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Application filed February 7, 1906, Serial No. 299,894. Renewed February 27, 1911.

7o all whom it may concern:

Be it known that I, WiuLtam J. Wriemr,
residing at Franklin, in the county of Ve-
nango and State of Pennsylvania, have in-
vented certain new and useful Improvements
in Explosive-Engines, of which the follow-
ing is a specification.

My invention relates to certain new and
useful improvements in explosive engines
and 1t more particularly seeks to provide an
engine combining a pair of four cycle en-
gines with a two cycle engine to form a com-
pound engine and includes means for auto-
matically operating the various inlet and ex-
haust valves of the different cylinders at
proper predetermined times, and means for
drawing off the final exhaust to reduce the
pressure within the various cylinders.

In its more detailed nature, my invention

comprises certain novel combination, ar-,

rangement and operation of parts all of
which will be first described in detail and
then be specifically pointed out in the ap-
pended claims, reference being had to the ac-
companying drawings, in which :—

Figure 1, is a side elevation of my inven-
tion complete, parts being broken away to
show interior mechanism.” Fig. 2, is a top
plan view thereof. Fig. 3, is an enlarged
central vertical longitudinal section of the
engine on the line 83—38 of Fig. 2, the parts
being shown in their first position with the
high pressure pistons at the extreme up-
ward position, the one just about to operate
under an exploded charge, the other draw-
ing in working agent, while the low pres-
sure piston is exhausting. Tig. 4, is a dia-
grammatic view showing the position of the
parts after the main drive shaft has rotated
one-third of a revolution from the position
shown in Fig. 3, Fig. 5, is a similar view to
Fig. 4, showing the parts in the position
they assume when the main drive shaft has
turned through two-thirds of a revolution
from the position shown in Fig. 3. Fig. 6,
is an enlarged detail diagrammatic view of
the cam devices for operating the valves,
showing them in the position they are in, in
Fig.4. Tig.7,is a similar view showing the
cams in the position they are in, in Fig. 5.
Tig. 8, is a detail view of one of the valve
operating levers and cams.

Referring now to the accompanying draw-
ings in which like numerals and letters of
reference indicate ‘like parts in all of the
figures, 1 designates the low pressure cylin-
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der which may be water jacketed as at 1* as
shown. Within the low pressure cylinder 1,
the low pressure piston 2 is operable and the
piston 2 is provided with a series of packing
rings 2* and alining internal bosses 2 that
are apertured at 2° to receive a rod 3 on
which the head 42 of the low pressure piston
rod 4 is mounted, the other end of the piston
rod 4 being provided with a bearing 4% to
receive the crank 52 of the main drive shaft
5 which is mounted in suitable bearings
2—062, as shown.

The lower end of the low pressure cylin-
der 1 may be opened, as shown, while the
upper end is closed by a cap 1" suitably
water jacketed at 1°, as shown. The cap 1b
has a pipe section 1¢ and is provided with a
valve seat 1° upon which the main exhaust
valve 7 seats, the valve 7 being provided
with a stem 7¢ that passes through a bearing
T%, as shown, and the valve 7 is normally seat-
ed on its seat 1° by a spring 7* whose tension
may be adjusted by the check nut 7e.

8 designates a lever pivotally mounted at
8* to a suitable support and passing over the
valve stem 7* through the medium of which
lever 8 the main exhaust valve operating
cam 9 operates the valve, and the cam 9 is
mounted upon the valve operating shaft 10,
all of which parts will be more fully referred
to later.

In practice, I preferably connect the main
exhaust pipe 1% with a suitable condenser
and exhaust pump (not shown) to draw off
the exhaust from the low pressure cylinder
1 and create a vacuum therein as the piston
2 is moving on its return stroke to exhaust
the cylinder.

Preferably arranged on each side of the
low pressure cylinder 1 is a pair of high
pressure cylinders 15 and 20 which are suit-
ably water jacketed at 15* and 207, as shown,
and the cylinders 15 and 20 are provided
with working agent inlet ports 17 and 22 re-
spectively which are normally held closed by
valves 17* and 22* respectively, which valves
are held seated by springs 17> and 22* whose
tension may be adjusted by the nuts 17° and
22¢, as shown.

The valves 17> have their stems 17¢ held in
bearings 17° as shown, while the valves 22
likewise have their stems 22¢ held in bear-
ings 22° and the valves 17%—22 are all pre-
cisely of the same construction and the ports
17 and 22 are each connected with a source
of working agent supply, (not shown).
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On the valve operating shaft 10, a pair of
cams 18 and 23 are secured, which cams re-
spectively operate the valves 172, and 227
either directly or through the medium of
levers similarly mounted and arranged to

_ the levers 8. The inlet ports 17, and 22 re-
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spectively are preferably formed in the
heads 15° and 20° of the cylinders 15 and 20,
which close one end of said cylinders, and
which heads are water jacketed as at 15°
and 20° respectively.

In each h2ad 15° and 20° respectively, 1
form exhaust ports 19 and 24, each connect-
ed with the main exhaust port 1* of the low
pressure cylinder 1 and with the condenser
and exhsust pump (not shown). Each of
said exhaust ports 19 and 24, is respectively
controlled Ly valves 19 and 24%, whose rods
19° and 24" are suitably supported in bear-
ings 19¢ and 24° and are normally held seated
by springs 19¢ and 24¢ respectively. The
tension of such springs can be regulated
through the nuts 19° and 24¢, as shown.

The valves 192 and 24* are respectively op-
erated through the medium of cams 25 and
96 respectively, mounted on the shaft 10,
which cams 25 and 26 may directly engage
the valve stems 19 and 24® or may engage
such stems through the medium of levers
similar to the lever 8.

Mounted within the cylinders 15 and 20,
are high pressure pistons 16 and 21 respec-
tively, which pistons are provided with suit-
able packing 21* and 162, as shown, the pis-

tons 16 and 21 being provided with internal

alining lugs 16¢.and 21° which respectively
receive the rods or shafts 16¢ and 21% upon
which the bearings 272282 of the high pres-
sure piston rods 27 and 28 are held. The
piston rods 27 and 28 have bearing heads
27—28° to receive the cranks 5° and 5° re-
spectively, of the drive shaft.

Each high pressure cylinder 15 and 20 is
provided with outlet ports 15%and 20%, which
communicate through valved conduits or lat-
erals 29 and 30 with the inlet ports 1v—1~
respectively of the low pressure cylinder 1.

Each lateral 29 and 30 is respectively pro-
vided with valves 29%—30* which are nor-
mally spring pressed to their seated posi-
tions by springs 29°¢ and 30° that are adjust-
ably held on the valve stems 29* and 30" of
the respective valves 29* and 30* by nuts
29¢ and 304, as shown.

The high and low pressure cylinders of
the drive shaft 5 are suitably supported as
shown, in Fig. 1 and the drive shaft 5 car-
ries the usual fly wheels 5%—5¥, as shown.

To turn the shaft 10, which must rotate in
my present invention, one revolution to
every two revolutions of the drive shaft 5,
I provide the shaft 10 with a bevel gear 10°
which meshes with a bevel gear 31 on a shaft
32 that is mounted in suitable bearings 32°
projected from the cylinder 15, and the rod

1,006,167

or shaft 82 has a worm gear 33 on its lower
end which meshes with a worm wheel 34 on
the drive shaft, the arrangement and pitch
of the worm gear wheel teeth and the worm
teeth being such, that one revolution of the
shaft 5 will impart but one-half revolution
to the shaft 10.

The arrangement of the varieus cams 18,
25, 9, 26 and 23 with respect to one another

.can be best understood by reference to either

of the diagrammatic figures, Figs. 5 and 7.

So far as described, the manner in which
my invention operates, will be best under-
stood by reference to Figs.3,4,5,6 and 7 of
the drawings. Assume the parts to be in the
position shown in Fig. 3, with the high pres-
sure pistons at the upward limit of their
strolke the low pressure piston having passed
through one-third of its stroke, and the
working agent within the high pressure cyl-
inder 15 just having exploded, the valves
172, 192, 242, 29> and 30° being closed and the
valves 7, and 22* open. The high pressure
pistons 16 and 21 operating in unison and
arranged in the same relative position, will
move downwardly, the exploded charge in
the cylinder 15 forcing the piston down-
wardly in the direction of the arrow in Fig.
3, to rotate the shaft 5 in the direction of
the indicating arrow on the shaft. Now
as the high pressure pistons move down-
wardly to rotate the shaft 5, the low pressure
piston will move upwardly to aid in ex-
hausting the low pressure cylinder, the ex-
haust pump and condenser serving princi-
pally to draw out the exhaust and create a
vacuum in the low pressure cylinder which
tends to suck the piston 2 toward the top of
the low pressure cylinder to reduce the space
ahead of the piston. Now as the shaft 5 ro-
tates in the direction of the arrow from the
position shown in Fig. 3 to the position shown
in Fig. 4, namely one-third of a revolution,
the high pressure pistons will be in the posi-
tion shown in full lines in Fig. 4, just ready
to uncover the outlet ports 15% and 20% of the
respective high pressure cylinders 15 and 20,
it being understood that as the exploded
charge in the high pressure cylinder 15
moves piston 16 from the position shown in
Tig. 8, to the position shown in full lines in
Fig. 4, the piston 21 of the other high pres-
sure cylinder will draw in a new charge of
working agent through the port 22 to fill
the cylinder 20, and the piston 21 continues
drawing in a new charge during one-half
revolution of the shaft 5, as will be better
understood presently. Now as soon as the
parts are in the position shown in full lines
in Fig. 4, the exploded charge in the cylin-
der 15 will have reduced in pressure from
the initial pressure at the instant of explo-
sion but will not have reached atmospheric
pressure. As the high pressure piston moves
from the position shown in Fig. 3 to that
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shown in Fig. 4, the low pressure piston will

have completed its upward stroke and be in
the. position shown in full lines in I ig. 4,
it ‘being understood that the low pressure
piston is set one-third behind the high pres-
sure piston for a purpose presently more
clearly understood. “Now as the pistons con-

tinue their movement from the position.

shown in. full lines in Fig. 4, to. that shown
in dotted lines.in Fig. 4, the pistons 16 and
21 will uncover the outlets 15 and 20* of the
respective high pressure cylinders 15 and 20,
thus allowing. the exploded charge from the
cylinder 15 to pass through the lateral 29
into the low pressure cylinder and thus ex-
pend the remainder of its energy in forcing
the low pressure piston 2 down from the po-
sition shown in full lines in Fig. 4 to that
shown in dotted lines in Fig. 4, it being un-
derstood that the new charge drawn into the
high pressure cylinder 20 during its move-
ment will not enter the low pressure cylin-
der for the reason that the pressure in the
low pressure cylinder due to.the partially
exhausted charge it has received from the
high: pressure cylinder is greater than the
pressure of the new working agent within
the high pressure cylinder 20, and hence the
valve:30* will not open. The low pressure
piston is moved by the exhaust charge from
the high pressure cylinder 15, from the po-
sition shown in full lines in Fig. 4 to that
shown in dotted lines in Fig. 4, during the
time. the high pressure pistons are moving
from the position shown in full lines in Fig.
4 to that shown in dotted lines in Fig. 4,
and while the main shaft is moving through
one-sixth of a revolution, The partly ex-
hausted charge from the high pressure cyl-
inder 15 that has passed into the low pres-
sure cylinder continues to exert its force
during another sixth of the rotary move-
ment of the shaft until the high. pressure
pistons have again closed off the ports 15*
and 20~ and the parts are then in the posi-
tion shown in full lines in Fig. 5. It should
be understood that when the parts are in the

- position shown in full lines in Fig. 4, the
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valves 17% 19% 7 and 24* are closed, while
the valve 22* is open, and the valve 22° re-
mains open until piston 21 has reached the
position shown in dotted lines in Fig. 4,
when it is closed. When the parts have
reached the position shown in full lines in
Fig. 5; the piston 21 is compressing the
charge within the high pressure cylinder 20,
both valves 24* and 22= being closed. At the
same time, as soon as the parts reach the
position shown in full lines in Fig. 5, the
cam 26 just begins to open the exhaust valve

19* to allow the charge within the cylinder

15 to be withdrawn to the condenser and
exhaust pump, thus serving to create a vacu-
um in the cylinder 15 and aiding to suck the

‘piston 16 back to the position shown in Fig.

g

'3, which position is. one-third of a revolu-
‘tion of the drive shaft 21 from that shown
/in full lines in Fig. 5 to that shown in dotted
‘lines in Fig. 5. As the parts move from the
_position shown in full lines in Fig. 5, to ex-
‘haust the charge in the cylinder 15, and to
“compress that in the cylinder 20, the valve 7
‘of the low pressure cylinder opens and re-
‘mains open until the piston 2 has again
reached the position shown in full lines in
Fig. 4, namely, during one-half revolution
of the drive shaft. As soon as the parts
reach the position shown in dotted lines in
Fig. 5, the high pressure piston 16 will have
exhausted its cylinder 15 and. the valves 19
will have closed. At the same time, the
piston 21 will have. compressed its charge
~within the cylinder 20, and the low pressure
piston 2 will have moved two-thirds its dis-
tance from the position shown in Fig. 5 to-
ward the position shown in full lines in Fig.
4. As soon as the parts reach the position
shown in dotted lines in Fig. 5, the charge
in the cylinder 20 is exploded and forces the
piston 21 downwardly from the position
shown in dotted lines in Fig. 5 to the posi-
tion shown in full lines in Fig. 5, with the
exception that the position of the piston rods-
of the high pressure cylinders will be that
shown in dotted and dash lines in F ig. 5 in-
stead: of that shown in full lines in Fig. 5,
and the position of the piston rod 4 in the
low pressure cylinder will be that shown in
dot and. dash lines in Fig. 5, while the po-
sition of the piston 2 is that shown in dotted
lines in Fig. 5. Assoon as the high pressure
pistons are moved to uncover the ports 15%
and 20% the exploded charge from the cyl-
inder 20 will be fed into fthe low pressure-
cylinder to force the low pressure piston
downwardly from the position shown in full
lines in Fig. 4, to that shown in dot lines in
Fig. 4, and in this case no charge will pass
from the cylinder 15 into the low pressure
cylinder since this charge has only an. at-
mospheric pressure, while that in the low
pressure cylinder 1 1s at greater than atmos-
pheric pressure.  Thus the charge from the
cylinders 20 will operate the piston 2 in the
same manner as that from cylinder 15 had
previously operated the piston 2, and as the
high pressure pistons move from the posi-
tion indicated by dot and dash lines in IFig.
5, to that indicated by dotted lines in. Fig.
5, the parts will be drawn back to the posi-
tion shown in Fig. 3 and. the operation can
be again continued.

In Figs. 6 and 7 I have shown the posi-
tions of the valve operating cams in full.
lines in the position they will be when the
parts are in the positions shown in full lines
respectively in Figs. 4 and 5, while the
dotted position of the cams corresponds with
the dotted positions shown in Figs. 4 and 5
respectively. The dot and dash position of
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the cams in Figs. 6 and 7 correspond with
the dot and dash positions of the cams in
Figs. 4 and 5, so that their operation can be
more clearly understood.

From the foregoing it will be seen that
the high pressure cylinders are of the four
cycle type, namely an explosion once in
every four movements of the piston, while
the low pressure cylinder operates under the
two cycle type, namely receiving an impulse
once 1n every two movements of the piston.

While I have described my engine as hav-
ing the main exhaust ports of the high and
low pressure cylinders connected through a
condenser to an exhaust pump to create
vacuums in the cylinders 15, 1 and 20 during
their exhausting periods, yet I may use my
engine without such condenser and exhaust
pumps, but in that event the respective pis-
tons will serve to force out the charge ahead
of them through the various exhausts when
opened.

From the foregoing description taken in
connection with the accompanying dravw-
ings, it is thought the complete construc-
tion, operation and many advantages of my
invention will be readily understood by
those skilled in the art to which it apper-
tains. ' '

What I claim, is:— )

1. A gas engine of the character specified,
comprising in- combination with a pair of
high pressure cylinders, of a low pressure
cylinder having valved communication with
ports in the high pressure cylinder, valve
controlled working agent inlet ports for the
high pressure cylinders, valve controlled ex-
haust ports for the high pressure cylinders,
and a single valve controlled exhaust port
for the low pressure cylinder, a drive shaft,
high and low pressure pistons for the re-
spective cylinders operatively connected with
the drive shaft, means for operating the in-
let and exhaust valves at predetermined

times, and a condenser and exhaust pump

connected with the various exhaust ports,
substantially as shown and described.

9. In an engine of the character stated,
the combination with a pair of high pres-
sure cylinders, high pressure piston work-
ing therein, valved controlled inlet and ex-
haust ports therefor, of a low pressure cyl-
inder, a valved exhaust for said low pres-
sure cylinder, valved inlets for said low

pressure cylinder in communication with

piston controlled ports in said high pressure
cylinders, said low pressure piston receiving
the partially spent charge from the high

pressure cylinders to operate against the

low pressure piston during a portion of its
stroke, means for operating said inlet and
exhaust valves of the high pressure cylin-

~ders and said exhaust valve of the low pres-

65

sure cylinder, and means independent of the
high and low pressure piston for evacuating

1,006,167

‘the high and low pressure cylinders at times,

substantially as shown and described.

3. In an engine of the class described, the
combination with a pair of alternately act-
ing high pressure cylinders and their work-
ing pistons, of a low pressure cylinder, a
low pressure piston therefor, a drive shaft,

70

piston rods operatively connecting the high

and low pressure pistons with the drive
shaft, said drive shaft having cranks for
receiving said piston rods, the low pressure
piston crank being set approximately one-
third revolution behind the high pressure
piston cranks, valve laterals connecting the.
outlet ports of the high pressure cylinders
with inlet ports of the low pressure cylinder,
valve controlled exhausts for the high pres-
sure cylinders and a single valve control
exhaust for the low pressure cylinder, valve
controlled working agent inlets for the high
pressure cylinders, and means operated from
the drive shaft for operating said inlet and
exhaust valves at predetermined times, sub-

stantially as shown and described.

4. An engine of the class described, com-
prising the combination with a pair of al-
ternately acting four cycle engines having
valve controlled working agent ports and
valve controlled exhaust ports and piston
controlled outlets, of a two cycle engine,
having valve controlled inlet ports in com-
munication with the outlets of the four cycle
engines, and said two cycle engine having
a single valve controlled exhaust, a single
drive shaft having cranks codperatively
connected with the working pistons of all
of said engines, and means operable from
said shaft for predeterminedly controlling
the working agent inlet valves and the ex-
haust valves of the four cycle engines, and
the exhaust valve of the two cycle engine,
substantially as shown and described.

- 5. An engine of the class described, com-
prising the combination with a pair of four
cycle engines having valve controlled work-
ing agent inlet ports and valve controlled
exhaust ports, and piston controlled outlets,
of a two cycle engine, having valve con-
trolled inlet ports in communication - with
the outlets of the four cycle engines, said
two cycle engine having a valve controlled
exhaust, a single drive shaft having cranks-
cobperatively connected with the working
pistons of all of said engines, means oper-
able from said shaft for predeterminedly
controlling the working agent inlet valves
and the exhaust valves of the four cycle en-
gines, and the exhaust valve of the two cycle
engine, and means codperatively connected
with the exhausts of the four cycle and two
cycle engines for evacuating their cylinders

when the exhaust valves are opened, sub- -

stantially as shown and described.
6. In an engine of the class described, the
combination with a pair of engines operat-
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ing under a certain cycle, of a third engine
operating under a different cycle, inlet ports
for the third engine in communication with
outlets from the first mentioned engines,
said third engine operable by the partially
spent working agent from the first men-
tioned engine, and means for drawing off
the spent charge from the several cylinders
of the several engines when their exhaust
ports are opened, said third engine having
a single exhaust port, substantially as shown
and described..

7. In an engine of the class described, the
combination with a pair of engines, and a
crank shaft, said engines having pistons
similarly connected with the crank shaft and
operable alternately, of a third engine oper-
able by the partially spent charge from the
first mentioned engines, said third engine
having its piston coBperatively connected
with the crank shaft in the position one-
third revolution behind the pistons of the
first mentioned engines, substantially as
shown and described.

8. In an engine, a pair of alternately act-
ing high pressure engines operating under
a certain cycle and a low pressure engine
operating under a different cycle by the
partly spent gases of the high pressure en-

3

gines, and means for drawing in a new
charge in one high pressure engine while
the other high pressure engine and the low
pressure engine is being actuated under an
exploded charge and means independent of
the low pressure and high pressure pistons
for evacuating the low pressure cylinder at
times,

30

35

9. In an engine, a pair of high pressure

cylinders and their pistons and a low
pressure cylinder and its piston, a crank
shaft and connections between the crank
shatft and the pistons of all of said engines,
means for admitting working agent into all
of said engines whereby a new charge will
be drawn into one of the high pressure cyl-
inders while an exploded charge is operat-
ing in the other high pressure cylinder, and
means for admitting the partially spent
charge from the high pressure cylinders al-
ternately into the low pressure cylinder to
actuate the piston thereof and means inde-
pendent of the piston for evacuating the
low pressure cylinder at times.

WILLIAM J. WRIGHT.
Witnesses: -

Arperr E. Dizrerics,
Joun T. ScurorT.

Copies of this patent may be obtained for five cents each, by addressing the “ Commissioner of Patents.
Washington, D. ¢.”
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