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To all whom it may concern.:
- Be1t known that I, CHARLES A. BALL, a citi-

zen of the United St&tes residing in bwoklyn

in the county of chrs and St&te of New
Ymk have invented ceitam new and useful

_Impmvements in Balanced Compound Loco- |
motive-Kngines, of which the following is a

SPeelﬁcatlon

The desirability of bdla,memﬂ the thrusts
transmitted from the piston to the crank in
steam engines has long been recognized.
With a smﬂle cylinder, the pushing and pull-
ing strains transmltted from the piston to the

clank react upon the frame and require to be

resisted thereby. As these strains are trans-
mitted to the frame through the bearing

blocks or brasses, the thruast e:{mtcd a,wa,mst

the bearings ﬂ*enelates gonsiderable friction.
1T'0 overcome these objections balanced en-
gines have been proposed having two cylin-
dels the pistons of which act upon cranks one
hundred and eighty degrees apart, so that
while one is exerting a pushing thrust the
other is exerting a pullmﬂ' thrust,and by con-
strueting the two eylinders to trenemte equal

piston pressures the two thrusls are equalized
"s0 that they balance one another, thereby ex-

erting the entire propulsive power in the ef-
fort to rotate the cranks, and relieving the
frame and brasses from stta,m and obvmtmw

‘the friction in the bearings due to thiust

against the brasses.

The attempts heretofore made to construct
balanced engines have had little practical
suceess by reason either of the complication
introduced, or of the liability to the yleldmﬂ*
or springing of the parts, which has been in-

separable from such constructions.
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Attempts have been made in the building
of locomotives to provide for a double expan-

'sion of the steam after the manner common

in compound engines, but thus far little prac-
tical suceess hELS attended such efforts. 1In
some types of compound locomotives, the pis-
tons of the high pressure and low pressure

cylinders have been connected to travel to-

50

gether, thereby increasing the objection to

the ordinary unbalanced or single cylinder

engine by reason of theiner eased unbalanced
wewht of the moving parts, and the greater

sfrain thrown upon the frame and brasses.

Such inventions have also involved either

‘driver K.
‘gine 1s coupled a connecting rod D, the other

COIlelGdted coustruection difficult to pack and

unhandy of .access, or have been liable to the
objection of the too great projection of the
low pressure c}lmder at the side of the loco-
motive.

- My invention aims to provide a construc-
tion of balanced compound engine applicable

| to locomotives, which shall be free from the

objections heletofme existing to either bal-
anced engines or compound engines, or to
balanced ecmpound engines.

I will proceed to descrlbethe preferred con-
struction of my invention with reference to
the accompanying drawings, wherein

Figure 1 is a side elemtion of a locomo-
tive engine partly in vertical section in the
planes of the axes of the'eylinders and valve
chests; KFig. 2 is a plan of the locomotive,
half in horizontal section in the plane of the
axes of the cylinders and of the driving
waeels and cranks, and the other half par tlv
in horizontal section through the steam chest
in the plane of the valv*e rods; Iig. 3 is a
front view of the locomotive, the left half
beingin vertical section on the llne 3*in Fig. 1,
and the right half on the line 3*in Fw* 1;
Iig. 4 18 a half section in the plane of the
hne 4—4 1n Fig. 1; Fig. 5 is an elemtmn of
one of the dtlvmﬂ' wheels

The locomotive shown 18 of the usual type
of American locomotive, with the exception
of the ditferences which will be hereinafter
described. Instead of having a single eylin-
der on each side of the locomotwe there are
two cylinders, a high pressure cylinder A,

11151* arranged in front of the fm meras shown
in Iig, 1 but with its center suf iclently
nearer the middle line of the locomotive than
that of the high pressure cylinder to enable

‘the piston rod b of the low pressure cylinder

to pass alongside of the high pressure cylin-
der, as clea,lly shown 1n Flﬂ' 2. T'he piston
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and a low pressure cylinder B, the latter be.
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rods o b of the two cyhndets are fixed to

cross-heads a’ b’ in the usual manner. To

the cross-head b’ of each engine is coupled a
connecting rod O, which engages with a crank-
wrist or stud C apphed to the mam or forward
T'o the cross-head a’ of each en-

end of which engages with a cmnk stud d
fmmed on an outside crank I‘ extending

100
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lower side of Fig. 2.
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from the crank-wrist ¢, as best shown on the ] pulsive thrusts and of the weight of the re-

In an engine with four
drivers the rear drivers E’ are counected to
the forward drivers E by parallel bars or side
bars ¢’ and D’, each bar C’ engaging at one
end the crank-wrist ¢ of the driver K, and at
the other end a similar crank-wrist ¢’ of the

rear driver, while the parallel bar D" engages

IO

1§

20

35

40

‘at one end the erank-wrist d of the erank K,

and at the other end is coupled to a similar
crank-wrist p’ on a similar erank I,

On top of the cylinders A B is arranged a
valve chest G, within which work two valves
A’ and B’ for the high pressure and low
pressure cylinders respectively. 'l'hese are
driven by valve-rods e ¢’ respectively, which
pass out through stuffing boxes at the rear
end of the chest and are jointed at their ends
to the upper arm of the usual rock-lever Ii of
the valve motion or gear, which in this loco-
motive remains unchanged and is not further
illustrated.
I nearer its pivotal axis than therod e’ in or-
der to impart differential speeds and travel
to the two valves, the low pressure valve mov-
ing faster and farther thanthe high pressure.
The rods ¢ and ¢’ are also pivoted on oppo-
site sides of the upper arm of the lever Ii, so
that the strain communicated to them is bal-
anced in its effect upon the lever. I have

shown the high pressure valve A’ as being a -

balanced or piston valve, and the low press-

ure valve as being an ordinary slide valve.

which may be balanced or not, but the em-

ployment of these particular types of valves

not essential, the use of any suitable kind of
valve being admissible.

The steam is taken from the boiler through

a throttle in the dome, and thence by the
usual steam-pipe extending to the front of
the boiler and terminating at ' in the smoke-

box I, whence it extends in two branches f !

- within the smoke-box in the usual manner
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leading to the respective cylinders. HKach
branch f/ communicates with a port g open-
ing to the valve A’, which controls communi-
cation of this port with the cylinder ports of
the high pressure cylinder. This cylinder ex-

hausts into the valve chest &, from which the.

steam passes under the control of the valve
B’ into the low pressure cylinder, and eox-
hausts therefrom into a passage /i, shown in
Figs. 1 and 3, and thence into the exnaust

nozzle 7, which directs a jet upwardly into

the stack to fzf.}cilitate the draft iu the usual

manner., _
The high pressure and low pressure cylin-

‘ders are so proportioned as to expand the

6o

steam in such ratio that each piston exerts
the same thrust through its rod as the other
but in the opposite direction, so that the pro-
pulsive thrusts of the engine are balanced.
A balance of weight is also attained by mak-
ing the high pressure piston‘and its rod and
connecting rod D of the same weight as the
low pressure piston and itsrod band connect-
ing rod C. By reason of the balancing of pro-

The rod e is jointed to the lever

-

spective parts, the engine runs with the mini-

' mum of strain on its frame and brasses, and
consequently with the minimuom of loss by

friction, and the efficiency is increased not
only to this extent, but also by reason ot the
oreater economy attained in the double ex-
pansion of thesteam. The strokesof the two
pistons are synchronous, so that the low press-
ure cylinder takes the steam as fast as it 18
exhausted from the high pressure cylinder.
By reason of the balancing of the pistons and
connecting rods each by the other, the neces-
sity of introducing a balance weight in the
driving wheels is obviated,and consequently
the “ hammer blow ”struck by the overweight-
ed side of the drivers of ordinary locomotives
apon the rails at each revoiution is avoided.
Each of the driving wheels is perfectly bal-
anced, being constructed as shown in Fig. o,

and in the seetion on the right of Fig. 3, its

hub being prolonged diametrically and bored

with a hole z on one side to receive the inner

crank-wrist, while the prolongation of the hub
on the opposite side of the center at z’ serves
to balance the wheel. The reaction of the
thrust of each piston instead of being taken
up in the frame of the engine, has its reac-
tion in the counter thrust of the other piston,

these thrusts being transmitted directly from

one cylinder to the other by reason of the
two eylinders being fastened rigidly together.
The function of the frame of the locomotive
is consequently reduced to that of a mere
means for holding the several parts of the lo-
comotive in correct relalive position, while
the function of the brasses being relieved of
all propulsive thrust, is reduced to that of

mere bearing boxes for the rotating axles.

For an engine of the same power as an ordi-
nary single eylinder locomotive, the two cyl-
inders will be of such proportions asto cause
each piston to exert apropulsive thrust ot one
half that exerted by the single piston of the
ordinary locomotive. Thusinstead of theen-
tire thrust being exerted on a crank on one
side of the center of the driving axle,onehalf
the thrust is exerted on each side of the cen-
ter and in opposite directions.

In the building of locomotivesfor a gage of
fourfeet eight and one-half inches, the builder
ig limited to an extreme width of nine feet
two inches. |

In theefforts heretofore made tobuild either
balanced or compound locomotives with out-
side cranks, the arrangement of the two ¢yl-
inders on each side, one outside of the other
and in line with the inner and outer cranks,
has involved the projection of the cylinders
beyond this extreme limit of width, or else
to avoid this it has been necessary to resort
to awkward and unmechanical expedients.
This difficulty is obviated in my improved lo-
comotive by the relative arrangement of the
cylinders in the manner best shown in the up-
per half of Fig.2,namely,in the arrangement
of the larger low pressure cylinder forward of
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and with its circumference intersecting the

~circumference of the smaller high pressure
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tive positions.
so much farther out than the cylinder B, its |

cylinder. This construction involves the
lengthening of the piston-rod b’ of the low
pressure cylinder, which is not disadvanta-
geous, and the carrying of this piston-rod close
alongside of thesmaller cylinder. Preferably

the smaller ¢ylinder is made with a longitudi-
nal socket for receiving this rod, as~shown:

bestin Big.4. By thisnovel arrangement of
the cylinders the larger cylinder is brought
inward until its center is in line with the in-

ner crank-wrist ¢, and the smaller cylinder is
arranged as close as is practicable against the

side of the piston-rod of the larger ¢ylinder,

so that the total projection beyond the outer

faces of the driving wheels is approximately

that of the outside diameter of the smaller or

high pressure cylinder. By this means the

cylinders are kept within the limit of width,

and by a very convenient and practicable con-
struction. -
Instead of casting the cylinders and half

~the saddle in one plece as is the customary

practice with single cylinder engines, I form
the saddle J as a separate casting and bolt
the several cylinders to it. .
cylinders are cast as right and left eylinders,
and-each is bolted to the side of the saddle
adjoining it, as shown at the left in Figs. 3

and 4, by embracing the frame K between

them. Thecylinders A and B are preferably

made 1n two separate castings, each of which.

is bolted to a single cylinder head 7, inter-

posed between them which serves both for

closing the adjoining ends of the two eylin-
ders, and as a means of connecting them in
such manuner as to transmit the reciproeal pro-

pulsive thrusts between them. This inter- |

posed head is formed on one side with a boss
entering the end of the smaller cylinder, and

-on the other side with a boss eceentric thereto

entering the end of the larger cylinder. The
boss 7" on the front side enters the larger cyl-
inder B, and has a central perforation for the
passage ot thelow-pressure piston-rod b, while
the smaller boss 3’” on the rear side enters the
high - pressure cylinder Aj; these relatively-
eccentric bosses thus serve to hold the adjoin-
ing ends of the two cylinders in proper rela-
The cylinder A being located

casting 1s carried in by an extended portion

or trunk / to bring it to the same plane as |

the meeting face of the cylinder B, as seen by
a comparison of Figs. 3 and 4. |

In compound locomotives, it is desirable to
resort to the expedient as a means for facili-

- tating the starting of the locomotive with a

6o

‘heavy train, of turning high pressure steam

into the low pressure cylinder, and thereby
acquiring momentarily a propulsive thrust
considerably greater than that duetothe nor-
mal action of the engine as a compound en-
gine. At such timesthe high pressure steam
acts equally on both sides of the piston in

The respective

anced and inert, the low pressure piston do-
ing all the driving. The engine is conse-
quently for the moment practically the same
as an ordinary high pressure single cylinder
engine, except that the low pressure cylin-
ders are of larger diameter than are usually

&
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employed on such engines, and there is con-

sequently the same unbalanced thrust resist-
ed by the frame and brasses as in any or-
dinary locomotive, but to proportionately
greater extent. It becomes consequently
desirable to exert this thrust as close to the
driving wheels, and consequently at a point
as near to the brasses of -the driving axles as
possible, in order that the thrust may be in-
creased as little as possible by leverage. This
result 1s accomplished in my construction by
the arangement of the low pressure cylinders
with their piston-rods inside of the high

pressure cylinders, and in line with theinner
crank-wrists,which are close against the outer

faces of the drivers. o

As a means for turning high pressure
steam into the low pressure cylinder, I have
illustrated a branch steam-pipe m extending
from the branch f’ of the steam main pass-
ing outside the fire box, fitted with a throt-
tle valve n and terminating in the steam
chest . The valve » may be operated by a
rod n’ from the cab or in any other suitable
manner, the two rods on.opposite sides of the
boiler being connected together in any suit-
able way so as to be operated simultaneously.
In starting, the engineer will first open the
valves n, and then throw open the throttle,
and will then close the valves 7 as soon as

the engine is got under way, in order toecono-
‘mize steam by working it under double ex-

pansion. | |

In the ordinary running of the engine, the
propulsive thrust as has been stated is di-
vided between the crank-wrists ¢ and d. A

certain diameter of axle being found neces-

sary in order to transmit the torsional strains
from one driver to the other,Iemploy for the
crank-wrist ¢ a stud of the same diameter
which is firmly keyed in the hole xin the hub
of the driver, and is preferably forged inte-

| grally with the crank F. Asone half of the
| total thrust is exerted against the stud d, and -

as 1ts center is twice the distance from the
center of the wrist ¢ that the latter is from
the center of rotation, it is obvious that this
half of the thrust exerlied against d will im-

| part the same torsional strain to the wrist.c

as the entire thrust exerted against ¢ would
impart to the axle. Hence I make the wrist
¢ of the same diameter as the axle. To in-
sure the utmost strength, I make the wrist
¢ and crank F of a single forging, bent at
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their junction so that the grain of the metal

shall be uninterrupted, as indicated by the
dotted lines in Fig. 3, which show the course
of the grain. The crank-wrist d is formed of
& stud fixed in the end of the crank-arm F.

I30

Some changes are made in the smoke-box -

the cylinder A, which is consequently bal- | as follows:—The exhaust nozzles < being ar-
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ranged opposite the low pressure cylinders B, | may be obtained in case of necessity by tak-
are placed farther forward in the smoke-box | ing them apart. ' ' '
I than is usual, and the smoke-stack is con- I claim as my invention the following de-. 65
sequently also placed farther forward in or- | fined novel features substantially as herein-
¢ der to bring it over them. By this means | before specified, namely:— .
the smoke and gases issuing from the front 1. In a balanced compound locomotive, the
~ends of the boiler tubes are given a more | combination of two cylinders arranged end
ready and less obstructed passage to the stack | to end, the high-pressure cylinder being ar- jc¢
than in ordinary locomotives, sincethey have | ranged to one side of the piston-rod of the
10 not to turn so sharp an angle before entering | low-pressure cylinder and the pistons con-
the stack, and the deflecting plate P by which | nected to cranks at one hundred and eighty
they are directed downwardly isnotarranged | degrees apart, a valve-chest and valves for |
so close to the top flues. | the two eylinders, a high-pressure steam inlet 75
I have shown theé cylinders A B in Fig. 1 | admitting steam through the high-pressure
15 as being mounted on an incline, this arrange- | valve to the high-pressure cylinder, and said -
ment being advantageous as it lifts themsuf- | valve constructed to admit the exhaust from
ficiently above the wheels of the forward | said cylinder to the valve-chest, the low press-
truck to render their arrangement most con- | ure valve driven in the same direction as the 3o
venient and admit of Iarger truck wheels | high-pressure valve and constructed to admit
20 than it is possible ordinarily to use, which is | steam from said chest to the forward end of
‘a great desideratum. This inclining of the | the low-pressure cylinder when the steam 1s
cylinders is not admissible in an ordinary | exhausting from the forward end of the high-
single locomotive, by reason of the up and | pressure cylinder, and vice versa, and an ex- 65
down thrust exerted against the brasses tend- | haust outlet to which the exhaust from the
2¢ ing to pump them up and down in their onid- | low-pressurecylinderisadmitted through said
ing pedestal at every stroke, but in my en- | valve, whereby while the two valves movein
oines this difficulty is obviated bythe balanc- | the same direction the pistons move in oppo-

ing of the propulsive thrusts againstthe driv- site directions. QO '
ers, so that the advantages to be gained by 2. In a balanced locomotive, the combina-
go lifting the cylinders may be realized. ‘tion of two eylinders arranged end to end but

My improved locomotive is designed most | out of line, with the outer cylinder arranged
particularly for high speed passenger service, | close alongside of the piston rod of the inner
although applicable for other uses. By elimi- | one, a single valve-chest above both cylin- 95
nating the reaction of the propulsive thrust | ders, separate valves in said chest, separate

35 upon the frame, and the friction due to this | valve-rods e ¢’ passing out throughsaid chest,
thrust upon the brasses, as well as by me- | and a valve motion having a rock-lever I to
chanically balancing the reciprocating parts, | which said rods are jointed on opposite sides,
and by reason also of the avoidance of the | whereby the lever operates both rods simul- roo
“« hammer blow” of the balance weights of the | taneously and each balances the resistance of

40 drivers, I have reason to anticipate being able | the other. .
to attain much higher speeds than are feasi- 3. In a balanced compound locomotive, the
ble with locomotives as now built, and by | combination of high and low pressure cylin-
the adoption of the principle of compounding | ders arranged end to end, the high pressure 105
the consumption of coal for a given genera- | eylinder arranged outside of and close along-

45 tion of power will be largely economized. At | side the low pressure piston -rod, a single
the same time the wear and tear of the loco- | valve-chest over both cylinders, two separate

motive, as well as the road bed, will be greatly | valves therein having valve-rods e e’ passing
reduced. | out therefrom,and the rock-lever H of a valve- 110

In my improved engine, access to the low | gear to which said rods are jointed, the high

co pressure cylinder is from the outer end there- | pressure valve rod being jointed thereto at a
of, and to the high pressure cylinder at the | point nearer its fulerum than the low press-
inner end thereof. h ure rod, whereby the low pressure valve is

The two cylinders may be castin one piece, | driven at a faster and longer stroke than the 115

‘being bored out from opposite ends eccen- ; high pressure valve.

5 trically, and the ends of the cylinders adja- | In witness whereof I have hereunto signed
cent to one another being finished by a turn- | my name in the presence of two subseribing
ing tool, but for most purposes I consider the | witnesses. --
construction of the cylinder as separate cast- |
ings with the intervening single head j to be _ CHAS. A. BALL.

60 preferable, asthetruing up of the eylinders is Witnesses: |

- rendered more easy by having them open at | ARTHUR C. FRASER,
both ends, and more complete access tothem | GEORGE H. I'RASER.
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