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UNITED STATES PATENT OFFICE.

DONN IRVING TWITCHELL, OF NEW YORK, N. Y., ASSIGNOR TO GEORGE H. BENJAMIN,
OF NEW YORK, N. Y.

TWO-CYCLE INTERNAL-COMBUSTION ENGINE.

981,331.

Specification of Letters Patent.

Patented Jan. 10, 1911.

Applicatibn filed August 10, 1905. Serial No. 273,578.

To all whom it may concern: S
Be it known that I, Donw Irvine TwircH-
ELL, & citizen of the United States, and a

resident of New York city, in the county of

.5 New York and State of New York, have in-

vented certain new and useful Improvements
in Two-Cycle Internal-Combustion Engines,
of which-the following is a specification.

My invention relates to internal combus-
tion engines of the two-cycle type; in which
a number of similar engines are placed along-
side each other, and having their pistons
connected to a common crank shaft. '

The object. of the invention is to provide
a means whereby the full opening of the in-
let ports can be delayed until after each of
the pistons has reached the end of its work-
ing stroke, and the ‘exhaust port has been
opened ; and to provide a means for supply-
ing pressure for introducing the new charge.

A" further object is to avoid the use of
ralves for opening the inlet ports. -This is
accomplished by the movement of the pis-
tons themselves, each .piston serving to open
the inlet ports of an adjacent engine.

In the accompanying drawings Figure 1,

is a side elevation of a sevies of five upright

_ two-cycle engines, embodying my invention.

Fig. 2 is a sectional plan view on the line
99 of Fig. 1. TFig. 3 is a vertical longitu-
dinal section oii the line 3—3 of Fig. 2. Fig.
4'is a perspective view in diagram of the
crank shaft. Fig. 5 is a vertical longitu-

- dinal section cn the line 55 of Fig. 7. Fig.

35

6 is a sectional-end elevation on the line
6—6 of Fig. 8. TFig. 7 is a sectional eleva-
tion on the line 7—7. of Fig. 3. Fig. 8isa

. detail seetional view on the line 8—8 of Fig.

140

7. Tig. 9 is a diagram representing the five
cranks of the crank shaft. Fig. 10 is a side

alevation of a modification of my invention,
showing = series of six upright two-cycle en-

oines. Fig. L1 is a sectional elevation of a

" modification in the construction of one of

45

50

the series of engines. Iig. 12 is a sectional

“elevation on the line 12—12 of Fig. 10. Fig.
"13 is-a diagram representing a crank shaft
-having six cranks.
‘representing seven cranks.

Tig. 14 is a similar view

Referring to Figs. 1 to 9, five similar en-
gines A, B, C, D-and E aré placed alongside
each other, each haviag-confmunication with

some other through supply pipes a, b, ¢, &
and e. Said supply pipes are opened for
each engine by movement of the piston of
some other engine, in such a manner that

supply for each engine comes from some

other engine. . :

The pistons of each engine are connected
to cranks 1, 2, 3, 4 and 5 on crank shaft 6,
and the cranks have such a relation to each
other, as to cause the pistons to have play
with reference to each other and to the sup-

ply pipes a, b, ¢, d, and e, to produce the .

result above referred to. Crank shaft 6 ro-
tates in bearings 7 mounted in a casing 8.

A fly wheel 9 is secured to shaft 6, and -

upon the fly wheel are studs 10 on which are
pivoted beli-crank levers 11. The long arm
of the bell-cranks extends concentric with
the studs 10 through an arc of the fly wheel

and has a weight 12 upon its outer end, and.

a spring 13 is connected to the long arm of
the bell crank and to the fly wheel, which
acts to keep the weight concentric with stud
10. As the fly wheel revolves, weight 12
swings outward causing the short arm of the
bell crank to turn the collar 14 which has
an eccentric forming part of it, upon which
is a strap 15 pivoted at 16 to the plunger 17
of the water circulating pump 18. - Con-
nected at 16 is an arm 19 adjustably secured
to a vertical rod 20 riding in a guide 21.
Upon the upper end of the rod 20 1s pivoted

an arm 22 which swings horizontally and is

held by means of a spring 23 in line with an

arm 24 which is held horizontal by means of
a spring 25. Arm 24 is secured to a Tori-
zontal shaft 26 which extends into engine A
and upon the inner end is secured an arm
adapted to make electric contact with.a ter-
minal 27, which, when broken, produces an
electric spark for igniting the charge.
Terminal 27 extends vertically out from the
cylinder through the. insulation 28 and is
provided with means for making connection
with an-electric battery (not shown), the
other terminal of the battery being ‘con-
nected to the engine and passing through
shaft 26. - As no invention is claimed in the
igniting ‘device, a lengthy description is not
considered necessary. )
“When the piston of engine A moves up-
ward; eccentric collar 14 moves rod 20 ‘dnd
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" pivoted arm 22 downward, so that, when the

. piston has

10

reached its uppermost position,
electric contact will be made and broken and
the charge ignited. o
Forming part of eccentric collar 14 is a
cam disk 29 provided with a groove concen- -
tric through four-fifths of a circle, the re-

- maining one-fifth having a cam 30. Riding

in the groove of cam disk 29 are four rollers
33 and 34, attached to four arms 35,

31, 32,
36, 37 and 38 secured to four shafts 39, 40,

* 41 'and 42.to which are secured four arms 43,
44,45 and 46 connected to four vertical rods
. 47, 48, 49 and 50, which operate the arm 24

‘15

of igniters for engines B, C, D and E. The
four rollers 31, 32, 33 and 34 are so placed

~ that the cam 30 shall act upon one of ‘the

20

25

30

35

‘rollers, and thus-ignite a charge for every

fifth. of a revolution; there being one-fifth
during which no_roller will be acted upon
by the cam 30. It is at this time that the
eccentric collar 14 causes the igniter of en-
gine A to ignite its charge. When eccentric
collar 14 and cam disk 29 are turned on the

_shaft by movement of weighted bell crank

11, the time when the ignition takes place

- will be charged correspondingly for all the

eng'ines. . : :
Cranks 1, 2, 3, 4 and 5 extend radially
from the crank shaft 6, at five equal dis-
tances apart as shown by diagram in Figs.
4 and 9, so that if the crank of engine A
occupies the position shown in Figs. 3 and
4, the shaft rotating in the direction indi-
cated by the arrow, crank 2 of.engine B
will be one-fifth of a circle in the rear of
crank 1 of engine A, crank 3 of C will be

.. one-fifth in rear of crank 2 of B, crank 4 of-

40

D, one-fifth in rear of crank 3 of C, crankb
of B one-fifth in rear of crank 4 of D, and
crank 1 of A one-fifth in rear of crank 5 of
E. Cranks 1, 2,3, 4 and 5 are respectively,

. connected by means of pitmen 51 to pistons

45

52 of engines A, B, C, D, and E.
All of the. engines being constructed alike,

" a description of one will answer for all.

50

55

At the end of the up or return stroke,-
piston 52 opens a supply port 53 into a
chamber 54 beneath the piston; port 53 be-
ing closed and the charge compressed by the
down. or working stroke of the piston. A
duct 55 connects chamber 54 with a port 56-

which is opened by means of a passage 57|
~ formed in piston 52 to a port 58 which is

connected to one end of a supply pipe @, 0, ¢,

~ dy or e, the other énd of said supply pipe be-

“ing connected- to inlet port 59 of combustion

_ chamber 60 of some other engine.

60

65

"The engine operates as two-cycle engines
are usually operated. Upward movement
of piston 52 compresses the charge which be-

ing ignited by the igniting device described,

forces the piston downward; exhaust port

61.and inlet port 59 are opened by the piston
at the end of its downward movement, and .

A spring’

.ing collar endwise,

981,351

the supply, entering ‘through . port 59 and

striking deflector 62 is:forced upward, dis-.-

placing’ the
out through exhaust port.61, into maip ex--
haust pipe 6. . -, P
. The fuel is supplied by a carbureter - of
any suitable design; that shown has-a gaso-

burned gases. which are forced

70

lene supply valve 64 controlled by a float 65,

outlet for the gasolene being regulated by
the needle valve 66.- The gasolene eénters an
air passage 67 having an air inlet ¢ontrolled
by a valve 68 and an outlet for the niixture
controlled by a throttle valve 69. The mix-

ture enters a pipe 70, which is in communi-

cation with the inlet ports 53 of each of the.

compressirg chambers 54 of the five engines,
Throttle valve 69 is connected by means

5

80

of a rod 71 to a throttle lever 72, one end of

which can be moved by the operator and
Jocked by the device 78, so as to admit any
desived amount of mixture to the engines.
Lever 72 has a pin 74 which rides'in a guide
75. . The .other end of the lever 72 is forked
and provided with rollers 76, which ride in
a grooved collar 77, mounted on the crank
haft 6 and held from turning by means of
a spline 78. . Collar 77 is provided with in-
clined teeth 79 which fit against correspond-
ing teeth 80 formed om eceenitric collar 14.
81 between a collar 82.fixed to the
shaft and collar 77; serves to keep-teeth 79
against teeth 80 and also by. means of groove

in collar 77 to hold one end of throttle lever -

72 in place. - When’ gccentric collar 14 is

turned by the action of weighted bell cranks.

11, inclined teeth 80 taking against-inclined ..

85

90

95

100

teeth 79 on sliding collar 77, movethe slid- -

and by means. of the
groove formed on the collar,
of lever 72, the other-end of the lever hing-.
ing on the locking device 73. Such move-
ment of lever 72 acts on rod 71 to close throt-
tle  valve 69, and thus feduce the supply.

When the operator moves one end of lever -
%79, the other end hinges on rollers 76 which

ride in the grooved sliding collar 77.
The operation is as follows —With  the
pistons 52 occupying the positions shown in
the ‘drawings, piston of engine A has reached
the end of its working stroke, exhaust port
61 is open.to exhaust. pipe 63, inlet port 59
is ‘also open to-supply pipe:a, port 58 of
which in engine B 1 nearly.closed by piston

52 of engine B, further" downward - move-

ment of piston of engine B. will - fully .open’

formed in. the piston, and the compressed
charge beneath the piston of engine B, will

theit pass through duct 55, port .56 passage
57, port 58, supply pipe a, and-inlét-port 59,

into -combustion chamber 60 of engine. A

move one end . .

105

110

115

120

“port 58 to pert 56 by medns of passage. 57

“125

before the upward .or refurn movement of

piston of engine: A has cut off its: exhaust -

port 61, and inlet port 59.

In the drawings, port 58 of.engine B.ds.
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shown slightly open, when the piston of en-
gine A is on a line with the ‘dead center,
for the reason that while the crank 1 is
crossing the dead center, there is a wide

margin between just before and just after; |

in which very Iittle, if any, movement of
the piston occurs. It will be seen that: the
piston in engine A practically reaches the
end of its reciprocating movement before
the crank 1 reaches the dead center and that
considerable movement of the cranks 1 and
2 will take place after the piston in engine
A practically reaches ihe end of its move-
ment. The piston in engine B connected
to crank 2, will, however, be moving rap-
idly during this trifling movement of the
piston in engine A, so that the slight open-
mg of port 58, shown in the drawing cor-
responds with the position of the pistens
after the piston in engine A practically
reaches the end of its movement, although
the piston in engine B was just on the point
of opening port 58 before the crank 1, to
which the piston in engine A is connected
reached the dead center. By thus causing
the piston in engine B to start to open the
port 58 after the piston in cngine A prac-
tieally completed “its working stroke, but
before the crank 1, to which it is connected,
reaches the dead center, an increased amount
of time is given for the combustible charge
to be forced into the comibustion chamber
of engine A, before the piston closes the
exhanst port 61, and inlet port 59, It will
therefore be understood that the completion
of the working stroke of the piston, implies
the practical end of the piston’s movement,
although the erank to which it is connected
may not have reached the dead center line.

It will be seen that the supply is not
fully open until after the exhaust has been
opened by thie final downward movement of
the piston of engine A, and that when the
supply is opencd by means of the piston
of engine B, the charge is forced by its
downward movement out from beneath the
piston of engine B, into the eombustion
chamber of engine A

Piston of engine B being at the end

of its working stroke, exhaust port 61 of

engine B3 will be open to the exhaust pipe
63, inlet port 59 will be open to supply
pipe b, port 38 in engine C being nearly
closed by the piston of engine C. downward
movement of piston of engine C will open
port 58, permitting the charge to-pass into
combustion chamber 60 of engine B before
the upward movement of piston of engine
B has cut off ports 61 and 59. Piston of
engine C heing at the end of its working
stroke, downward movement of piston of
engine 13 will force the charge through sup-
ply pipé C into combustion chamber 60 of
engine .. Piston of engine D being s¢ the
end of its working stroke. downward move-

3

ment of piston of engine I will force the
charge through supply pipe d into combus-
tion chamber 60 of engine D). Piston of en-
gine E being at the -end of its working strolke,
downward movement of piston of engine’A

will force the charge through supply pipe e -

into combustion chamber 60 of engine I,
making the cycle complete through engines
A, B, C, D and E. '

It will be noticed that By delaying the
opening of the supply ports until after each

..ot the pistons has reached the end of its

working stroke the pressure of the burned
gases will be reduced by entering exhaust
pipe, and time will be allowed for complete
combustion before the new charge is intro-
duced.. By placing the supply during the
return movement of the piston, the supply
is more thoroughly separated from the ex-
haust, which lessens the chance of the new
charge finding its way into the .éxhaust,

‘or coming in contact” with flame, which

would cause lighting back.

The pistons occupying the position shown
in_the «drawings, cam 30 has acted upon
roller 31, arm 35, shaft 89, arm 43, and, rod
47 moving it upward, causing arm 92 to act
upon artn 24 and turn shaft 26 to make and:
breal eleetric current with contact 27, thus
igniting the charge in engine C. Cam 30
will next act upon roller 82, arm 86, shaft
40, arm 44, and rod 48 moving it downward
to operate tle: igniter for engine D. Cam
30 will next act upon roller 33, arm 37, hol-
low shaft 41, arm 45 and rod 49, moving it
downward’ to operate the igniter for engine
F. In the interval between roller 33 and
roller 34, cam 30 does not act, eccentric 14
however acts upon rod 20 moving it down-
ward to operate the igniter for engine A.
Cam. 30 will next act upon roller 34, arm
38, hollow shaft 42, arm 46 and rod 50. mov-
ing it nupward to operate the igniter for en-
gine ‘B." Cam 80 will next act upon roller
31, thus completing the cycle of actuation of
the igniters through the engine C, D, F,
A and B. T '

In Figs. 10, 12 and 18 is shown a modifi-
cation -in which six engjnes A, B, C, D,
and F are used, connected by supply Pipes
a, by ¢, d, e, and f, similar to that déscribed
and shown in Figs. 1 to 9. Engine A re-
celves its supply through pipe @ from engine -
B, engine B receives its supply through pipe
0 from engine C, engine D through pipe
from. E, engine E through pipe ¢ from F,
engine F through pipe f from A, thus com-
pleting the cycle through six engines. .

As shown i Fig. 13, cranks 83, 84, 83, 86,
87 and 88 cobperate with corresponding en-
gines A, B, C, D, I and F in a manner simi-

lar to that described and shown in Figs.

1to 9. _ )
A modification of the igniting device iy
shown in Figs. 10 and 12, a jump spark Sys-
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" tacts 97 and 98

¢, D, E and F in a manner
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invention.in which thé

20

25

30

35

40

1 to 9. More can be used

tem being’
lar 14; which is operated as shown in Figs.
1 to 9, is a contact 89 adapted to make elec-:
fric contact as-the shaft 6 revolves, with in-
sulated contacts 90, 91, 92, 93, 94 and 95,
secured to'a stationary ring 96. When con-
tact 89 malkes contact with the contacts on

.

stationary ring 96, a primary electric circuit

uséd. Mounted on eccentric col- |

"multiple cylinders,

is closed and opened which acting upon 2
secondary. electric, circuit connected to con-
insulated from .each other,
causes a spark in each of the engines A, B,
well known in
the operation of a jump spark system of
igpition. - o '

In Fig. 11 is shown a modification of the
piston 52 is secured
to a rod 99 which extends through the closed

“end ot head 99 of the cylinder, the head 99°

forming part of the compressing. chamber
54. Rod 99 is attached to a cross-head. 100,
to which the piston 51 is connected. . . -
As shown in Fig. 14, seven cranks 101,
102, 103, 104, 105, 106 and 107 codperate
with corresponding engines in 2 .manner
similar to that described and shown in Figs.
limited only by
the question whether the piston which forces
the supply into the combustion chamber 60
of some other engine, has downward move-
ment, before ports 59 and 61 are closed by
the upward movement of the piston in the
engine which receives the supply. .
By reference to Figs. 3 and 4, it will be
seen that when the piston connected to crank
4 is moving upward and opening the inlet
port 53, the piston connected to crank 2 is
moving downward and opening the port 58,
which~ communicates with the combustion
chamber of cylinder E. It will be evident
that during rotation of the different cranks,
a like position will-occur for thé pistons in|
two other cylinders, for example, when the.:

- piston connected to crank 5 is moving up-

45

50

55

‘ the inlet port 53 of en-
gine E, the piston connected to crank 3 is
moving downward and, opening the port 58,
which communicates with the combustion

chamber of.cylinder D. 5 a

Tt will be seen by reference to TFig. 1 that

none of the ducts’.connecting the different:
eylinders extend beyond the-space required .
for one intervening cylinder,-and by. refer-

ence to Fig. 10 it will be seen that although
the number -of cylinders has been increased,”
the ducts have not been ‘made longer. '
this means the ducts are all made as short
as possible, and uniformity in the action of

ward and opening

_the combustible charges maintained. in the

80

different cylinders. .

It will be understood -that the eng'ine’ is

' so0.constructed that the ducts have a proper

65

relation to the cranks to which the pistons
ave connected, to cause codperation 1n ac-

cordance with the foregoing -description.

“ By

|

' the exhaust port of

981,331

: Ha‘%rihg deseribed my invention, what I =

claim and desire to secure by Letters Patent

18— .

1. An internal combustion engine having -

each cylinder having-a
combustion chamber, a compressing chamber

and a piston having reciprocating movement

76

in said chambers, an outlet duct from each

. one of said compressing chambers connected

to_the “combustion chamber of another of
said - cylinders, -said duct being controlled

by the piston in said ‘compressing- chamber ;
said pistons arranged to reciprocate in a
the pistonin any one of.
said compressing chambers to close the out-

manner to cause

let duct, during the working stroke of the

piston. in the combustion chamber connected -

to said duct, and to cause the piston- in said

- compressing chamber at the conclusion of its
working stroke, to fully open said duct after.

the conclusion of the working stroke.of the
piston in said combustion chamber: - o

9. An internal combustion engine having

multiple cylinders, each- cylinder having a
combustion chamber, & compressing chamber,

and a piston having reciprocating movement
.in ‘said chambers, an outlet dv
of said compressing chambers ‘and

duct from each
a port in

vE

86

85

20

each of said combustion chambers, said ducts

and said ports being controlled by the pis-
tons, the ing

outlet duct from the compressing -

95 .

chamber of each one of said cylinders being -
connected with the combustion chamber port .

of another of said cylinders, said pistons

-arranged to reciprocatein a manner to cause
the piston in any 'one of said compressing’
chambers to close the outlet duct, during the

working stroke of the piston in the combus-

100

tion chamber connected to said duct, and to .-

cause the piston in said compressing cham-
ber at the conclusion of its working stroke
to cobperate with the piston in-said combus-

105

tion chamber to fully open said duct after -

the conclusion of the working stroke of the:

piston in said combustion chamber. -
3. An internal combustion engine having
multiple eylinders, each cylinder -having .a

combustion chamber, a’ compressing- cham-
ber, and a piston having reciprocating move-

‘ment in said. chambers, an outlet duct from

each compressing chamber, an. exhaust and
an inlet port in each combustion chamber,
each combustion cham-
ber being opened by the piston therein at the
end .of. a working stroke, the outlet duct
from.the compressing: chamber: of each one
of said eylinders, being connected with the
of said cylinders, said ducts and said inlet
ports being controlled by the pistons, said
pistons arranged to reciprocate in a manner
to ‘cause the piston in any one of said - com-
gressi_ng -chambers-

uring the working stroke of the piston in

the combustion chamber conne‘cted_ to said 32

to close the outlet duct .

11¢

115

120

" combustion” chamber inlet ‘port of .another -

125

180 -
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duct, and to cause the piston in said com-
pressing chamber at the conclusion of its
working stroke to ¢odperate with the piston
in said combustion chamber to cause said
duct and said inlet port to be fully opened
after the conclusion of the warking stroke of
the piston in said combustion chamber.

4. An internal eombustion engine having
multiple cylinders, each cylinder having a
combustion chamber, a dompressing cham-
ber, and a piston having veciprocating move-
ment in said -chambers, each combustion

-chamber having an exhaust and an inlet port

which are opened by the piston at the end of
a working stroke and closed by the return
stroke, an outlet duct from each one of said
compressing chambers connected to the com-
bustion chamber inlet port of another of
said cylinders, said duct being partially con-
trolled by the piston in said compressing
chamber, the piston in said compressing
chamber and the piston in said combustion
chamber arranged to reciprocate in such
manner that they codperate to open said duct
after the piston in said combustion chamber
has opened said exhaust and inlet ports,
and cobperate to maintain said duct open
until said exhaust and inlet ports are closed
by return movement of the piston in said
combustion chamber. _

5. An internal combustion engine having
multiple cylinders, each cylinder having a
combustion chamber, a compressing cham-
ber, and a piston having reciprocating
movement in said chambers, an outlet duct
from the compressing chamber of each one
of suid cylindeys in communication with the
combustion chamber of another of said cyl-
inders, a port-in each compressing chamber,
each piston: having' a passage coGperating
with one of said compressing chamber ports

and with one ofsaid ducts for connecting the-

combustion chamber of each one of said cyl-
inders with the compressing chamber of an-

other of said cylinders,said pistons arranged:
‘toreciprocate1n a mannerto cause the piston

in any one of said compressing chambers to
close the duct during the working stroke of
the piston.in the combustion chamber con-
nected to said duct, and to cause said passage
in the piston, at the conclusion of the work-

ing stroke of said piston in the compressing.

chamber, to fully open said duct after the
piston in said combustion chamber has be-
gun a return stroke. - .

6. An internal combustion engine having
multiple cylinders, each cylinder having a
combustion chamber, a compressing cham-
ber, and a piston having reciprocating move-
ment in said chambers, a duct for effecting
communication -between the
chamber of each one of said cylinders and
the compressing chamber of another of said
cylinders; one end of said duct being con-
trolled by the piston in said combustion

combustion’

chamber and the other end controlled by the:

piston in said compressing chamber said pis-

tons arranged to reciprocate in & manner to:
cause the piston in any one of said com-

pressing chambers to close the duct during
the working stroke of the piston i1l the com-
bustion chamber connected to said duct and
to cause the piston in said compressing
chamber at the conclusion of its working
stroke to fully .open said duct after the con-

clusion of the working stroke of the piston

in -said combustion chamber, and also to
cause the piston in said combustion chamber
to close said duct at the conclusion of the
working stroke of the piston in said com-
pressing chamber: -

7. An internal combustion engine having
multiple cylinders, each cylinder having a
combustion chamber, a compressing. chams:
ber, and a piston having reciprocating move-
ment in said chambers, a duct for effecting’
communication between the combustion
chamber of each one of said cylinders and
the compressing chamber of another of said
cylinders, said duct being controlled by the
piston in said compressing chamber an ex-
haust port-in each of said combustion cham-
bers which is opened by the pisten at the
end of a working stroke and closed by the
return stroke, said pistons arranged to re-
ciprocate in a manner to cause the piston in
any one of said compressing chambers to
close the duct during the working stroke of
the piston in the combustion chamber con-
nected to said duct, and to cause the piston
in said compressing chamber to open said
duct before veturn movement of the piston
in said combustion chamber ¢loses the. ex-
haust port. .

8. Au internal combustion engine having
multiple eylinders, cach cylinder: having a
combustion chamber, a compressing cham-

ber, and a piston having reciprocating move-

ment in said chambers, an outlet duct from
each of said compressing chambers, and a

port in each of said combustion chambers,

said ducts and said ports being opened by
the pistons at the end of a working stroke of
each. piston, the outlet duct from the com-
pressing chamber of each one of said cylin-
ders being connected with the combustion
chamber port of another of said cylinders,
the pistons being connected to cranks on-one
crank shaft, said cranks having angular ve-
Iation to each other to cause the outlet duct
from any one of said compressing chambers
to remain closed, until opened’by the piston
in said compressing chamber after the con-
clugion of the working stroke of the piston

in the combustion chainber connected to said,

duct. =

9. An internal combustion engine having
multiple cylinders, cacli ¢vlinder having a
veciproeating piston, n combustion’ clinniber
on one sideof the piston and : ‘
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chamber on”ﬁhe opp_osifeJ side, an outlet duct

“from each of said compressing-chambers and

“a port in each of said combustion chambers,

said ducts and said ports being opened by
the pistons at the end of a working stroke of

each piston, the outlet duct from the com- .

pressing chamber of each ore. of said cylin--

ders being connected ‘with the combustion

10

90

..25

chamber port of another of said cylinders,

aninlet port for each of said eompressing
chambers, said inlet port being -opened by
-the piston at-the end of a return stroke, said -

pistons arranged to reciprocate in a manner.
to cause the piston in any one of said com-

 pressing chambers to close the outlet duct,
“while the piston in the comibustion chamber

connected to said duct concludes its working

‘stroke, and ‘to cause the piston in said com-’
pressing chamber to finally open said, duet; |.

substantially as described. _ _
10. -An internal combustion engine having

multiple cylinders, each cylinder having a-

reciprocating piston, a combustion chamber
on one side of the piston and a compressing
chamber on the opposite side, an exhaust

- and an inlet port in each combustion cham-

30

" chamber inlet port

35

ber, an outlet duct from each compressing’

chamber, said exhaust and inlet ports, and
said duct being opened by the piston at the
end of a working stroke and closed by the
return stroke; the
pressing chamber of each one of said cylin-
cers being connected with the combustion
of another of said cylin-
ders, an inlet port for each of said compress-
ing chambers, said compressing chamber in-
let port being opened. by the piston at the

_ end of a return stroke, said pistons arranged

40

45

to reciprocate in.a manner to cause the pis-

ton in any of said compressing chambers

to close said duct, while the piston in the

combustion chamber ‘connected to said .duct
concludes its working stroke and to cause the

piston in said compressing chamber to. open-
said duect before the piston in said combus:

tion chamber has: closed the exhaust port.
11.:An internal- combustion engine com-,

~ prising a_-reciprocating-piston.'in a cylinder

50

“having a combustion chamber,

and inlet and
exhaust. ports in the cylinder. which are

~opened by said piston at the end of a work-

“ing ‘stroke and close

d by the return stroke,

4 similar piston in another cylinder having

.55

60

1]

ture of gas and

‘trolled: by the-.

a compressing chamber, means ‘whereby said
compressing chamber. 1S supplied with a mix-

compressing, chamber, said duct being con-.

cate in a manner to cause the -piston in said
compressing chamber to close, said dict,

while the piston in said combustion chamber

concludes’ its' working -stroke, and to cause

5 the. piston in said compressing chamber at |

“ber of one of said cylinders being connected

‘let duct from

outlet duct from the com- |-

-piston at the end

' nd air, a duet for effecting com-"
‘munication between said inlet port and said

iston in said compressing

‘chamber, said pistons arranged to. recipro- | chamber of .any:one

981,331 .

-the conclusion of its working stroke to open

said duet before the piston in said combus-
fion chamber has closed the exhaust port.
12. An internal combustion engine, com-

prising a series of cylinders, each cylinder
having .a reciprocating piston, a compressing
chamber on one side of the piston, a com-
bustion ehamber on the opposite side, an
outlet duct from the compréssing chamber
and an inlet port in the combustion cham-
ber, said duct and said port being opened
by the piston at the end of a working stroke,
the outlet duct from 'the compressing cham- -

70

-~
B

with the combustion chamber inlet port of 8
a second cylinder, the combustion ‘chamber
inlet port of the.first’ cylinder being' con-
nected with the outlet duct from the com-
pressing chamber of a- third cylinder, the
outlet_duct from the compressing chamber g5
of the second cylinder being connected with -
the combustion chamber inlet port of a

fourth cylinder, the combustion chamber in-

let port of the third cylinder being connect-
ed with the outlet duct from the compress- 90
ing chamber of a fifth cylinder, and the out-
the compressing chamber of
the fourth cylinder being connected with the
combustion chamber inlet port of the. fifth
cylinder, substantially as described: :
13. An internal combustion engine hav-
ing multiple cylinders, each cylinder having
a reciprocating piston, and .inlet and ex-
haust passages which are opened by said
of a working stroke and

100
‘closed by the return stroke, the inlet pas-

{-sage of each cylinder being also opened by

the pigton of another
of its working stroke, said pistons arranged
to reciprocate in such manner that they . co-
operate to cause the inlet passage of one ¢yl-
inder to be closed while its exhaust passage .
is being opened by its piston, and to cause
said inlet passage to be opened at the bes
ginning of return movement of said piston 1ie-

cylinder at the end

165

| which opened the exhaust passage.

“14. An internal combustion engine having

“multiple c¢ylinders, each -¢ylinder having a

reciprocating piston, 2 combustion chamber
on one side of the piston, a compressing

chamber on the opposite side, the combus- .

| tion chamber of each of said "pyli,nders hav-
“ing exhaust and inlet ports which areopéned

by the piston, an outlet duect. froni each-com- .. -

“pressing _chamber communicating. with, the 120

combustion chamber intet, port’ of another
cylinder; “2ind * a . passage. in each  piston-
adapted to- ppen said outlet duct; said ex-

‘hatst and inlet; ports of the combustion -

, , of said cylinders, and 125
said outlet diick from the compressing cham: -
ber ‘of said cylinder being opened by .the
pistort” thereof at the end of its working
StI‘OkB; e Coo ., - N
" 15, The combination with-a series of cyl- 130



i

10,

981,381

inders, each cylinder having a reciprocating .
piston, # compressing chamber on one side

of 'the piston and a combustion chamber on
the opposite side, an outlet duct from each
compressing - chamber, said duct being

-opened by the piston, at the end of a work-

ing stroke, each compressing chamber hav-
ing an inlet port which is opened by the
piston at the end of a return stroke, the
outlet duct from the eompressing chamber

" of any one of said eylinders being connected

with the combustien chamber of a second

- eylinder of the series, the outlet duct from

15-

.26

the compressing chamber of the last men-
tioned cylinder being connected to the com-
bustion chamber of a third cylinder of the
series; and so forth, the outlet duct from the
compressing chamber of the last cylinder
of the series being connécted with the com-
bustion chamber of the first cylinder of the
series. o

16. An internal combustion engine, com-
rising a series of cylinders, each cylinder

“having a reciprocating piston, a combustion

25

30

chamber on one side of the piston, and a
compressing chamber on-the opposite side,
a port in each of said combustion chambers

“and 'a port in each of said compressing

chambers, said ports being opened by the
piston, an outlet duct from the compressing

chamber of. each ‘one of said cylinders m’

communication with the combustion cham-
ber port of another cylinder, each piston

“having a passage cobperating with one of

said compressing chamber ports and with

“one of said duéts for placing the combus-

50
-compressing . chamber on the opposite side,

55

60

tion chamber port of one of the cylinders m
communication with the compressing cham-
ber port of another cylinder, said pistons
being connected "to cranks on_one. crank

_shaft, the cranks having angular relation

to each other to cause the pistons to cobper-
ate to-open a duct at the conclusion of a

.working stroke of the pisten in a cylinder
4§

to the combustiom chamber of which said
duct is-connected. : R
17. Aninternal combustion engine, com-

. prising’ a series of cylinders, each cylinder

having a reciprocating piston, a’ combustion
chiamber ‘on ‘one side of the piston, and a

an outlet duct from each one of said com-
pressing . chambers connected to the com-
bustion chamber of another of said. cylin-
ders, said duct being contrelled Ly the piston
in 'said compressing chamber, one of said
ducts effecting communication between the
combustion chamber. of one of said cylinders
and- the compressing chamber of a second
cylinder, another of said ducts eflecting
communication between the combustion
chamber of the last mentioned eylinder and
the compressing chamber of a third cylin-
der of the series, and so forth, the combus-

tior chamber of the last cylinder of the

7

series being in communication with the com-

pressing chamber of the first ¢ylinder of the

series, said pistons being conneeted to cranks
on one crank shaft, the cranks having an-
gular relation to each other to cause the pis-
tons to codperate to open a duct at the con-
clusion of a working stroke of a piston in
a cylinder to the combustion chamber of

which said duct is connected, the cramis:

and duets having relation to each other

74

7&

causing the pistons to open the ducts in the

order named. .
_ 18. An internal combustion engine hav-
ing four or more cylinders, each cylinder

having a reciprocating piston; a compress-
ing champer on one side of the piston, a

combustion chamber un the opposite side, an
outlet passage from the compressing cham-
ber of one of said cylinders, said passage
being at times in communication with the
combustion chamber of a second cylinder of
the series, an outlet passage from the com-
pressing chamber of the last mentioned cyl-
inder, said passage being at times in com-
munication with the combustion chamber of
a third cylinder of the series, and so forth,
an outlet passage from -the compressing
chamber of the last cylinder of the series,

~said passage being at times in communica-
“tion with the combustion chamber of the

first cylinder of the series, the engine be-
ing so constructed that the length of the
passage for effecting communication be-

90

95

tween any two of said cylinders shall not

exceed the length necessary to allow space
for one intervening cylinder. ,

. 19. An internal-combustion engine com-
prising a series of cylinders, each cylinder
having a reciprocating piston, a combustion
chamber on one side of the piston and a
compressing chamber on the opposite side,
an outlet duct from-the compressing cham-
ber and an inlet port in the combustion

100

105

chamber, said duct .and said port being -

opened by the piston at the end of a work-

| ing stroke, the compressing chamber having

an inlet port which is opened by the piston

e
jo]
=]

at the end of a return stroke, the outlet duct -

from the compressing chamber of one of
said cylinders being connected with the com-
bustion chamber inlet port of a second cyl-
inder of the series, the outlet duct from the

-compressing chamber of -the last mentioned .

c¢ylinder being connected to the combustion
chamber inlet port of a third cylinder of

the series, and so forth, the outlet duct from.

the compressing chamber of the last cylinder
of the series being connected with the com-
bustion -chamber
inder of the series. A

90. An internal combustion engine, com-
prising a series of cylinders, each cylinder
having a reciprocating piston, a combustion
chamber on one side of the piston, and a
compressing chamber on the opposite side,

inlet port of the first eyl--

120

137
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each combustion chamber having an inlet
passage in communication with the com-.
pressing chamber of another of said cylin-
ders, said passage being opened by the pis-
ton in said compressing chamber, said pis-
tons being connected to cranks, on one crank.
shaft, the cranks having angular relation to
each other to cause the piston in any one of

~ said cylinders to be at a different position-

10

15

20

at the time its inlet passage is opened from
its position at the time such passage is closed.

91. An internal combustion engine, com-
prising a series of cylinders, each cylinder
having a reciprocating piston, a combustion
chamber on one side of the piston and a

compressing chamber on the opposite side, a

“port in each of said combustion chambers

and a port in each of said compressing cham-

-bers, said ports being opened by the pistons,
an outlet duct from the compressing cham-
Dber of each one of said cylinders in commu-

nication with the combustion chamber port
of .another cylinder, each piston having a
passage cobperating with the port in one of

-said compressing chambers and with one of

said ducts for placing the compressing

chamber in communication with the combus-

tion chamber port of another cylinder, the

" piston of each cylinder codperating with the

30

piston of some other cylinder to open one of

“the ducts, the pistons being connected to

- clusion of said stroke.

40

45

50

cranks on one crank shaft, the cranks having
angular relation to each other to cause a
duct to remain closed until the conclusion
of the working stroke of the piston in the
combustion chamber to which said duct is
connected, and to be opened after the con-

99. An internal combustion engine com-
prising a series of internal combustion cylin-
ders, each cylinder having 4 reciprocating
piston, a combustion chamber on one side of
the piston and a compressing chamber on

“the opposite side, an inlet port for each com-
_pressing chamber,

a duet connecting said in-
let ports, a carbureter having a valve which
controls a supply of gas and air, said carbu-
reter heing connected to said duct, said inlet
ports being opened by the pistons at the end
of movement in ofie direction, an outlet duct
from each of said compressing chambers
connecting with the combustion chamber of
some other cylinder, each piston having a
passage adapted to cpen said outlet duct at-
the end of movement of the piston in the

- opposite direction, and the several pistons

" being so connected that the piston in

each
cylinder shall reach a_point controlling ad-

_niission to a compressing chamber at the

60

65

time another piston reaches a point control-
ling admission to a combustion chamber.
93. An internal combustion engine com-
prising a series of internal combustion cyl-
inders, each cylinder having a reciprocating
piston, a combustion chamber, a compressing

981,331

chamber, an inlet port for each compressing
chamber, said inlet ports being opened b
the pistons at the end of movement in one
direction, and an outlet duct from. each of

‘'said compressing chambers, each one of said

by

70

ducts being connected to the combustion,

chamber of another “cylinder, each of said
pistons being adapted to open .said outlet

‘duct at the end of movement in the opposite

direction; and the several pistons. being so

“connected that they shall reach points con-
trolling admission to_their-respective com-

pression chambers at different times.

. 5

94. An internal combustion engine having .

multiple cylinders,” each cylinder having a

‘reciprocating piston, and-inlet and ‘exhaust

ports which are opened by said piston at the
end of a working strcke and closed by the
return stroke, the inlet passage of each cyl-
inder being also controﬁ)ed by the piston of
another cylinder, and the engine having
means for actuating the pistons whereby the

‘inlet passage of ore cylinder is held closed -
- by the piston of

another cylinder while the
exhaust passage of the first mentioned cylin-
der is being opened by its piston, said actu-
ating means causing the piston-of said other
cylinder to open the inlet passage of the first
mentionéd cylinder at-the beginning of re-
turn movenient of the” piston in the first
mentioned cylinder. - *-. - -

95. An internal combustion engine. com-

prising a series of cylinders, each cylinder

having a reciprocating piston, & combustion
chamber on one side of the piston and a
compressing chamber on the opposite side;
each of said combustion chambers having a
port which is opened by, the piston, 4 series
of ducts, any one of said ducts being con-
nected to said port of one of said combus-.
tion chambers and effecting communication
between said combustion chamber abd the
compressing chamber of another  cylinder,
said duct being controlled by
said compressing chamber, said pistons ar-
ranged to reciprocate in a manner to ciuse
the piston in said compressing chamber to

ber and said compressing chamber, the ducts
being so arranged that said: port of one cyl-
inder is connected to the compressing cham-

“ber of a second cylinder of the serles, said

port of the last mentioned .cylinder ?being
connected to the compressing chamber of a
third cylinder of the series, and so forth,
said port of the last cylinder of the series
being connected with the compressing cham-
ber of the first eylinder of the series, said
pistons being connected to cranks having
angular relation to each other to cause the
pistons to open the ducts in the order named.

96. An internal combustion engine, com-
prising a reciprocating piston in a..cylinder

80

85

90

95

10¢

108

the piston in . -

110

- codperate with the piston in said combustion -
chamber to open the duct effecting com-
‘miunication between said combustion cham-

1156

126

125

130
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having a combustion chamber, and inlet and
exhaust passages in the cylinder which are
opened by said piston at the end of a work-
ing stroke and closed by the return stroke,
g a similar piston in another cylinder having
a compressing chamber, said pistons being
comnected to cranks having angular rela-

tion to each other on one crank shaft, a duet-

for effecting communication between said
10 inlet passage and said compressing cham-

ber, said duct being opened by the last men--

- tioned piston at the conclusion of a work-
ing stroke, the last mentioned piston being
connected to a crank which follows less

15 than 90 degrees behind the movement of the

crank to which the first mentioned piston

is connected. :

97. An internal combustion engine hav-
ing multiple cylinders, each cylinder having
20 ‘a Teciprocating piston and inlet and exhaust

passages which are opened by said piston at

the end of a working stroke and closed by
the return stroke, said inlet passage-being

" also controlled by the piston of another cyl-

95” inder, and the engine having means for ac-

* tuating the pistons, whereby the inlet pas-

sage of one cylinder is held closed by the
piston of another cylinder while the piston
of the first mentioned cylinder: concludes
30 its working stroke, said actuating means
causing the piston of said other cylinder, at

the .end of its working stroke, to open the

inlet passage of the.first mentioned cylinder
before the piston of the first mentioned cyl-
35 inder has closed the.exhaust port. '
98. An explosive engine having at least
two cylinders, a piston in each ¢ylinder, and
a supply connection for the explosion cham-
ber of each cylinder controlled by the move-
40 ment of the piston in another cylinder, sai
pistons being so connected that the piston
in each cylinder shall reach its dead points
at times different from the times at which
 the piston in said other cylinder from which
45 the first named cylinder is to be supplied
reaches its dead points, substantially as de-
seribed. :
29. An explosive engine having at least
two cylinders, a piston in each cylinder, and
50 a supply connection for the éxplosion cham-

ber of each cylinder controlled by the move--
ment of the piston in another cylinder, said-

* pistons being connected to cranks set at an
angle to each other on a common shaft, sub-

55 stantially as described.

~30. In an explosive engine, a plurality of
cylinders having crank cases, a supply con-

“nection for the crank case of each cylinder,

a passage connecting the crank case of each

'60 cylinder with the explosion chamber of an-

other cylinder; and a piston in each cylinder
- having a port
sage to another cylinder, the several pis-
tons being so connected -that the piston in
65 each cylinder shall reach its dead points ‘at

arranged to control the pas-

2

times different from the times at wh’ich the

‘piston in the cylinder which controls the

fivst named cylinder reaches
its dead points, substantially as described.
31. An explosive engine having multiple
cylinders, and pistons therein, and inlet pas-
sages, the inlet passage for the - explosion
chamber -of each cylinder being controlled

supply to the

by the piston of another cylinder, the éngine

also having means for operating said pis-
tons in such a manner that the piston in

75

aiy cylinder shall be nearer the admission .

end of the cylinder when the inlet passage
to that cylinder opens than when said inlet
passage closes, substantially as described.

39. An explosive engine having multiple
cylinders, an inlet passage for each cylinder,
and a piston in each cylinder, the inlet pas-
sage of each cylinder being controlled by the
piston in another cylinder, and the engine
having means for operating the pistons in
such a manner that the piston in any cylin-
der shall be at a different position at the
time its inlet passage is opened from its po-
sition at the time such passage is closed,.sub-
stantially as described.

33. An internal combustion engine hgwing.
multiple cylinders,- each cylinder having a.

80

85

90

reciprocating piston, a compressing chamber -

on one side of the piston, a combustion
chamber on the opposite side, an outlet duct
from' the compressing chamber, an exhaust
and an inlet port in the combustion cham-
ber, said duct and said exhaust and inlet
ports being opened by the piston at the end
of a working stroke and closed by the return
stroke, the outlet duct from the compressing

95

100

chamber. of one of said cylinders being con- -

nected with the combustion chamber inlet

d'| port-of a second cylinder, the combustion

chamber inlet port of the first cylinder being
connected with the outlet duct from the com-
pressing’ chamber of a third cylinder, the
outlet duct from the compressing chamber

of the second cylinder being connected with

the combustion chamber inlet port of a
fourth cylinder, the combustion chamber in-
let port of the third cylinder being con-
nected with the outlet duct from the com-
pressing chamber of a fifth cylinder, and the
outlet duct,from the compressing chamber
of the fourth cylinder being connected with
the combustion chamber inlet port of the
fifth cylinder, said pistons being connected
to cranks on one crank shaft; the cranks hav-
ing angular relation to each other to cause
the pistons to coOperate to open said ducts
as follows: the first mentioned connected duct
being opened by the piston in the first ¢ylin-
der before return movement of the piston in
the second cylinder closes the exhaust port

105

110

115

120

125

therein, the second connected duct being

opened by the piston in the third cylinder
before return movement of the piston in the
first cylinder closes the exhaust port there-

130
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in, the third connected duct being opgned by

the piston in the second cylinder before re-

 turn movement of the piston in the fourth

10

_cylinder closes the exhaust port therein, the
“fourth connected duct being opened by the

piston in the fifth cylinder before return
movement of the piston in the third eylin-
der closes the exhaust port therein, and the
fifth connected duct being opened by the vis-
ton. in the fourth cylinder before return
movement of the piston in the fifth cylinder

“ closes the exhaust port therein.

84. An internal combustion engine com-

. prising a series of cylinders, each cylinder

15

20

having a reciprocating piston, a combustion
chamber on one side of the piston and a
compressing chamber on the opposite side,
an outlet duct from the compressing cham-
ber,an exhaust and an inlet port in the com-
bustion chamber, said duct and said port
being opened by the piston at the end of a
working stroke and closed by the return
stroke, the compressing chamber having an

. inlet port which is opened by the piston at

25

the end of a return stroke, the outlet duct-

- from the compressing chamber of each one

of said cylinders being connected with the

v
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combustion chamber inlet port of another of
saia cylinders, said pistons being connected
to cranks having angular relation to each
other on one crank shaft, the piston in any
one of said compressing chambers being con-
nected to a erank which follows less than 90

30

degrees behind the movement of the crank .

connected to the piston in the combustion
chamber which communicates at times with
the outlet duct from said compressing
chamber whereby a combustible charge ad-
mitted to said compressing chamber and

compressed by movement of ‘the piston

therein until said outlet duct opens, is trans-
ferred to said combustion chamber by dis-
placing action of said piston while complet-
Ing its working stroke simultaneous with
said return movement of the piston in said
combustion chamber, which finally clgses
said exhaust and inlet ports therein.

Signed at New York city in the county

| of New York and State of New-York this

9th. day of August A. D.1905. .
DONN IRVING TWITCHELL.
Witnesses: :
M. TurxEg,
M. B. THaYER.
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