By shifting the pivot about which the
racins rod [ swings to a, & or ¢, the outer end of the strap

The Springer Reverse Gear, Tig, 244,

is ¢ompelled to follow the paths ax, by or cz respectively.
These arcs, it will he observed, Tollow the general direction
taken by the ends of the strap in all of the radial gears
previously described, provided the drawing is held with the
valve stem pointing upward.

Im all other gears of this class, the leard can readily be
equalized but can not be made other than what it is designed
for, but in this gear provision is made for changing the
lead within certain limits,

]
[
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Discussion of Kadial Gears. As noted in the description
ol each of the different styles, these gears give equal lead
and practically causes equal cut off on hoth the forward and
return strokes, thus cnabling the engine to do as much
work on one stroke as on the other, a feature which tends
toward a more ncarly uniform speed. On the other hand,
these gears are very sensitive to lost motion in any part,
and must he kept in nice adjustment to do their hest work.
They provide a quick opening of the valve at the beginning

A Well nown Radial Gear. Fig. 245.

of the stroke when steam is most needed, and provide, also,
a fairly quick cut off, which tends toward economy in the
use of steam.

SmirriNG EcerNTRIC REVERSE GEARS.

In this tyvpe of reversc gear, the shaft passes through a
slotied eccentric, which, instead of being keyed to the shaft,
is free to slide across the face of a disc. The disc is keyed
seccurely to the shaft, so that changing the ]msitidn of the
eccentric on the disc changes its rclative position on the

shaft,
528
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Fig. 246 illustrates the general principle. 5 is the shaft,
C the crank, and E the cceentric.  The slot in the eccentric
does not pass through its centre but is shifted to one side
of the centre the amount of the outside lap plus the lead.
The three diagrams, A, B and C, represent the position of
the eccentric when in full gear forward, full gear backward,
and mid gear respectively, By referring to the diagram A,
it will be observed that the angle of advance of the eccentric
increases as it nears the centre of the slot; but since the
centre of the eccentric describes a straight line across the
shaft, the lead remains practically constant for all positions
of the reverse lever.

Hooking Up the Siotted Lccentric Gear. . When the re-
verse gear is in full gear as shown in 4 or B, Fig. 246, the
throw of the valve is equal to ¢f. As the reverse lever
approaches mid gear the throw of the valve becomes less
and less until at that position the movement of the valve
is equal only to the lap plus the lead. Since the throw of
the valve and the angle of advance changes, it is clear that
the valve can be given any point of cut off between almost
nothing and the maximum for which it is designed by pro-
viding the reverse quadrant with the proper notches for
locking the reverse lever.

The steam distribution is somewhat affected by the an-
gularity of the connecting rod and cut off does not occur
at the same point on the forward stroke that it does on the
return stroke. Since the valve has some opening when the
reverse lever is in the ce®re notch, the engine wiil not stop
when in mid gear unless loaded.
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Praciical Examples of Slotted Eccentric Gears. Fig. 247
shows a gear of this kind arranged to slide across the shaft
by means of toggle levers. Referring to the drawing, A
is. the eccentlric which slides on guides attached to the
hub B, which latter is secured to the shaft hy means of a
set screw. C is a sleeve which slides back and forth on
the shaft, actuated by the bell crank lever which in turn

Another Methed of £hifting the Recentric. IMig., 248.

receives ity motion from the reverse lever through rod D,
A forked rod E is attached to this slecve at ¢ and to the
eccentric at £, When the cccentric is moved away from
the eccentric rod, £ becomes more nearly parallel with the
main shaft and pulls the cccentric across the shaft.  When
the slecve is moved in the oppesite dircction the eccentric
is pushed the other way across the shaft.  The forks of the
hell crank lever engage with gudgeons cast in a strap which
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loosely encircles the slecve C. This allows the sleeve, rod
D, and the eccentric A to revolye with the shaft.

Another Style of Slotted Fccentvic Gear is made the sub-
ject of illustration in Fig. 248 A is the eccentric which
carries a guide block G, which slides in the guides V of
the disc B. This disc is fastened to the shaft by means of
set screws and revolves with it at the same time carrying
the eccentric and sliding sleeve C. A rack D having teeth
cut on its outer surface at an angle of 45° is sccured to this
sleeve and meshes with a similar rack, secured to the inner
side of the guide block G. When the sleeve C is moved
backward or forward on the shaft by means of the bell
crank lever L, this rack causes the eccentric to move up o
down across the shaft and so either reverses the engine
or hooks it up. If the reverse quadrant is provided with
the proper notches the valve can be made to cut off steamn
at any desired peint. Stop screws are provided in both
ends of the cccentric guide to limit the movements of the
eccentric. :

Directions for Selting the Slotted Iiccentric Gear.

1. Put the engine on dead centre and sce that all lost mo-
tion is taken up in the reverse gear. _

2. Move the disc whigh carries the eccentric gitides about
the shaft until a position is found where moving the reverse
tever from one end of the quadrant to the other will bring
the valve back exactly to its original position. Several
trials may be necessary before the right location of the ec-
centric is found. _
3. Now move the valve on its stem until it has the correct
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lead, usually from 1/32 to 1/16 of an inch at the port neas-
est to the piston,

4. “Turn the engine over to the other centre and see if the
lead 15 the same. I there 1s any difference, move the valve
a distance equal to half of the error, _

Iingines which have no provision for changing the lensth
of the cecentric rods readily, or of moving the valve on its
stem are provided with flat rods riveted together.  1f the
lead can not he cqu;.lli'zcd in any other way these rivets may
be removed and the holes filed out on one side or the other
cuough to make the adjustment. This is rarely ever nee-
essary, however. The hul of the cecentrie disc is usually
marked at the factory, and if it has slipped it can be put
back by shifting to the original mark.

The Swinging Lccentric reversing gear is represented dia-
grammatically in I'ig. 249. The full lines in diagram B show
the eccentric in position for full gear forward. W is the
eccentric which s provided with an arm pivoted at P. S is
the main shaft and ¢ is the centre of the eccentric. In this
position ac 1s the throw of the cccentric and b shows the
distance the valve has moved from mid position at the begin-
ning of the stroke, or; in other words, the Tap plus the lead.
The slot in the cceentric allows it to be shifted downward
across the shaft to the position It, shown by the dotted lines.
When the cecentric is at T the erank will turn in the direc-
tion of the arrow, when at 17 it will turn in the opposite
direction and the'engine will be reversed.

Diagram A shows the position ol the cecentric when the
reverse lever Is in the centre notch. The line mn passes
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Fig. 250,
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Diagram Showing Mechanism Used for the Swin
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through the centre of the eccentric and @ shows the amount
the eccentric is offset from the centre of the shaft, and if
the valve gear is so designed as to close the ports when the
reverse lever is in the centre notch, and the engine is on
centre, it represents the outside lap of the valve,  Since the
centre line of the slot curves away from the line passing
through the centre of the main shaft it is clear that as the
engine approaches full gear the lead must increasc. Re-

The Wecentrie is Provided with a Curved Stet and s Moved by
Means of o Segment Gear and Ttek. Fig, 251

ferring to the diagram it will be noticed that B is greater
than A, a fact which shows that the lead increases as the
reverse lever is dropped down near the end of the guadrant,
In the first type of shifting eccentric the centre of the ec-
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centric moved in a straight line across the shaft, thus keep-
ing the lead practically constant, but in this style, the cocen-
tric C moves in the are of a circle whose centre is at P
and the lead varies a slight amount, depending upon the
length of the radius Fe. 1t must be understood that Tig.

Feverse fever i forward noteh
Crank on fegt sidfe af.main shagt
in all cases.

Gear Reverse, Tngine Running in thoe Belt. Ifig. 252,

24¢ 1s only a diagram and does not show how the mechanism
is actually constructed.

73 An Bxample of @ Reverse Gear of This Kind appears in
Fig. 250. In this case the eccentric is cast with an arm A,
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pivoted at I', which is given moticn with two 45° racks 13
ard C, just as described for Fig, 248 The centre of the
cceentric moves through an arc, whose radius is the distance
from P to the centre of the cccentric.

Iig. 251 shows still another device for the shifting of
the cccentric, by means. of a rack and segment pinion. In
this case the slot in the cecentric is also curved.

The Gear Reverse. Yigures 252, 253 and 254 represent

Reverse fever it Feur riobch

Gear Reverse ldngine Running on the Rowd,  TFig, 253.

the three positions of this gear when the reverse lever is
in the forward notch, backward notch, and middle notch
respectively.

S is the main shaft, A is a spur gear securcd thereto, and
Y is another spur gear of the same size keved to a short
auxitiary shaft D, On the end of shaft 1) there is fastened
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a crank disc C, having a crank pin at . A gear box G,
provided with an arm below to which the reversing rod is
attached, cncloses shafts 1D and S and holds the former at
a fixed distance from S.

The valve stem is attached to the crank pin PP, which is
catised] to rotate by means of gears A and [ and thus drives
the valve. This small crank disc acts exactly the same as

Reverse lever in mudclie nrote k.

Trig, 2h4. Goear Revoerse, Reverse Lever in Middle Noteh.

an eccentric, but since it revolves in a direction opposite
to that of the main shaft, it must be placed 9o® plus the

angle of advance befiind the crank.  The angle of advance

is shown at 12 and &’ respectively, and the direction of rota-
tion of the cranlk and of the pin P, is shown by the arrows.
Tn changing from full gear forward to full gear back-
ward, as represented by diagrams 252 and 233, the small
disc D must be rotated through an angle of approximately
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240°,  In order to do this the gear box (5 must he made
to rotate through an angle of one half this amount, or 120°,

- when the reverse lever is shifted to the other end of the

quadrant. The reason for- this difference in the angle be-
comes plainly cvident when one considers a peint on one

“gear which rotates about another of equal size. For ex-

ample, if gear I3 werc made to rotate entirely around gear
A, it would furn once on its own axis and once In space
arouwd A, making, therefore, two complete revolutions.

Discussion of the Gear Reverse. The principle upon
which this reverse gear works is that of revolving the ec-
centric around the shaft. In fact, the positions of the pin I?
in diagrams A and B3 are exactly the positions an eccentric
would assume with an indirect valve fitted with an indircet
rocker arm, and the method of moving this eccentric from
one position to another is by rotating it about the shaft.

When the reverse lever 8 in the middle notch, the pin
is as shown in figure 254, and the valve is pushed to its cx-
treme position to the right, thus admitting steam in front of
the piston and preventing it from getting in hehind. Con-
sequently seiting the reverse lever in the centre notch will
stop the engine. .

A careful inspection of the diagrams will show that this
gear can not be hooked up, but must always cut off stcam
at whatcver point in the stroke it is set for. Consequently
under light loads the governor throtiles the steam and the
greater part of the expansicn oceurs in the steam chest,

Directions for Sctting the Gear Reverse Valve.
1, Put the engine on dead centre with the crank pin near-
est the cylinder.
5L
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2, Set the screws that are in the top and in the bottom of
the stop plate or casting in front of the crank shaft, about
threc-quarters of an inch from the lugs of the stop plate,
simply as a prelimimary operation, as this is probably not
their final position.

3. -Move the reverse lever until the gear box strikes the
screw in the top of the stop plate.

4. Make a prick punch mark on some convenient part of

Perspective of Gear Reverse, Ifig, 255,

the steam chest or stuffing box, set one leg of a pair of com-
fal ] ]

passes in this mark and with the other point of the com-

passes scratch a mark on the valve stem.

5. Throw the reverse lever over to the other end of the |

5e2
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quacrant and sce if the valve stem comes hack to the origi-
nal position. :

6. [ it does not do so the gear on the main shaft must he
moved until a point is found where the valve stem will re-
turn to its original position when the reverse lever is moved
to the opposite end of the quadrant. It may be neccessary
to make several (rials before the correct position is found.

N 5

Sk I AR
B NN

The Giddings Valve., IPig. 256,

1
oy
J

3

When correctly located, the gear must be fastened securely
to the main shaft with the set screws.

7. Now set the valve on its stem with the port at the head
end of the eylinder open ahout 1/32 of an inch.

8. Put the engine on the opposite centre and see if the
valve has the same lead.

¢ Ti the lead is not the same adjust the screws in the stop
plate until the valve again shows 1/32 of an inch lead.

10. Now reverse the engine and again adjust the stop
screws in the other end of the stop plate till the right lead
is obtained.  The valve should now be correctly sef,

11. Before turning on stcam sec that all pdrts are prop-
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erly adjusted and the stop serews locked in place.  Fig. 235
shows this gear as applied to an engine.

Rotating the Jiccentric About the Shaft. There is no re-
versing gear applied to traction engines at the present time
in which the eccentric is rotated on its own axis about the
main shalt. Ilowever, there was such a gear used a num-
ber of years ago in which the cceentric was sccured to the
shaft by means of a pin.  When the engine was reversed
this pin was released, the cccentric remained stationary, and
the shaft revolved to the reversed position for the eccentric,
when the pin dropped back into place, locking the eccentric
to the shaft. With such an arrangement the engine could
only be reversed when in motion and moving slowly. It
could not be hooked up and the shock to the cccentric was
rather severe.

The Giddings Valve. A scctional view of this valve ap-
pears in Ifig. 250, Steam is admitted to the inside of the
valve through the passage S, from whence it passes in the
direction of the arrows to the steam ports. The exhaust
passes out through either of the passages I’. The valve is
double ported as shown at ¢ and b and provides a wide port
opening with a small movement, Since steam enters from
the under side it woald lift the valve off its scat, if no pres-
sure came upon the top side. The balancing of the valve
is accomplished hy a small needle port, not shown in the
drawing, which admits steam to the steamr chest; another
needle port allows the stcam to escape from the steam chest
to one of the exhaust D's of the valve, thus preventing an
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accumulation of pressure on top of the valve which would
make it run heavy.

These valves are always used in connection with shifting
eccentric gears.  Since the ports are on the inside of the
vallve, the lcad can not he seen, The huilders get around
this difficulty by marking both the edge of the valve and
the steam chest, so in setting the valve all that is necessary
to do is to make these marks coincide when the engine is
on either centre. Otherwise the operation of settiﬁg the

.CC(‘.('JI]tl'iC is the same as for the other shifting eccentrics
Just described,
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QUESTIONS TOR PART XIL

What does the term “valve gear” include?

In what three ways may an engme be reversed?
How are single eccentric reverse gears classified ?
Show, by means of diagram, the position of the two
eccentﬂcs and the crank of a link reverse engine.

5. What is meant by hooking up an engine?

. 6. What is meant by “open rods,” (b} crossed rods?
" 7. 'What is the effect of open or crossed rods on the lead? -
8. Explain how to.reset the eccentrics of a link reverse.
engme in case they have slipped. )
9. What is the effect of hooking up a link reverse gear?
- 10. How would you set the eccentric of a radial reverse
©. gear?
11. Mention two types of radial reverse gears and show
‘how they differ from each other.

12 What is the effect of the radial reverse gears on steam
 distribution ? '
- 13. How may shifting eccentric gears be classified?
14. Can slotted eccentric gears be hooked up?

15, Give directions for setting the slotted eccentric gears.
16. Describe the gear reverse.

17. Can the gear reverse be hooked up?
.- 18, What is the effect of the swinging eccentric gear on
"7 the lead P
19. What effect have those gears Wlth a straight slot in
the eccentric, on the lead?
20. - How does the Giddings valve differ from other valves? i
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LESSON XIIL

FRICTION, LUBRICANTS AND LUBRICATORS.

Friction tends to destroy motion in every direction. It
may be defined as the resistance which a body meets with
from the surface upon which it moves. :

If a body is set in motion, friction will bring it to rest
unless the motive force is continued and is sufficient to over-
come the friction. It is impossible to construct a friction-
less machine, because no surface can be made absolutely
smooth and true. The best that can be done is to reduce
friction to the lowest possible amount, by correct design,
by careful workmanship, and by proper lubrication,

The Laws of Friction. There are five laws or principles
relating to the friction of plain surfaces that are commonly
accepted and which are true, at least within certain limits.
These laws may be expressed as follows :

Law 1. Friction varies directly in proportion to the
pressure on the surface; for example, doubling the pressure
doubles the friction, and trebling the -pressure trebles the
friction, the area of the surfaces in contact, of course, re-
maining constant,

Law 2. Increasing or decreasing the areas of the sur-
faces in contact does not change the friction, provided the
total pressure, the speed, and the character of the surfaces
remain unchanged. The same amount of friction dis-
tributed over a large area, however, reduces the tendency
of the bodies to heat or wear.
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Law 3. In general, friction is greater between rough
surfaces and less between surfaces that are smooth,

Laws 4. IPriction does not change with a change of speed
in the moving bodies so long as they are in continuous mo-
tion. Llriction, however, is greater at the heginning of
motion and more force is required to start a body than to
keep it in motion once it is started.

Law 5. Friction is greater between the same substances,
generally, than it is between different substances. TFor ex-
ample, the friction hetween a steel journal and a stecl hox
is greater than between a steel journal and a brass box.

Beneficial Fffects of Friction. While friction, it is true,
consumes energy and lowers the efficiency of all machines,
it is not entirely an evil. I'riction enables the wheels of
locomotives to cling to the rails and thus pull a load. With-
out friction the brakes would not be effective in stopping a
car, and if it were not for friction it would he impossible
to walk or run. Everyone knows how hard it is to walk
on a very hard smooth floor or on an icy pavement where
there is little iriction between our shoes and the surface we
are walking over. . )

The general effect of friction is to cause heat in the bear-
ings of machinery. As will be shown in a subsequent les-
son, there is an exact relation between heat and worle, con-
sequently if it requires a great.decal of work to turn a shaft
in a bearing, heat will be produced and the amount of heat-
ing will be in direct proportion to the work done in order
to overcome the friction.

Friction is sometimes classified as rolling friction, as be-
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tween a revolving shaft and its bearing, and sliding friction,
such as exists between the cross head and guides.  These
two kinds of friction apply te solids. Then there is fluid
friction, which cxists betwcen the molecules of a fuid in
motiomn.

12 The Coefiicient of Iriction. 1f a body presses upon an-
another with a force of ten pounds and it requires one
pound of force to move it on a horizontal plane, the cocffi-
cient of friction will be 1/10 of the load, or 10%. The
cocfficient of friction varies between different substances,
and depends also upon the character of the surfaces in con-
tact, being greater between rough surfaces than hetween
smooth ones. '

13 As illustrating the laws of friction, supposc we have a
rectangular iren block six inches wide, eight inches long
and three inches thick, finished the same on all sides and
weighing 36 pounds.  Suppose it be laid dewn on its largest
side on a smooth table, and it is found that a force of 5.4
pounds is necessary to move it, as shown by a spring bal-
ance. The coefficient of friction will be in this case,
30+ 5.4=—=15%. If the block be turncd on cnd so that
it has twelve square inches in contact with the table, it will
still require a force of 5.4 pounds to move it, showing that
the amount of friction is independent of the arca of the
strface when the pressure is the same. The load upon
each square inch in the second case is, of course, much
greater than in the first case.

14 Losses Due to Friction. The friction losses in engines
vary a great deal. A few ycars ago in stationary engines
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it required from 15 to 20 per cent of the total power of the
engine to run it without any load. At the present time
some of the high speed engines consume only from 3 to-
per cent of their power in friction.

Traction engines running in the belt require perhaps 10%
of their total power to overcome friction. When running
on the read the loss is undoubtedly very much higher, but
no authentic tests are available to determine the average
amount.

The losses duve to friction in traction engines depend very
largely upon how the engine is “lined up,” hpw it is lubri-
cated and how well the different parts are proportioned and
fitted. In any event the friction losses in traction cngincs
exceed those in stationary engines equally well made, due

to the larger number of moving parts of the former, and

the long bearings and wide gearing necessary for heavy
work,

Prof. Tharston says, “that as a result of a large number
of experiments, the greatest friction loss in stationary
engines occurs in the main bearings, and in every instance
it amounts to from one-fourth to one-third of the total fric-
tiomat resistance of the engine.”

Distribution of Friction Losses. A summary of the re-
sults of tests on stationary ecngines by Prof. Thurston shows
that approximately 40 per cent of the entire friction of sta-
tionary engines occurs in the ntain bearings, 25 per cent in
connection with the piston and piston rod, 1o per cent at
the cross head, and from 10 te 20 per cent in the valve, valve
stem and eccentric strap.
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A test made with both a balanced valve and an unbal-
anced valve, showed a decrease in friction of 23.g per cent
when using the hulanced valve. This does not mcan that
the engine gained in power 23.9 per cent, but that the
friction load of the engine was decreased almost one-quarter
by the use of the balanced valve.

Triction Losses in Piston Rod Packings. The summary
of a Targe number of tests nade by Prof, Benjamin on pis-
ton rod packings, shows the following results: A soft
rubber packing or a graphite packing consumes less power
than packings of harder variety; proper lubtication of the
piston rod reduces the friction with any packing ; tightening
up the packing nut may increase the friction loss to almost
any amount. C

LusricATION AND LUBRICANTS.

Lubrication. The objects of lubrication are as follows:
First, to interpose a thin film or cushion of oil between the
bearing surfaces, which will prevent them from actual con-
tact with each other and cause one to glide casily over the
other ; second, to reduce the amount of friction and reduce
the amount of power necessary to move the parts to the
lowest possible limit ; third, to prevent heating of the bear-
ing surfaces by carrying off whatever heat is gencrated
either with the running ofl or by evaporaticn of the oil.

Selection of @ Lubricant. The matter of the selection of
a lubricant depends upon the character of the surfaces to be
lubricated, the kind of machinery it is to be used on and
the work the machinery is doing. In general, hecavy ma-
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chinery requires a thick, heavy oil and light machinery a
light cil.  The kind of oil required to lubricate the bearings
of a. watch would be obviously of little value for wagon
axles, and an oil that might be entirely satisfactory for a
- wagon axle mlqht on the other hand, be of no value for
the cylinder of a steam cngine.  Again, the steam cnginc
cylinder oil would be positively harmful in a gas engine
cylinder, - Fach clasy of machinery, thercfore, and cven
different parts of the same machine, require an oil adapted
to their cspecial needs in order to obtain the highest results
from luhrication,

Most lubricants arc easily adulterated and it requlru the

services of a well trained man to pass anything like com-
petent judgment on an oil that he has not tried by actual
use. For the young engincer, the best advice is to buy as
good a grade of oil as can be obtained irom a dealer whom
he believes to be honest, and depend upon the dealer’s hon-
esty as to the quality of the goods purchased. Another
thing, when a satisfactory brand of oil is found it is poor
policy to change. It is better to stick to what is known to
be all right, because at times considerable damage may be
done with an inferior oil or one not adapted to the class of
machinery being used.

Properties of @ Good Lubricani. The value of a lubri-
cant depends largely upon its wiscosity, and this, in turn, de-
pends somewhat upon the number of greasy particles it con-
tains, A viscous oil is one that is syrupy and whose parti-
cles cling together when poured from the can. Usually
the thick, heavy oils arc most viscous, huat this is not always
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tl}fe case, as some cheap oils are treated to improve their
viscosity in a manner which will presently he described.
An oil should not contain cither free acid or free alkali in
excess.  Almost all oil containg some acid, but those which
contain 3 per cent or more should not be used, hecause the
acid attacks the metal surfaces with which it comes in con-
‘_cact, and eats them away. A perfect ol is neutral, that is
1t is neither acid nor alkaline.  An oil should not he gummv:
that is, it should not dry out but always remain in the same
state: of fluidity. It should not contain grit or dirt or any
foreign substances. It should not solidify at ordinary low
temperatures, and it should not become rancid or bad
smelling when exposed to the air for a considerable length
of time.

Sources of Lubricants. Lubricants may be classified ac-
cording to their origin, as animal, vegetable and mineral.
Animal oils are derived from the fats of animals and fishes
vegetable oils from the seeds and fruits of plants, and min:
cral lubricants from petroleum and certain rocks.

Animal Oils. The principal animal oils are lard oil, tal-
low oil, neats foot oil, whale oil, sperm oil, ete, Lard oil is
the hest animal oil for the lubrication of machinery. Its
principal use is in lubricating the dies and taps for cutting
threads, especially pipe threads. When applied to polished
metal it has a tendency to rust the metal that mineral oils
do not have. It is, however, a very good lubricant for
medium sized bearings, but no good for cylinder and valve
lubrication.

Tallow oil is obtained from tallow, being the lightest part
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which rises to the top of melted tallow. It is a semi-liquid
at ordinary temperatures and is a good lubricant. Tallow
was for many years the principal lubricant for steam engine
valves and cylinders, but at the present time it is used
mainly for compounding mineral oils and is not used much
in the clear state.

Neats oot oil is obtained by hoiling the hoofs and hones
of cattle, in water. The oil rises to the top and is drawn off.
it is a good lubricant for bearings hut finds its widest appli-
cation as a harness oil, as a belt dressing, and in the treat-
ment of leather. [t is also used to some extent in com-
pounding cylinder oils,

Sperm oil is obtained from the sperm whale and is.very
expensive. It is used for lubricating indicators, watches,
clocks, etc.

Vegetable Qils. Among the varlous vegetable oils may
be mentioned linsced ocil, cotton seed oil, palm oil, castor oil,
and corn oil,

Linseed otl is obtained from flax seed and finds its prin-
cipal use in paints. It is useless as a lubricant becausc it
dries quickly and forms a hard rubber-like crust.

Cotton seed oil is also of a drying nature and is conse-
quently unfit for lubricating purposes. It is wused as an
adulterant for other vegetable oils and in cooking,

Qlive o1l is probably the hest of the vegetable oils for lu-
bricating machinery, although some of the others are good
also. [Its rather high price as compared with somc of the
animal and vegetable oils prevents its general use.

Castor oil is made from the castor bean and while it has a

554

35

FRICTION, LUBRICANTS AND LUBRICATORS.

tendency to hecome gummy it is nevertheless a very good
Tubricant for buggy and wagon axles,

Mineral Oils are obtained from the residue of crude pe-
troleum after the illuminating oils have been distilled off.
‘These oils are made in all grades, from the light water white
paraffine oils, used on cream scparators, to the heavy black
oils, used for the roughest, heaviest kind of work. Mineral
oils are used for lubrication more widely than any other
class of cils, and when of the proper grade for the work
in hand, are very satisfactory,

Componnded Oifs. In addition to the three classes of oils
just mentioned there are a good many brands of oil made
by compounding cne or more oils with the object of giving
the oil so formed certain special characteristics, or, of blend-
ing several cheap varieties in such a way as to imitate a high
grade product.  Steam engine cylinder oils arc almost al-
ways compeunded oils, made by mixing together a mineral
oil with either an animal or a vegetable oil. This is ncces-
sary because a purely mineral oil will not stick to a moist
surface, while either an animal or a vegetable oil will; con-
sequently, mixing mineral oil with the right proportion of
cither of the other oils yiclds a product which readily forms
an emulsion with water and adheres to the cylinder walls,
while at the same time retaining in a large measure the high
heat resisting qualitics of the pure mineral product.

. Trsts or OILS.

In arder to determine the qualities of an oil, it is subjccted
to certain tests, which are intended to determine its specific
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gravity, viscosity, flash point, burning point, congealing
point, and its tendency to evaporate.  Thesides thiese, certain
other tests are made to determine whether animal or veg-

cetable oils are used m compotnded oils.

dhe Spectfic Gravity of an oil or any other substance may
be defined as the ratio hetween its weight and the weight
of an equal volume of water. For example, a cubic foot of
water weighs 6274 pounds. 1f a cubic foot of oil weighs
58 pounds the specific gravity of the oil is equal to 58 divided
by 6234 or 028  Tn actual practice the specific gravity of
an oil is determined by means of an instrument called an
hydrometer, which consists of a glass tube weighted at the
hottom with mercury. The stem of the instrument is pradu--
ated and when placed in the liquid to be tested, the weight
sinks it to a certain depth, which may be read on the gradu-
ated stem. The depth to which it sinks depends upon the
density or weight of the liquid, and so the specific gravity
may be rcad directly.

The Viscosity of an oil is mcasured with an instrument
called a @iscosimeter. Viscosimeters are constructed in a
variety of ways and are standardized either with pure water
or with a solution of sugar and water of a known strength.
The viscosity of nil, therefore, is compared with the viscos-
ity of the standard solution just menticned. I'rcquently a
light grade of ¢il is mixed with paraffine or other waxes to
improve its viscosity. Such an ofl is not as goad a Iubricant
as onc that has the proper natural viscosity and in general
should be condemned. To detect adulteration of this sort,
put a spoonful or two of oil in a hottle containing ahout half
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a pint of gasoline and let it stand for an hour or two. 1f
any sediment appears in the bottom of the hottle it is evi-
dence of adulteration to improve the viscosity.

A Stmpic Test for Relative Viscosity. A simple way to
test the relative viscosity of several oils is to pour two or
three drops of cach oil to be tested on the end of a long level
strip of glass. Then clevate the end of the glass on which
the oil was placed about an inch and watch the oil race to-
ward the lower cad,  The most viscous oil will move slow-
est, If the oil ends in a small drop of gum it proves that
the oil is gummy and not fit to use in the bearings of ma-
chinery.

The Flash Powt o1 an oil represents the temperature at
which an inflammable vapor arises from the oil.  The
method of making the {lash test is to heat the oil in an iron
cup, in which a thermometer, reading to six or seven hun-
dred degrees, is inserted and at frequent intervals passing
a lighted taper just above the top of the cup. The temper-
ature at which this vapor ignites, as shown by the thonnom-
eter, is called the Aash point of the oil.

The Burning Peint.  The hurning point of an oil is de-
termined in the same way as the flash point and represents
the reading of the thermeometer when the oil itself will take
fire and burn. These twe tests are very important ones,
especially for an oil that is to be used for valve or cylinder
iubrication, or in places where it is subjected to a high tem-
perature,  The temperature of steam at 100 pounds gage
pressure is 337°, as shown by the steam tables. Conse-
quently an oil to be suitable for a cylinder oil in a cylinder
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using steam at 100 lbs. pressure must have a flash test of
at least 400°. With steam at higher pressure the {lash
point must be correspendingly higher. Most of the cylin-
der oils on tlie market have a flash point of 400° and up-
wards,

The Cold Test of an o1l consists in finding the temperature
at which the oil congeals or begins to solidify, In the case
of cylinder oils, or other dense oils of high viscosity, it is the
temperature at which the o1l will just begin to flow after
having heen frozen. This test does not indicate the Jubri-
cating value of an oil, but it is essential that oil which is to
be used on machinery exposed to cold weather shall show
a good cold test, in order that it may flow frecly. The cold
test of an oil can be made by inserting a thermometer in a
cup containing the oil, and then packing the cup in a mix-
ture of cracked ice and salt.

The Lvaporation Test, An oil that is to be used in a
very warm place, such as for example in the main bearings
of traction cngines, should not evaporate or volatilize at
ordinary working temperatures, because, when the lighter
portions are driven off, that which remains will hecome very
thick and inercase the frictional resistance of the bearing.
The test is rather difficult to make because it requires a very
sensitive balance.  As usually made, a small dish of oil is
carcfully weighed and then exposed to a temperature of
about 150° for ten or twelve hours, and then weighed again.
The difference between the first weight and the  second
weight will represent the amount that has evaporated. The
best test for a traction engincer to make is to pour a small
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quantity of the oil on the boiler near the bearings. 1If it
smaolkces it is an indication that the oil vaporizes too ecasily, or,
in other words, has toc low a flash point for use on the
main bearings.

Test for a Compounded O, To test if mineral oil has
been mixed with cither a vegetable or animal oil, fill a small
bottle about onc-third full of oil, then put in some caustic
soda and water. Shake the bottle vigorously for a few
moments and if the oil and water mix thoroughly, forming
a brown emulsion, it is evident that either an animal or
vegetable oil is present, because a pure mineral oil will
not form an’cmulsion with water. There are numetous’
other tests for oils, which may be made in a well equipped
laboratery that are valuable in determining their proper-
ties, but they arc of little value in a work of this kind and
are purposcly omitted. The tests given above are not all
easily made by an inexperienced man, but they are inserfed
here simply as an item of general interest.

The following table shows some of the properties of a
number of the different oils:
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TABLT L

Specific Tlash Burning I’c¢r cent

gravity. poink, ~point. of acid.
Lingeed Oil .... 933 520 ..
Clotton Seed 0il 322 265
Cagtor Oil... ... .a64 245
Rupe Secd Oil.. 914 AR0
Olive Qi1 ,..... .919 LARD
Corn Qil ...... ez L4806
Neats oot Oil. .. 915 450 - Y
No. 1, Lard Oil 912 AN 530 2.0
Winter Strained Lard 011 A5 .b15 640 2.90
Tallow (il 009 560 - §
Palm Qil .204 420
Bxtra CGol on Maclh, O 880 380 530 2.40
Vacuunt Dynamao Qil YL 380 420 21
Iildoracdo OQil ........ _ARO 328 L300 1.9
600 I$ Ofl....ooviann RIINS Aor 600 1.4
GO0 W e 04 hae G40 2.67
Capital Tngine Oil.. ..h32 ARG 520 1.31
Gas Lngine Oil.......... RHIE] 400 A3 1.30

Greases. In general, it may be said that a greasc or hard
oil as it is frequently called, is not as good a lubricant as a
fluid oil. Before a grease can act as a lubricant it must
first become fluid, and this can only occur aiter the
bearing has gencrated a certain amount of heat, thus show-
ing that a certain amount of frictional resistance must have
been overcome to heat the bearing. Ilowever, there are
many places w here greascs arc very convenient to use, and
where the amount of friction over that necessary for a
fluid oil makes practically no difference; as for example,
the crank pin and cross head pins of traction engines, and
numerous other places where the handiness and cleanliness
of grease much more than offsets the small loss due to
friction.

Greases are divided into two classes, known as axle
grease and hard oil.  Axle grease consists of 2 mixture of
a low grade of animal or vegetable oil, which is treated with

660

49

50

FRICTION, LUBRICANTS AND LUBRICATORS.

p

lime, thus making a sort of insoluble soap. Some of these
greases are then mixed with either mica or graphite. They
are used principally for the axles of heavy vehicles and
trucks, and for such purposes are very satisfactory.

Hard oil is made chemically from high grade materials
and is in reality an insoluble soap which is subsequently
softened with mineral oil. It is perfectly neutral, that is,
containing neither acid nor afkali, and will keep for an in-
definite period. Greases of this kind are very valuable for
certain of the bearings in traction engines and separators,
as for example the crank pin and cross head pins, hefore
mentioned, and the cylinder boxes of separators.

Solid Minerel Lubricants. In addition to the oils and

greases above mentioned, thcre are a number of dry or-

solid lubricants. These arc graphite, soap stone, sulphur
and mica. The hest of these natural lubricants is graphite,
known, also, as plumbago and black lead. It is a form of
carbon and is mined in various places, notably along the
shores of Lake Champlain in the United States, and also
in various places in Canada and other countrics. It is used
for lubrication, either as flake or powdered graphite, and
sometimes in the form of compressed bushings. Graphite
will stand any degree of heat and is valuable in cut or
roughened bearings. It is not as good a lubricant as oil,
since it cannot run off from the bearing and carry away
any heat, neither can it volatilize and carry away heat.  All
it can do is to reduce the amount of friction. When used
sparingly and judiciously it is of great value, but it can not
entirely take the place of oil or greases. It is frequently
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mixed with greases and is valuable on hot bearings to level
up the inequalities of the rubbing surfaces.

When sulphur is used as a lubricant, it is used in the
powdered form, known as flour of sulphur, Tt is also val-
uable on roughened bearings, but has no advantages over
graphite. T

Mica is a natural rock and is sometimes used for a lubri-
cant in the powdered form, and sometimes compressed into
bushings and used in place of brasses on light machinery.

LUBRICATORS.

Classification.  The lubricators used on traction engines
may be divided into two classes, namely; those especially
adapted for the lubrication of bearings, such as main hear-
ings, crank pin, wrist pin, ectc, known as bearing lnbdrica-
tors, and those intended for the lubrication of surfaces in
contact with steam, known as cylinder lubricators.

Bearing Lubricaiors may be subdivided into three more
classes ; plain lubricators, sight feed lubricators, and grease
cups. Cylinder lubricators may also be subdivided into
three classes; hydrostatic lubricators, water displacement
lubricators, and pumps.

Bearing Lubricotors. Plain lubricators and sight feed
lubricators can he used only with cil.  Grease cups are used
for grease or solid oil. The simplest device for supplying
oil to a bearing is a plain brass cup having a central tube
extending ap almost to the cover. One end of a few
strands of candle wicking is inserted in this tube and the
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other cud is allowed to dip into the oil.  The wicking acts
just like the wicl in a Jamp and supplics the hearing with oil.
The objection tu a lubricator of this kind is its uncertainty
of action, and the lack of adjustment of the rate of the flow
of oil. Other plain lubricators are made with a central

Sight IWecd Lubricator. Trig. 256, Ilgr. 267

tube, having a steel hall on the top which is held in place by
a cap, screwed on the top of the tube.  This form of lubri-
cator will work only on bearings which worle up and down
rapidly, such as the crank pin. When the ball is thrown
up from its scat hy the vibraticn of the moving bearing, a
drop of oil flows into the tube,
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Sight eed Lubricators are made in a varicty of ways,
but the general principle of their construction is well fHus-
trated in Lig. 256, The oi reservolr I3 s a glass cylinder,
This is surmounted by a snap lever 11, attuched to a
ncedle valve N, which scats in the hrass hody of the
valve below the glass eylinder,
the valve stem and bolds it to its seat when the lever H s
When the lubricator is feeding, the

A spiral spring cucircles

down 1n its secat 1,

lever H is raised to the position shown in the figure, com-
pressing the spiral spring and holding the needle valve from
The size of the opening through which the oil
The feed of the

its seat.
flows is regulated by the milled nat M.

An Automutic

Fig. 259,
- Grease Cup.  Itig 260,

TFig. 268,

cil can be observed through the glass dise 13, A lubricator
of this class, but of a slightly different patiern, is shown
in perspective in Iig, 257, )
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Grease Cups are made in two styles, plain and automatic.
Fig. 258 shows one style of plain grease cup. The illus-
tration shows its construction plainly enough without fur-
ther discussion.  In order to make it feed, the top is
screwed down by hand occasionally.

Another plain grease cup is illustrated in Fig, 250, in
which & brass wire extends down through the oil and rests
on the shaft. This conveys the heat from the shaft and
melts the oil, causing it to flow down along side of the wire
and into the bearing. _

An Automaiic grease cup appears in IFig. 260, Tt con-
sists of a brass cylinder or grease cup, fitted with a plunger
A, attached to a threaded stem passing up through the
cover upon which is fitted a thumb nut. Screwing down
this nut lifts the plunger and compresses the heavy spring
between it and the cover. When the plunger is-lifted in
this way, the cover of the cup may be removed and the
body filled with grease. To start the cup working, unscrew
the thumb nut antil it dees not touch the cover.  The
spring will put pressure on the plunger and force the grease
down into the bearing, When the cngine is stopped the
thunb nut should be screwed down wntil it seats firmly
upou the cover. The screw helow the grease chamber is
provided with a hole which may be made to coincide with
the opening through the stemm or which may be turned
slightly to regulate the flow of greasc.

Cylinder Lubricators depend for their aperation upon the
difference in weight hetween oil and water, upon the pres-
sure cxerted by a column of water, or upon the action of a
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pump operated either by hand or from sone moving part
of the engine.
Water Displacement Lubricators depend upen the first

principle mentioned above and are very simple in construc-

tion as will he scen on referring to IMig. 261, The opera-
tion of the lubricator is as follows: The reservoir A is

A Water Digplacement Tubricator.  Thig. 267
filled with oil,and the plug 15 screwed in place.  FThe valve
W is then opened which allows steam to pass up through
the central tuhe to the top of the lubricator, where it con-
denses by coming in contact with the cold surfaces of the
oil and reservoir. Since water is heavier than oil, volume
for volmme, it sinks to the bottom and displaces an equal
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amount of oil. This oil, having no other outlet, escapes
down the ceptral tube and flows into the steam chest and
steam pipe. .

Some lubricators of this type are provided with a sight
feed glass in the stem below the regulating valve O, like the
one in the figure, while others are not. When the cngine
is stopped, valves O and W should be closed or the lubri-
cator will continue to work until empty. Lubricators of
this type are sometirmes placed on the steani chests of trac-
tion engines to be used only in case of accident to the oil
pump or regular lubricator,

Hydrostatic - Lubricofors, as the name indicates, depend
upon the pressure of a eolumn of water for their operation,
These lubricators are made in two general styles, single
connection and double connection.

Double connection lubricators are provided with two
pipes which connect them with the main steam pipe. One
pipe admits steam to the lubricator, the other convevs oil
from the lubricator to the steam pipe.

A well known make of double connection, hydrostatic Tu-
bricator is shown in Fig. 262. (a) being a stde view and
(b} a scctional view. The body of the lubricator A, is filled
with oil. Steam enters from the stcam pipe through the

upper connection and condenses in the condenser Az, filling

both it and part of the pipe above it with water, The water
of condensation enters the bottom of the oil reservoir
through pipe I’. Steam also passcs through pipe K and
tube T to the sight feed glass F1, filling it with water,

In order to start the lubricator, first open valve Ag and

567




FRICTION, LUBRICANTS AND LUBRICATORS.

CLARKE SCHOOL OF TRACTION ENGINEERING.

the upper connection than cxists at the outlet K, and it is

: thig force which sets the ofl in motion, The column of
water, due to its weight, flows down the pipe P to the hot-

tom of the rescrvoir and displaces an cqual volume of oil.

. Since the oil has no other point of cgress, it flows down the

allow the glass to fill with water, then open A4 which ad-
mits water from the condenser to the oil reservoir, and
regulate  the feed of oil by valve A7, The action of the

T
Ly
B
8
' &
A Tiouble Conncetion Flydrostatie Laubricator, IMig, 262,
tubricator is as follows: When the valve Ag and the valve
!

ahove the condenser are hoth opcrned, there is the samc
stecam pressurc acting at the upper connection as at the cutlet
K. 50 far as the stcam pressure is concerned, therefore,
there is no tendency for the oil to flow out of the lubricator,
The weight of the column of water in the condenser and in
the pipe above it, however, adds a little more pressure at

A Bingle Connection Tlydrostatic Lubricator. g, 263.

pipe S and escapes from the oil nozzle at the bottom of the
sight feed glass H. Iere it forms in drops and heing
lighter than water floats up through the sight feed glass,
and thence through the pipe I to the stcam pipe. It is here
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caught by the rapidly moving steam and carried to the
steam chest and cylinder.  On the way thence, if it is good
steam engine oil, it is atomized or broken up into a fine
spray and becomes intimatelv mixed with the steam.

A Single Connection tubricator is illustrated in ¥fig. 203.
Connection is made with the steam main at K. Inside of
pipe K there is a small brass tube which conveys the oil
from the top of the sight feed glass, and delivers it into the
current of steam flowing to the engine.” Steam fows into
the Jubricator through connection I and then passes up
through the brass equalizing tube F' to the condenser F.
Here it condenses, filling the left leg of the loop and the
condenser with water, The column of water which op-

erates the lubricator extends from the top of the loop to
the bottom of the reservoir A. The following description

refers to the letters of the illustration:

Descrrrion.

A—Qil Reservoir.

Ba——~Connection for Attaching to Steam Chest.

C—Filler Mug.

D—Water Feed Valve,

E—XRegulating Valve.

F—Condensing Chamber,

F1-—Tqualizing Tube.

G—Drain Valve.

H—=Sight Feed Glass.

IL—Plug to Insert Glass.

K-—Connection to Steam Pipe.

O-—Drain Valve for Sight Teed Class.

I—Valve in Support Arm.
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Tigs. 204 amd 205 represent another style of hydrostatic
lubricator having a steam chamber within the oil reservoir
which is intended to keep the oil at a scalding temperature
even in severe weather. The steam connection is made be-
tween the boiler and the throttle and the discharge tube be-
tween the throttle and the engine.

Fig, 264 is a double conncction lubricator and IFig. 265 a
single connection, The following description refers to the
letters on Ifig. 204.

H—Condenser DPipe.

J—O1il Delivery Pipe.
E—Filling Plug.

K—Plug for Removing (Glass.
C—Water Regulating Valve.
—5ight Feed Glass.
F—Drain for Glass,

C—Oil Regulating Valve.
G—Drain Valve.

Fig. 2066 rcpresents another style of hydrostatic lubri-
cator which is much simpler in construction than cither
of the ones just deseribed.  While its principle of action
does not differ from cither of the others it has an entirely
different sight feed. The condensed stecam flows through
a small tube and the water flows over a bright metallic
plate behind the bulls eve glass, shown at the left of the
illustration. FFrom this point it runs down along the wall
of the oil reservoir to the bottom, and displaces the oil
which finds egress through a small tube at the top of the
oil chamber which conveys it to the stcam pipe. When in
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operation one can sec the drops of water enter the luhri-
cator, but can not sec the oil escape. T'wo valves control
the working of the lubricator, and cach should be opened
about one-quarter of a turn. These lubricators are made
with cither one or two connections,

Care of the Sight Feed Lubricator. In connecting up a

g, 264, Iig. 264,
Hydrostatic Lubricators.

sight fecd lIubricator it is important that the oil delivery
tube extend well inside the main stcam pipe so that the
draps of oil will be caught directly in the current of stcam
and he thus carried on to the cylinder instead.of simply
running down inside of the pipe as will be the case if the
delivery tube is too short.
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Another very essential thing in connection with lubrica-
tors is that all the joints be perfectly tight, otherwise a
slight lcak will catise a loss of pressure and thus.destroy
the cffect of the head of water in the pipe above the lubri-
cafor. :

The lubricator may fail to work for any one of the fol-
lowing rcasons: Leaky joints; the clogging of the sight
fecd glass, due to forcign matter getting into the feed valve

N
Single Conneection Swift Tubricator. Itig., 266,

or into the discharge passage at the top of the lubricater.
The packing of the sight feed glass may be squeezed out
of the top of the glass or the ail nozzle at the hottom of the
sight feed glass may be choked. Tt is a good plan, occa-
sionally, to fill the lubricator full of kerosene oil and lct
it stand for several hours and thus loosen up the gummy
oil or the dirt that may have accumulated in the passages.
Jefore filling it again it should be blown out with steam,
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1 the lubricator is allowed to run empty the last few
drops of oil often form in bubbles, duc to being heated by
the steam, and when they emerge from the oil nozzle at
the bottom of the glass, break and strike against the sides
of the glass; or, the top of the oil nozzle may he roughened
or dented cut of its proper shape, in which case the oil does
not rise in drops as it should and so sticks on the inside of
the glass, clogging it.

When trouble is cxperienced through the fouling of the
glass, it should be cleaned out either withi a bit of waste ted
to the end of a splinter of wood or the oil nozzle examined

Hand Operated 0Oil Pump. Fig., 287,

to see that it is in proper shape. In cleaning a glass do not
use a metal rod, becanse a slight scratch on the inside of
the glass tube is almost sure to cause it to break.

One of the difficulties often experienced with sight ieed
lubricators is what is termed “churning.”  This ig caused
by not filling the oil reservoir completely full of oil and if
there iz not enough water in the condenser to make 11p
the deficiency, the steam will enter the oil reservoir and
cause the oil to boil and become foamy. Let it be remem-
bered that in order for a lubricator to work at all the oil
reservoir must he completely filled either with oil or with
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oil and water.  When the engine is fired up in the morning,
the valve leading to the condenser pipe should be opened
to allow it to fill with water. Tf the steam is gotten up too
high hefore this is dene, the steam may heat the lubricator
so hot that condensation will be very slow and difficulty will
Le experienced in getting the lubricator to start.

When the engine is shut down for any length of time, as
for example at the noon hour, the oil regulating valve should
be closed and the water feed valve left open.  If this is not
done the steam which enters the delivery pipe will heat the
oil, causing it to expand and exert a heavy pressure on the

Bbody of the lubricator, which may be so great as {o cause

the lubricator to hulge or even to burst.

O1f Pusnps.  The simplest form of oil pump used to fubri-
cate the cylinder of a traction engine is the hand pump, one
form of which is shown in Fig. 267. Lubricators of this
type are used only in case it bccomes necessary to introduce
quite a large gquantity of oil into the cylinder in a short
time, as for example after an engine has primed badly.

Automatic Oil Pumps are operated by some moving part
of the engine, generally the eccentric rod in traction en-
gines. They consist of a reserveir which contains the oil
and a pump cylinder and plunger attached thereto. When
the plunger is drawn backward oil fills the cylinder and on
the next forward stroke it is [orced out through the deliv-
ery tube into-the steam pipe or steam chest. The action of
an oil pump i§ positive and the amount of oil which it feeds
to the engine at cach stroke depends upon the size of the
piston and the distance it travels.




8o

CLARKE SCHOOL OF TRACTICN ENGINEERING.

Some oil pumps are constructed with the pump inside
of the oil reservoir and others with the pump on the outside.
Some have a steam pipe extending through the oil space to
keep the oil warm and others depend upon the heat of the

- patsmini,

Internal View of Oil Pamp. Mg, 268.

stcam chest to keep the oil in a fluid condition.  Seomie are
provided with a sight feed and others are not.  In one par-
ticular all oil pumps are alike in that motion is given to the
crank which operates the pump plunger by means of a pawl
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and ratchet wheel which receive their motion from a rod
which is attached to some moving part of the engine.

g, 268 illustrates the internal construction and IMig. 269
shows a side view of a well known oil pump used widely
on traction engines. In this style of pump the plunger is
placed ingide of the ofl reservoir and receives its motion
from the rachet wheel and lever shown on the right, through

Bxternal View of Ol Pump.  Trig 269,

an eccentric mwounted on the ratchet wheel shaft. This
cecentric not only gives the plunger an up and down
motion, but a rotary motion as well, The construction of
the plunger is such that no check wvalves are nccessary in
the pump. A slot is sawed lengthwise of the plunger, begin-
ning at the lower end and extending upward about an inch.
When the plunger is on the up stroke, as shown in Fig, 204,
this slot is turned toward the opening to the oil reservoir
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and dway from the delivery pipe.  On the downward stroke
the pluugcr is turned so that the slot comes opposite to the
delivery port and closes the inlet port ; thus the plunger acts
itsclf as a check valve,

Oil pumps can be obtained with almoest as many oil con-
necctions as desired, which will oil several cylinders or as is

Another Type of Qil Pump. Iig. 270.

the case in some gas engines, will oil not only the cylinders
but the crank shaft bearings as well.

Another Style of Oil Punp is illustrated in Fig, 270,
Here the pump is placed ontside of the oil cylinder, a sight
feed is provided and a steam pipe connection for warming
the oil in celd weather. The feed of an oil purp may be
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regulated by changing the Jeugih of the ratehet arm. When
the ratchet takes only one cog of the wheel at a time, it is
fceding the minimum amount of oil

Some oil pumps make all of the adjustment at this point
and others, like the one shewn in IMig. 267, change the
length of stroke of the plunger also.

Advantages of Pump Lubricators. 1t is positive and cer-
tain in action and feeds only when the engine runs. When
the engine stops the lubricator stops without any cifort on
the part of ihe engincer, and when the engine starts the pump
starts, thus making for convenience.

Since it does not depend upon water {or its action, it is
without danger of freczing and docs not require attention
every night to sec that it is properly drained. '

The Care of Qi Puwmps.  Oil pumps that are not provid-
ed with a warming pipe should be placed on the steam chest
where the heat is sufficient to keep the oil in a fluid condi-
tion cven in severe weather. Where a cross compound trac-
tion engine is to be lubricated, hetter results will generally
be obtained with a double connection pump which feeds to
both cylinders, than with a single connection lubricator that
feeds only to the high pressure cylinder. The reason for
this becomes apparent when one considers that the low pres-
sure cylinder is much larger than the high, and conse-
quently requires more oil. [f enough oil were introduced
into the high pressurc cylinder for both, it would be flcoded
with oil, while if barcly cnough were vsed for the small cyl-
inder the tow pressure would not have enough oil.




CLARKE SCHOOL OF TRACTION ENGINEERING.

e

I10.
I¥.
12,
13.

14

I5.
16.
17.
18,
19.

PO v ot b

QUESTIONS IFOR PART XIII,

Dicfine friciion,

State the five principles of friction. -

Mention some of the beneficial effects of friction.

Explain the coefficient of friction.

How are the friction losses in an engine distributed ?

Nameé the objects of lubrication.

Name at least three properties of a good lubricant.

Mention the sources of lubricants.

For what purpeses are the following named oils
adapted: Lard oil, tallow oil, ncatsfcot oil, cotton
seed oil, castor oil, and sperm oil ?

Why are oils compounded ?

To what tests are oils subjected ?

Irxplain the flash test.

How do hard oils or greases compare with fluid lubri-
cants ? ‘

Mention three solid lubricants, and explain what they
arc uscd for? _

Hew may lubricators he classified ?

How are steam lubricators classified?

Upon what three principles do steam lubricators work ?

Describe three different styles of grease cups.

What precautions should be taken in connecting up a
sight feed lubricator ?
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20,

21.

23.
24.

Name several rcasons why sight fced lubricators may
fail to work,

What is meant by the term “churning” as applied to
a lubricator?

What arc haod oil pumps used for?

1low are automatic oil pumps operated ?

Name some of the advantages of punip lubrication.

T
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LESSON XIV.

THE NATURE OF HEAT, STEAM TABLES, ETC.

Tniroduction. In all considerations of the steam engine,
gas engine, or other form of engine which depends upon-fuel
for its motive power, the problem of first impoertance is to
transform the greatest possible amount of heat cnergy into
work. Tor this reason it is nccessary to sty the phe-
nomena of heat in order to theroughly understand an en-
gine and appreciate how heat may he transformed into
mechanical energy.

In order that an cngine may be able to run and gencrate
power, heat must first act upon some substance which will
absorb a certain amount of heat energy, and then he passed
through the engine where this energy is transformed into
work. Tn the case of the steam engine water is the medinm
used, This is first transformed into steam and the steam
is made to do work in an engine cylinder at the expense
of the heat it containg. Gas or oil engines, on the other
hand, use air and the gases which arise from the combus-
tion of the fuel as the medium upon which the heat acts.

Tt is the purpose of the present lesson to discuss the laws
of heat in a simple manner, fo show how heat and work are
related, and hew heat energy is changed to mechanical
energy in the steam engine.

Heat. Ieat is a condition or effect, not a substance, as
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it was formerly thought 10 be,  If one pound of cold iron
be heated to redness, it will still weigh just one pound,
neither more nor less. Since the addition of heat to the
iron does not {ucrease its weight, it shows that heat is not

a material substance bhut, as stated above, is only an cffect.

Sir Humphrey Davy melted two picces of ice by rubbing
them together, from which he concluded that heat was
caused by motion.  However, it is well known that sub-
stances may be heated without being moved appreciably,
as for cxample the iron just mentioned. In order that the
idea of motion be made to apply in every case, it must he
assumed that if heat is motion, it must exist in parts of the
hody too minute to be seen.

Fach substance is supposed to he made up of moleeules,
that is, very minute particles which are hound togcther by
some sort of mutual attraction or adhesion. These mole-
cules are supposed to be in a continual state of agitation,
which varies with the degree of temperature, If hy any
means these molecules can be made to vibrate more rapidly
the temperature will inerease correspondingly.  This deems
proven in the case of iron, where by hammering it rapidiy
it may be heated even to redness, or in the case of a drill
horing a plece of metal, the molecules of both drill and
metal are heated by the rapid motion and heat is gencrated.

From what has Leen said it appears that heat is a form
of energy or work, and it may he inferred that heat and
worle hear a fixed relation to each other, that is, that a defi-
nite amount of heat may e changed into a definite quantity
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of work, or 2ice werse, and such has heen actually proven to

“bhe the case as will presently he shown.

Temperature and heat are not the sime, although we
commonly speak of them as if they were.  Temperature
denotes merely the intensity or degree of heat but aot the
quantity,  Tor example, a cupful of water at 200 degrees

< Fak.
Roiling gz

ey 3ny

g, 271
Thermometetrs.
is hotter than a barrelful at 100 degrees, as would be shown
by a thermometer, hut the barrelful contains much more
heat and would melt a larger piece of ice than the cupful.

A thermometer meastires the intensiiy of heal but can not’

measure the quantity. In order to mcasure the quantity
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of hieat & hody conlains it is necessary to take into account
not only its temperature but its weight and its capacity for
ahsorbing leat,

Thermometers.  Thermometers  are  instruments  for
measuring the intensity of heat. They cousist, generally,
of a glass tube containing a small cistern of mercury at the
lower end (see g, 271). The diameter of the tube lead-
ing up from the mercury is very small, and a vacuum exists
in the tube above the mercury,  The working principle of
a thermometer depends upon the Tact that when a body is
heated it expands an equal amarnt for equal additions in
temperature.  When (he mereury in the cistern is heated it
expands and is forced up the tube a distance proportional
to the intensity of the heal,

There are two kinds of thermometers in quite common
use in this country, the Tahrenheit and the Centigrade.
The temperature of boiling water on the Iahrenbeit scale
is taken at 212 degrees, and on the Centigrade seale at 100
degrees.  The temperature of freezing water on the FFahren-
leit scale 1s 32 degrees and on the Centigrade seale zero.
The space hetween 32° and 212° on the IFahrenbeit scale
is divided into 180 cqual parts, while that on the Centigrade
scale is divided into 100 equal divisions, thus making the
value of a degree Fahrenheit, cqual to 100/180 or 570 of
a degree Centigrade.  The Centigrade thermometer is used
in all scientific work and the [Fahrenheit thermomceter for
common use and in steam engineering.

Absolute Temperature.  Just as we start with zero in
counting, or with zero in measuring ahsolute pressure, so

b
®
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for scientific purposes, we must start*with zere in measuring
temperature; that is, we must slart al a point where there
is absolutely no heat. A little consideration will make it
evident that neither the Fahrenheit nor the Ceutigrade ther-
mometers start measuring temperature at the absolute zcro,
because it is very easy to obtain temperatures much lower
than the zcro on cither of these thermometers. Consc-
quently those zero points are at a considerably higher fem-
perature than other temperatures we are acquainted with,

Temperature, at any rate, is only relative.  We say, when
it is 1o degrees helow zcro, that it is cold: when it is 40
degrecs below zcro it is very much colder, and 10 degrecs
below zcro as compared with 4o degrees below, is quite
warm, (i the ether hand, when it is 100 degrees out of
doors, we are accustomed to say it is very hot, bhut compared
with temperaturcs in the furnace under a steam boiler, 100
degrees is very cold.

It has been found that if a cubic foot of air at zero de-
grees Fahrenheit he cooled one degree it will shrink 1/4671
part of itself. 1f it be cooled two degrees it will shrink
2/467 parts of itsclf, and so on. 1t is evident that if it be
cooled 461 degrees that its volume would shrink to noth-
ing, if such were possible, and that all heat would cease to
exist. [t must be borne in mind, of course, that the above
is only a theoretical consideration and is true only for an
ideal gas, that is, a gas which is not actually a substance
at all.  The notion, however, has this value: it fixes a point
for absolute cold or absolute zero, where absolutely no heat
exists, At such a temperature the air would he frozen solid,
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all of the water on the earth would be solid ice and abso-
lutely no life could exist,

The temperature of 401 degrees below zero on the
T'ahrenheit scale, or 273 degrees on the Centigrade scale,
is called the point of absolute zero. In order to change
the temperaturc rcading on the ¥ahrenheit scale to absclute
temperature, all that is nccessary to do is to add 461 to the
reading of the Fahrenheit thermometer.  IFor example, if it
is 70° on the Tahrenheit scale, the absolute temperature
is 70 plus 401, or 5§31 degrees. The practical use of this
conception of temperature is found in sclentific work and
in cases where it is necessary to make careful and exhaust-
ive tests of steam engine performance.

A Heat Unit. The unit for measuring quantity of heat
is called the British Thermal Unit, or, as it is usually writ-
ten, simply B. T. U. A heat unit is cqual to the quantity
of heat necessary to raise one pound of water through one
degree Fahrenheit. [f one pound of water be raised
through 10 degrees it will require the expenditure of 10
thermal units, or, if 10 pounds of water be heated through
20 degrees, it will require 10X 20 or 200 heat units,

Water is taken as a basis of comparison in measuring
heat because it is the most common substance and because
it requires more heat to raise it through a certain range of
temperature than almost any other substance.

Specific Heat may he defined as the ratio of the amount
of heat necessary to heat one pound of any substance one
degree to the amount of heat necessary to heat one pound
of water one degrec. '
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The amount of heat that it would require to heat one
pound of water one degree would heat one pound of copper
about 10 degrees, consequently the specific heat of copper
is 1/1o—nearly.

The following table gives the specific heats of a number
of the commmon metals and an inspection of it will show that
cach of them differs from all the cthers in its power to
absorb heat.

TABLE 1.

TABLE OF SPECIFIC FIEATS.

Cast Tron . ..o oo i (1208
Lead .. ... ... 0314
Silver ... 0570
Tin ..o 05602
Copper .o 0051
ZINC e 0050
Hard Steel ... ool L1175
Soft Steel ... 165

The preceding table shows that if one pound of cast iron
be heated one degree it will contain only .1298 of u heat
unit, while under the same conditions a pound of lead will
contain only .0314 of a heat unit.  In other words it takes
a smaller quantity of heat to heat lead through a certain num-
ber of degrees' than any other suhstance mentioned in the
table. This shows that lead is a good condutcor of heat.
Copper is also a good conductor—hetter than iron, and for
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this reason it has heen used in constructing fire boxes of
locomotives on the theory that heat could pass more readily
into the feed water.

The General Effect of Heat. The general effect of heat on
any substance is to cause it to expand. The amount of ex-
pansion is dircctly dependent upon its change in temperature,
and is equal for cqual changes in temperature.  In general,
it may be said that solids expand less for a given change in
temperature than liquids, and liquids less than gases. The
fraction of its length which any substance expands for an
increase of one degree in temperature is called the co-efficient
of expansion of that substance. The following table shows
the linear co-efficients of expansion of a number of the com-
mon materials used in engineering work.

TABLLE TI.
Amount of xpansion Due to a

Name of Substance. Change of 1 Degree IFah.

Wrought iron .......... .. ..., 00000078
Tempered steel ... 00000702
Cast irotn ..o, 000000172
COpper v 000000544
CBrass oo 00001037
TN e 00001410
Aluminum ... on o L0000 12850
Tead oovveii i 1LOOODT 5875
AT o 000010340

Ixplgnation of the Table. 1 a bar of wrought ron be

359
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heated one degree it will expand an amount equal to
00000678 of itself,  This appears to he a small amonnt—
hardly worth considering, and yet it must be taken ac-
count of in all structures into which iron enters. In
the case of long runs of stcam pipe where the change in
temperature may he 200 degrees or more, slip joints, or
expansion joints of some sort must be provided or the ex-
pansion of the pipe will cause it to twist out of shape or
break its connections. Tt must he borne in mind that it
would require just as much force to prevent a bar from
lengthening, due to an increase in temperature, as it would
to stretch the har if force were applied to the two ends. In
laying steam pipes it is customary to provide for two inches
of expansion for every hundred fect,  This amount is some-
what too high, as can he proven hy a little caleulation, but
it provides a margin of safety which is demanded in all
engineering worlk,

Copper and brass expand more than iron, which accounts
for the fact that a brass valve or plug screwed into a boiler
may fit fairly loosc when cold, but will be exceedingly tight
when the hoiler is hot,

Illustrations of the expansion or contraction of metals
can be observed in the case of telephone or telegraph wires.
During the hot days in summer they are quite slack, but in
winter when the days arc cold they often contract enough
to break,

Evample: How much will a copper  telephone  wire
twenty miles long expand if the weather changes from 20
degrees below zero to 1oo degrees above?

890
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~ Solution: 5280 1203<.000009544=—0.047 fcet, the ex-
pansion in one mile. A telephone line twenty miles long
wotuld therefore change in length between winter aad sum-
mer temperatures, 20X6.047=120.94 fcct.

The Effect of Heat on a Gas is either to cause it to ex-
pand, if the pressure upon it remains constant, or, if it be
imprisoned, to increase its pressure.  For example, suppose

A

Tig., 272,

we have a cylinder fitted with a piston having an area of 5o
square inches which weighs 500 pounds.  Suppose the
space A, below the piston, Fig. 272, be filled with gas. The
pressure. on each square inch, due to the weight of the
piston, is ten pounds. If heat be now applied to the cylin-
der the pressurc will remain constant, but the gas will ex-.
pand and lift the piston upward. 1, on the contrary, the
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" and stood out in the hot sun will often explode. The in-
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piston were fastened in its original position and heat were
applied as before, the pressure exerted on the piston by the
gas would increase indefinitely as long as heat was added.

The Law of Charles. The wohwme of a gas at constant
pressure or the pressupe of a gas at constant voelwme varies
directly as the gbselute temperature,

Faample T, Suppose a certain volumie of gas at a tem-
perature of 1oo degrees I'ah. is under a pressurc of 6o
pounds absolute; what will the pressure be when the gas is
hested to 2ce degrees?

Solution: 100°+401°—501° absolute temperature,

200° —F-461 “==(61° ahsolute temperature,
O0X 66T ==70.7 pounds, nearly.
561

Example II.  Suppose in Tig. 272 that the volume of the
gas tnder the piston is two cubic feet when the temperature
is 100 degrees [Fah.; what will it be when the temperature
increases to 200 degrees?

Solution: 100°§-401°==501"

200° 401 °==061°
2 X661 =2.350 cubic feet,
ot

This explains why a bicycle tire when pumped up hard

crease in pressure due to the change in temperature often
amounts to several pounds. This law also explains why
superheating steam will raisc its pressurc.
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The Mechonical Hawvalent of Feat. The exact relation
between heat and work was first determined experimentally
by Dr. Joule in England in t854. Ilis experiments showed
that one heat unit is cquivalent to 772 foot pounds.  Some
yvears later Dr. Rowland of the United States, with better
facilities to work with, found the value of a heat unit to be
778 foot pounds. This valuc is the one at the present time
accepted Dby all American ¢ngineers.

It seems almost inconceivable that the heat energy neces-
sary to raisc one pound of water through one degree IFah.
should he equal to lifting 778 pounds one foot high, yet
such 1s the casce,

Prablem 111, low many Tont pounds of work arc equiv-
alent to the heat cnergy necessary to raise one gallon of
water from the {reezing to the hoiling point?

Solution: 212—32—=180 hcat units added to the water.

81/3 pounds——=the weight of one gallon of
water.

I80X 778==140040, the number of foot pounds
of work equivalent to heating onc pound of
water from the freezing to the beiling point.

140040 X8 1/3=1107000 foot pounds, Ans,

The heat encergy necessary to change one gallon of water
from the freczing point—32° I to the hoiling point—z12°
Fah., is equivalent to lifting a mass weighing 1167000
pounds one foot high, or, of lifting 1167 pounds 1oco feet
high.  Such figures are too large to be casily comprehend-
ed, yet they are unquestionably true, as has been proven
time and again, Tt is upon this conception of heat, more-
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over, that all the theories of steam enginecring are based.

Rule I. To change heat units into feot pounds multiply

by 778.
Rule 11, To change foot pounds into their equivalent in

heat units, divide by 778,

Example: How many heat units are equivalent to one
horse power?

Solution: A horse power is equal to 33000 foot pounds
of work per minute; therefore, 33000 divided by 778=
42.416, the equivalent number of heat units,

The Boiling of Water. 1f heat be applied to water in an
open dish its temperature will begin to rise and the water
will expand somewhat.  When the temperature reaches
ahout 200 degrees or a little more, bubbles will hegin to
form on the sides and bottom of the vesscl. These will
finally rise to the surface and hreak. The water is now
said to be simmdring, and the bubbles arce formed by the
air which the water contains. When the temperature
reaches 212 degrees the water first actually begins to boil
and bubbles of steam form on the bottom and rise to the
surface and hreak, causing the agitation of the water known
as boiling. If heat be applied further the temperature will
remain constant at 212°, but steam will continue to form
and escape from the dish until all of the water has been
converted into steam. It is impossible to heat water in
an open dish, under atmospheric pressure, hotter than 212°
Irah., or 100 degrees Centigrade, ‘

The boiling point of water is the point at which steam

begins to form, and this temperature depends upon the
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pressure exerted on the surface of the water.  1f the pres-
sure is less than atwospheric pressure-—that 1s, less than
14.7 pounds per square inch, water will boil at a much lower
temperature. If, on the contrary, the pressure is greater
than atmospheric pressure, as it is in a stcam heiler under
pressure, then the hoiling temperature will he higher, as
shown by the steam tables on another page of this lesson.
For example, at 100 pounds absolute pressure the heiling
point is at a temperature of 327.0 degrees. :

The Heating of Water in o Boiler.  1f water in a closed
boiler, having a space above for the accumulation of steam,
be heated, steam will, if there is no air in the boiler, hegin
to form at once and it will keep on {forming as long as heat
is supplied, provided the strength of the Dboiler is not ex-
ceeded.  The temperature, pressure, and weight per cubic
foot of the steam will also continue to increase, and will
bear a fixed relation to each other as will be shown in the
steam tables.

If the heat supplied is just sufficient (o maintain the tem-
perature constant, the pressure and weight per cubic foot
of the steam will also remain consiant and the formation
of stecam will ccase. If a stcam pipe leading from the
boiler be opened, however, steam will immediately flow out
and momentarily reduce the boiler pressure, thus causing
stcamn to begin to form again.  So long, however, as the
proper amount of heat is supplicd to maintain a constant
temperature, the boiler pressure will remain constant in a
baoiler supplying steam to an engine.

The Formation of Steam. Suppose one pound of water
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be placed in the bottom of a cylinder of indefinite length as
shown in Iig. 273, and suppose a piston having no weight
and moving without friction in the cylinder be placed on top
of the water, the diameter of the cylinder being such that
the area of the piston is just one square foot. If the top
of the cylinder be open the piston will be under atmospheric

pressure.

Suppose the water be at a temperature to begin with of 32 -

degrees F., that is, just at the freezing point. If heat he
applied to the bottom of the cylinder, the temperature im-
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mediately begins to rise and will continue to rise until the
water reaches 212 degrecs. After this temperature is
reached there will be no further rise in temperature, it
steatn will hegin to form and raise the piston until, when
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the water is all evaporated, the piston has risen to a height
of 26.6 feet (see Column VIII of the Steam Tables).

The area of the piston is 144 square inches and since.
each square inch hears a4 load of 147 pounds, the total
resistance overcome by the piston is 144X 714.7—=2116.8
pounds.

Careful experiments show that it requires about 906 heat
units to transform boiling water into steam at atmospheric
pressure.  After the water rcaches the boiling point its
temperature does not increase, but nevertheless it absorbs
a large amount of heat. Since this heat cannot be meas-
ured by a thermometer it is called lafent heat, that is, hid-
den heat,

The total amount of heat absorbed by the pound of
water in changing from the freezing to the boiling point,
and then into steam at atmospheric pressure, is 1804966
—1140 heat units.

The 960 heat units of latent heat have done two things;
first, they have converted all of the water into steam, and,
sccontd, they have lifted the piston against atmospleric pres-
sure through a distance of 26.6 fect, thus doing considerable
work which we will call cxfernol work to distinguish it
from the work necessary merely to change the water into
steam without overcoming any resistance. This latter we
will call infernal work.

The amount of the external work in foot pounds is equal
to the total weight on the piston, multiplied by the distance
through which it moves, or, cxpressed in figures, it is
2116.8¢20.6=-56300.88 foot pounds, This quantity may
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he changed to an equivalent number of heat units as fol-
lows: 50306.88—778=72.37 heat units.

Since the total latent heat is equal to g66 heat units, and
72.37 must be expanded in lifting the piston, the difference
or 893.63 heat units must be what is required to change the
water Into steam, that is, to break up the molecules of the
water. The total heat in the pound of steam may, there-
fcre, he accounted for as follows:

1% heat units to change the watér from 32 to 212°,
893.603 units to do the internal work,
72.37 units to do the extérnal work,

1140.00 the total heat in one pound of stcam at atmos-

pheric pressure.

Effect of Incveasing Steam Pressures. Under different
pressures the total heat, internal work, and external work
differ from what it is at atmospheric pressure, but in every
case the internal work is very large and the external work
proportionately small. I'or example, let us consider what
these values are for stcam at 100 pounds absolute pressure.
To do this we will add enough weight to the piston to
make the total weight to be moved cqual to 100 pounds per
square inch. Now, referring to the steam tables, we find
that the total heat of steam at this pressure is 1782.0 heat
units. The temperature of the water must be 327.7 de-
grees before stcam begins to form at this pressure, there-
fare it will require 327.6 — 32 or 205.4 heat units to heat the
pound of water to the hoiling point. (On the Fahrenheit
scale the heat units arc measured from 32 degrees up.)
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The volume occupied by the one pound of water when
changed to steam is 4.4 cubic fect. In the cylinder shown
in TFig. 273 the piston will rise 4.4 feet in order to have
space for that volume of steam underneath, because the arca
of the piston is just one square foot.

The area of the piston is 144 squarc inches and cach
squarc inch is under a pressure of 100 pounds, consequently
the total pressure on the piston is 1003 144=14400 pounds,

The weight moves 4.4 fect so that the external work done
is 14400% 4.4=03360 foot pounds.

63360--778-=81.45 the equivalent number of heat units

used in external work.

1182—205.6--886.4 heat units, the internal and external
work combined.

886.4—81.45=804.95 the heat units used in external work.

To sum up we have:

295.60—heat units required to raise the water from the

freezing to the boiling point.

804.95—heat units required in iaternal work.

81.45—heat units required to do external work.

1182.00-—Total number of heat units in the one pound of
steam at 100 pounds pressure.

Tt should be understood that the maximum amount oi
work which one pound of steam is able to do at any given
pressure, if used in an engine full stroke, is cxactly equal to
the external work done during formaticn. This presup-
poses that the steam exhausts into a perfect vacuum, and
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that there are no friction losses or heat losses at any point . TALLE I,
during the various changes. _

63 Pcr-ccntagc of Heat Twrned Into Useful Work. At at- |
mospheric pressure the total heat is 1146 heat units, of f

Table of the Properties of Suturated Steam.

which 72.37 heat units did wseful work; reducing this to %z o i} . _ N E
- ; - - 4 g 3 = p 2 = 3]
per cent we have 72.37--1146==6.31%. Therefore of all ] 2. o yé" ;i : : S?ﬁ
the heat put into the steam only 6.31% did useful work. In o 27 5 g 5 Zn & ad
. b=l 2 + p= - o By
the case of steam at 1oo pounds pressure the total heat is EE 5§ “ 5 £% =5 cs% 52
1182 heat units, of which 80.33 heat units were applied in 2" “S% 2 = 58 L B3 %°
: . - " . . i © R - = = o= S
i external work ; reducing this to per cent as before we have: a’g* é«z e 5 gg £ hig? S
‘ . . - B 5 & a8 =i =g
! 81.45-+1182—6.88%. applicd in useful work. gﬁf %; 2z = 5 9 g oD
i s ‘ ¥ M o b=t — o = - [ E.fj E 5
; 04 These results show that (he percentage of heat used in EH] i3 c} g 58 55 £r EN
| . L . . k=3 ai = I o G
j doing external work is just about the same with low pres- = < & A s o B s
‘ . . oy h 1 Fini v v VI Vi1 VIl
! sure steam as with high pressure.  Or, looked at in another 1 11121 1043.0 619 98131  .00999 3344
. e . - . 2 11205 102a.L - 642 OGLY 00578  173.G
way, it proves that if we use stcam full stroke in an engine H ippl o gmas o 6ns b5 o oS4 108
’ . L , i 1128 . 6.8 9404 06107 90.31
cylinder there can he practically no gain in economy made . : aln G000 6T bsar oiags 73y
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TABLY I11L

THE PROPERTIES OF SATURATED STEAM,
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it i impossible to make a complete test of an engine with-
out the use of these tables.

Column I shows the absolule pressure of the steam in:

pounds per square inch. To find the corresponding gage
pressure, 14.7 must be substracted from the values given in
the table. ‘

Colwmn 11 gives the temperature corresponding to the
pressure at which the water boils and the steam forms,

Colwmn 11T represents the total heat in heat units which
each pound of steam contains above the freezing point. Dar-
ticular attention is directed to the fact that steam at high
pressure contains very little more heat than steam at low
pressure.  Dlor example, one pound of steam at 14.7 pounds
pressure contains 1146.6 heat units, while stcam at r1oo
pounds pressure contains only 1182.c heat units, an increase
of only 38.3 heat units, This explains why, when steam he-
gins to form, the pressure rises so quickly.  Fvery one who
has run an engine knows that after the pressure gets up to
15 or 20 pounds, it takes only a few minutes more to get it
up to “the popping off” point. This is due to the fact that
only a small additional amount of heat is needed to increase
the pressure.

Cohumn IV shows the latent heat or the heat of vaporiza-
tion, that is, the heat necessary to change the water into
steam after it reaches the boiling peint.  This quantity be-
comes smaller as the pressure rises and is about equal to
the total heat minus the temperature of the steam above the
freezing point. ‘

Colusnn V' represents the quantity of heat which over-
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comes the external resistance which the steam overcomes
during formation at the given pressure. It also shows how
much of the heat may De utilized in an cngine taking steam
full stroke provided it exhausts into a vactum and so meets
with no resistance at the exhaust.

This quantity is alwavs small and does not amount to
more than 6 or 7 per cent of the total heat, Incidentally,
it proves what has been stated on a previous page; namely,
that there is ne ccononty in using stecam full stroke in an
engine and that there is no particular advantage to he gained,
so far as cfficiency is concerned, in using high pressure
steam. When the steam s used eapansively, however, there
18 & great gain,

Column 1. The heat quantitics in this column show the
amount of heat necded to change the water from the liquid
to the gaseous form. These figures are farge and show
where the greater part of the heat goes.  This heat does no
usefal work whatsoever, and since the water is in the form
of stcam when it passes out at the exhaust, it shows that the
greater amount of the heat of the steam passes through
the engine without doing any work. This is where the
greatest heat loss occurs in the steam engine and it can not
be entirely owvercome, although when steam is used expan-
sively a considerable amount of the latent heat is turned into
useful worlk, This is why it is move economical vo use stean
cxpansively.

Column V1T shows the weight of one cubic foot of steam
at the different pressures. 1t will be noticed that the
weight increascs in direct ratio to the pressures.  For in-
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stance, at 40 pounds pressure the weight is almost exactly
twice what it is at 20 pounds, and at 8o pounds, twice that
at 40, very nearly,

Cohumn VITT. In this column the volume in cubic fect
occupied by one pound of water in the form of steam is
given. Flere again there is an almost exact relation noticed
between the pressures and the volumes.  Af 20 poluds pres-
sure the volume of one pound of steam is 19.91 cubic feet,
while at 40 pounds, the volume is only 10.37 cubic feet, thus
showing that doubling the pressure halves the volume—very
nearly, and proving that Boyle’s Law applies reasonahly
close in the case of steam,

The Use of the Steam Tables. TIn order to show some-
thing of the utility of the stcam tables let us congider the
following problem :— .

Problem 17. How many pounds of steam will a 10x12
cngine require, running at 230 revolutions per minute, if it
takes steam full stroke; steam presuurce 100 pounds ahso-

tute?

Solution.

10X 10X . 7854-=78.54 sq. inches, the arca of the piston.

78.54 X 12==042.48 cu. inches, the volume of steam used
per stroke,

042.48X 250-—235620 cubic inches per minute.

235620+ 1728==126.34 cubic feet per minute.

126,34 X 60-=8180.4 cubic fect of steam used per hour.

The weight of one cubic foot of steant as given in Column
VII of the steam tables is .2270 of & pound, therefore 8180.4
.2270=1856.95 pounds of stean used per hour.
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If-steam were cut off at half stroke, only one-half as much
steam would he used. I the point of cut off is known it is
casy to figure the amount of steam an engine should use in
any given time. There are many other practical applica-
tions for the steam tables connected with heiler testing, but
they are beyond the limits of this lesson,

Theoretical Duaporative Volue of Fuel. One pound of
pure carbon contains 14650 heat anits. It requires 966 heat
unils to change one pound of Doiling water at atmospheric
pressurc into  steam, consequently, I4600--066=15.11
pounds of water that could, theoretically be evaporated un-
der the above conditions, Practically not more than 12
pounds can be cvaporated in a steam hoiler under the same
conditions.  The difference between the theoretical and the
practical amount of evaporation is due to losses arising from
radiation and the heat lost through the hot gases esl:aping
from the chimney as explained in Lesson V.

(f)rdinary good soft coal containg about the same number
of heat units as purc carbon, and consequently will evaporate
about the same quantity of water cither theoretically or prac-
tically.

The amount of steam used per hour in various classes of
engines is shown in Table IV. The performances of en-
gines are generally expressed in terms of the consymption
of water per horse power per hour, becausc this shows their
relative valuc as power producers,
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TABLE TV,

Steam Consumption per
horse power per hour

Type of Tingine. in pounds.

Plain Slide valve. ... oo 30 to 50
{ Non condensing, such as traction engincs.)

Plain Slide valve, condensing. .. ................ 25 to 35

Corliss non condensing. .......... o v erenn 20 to 30

Corliss condensing . ... i 18 to 20

ITigh Specd Triple Iixpansion condensing. ....... 11 to 15

Steam Turbine condensing ... oo 2 to 25

QUESTIONS FOR PART X1V,

1. Why is a knowledge of heat essential to an engineer?

2. Decfine heat, :

3. Define temperature and show how it differs from
quantity of heat:

4. Define absolute temperature and explain how to
change Falirenheit temperature to absolute temperature.

5. Define a heat unit,

6. Define specific heat,
Define co-cfficient of expansion.

Lo

What provision is made for taking care of expansion
in long runs of steam pipe?

g. IHow much will a copper teleplhione wire 1,000 feet
long expand if the temperature changes from zero to 100
degrees above?
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1o, What effeet does compressing a gas have on its fem-
perature?

11, Define “the mechanical cquivalent of heat”

12, How many oot pounds of work are equivalent to
heating 10 pounds of water from zero to 1007 IFah.?

13. IMow hot can water be heated in an open dish ?

14. lixplain the meaning of the term “latent heat.”

15.  In what three ways is heat expended in the formation
of steam ?

16, 1§ an engine takes steam full stroke about what’ per-
centage of the total heat can be turned into aseful work?

17. Does increasing the pressure of steam increase the
cfficiency of an engine?

18, Where does the greatest hieat loss occur in connec-
tion with a steam engine? 7

19, How may this loss be partially overcome?

20. What information do the steam tables give ?
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LESSON XV,
HORSE POWLER WORK, ETC,

Introduction. The unit for measuring the power of a
stcam engine or of any other prime mover is th2 horse
power. A horse power has already been defined as 33000
foot pounds of work done in one minute. - Horse power
may be measured either with a steam engine indicator or
with a brake. The former is called indicated horse power,
often written 1. H. P., the latter brake power, written
B. H .

The Indicated Hovse Power of an engine represents the
power expended upon the piston by the steam. It repre-
sents the power developed in the cylinder, and is somewhat
more than what the engine is able to develop at the fly
wheel.  The difference hetween the power devloped at the
fly wheel and that developed in the cylinder, is the amount
which is required to overcome the internal resistance or
friction of the engine itself. This difference may, and
often docs, amount to ro per cent of the power developed
in the cylinder.

Brake Horse Power. The brake horse power of an en-
gine represents the power which an engine is able to exert
at the fly wheel. It is measured by means of a brake rest-
ing on the fly wheel of the enginc.

The #ominal or rated horse power of an cngine may
differ from either indicated horse power or brake horse

10
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power and in fact is gencrally lower than cither. Tt hears
no fixed relation to the actual horse power, but is based
upon some arbitrary standard adopted by the manufac-
turer.

The Steam FEngine Indicator is the ingtrument used in
measuring indicated horse power. It draws a diagram on
a plece of paper which shows the pressures behind the
piston at cvery point in-the stroke. From this diagram
it is casy to calculate the average pressure on the piston
tor the whaole stroke.

If this is known, the power of the engine can readily be
worked out by means of the rules already given for calcu-
lating work. Tor example, suppose the average pressure
on the piston is 50 pounds per square inch, and suppose
the area of the piston is 6o square inches. The total pres-
sure on the piston is therefere: 5oXGo—3000 pounds.

Suppose the piston has a stroke of fifteen inches or 114

~feet. The work done in one stroke of the piston will equal

the force excrted upon it, multiplied by the distance it
travels in feet, which in this casc equals 30003 114—3750
foot pounds. Tf the engine makes 250 revolutions per
minute the piston will make 2Xz250=500 strokes. The
total work done will be, therelore, 37503 500==1873000
foot pounds per minute. 1875000+ 33000==50.81, the in-
dicated horse power, ’
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8 The rule for finding the indicated horse power of a steam
engine is generally expressed hy the following formula:
2 P I. X AXN==1 H P
T 3300
. In which P = the average pressurc on the piston
in pounds per square inch,
L —=the length of the stroke in feet,
A—=the arca of the pisten in square

inches. .
N — the number of revolutions per mia-
ute,
9 Lxample 1. Tind the power of an 8x12 engine running

at 300 reyolutions per minute, if the average pressure on
the piston is Go pounds per square inch.

10 Solution. 8X8W 7834~ —s0.2y square inches, the area

of the piston.

2% 60X 1 X 5027 % 300== 1809720 foot pounds
of work done per minute.

1800720+ 33000—=54.83 horse powcr.

11 Description of the Indicator. Tig. 274 Is a scctional
view of the Croshy indicator, and Tig. 273 shows the samc
instrument in perspective.  The indicator is attached, by
means of the thumb nut marked 7, to a pipe tapped into
the clearance space at the end of the eylinder.  This places
the cylinder 5, of the indicator, in communication with the
interior of the engine cylinder.  Consequently whatever
steam pressure exists in ome must exist in the other also.
The piston &, is acted upon by the steam from tic engine
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and compresses the spiral spring above in proportion to
the steam pressure excrted upon its lower face. The top
of the indicator cylinder is closed by the cap 2, which has
an opening through which the piston rod ro, passes.  This
rod s connected to the lever 16, through link 14. The
pencil lever 16, is pivoted at 18, and is connected in such a
way that when the piston moves upward, the pencil point

X g, 274,
Scetion of Crosby Indicator.

23, moves in a straight vertical line.  The distance from 12
to 18 is made about 1/5 as long as the distance from 12 to
23, consequently the point 23 will move five times as far as
the point 12,

The arm A carries the drum 24 at its outer end. A cord
which is fastened to the cross head is wrapped around a
pulley at the lower end of the drum, amd causcs the latter

613




I3

14

I5

16

CLARKYE SCHOOL CF TRACTION ENGINEERING.

to totate an amount exactly in proportion to the movement
of the cross head.

A spiral spring 31, inside the drum, resists the force of
the cross head, and brings the drum bhack again on the
return stroke of the engine.

The two metal strips, shown just at the left of the pencil
point in Fig. 275, are for the purpose of holding a piece of

Crosby Indicator. ig. 275H.

paper, which is wrapped around the drum, and upon which
the diagram is to be drawn, . ‘

Posts X and 13 are secured to a collar 3, which fits
loosely on the upper end of the indicator cylinder. This
collar may be rotated by handle 2z, and the pencil be either
presscd against the paper or moved away from it.

The Indicator Card. To show how the indiactor takes
the card, let us suppose the engine piston is at the end of
its stioke; and that there is no steam in the cylinder.  The
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pencil arm and indicator drum are in the position shown
in Fig. 275. When stcam is admitted to the engine cylin-
der, it will act with equal force per square inch on both the
engine piston and indicator piston, The latter will move
up instantly a certain distance, depending upon the pres-
sure of the steam and the streagth of the indicator spring.
1T the pencil point he pressed firmly against the paper on
the drum it will draw the vertical line ab shown in Fig. 276,

7. miesion

release

I‘_ Presyure _).l

T="7 back pressure
]

]
b Stroke of en_guhe — ;_.l

Figure 276.

Atriospheric line

So long as the pressure in the cylinder remains constant,
as it usually does while steam is heing admitted, the pencil
will remain at the same height on the paper.  Consequently
the line be, up to the point of cut off, will be a horizontal
line. After cut off occurs, the pressure in the cylinder
falls, due to the expansion of the steam, and the penecil
consequently draws the curved line ¢d. At d, the valve
opents to the exhaust, and the pressure immediately falls,
until at the end of the stroke it is almost nothing. On the
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Engine,

to an

Figure 2

Method of Attaching an Indicator
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return stroke of the piston the steam is cscaping to the ex-
liaust and the pressure is only a little above atmospheric
pressure until the point £ is reached.  IHere the valve closes
the exhaust port and compression begins. The pressure
in the cylinder now riscs until the end of the stroke is
reached, as shown by the line fo. At the end of the stroke
stcam is again admitted, and the pressure immediately
jups to b, thus completing the diagram.

After the card is taken, the valve just below the indicator
ts closed, shutting steam off from the indicator cylinder;

Tig. 278,

An Tdeal Tndicator Card Showing Diagram From Boih Xnds of tho

Cylinder,

then the atmospheric line is drawn, thus completing the
card from one end of the evlinder.

[f the load on the engine 1s a constant load, the indicator
will o on retracing the same diagram indefinitely.  Tf the
Inad 15 variable the pressures will also vary, and a number
of different diagrams will he drawn.

Attaching the Indicator.  The usual method of attaching

i indicator is shown in Mg 277, As will be noticed, a
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pipe extends from the indicator to cach end of the engine
cytinder, provided at the point where it connects with the
indicator with a three way valve. Dy turning the valve to
the right, the left end of the cylinder js in communication
with the indicator, while turning it to the left, puts it in
communication with the opposite end, thus enabling the
operator o obtain a diagram from each end of the engine
cylinder on the same card. Fig. 278 shows the appearance
of an ideal card from an engine cutting off at 1/3 on hoth
strokes. . '

Some sort of a reducing motion must be inserted between

the cross head and the indicator hecause the former usually

travels farther than the circumfercnces of the indicator
drum.

The Indicator Springs, thai is the springs above the indi-
cator piston, are made of different strengths for different
stoam pressures, and are designated as 6o, 8o, and 100
pound springs, ele. A Oo pound spring is one that allows
the pencil to move upward one inch for a steam pressure
of 6o pounds, and so for the other springs. If the indicator
is fitted with a 60 pound spring, and the distance between
the atmospheric line and the line be is 134 inches, it shows
that. the steamn pressure in the engine cylinder is 134 X600
or go pounds. Knowing the spring used, it is easy to de-
termine the pressures on the piston al any point in the
stroke by measuring the diagram.

The Bachelder Indicofor 1s illustrated in IMigs. 279 and
280. 1t differs from the Croshy indicator in having a T
shaped hollow case and an adjustable flat spring.  The flat

L8
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steel spring works in the horizontal body of the case. The
outer end of the spring is secured by means of a taper
screw and the other is attached to the counecting rodd be-
tween the pencil lever and the piston.

23 ‘'he split bushing in the horizontal case is provided with
a longitudinal recess for the reception of the spring.  This
bushiﬁg may be moved along the spring and clamped to it
at the proper point, as shown by a pointer and scale on the
side of the case. The tension on the spring may be ad-
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Tig. 251, o
Diagram Showing low to Find the Averagoe FPressure Throughout
the Stroke.
justed by changing the position of the bushing. Al neces-
sary changes of spring can thas be obtained with two flat
springs instead of having hall a dozen, as 15 necessary
where a spiral spring is used.

24 It'is claimed alse that since the spring does not work in
the same cevlinder with the piston, it is not subjected to the
hioh temperatures of the steam and is consequetnly more
reliable.
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Method of Finding the Awverage Pressuve. The average
or mean pressure on the engine piston may be found in the
following manner, by referring to Fig, 28t. Divide the
diagram into ten equal parts by lines a, b, ¢, d, etc. Now
meastire the height of cach strip midway between two of
these vertical lines, as for example, xy, su, etc. Add all
of these distances together and multiply the sum so found
by the spring, and divide the product by rto.

For Example, suppose a 6o pound spring is used, asd
the sum of all of the distances found by measuring a card
s 524 inches; what is the mean pressurce on the piston?

Solution. 3145 %00-+—10-—33, the average pressure in
pounds per square inch on the piston. 1 the area of the
piston is \50 square inchies, the total average pressure on the
piston is §oX33==1050 pounds. In finding the mean ef-
fective pressure of the piston, the arca of the piston rod
must be taken into account on the crank side of the piston.
For example, if the piston has an area of 50 square inches,
and the end of the piston rod, one square inch, the effective
arca against which steam acts is 530 square inches on the
head end of the cylinder and 49 square inches on the crank
side.  Congequently, in finding horse power by the indi-
cator, we must use the average pressure on the two sides
of the piston for the true average pressure, and the average
area of the piston agzainst which steam acis for the true arca.

To Ilustrate. Suppose the cffective area of the piston
is 50 sg. inches on one side and 49 on the other, and that
the average pressure on one side s 40 pounds, and on the
other 44, as determned by measuring the cards. The av-
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erage area to be considered is 40-}-50--2=40V4 square
inches, while the average pressurc is 44--40-2—42
pounds. In using the formula for horse power in this case,
A—4014, and P=42.

The average pressurc per square inch on the piston, or
the mean effective pressure as it is called, is frequently
written simply M. 1. P. The M. E. P. can be found by
means of an instrument called a planimeter, which mcas-
ures the arca of the card very accurately. If this arca be
divided by the length of the card, the quotient will repre-
sent the average height, which, if multiplied by the spring,
will give the average pressure in pounds per square inch.

The Use of the Indicator. Indicators are seldom used by
the operators of traction engines, and their use is not rec-
ommended. In the first place, an indicator is cxpensive,
costing anywhere from fifty to one hundred dollars; in the
sccond place, it requires considerable practice and skill on
the part of the operator to obtain reliable results; and in
the third place, it is a dclicate instrument which is easily
damaged if subjected to the rough usage about a traction
engine, However, cvery engincer ought to know some-
thing about an indicator, in order to understand what is
meant by the term indicated horse power. Furthermore,
nearly all of the manufacturers test their engines by taking
the indicated horse power and some companics send out
the cards with the engines. It is well, therefore, for cvery
traction engineer to be able to read an indicator card.

The Things an Indicator Card Revewls. An indicator
card shows not only the horse power of the engine, hut to
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‘the experienced eye it reveals what is occurring in the cyl-

inder during every instant of the stroke, together with

many points in regard to the design of the engine, Some

of the things which may be determined by means of an in-

dicator may be enumerated as follows:

1. The steam pressure on the piston at every peint in
the stroke.

2. Tf the valve is set correctly.

3. If the valve leaks.

4. I the valve has the right lead.

5. If the exhaust ports are the right sizc.

6. If the piston leaks,

7. Tf the reversing gear is correctly designed.

8. The amount of steam used per horse power per hour.
0. The horse power of the engine.

10. The amount of power needed to overcome the internal
friction of the engine.

Besides these there are many more things which mav he
determined, but the above arc enough to show the g;l‘cat
uscfulness of this instrument in steam engincering -gcn—
crally,

An indicator is a part of the regular equipment in all
well cquipped modern stationary steam plants, and cards
are taken at regular intervals to determine if the engines
are running in the most economical way, and especially to
note if the valves are correctly set.  An engine may ap;')ear
Fo run all right and yet if the valves are not set properly
it may wastec a large amount of stecam, all of which can
be detected from an inspection of the indicator card. In
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fact, the only eaaec! way to sct a valve and be perfectly surce
of results is to usc an indicator,

The indicator, by the way, has been invaluable to the de-
signer of engines, and has pointed the way toward the im-
provements which have so greatly increased the cconomy
of the modern steam engine.

Estimating Horse Power. The horse power of an en-
~gine can easily be found if we know the average pressure
on the piston, but this can enly he found with an iadicator.
If the boiler pressure is known, and the point at which cut
off occurs, we can, however, estimate the horse power fairly
close by using the values given in the table below.

Tanre L

Mean pressure throughout the stroke

Point of cut off. with one pound of boiler pressure.

727 T 73
2 e 71
/2 o e e Oz
L 47
L kyi
L e 30

Faplanation of the Table. If the steam is cut off at V%
stroke, and the boiler pressure is 150 pounds, we must look
for the number opposite ¥4 in the table.  “Lhis number, .62,
multiplied by 150, gives 93 pounds for the average pressure
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thmug‘Tlout the stroke. If this quantity be used in the
formula 2 X PP L AXN

o 33000 the result will give us ap-
proximately the hotse power ol the engine.

Another rule sometimes given for finding the power of an
engine is to use one-half the boiler pressure for the
M. E. .

In estimating the horse power of a compound engine,
there is no arbitrary rule that we can follow. We must
ecither take an indicator card from both cylinders and figure
the horse power of cach separately, or else measure the
power with a hrake.

General Discussion of Indicator Cards. Tn order that
an indicator card he of any value, the following data should
be recorded on the back; namely, the strength of spring,
the boiler pressure, the revolutions of the engine, the size
of the piston, the length of stroke, the diameter of the
piston rodd, and the style and make of the engine. The
face of the card should show which is the crank end dia-
gram and which the head end.  All of these facts are nec-
essary in order to be able to figure the horse power and to
judge intelligently the meaning of the lines in case any of
them are apparcatly misplaced.

In order to give the student a clearer idea of the meaning
of the different lines of an indicator card, a few examples
will now he presented. L

Adwmission Too Late. Tig. 282 shows card presumably
taken from a traction engine in which the admission lne
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slopes to the right instead of standing vertical as it Should.
This is because the valve has no lead, and consequently the
engine piston got well along on its stroke before the ports
opened wide enough to admit stcam. The corner at ¢ is
rounded, showing the dragging action of the valve. If the
valve had lead, ¢ would have been almost a square angle,
In the case of a plain slide valve, if it 1s late at admission,

a Cut OFf

Tig. 282,
Valve Bel Without Lead.

-that of course makes it late at every other point in the .

stroke.  This causes hoth cut off and release to occur late.
The corner at cut off is always rounded with a plain slide
valve because the valve does not close the port instantly.
It will be noticed that release docs not cceur until the
end of the stroke, and since the steam cannof cscape in-
stantly the result is the curved line & ¢, which shows that
the piston meets with considerable back pressure during
that part of the stroke. When the piston reaches ¢, the
pressure has fallen to only a little above that* of the atmos-
phere, at which peint it remains until the point e is reached.
Since the valve has been late all through the stroke, it wil
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be late at compression, too, as indicated by the point ¢ being
almost at the end of the stroke. Instead of compression
rising to one-half or two-thirds of the admission pressure
as it should be, it rises only to the point f.

Admission Too Early, Since the valve under discussion
is a plain slide valve, it must follow that if it is toc late on
one stroke, it will be correspondingly carly on the other.

a

__ﬂﬂ*e,/

Fig. 283.
Valve With Foo Much Lead,

- Tig. 283 represents the mate to IMig. 282, taken from the

other end of the cvlinder. Cut off occurs very much earlier
and consequently there is more expansion of the stecam,
making a much smaller card. "This shows that the greater
part of the work is done on the other stroke. Release oc-
curs long before the end of the stroke, which results in a
loss of area, represented between the full and dotted lines
at d. This shows that the engine loses power and is wast-
ing steam to the cxhaust. The loop ¢ and the area hetween
the compression and the dotted line ef also show loss of

power.

Compression occurs early, as it must when the other
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cvents are catly, resulting in a loss of power by doing too
much work to overcome the back pressurc.  Compression
in this case is carricd higher than the pressure in the steam
chest, thus causing the loop at a. When the valve opens,

Admwmo .s"pb.e rrc tene

Irig. 284,

Indicator Diagram IProm a Compound Ilngine.

a
b

— Fig. 285
Indicator Ldagram Showing Wire Drawing,

just before the end of the stroke, to let more steam into
the cylinder, steam rushes from the eylinder into the steam
chest instead, and the indicator peneil gradually fails until
the piston starts on the next stroke under the influence of
the pressure in the stecam chest.

A Card from a Condensing Engine is shown in Tig. 284.
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In all non-condensing engines, like traction engines, the at-

mospheric line is found below the diagram, but in condens-

| ing engines, which exhaust into a condenser, the exhaust

line will he fowud helow the atmospheric line, a distance pro-
portional to the vacuum in the condenser.

45 Wive Drawang. The sloping line ¢ b in Fig. 285 repre-

sents what is technically called weredrowing. It shows that

\L Aitmrospherre line

-
.y B
l

At Jime

Triguro 286, -

Indicator Cuards Trom o Compound Mngine,
the opening in the steam pipe from the boiler is too small
to admit sufficient steam to keep the pressure constant up
to the point of cut off. This is generally noticeable in
cards taken from a throttle governed engine under a light
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load.  The governor reduces the size of the opening in the
steam pipe, and docs not admit enough steam to maintain
the pressure in the steam chest.

The Cards from a Compound Engine arvc illustrated in
TFig. 2806. A is from the high pressure cylinder, and B
from the low pressure.  The atmospheric line under A is
at a comsiderable distance below the exhaust line, showing
that the high pressure piston exhausts against a high back
pressure. It was pointed out in a previous lesson that the
back pressure on the high pressure piston must be about
equal to the forward pressure on the low. The pressure

Appearance of a Card r’\lflglcnzgfthe Valve Lealks Steam.
represented by X ought to be ahout cqual to that repre-
sented by ¥, These two distances are not equal in the fig-
ure because the high pressure card must be taken with a
much stronger spring than the low pressure card.

In order to get cards from a compound engine that are
worth anything, two indicators should be used, -one on cach
cvlinder, and both cards should he taken at the same nstant.
If a card is taken first from one cylinder, and then a little

Gao
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later from the other, the card will he usclers for Azurmyg
horse power because the load on the engine may be differ-
ent al different times. '

43 The Idfect of o Leaky Valve on the appearance of the
indicator card is shown in IFig. 287. Instead of the curve
of the cxpansion linc heing concave when viewed from
above it is convex, showing that steam has entered the cyl-
inder after cut off occurred, and this can happen only when
the valve leaks,

S Lenyfﬁ of Brake Qs

Tig. 288.
A Simple Form of Prony Bruke.

BRAKIE HORSE POWER.

49 A Prony brake is the instrument most commonly used
for finding the brake horse power of an engine. A simple
form of a brake of this type is shown in INig. 288, An-
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struction and are casy to build,
clearly enough without a detailed explanation.

other form is shown in- Fig. 28, applied to the fiy wheel
of a traction engine. * Both brakes are very simple in con-

The drawings show them

Methods of Finding the B. H. P. The brake is first sct

loasely on the band wheel with the brake arm herizonial,

and resting on a strut which stands on a platform scales.

ﬁ jrikg Ao

|
,-;; Fo

oa
L

v ¢

R

o ¥

N

Wooef biscks heic/ fofel-’ﬁ; £

er by iron band Bxaj 5:?
) 8

wilth o, s
g

v Sicde wrew af blach.
Tigure 289,

A Prony Brake Applicd to a Traction Fngine.

Fcales

LT the hrake is applied to a traction engine, a rope or wire

should be fastened ncar the end of the brake arm and ted

to one of the engine wheels, This has nothing to do with

finding the horse power, but is simiply to prevent accident
in case the engine should be reversed.  Sometimes the en-
gine will be thonghtlessly reversed in making the fest, and if
the brake arm is not ticd down it will ly around with the
wheel with tremendous force and endanger life and prop-

G32
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After the brake is adjusted the horse power may he

Before the brake is tightened on the fly wheel, find out
how much weight the hrake amd strut put upon the
scales. This weight is constant and must be sub-
tracted from all of the subsequent readings on the
scales because it is not caused by the working of the

engine.
Oil the brake shoes to prevent them from sticking to

the wheel.
Bring the engine up te speed slowly, and tighten the

3.
adjusting nuts on the brake as much as possible, with-

out slackening the specd of the engine.

4. Pour water on the wheel while making the test to keep
the brake shoes from hecoming too hot by the frie-
tion. A man must keep adjusting the tension on the

brake almost constantly too keep the load uniform.

' ' Read the weight on the scales every minute during the

5.
test and record what appears to be the average read-

ing, rather than either the highest or lowest reading
during the minute.

Take the speed of the engine with a revolution counter
at frequent intervals, or &lse take the entire number

of revolutions during the test and divide hy the min-

0.

tites the test runs,
7. Run the test for ten or twenty minutes, and at the end,

find the average weight on the scales (after taking
out the constant mentioned inn Ttem I) which we will

[
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call W, and the average number of revolutions which
will be designated N.

Measure the distance in a horizontal line from the centre
of the wheel to the middle of the strut in feet and call this
distance R.

The horse power of the engine may now be found by the
aid of the following formula: viz.:

2X 34160 X WX NXR—18 I P.:
- 23000 Z \

Evample 1. Tind the horse power of an engine if W ==
120 pounds, R =8 feet and N == 250, '

Solution. 23 3.1416X8X 250==1507968 foot pounds.

I 5079(58+33000r45.69 H. 7.

Prciples Involved in Finding B, II. P. The friction
on-the rim of the fly wheel tends to make the brake turn
with the wheel. This friction load is resisted by a lever
arm pivoted at the eenter of the wheel and resting on the
scales.  The force on the scales is caused by the friction
at the rim of the wheel acting on an arm whose length
is measurcd from the center of the wheel. The size of
the fly wheel need not be considered since the length of

the brake arm is taken from the center of the wheel, The
same results would be obtained with either a small Ay -

wheel or a large fly wheel on the engine. 1t would be
easy to show how the formula is obtained, but to do so
would involve the use of algebra and so it is purposely
omitted,

If the length of the brake arm be made § feet 324 inches,

434

57

HORSE POWER, WORK, ETC.

the horse power may be found as follows: Multiply the av-
erage weight on the scales by the average number of revo-
lutions of the engine per minute and divide by tooo—that is,
point off three places from the right of the product; the
result will be the horse power.

Problews.

-

Find the indicated horse power of an engite having
a cylinder 12 inches in diameter, stroke 15 inches
and making 260 revolutions per minute.

I7ind the brake horse power of an engine which makes
250 revolutions per mingte; fength of brake arm 7
feet 3 inches, average weight on the scales 132
pounds.

The power of a certain engine was taken with a brake
having an arm five feet three inches long. The
welight on the seales was 288 pounds, and the engine
made 300 revolutions per minute; what was its horse

b

@

power ?
Suppose in problem 1 that the speed of the engine were
mcreased to 300 revolutions; how much would it

+

increase the power? .
The Power of an Engine. An inspection of the formula-
X PYLXAXN=T H I
o 33000
for indicated horse power, shows that four variable quan-
tities are involved ; namely, the average pressure, the length
of the stroke, the area oi the piston, and the number of
revolutions.
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It is perfectly clear that if we should increase any one
of these quantities it would increase the power of the cn-
gine, '

There are only two of these quantities, however, that
the engineer in the flcid can conirol; these are the steam
pressure and the number of revolutions. - If either one or
both are increased the engine will have more power.

The Lfficiency of an Ingine or of any other machine is
erqual to the work gotten out of it, divided by the work
put in.  In other words, it equals output divided by nput.
In the case of a steam engine the mechanical efficiency is
equal to the brake horse power divided hy the indicated
horse power.

The cfficiency of an engine or of any other machine is
z.ll'ways less than 100 per cent.  This is only another way of
saying that 1o machine can run itself and ‘make its own
power.  Something must always he allowed for friction in
the machine ttself.

The heat efficiency of a steam engine is much lower than
the mechanical cfhelency, The former ranges from 3 per
cent to 25 per cent while the latter often runs as high as
06 per cent.  The heat efficiency 1s equal to the heat trans-
formed into usclul work, divided by the heat in the coal.

Revolution Counters. There are many forms of revolu-
tion counters on the market which automatically record the
number of revolutions made by a rotating shaft. One of
the simplest of these counters is made the subject of illus-
tration in Tig. 2g0. 1t consists of a hardencd stecl frian-
gular point, shown at the left of the illustration, which en-
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cages by means of a clutch with a worm bencath the dials,
The dials are two in number, the cuter one graduated from
1 te 160, the inner one from 1 1o 409.  The numbers of the
immer dial are read through an opening in the other one.
The outer dial bas 100 teeth cut on its rim and the inner
one has g8 The teeth on both are practically of the same
size and hoth engage with the worm. When the worm
makes 100 revolutions the outer dial makes one complete

Tig. 290,
Ttevolution Couanter.

turn and the inner one 102100 of a turn.  Therefore two
teeth, or one division, of the inner disc represents 100 revo-
lutions of the worm, There are, consequently, 49 divisions
on the iuner dial and the instrument will register 4900 rev-
olutions without heing resct,

Directions for Using the Counier. Tirst set the dials to
rcad zero. To do this pull out the spindle until the worm
totiches the spring, then slip one dial over the other until
the notch on the top dial is over the zero of the under dial;
then push the spindle back in place and slip the pointer
around until it stands over the notch in the upper dial,
With watch in one hand, Hghtly touch the center in the
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end of the shaft to be counted with the three-cornered
point and then, at the proper instant, as shown. by the
wateh, press it firmly against the shaft and counting will
begin and continue until pressure is released. The lower
dial counts hundreds aud the outer ong, as shown by the
position of the pointer, counts units.  The reading as shown
in the figure indicates 4525, The notch on the upper dial
rests on 43, indicating 4500, and the pointer shows 25 on
the upper dial, thus making 4525.

The Falue of o Rewolution Counter. The revalution
counter is invaluable {o a thresherman becattse it enables
him not only to find out the speed of his engine, but the
speed of the various shafts in the separator as well. Tt is
itpossible to do good threshing unless the cylinder, racks
and all other parts run at the correct speed. By figuring

- the speeds of the various shafts from the sizes of the pul-

leys, by rules which wilt appear in Lesson XVI, and then
checking these results with the revolution counter, the
thresherman can determine if any of the belts are slipping
and if so which ones.

. QULESTIONS FOR LESSONS XV,

I. What is the difference hetween indicated horse power
and brake horse power?
2. Give a rule for finding indicated horse power.
3. What factor in (his rule is determined by the indi-
cator ? '
638
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4. Draw an indicator card taken prorumably from a
plain slide valve non-condensinz; engine cutting off at half
stroke.

5. How would vou proceed to find the M. To. I, from an
indicator card?

i, Why must the area of the piston rod be considered
in finding the average pressure?

7. Of what value is an indicator other than finding horse
power? ’ _ '

8. Make a sketch of an indicator card taken {fromr an
cigine in which the valve is set with no lead on onc side.

9. What is wiredrawing and how is it indicated by an
indicator card?

ro, Make a sketch of a 'rony hrake.

11, Describe how to find the brake horse power of an
engine. A

12, Find the B. . P. of an engine if W==130, R=
714 feet, and N = 280,

13. What is the indicated horse power of an engine if
P=y2, L—=—r15 inches, A:=0o square inches, and
N ==300.

t4. Ilow may the power of an cngine be increased by

an enginecr 10 the field ?

15, [Explain how to find the efficiency of any machine.

16. How do you find the mechanical efficiency of a steam
engine ?

17.  Of what value is a revolution counter ?
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LESSON XVI.

MECHANICS.

Introduction.  In this lesson in mechanics only a portion
of the subjcet will he discussed ; namely, that part relating
to simple machines.  [ndeed, a full course in mechanics in-
volves the use of many of the higher branches of mathe-
matics and presupposes a knowledge of many other sub-
jects not treated in these lessons.  All that will he presented
of mechanics in this lesson will he a discussion of a few of
the simple rules and principles that every good traction en-
gineer should know,

Machines. A machine is a combination of fixed and
niovahle pieces, which serves to transform power into work,
Alt machines are composed of a combination of twoe or mare
clementary devices such as wheels, screws, pullevs, inclined
No machine can create power, it simply adapts
It is true one can do things ‘

planes, ete.
the power to the work in hand.
with the aid of a machine that he cannot do alone, hut the
machine adds no power: in fact. it alwavs consumes some
power.  For example, a man can 1ift a very heavy weight
by means of a jack serew. and at first sight it scems as
though the screw adds to the man’s power, but as a matter
of fact a jack screw is a very inefficient machine hecatise it
takes a large proportion, at least half of the power applied.
to overcome the Iriction of the screw. The reason the
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screw or the lever or any other machine is of so much ad-
vantage can best he explained by the principles of work.
Worlk has been already defined as the overcoming of re-
sistance through distance, and its amount is measured in
foot pounds.  Suppose a man has a load of 2000 pounds
which he wishes to lift to a height of six feet. The amount
of work which must he expended is 20006 or 12000 foot
pounds.. It makes no difference whether the whole 2000
pounds he moved at one time, or whether it be moved picce-
meal, there is just the same amotnt of work to be done.

- H the man can lift only 100 pounds, he can move the entire

weight by dividing it into 20 cqual parts and lifting cach
separately.  In doing so he will move the cquivalent of
100 pounds a distance of 6 X 20 or t20 fect. In other
words, by dividing the load into 20 parts, he is ohliged
to travel 20 times as far. e could arrive at exactly the
same result by arranging a block and tackle, or a system
of levers, whereby he could exert a pull of 100 pounds
through a distance of 120 fect, beecause 100X 1 20==1 2000
foot pounds of work as before. Whenever one gams an
advantage in lifting a weight or moving a load with any
mechanical device, he is obliged to move through a muen
greater distance than the weight moves. Furthermore, the
distance in feet the man moves, multiplied by the force he .
wxerts, must equal the resistance the load presents, multi-
plied by the distance it moves. In practice, the work the
man does is a Tittle more than the resistance of the load
times the distance it moves, Lecause of the frictional resist-
ances to be overcome in the machine used. We will now
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proceed to investigate the laws governing the action of
some of the simpler mechanical devices; the first to be con-

sidered is the lever. ,
Levers are gencerally divided, for convenience in study-

(Power i W
Lever |
v ]:‘:,3.' 29/ é?ﬂ]ﬁ'fﬁm,
A
o >
Power "> 1 e !
}}'g.zsz.
/Nf’ower
I a. , >
X Fulcrum
F/'g. 293.

The Three Classes of Levers.

ing, into three classes, depending upon where the power is
applied, where the weight is located, and where the ful-
crum is placed. These different classes of levers are desig-
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nated as, first class, second class, and third class levers.

A lever of the first class is illustrated in Fig. 291, The
nower is applied at one end, the weight at the other, and the
fulerum is placed somewhere in hetween, A crow bar is
an illustration of a lever of this kind. ‘

A lever of the second class is made the subject of Fig.
292. Here the fulerum is piaced at one end and power is
applied at the other, the weight being placed in between.
A practical illustration of a lever of this kind is a wheel
barrow. The wheel axle takes the place of the fulcrum,
the power is applicd at the ends of the handles, and the
weight is placed in the hox between the power and the
fulerum.

A third class lever is shown in Tig. 293. In this case
the [ulcrum is placed at one end of the lever, the weight at
the other, and the power is placed at some point between.
A bundle of grain lifted on the point of a pitchfork is a
familiar example of a lever of this class.  In Figs, 201 and
202 the weight moved is_ considerably greater than the
power applied, but in the third class lever the number of
pounds of power uscd must be greater than the weight,
The advantage in this case lics in the ability to move the
weight through a much greater distance than the power
maves, while with fevers of the first and second class the
power moves much farther than the weight. In every case,
lrowever, the following law will be found to apply.

Law I.  The weight, multiplied by the distance il moves,
equals the power multiplied hy the distance it moves. The
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trath of this law is illustrated in Jig. 292, The lever is
six feet long and the fulerum is placed two fect frem the
cnel,  Ii the weight weighs Coo pounds and moves one foot,
there will be Goo foot pounds of work done. It will e

found on measuring that the distance o, passed through by

the power is twice the distance b, therefore the power has
moved two feet.  Conserquently the power will equal one-
half of the weight, or 300 pounds.  We then have 3oo, the
power, times 2, the distance it moves, cquals Goo foot
pounds; also Goo, the weight, times 1, the distance the

| o,

e
\
\
\

Figurc 204,

welght moves, equals Goo Toot pounds, thus proving the law.

The Rules of Fevers. The distance from the power to
the fulerum is called the power arm, and the distance from
the weight to the fulerum is called the weight arm. These
distances arce designated in Thigs. 291, 202 and 203 as wa
for weight arm, and po for power arm,

Rule I, The power multiplicd by the power arm is equal
to the weight multiplicd by the weight arm. There arce
thus four quantitics involved in all problems in levers. L
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three are known, the fourth can re:dily be found, as will
be shown by the following examples.

Example 1. In a certain first class Tever the power arm
is 12 feet long, the weight arm 114 feet long, and the
weight is 2000 pounds; how much power must be applied
to move the weight?

Solution.  The weight, 2,000, tines the weight arm, 134,
cquals 3oco, The power is not known, but from the rule
we know that i it be multiplied by the power arm, the

product will he 3000. Therefore, 3000+ 12—=250 pounds,

the power.

Example 2. [f the weight arm is 4 feet long and the
power arm 0, how large a weight can De lifted with a power
of 150 pounds?

Solution.  OX150==go0, the product of the power and

the power arm.
QUo-4==225 pounds, Ans, .

Example 3. If the weight is 100 pounds in a third class
lever, the weight arm 4 feet, and the power 160 pounds,
how long must the power arm he?

Seolution. 100X 4400, the product of the weight and

‘ the weight arm.
400=-100-7214 feet, the length of the power
arn.

- Compound Lewvers. Where two or more levers arc ar-
ranged in such a way that the power for the first lever be-
comes the weight for the second, we have what is known
as a compound lever, an example of ong stvle of which is
given m IMg. 295. An arrangement of this kind makes it
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possible to lift an enormous weight a slight distince with
only a small amount of power as shown in the following
example

lixample 4. llow much power must be applied at P! in
Fig. 295, to lift a weight of zoooo pounds, using the same
dimenstons of levers as shown in the figure?

Solution. Degioning with the right hand lever we find
that the powcer arm is 75 inches long and the weight arm

o 80" ——»
(£ b ol
A
P —
"
Fig, 45,

A Compound Lever.

three; consequently, the unknown power I’, X 75=3X
20000, or Goooo. Therefore, P—6oooo—+75—==800 pounds.
The power for the first lever is the weight for the second;
consequently, if we work out the power needed for the
second lever to lift a weight of 6oo pounds, the problem
will be solved.

Applying Rule 1 of levers we have 8oXP—4X8oo, or
Box P—=3z00. In other words, the unknown power P
times Bo—3zoo. Consequently I must be equual 3200--
80—40 pounds, Ans.

Steelyards and balances for weighing are cexamples of
the practical application of simple levers, while platform
scales are an example of the most common use that is made

of compound levers.
GG
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20 Dutleys are made use of a great deal in various kinds of
engincering work, and a knowledge of how to hitch them
up to obtain the greatest possible advantage is desirahble.

wr A Single Iired Pulley is represented in Fig. 2g0. In
this case the power applied-at I* just equals the weight,

iz}

g, 296,
A Bingle Fixed Pulley.

that is, if we assume that both the rope and pulley are
without friction. The truth of this may be proven by Law
I, because it will be noticed that the power and weight
both move through equal distances, The only advantage

. _
kaaﬁlg-p ﬁﬂ

[8] (9]

i, 207,
A Single Movable Dulley.

in using such an arrangement is {o change the direction
taken by the source of power. A well bucket is a well-
known example of the use of a pulley arranged in this way.
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A Single Movable Pulley is shown in IFig. 297, Here
the pulley is attached to the weight, and one cnd of the
rope s fastened to the post A, If the distance from the
weight to the post is ten fect, the point a of the rope will
be found just ten feet on the opposite side of the post when
the weight reaches the post. Thus it will he seen that the
power must move just twice as far as the weight.  Conse-
quently, if a pull of oo pounds is required to move the
weight without a pulley, a pull of 50 pounds will move it
with the arrangement just described.  The truth of this
statement may be proved by again referring to Rule 1.

The work to he <done 15 cqual to roo¥ 10—=t000 foot
pounds, but if the power moves twenty feet instead of
ten, it can he reduced from 0o pounds to 5o pounds, he-
canse 50X zo-—1000 foot pounds as hefore. The general
principles of work and energy are scen to apply in this
case just as in the other machines already discussced. There
is, howcver, a specific rule governing all cases of pulleys
which is casicr to apply than the general Law, which may
he expressed as fellows:

Rulde {1, The load, divided by the number of ropes pull-
ing it, cquals the poteer required.  In IMig. 297 above, the
load is divided equally between b and ¢,

In IFig. 298 no advantage is gained by adding the pulley
B, except to change the direction of the power. While
there are three ropes between the weight and the post, it
will be noticed that only two are attached to the weight,
and so the power will cqual anly half what wouldd be re-
quired to move the weight without pulleys,
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Another exzmiple of a single movable pulley i connee-
tion with one fixed pulley is illustrated in Fig. 299. The
rope is fastened to the weight, then passed through a pulley

) Fig. 298. .
One Fixed and One Movable IPullsy.

fastened to the post, and then threaded through a pulley
attached to the weight. An inspection of the figure reveals
the fact that the weight, and consequently the power need-
ed, will equal one-third of the load.

Block aid Tackic is the term applicd to a couple of pulley

Y

IPig. 299,
blocks each containing two or more pulleys, together with
the necessary ropes.  An example of a device of this kind
appears in Fig. 300.  Six ropes leave the weight, and con-
sequently the power equals one-sixth of the lead.- Of

(W] 9]

Fig. 300.
Block and Taclkle.
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course in actual practice a little more power would be nec-
cgsary in order to overceme the friction of the ropes and
pulleys.  Tn the casce of large ropes, the power required 1o
bend them around sinall sized pulleys is sometimes of con-
siderable magnitude.

A Differential Pulley is shown in Tig. 301, It consisls
of two drums of diffcrent size, one large, the other small.
The rope to which the weight is attached is wound up on

Fig

g 301,
A Differential Pulley.

the smaller drum, while the rope to which the source of
power is ailtached unwinds from the large one. The ad-
vantage gained 1s due to {he difference in size between the
drums, and may be cxplained by the rule of levers rather
than by the rule of pulleys, The fuicrim is at the center
of the drums, the power arm is equal to the radius of the

i3]

29

30

MECHANICS,

large drum, and the weight arm to the radius of the small
drum. Ti R is 12 inches, and r 6 inches, the power will
cqual one-half of the weight. A windlass acts in just the
same way as a pulley of this kind, the radius of the drum
being the weight arin and the length of the arms measured
from the center of the drum, the power arm.

A Compound Pulley is sometimes used, see Fig, 302, In
this case the ropes ¢ b ¢ d ¢ and [, each support an cqual

Fig. 302,
Compound Pulleys,

sharc of the weight, and so the power P equals onc-sixth
of the weight. The pulley B simply serves to change the
direction of the motive force T,

The Inclined Plane. A man can roll or drag a heavy
weight up an incline when he would find it impossible to 1ift
the whole weight through the same vertical distance, This
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may also be explained by Law 1. For cxample, if the
welght is to be lifted five feet vertically, and is pushed up
an incline fen feet long, it is clear that, barring friction, it
will only require a push cqual to half of the weight, be-
causce the distance passed over by the weight is just twice
as great is if it were lifted straight up.  The rule governing

The Inclined Plane. Pig, 303,

all problems of the inclined plane is as follows: {See
Fig. 303.) :

Rule 111, The force required cquals the weight, multiplied
by the height of the incline #, and this product divided by
the length of the incline /.

Fxample 5. Tlow much force will be required to roll a
barrel of salt weighing zoo pounds up an inclined plank
12 feet loag, if the upper end of the plank is three fcet from
the floor?

Solution. 200% 3==600, the weight times the height.

Goo—12=50, the number of pounds of force
needed, :

The Screww. A screw has a right hand thread if, when
facing the end upon which the screw is cut, the nut must be
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turned to the right to be turned on, and left handed if the
nut turns onh in the opposite divection,

The pitch of a screw is the distance from the edge or
point of one thread to the same point of the next one. A
six pitch serew has six threads per inch of lensth and so
for other pitches, The rule governing the screw when used

e Ry

)
A

TFig., 304,
Juack Serew,

as a mechanical power, as in the case of a jack screw, is as
follows :

fule IV, The force required to operate the screw is
cqual to the product of the weight and the pitch, divided
by the circumicrence of the circle through which the force
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moves ; or, the weight which can be lifted by a known foree
is equal to the product of the foree by the circumference of
the circle through which it turns, divided by the pitch.

Lxample 6. T[ R, in Tig. 304, is 18 inches, PP is 4 of
an inch, and the force exerted at A is 2co pounds; how
much weight can be lifted? '

Solution, 2>18%3.1410=113.1, the circumference of

the circle through which the force moves.
113.1X 200==22620, the force times the cir-
cumference,
2262014 =220620X 4—g0480 pounds, Ans.

The principle of work and energy of T.aw 1 also applies
to the problem of the screw, and is involved in the rule
given above. The weight multiplied by the wvertical dis-
tance it moves, must equal the power multiplied by the dis-
tance it moves in going around the circle,

BELTING. ,

The subject of belting is onc that the traction engineer
ought to give careful consideration. He ought to study the
different kinds of belts, and give particular attention to
their proper care and trcatment. By so doing he will save
money in belt repairs, save time, and keep his machinery
in better running order.

There are three classes of belting used generally by
threshermen, leather, rubber and canvas. The first to be
discussed will be leather belting, followed in order by the
other two.

Leather Belting is made in various grades, and sold for
various prices, depending supposedly upon the quality,
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The quality of a leather belt depends upon the kind of hide
used, the method of tannmg and the part of the hide the

Nz M

-

TFigure 305,

‘

leather is cut from, together with the care used in manu-
facturing the belt.

43 That portien of the hide within the lines ABCD in Fig.
305 is what is used in making leather helts and is called
a “butt.” The portion of the hide outside of the butt is
655
e
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from the belly of the animal; it is soft and flabby, has little
clasticity and is unfit for Delt stock. The better grade of
belting is cuf -from the portion ETGIT, while the very
hest strictly short lap belting is cut from the center of the
hide and is bounded by the lines IKLM. The shoulder
and neck stock NBCO is used for an inferior grade of
belting. It is thick and heavy and varies greatly in elas-
ticity. Tt has a tendency, when made up into helts, to
stretch unevenly.

Since all strips except those cut from the center of the
hide will stretch more on one edge than the other, it is
customary to take aut most of the stretch before the belt
is put into use, Belting that has ol the sireteh taken out
is called dead beliing, It is not considered first class be-
cause it will not give under sudden heavy loads like live
belting, and so puts more strain on the machinery.

Other things being cqual, a heavy belt is more desirahle
than a light onc. Tt is cut from a better hide and is
stronger than a light belt.  When belts are required heavier
than can e cut from a single thickness of hide, it is ncces-
sary to glue two or more thicknesses together, making
double or tripile belting. A good grade of fish glud is used
for this purpose without the use of rivets to hold the strips
together, in the better grades of belting,

Where a single helt can e used to perform the work, it
is more satisfactory than a double belt. Where the power
transmitted would require single helts of considerabic width
double belts may be used, but they should not he made to
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pass over pulleys of small dizmeter, as the continual bend-
ing will cause them to crack at the glued joints.

Which Side of Belts to Run Next to the Pulley. The
strongest section in a picce of belting, and the part that is
most elastic, is on the flesh side. The hair or smooth side
is comparatively weak, brittle and liable to crack. For
these reasons the hair side should he run next to the pulley
because it brings the stronger flesh side, whose fibres can
best resist tension, on the outside where the strain is great-
est; while at the same time the less elastic hair side is close
to the pulley where it is under compression. Belts run ip
this way very scldom erack, while if run with the flesh side
next to the pulley, fine cracks crosswise of the belt soon
appear, which grow deeper with use and finzlly ruin the
belt. The hair side of the belt, being smoother, makes
better contact with the pulley. There is more surface in
contact and consequently the friction is hetter. Tests show
that a belt run in this way will actually transmit 25% more
power, other conditions of course heing equal, than if the
flesh side is run next to the pulley.

The Strength of Leather Belting. The tensile strength
of leather belting is somewhat variable, running between
2000 and 5000 pounds per square inch, that is, a picco of

- belting %4 of an inch thick ;md'4 inches wide will stand

the above strain before breaking. The strength of a prop-
erly laced joint is somewhat less, ranging from 1000 to
2000 pounds.

The Power Which a Leather Belt Will Transmit varics
according to conditions. It depends upon its thickness,
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linear velecity and width as shown by the following prin-

ciples,

1. Doubling the thickness of a helt multiplics its power
by 1.7, the width and velocity remaining the same.

2. Doubling the width of a belt doubles its power, the
thickness and velocity remaining constant,

3. Doubling the velocity of a belt doubles its power, the
width and thickness remaining constant.

The following table shows the II. 17 helting will trans-
mit with safety. In these calculations it is assumed that
the belts run about horizontally, the arcs of contact heing
ahout enc-half of the circumference of the smaller pulley.
If this arc is materially reduced it will make a proportionat
reduction in the I, P. which the belt is able to transmit.
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TABLE L

Horse Power a Belt Will Transmit with o Velocity of 100
Feet per Minute.

Width in Inches.  Single Belting. -+ Double Belting.

I 0g 153
2 I8 .300
3 -27 -459
4 .30 H12
5 45 705
6 55 035
7 0H4 1.008
8 73 L.241
9 82 1.394

10 91 1.547

11 1.00 170

12 1.09 .76

14 1.27 2.159

16 : 1.45 2.405

18 1.64 2,788

20 1.82 3.004

22 2.00 340

24 2.18 3.700

Explanation of the Table. The above table is made
out on the basis that a single leather belt one inch wide,
traveling about 1100 feet per minute, will transmit one
horse power, while a double leather belt of the same width,
traveling at the same speed, will transmit 1.7 horse power.
The use of the table can be most easily explained by an

cxample,
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Fvample 7. A helt six inches wide passes over a 30-inch
pulley making 300 revolutions per minute ; how many horse
power will it transmit? . i

Solution.  The velocity of the bhelt will he equal to the
velocity of a point on the rim of the pulley. Every time
the pulley makes a revolution, the belt moves a distance
cqual te its circtnnference, 1 we find the circumference
of the pulley and multiply by the number of revolutions
it makes in one minute, we will find the velocity of the belt,

2X3.1410=0.2832 fect, the circumference of the pulley.
0.2832 X 300—=18384.96 feet per minute, the velocity of
the helt.

A six-inch belt traveling oo feet per minute will, according

to the table, transmit .55 of a IT. 1" Tf it travels at 1884

feet per minute, it will transmit 1884 .55—10.36 H. P

or practically ten horse power. .

There are other rules and tables for calciilating  the
power of belting in common use, hut the one given above
gives good safe results.

Another Rule for Belting. A single leather helt travel-
ing at a speed of goo fect per minute will transmit one
harse power per inch of width, when the arce of contact is
not less than 180 degrees on the smaller pulley.  Conse-
quently to find the horse power a belt will transmit, proceed
as follows: :

Rule V. Maltinly the vclocity of the helt in feet per
minute hy its width in inches and divide by goo. I
This rule gives somewhat larger results than the table

and is not quite as safe, although in actual practice helts
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arce often oiven a much heavier load than called for by
cither rule, '

Fastening the nds of Relts. The two ends of a helt
may be jolned together by lacing, by metallic fasteners, or
by gluing. Tor belts provided with a tightener pulley,
gluing 15 the most satisfactory for the reason that it is
stronger than either of the other fastenings, and leaves the
joint just as smooth as the rest of the belt.  Tn the case of
a swift running belt, or one ruming over small pulleys,
the glued joint is much better becanse where a laced joint
or one put together with fasteners is used, it <does not hug
the pulley so close when the joint passes aver, and slipping
is almost sure to cccur.  On account of the stretching of a
unew belt o glued joint cannot be depended upon unless a
tightener of some sort is provided.

There are a large number of different styles of metallic
fasteners on the market, some of which are very satisfac-
tory. They possess the great advantage of being easily
and quickly put in place when the belt breaks or needs re-
lacing. Unless fasteners of the right sort are used they
are apt to tear the leather much more than leather [acing.

Lacing Belts. The principal fastening used by thresher-
men is rawhide lacing, and when properly put in it is very
satisfactory.  The Tielts should he examined every time the
machinery stops and if a strand is broken the lacing should
be repaired at once. The old adage of “a stitch in time
saves nine”  applics just- as surcly to Delting as it does to
clothing.

There arc a good many different ways to lace a helt, but
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for all ordinary purposes the lacings herewith <escribed and
ltustrated will be found sufficient. Tig. 306 represents a
style of lacing used on belts from 3 to 4 inches wide, The
side marked I is the pulley side, and the other is the out-
side.  In all lacing the luces should run paralicl with the

[~ "] \_,..—-J

i

TN

» Figure 304,
Bingle Lacing for Narrow Belts,

Witk

belt on the pulley side.  Where the laces cross on the side
next to the pulley they are very liable to wear and cot at
the crossings,

Many people seem to think that the heavier a lacing {s,
the more durable it is, hut such is not necessarily the case.
A thick heavy lacing strains itself in going around the pul-
feys, and in a short time it has either worn out or has torn
the leather out hetween the holes.” The lacing should he
as near as possible Ttke the rest of the belt so that it will
pass over the pulleys without shock or jar.  After a new
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lacing is pnt in it should he Taid on a block and havmered

i
to flatten the laces and smooth 2o joint asz much os possible.
General Directions for facing.  De careful to eut the ends
of the belt perfectly square. Do not depend upon the eve
to square the belt, but use a square.  Punch the holes so that
they will come exactly opposite cach other when the two
ends of the helt are brought together.  Use an oval punch

_\/

A L dal
IHE

et S /-—--.__’—\
TMeure 307.

Double Lacing for Medium Belts not too Heavily Loaded.

“uang

and punch the holes so that the long diameter of the holes
iz parallel with the helt.  An oval punch cuts out less of the
width of the belt than a round one,

The edges of the holes should not he nearer than 34 of
an inch to the sides of the belt nor nearer than %4 of an inch
to the ends of the belt in belts six inches wide and over,
For single Delts three dnches wide or less, 54-inch lacing
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is sufficient. For belts from 6 to 8 inches wide, 4-inch
lacing is wide enough.  Heavier belts require wider lacing

in proportion to the width and thickness of the belt, Lac-

MECHANICS.

required to pass over a small pulley smoothly, such as a
governor belt or the feeder belt which has to make short,
sharp turns.

ing 34 of an inch wide is, however, wicde enough for the 63 The Carc of Leather Belts. A leather belt should be kept
| heaviest belts,  The belts that a thresherman has to do with clean and free from grease. It should not be allowed to et
‘l do not require lacing heavier than 14 inch wide, wet, because when it gets wet it shrinks and becomes hard
‘ B - - -
: 04 Fig. 307 shows a style of lacing adapted for belts 6 to 8 N\ [ ——
mches wide, In ali cases the lacing starts in the middle
. T
. N ENNE AN !l“ ll\\“\
ool
U“ U—” i U
P
° »
T /‘f\
P
T * -S.r'ny]e Hf}v_g'e Lacrhjr.
Tigurs 108, : o
Double Tacing r‘(‘>r1]11\iedium4‘41m_~a Telts, TFig. 300
hole, both ends being put through from the pulley side. One ;u']'d brittle.  All leather belts should he. put under covcr.at
end iz daced out to one side and then back to the middle, and night to keep them dry, or .whcn a ram ;10“"“ [CUHEQS‘IUH‘;
the other end of the lace is laced to the opposite side and All 105”.11‘31'- belts should be 2}”’3“ a coat ol neats 0071 01 ?11
back. The ends of the lace do not need to be tied to- the beginning of each scason’s run, o blclttcr] yet ‘.:t ‘”CI‘;“(
gether or knotted, as the friction of the lecing in the helt is of the run after they have heen tl]()}m,tg 1 }'\Iﬁ can?r .»tdl?; 3_61;
sufficient to hold the ends in place.  Iig. 308 shows still fore they are stored away for th.t? Wlmt(’-l'- ) ca.t;ltoo Old‘:“.l
another style of lacing that 1s in commaon use, while Ifig. Jzeep a belt 50\ft zmd' pliable and in t.m b(;bt p(;&sSL € condition
309 shows a style of hinge lacing used on belts that are for work, Therce is no belt dressing that the writer is ac-
GG4 665
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quainted with hetter than neatsfoot oil, though there are no
doubt some that arc just as good. The principal thing in
leather belting is to keep it soft and pliable so that it will not
crack, and so that it will cling tightly to the pulley., Mineral
ol will rot a belt and make it soggy and inelastic. It should
never be used.

Rubber Belting is made of canvas and then coated with a
rubber compound. It is not affected very much by damp
weather and is very satisfactory for outdoor use, especially
ior the main drive belt.  The seam should always be on the
outside and not next to the pulleys.  Care should be taken
with eubler belts that the edges do not get frayed by rubbing
against some rough surface. A har of hard soap, such as
laundry soap, applied to the pulley side of a rubber belt will
cause it to grip the pulleys tighter and is about as good as
anything that can be used. A sticky substance should not
be used for a belt dressing on rubber hecause it will cause
the rubber to pecel off when the belt runs over the pulleys.
Oil should not be used on a ruhber belt because it rots the
rubber. The following dressing has been recommended for
rubber belting that is slightly worn: “Equal parts of black
lead and litharge mixed with heiled linseed oil to which add
enough japan to make it dry quickly.” Apply the dressing
with a brush.

Canvas Belting 1s used a great deal for drive belts. It is
made of a good grade of cotton and is tightly woven, after
which it is sewn together and then thoroughly impregnated
with a special kind of paint which fills the fibres and pre-
vents moistare from acting upon the cotton.  Canvas belt-

GGG
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ing is often referred to as Gandy helting, but this is wrong.
The Gandy Mig, Co. were the first to make canvas helting,
but at the present time thete arc a number of companies
doing the same kind of business. The term Gandy belting

-does not apply to all canvas belts.

Belt Pulleys are made either of wood, pressed steel or
cast iron. Most of those used about a threshing machine .

.

-

-

e

Tigure 3106,

are made of cast iron. The faces of pulleys upon which
the belt runs are usually made cromming, that is, slightly
higher in the center than at the edges. A pulley so made
holds a helt better than one that is flat, for the reason that
when pulleys are parallel the belt runs to the highest point.
If this highest point is in the middle of the pulley both
edges run toward the center and so the belt runs true. If
the pulleys are not parallel, the belt will run to the low

667




09

70

71

CLARKE SCHOOL OF TRACTION ENGINEERING.

side because it changes direction at the point wherce it runs
on the pulley that is out of line, as shown in Fig. 310.

In order to remove a beit from a running pulley press
against the edge of the helt that is m‘mcw%f-rz.g on the pulley.
Pressing against the side that is running off does not in-
fluence the dircction of the belt.

Whenever possible, the lower side of a helt should be

Fig., 311.

Va

Driver

+

the tight or driving side as shown in Tig. 311. When the
top side of the pulley is the driving side, the lower side of
the belt hangs down as in Tig. 312. The arc of contact
of the belt is thus considerably reduced and the Delt will
not transmit so much power.

Fig. 313 shows how a belt may he made to drive from
one shaft to another at right angles to the first. The noc-
essary corndition for driving in this wav is that the center

GGS
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of the fice of pulley A De in the same plance as the center
line of pulley B In other words, the pulley 13 must be
so placed that & line drawn parallel to and midway between
its two edges, such as the line ¢ d in the figure will just
totch the middle of the face of pulley A.

The curved side of the helt is the slack side. - Machinery
driven in this way cannot be reversed because the belt will

Mot reversible
g, 813,
A Quarter Twigt [3elf.
then run off the pulleys. Pulley 13 shonld he about twice

as wide as the belt.

Rules for Coleulating the Speed of Pulleys.
the speed of pulleys their circumferences need not be con-
sidered. Al that is necessary to know is theilr diameter,
becanse the circomferences are propoertional to the diam-

In hguring

cters.

Rule VI, Given, the diameter of the driver and its num-
her of revolutions per minute, and the diameter of the fol-
lower; to find the speed, of the follower pulley: Multiply
the number of revolutions of the driver by its diameter, and
divide the product by the diameter of the follower; the
guoticnt will he the speed of the follower.

Lvenmple 8. The diameter of the driving pulley is 42
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inches, number of revolations 240, diameter of the follower
pulley 10 inches; find the speed of the follower.

Solution. 42X 240==10080,

10080+ 10=—1008, Ans,

Rule VI Given, the number of revolutions and diam-
eter of the driver, the -number of revolutions of the fol-
lower; to find the diameter of the follower: Multiply the
diameter of the driver by the number of revolations of the
driver, and divide the product by the speed of the follower;
the guotient will give the diameter of the follower.

Example 9. The diameter of the driving pulley is 40
inches, and its number of revolutions 250 per minute ; what
must be the diameter of the follower if it runs at 360 revo-
lutions per minute?

Selution. 40X 250=10000.

10000-+300==27.7, Ans,
Since pulleys are not made in odd fractions of an inch we
would select the nearest size smaller, 2734 inches, as the
proper diameter of pulley to use. This would make the
driver run a little too fast, but since there is always some
belt slippage it would very likely give nearer the correet re-
sults than a pulley of the cxact size figured.

Rule VIII. Given, the diamefer and number of revolu-
tions of the follower, and the dimmeter of the driver; to
find the number of revolutions of the driver: Multiply
the diameter of the follower by its number of revolutions
and divide the product by the diameter of the driver: the
quotient will be the speed of the driver.

livagmple 10, "The diameter of the driving pulley is 36

G70
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inches. Number of revolutions of the driver, 240. Diam-
cter of the follower, 12 inches. How many revolutions
does the follower make? -

Seolution. 240 36—=8640

8640 12-=y20.  Ans.

Rule IX. Given, the speed of the driver, the speed of
the follower, and the diamcter of the follower; to find the
diameter of the driver: Multiply the diameter of the fol-
lower by the number of revolutions it makes per minute,
and divide the product by the number of revolutions made
by the driver; the quotient will be the diameter of the
driver.

Ezxample 11. The speed of the driver is 300 rcvolutions
per minute, the specd of the follower 1200, and its diameter
6 inches. What must be the diameter of the driver?

Selution. 1200X 6=7200.

7200+ 300—24 inches, the diameter of the
driver,

Direction of Rotation of Fulleys. With an open belt as
in Fig. 311 the follower pulley runs in the same direction as

Fig. 314

the driver, but if the belt is crossed as shown in Fig. 314,
then the follower runs in the opposite dircetion to the driver,
Where the driver is large and the follower small, more
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power can be transmitted with a crossed belt than with an
open one, hecause the arc of contact of the belt on the fol-
lower pulley will be considerably greater in the former case
than in the latter. - ‘

Toothed Gearing. The rules just given for calculating
the speed and size of belt pulleys may be made to apply
equally well to toothed gears if the words number of tecth
be substituted for diumeler in cach of the preceding rules
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QUESTIONS TFOR PART XVL

What 1s a machine?

1.
2. Of what advantage is a machine?

3. Describe cach of the three classes of levers,

4. State the “Taw of Levers.”

5. Show by sketech how, with the use of two pulleys, it

may be possible to Jift a weight of 300 pounds with 100
pounds of force.
6. State a rule for finding the force required to lift a
weight with any system of pulleys.
7. State the rule given for the inclined plane.
8. What is short lap helting'?
0. Which side of a helt should be run next to the pulley ?
Give reasons. _
“10. Flow much power will an cight-inch belt running
2500 feet per minute transmit?
11, How are the ends of belts fastened?  Where would
would you use a hinge lacing ?
12, What precautions should be taken in preparing the
ends of a bell for lacing?
13. How should leather belts be cared for?
14.  Why arc helt pullevs made crowning ?
15. If the diameter of the driver pulley is 40 inches, the
diameter of the follower 10 inches, and the speed of the
driver 250 revolutions, how fast will the follower run?
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16, If the fly wheel of an engine is 36 inches in diameter,

and the pulley on the eylinder of the separator is 10 inches,

» how fast must the engine run to make the cylinder run at

1100 revolutions per minute?

17. I the drive gear has 60 teeth and makes 200 revolu-
tions per minute, how many teeth must the fo]lower have
to run at 480 revolutions per minute ? :
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