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7 Dome to Exhaust

¢ The dome valve is the main shutoff valve mounted on the dome that controls the flow of
steam from the boiler to the throttle.

« The throttle is the operator’s control valve that regulates how much steam is admitted to the
engine.

o The governor is a speed-regulating device that automatically adjusts the throttle to maintain
a steady engine RPM.

o The steam chest is the chamber beside the cylinder where steam is admitted and exhausted
by the valve gear.

o The motor is the engine assembly—cylinder, piston, valve gear, and connecting rod—that
converts steam pressure into mechanical motion.

o Cylinder drains are small valves at the ends of the cylinder used to release water and prevent
damage during startup. The exhaust is the spent steam discharged from the cylinder into the
smokebox, where it creates draft up the stack.

7.1 Dome

The dome is the raised chamber mounted on top of the boiler shell, and its purpose is to provide a
space where the driest, least-water-laden steam can collect before it is sent to the engine. As
steam forms in the boiler, water droplets and turbulence near the waterline can carry moisture
upward. By placing the steam takeoff point high above the water surface, the dome allows gravity
and distance to separate water from steam, ensuring that only relatively dry steam reaches the
throttle and engine.

Inside the dome is the dome valve, the main internal shutoff that isolates the boiler from the
engine’s steam line. The dome’s height and volume are carefully chosen: too small, and the engine
draws wet steam; too large, and the boiler becomes unnecessarily tall and heavy. Case and other
builders designed domes to balance steam quality, boiler strength, and manufacturing practicality.

Because the dome is part of the pressure vessel, it is built from heavy plate and riveted or welded
as an integral part of the boiler shell. It must withstand full boiler pressure and is inspected just
like the rest of the boiler. The dome also provides a convenient location for mounting the safety
valve, steam gauge line, and other fittings, since it is the highest point where steam naturally
accumulates.

The dome is the boiler’s steam reservoir and collection chamber, ensuring a steady supply of dry
steam for smooth, efficient engine operation.

7.2 Dome valve

The dome valve is the main steam shutoff located on the boiler dome. Its job is to control the flow
of steam from the boiler into the engine’s steam line. When the dome valve is closed, the engine is
completely isolated from boiler pressure; when it is opened, steam can reach the throttle and,
from there, the motor.

Because the dome valve sits on the dome — and some cases reaches inside the dome — where
the driest steam collects, it ensures that the steam entering the engine is as clean and
moisture-free as the boiler can provide.

The dome valve is not a regulating valve. It is a stop valve: fully open for operation, fully closed
for maintenance or safety. During normal running, the dome valve is left wide open so the throttle
can do the fine control. Closing the dome valve while the engine is working would starve the
steam chest and could damage the valve gear or cause the engine to stall abruptly.



Because it is the first valve in the steam path, the dome valve must be absolutely tight when
closed and strong enough to withstand full boiler pressure. Inspectors pay close attention to its
condition, packing, and seating, since a leaking dome valve can allow steam to reach the throttle
unexpectedly.

The dome valve must be opened slowly to avoid thermal shock. Opening the dome valve is just
the first step in warming up the motor.

7.3 Throttle

The throttle is the operator’s primary control over the engine, regulating how much steam is
admitted from the boiler into the steam chest. While the dome valve is the master shutoff, the
throttle is the working control, used constantly during operation to manage power, speed, and
response.

On a traction engine, the throttle is usually a balanced poppet or slide-type valve mounted in the
steam line between the dome valve and the steam chest. The operator controls it with a lever on
the platform. Moving the lever opens or closes the valve, allowing more or less steam to reach the
engine. Because the throttle is downstream of the dome valve, it never sees raw boiler turbulence
—only the dry steam collected in the dome.

A good throttle must do three things well:

e Open smoothly so the engine can start without a violent lurch.
+ Hold any intermediate position so the operator can meter steam precisely.
o Close tightly to prevent the engine from creeping when the lever is shut.

When the throttle is opened, steam flows into the steam chest, where the valve gear admits it to

the cylinder. The more the throttle is opened, the higher the pressure in the steam chest and the

more power the engine develops. Under heavy load, the operator may run with the throttle wide

open and let the governor regulate speed. Under light load, the throttle may be partially closed to
conserve steam.

The throttle is also a safety-critical component. A worn or leaking throttle can allow steam to reach
the engine even when “closed,” causing the engine to creep or turn unexpectedly. For this reason,
operators test throttle tightness before belting to machinery and during inspections.

In short, the throttle is the engine’s power valve, giving the operator direct, fine-grained control
over how much steam the motor receives and how hard the engine works.



7.4 Governor

Fig. 1 Flyball Governor

The governor is the automatic speed-regulating device that keeps a traction engine running at a
steady RPM regardless of load changes. While the throttle gives the operator manual control of
steam flow, the governor provides continuous, hands-off adjustment, preventing the engine from
racing when the load lightens or slowing excessively when the load increases.

Most traction engines use a flyball (centrifugal) governor mounted on the engine’s crankshaft or
driven by a belt. As the engine speeds up, the spinning flyballs move outward under centrifugal
force. This motion lifts a collar connected to a linkage that partially closes the throttle. When the
engine slows down, the balls fall inward, the collar drops, and the linkage opens the throttle wider.
The result is a self-correcting system that constantly meters steam to match the work being done.

The governor does not replace the operator’s throttle control; instead, the operator sets the
throttle to the desired working position, and the governor trims the steam flow around that
setting. Under heavy load, the governor may run nearly wide open; under light load, it may nearly
close the throttle. This is why a traction engine can run a threshing machine at a steady speed
even as the feed rate varies.

A properly adjusted governor prevents overspeeding, reduces fuel waste, and protects the
machinery being driven. A worn or sticky governor can cause hunting (oscillating speed), sluggish
response, or dangerous overspeed conditions. For this reason, governors are kept clean,
lubricated, and inspected regularly.

The governor is the engine’s automatic speed manager, constantly balancing steam supply against
load to keep the machine running smoothly and safely.



7.5 Steam Chest
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Fig. 2 Motor and steam chest (top view)

The steam chest is the chamber mounted alongside or above the cylinder where steam is
distributed to the engine by the valve gear. It serves as the buffer and control space between the
throttle and the cylinder itself. When the throttle is opened, steam flows into the steam chest and
fills it to whatever pressure the operator has selected. From there, the valve gear admits steam
alternately to each end of the cylinder and releases spent steam on the opposite stroke.

Inside the steam chest is the valve—usually a slide valve or piston valve on traction engines. This
valve moves back and forth in time with the crankshaft, uncovering and covering ports that lead to
the cylinder. The steam chest must be large enough to supply steam freely without starving the
cylinder, but not so large that it wastes steam or causes sluggish response.

The pressure inside the steam chest is the engine’s working pressure—the pressure the piston
actually sees. It is almost always lower than boiler pressure because the throttle and governor
regulate flow. Under heavy load, the governor opens the throttle wider, raising steam-chest
pressure; under light load, it closes the throttle, reducing pressure.

A tight, well-fitted valve in the steam chest is essential for efficient operation. Leaks past the valve
waste steam, reduce power, and can cause the engine to “creep” when the throttle is closed. For
this reason, the steam chest is a critical inspection point, and its cover is often removed during
maintenance to check valve condition, lubrication, and port cleanliness.

In short, the steam chest is the control chamber where steam is metered, timed, and delivered to
the cylinder—making it the heart of the engine’s power cycle.



7.6 Motor

On a traction engine, the motor is the complete steam-engine assembly that converts boiler
pressure into mechanical work. It includes the cylinder, piston, crosshead, connecting rod,
crankshaft, valve gear, and steam chest. Steam admitted through the valve gear pushes the piston
back and forth, and the motor turns this reciprocating motion into rotary motion to drive the
flywheel, gearing, and rear wheels. Although the motor is covered in depth in its own dedicated
section, it is referenced here because the throttle, governor, steam chest, and cylinder drains all
interact directly with it and form the control system that determines how the motor receives, uses,
and exhausts steam.

7.7 Drains
7.7.1 Cylinder Drains

The cylinder drains (also called cylinder cocks) are small valves
located at the lowest points of the cylinder ends. Their purpose
is simple but absolutely critical: to remove water from the
cylinder before it can cause damage. Because steam condenses
in any cold space, a stopped or cooling engine will accumulate
water in the cylinder. Water is incompressible, and if the piston
tries to compress a slug of it, something else must give—usually
a head gasket, a piston, or even the cylinder head itself.

When the operator opens the cylinder drains, any water present
is blown out by steam pressure as soon as the engine begins to
move. This produces the familiar jets of water and white steam
from the cylinder ends during startup. Once the cylinder warms Fig. 3 Drain cock
and the drains run clear, the operator closes them so the engine

can develop full power.

Cylinder drains also serve a second purpose: preventing vacuum lock when the engine is drifting
with the throttle closed. Opening the drains allows air to enter or steam to escape freely,
preventing the piston from being pulled hard against one end of the cylinder.

The drains must be easy to operate, reliable, and tight when closed. A leaking drain wastes steam
and reduces power; a stuck-closed drain risks catastrophic damage. For this reason, operators test
the drains before moving the engine and keep them clean and lubricated.

In short, cylinder drains are the engine’s safety valves for water, protecting the motor from
hydraulic damage and ensuring a smooth, safe warm-up.

7.7.2 The Steam-Chest Drain

Many traction engines also include a steam-chest drain, a small valve located at the bottom of the
steam chest. Its purpose is similar to the cylinder drains: to remove condensate that forms in the
steam chest when the engine is cold or has been sitting. Because the steam chest is the first
space to receive steam when the throttle is cracked open, it tends to accumulate water quickly
during warm-up.

Opening the steam-chest drain allows this water to escape before it can be carried into the
cylinder. In practice, operators open the steam-chest drain together with the cylinder drains during
startup. As the engine warms, the steam-chest drain is closed first—once it blows clear—followed
by the cylinder drains once the cylinders themselves are hot and dry.

The steam-chest drain is smaller and less dramatic than the cylinder drains, but it plays an
important role in preventing slugs of water from being swept into the valve passages and then into
the cylinder on the first few strokes.



7.8 Exhaust

The exhaust is the spent steam released from the cylinder after it has done its work on the piston.
Each time the valve gear uncovers the exhaust port, the used steam escapes into the exhaust
passage and is directed into the smokebox. There, it is discharged through the exhaust nozzle as a
high-velocity jet.

Although the full draft-system explanation appears elsewhere, the key point here is that the
exhaust serves two roles at once:

o It clears the cylinder so fresh steam can enter on the next stroke.

o It powers the draft, creating the vacuum in the smokebox that pulls air through the fire and
flues.

The exhaust is therefore both the end of the engine’s power cycle and the beginning of the boiler’s
combustion cycle. Even in this brief section, it's worth noting that the crisp, rhythmic exhaust beat
you hear from a traction engine is not just sound—it is the engine actively pulling its own fire.



