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+ To all whom it may concern:
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Be it known that I, Wiriam J. Wriaur,
residing at Franklin, in the county of
Venango and State of Pennsylvania, have
invented certain new and useful Improve-
ments in Internal-Combustion Engines, of
which the following is a specification.

My invention is a high pressure, high
speed, compound, two cycle engine, and In
its generic nature the invention resides in
an engine wherein the working agent is first
exploded to exercise its force on'a primary
piston in a high pressure cylinder and 1s
then withdrawn from action:on such piston
and re-compressed by a secondary piston in

a low pressure or secondary cylinder, after

which the charge is returned in whole or
part to the primary cylinder to add its

“energy to that of a:second charge in the

primary cylinder that is acting on the high
pressure piston, and also at the time the
high and low pressure cylinders are thrown
into communication to equalize the pressure

in tHe two, whereby the combined charge of

recompressed, primarily exploded working
agent and the newly exploded new charge
will act together on the high and low pres-

" sure pistons to cause them to move in unison

30

35

and add their force together as one.

Again my invention resides in an engine
having a primary or high pressure cylinder
and its piston and an auxiliary, secondary
or low pressure cylinder and ifs piston
which secondary piston operates during a
part of its cycle to evacuate the primary
cylinder to thereby draw in a new charge
of fresh working agent to the primary cyl-

_ inder; during another part of its cycle the

40
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secondary piston operates to recompress the
first exploded charge within the secondary
cylinder which has been drawn_from the
primary cylinder and at a predetermined
time return the recompressed exploded
charge to its starting place in the primary
cylinder to add its energy to that of the sec-
ond new charge in the primary cylinder;
during another part of its cycle the sec-
ondary piston serves to draw both the first
recompressed and preused charge together
with the second exploded charge into the
secondary cylinder and simultaneously re-
charge the primary cylinder with a fresh
charge of working agent; under another
part of its cycle the secondary piston ex-
hausts the first reused charge to atmosphere
at atmospheric pressure.

_More briefly the gist of my invention re-
sides in'a two-cycle compound engine where-

in the working agent is used to act on a pri-

mary piston, after which it is recompressed
by a secondary piston in the secondary cyl-
inder and is returned to the primarycyl-
inder to again act on the primary piston in
conjunction with a freshly used new charge
and simultaneously act on the secondary

piston so both pistons move together during

4 part of their cycle of movement after
which the reused charge is withdrawn from
the primary cylinder into the secondary cyl-
inder and exhausted from the secondary cyl-
inder to atmosphere at atmospheric pres-
sure in a practically smokeless and odorless
condition and fully consumed.

Another object of my invention is to so
manipulate the reuseable charge, which has
been reduced to a lower temperature, in con-
junction with the new charge at a high tem-
perature, to act on the primary piston by
Increasing the volume OF agent within the
zone of action of the piston, so as to lower
the temperature during a portion of the
cycle of operation and continuing the stroke
of the piston at such lower temperature and

increased volume of working agent and thus .

aid in absorbing the heat from the walls of
the primary working cylinder.

Another object of my invention is to pro-
vide an engine of the double acting, two-
cycle, compound type embedying the con-
struction and operation aforesaid.

My invention also resides in those novel
details of construction, combination, opera-
tion and arrangement of parts, which will
be first fully described in detail, then be
specifically pointed out in the appended
claims, reference being had to the accom-
panying drawings in which:

Figure 1, is a side elevation of the double
acting form of my engine. Fig. 2, is an end
elevation thereof. Fig. 8, is a horizontal
section on the line 3—3 of Fig. 2. TFig. 4,
is a cross section on the line 4—4 of Fig. 3,
looking in the direction of the arrow. Fig.
5, is a horizontal section on the line 5—5 of
Fig. 4. Fig. 6, is a horizontal section on the
line 6—6 of Fig. 1. Fig. 7, is a detail verti-
cal section on the line 7—7 of Fig. 8. Fig..
8, is a horizontal section on the line 8—8 of
Fig. 7. Figs. to 9 to 14 inclusive, are dia-
grammatic views hereinafter specifically
referred to. Fig. 15, is a diagrammatic
view of a single acting engine without a
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cross-head. Fig. 16, is a double single act-
ing engine wherein two engines of the type

shown in Fig. 15 are connected to a single

crank shaft and in opposite alinement.
Referring now tothe accompanying.draw-
ings, in which like letters and numerals of
reference indicate like parts in all of the
figures, 1 designates the bed on which the
primary or high pressure cylinder 20 which

has a fresh working agent inlet port 22, is

mounted. Within the cylinder 20 is the
high pressure piston 23 that is secured to
a piston rod 24 which projects through a
gland 18 in the front head 13 and terminates
In-a cross head 25 to which the connecting
rod 26 is pivoted. The rod 26 connects with
the crank 29-of the drive or crank shaft 28.

The primary cylinder 20 is water-jacketed
at 21. The secondary or low pressure cyl-
inder 30 has suitably positioned exhaust
ports 31-—382, and is mounted on the bed 1.
The heads 5 and 13 serve for both cylinders
20—30 and have water-jacket spaces 11—17
respectively. The head 5.houses the valve

6, which controls communication between

the ports 9 and 10 that respectively com-
municate with the ends 7 and 72 of the
cylinders 30 and 20, respectively.
valve 6 has its. stem projected through a
bearing 7 to-engage the trip lever 12.  The
secondary or low pressure piston 33 has its
rod 34 projected through a gland 19 in the

head 13 and joined with & cross head 85 that |
‘connects wit _
necting rod 36, as shown. A valve 14 of |

the crank 27 through a con-

like construction to the valve 6 controls

communication between the port 15 from the |
end 75 of the cylinder 30 and the port 16|
from the end 73 of the cylinder 20, the valve |

14 having its stem arranged to be engaged
by the trip lever 60. The exhaust valve 37

-has a stem 38 that is disposed within a cas-

ing 39, having an outlet pipe 40 to atmos-

phere... The valve 87 is actuated by a cam |
‘46 on a shaft 45 that is mounted in bearings

3—3 and driven. from the crank or drive
shaft 28 by gears 48 and 49. The other ex-

“haust valve 41 is of the same construction

50
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65

as the valve 87 and includes the stem 42,
the casing 43 and an outlet pipe 44, to at-
mosphere. The valve 41 is actuafed by a
cam 47 on the shaft 45. The lever 12 is
pivoted at 50 and is engaged by a cam 51
on the.-shaft 52 that is mounted in bearings
2, and is driven from the crank shaft 28 by

gears 76 and 77. The lever 60, for operat--

ing the valve. 14 is operated by -a cam 53
on 2 shiftable sleeve. 54 that has a collar 55
and is shiftable by a lever 57 and rod 56.

‘The lever 57 is held in its various positions

by a :latch 58 and rack 59. The working
agent: inlet valve 62 is operated by a cam
69 on the shaft 52 which engages the valve
stem 63, and the’ action of the cam 69 on the
stem 63 may be controlled by any suitable

1,050,421

‘ goi’ernor device 61, indicated in Figs. 1 and

3 of the drawings. The valve 62 has a cas-
ing 64 that incloses a gas chamber 66 into -
which the gas pipe 67 leads and which com-
municates with the valve passage by ports 4
68, as shown in detail in Fig. 7. Air is
admitted to the casing 64 through-an air
pipe 65. Fly wheels 70 and 71 are. pro-
vided on the crank: shaft 28 to overcome . -
dead centers and for the usual purposes. - »¢
The foregoing is a general description of "~
the construction of my engine and the valve
actuating: means, it" being understood that
the valves are set tooperate at préedeter-
mined times. - : AR
Definitions of terms hereinafter: used.—
1st. A new charge, 4. ¢.,.a fresh charge of
working agent that has never been exploded.
2nd. An exploded new charge, 7. e, the new.
charge after it has been first ignited or ex-
ploded. 3rd. A primary exploded or pre-
used charge, <. ¢., the exploded new charge
that is to be used a second time in:the high
pressure cylinder to act on its piston and
also to be used in the low pressure cylinder gg
to act on the low pressure piston. 4th. The

80

8

| finally exploded. or exhausted charge, ¢. e.
The |
- second. time and 1its ener,
' and expended. 5th. A fresh charge of com-
. bustible fuel or combustible agent; Z. e,

the pre-used charge after it has been used a
finally used up.

95

- either gaseous or liquid fuel before it has

been used in the engine. 6th. Working

"agent, 4. e., the combined combustible sub-.

)
{

stance and the supporter of combustion. 306
Tth. “An element of the working agent,” 4. e.,
either the combustible substance or the sup-

. porter of combustion. :

Operation of the form shown in Figs; 1o

-1j—Assume the engine to have been run- 105

“operating and assume the

ning for several cycles and all chambers
arts te have

‘reached the position shown in Fig. 9. In

this position, the valves 6, 37 and 41 will be.

~closed and the valve 62 just having closed 110
‘and valve 14 being open.. There will be-a
_pre-used charge in-the chamber 74 and an

‘exhausted charge in the chamber. 75 of:-the

cylinder 30, and at the same time there
will be a compressed néw charge in the 118
chamber 72 of the cylinder 20 and an ex-
panded, exploded charge in the chamber 73,
which, from this time on, becomes a pre-
used charge. The exhausted: charge in the .
chamber 75 is separated from the exploded 120. -

-and expanded charge in the chamber 73°

(both charges being ‘at atmeospheric pres-
sure) by the theoretical parting line 90 in

“Fig. 9.  The compressed new charge in the

chamber 72 in Fig. 9, is just about to be 125
exploded to move the parts from the posi-
tion shown in Fig. 9 to the position shown

‘in Fig. 10. When the parts are in the posi-

tion shown in Fig. 9, the valve 62 just be-
gins to open and it then remains open until 130
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the piston 23 closes the port 22. As the
parts move from the position shown in Fig.
9 to that shown in Fig. 10, the piston 33

" will cause a suction in the chamber 73 be-

10

15

fore the valve 14 closes, and before port 22

becomes closed by the fpiston 23, thus draw-

ing a fresh charge of working agent into
the chamber 738 during the movement from
the position shown in Fig. 9 to the position

shown in Fig. 10., Furthermore, as the parts

arrive at the position shown in Fig. 10, the

vilve 6 opens and permits the compressed
pre-used charge in the chamber 74 1n: Fig.

10 to unite its pressure and heat with that of -

the exploded new charge in chamber 72 in

Fig. 10, and cause both pistons 23 and 33 to-
The parts are'

move together in unison.

- now in the position as shown in Fig. 10. A

20

28

80

86

40

45
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compressed pre-used charge is in the cham-
ber 74 and part of it is in the chamber 72,
it being separated from the active exploded
new charge in chamber 72 by the theoreti-
cal line 91, the valve 6 being open to open
communication ' between the chambers 74
and 72. At the same time there will be an
exhausted charge and a pre-used charge in
the chamber 75 separated from one another
by the theoretical line 90 in Fig. 10. The
valve 41 has just opened; the valve 14 is
closed.. 'While the parts are positioned as
shown in Fig. 10, there will be a fresh new
exploded charge of working agent under-
golng compression in-the chamber 73 in Fig:
10. Now as the parts move from the posi-

tion shown in Fig. 10 into the position-

shown in Fig. 11, the pistons 23 and 33
move together. When the parts have ar-
rived at the position shown in Fig. 11, the
valves 6 and 41 will still be open and ‘the
valves 14 and 87 will still be closed, as will
alse be the valve 62. The pre-used charge

jn chamber 74 and the exploded new charge
in chamber 72 are still exercising their:
combined force on the pistons 33 and 23..

While the parts are in'the position shown
in Fig. 11, the old exhausted charge in
the chamber 75 is being forced through the
valve” 41 to atmosphere. The. pre-used
charge in chamber 75 remains as it was in
Fig. 10. The new charge in chamber 73 is
still undergoing cémpression. Now assume
the parts to have reached the position shown

in Fig. 12, the old exhausted charge will

fill the chamber 74. The pre-used charge in
chamber 75 is being compressed. The valves

87, 41 and 14 are closed, while the valves 6

and 62 are open. The charge of exploded

working agent in chamber 72 will have ex-.
panded to atmospheric pressure. The new

charge in chamber 73 will have become fully

compressed and about ready to explode. .

The piston 33 has commenced to suck in a
fresh charge of working agent into the
chamhber 72 and to draw the exploded ex-
panded charge from the chamber 72 into the

‘

.in unison from right to left in Fig. 13, as

- charge in chamber 72 is being compressed

8

chamber 74. An explosion now occurs in
chamber 73 in' Fig. 12 and the parts move
from the position shown in Fig, 12 to the
position shown in Fig. 13. When the parts
reach the position shown in Fig. 13, the
valves 6, 41 and 62 have closed; the valves
37 and 14 have opened.: At this time there
will bé an old exhausted charge and a pre-
used charge in chamber T4 separated by the
theoretical line 91, and at the same time
there, will be a new unexploded uncom-
pressed. charge in chamber 72 which is

70

% .

“about to be-compressed. At the same time

there will be a compressed pre-used charge
in the chamber 75 which is uniting its force
with the exploded new charge ini chamber 73,
a part of the compressed pre-used charge
in chamber 75 being also contained in cham-
ber 73 in Fig. 13 and separated from the
exploded new charge by the theoretical line
)0, thus chambers 73 and 75 are in com-

unication through the valve 14 and there
are equal pressures in both chambers which
serve to make both pistons 23 and 33 move

80
85

90 -
they leave the position shown in Fig. 13 to
go ‘to the position shown in Fig.'14. In
moving from the position shown in Fig. 13
to the position showniin Fig. 14, the new
95
by. the piston 23, the .exhausted charge in
chamber 74 is passing to atmosphere‘through
the. valve 37. The equalized pressures in
chambers 75 and 78 are forcing the pistons
93—33 in the direction of the arrows in 100
Fig. 14. 'As the parts move from the posi-
tion shown in Fig. 14 back to the position
shown in Fig. 9, the cycle of operation is
complete and further movements of the
parts merely repeat the foregoing opera- 108
tions. By manipulating the lever 57 ‘to
bring the collar 55 into engagement with
the lever 60, the valve 14 may be held
opened at all times, so as to throw the cylin-
der ends 73 and 75 out of operative action 110
so that the engine can work as a single act-
in% two-cycle compound.: engine.

n Fig.'15, I have diagrammatically illus-
trated a modification of my invention where-
in. the engine is a single acting -two-cycle 115
compourid engine without the use of a cross-
head. In Fig. 16, is shown the same engine
shown:in Fig. 15, used as a double opposed
engine, using a common crank shaft and
cranks. - The operation of the engine dis- 120

closed diagrammatically in Figs. 15 and 16,

is precisely the same so far as the cylinder
ends 74, 79, 73 and 75 are concerned, and the
operation of the forms shown in Figs. 15 and
16. will be readily apparent to those skilled 125
in the art to which the invention apper-
tains, by reference to the operation of the
forms shown diagrammatically in Figs. 9 to

14 inclusive. :
Attention is called. to the fact that the 130
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valves 6 and 14 are not opened to admit the
cooler compressed pre-used charge from the
cylinder 30 into the cylinder 20 to unite with
the new charge therein until such new charge
has been compressed by the piston 23 and
burned, in other words, the pre-used charge

s not added to the new charge in the cylin-

der 20 until after such new charge has been
fired to force the piston 23 on its working
stroke. - Therefor fouling of the new unex-
ploded charge is prevented and the full
initial force of the fired new charge is uti-

lized. :

From the foregoing description taken in.

connection with the accompanying drawings,
it is thought the complete construction, op-
eration and advantages of my invention will
be readily understood by those skilled in the
art to which the invention appertains. I
desire to say, however, that I do not wish to
limit. myself to the exact construction and,
mechanical features of my engine, as dis-
closed in the drawings and described herein
as numerous changes in the mechanical con-

struction of the engine can be made without:
departing from the gist of my :invention,.

which, as before stated, resides in any en-
gine wherein the working agent charge is
first exploded and its energy expended on a
piston, after which it is removed and re-
placed by a new charge, which in turn is

exploded and to which 'the formerly used |

* charge is added to be used over again, a sec-

86

ond ‘time, after which, the first exploded
charge, which then becomes the old exhaust-

“ed charge plus the second charge’ that was

40

45

50

53

- 60

85

exploded is withdraw from the first or pri-
mary cylinder, replaced by a. third new
charge, the second charge being then the

reusable or pre-used charge after which the.

old exploded or exhausted charge is removed
to atmosphere while the second charge in
whole or in part is returned to the third new

charge after it has been exploded and so on
ad infin'tum, in other words, my invention

resides in an engine of the type stated in
which the exploded charge is used over
again; in whole or in part, by adding to it a
fresh charge, before exhausting toatmos-
phere. S

What I claim is:— :

1. Tn a two-cycle engine, a primary cylin-
der and.its working piston and a secondary
cylinder and its working piston, a .crank
shaft and connecting rods  between said
crank shaft and said pistons, said crank
shaft having a crank porticn for each con-
necting rod, one of said erank portions being
set in- advance of the other to cause said

pistons to move in definite relation to one

another, a valved exhaust port for said sec-
ondary cylinder, a valved intercommunicat-
ing port between said primary and second-
ary cylinders, and a valved inlet port to said
primary cylinder combined with valve actu-

1,059,421

ating means for'actuating said valves at pre-
determined times to cause said secondary
piston: to act as a pump piston diring a
part of its cycle of operation to draw a
new charge into said primary cylinder and
simultaneously remove an exploded new
charge from said primary cylinder into said
secondary cylinder during a part of the
cycle of movement of said pistons and to
cause said piston to force an exhausted
charge through said exhaust port to atmos-
phere during another part of its cycle of
movement and to cause said secondary pis-
ton to return'a pre-used charge to said pri-
mary cylinder to unite with an exploded
new charge in said primary cylinder during

another part of the cycle of movement of

said pistons, all of said operations taking
part 1 a predetermined order. - ‘
2. In a two-cycle engine, a primary eylin-

der and its working piston, a secondary cyl- -

inder and its working piston, a crank shaft
and connecting rods between said ‘crank
shaft and said pistons, said crank shaft hav-
ing its eranks set to cause said pistons to

70

78

80

85

90

operate one-in advance of the other, port .

connections between' said cylinders, a new -

charge inlet port to said primary cylinder
and an exhausted charge outlet port for said
secondary cylinder, combined with valve de-
vices for controlling said ports and means
for operating said valve devices through
predetermined cycles of operation to cause
sald secondary piston to act as a pump pis-
ton for supplying a charge to said primary
cylinder during one part of its cycle of oper-
ation, and to act as a working piston during
a further part of its eycle of operation and
to act . as an exhaust discharging - piston
during a still further part of its cycle of
operation, :

3. In a two-cycle engine, a. primary cylin-
der and its working piston, and a secondary
cylinder and its piston, a new charge inlet
port for said primary cylinder, an exhaust
port for said secondary cylinder and an

ntercommunicating port between said cyl-

inders, a crank shaft, connections between
said crank shaft and said pistons to codper-
atively move said pistons one in advance of
the other together with means cobperating
with the aforesaid parts for controlling said
ports to cause said secondary piston to act
as a suction pump piston  during one part
of its cycle of operation to supply fuel to
the primary cylinder and to act with the
primary piston as a working piston during
a second part of its cycle of operation, and
to act as an exhaust discharging piston dur-
ing a third part of its cycle of movement,
and to return a predetermined pre-used
charge from the secondary cylinder to the
primary cylinder during a fourth valve part.
of its eycle of movement.- -

4. In an engine of the character stated, a

25

100

195

110

115

120

125

130
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primary cylinder and its working piston, a
secondary cylinder and its piston, a crank

shaft, connecting rods between said pistons

* and said crank shaft, said crank shaft hav-
5 ing its cranks set to cause said pistons to
move one in advance of the other, port con-
nections between said cylinders, means co-
operating with the aforesaid parts to cause
the secondary piston to act as a suction

10 pump piston during one part of its cycle
of operation to supply fuel to the primary
cylinder, and to act as a force pump piston
during a further part of its cycle of opera-
tion to inject a pre-used charge into the pri-

15 mary cylinder. ‘

5. In an engine of the character stated, a
primary cylinder and its working piston, a
secondary cylinder and its piston, a crank
shaft, connecting rods between said pistons

20 and said erank shaft, said crank shaft hav-
ing its cranks set to cause said pistons to
move one in advance of the ‘other, port
connections between: said cylinders, means
codperating with the aforesaid parts to

25 cause the secondary piston: to act as a suc-
tion pump piston during one part of its
cycle of operation; to supply fuel to the pri-
mary cylinder, and to act as a Torce pump
piston during a further part of its cycle of

30 operation to inject a pre-used charge into the
primary cylinder, and to act as a working
piston during a still further part of its cycle
of operation. :

6. In an engine of the character stated, a

35 primary and’a secondary cylinder, a piston
for each of-siid cylinders, a crank shaft hav-
ing cranks set at an angle to one another,
connecting rods between said pistons and
cranks, port connections between:said cylin-

40, ders, an inlet port to the primary cylinder,
and an exhaust port to the secondary cylin-
der, valve devices for said ports, and means
for- actuating said valve devices to codper-
ate with said pistons to cause said secondary

45 piston to act as a suction pump piston dur-
ing one part of its cycle of operation to
supply fuel to the primary cylinder, and to
act as a force pump piston to inject a pre-
used charge into the primary cylinder dur-

50 ing a second part of its cycle of operation,
and to act as a working  piston during a
third part of its cycle of operation, and to
act as an exhausting piston during a fourth
part of its cycle of operation.

85" 7. In a two-cycle engine, a primary eylin-
der and its working piston, and & secondary
cylinder and its working piston, a new
charge inlet port to one of ‘said cylinders
and an exhaust port for the other cylinder

60 g crank shaft and connections between sai

crank shaft and said pistons, said crank’
“shaft having its crank set to cause said pis-

tons to operate one in advance of the other,
“valves for said ports, and a’'valve controlled
65 port connection between said cylinders, to-

‘used charge from the primary cylinder and

' gether with mechanically actuated devices

for operating said valves at predetermined
intervals to cause said secondary piston to
act as a suction pump piston during a part
of its cycle of operation to remove a pre- .,
to supply a new charge in lieu of the pre-
used charge so removed, and to act as a force
pump piston during another part oflits cycle

of operation to return more or less of said 5
pre-used charge into said primary cylinder. ™~

8. In an engine of the character stated, a

primary cylinder and its working piston, a

secondary cylinder and its working piston,

a crank shaft having cranks, connecting rods g4
between said pistons and said cranks, said
cranks being set to cause said pistons to op-
erate one in advance of the other, a mnew
charge inlet port to one of said cylinders and
an exhaust port for the other cylinder, a gg
port connection between said cylinders,
valves for controlling said ports and port
connections, and valve actuating devices co-
operating with said valves and the aforesaid
parts to cause said secondary piston to act g
as a suction pump piston during one part
of its cycle of operation to remove a pre-
used charge from the primary cylinder and
supply a new charge in lieu of the charge so
removed and to act during a second part of g
its cycle of operation as a force pump to

_return more or less of such pre-used charge

into said primary cylinder, and to act dur-
ing a third part of its cycle of operation as
a working piston. ‘

9. In an engine of the character stated, a
primary cylinder and its working piston, a
secondary cylinder and its working piston,
a crank shaft having cranks, connecting rods
between said pistons and said cranks, said
cranks being set to cause said pistons to op-
erate one in advance of the other, a new
charge inlet port to one of said cylinders
and an exhaust port for the other cylinder,
a port connection between said cylinders,
valves for controlling said ports and. port
connections, and valve actuating devices co-
operating with said valves and the aforesaid
parts to cause said secondary piston to act
as a suction pump piston during, one part of
its cycle of operation to remove a pre-u

100
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charge from the primary cylinder and draw

in a new charge 1n lieu of the charge so re.
moved and to act during a second part of
its cycle of operation as a force pump to
return more or less of said pre-used charge
into said primary cylinder and to act dur-
ing a third part of its cycle of operation as
a working piston, and to act during a fourth
part of its cycle of operation,-as an exhaust-
ing piston to remove the exhausted charge
from said cylinders.

10. In a two-cycle engine, a primary cyl-
inder and its working piston and a second-
ary cylinder and its piston, a valved port 130

120

128
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connecting said cylinders together, a valved
working agent inlet port to the primary cyl-

‘inder, and a valved exhaust port for the

secondary cylinder, combined with devices

~having provisions for actuating said valves

and said pistons to cause said secondary pis-
ton to act as a suction pump piston during a
part of its stroke to'draw a new charge into
the primary cylinder, and to cause said sec-
ondary piston to act as a force pump to force
a pre-used charge into said primary gylin-
der during a second part of its cycle of op-
eration, and to cause said secondary piston
to act. during a third part of its cycle of
operation as an exhaustinig pump to deliver
the exhausted charge to atmosphere.
-11.'In a two-cycle engine, a primary cyl-
inder and its working piston.and a second-
ary cylinder and its piston, a valved port
connecting said cylinders together, a valved

working agent inlet port to the primary
cylinder, a valved -exhaust port from the

secondary cylinder, combined with means
for actuating said pistons and said valves
to cause said secondary piston to act as a
suction pump piston during one part of its
cycle of operation to draw a new charge into
the primary cylinder, and to cause said sec-
ondary piston to act as a force pump during
a-second part of its cycle 6f operation to
force a pre-used charge into' the primary
cylinder to add its energy to that within the
primary ¢ylinder, and to cause said second-
ary piston to act as a working piston dur-

-ing a third part of its stroke.

. 12. In a two-cycle engine, a priiary cyl-
inder and its working piston, and a seécond-
ary cylinder and its _piston, a valved port

“connecting said cylinders.together, a valved

working agent inlet port to the primary cyl-
inder, a valved-exhaust port from the sec-
ondary cylinder, combined with devices hav-
ing: provisions for 'actuating said pistons
and said valves to cause said seconday cyl-

inder to act as a suction pump piston dur- |

ing one part of its'cycle of operation to draw
a-new charge of working agent into the
primary cylinder, and to cause said second-

ary cylinder to act as a force pump during.

a second part of its cycle of loperation to
force a pre-used charge into the primary
cylinder to add its energy to that within the
primary cylinder, and to cause said second-
ary piston to act as a working piston during
a third part of its stroke, and to cause said
secondary piston to act during a fourth part
of its cycle of operation as a pump piston to
deliver the exhausted charge to atmosphere.

13. In an_internal combustion engine, a
primary’ cylinder and its piston, a second-

ary cylinder, an intercommunicating port’

between the two cylinders, a working agent
inlet port for the primary cylinder, an ex-
haust port for the secondary cylinder; com-
bined with mechanical devices cobperating

1,059,421 -

with the aforesaid parts and having provi- -

sions for drawing a fired or pre-used charge

from the primary cylinder into the second-
ary cylinder and simultaneously admitting
a new charge into the primary cylinder and
subsequently forcing the withdrawn pre-
used charge in whole or in part, back into
the primary cylinder to unite with the new
charge. :

14. In an internal combustion engine, a
primary cylinder and its piston, a second-

ary cylinder, an intercommunicating port

between the two cylinders, a working agent
inlet. port for the primary cylinder, an ex-
haust port for the secondary cylinder; com-.

bined with mechanical devices codperating

with the aforesaid parts and having provi-
sions for drawing a pre-used charge from
the primary cylinder into the. secondary
cylinder and simultaneously admitting a new.
charge into the primary cylinder and subse-
quently forcing the withdrawn pre-used

. charge in whole or in part back into the pri-
.mary cylinder to unite with the new charge,
- after the new charge has been pre-used.

~15. In an internal combustion engine, 1

primary cylinder and its piston, a second-

ary cylinder and its piston, an intercom-.

“municating port between the said cylinders,
-a new charge inlet port to the primary cyl-

inder, an exhaust port for the secondary cyl-

sions for controlling said ports and control-
ling the operation of said pistons to cause a
pre-used charge to be withdrawn from the

primary cylinder into the secondary cyl-
.inder while a new charge is admitted into
'said primary cylinder to be compressed by

the piston therein, and to cause the with-
drawn charge to be recompressed and re-

turned in whole or in part to said primary:
.cylinder after the new charge has been com-

pressed and before its energy
pended on the primary piston. )
16. In an internal .combustion engine, a

has been: ex-
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‘inder; combined with devices having provi- -
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primary cylinder and its piston, a:second-

‘ary cylinder and its piston, an intercommu-
- nicating port between said cylinders, a new
charge inlet port to the primary cylinder,

an exhaust port from the secondary..cylin-
der; combined with mechanical devices hav-
ing provisions for controlling said ports and
said pistons to cause a pre-used charge to be
withdrawn from the primary cylinder into
the secondary cylinder while a new charge
is admitted into said primary cylinder to
be compressed by the piston therein; and to
cause the withdrawn charge to be- recom-
pressed and returned-in whole or in part to

sald primary cylinder after the new charge

has been compressed and before its energy

has been expended.on’ the primary piston,

and to equalize the pressure in the two cyl-

inders at times to cause both pistions to"

move together as one, said mechanical ‘de-
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vices including means for opening said ex-
haust port at times to pass the exhausted
charge to atmosphere. :

17. In an internal combustion engine, a
primary cylinder and its piston, a second-
ary cylinder and ‘its piston, port connec-
tions between the two cylinders, a new
charge inlet port to one of the cylinders, and

an exhaust port for the other cylinder,

valves for controlling said ports, a crank
shaft, connections between said crank shaft
and said pistons, valve actuating devices co-
operatively connected with said crank shaft
and said yalves and having provisions for
operating said valves at predetermined times
to cause said secondary piston to withdraw
an exploded charge from said primary cyl-
inder into said secondary cylinder and si-
multaneously resupply the primary cylin-
der with a new charge during a part of the
cycle of operation, and to cause said second-
ary piston to recompress the exploded or
pre-used charge in the secondary cylinder

and force it in whole or in part back into the.

primary cylinder after the new charge in
the primary cylinder has been fired and the

primary piston is moving on its working.

stroke. .
18. In an internal combustion engine, a

primary cylinder and its piston, 4 secondary

cylinder and its piston, port connections be-
tween the two cylinders, a new charge inlet
port to one of the cylinders, and an. exhaust
port for the other cylinder, valves for con-
trolling said ports, a crank shatt, connec-

tions between said crank shaft and said pis-

tons, valve actuating devices codperatively
connected with said crank shaft and said
valves and having provisions for operating
said valves at predetermined fimes to cause
said secondary piston to withdraw an ex-
ploded charge from said primary cylinder
into said secondary eylinder and simultane-
ously resupply the primary cjlinder with a
new. charge during a part of the cycle of op-
eration, and to cause said secondary piston
to recompress the  exploded or pre-used
charge in the secondary cylinder and force
it in whole or in part back into the primary
cylinder after the new charge in the pri-
mary cylinder has been fired and the pri-

mary piston is moving on its working

stroke, said valve actuating devices includ-

ing provisions for retaining said port be-
tween said two cylinders open after the re-

compressed pre-used charge is added to the .

exploded new charge in.the primary cylin-
der to.cause an equalization of pressure in
the two cylinders and thereby cause the two
pistons to move together in unison during a
part of their strokes.

19. In an internal combustion engine, a
primary cylinder and its piston, and a sec-

ondary cylinder and its piston, a crank shaft

and. connecting rods between the cranks of

said crank shaft and said pistons, said shaft

having its cranks set to cause its pistons to

move one in advance of the other, intercom-,

municating ports between the ends of said

cylinders, a working agent inlet port for ad-

mitting new charges centrally into the pri-
mary cylinder, a pair of exhaust ports for the
secondary cylinder disposed to communicate
with said secondary cylinder, intermediate
the ends and center thereof, valves for con-

said valves and said pistons at predeter-

mined times to cause sald engine to act as a

double acting engine. and cause said second-
ary piston to withdraw a pre-used charge
from one end of the primary cylinder into
the corresponding end of the secondary cyl-
inder durihg one part of the cycle of opera-
tion of the secondary piston, and simultane-
ously admitting a new charge of working
agent into the evacuated end of the primary
cylinder, said secondary piston serving dur-

7

70

75
trolling said ports, and means for actuating

80

86

ing a second part of its cycle of operation to.

recompress the pre-used charge that was
withdrawn from the primary cylinder into
the secondary cylinder and return it. in
whole or in part to the corresponding end
of .the primary cylinder.

20. In an internal combustion engine, a

‘primary cylinder and its piston, a secondary

cylinder and its-piston, intercommunicating
ports between the ends of said cylinders,
control valves in said intercommunicating
ports, a working agent inlet port for admit-
ting new. charges centrally into the primary
cylinder, a pair of exhaust ports for the sec-

ondary cylinder disposed to communicate -

with said secondary cylinder intermediate
the ends and center thereof, valves for con-.
trolling said exhaust ports, a crank shaft,
connections between said crank shaft and
said pistons to cause said pistons to operate,

valve actuating devices for all of said valves .

cobperatively connected ' with said crank
shaft and having provisions to open and
close said valves at predetermined times.to
cause said engine to act as a double acting
engine throughout its cycle of operation and

to cause said secondary piston to withdraw .

a pre-used charge from: one end of the
primary cylinder into the corresponding end
of the secondary cylinder during one part of
the cycle of operation of said secondary pis-
ton and simultaneously permit a new charge
of working agent to enter through the work-

_ing agent inlet port into the evacuated end

of said primary cylinder, and to cause said
secondary piston during a second part of its
cycle of operation to re-compress the pre-
used charge that was withdrawn from the
primary cylinder into the secondary cyl-
inder and Teturn it in whole or in part to

the corresponding end of the primary cyl-
inder, and to hold said valve of said inter-
communicating; port between said corre- -
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sponding ends of said :cylinders open to

equalize the pressure in said corresponding

‘ends. of said cylinders during a part of the

cycle of operation of said pistons.to cause

said new exploded chaige and said pre-used
charge to simultaneously act on both pis- .

tons and move them in unison. :
21. A compound internal combustion en-
gine including a main and a secondary cyl-
inder and their pistons, a.common: crank
shaft having cranks connected with said
pistons and set to operate one piston in ad-

- vance of the other, one of the-cylinders hav-
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. ing a valve controlled inlet port and the

other having a valve controlled exhaust port
and the eylinders having a valve controlled
intercommunicating port; mechanical de-
vices for opening and closing the respective
valves at predetermined times in the cycle
of operation of the machine to cause the sec-
ondary piston to act as a pump piston: for
supplying a new charge to the primary cyl-
inder and simultaneously drawing a pre-
used charge from the primary cylinder into

the secondary cylinder during one part of

its cycle of operation; then causing said
primary piston to compress said new charge
while said secondary piston forces an ex-
hausted charge to atmosphere, then causing

‘said new charge to be ignited to act on said

primary piston and also cause safd sec-

1,059,421

ondary piston to réturn said pre-used' charge
in whole or in part to said primary &ylinder
to unite with the exploded new charge and
thereby expend its energy also on said sec-
cndary piston to cause it to move on its
working stroke as said primary piston moves
on its working ‘stroke.

22. In an internal combustion engine of
the compound type, the combination of two
separate cylinders and their pistons, a com-
mon crank shaft connecting the rods be-
tween the crank shaft and the pistons, said
cylinders each having suitably controlled
individual and interconnecting ports, all be-
ing arranged to cause a charge of air and
fuel to enter one of said cylinders to be com-
pressed by the piston in said cylinder and
to cause the other piston and cylinder to
assist in charging the first cylinder during a
part of the cycle of operation and for caus-
ing both pistons to act in unison as working
pistons during another part of the cycle of
operation of the engine and for exhausting
a predetermined guantity of the burnt gases
to atmosphere ‘during -another part of the
cycle of operation of the engine.

WM. J. WRIGHT. )
Witnesses:
: Axzsrr E. DigrericH,
Joawx T. SCHROTT.
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