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To all whom it may concern:

Be it known that I, WiLriay J. WricHT,
residing at Franklin, in the county of Ve-
nango and State of Pennsylvania, have in-
vented certain new and useful Improve-
ments in Fxplosive-Engines, of which the
following is u specification.

My invention relates to certain new and
useful improvements in explesive engines of
the compound type embodying a pair of
double acting two cycle high pressure en-
gines and a third engine operable by the
partially spent charges from the double act-
ing two cycle engines, and means for con-
necting the several ports of the engines to-
gether so that the pump of one of the
double acting two cycle engines will co-
operate with the working cylinders and
pistons of the opposite double acting two
cycle engine and vice versa.

With other objects in view than have Lere-

‘tofore been specified, the invention com-

prises certain novel construction, operation
and arrangement of parts, all of which will
be first described in detail and then be spe-
cifically pointed out in the appended claims,
reference being bad to the accompanging
drawings, in which, ¥
Figure 1, is a top plan view of my inven-
ticn. TFig. 2, is a vertical longitudinal sec-
tion thereof on the line 2—2 of Fig. 3. Fig.
3, is a vertical cross section on the line 3—3
of Fig. 1, looking in the direction of the
arrow. Fig. 4, is a diagrammatic view of
the engine. Fig. 5, is a detail view of one of
the slide valves for controlling the working
agent feed for the high pressure engines.
Fig. 6, is a section on the line 535 of Fig. 5.
Referring now to the accompanying draw-

‘ings in which like numerals and letters indi-

cate like parts in all of the figures, the high
pressure engines are designated respectively
by 1 and 2, and as each of the high pressure
engines is of the same construction, a de-
tail description of one of such engines will
suffice. » .
Each high pressure engine comprises 4

working cylinder 3 provided with a cooling:

jacket 4 for a purpose presently explaingd.
The cooling jacket 4 is provided with relief
valves § of any approved type, as the same
per se form no part of my present invention.

Each working cylinder of the high pres-
sure engines is provided with a pair of cen-
trally disposed exhausts 6vand-7 serving to
discharge the partially spent mixture from

cylinder.

the ends 8 and 9 respectively of the working

the working cylinder are controlled by the
high pressure piston 10 whose pisten roﬁl&l
passes through a suitable gland or stu b1y
box 12" and conmnects with the pump piston
15, hereinafter again referred to. The high

- pressure cylinder is also provided with a

pair of centrally disposed working agent
inlets 13 and 14 for the ends 8 and 9 re-
spectively of the working cylinder. Each
high pressure engine also includes a pump-
ing cylinder 16 in which the pumping piston
15 operates and the cylinder 16 is in com-
mumication with the closed housing 17 form-
ing a housing for the crank 18 on the drive
shaft 19 to which the pitman rod 20 con-
nects and the pitman rod 20 also connects
with the pump pisten 15, as shown.

Each high pressure cylinder has its inlet
ports 13—14 controlled by a slide valve 21
shown in detgil in Fig. 3, and the valve 21
operates in a suitable valve casing 22, as
shown.

23—24 designate supplemental ports con-
trolled by the valve 21, as shown. The valve
21 bas a pair of ports 25—25 which register
with the ports 23—-24 respectively at times,
and also register with the working agent in-
let ports 27--27 respectively that are in
communication with the sonrce of working
agent supply through the opening 28 in the
valve casing. The valve 21 is also provided
with ports 26 to open communication be-
tween the ports 23 and 13 and the ports 24
and 14 at times.

29 designates a cross pipe which connects
with the port 23 of the valve that controls
the inlet ports of the high pressure engine 1,
connecting so as to communicate at times

.with the chamber 8 of the engine 1 and the

pipe 29 has its other end connected with
the chamber 31 of the pump cylinder 16 f
the ~opposite high pressure engine 2, as
shown. The port 23 of the high pressure
engine 2 connects through a pipe 32 to the
cimber 33 of the pump cylinder 16 of the
high pressure engine 1 as shown, it being
understood that the end 8 of the working
cylinder of the engine 1 is charged hy the
chamber 81 of the pump evlinder 16 of tie
opposite engine 2, while the end 8 of the
engine 2 1s supplied from the chamber 33
of the engine 1, as shown. 34 designates
another cross. pipe which has one end . in
communication with the chamber 33 of the

These exhaust cutlets 6 and 7 of
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pump cylinder 16 of the engine 2 and has its

other end in communieation with the port 24

of the slide valve controlling the engine 1

so that the chamber 9 of the engine 1 1s sup-
s plied from the chamber 33 of the pump of
the engine 2. 35 designates another cross
pipe connecting at one end with the cham-
ber 81 of the pump cylinder 16 of the engine
1 and is connected at its other end through
the port 24 of the slide valve controlling
the engine 2 with the end 9 of the working
cylinder of the engine 2 so that the end 9
of the working cylinder of the engine 2 is
su})plied from the chamber 31 of the pump
cylinder 16 of the engine 1 as shown.

The exhaust ports 6 and 7 of the engines
1 and 2 communicate with a port 36 in the
end 37 of the low pressure cylinder 88, which
is suitably water jacketed at 39, as shown.
The exhavst ports 6 and 7 of the engine 2
communicate with the port 40 of the low
pressure cylinder 38 at the end 41 thereof,
the port 36 opening into one end of the low
pressure cylinder, while the port 40 opens
into the other end of the low pressure cyl-
inder. _—

A low pressure piston 42 operates in the
low pressure cylinder and has its piston rod
43 passing through a suitable stuffing box
44 and connecting with the pitman rod 45
that joins with the crank 46 on the shaft 47
that carries a gear 48 which meshes with a
master gear 49 on the drive shaft 19 of the
engine, the gears 49 and 48 being so ar-
ranged that the shaft 47 will revolve twice
to every one revolution of the shaft 19§.

50—50 designate a pair of exhausts com-
municating with 2ach end of the low pres-
sure cylinder 38 in which outlet valves 51
are connected and these valves 51 discharge
into a common discharge pipe 52 which
enters through the outlet head 53, to at-
mosphere.

In the practical arrangement of my in-
vention, on¢ of the high pressure engines,
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sny the engine 2, is connected one-fourth-

revolution, of the drive shaft in advance of
the other high pressure. engine 1, as shown
diagrammatieally in Fig. 4.

The valve 21 has a pair of elongated ports
96—926 which; during certain positions of
the valve 21 open up communication. be-
" tween the ports 23 and 13 respectively and
between the ports 14 and 21 at other times.
The valve 21 connects with anoperating rod

50

55.

54 that extends toward the drive shaft 19
-and is provided with' a band 55 that passes |

over.a cam 56 on the drive shaft 19, it being
understood that the slide valve 21 of the en-
gine'2 is set one-fourth ahead of that of the
engine 1 to cause the proper co-relative qp-
eration to take place in a manner presently
to be indicated.

-.From the foregoing description, taken in
65 connection with the dic~ wanying draw-

60
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ings it is thought the complete construction
of the invention will‘be readily understood,
and by reference to Figs. 4 and 5 of the
drawings, the operation thereof can be best
explained as follows: Assume the parts
to be in the position shown in Fig. 4, the
pistons 10 just having reached their posi-
tion, and an explosion about to take place
in the chamber 8 of the.high pressure cylin-
der of the engine 1 to move its piston in
the direction of the arrow and an explosion
having already taken place in the chamber
8 of the high pressure cylinder of the piston
9, which is moving its piston 10 in the di-
rection of the arrow. The partially spent
mixture from the chamber 9 of the high
pressure cylinder of the engine 1 has passed
out through the port 7 of the engine 1 into
the chamber 37 of the low pressure cylin-
der 38 and lus moved the piston 42 to the
position indicated in full lines in Fig. 4.
As soon as the shaft 19 has rotated % of a
revolution until the point 60 is on the line
s, the pump 15 of the engine 2 will begin
forcing the charge from the chamber 33 of
the pump of the engine 2 through the pipe
34 and port 14 into the chamberl9 of the
high pressure cylinder of the engine 1 to
take the place of the exploded mixture that .
has passed into the low pressure cylinder, 95
the valve 21 8pening up communication be-
tween the working agent inlet chamber 58
and the port 14 of the engine 1, and the
port 14 of the engine 1 will remain in com-
munication with the chamber 58 until the
shaft 19 has rotated % of a revolution from
the starting position or until the point 60 has
reached theline marked . Just prior to the
time the point 60 reaches the line marlked .
in Fig. 4, the piston 10 in the high pressure
cylinder of the engine 1 will have closed the
ort 7T as well as the port 14 of the engine 1.
Vhile the piston 10 of the engine 1 is muy-
ing from the position shown in full lines in
g, 1, throucr{1 the first quarter of its move-
ment until the point 60 arrives on the line
marked }, the piston 10 of the engine 2
will have completed its stroke in one direc-
Itiol} and the charge from the chamber 83
of the pump of the engine 2 will have been 115
forced into the chamber 9 of the engine 1,
'The..piston 42 of the low pressure engine
will also have completed its movement in
the direction. of the arrow and returm to
the position shown in Fig. 4 moving gn the 120
difection opposite to the direction; of the
arrow in.Fig. 4, the lov pressure piston 42
being moved from its extreme right hand
position back to the position shown th Fig.
4, by the exploded mixture from the;¢ham- 125
ber 8 of the engine 2, which passes through
the ports 6 and 40 into the low pressure
cylinder as seon as the port 6 is opened up
by the piston 10 of the engine 2. Kfiﬁm‘ the
piston 10 of the engine 1 has covered its 130
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ports 7 and 14, then the charge ahead of 1t
will be compressed until the piston has
reached the limit of its stroke in (he diree-
tton of the arrow. As soon as this ocenrs
an explosion takes place in the chamber %
of the engine 1 and the piston 10 of the en-
gine 1 is moved in the direction opposite Lo
the arrow in Fig. 4. Now asswmne the parts
to have moved through § fevolution of the
shaft 19 until the points 60 are on the lines
marked 1, then the piston 10 of the engine
1 will be centrally located in its chamber,
while the piston 10 of the engine 2 will he
at the limit of its stroke in the direction of
the arrow, and the charge from the chamber
33 of the engine 1 will he just about veady
to be forced into the chamber 8§ of the en-
gine 2 to take the place of the exploded
charge which has passed from such cham-
ber S into the chamber 41 of the low pres
sure cvlinder.  As the parts continue their
moveinent throngl 7 of a yevolution of the
chaft 19 from the position shown in Fig. 4,
then the valve 21 of the engine 2 will open
up communication hetween the pipe 32 and
(he end 8 of the bigh pressure eylinder of
the engine 2 and such valve will remain in
a position to permit communication between
the pipe 32 and the port 13 of the engine 2
through one move eighth eevolution of the
shaft 19 or in other words, antil the shaft
19 has rotated 5 revolution from the posi-
tion shown in Fig. 4. or until the point €0
is on the line marked §; avd just prior to
the shaft 19 having completed % of its
revolution, the piston 10 of the engine 2 will
have closed off the port 13 of s cylinder
aned the charge in the chamber 8 of the en-
eine 2 will he eomipressing at the same time
the chirge of the chamber 9 of the engine |
will Lave exploded and be forcing the pis-
ton 10 of the engine 1 in the ddirvection op-
posite to that indieated by the arrow com-
pressing a charge in the chamber 5 of the
engrine 1 ahead of the piston 10, After the
parts have moved 5 of a revolution of the
shaft 19 from_the position shown in Fig, 4,
until the point 60 arrives on the line marked
2. the pmmp piston 15 of the engine 1 will
Legin forcing the new charge from the
chamber 31 of the engine 1 into the chamber
9 of the engine 2 prior to the ports i+ of
the engine ¢ heng elosed by the piston 10 as
just mentioned.  The piston 42 of the low
pressure evlinder on its retnrn movement in
cither diveetion after the piston 10 has cut
off commmnication with the ports 6 and 7,
forees the spent mixture from the chambers
37 and 41 respectively out through the out-
lets 50 and valves 31 and common discharge
3253 to the atmosphere.

The valve 21 is so arranged that commu-
nication is effected between the chamber 58
of the valve in which the working agent is
led from the source of supply, and the ports

8

93— 94 at proper intervals, so that the pump-
ing pistons 15 can draw in new.charges of
working agent into the respective chambers
31 and 33 after they have pumped out the
prior charge into the working cylinder of
the high pressure etigines, as will be clearly
understond by reference to diagrammatic
Fig. 4, and the detail figure, Fig. 5.

From the foregoing, it will be seen that T

first pump a working charge into one end
of the high pressure cylinder of one of the
high pressure engines by the pump con-
nected with the other high pressure engine,
then compress such mixture, then exFlode
the same to operate the piston, then exhaust
said exploded charge into the low pressure
eylinder to expend 1ts residual energy on the
low pressure piston to move the low pressure
piston and then exhaust said spent charge
from the low pressure cylinder to the atmos-
phere, the same cycle of operations’ taking
place at each end of each high pressure cyl-
inder in regular order, as will be clearly un-
derstoad by those skilled in the art to which
this invention appertains.

By reference to the drawings, and particu-
lavly to Figs. 4 and 3, it will be noticed that
the jacket 4 around the high pressure cyl-
inders is divided centrally by a solid'web 65
and each end of the jacket 4 is respectively
in communication with the respective ports
13 and 14 so that when the new charge of
working agent is pumped to the high pres-
sure cylinder it will enter the jacket 4 at
the respective end to which it is pumped and
serve to cool the eylinder, the charge also
entering the working chamber as also clearly
understood by reference to the drawings.

To compensate for any explosions of the
worlking agent within the ju(‘fl{et 4, T provide
relief valve 5, before mentioned.

By the use of my engine, I am enabled to
obtain 16 impulses during two complete rev-
ohiions of the main crank shaft from the
three eylinders, while with the ordinary type
of three eylinder four-cygle engine, as now
on the market, only three impulses are ob-
tanined during two complete revolutions of
the main crank shaft.

When I speak of a “ one stroke cycle” en-
gine, in this specification, I desire it under-
stood that T mean an engine wherein an ex-
plosion occurs at each reciprocation or
stroke of the piston.

From the foregoing description taken in
connection with ‘the accompanying draw-
ings, it is thought the complete construction,
operation and many advantages of my in-
vention will be readily apparent to those
skilled in the art io which 1t appertains.

What T claim is—

{. In an apparatns of the class deseribed,
a pair of double acting two cycle high pres-
sure explosive engines, pumps connected in
tandem with each of said engines, connec-

70

80

85

90

85

100

105

110

115

120

125

130



=

tions between one of said pumps and a

working cylinder of the opposite engine and

vice versa, of a single low pressure engine

operable by the exhaust from the cylinders
5 of each of said high pressure engines, and
means for controlling the admission of
working agent to said engines.

2. A compound internal combustion en-
gine comprising the combination with a pair
of double acting two cycle high pressure en-
gines and their pumps, of a double acting
low pressure engine operable by the exhaust
from the high pressure engines, substan-
tially as shown and described.

3. In an internal combustion engine, two
double acting two cycle high pressure en-
gines, a single double acting low pressure
engine, port connections between said en-
gines, and means for controlling the admis-
sion and exhausting of working agenttosaid
engines to obtain eight impulses during each
revolution of the engine shaft, substantially
as shown and described.

4. A compound engine comprising in com-
bination with a pair of high pressure en-
gines and a pair of pumps one operated by
each high pressure engine, cross connections
between the pump operated by one. high
pressure engine and the working cylinder
of the other high pressure engine and vice
versa, of :a low pressure engine and means
for operating said low pressure engine from
the exhaust charge from the high pressure
engines. - ’

5. In a compound gas engine, the com-
bination with a pair of high pressure en-
gines and their pumps, of a low pressure
engine operable by the exhaust charge of
the high pressure .ngines, and means for
feeding the working agent into the high
pressure cylinders from the pump of the
opposite engines, subs*antially as shown and
described.

6. An engine of the class described, com-
prising in combination with a pair of high
pressure cylinders and their pistons, of a
low pressure cylinder and its piston, a pump
connecting with each high pressure enging,
means for admitting working agent into the
pumps, and means for conveying the work-
ing agent from the pumps to the working
cylinders of the opposite engines, piston
controlled means for feeding the exhaust
from the high pressure cylinders into the
low pressure cylinder to operate the low
pressure piston. -

7. An engine of the class described, com-
prising in combination with a pair of high
pressure cylinders and their pistons, of a-
80 low pressure cylinder and its piston, & pnmp

connecting with each high {)ressnre cylin-

der, means for admitting working agent into
the .pumps, and means for comveying the

-working agent from the pumps te the work-
65 ing cylinders of the opposite engines, pis-
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ton controlled means for feeding the ex-
haust from the high pressure cylinders into
the low pressure eylinder to operate the low
pressure piston, and automatic valve de-
vices for the high pressure cylinders for
controlling the admission of' the working
agent into the high pressure cylinders and
for controlling the admission of working

76

agent into the pumps, substantially  as

shown and described.

8. In an engine of the class described, the
combination with a pair of high pressure
cylinders and their pistons, of a low pres-
sure cylinder and its piston, said high pres-
sure cylinders having piston controlled ex-
hausts in communication with the low pres-
sure cylinder and having valve controlled
inlet ports, a pump connected with each of
said high pressure cylinders, with its piston
connected with the high pressure piston,
means for admitting working agent into said
pump and means for conveying the working
agent from the pump to the valve controlled
inlet %)orts of the high pressure cylinders.

9. In an engine of the class described, the
combination with a pair of high pressure
cylinders and their pistons, of a low pressure
cylinder and its piston, said high pressure
cylinders having piston controiled exhausts
in communication with the low pressure cyl-
inder and having valve controlled inlet
ports, a pump connected with each of said
high pressure cylinders, with its piston con-
nected with the high pressure piston, means
for admitting working agent into said pump 100
and means for conveying the working agent
from the pump to the valve controlled inlet

orts of the high pressure cylinders, and a
Jacket surrounding said high pressure cyl-
mders in ‘communication with the inlet 105
ports thereof to receive a fresh working
agent to cool the cylinders, substantially as
shown and described.

10. In an engine of the class described,
the combination of a pair of high pressure 110
cylinders and their pistons, of a low pressure
cylinder and its piston, said high pressure
cylinders having piston controlled exhausts
in communication with the low pressure cyl-
inder and having valve controlled inlet 115
ports, a pump connected with each of said
high pressure cylinders, with its piston con-
nected with the high pressure piston, means
for admitting working agent intosaid pump
and means for conveying the working agent 120
from the pump to the valve controlled inlet
ports of the high pressure cvlinders, a jacket
surrounding said high pressure cylinders in
communication with the inlet ports thereof:
to veceive the fresh working agent to cool 125
the cylinders and relief valves for said
jackets, substantially a< shown and de-
seribed. , ,

11. Tn an engine of the class described,
the combination with a pair of high pres- 139
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sure cylinders, and a high pressure piston
operable in each of said cylinders, of a low
pressure cylinder, a low pressure piston op-
erable within said low pressure cylinder,
said low pressure cylinder having valve con-
trolled exhausts, said high pressire eylinder
having outlets in communication with inlets
of the high pressure cylinder; means for
opening up communication between the high
pressure cylinder and the low pressure cyl-
inder to admit the exhausted charge from
the high pressure cylinders into the low
pressure cylinder to operate the low pres-
sure piston, and means for admitting work-
ing agent into the high pressure cylinders
to blow out the expanded mixture at times,
aud a crank shaft cobperatively connected
with all of said pistons, substantially as
shown and described.

12. In an engine of the class described,
the combination with a pair of high pressure
cylinders and their pistons, of a low pres-
sure cylinder and its piston, said high pres-
sure cylinders having piston controlled ont-
lets in communication with inlets in the low
pressure cylinder, said low pressure cylin-
der having valve controlled exhausts, of
means for forcing working agent into said
high pressure cylinders to force out the ex-

ploded mixture after the piston controlled

outlets of the high pressure cylinders have
been opened by the high pressure pistons
and the exhausted charge has spent its en-
ergy on the high pressure piston, and a crank
shaft cobperalively connected with all of
said pistons, substantially as shown and de-
seribed.

13. In a gas engine of the class described,
a pair of high pressure cylinders, a paiv of
high pressure pistons operable within said
high pressure cylinders, a low pressure cyl-
inder, a low pressure piston operable within
said low pressure cylinder, a crank shafi
common to both of said high pressure pis-
tons, a crank for operating said low pres-
sure pistons and gear connections letween
said crank shaft and said low pressure pis-
ton crank to reciprocate the iow pressure
piston twice to every one reciprocaiion of
each high pressure piston, means for forcing
working agent into the high pressure eylin-
ders, at times, and means for opening up
communication between the high pressure
cylinders and the low pressure cylinders at
times, substantially as shown and described.

14. In a gas engine of the class described,
a pair of high pressure cylinders, a pair of
high pressure pistons operable within said
high pressure cylinders, a low pressure cyl-
inder, a low pressure piston operable within
sald low pressure cylinder, a .crank shaft
common to both of said high pressure pis-
tons, a crank for operating said low pressure
pistons and gear connections between said

5 crank shaft and said low pressure piston

crank to reciprocate the low pressure piston
twice to every one reciprocation of each high
pressure piston, means for forcing working
agent into the high pressure cylinders at
times, means for opening up communication
between the high pressure cylinders and the
low pressure cylinder at times, and prior to
the admission of a new charge of working
agent to the high pressure cylinders to per-
mit the partially spent charge from the high
pressure cylinders to expend itself on the
low pressure piston substantially as shown
and described.

15. An engine of the class described, com-
prising a pair of high pressure cylinders,
high pressure pistons operable within said
cylinders, a pump cylinder connected in
tandem with each of said pistons, a pump
piston vperable in each of said pump cylin-
ders ami connected in tandem with the re-
spective high pressure pistons,a crank shaft,
a pitman connecting each of said pump pis-
tons to said crank shaft, said high pressure
cylinders having piston controlled exhaust
ports and having inlet ports, one of said
pump cylinders having communication with
the inlet ports of the opposite high pressure
cylinder, and the other pump cylinder hav-
ing ports in communication with the inlet
ports of the other high pressure cylinder,
a valve for each of sald high pressure cyl-

inders, having provisious for controlling the,

communication between the pump and the
high pressure cylinder and having provi-
sions for controlling the communication be-
tween the pumnp and the source of working
agent supply, a low pressure eylinder hav-
ing ports iIn communication with the exhaust
ports of the high pressure cylinders, and
having valve controlled exhaust ports, a low
pressure piston operable in said low pres-
sure cylinder, said low pressure piston being
cobperatively connected with “said drive
shaft, all being arranged substantially as
shown and deseribed.

16. An engine of the class described, com-
prising a pair of high pressure cylinders
having piston controlled exhausts, of a high
pressure piston operable within each of said
high pressure cylinders, of a low pressure
evlinder having inlet ports in communica-
tion with the exhaust ports of the high pres-
sure cylinder, and having valve controlled
exhaust ports, a low pressure piston oper-
able within said low pressure cylinder, said
high pressure cylinders having valve con-
trolled inlet ports, a pump cylinder con-
nected in tandem with each of said high
pressure eylinders, a pump piston in each of
said pump cylinders connected in tandem
with each of said high mressure pistons, one
of said pump cylinders having ports in com-
munication with the inlet ports of the oppo-
site high pressure cylinder and the other
pump cylinder having communication with
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the inlet ports of the other high pressure
c¢ylinder, a working agent inlet for each of
said pumps, a valve for each of said high
pressure cylinders for controlling the ad-
mission of working agent thereto, said valve
being in communicatlon with the source of
working agent supply and having provi-
sions in virtue of which the feed of work-
ing agent to the pump is controlled, a crank

10 shaft, pitman connections between said

1,006,168

erank shaft for each of said pump pistons,
said low pressure piston being codperatively
connected with said crank shaft, all being
arranged substantially as shown and de-
scribed.

WILLIAM J. WRIGHT.
Witnesses:
Auserr E, Digreric,
Joux T. Scugrorr.



