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THE AMERICAN ARTICULATED COMPOUND LOCOMOTIVE

SECOND EDITION

An articulated - compound locomotive is one

having two sets of cylinders which drive separate
and ‘independent groups of wheels and one. of
which ordinarily uses exhaust steam from the
other, ~ Both sets of cylinders are supplied with
steam from a single boiler.

‘The rear group of wheels is carried in frames

rigidly attached to the boiler. in the usual man-

ner; while the frames which carry the front

In addition to these advantages, due to its

wheel ‘arrangement, the articulated compound
locomotive possesses all those derived from com-
pounding the steam, : Steam from the boiler is
admitted to the first set or high pressure cylin-
ders which ordinarily drive the rear group of
wheels; and, having done work in those cylinders,
is then used over again in the second set or low
pressure cylmders, which are connected to the
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group of wheels are not secured to the boiler; but
support it by means of sliding bearings.

There is a hinged connection between the
frames of the front engine and those of the rear
engine which permits the front group of wheels
to: swivel radially when the Iocomotlve passes
through a curve. The front group is thus, in
effect, a truck.

Because of this feature from which its. name

“articulated” is derived, this type of locomotive

may have twice as many driving wheels as a lo-
comotive of rigid frame construction with no
longer rigid wheel base,
- Consequently, the articulated locomotive can
be designed to pass through the same curves as
any locomotive of the rigi
. ‘the same time to provide twice the tractive
' power with no greater axle load or the same
tractive power with but one-half the axle load
of h" latter. .

rame type, and at

front group of wheels. From the low pressure
cylinders, the steam is exhausted to the atmos-
phere.

Connectmg the high and low pressure cylin-
ders is a large pipe called the receiver, into whic
the steam from the high pressure cylinders
hausts when the locomotive is working co
pound From the receiver, the steam is admiti
into the low pressure cylmders by their vz
“in the usual manner.

The low pressure cylinders have a larg
ton area than the high pressure cylinders,
tive size of the two being such tha
ordinary working cut-off, the ste
pressure per square inch, acti
plston area, exerts t
pressure steam acting on
sequently, the stroke of th
cylinders being the same,
ordinarily do practlcally ,




By using the steam successively in two cylin-
's in a comound Jlocomotive, more of the
utilized in effective work than in a simple
e in which the steam is only used once;
words, the same amount or volume of
oes more work,

The use of compounding, superheater, fire-
brick “arch, and large heating surface area, all
tend to produce an engine, which, when the great
power is considered, is very economical in the con-
sumption of fuel and water.

Fig. 2.

INTERIOR VIEW OF THE CAB OF THE
MERICAN ARTICULATED COMPOUND LOCOMOTIVE

AMERICAN LOCOMOTIVE COMPANY

In every compound locomotive steam must be
admitted direct from the boiler to the low pres-
sure cylinders in starting and until they are sup-
plied with steam by the exhaust from the high
pressure cylinders. Provision is also usually
made by which in cases of emergency, when ad--
ditional hauling capacity is required, the locomo-.
tive may be changed from working compound into
simple with an increase in power,

In the American articulated compound loco-
motive, a special mechanism called the intercept-
ing valve performs these two duties. This valve
is located between the receiver and the exhaust
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passages from the high pressure cylinders. It is
practically automatic in its operation, and is de-
scribed in detail in the following pages.

Other locomotive builders use a by-pass ar-
1 rangement for admitting live steam to the low
pressure cylinders in starting or working simple.
By this arrangement communication is established
between the two ends of the high pressure cylin-
ders by opening a valve operated from the cab.
It lacks the advantage possessed by the inter-
cepting valve of preventing increased back pres-
sure on the high pressure pistons when the loco-
motive is working with live steam in both sets of
_cylinders.

In the American Locomotive Company’s sys-
tem of compounding, the intercepting valve is so
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designed that when the engine is working simple
the exhaust from the high pressure cylinder
passes directly to the atmosphere and the valve
cuts off communication between the receiver and
the exhaust side of the high pressure pistons.
‘This relieves them of all back pressure except
that of the steam exhausting to the atmosphere.
In addition, the low pressure pistons exert more
power when working compound because the pres-
sure of the live steam admitted to them, though
reduced, is higher than the ordinary receiver
pressure. ‘This additional power added to that
secured in the high-pressure cylinders from the
reduction of the back pressure gives 20 per cent,
total increase in power when working simple at
slow speed.

SUMMARY OF RULES FOR OPERATING.

StartinG.—Always open the cylinder cocks in starting.

Cuancing To SimPLE WORKING—Work the locomotive simple only when it cannot otherwise
start the train or when the train is about to stall.

Never work the locomotive simple when it is running at a speed of over 3 or 4 miles an hour, as at
such speed no increase in power will be obtained.

Drirring.—When drifting, keep the reverse lever at 34-stroke or more, as the locomotive will
“then drift freely.

Care or SpeciaL Parts.—The by-pass valves should be taken out and cleaned periodically to
prevent them from getting gummed and sticking. When the locomotive is first put into service, these
valves should be cleaned quite frequently for a few times to keep them free from the core sand,
. which is sure to work in.

LuericaTioN.—Give the intercepting valve a liberal feed of oil for a minute before starting, and
occasionally during long runs when the throttle is not shut off for a considerable period of time. Except
for this, one drop of oil to the intercepting valve every four or five minutes is ample when running.

A list of the other parts of the American articulated compound locomotive which should be oiled
and which are not found on the ordinary locomotive is given below, together with instructions as to
the frequency with which they should be oiled.

Sliding boiler bearings on the front engine (before starting on a trip).

‘The ball joint in front of the high pressure cylinder (before starting on a trip).

‘The upper or rear ball joint of the exhaust pipe (before starting on a trip).

The lower or front ball joint of the exhaust pipe (before starting on a trip).

‘The bolt of the articulated connection between the two groups of wheels (before starting on a
trip). '

The ball bearings of the vertical suspension or “trim” bolts which connect the upper rails of the
front frames with the lower rails of the rear frames (before starting on a trip).

The ball bearings of the floating columns (if applied) (before starting on a trip).

TEstinG For Brows.—To test for blows in the valves or pistons, throw the emergency valve in
a the cab to the simple position, namely with the handle pointing to the rear. Spot the locomotive and
test the same as a simple locomotive,

In Case or AccipeNTs.—If one or more of the cylinders may be disconnected and the locomotive
run in on the remaining cylinders, simply throw the emergency operating valve into simple peositic-
Disconnect and block the disabled cylinder or cylinders. ‘




INTERCEPTING VALVE,

Among the distinctive features of the Ameri-
can articulated compound locomotive, practically
the only ones in which engineers are interested,
as relating to the operation of the locomotive, are
the intercepting valve and the by-pass valves.
The intercepting valve, the purpose of which
has been already stated, is the same in principle
as that used on the well-known two-cylinder
cross-compound locomotive built by the Ameri-

Fig. 3.
No. 1. Reducing Valve or Sleeve
No. 2. Intercepting Valve
No. 3. Dash-pot Piston

No. 7.

can Locomotive Company, commonly known as
the Richmond Compound. It differs from the

latter only in certain modifications of the design, »

which the use of four cylinders, instead of two,
necessitated.

Engineers who have operated the two-cylinder
cross-compound of this build will be perfectly
familiar with the construction and operation of
the intercepting valve as applied to the American
articulated compound locomotive. In any case,
as the operations of this valve are all automatic
except that by which the locomotive is changed
from compound into simple working, practically
no special knowledge is required to handle the
articulated compound.

Changing into simple working is effected by
simply opening an operating valve in the cab

No. 4.
No. 5.
No. 6.
Emergency Valve Chamber Head
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which controls the emergency exhaust valve.
The emergency operating valve is an ordinary
angle valve located in a small steam pipe run-
ning to the emergency exhaust valve. It is only
used if the train is about to stall; that is, in an
emergency; or in case of an accident in which
one or more of the cylinders can be disconnected
and the locomotive run in on the remaining cylin-
ders. : »

‘The intercepting valve is located in the sad
dle of the left high pressure cylinder, to the left

PARTS OF THE INTERCEPTING VALVE

Intercepting Valve Chamber Head
Unbalancing Valve
Emergency or High Pressure Exhaust Valve

of the vertical and above the horizontal center
line of the cylinders.

Its various parts are shown in Fig., 3. These
parts assembled and in their relation to the steam
passages in the cylinders are shown in Figs. 4
and 5, the latter being illustrated on the inset.

Parts 2, 3 and 5 of Fig. 3 constitute the in-
tercepting valve proper.

Part 1 is the reducing valve or sleeve which
fits-on the stem of the intercepting valve alohg
which it is free to slide longitudinally; as Fig, 4
shows,

The movements of all these parts are auto-
matic.

Part 6 of Fig. 3 is the emergency or high
pressure exhaust valve which as previously stated
is the only part of the intercepting mechanism
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which is not entirely automatic in its operation;
but is under the control of the engineer through
an operating valve in the cab. It is located, as
will be seen, in Figs. 4 and 5, at one of the outer
ends of the intercepting valve chamber.

Fig. 4 is a reproduction of a working drawing
of the intercepting valve assembled.

In this illustration, the valve is shown in two

. positions; No. 1 representing the position the parts

automatically assume when the locomotive is
working compound, and No. 2 their position when
the locomotive is working simple.

i

Chamber “C” opens directly into the receiver
pipe. Communication between chambers “A”
and “C” is established through the reducing
valve (1).

Chamber “F” connects directly with the ex-
haust passages of the high pressure cylinders.

Between chambers “F” and “C” is the inter-
cepting valve (2).

Chamber “F” is also connected with chamber
“I” through the balancing piston (5).in which
are a number of holes.

No.2-Simple
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Fig. 4 INTERCEPTING VALVE

The valve in the same two positions is shown
respectively in Nos. 3 and 4 of Fig. 5. In this
figure, the parts are shown in perspective, and the
illustrations are intended to show them as nearly
as possible as they would actually appear if the
cylinder casting were cut away, as represented.

Corresponding parts are identified by the same
numbers or letters in both illustrations. In each,
the course of the steam is indicated by arrows.
The two may thus be easily studied in conjunc-
tion so as to most clearly understand the con-
struction and operation of the American Loco-
motive Company’s system of compounding.

By reference to Figs. 4 and 5 the following
is apparent: Chamber “A” which surrounds
the reducing valve (1) is in direct communica-
tion with the live steam passages of the high
pressure cylinders,

The emergency valve (6) establishes com-
munication between chambers “L” and “M”
the latter of which opens directly into the high
pressure exhaust pipe, the small pipe which runs
along the left side of the locomotive and connects
to the main exhaust pipe.

Thus it will be seen that the reducing valve
(1) controls the admission of the live steam from
the boiler to the receiver pipe; the intercepting
valve (2) opens or closes the receiver pipe to the
exhaust from the high pressure cylinders; and
the emergency valve (6) permits or prevents this
exhaust from escaping through the main exhaust
to the atmosphere. '

. When the locomotive is started in the ordinary
way, the pressure in chamber “A” opens the re-
ducing valve (1), and this ‘movement iz turn
closes the intercepting valve (2).
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View No. 1 of Fig. 5 shows the valve in this
position. Live steam is admitted to the receiver,
and at the same time is prevented by the inter-
cepting valve from backing up against the ex-
haust side of the high pressure pistons. These
consequently start free from back pressure.

"T'he reducing valve is so designed as to reduce
the live steam entering the receiver to such a
pressure that the low pressure cylinders will do
the same amount of work as the high pressure
cylinders,

Usually, this means a reduction to about 40
per cent. of boiler pressure. In the case of 200
pounds working pressure the live steam in the
receiver would be reduced to 80 pounds.

If the pressure in the receiver rises above
the amount to which the reducing valve (1) is
designed to reduce it, the valve automatically
closes and cuts off the admission of live steam to
the receiver. It then remains closed until the
movement of the low pressure pistons lowers
the pressure in the receiver to the required
amount when it again opens. View No. 2 in
Fig. 5 shows the position of the parts of the in-
tercepting valve under the above conditions. The
reducing valve can close without opening the
intercepting valve (2) ; but these two valves can-
not both be opened at the same time.

After one or two revolutions of the driving
wheels, the steam exhausting from the high pres-
sure cylinders into chamber “F” accumulates and
its pressure rises sufficiently to open the inter-
cepting valve (2) which in turn closes the re-
ducing valve (1). The locomotive thus works
compound ; that is, the low pressure cylinders
are supplied with steam by the exhaust from the
high pressure cylinders. Views No. 1 of Fig. 4
and No. 3 of Fig. 5 illustrate the intercepting
mechanism in compound position.

The intercepting valve is usually so designed
that when the pressure in chamber “F” has
reached 30 per cent. of boiler pressure, it will
open the valve against the steam in chamber “C”
of 40 per cent. of boiler pressure, because the
latter acts against a smaller area.

From the foregoing, it will be seen that, when
operated in the usual way, the American articu-
lated compound locomotive starts with live
steam in all four cylinders and after a few revo-
lutions of the driving wheels changes of itself
into compound working.

If it is desired to prevent the locomotive from
changing into compound after it is started, or
to.work it simple, and thus secure the maximum
power of the locomotive at a critical point, it is
* only necessary for the engineer to open the emer-
gency operating valve (N. Fig. 2) in the cab
by turning it so that the handle points to the
rear.

"This opens the emergency valve (6) and al-
lows the exhaust from the high pressure cylinders
to escape to the stack, The reducing valve (1)
is immediately opened, there being no resisting
pressure in chamber “F,” and closes the intercept-
ing valve (2). Live steam is admitted to the re-
cetver which at the same time is cut off from the
exhaust side of the high pressure pistons and in-
creased back pressure thus prevented.

The balancing piston (5) is employed in order
that chamber “F” may be exhausted instanta-
neously with the opening of the emergency valve;
with the result that the intercepting valve is
closed and the reducing valve opened before or at
the same moment that the receiver is actually ex-
hausted. This prevents any drop of pressure in
the low pressure steam chest during the change
from compound to simple.

View No. 2 of kig. 4, and view 4 of Fig. 5
show the positions of the parts of the intercept-
ing mechanism when the engine is working
simple. :

A brief summary of the conditions existing
when the intercepting valve is in the simple posi-
tion will explain the 20 per cent. increase in the
normal maximum tractive power which, as al-
ready stated, is attained by working the locomo-
tive simple. ‘The high pressure pistons are re-
lieved of the back pressure in the receiver amount-
ing to about 30 per cent. of the boiler pressure
which acts against them when the locomotive is
working compound. On the other hand, the low
pressure cylinders receive live steam of 40 -per
cent. of the boiler pressure instead of exhaust
steam from the high pressure cylinders at a pres-
sure of only 30 per cent. of boiler pressure, as
ordinarily. The increase would be greater were
it not for the wire-drawing of the steam through
the restricted area of the ports of the reducing
valve which are intentionally reduced for opera-
tion under this condition,

It is important to know and beaf in mind that
the reducing valve is so designed that at speeds
of more than three or four miles an hour no
increase in power is obtained by changing the
locomotive into simple. This is done in order
that the emergency feature may not be misused,
with Increased wear on the machinery and sacri-
fice of economy in fuel consumption.

The engineer must also remember that the
locomotive having been changed into simple
working by opening the emergency operating
valve will continue to work simple until this
valve is closed. The operating valve is closed
when the handle points forward.

In changing from compound to simple when
running, the sudden unbalancing of the intercept-
ing valve tends to close it rapidly with the result
that it would slam were not some provision made
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to prevent this. For this purpose, the piston (3)
working in an air dash-pot at the outer end of
the intercepting valve stem is employed. -

Years of successful operation of this system of
compounding, which has been previously applied
to a large number of cross-compound locomotives,
has proven that it is simple and reliable. Only
a few simple rules are necessary for the guidance
of the engineer in the proper care and operation
of the locomotive.

Ordinarily, in starting, it is only necessary to
open the throttle with the reverse lever in the
position required for the weight of the train
which is usually in the extreme notch, and with
the cylinder cocks open.

1f the train is about to stall, the locomotive
should be changed into simple working by open-
ing the emergency operating valve.

The intercepting valve should be given a lib-
eral feed of oil for a minute before starting and
occasionally during long runs when the throttle
is not shut off for a considerable length of time.
Outside of this, one drop of oil every 4 or 5
minutes is ordinarily ample when running.

This simple care will prevent any tendency for
the parts of the intercepting mechanism to stick;
but if neglected, the reducing valve might stick
in a closed position which would prevent the ad-
mission of steam to the low pressure cylinders
when the throttle is opened.

In the event that through neglect the reducing
valve does stick, the difficulty can ordinarily be
remedied by giving it a little extra feed of oil.
1§ that fails, the cover of the dash-pot may be
removed and the reducing valve moved in and
out a few times with a bent piece of Z4-inch
wire, after which it will probably clear itself
when the throttle is opened.

DOUBLE PORTED PISTON VALVES.

The double ported slide valve has been most
generally used on the low pressure cylinder of
the American articulated compound engine.
This valve, because of the low receiver pres-
sure under which it works, has proven very satis-
factory. but on the larger engines it has required
very close attention as to lubrication and to keep
the balancing feature in proper condition in order
to minimize the wear of the sliding faces.

Single ported piston valves have often been sug-
gested, but it has been found impossible to se-
cure the proper in and outlet area for the low
pressure cylinder without excessive diameter and
weight.

A double ported piston valve has been found
to meet the required conditions and is becoming
more and more in favor by the different users
of this type of engine. For practical reasons this
‘valve is made the same diameter as the high pres-

sure single ported valve, so that packing rings, fol-
lowers, and casing heads are interchangeable for
both high pressure and low pressure valves,

BY-PASS VALVES.

These play an important part in the successful
operation of the American articulated compound
locomotive and although automatic in their oper-
ation they should be understood by the engineer.

They are applied to the low pressure cylinders
and establish communication between the two

“ends of the cylinder when the locomotive is run-

ning with the throttle closed. This permits free
circulation of air from one end of the cylinder
to the other; and thus prevents any injurious ef-
fects from alternating vacuum and compression,

. which would otherwise occur from the pumping

action of the large pistons when the locomotive

is drifting.
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Fig. 7. BY-PASS VALVES

Fig. 7 illustrates the arrangement of the by-
pass valves when assembled in their chamber
and their relation to the steam ports in the cylin-
ders. Each cylinder is provided with a pair of
these valves which are located in chambers cast
in the outside of the cylinders.

When the throttle is open, the pressure in the
steam chest acting through the small ports “S”
keeps the valves closed as shown in view “B” .
of the above figure. When the throttle is closed,
they are automatically opened by the atmospheric
pressure admitted through the air vent and con-
nect the admission ports at either end of the cyl-
inder as shown in view “A.” -

With the by-pass valves, the locomotive drifts
more freely when running with a long cut-off.
It is strongly recommended, therefore, that in
drifting the reverse lever be kept at 34-stroke,
or more.

The by-pass valves require only ordinary at-
tention, but as their duties are important they'




should ‘not be entirely neglected. The principal
care required is that they be kept clean.

‘When the locomotive is first put into service,
the by-pass valves should be taken out and
cleaned quite frequently to keep them free from
core sand which will undoubtedly work in.

The engineer can tell at once if the by-pass
valves do not close when the throttle is open.
This would not only cause a siere blow, but
steam would also escape from :the small pipe
projecting from un’ ~-the cyli-ier jacket mid-
way between the ends o:
connects to the air vent in the center of the cham-
ber containing the valves.

If the low pressure engines thump and the
locomotive does not drift freely, the trouble is
probably due to the fact that the by-pass valves
are stuck in the closed position by being gummed.
In such event, they should be taken: out and
cleaned at the first opportunity.

If the locomotive is allowed to drift with the
reverse lever hooked up, smoke-box gases may
be sucked in by the cylinders and gum the by-
pass valves. This possibility will be minimized
if the reverse lever is kept in the position as rec-
‘ommended above when drifting.

Periodical cleaning of these valves is recom-
mended,

VACUUM AND RELIEF VALVES.

Vacuum valves are located in the high pressure
steam chests or some other convenient place
which is in communication with the steam chests.
The function of these valves is to admit free air
into the steam chests when the locomotive is

AMERICAN LOCOMOTIVE COMPANY

“*ier. This pipe .

drifting so as to avoid a vacuum and give a mod-
erate flow of air through the cylinders.

The low pressure cylinders are equipped with
combined vacuum and relief valves, which, in
addition to having functions similar to the
vacuum valves of the high pressure cylinders, also
regulate the steam pressure in the low pressure
steam chests. These relief valves are set at 45
per cent. of the boiler pressure and should be
tested occasionally to see that they are properly
set.

If they rise from their seats frequently when
the locomotive is working compound, it may be
due to a blow in either the valves or pistons of
the high pressure cylinders; as such a blow would
increase the pressure in the receiver, causing the
relief valve to open. In such a case, the high
pressure valves and pistons should be tested.

To test for blows, simply open the emergency
operating valve in the cab; or in other words,
change the locomotive into simple working. Spot
the locomotive and proceed the same as with a
simple engine.

IN CASE OF ACCIDENTS.

In case of any accident in which one or more
of the cylinders may be disconnected and the loco-
motive run in with the remaining cylinders ac-
tive; simply throw the emergency operating valve
(N. Fig, 2) in the cab into the simple position
and proceed as with a simple locomotive. Dis-
connect and block the disabled cylinder or cylin-
ders. This is the only rule to follow and the
only one to be remembered, and covers all cases
of accidents which do not entirely disable the
locomotive.

J. C. & W. E, Powers Print, New York.
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TRACTIVE POWER -SIMPLE-S

TENDER CLASS - I12 RC
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SEE ALSO PABES 80 TO BOE
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