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o all whom 1t may concern:

Be 1t known that I, Hexry BovurHorr, a
citizen of the United States, residing in the
city and county of Denver and State of
Colorado, have invented certain new and
useful Improvements in Compound Engines;
and I do declare the following to be a full,
clear, and exact description of the inven-
tion, such as will enable others skilled 1n the
art to which it appertains to make and use

the same, reference being had to the accom-

panying dmwmﬁs, and to the letters and
fioures of reference marked thereon, which
form a part of this specification.

My invention relates to improvements in

compound engines, my object being to pro-
vide a Slmple and efficient engine of this
type which shall be so constructed that live
steam or motive fluid may, 1f desired, be
fed to the low pressure cylmder simultane-
ously with the exhaust steam or fluid from
the high pressure cylinder.
F"lrthermore my improved construction
1S SO fermOed that both cylinders are in
alinement, the pistons working therein be-
Ing mounted on the same rod, “the arrange-
ment being such that the live steam in the
high-pressure cylinder only acts on the pis-
ton to drive the latter in one direction, while
the movement of the piston rod in the op-
posite direction is accomplished through the
agency of the exhaust steam 1n the low pres-
sure cylinder, either alone or in combina-
tion with live steam admitted through a by-
pass which may 1f desired be placed In com-
munication with the low pressure cylinder
simultaneously with the placing of the lat-
ter in communication with the exhaust from
the high-pressure cylinder.

Ilfwmo' briefly outlined my improved con-
StI‘ﬂCulO]ﬁl I will proceed to describe the same
in detail, ‘reference being made to the accom-
panying dmwmg, in which is illustrated an
embodiment thereof.

In this drawing: Figure 1 is a side view
of my improved engine, _ shown partly in sec-
tion and partly in elevation. Fig. 2 1s a
horizontal section taken on the line 2—2,
Fig. 1, looking downwardly, the parts bemff
shown on a larger scale. KFig. 3 1s a sec-
tlonal view of the steam chest similar to
Fig. 2, but showing the slide valve in a dif-
ferent relative position. Fig. 4 1s a similar
view showing the slide valye in still another
position. i 1g. 5 is a vertical cross section

{aken on the line 5—b, Fig. 4. Figs. 6, T

- and 8 are an end elevation, plan view and

underneath view, respectwely, ol the slide
valve shown in detail. I 1o, 9 1s a section
taken through the steam chest on the line
9—9, Figs. 10 and 11. Ifig. 10 is a section
taken on the . 1ne 10—10, I‘1o 9. If1g. 11 1s
2 side view of the steam chest with the de-
tachable plate removed. This would be a
view looking in the direction of arrow 11,
Fig. 10.

The same reference characters indicate
the same parts 1n all the views.

Let the numeral 5 designate the high-
pressure cylinder and 6 the low-pressure
cylinder, the two cylinders having their
axes 1n alinement. The high - pressure or
smaller cylinder 1s provided with an ex-
teriorly projecting flange 7 formed on the
cylinder 5, and secured to the flange 8 on the
cylinder 6 by means of screws 9 or other
suitable fastening devices. The shell of the
cylinder 6 overlaps and partly incloses that
of the cylinder 5, leaving an annular space
10 between the overlapping portions of the
two cylinders, the latter being spaced within
this annular chamber by means of lugs 12

Tormed on the shell of the smaller cylinder.

The annular space 10 ig 1n communication
with the chamber 13 of the cylinder 6 and
also 1in communication with an exhaust port
14 and a drain port 15. The chamber 13 of
the cylinder 6 is 1n communication with the

chamber 16 of the cylinder 5, the space be-

tween the pistons of these two cylinders be-
ing always in communication with the ex-
haust port 14. The piston rod 17, 1s con-
nected with a cross head 18, the latter actu-
ating a pitman 19 connected with the engine
shaft 20 in the usual or any suitable manner.
The piston rod 17 passes through a stuiling
box 21 with which the head 22 of the low-
pressure cylinder is equipped. Within the
cylinder 6, the rod 17 is connected to a pis-
ton 23 which fits closely within its chamber
13 and 1s secured to said rod by means of a
shoulder 24 on one side and a nut 25 on the
other side. Beyond the piston 23, the pis-
ton rod is extended, being somewhat reduced
in size, as indicated at 26. The forward ex-
tremity of the piston rod 1s connected to a
piston 27 which fits closely within the cham-
ber 16 of the cylinder 5. When the engine
1S 1n opemtlon the live steam entering “the
cylinder 5 forward of the piston, moves the
latter toward the rear, while the exhaust
steam from the cylmder 5 enters the cham-
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ber of the cylinder 6 in the rear of the piston
28 and drives the same forwardly, either
alone or in conjunction with motive fluid, si-
multaneously admitted Irom the steam
chest, as heremafter more fully explained.
Let the numeral 28 designate the steam
chest, having a stulling box 29 at one ex-
tre mm thr mwh which a stem 30 passes, the
Inner extremlty of the stem being connected
with a shide 31 for controlling the ports 32,
33 and 34, formed in the bottom of the steam
chest or the side located directly opposite
the plate 85. In the special construction
shown 1n the drawing, the steam chest is
mounted on one side of the shell of the cyl-
inder 6. The shell of the cylinder forms one
of the walls of the steam chest, and the slide
valve 1s reciprocated thereon. The port 32
commnnicates with a passage 36 leading
from the steam chest to the forward ex-
tremity of the cylinder 5; while the port 33
communicates with a passage 37 leading

~from the steam chest to the rear extremily

oi the cylinder 6. The port 34 1s the exhaust
port and leads to the annular space between
the two cylinders. The ports 32 and 33,
while they have the same volume as the pas-
sages with which they connect, are flattened
out or made narrower 1n order that the
opening or closing of the said ports by the
action of the slide valve may be accom-
plished more quickly or by a less movement
of the wvalve, than were the ports wider.
This 1s believed to be an advantage 1n a con-
struction of this character, since the more
quicl
completely closed,

where the necosmtv for

opening and closing exists, the more positive

will be the results obt%med

In order that some live steam may be ad-
mitted to the cylinder 6 in the rear of the
piston, simultaneously with the admission
of the exhaust from the cylinder 5, to effect
the proper degree of pressure 1n the lar oer

cylinder, I have provided the steam chest
with a sort of by-pass 38, one extremity 39
of which 1s always open to the steam chest,
and the slide valve 1s provided with an ex-
tension 40 having a recess 41 In communica-
tion with the chamber 42 of the valve. As
heretofore stated, the extremity 39 of this
by-pass 1s mlxmys open or in communication
with the steam of the chest, while 1ts oppo-
site extremity 43 is so located that when the
slide valve 1s in such position (see [1g. 2)
that 1ts chamber 42 1s In communication
with both ports 32 and 33, the recess 41 1s 1n
communication with the port 43 of the by-
pass, thus allowing the steam from the chest
to 111ingle_ with the exhaust steam from the
cylinder 5 and pass through to the cylinder
6 1in the rear of its piston 93. This by-pass

- 38 may, 1f desired, be closed against the pas-

65

sage of live steam through the mstrumens-
tality of a valve screw 44 which is threaded

kly the ports are thrown wide open or.

099,432

into the top of the steam chest and capable
of sufficient movement to either open or close
the by-pass which the valve screw is ar-
anged to intersect and completely or par-
tially close, as may be desired, for the pur-
pose of regulating the passage of the live
motive fluid to the chamber of the cylinder.

When the engine is in use, the steam or
live motive fluid enters the steam chest
through a pipe 45, and 1f we assume that
the slide valve 1s 1n the position shown 1n

Fig. 4, that 1s to say, whereby the port 32

70

79

of the passage 36 is uncovered or placed in

communication with the steam or live fluid,
the said fluid passes to the forward ex-
tremity of the cylinder 5 and acting upon
the piston 27 drives the latter rearwardly.
This live steam continues to act upon the
sald piston until it has reached any desired
position 1n its rearward travel. The action
of the slide valve may be arranged to cut oft
the live steam from the cy]mdel 5 at any
desired point.

Assuming now that the piston 27 has
reached a point in 1ts rearward travel suili-
ciently advanced to require that the Ilive
steam be cut off from the cylinder 5, the
slide valve will move toward the right (see
IF1g. 3) sufficiently to cover the port 32 and
1t may be assumed that this port remains
covered to allow the live steam to complete
the rearward stroke of the piston 27 by ex-
pansion, after which the continued move-
ment: of the slide valve toward the right,
(see I'ig. 2), places the two ports 32 and 33
in communication thr ough the chamber 42
of the shde valve, and the exhaust fr om the
cylinder 5 forward of the piston 27 flows
through the passage 36, shde valve chamber
42 and the passage 37 entemnﬁ' the chamber
6 1n the rear of the piston 93." At the same
time, the recess 40 of the slide valve register-
Ing with the port 43 of the by-pass 48 (see
I‘los 9 and 10), and the lIive fluid ﬂows
throuo*h said by-pass into the recess 40, and
thence into the chamber
valve, passing thence with the exhaust flud
throunh the passage 87 to the cylinder 6 in
the rear of the piston 23. As the pmton 23
1s of greater area than the piston 27, the
fluid acting on the plston 23 will move both
pistons forwardly, and force the motive fluid
from forward of the piston 27, through pas-
sages 36 and 37, to the rear of the platon 23,
and when the forward stroke is completed,
the slide valve will be shifted toward the
lett (see If1g. 4) sulliciently to cause the
chamber 42 of the slide valve to register
with the twe ports 33 and 34, the la
ing the exhaust port, whereby the motive
fluid 1n the rear eof the piston 23

ber of the slide valve and the exhaust port
of the annular S])‘ICC 10 between the eyhn—
ders 5 and 6, and thence through the exhaust -

tter be-

1s allowed
to exhaust through the passage 37, the cham-

30

39

90

95

100

105

110

492 of the slide |

115

120

125



10

15

I
o

30

30

40

45

o ()

oo

60

65

099,432

port 14. At the same time the port 32 1is
uncovered and the Iive fluid flows from the
valve chest through the passage 36 to the
cylinder 5 forward of the piston 27, and the
latter, together with the piston 23 and the
stem 17, are driven again toward the rear
and the operation heretofore described 1s
repeated. The live motive fluid introduced
to the rear of the piston 23 serves to increase
the efficiency of the propelling power oi the
engine, due to the additional pressure on the
piston 23 afforded by the live motive fluid.
This live motive flid compensates for any
leakage or condensation of the fluid prima-
rily introduced forward of the pisten 27.

A suitable governor mechanism BB con-

striicted to be operated by the engine in any

suitable manner, is provided for controlling
or regulating the exhaust port 14, whereby
when the speed of the engine 1s accelerated
the exhaust port 14, is regulated to retard
the exit of the exhaust from between the
two pistons 23 and 27, thus causing the
same to be confined between the two pistons
and form a fluid cushion to be acted upon by
the forward travel of the larger piston to
retard the speed of the engine. As the cyl-
inder 5 is smaller in area than the cylinder
5, only a portion of the fluid will follow the

piston 27 into the cylinder 5, while the re-

mainder of the fluid will be compressed 1n
the annular space 10 and the cylinder 6 to
form a fluid cushion for the piston 23.

Tt will be understood that 1f it 1s not de-
sired to utilize the live motive fluid 1n con-
junction with the exhaust 1n the low pres-
sure cylinder. the valve screw 44 may be ad-
justed to close the by-pass, In which event
when the exhaust fluid from the high pres-
sure cylinder will be utilized in the low pres-
sure cylinder.

As heretofore explained, the efliciency of
the operation of the engine when the fluid 1s
acting on the piston of the low pressure cyl-
inder, depends upon the difference 1n area
between the faces of the two pistons 23
and 27.

Having thus described my Invention,
what I claim 1s:

1. In an engine, the combination of two
cylinders, of unequal diameter, arranged in
alinement and in communication with each
other, pistons fitted in the respective cylin-
der members, a common rod upon which
both pistons are mounted, a motive finid
chest and slide valve mechanism, the chest

and cylinders having ports and passages -

for delivering live motive fluid to the for-
ward extremity of the smaller cylinder and
allowing it to pass to the rear extremity of
the larger or low pressure cylinder, the
chest also having a passage controlled by
the slide valve mechanism for introducing
live motive fluid with the motive fluid pass-
ing from the smaller cylinder into the

3

larger extremity of each cylinder, and an-
other passage controlled by the slide valve
for allowing motive fluid to pass between
the two pistons from the larger cylinder,
the exhaust taking place from between the
two pistons, and means governed by the
speed of the engine for controlling the ex-
haust from betweeun the two pistons.

2. In an engine, the combination of two
cylinders of unequal diameter, arranged in
alinement and in communication with each
other, pistons fitted in the respective cyl-
inder members, a common rod upon which
both pistons are mounted, a motive fluid
chest and slide valve mechanism, the chest
and cylinders having ports and passages for

delivering live motive fluid to the forward

extremity of the smaller cylinder and al-
lowing it to pass to the rear extremity of the
larger or low pressure cylinder, the chest
also having a passage controlled by the
valve mechanism for simultaneously intro-
ducing live motive fluid with the motive
fluid passing into tne larger cylinder, and
another passage controlled by the slide
valve for allowing the motive fluid to pass
between the pistons from the other cylin-
der, the exhaust to the atmosphere taking
place from between the two pistons, and
means governed by the speed of the engine
for controlling the exhaust. '

3. A compound engine, comprising high
and low pressure cylinder members 1n axial
alinement and in communication with each
other, pistons fitted in the respective cylin-
ders, the exhaust to the atmosphere taking
place from between the two pistons, and
means governed by the speed of the engine
for controlling the exhaust from between
the two pistons, a rod upon which both the
pistons are mounted, the pistons being so
arranged that they simultaneously occupy
corresponding positions in the two cylinder
members, a motive fluid chest and slide
valve mechanism therein, the chest and cyl-
inders having ports and passages controlled
by the slide valve mechanism, for admitting
live motive fluid into the forward extremity
of the high pressure cylinder and simul-
tanecusly exhausting fluid from the Jow-
pressure cylinder, between the pistons, and
for conducting the exhaust from the for-
ward extremity of the high pressure cylin-
der to the rear extremity of the low pressure
cylinder, substantially as described.

4. In a motive filuid actuated engine, the
combination of two cylinder members of
different diameters arranged in axial aline-
ment, the rear extremity of one cylinder be-
ing in communication with the forward ex-
tremity of the other cylinder, pistons fitted
in the respective cylinders, a rod upon
which both pistons are mounted, a motive
fluid chest having ports in communication
with passages leading to the forward ex-
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tremity of one cylinder and to the rear ex-
tremity of the other cylinder, and a third
port for exhaust purposes, communicating
with a passage leading to the chamber of
the cylinders between the two pistons, and a
slide valve located 1n the motive fluad chest
and operable to uncover the port in commu-
nication with the passage leading to the
torward extremity of one cylinder, at the
same time that the port communicating with
the rear extremity of the other cylinder 1s
placed 1n communication with the exhaust
port through the slide valve chamber, the
slide valve beino also operable to close the
exhaust port snnult%neously with the plac-
ing of the other two ports in communica-
tion with each other through the shide valve
chamber to allow the exhaust to pass from
the forward extremity of the high pressure
cylinder to the rear extremity of the low
pressure cylinder, the exhaust taking place
to the atmosphere from between the two
pistons, and means governed by the speed
of the engine for controllmcr the exhaust
from between the pistons.

5. A compound engine comprising a high-
pressure cylinder, a Tow pressure cylinder,

the rear extremity of one cylinder being i in |

communication with the forward e‘itremltv
of the other cylinder and also constantly in
communication with the exhaust, a steam

099,432

chest having a port in communication with

the forward extremity of the high pressure
cylinder, another port in comnmmcatlon
with the rear extremity of the low pressure
cylinder, a third port for exhaust purposes,
a by-pass having two ports, and a slide
valve adapted to be manipulated to open the
port communicating with the forward ex-
tremities of the high pressure cylinder

simultaneously with the placing of the low

pressure cylinder port in communication
with the exhaust port through the slide
valve chamber, the slide valve also being
operable to place the high pressure cylinder
port, the low pressure cylmder port and one

port of the by-pass in communication with

one another through the chamber of the
slide valve, simultfmeously with the closing
of the exhaust port, the exhaust port be'ng
in communication with the interior of the
two cylinders, between the two pistons, and
mMeans oovemed by the speed of the engine
for controllmo the exhaust from between
the two p1st0ns
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In testimony whereof I affix my swnature .

In presence of two witnesses. _
HENRY BOLTHOIE.

Witnesses:
Horrense UnLRICH,
KErizaseray BowEeN.

Copies of this paitent may be obtained for five ecents each, by addressing the * Commissioner of Patents,
Washington, D. C.”
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