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To all whom it may concern.:

Be it known that I, Frieprica WiLEELM
AucusT voN Borrigs, a subject of the King
of Prussia, German KEmperor, residing at

5 Hanover, in the Kingdom of Prussia, Ger-
many, have invented new and useful Im-
provements m Compound Locomotives, of
which the following is a specification.

This invention has reference to compound

ro Jocomotives with four cylinders where one
high-pressure cylinder and one low-pressure
cylinder are arranged on each side of the en-
gine; and the invention refers particularly to
such compound locomotives of this class

15 where the high-pressure and the low-pressure
cranks of each side are mounted so as to be
opposite or approximately opposite to each
other and are set at right angles to the cor-
responding cranks of the opposite side of the

20 engine. Thus the locomotive is provided
with four steam-cylinders, of which one high-

- pressure cylinder and one low-pressure cyl-

~1nder of either side cooperate like a com-
pound engine, as distinguished from the com-

25 pound locomotives with two cylinders where
the high-pressure cylinder of one side coop-
erates with the low-pressure cylinder of the
other side and the cranks of which are placed

at an angle of, say, forty degrees, or nearly so..

30 My invention therefore refers to that kind
of engines working with two high and respec-
tively low pressure cylinders of different di-
ameter where one high-pressure and one low-
pressure cylinder are arranged on each side

35 of the engine; and the invention refers par-
ticularly to means for the distribution of
steam 1n the high and low pressure cylinders
whereby the communicating passages be-
tween each low-pressure cylinder and the

40 high-pressure cylinder are opened earlier and
are closed later than the feeding-passages

connecting the corresponding high -pressure |

cyhnder with the steam-generator, so that a

greater expansion of steam takes place in the

45 low-pressure than in the high-pressure cylin-
der.

In the form of construction illustrated by
Kigures 1 to 8 of the accompanying drawings
one single steam-distributing valve is used

5o for each pair of high and low pressure cylin-

ders, while m Fig. 9 I have shown a form of

construction with separate valves for each
cylinder. |

Fig. 1 1s a side view of a locomotive em-
bodying my mmvention. Fig. 2 is a vertical 353

| transverse section taken through the engine

and the boiler according to the arrangement
shown in Fig. 1. In Figs. 3 to 8 I have illus-
trated diagrammatically and in longitudinal
section several relative positions of the dis- 6¢
tributing-valve and of the high-pressure and
of the low-pressure piston. Fig. 9 is a trans-
verse section showing the employment of two
separate valves for each high-pressure and
Jow-pressure cylinder of either side. Iig. 10 63
illustrates by way of the well-known Zeuner
diagram the relative position of the two pis-
tons and the opening of the steam-passages
for every given position of the crank and the
degree of filling with steam in the two cylin- 70
ders. | | - o

Similar and equivalent parts are marked
with the same reference-characters in all the
corresponding figures. '

In the drawings, 1 1s the high-pressure cyl- 735
inder, and 2 1s the low-pressure cylinder.

In the form of execution represented in
the drawings on either side the high-pressure

cylinders are place outwardly, while the low-

pressure cylinders are arranged inwardly. 8o
Steam 1s admitted to the high-pressure cyl-
inders by means of the pieces of pipes 4, ar-
ranged on either side of the engine and which
teed the steam to the high-pressure cylinders
I 1, 17rom which the steam in front of the pis- 8s
tons and which has remained from the for-
mer steam-admission period passes 1nto the
low-pressure cylinders 2 2 through one of

the channels 55 6 6.  From the low-pressure
cylinders 2 the waste steam passes as exhaust go

through the passages 36 and into the single
exhaust or blowing pipe 7.

The steam-distributing valve may prefer-
ably be constructed in form of a single piston-
valve with steam-admission port arranged in 95
1ts central outer surface and steam-exhaust
ports 1n 1ts outer parts, or the arrangement
of the steam-ports may be the reverse. In

the arrangement shown in Figs. 1 to 8§ a sin-
gle steam-chest in common for high and low

pressure cylinders is provided on either side
of the engine. Openings 36 are practiced in
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the end portions of said steam-chest for the
escape of the exhaust-steam. In the walls
of the steam-chest I provide openings form-
g the entrance and escape ports of the
steam for the high and low pressure cylin-
The arrangement is such that the ad-
mission-port 4 for the live-steam is situated
1in the middle of the cylinders 1 2. Through
the channels 5 the steam passes into and out
of the high-pressure cylinders, while the
channels 6 serve for the passing of the steam
into and out of the low-pressure cylinders.
The ports or channels 5 are situated at a com-
paratively small distance from the admis-
sion-opening 4 and on both sides of the same.
The ports 6, which serve to establish the
communication of the low and high pressure
cylinders with the single intermediate steam-
chest &, are arranged near the ends of the
steam-chest, and they terminate at the in-
side of the low-pressure cylinder and slightly
below the upper and lower covers of the
same.

The single piston slide-valve 9 is so ar-
ranged and constructed as to present a
oreater lap for the high-pressure cylinder
than for the low-pressure cylinder, so that
the admission-opening into the high-pressure
cylinder 1s opened later than the opening of
the low-pressure cylinder. For this purpose
the piston slide-valve 11 is provided with
ring-shaped collars 12 13, corresponding to
the steam admission and outlet openings.
Three collars of this kind are used in the pres-
ent form of construction, of which the mid-
dle one 12 i1s considerably broader than the
collars 13, arranged at the ends of the cylin-
drical body 11. The collars may be pro-
vided with tightening-washers, so as to make
a tight 1it in the guideway. The collar 12 is
of such depth that it overlaps the entrance-
opening 4 on each side of the same for a
broader space than the collars 13 13 overlap
the ports 6 6. IHence the collar 12 opens the
entrance-opening into the high-pressure cyl-

inder later and closes it earlier than the col-

lars 13 open and close the admission-ports
into the low-pressure cylinders.

In the high-pressure cylinder 1 the piston
14 1s movable, while the piston 15 moves in
the low-pressure cylinder 2 of larger diame-
ter than the high-pressure cylinder. The
piston-rods 16 17 pass, by means of stufling-
boxes, through the covers of the cylinders 1
and 2. They are connected to the cranks 20
and 21 by means of pitman-rods 18 and 19.
As already mentioned, the cranks of each
side of the engine are set oft {rom each other
for the value of a small angle in the direction
of rotation of the wheels, so that the low-
pressure crank possesses a lead relatively to
the high-pressure crank which if extended
beyond 1ts pivot would include an angle of
about four to six degrees with the low-pres-
sure crank.

In Figs. 1 and 2 the high-pres-
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- sure cranks are arranged at the outside and

the low-pressure cranks at the inside of the
wheels; but the arrangement of the cranks rel-
atively to the wheels may also be the reverse.
Upon the right-hand side of the engine the
two cranks are placed at right angles with re-
lation to the corresponding two cranks of the
left-hand side of the engine. Upon the
crank-shaft 22 1 also mount the link motion
for the piston-valves 9, which may be actu-
ated from the driving-shaft in any suitable
manner. '

The diflerent positions of the single piston-
valve and the corresponding positions of the

‘pistons are shown diagrammatically in Figs.

3 to 8 of the drawings, of which Figs. 3 to 4
show the relative positions of the parts when
the piston slide-valve moves to the left-hand
side of the drawings. Figs. 5, 6, 7, and 8
show those positions which the pistons as-
sume by the movements of the piston slide-

valve toward the right-hand side of the draw-

ings. DBelow these figures, which illustrate
the relative positions of the several parts in
longitudinal section, the manner of rotation
and the momentary position of the crank-
rods H L. and of the valve-rod S are indi-
cated diagrammatically by means of circles.
The direction of rotation is indicated by the
arrow 30. In the position shown in Fig. 3 of
the drawings the piston slide-valve has been
moved from 1ts center position to the left.
The high - pressure cylinder is still closed,
while the left-hand collar 13 is just beginning
to open the port 6, so that the steam 1 front
of the high-pressure piston begins to flow
into the low-pressure cylinder through the
ports 5 6, while the low-pressure cylinder has
arrived at its end position. In the position
shown 1n Fig. 4 the slide-valve has moved
farther on toward the left. The admission-
port 4 1s now also opened toward the right,
so that Iresh steam commences to flow in
through 5 into the high-pressure cylinder.
At the same time the high-pressure piston
has arrived 1n its end position. In this po-

sition the low-pressure crank L has already
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passed bevond its dead-center point for the

valve by the small angle above referred to, so
that the low-pressure piston has already
moved a short distance beyond its end posi-
tion toward theright-hand side of the drawing.
In the period of time during the positions
shown 1n Ifigs. 3 and 4 the high-pressure and
the low-pressure pistons have moved for some
timeinthesamedirection forpart of theirpath.
The previous movement of the high - pres-
sure piston, during which it moves in the
same direction with the low-pressure piston,
1s mndicated by a dotted arrow 31. Upon re-
versing the movement of the high-pressure
piston 1t will move in the direction of the ar-
row 32, while the low-pressure piston is now
moving 1n the opposite direction. In the po-
sition shown in Figs. 5 to 8 the slide-valve
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collars 12 and 13, and the steam-port 6.
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has passed beyond its end position and is | steam filled into the high-pressure cylinder.
now moving toward the right-hand side of | In order to impart the same lead to the two
the drawings. In Fig. 5 the collar 12 has just ; cylinders, the lap O « of the high-pressure

closed the admission-port 4 for the high-pres-
sure cylinder, while the ports 5 and 6, which
effect the passage of the steam-cylinder, are
still open. In the position shown in Fig. 6
the slide-valve has continued its movement
and has now also effected the closing of the
admission-port 6 of the low-pressure cylin-
der by means of the collar 13, so that the

pistons m both cylinders continue their

movement only by the action of the expan-
sion of steam. In Fig. 7 the slide has moved
farther to the right, and in view of the
greater lap of the collar 12 the admission-
port for the high-pressure cylinder is still
closed, while the ports of the low-pressure
cylinder 5 6 at the right-hand side have just

been opened again. At the same time the

low-pressure piston has reached the end of
1ts stroke. In the position of Fig. 8 of the

drawings the slide-valve has moved still far-

ther to the right, and it now uncovers also
the port 4, which conducts the steam into
the high-pressure cylinder through the left-
hand port 5. In the meantime the high-
pressure piston has reached its end position.
Thus, even after the collar 12, which -controls
the entrance of live steam into the high-pres-
sure cylinders has already eff
ing of the steam-port the steam in front of
the high-pressure piston is still able to enter
into the low-pressure cylinder through the
corresponding port 5, the space between the
In-
asmuch -as the low -pressure cylinder 1s
opened and shut off for the entrance of
steam later than the high-pressure cylinder;
the ratio of expansion of the steam filled into
the cylinders 1s greater for the low-pressure
cylinder than for the high-pressure cylinder.
In the Zeuner diagram (represented in Fig.
10) these results are shown diagrammatically
in the usual well-known conventional manner.
O B indicate the horizontal position of the
high-pressure crank. O Cindicate the cor-
responding position of the low-pressure
crank. The directions A B and C D include
the above-mentioned small angle with each
other. The circle through A B C D corre-
sponds to the so-called “crank-circle.” If,for
instance, the closing of the high-pressure cyl-
inder takes place at half the stroke of the pis-
ton at the point @, which corresponds to the
position O K of the crank, the entrance of
steam mto the low-pressure cylinders as ap-
pears from the opposite valve-circle is shut
off at the point b, which corresponds to the
position O G of the crank—that is to say, to
the position C e of the piston. Hence the
ratio of steam filling exceeds that prevailing
1n the high-pressure cylinder for the value of
the path O C of the piston. The same takes

place 1 the case of other proportions of

shown in the drawings.)

ected the clos-

cylinder must exceed that of the low-pres-
sure cvlinder O b.

In the form of execution of my invention
herembefore described the cylinders are ar-

ranged 1 the manner of the Woolf engine,

the steam which 1s forced out from the high-
pressure cylinder entering directly into the
low-pressure cylinder.

Instead of one common steam-distribut-
ing valve I may also use two separate valves,
as shown, for instance, in section in Fig. 9 of
the drawings, in which case the engine may
be operated with or without the use of aninter-
mediate steam receptacle or receiver. (Not

tion remains the same. In Fig. 9 the low-
pressure cylinder 1s called 2 and the high-
pressure cylinder 1s designated 17.  The live-
steam condwit leading to the high-pressure
slide-valve 1s called 4/, and 4’ 1s the lLive-
steam condwit leading to the pressure slide-
valve. The exhaust flows freely from the
end of the slide-valve casing into the chan-
nels 36, the same as in the form of execution
of Ifigs. 2 to 8, and thence 1t enters into the
common conduit 7, whichmay be connected to
the dome and to the steam-whistle. The
lead of the low-pressure piston in relation to
that of the high-pressure piston which is pro-
duced by the herein-described position of the
crank and which 1s necessary for producing
higher proportions of steam-fillings in the
respective cylinder may also be obtained by
inclining the corresponding cylinders them-
selves 1n relation to each other for a corre-
spondingly small angle or by arranging them
at ~different levels, so that the crank-rods

when 1n the middle position include a small

angle of from four to six degrees, and by im-
parting to the low-pressure piston a lead rela-
tively to the high-pressure piston, .which

lead corresponds to the said small angle.

3

Otherwise the ac-
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It 1s of course understood that the high

and low pressure cranks may be arranged on
two different shafts connected to each other
instead of on one common shaft 22.

I claim—

1. In four-cylinder compound locomo-
tives, the combimation with a driving-shaft
and a steam-generator, of one high-pressure
and one low-pressure cylinder and recipro-

“cating pistons in each of the cylinders and
cranks on the driving-shaft including an an-

gle differing somewhat from one hundred and
eighty degrees, all arranged on each side of
the engine, and operating connections of the
cranks with the pistons, each crank on either
side of the engine being arranged at right an-
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gle relatively to the corresponding crank of

the opposite side of the engine; a steam-dis-

tributing device between each high-pressure

- and the corresponding low-pressure cylinder,
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and means for producing a reciprocating
movement ot the steam-distributing device,
steam-passages, and overlapping means on
each steam-distributing device, the laps for
each high-pressure cylinder being larger than
those for each low-pressure cylinder.

2. In four-cylinder compound locomo-
tives 1n combination, a high-pressure and a
low-pressure cylinder of different diameters
and pistons movable in said cylinders, con-
nections of the high-pressure piston and of
the low-pressure piston of either side of the
engine with the engine-shaft and cranks con-
nected to the high-pressure and to the low-
pressure pistons and rigidly mounted on the
engine-shaft, the crank of one of the pistons
including an angle differing somewhat from
one hundred and eighty degrees with the crank
of the other piston of the same side of the en-
gine, means to connect said crank with the
pistons, a steam-chest intermediate between
each high-pressure and the correspondinglow-
pressure cylinder, connecting-passages be-
tween the steam-chest and the high and low
pressure cylinders, steam-escape passages in
the low-pressure cylinder, a piston-valve in
commonfor each high-pressure and the corre-
sponding low-pressure cylinder and movable

803,981

i the interior of the steam-chest, rings ar-
ranged steam-tight in the steam-chest and
surrounding the said piston-valve, the mid-
dle Ting having a larger outer surface than
the other rings, a steam-entrance passage for
live steam in the walls of the high-pressure
cylinder, connecting-passages between the
high-pressure cylinder and the lower end of
the low-pressure c¢ylinder and opening out a
small distance from the steam-entrance open-
Ing, connecting-passages hetween the steam-
chestand the low-pressure cylinder and open-
ing out into an aperture practiced in the
walls of the low-pressure cylinder and situ-
ated 1 the proximity of the upper and lower
ends of the low-pressure cylinder, exhaust-
openings near the ends of the steam-chest
and means for imparting a reciprocating
movement to the piston-valve and connect-
ing-hnks between the piston-valve and the
entrance-shaft.

In testimony whereof I have signed my
name to this specification in the presence of
two subscribing witnesses.

FRIEDRICH WILHELM AUGUST YON BORRIES,

Witnesses:

WirnerLM VESPERMANN,
LoursA GRIMPE.
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