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To ali whom it may concers:

BeitknownthatI; JaMEs F. HOBART a citi-
3r00k1y
Kings county, New Ymk ha,ve invented (391-
1:3,111 new and useful Improvements in Inter-
nal-Combustion Engines, of W]llch the follow-
ing is a Speuﬁeamon --

The object of my invention is to prowde a
hydrocarbon-engine par tlcularly adapted to
lowspeed for automablle -propelling purposes.

- My engine is double-acting, adapted to be

_1evelsed and capable of bemﬂ' attached rig-

1dly to the driving-axle of a »ehlcle Dermm
ting the operator to starf, the loaded vehicle
Wlthout having first to give a manual 1mpulse

{0 the driving- shaft of the motor.

One of the main features of my invention
consists in employing two pistons within a
single cylinder, one of said pistons acting on

_'-the four-cycle principle and the other acting

on the two-cycle principle. These pistons are
geared together, and two impulses are thus

derwed for ea,ch revolution of the drive-shaft. |

My engine is of double form, consisting of
two eylmders and ftwosets of Lhe pistons Just
mentioned, the combustions or explosmns in
one eylmdel alternating with those in the

other cylinder and the driving shafts or

cranks of the two eylinders beuw geared to-
gether, so that four impulses are derwed 0C-
cur ["111‘3‘-" at different times during one revolu-

pistons in each cyhndel as a compressing and
scavenging pls‘ron and myinvention eonsists

also in thls and in other features and arrange-

ments and combinations of parts heremaftet
fully deseribed, and pomted out inthe claims.
Inthe accomp.:mymw drawings, Figurelisa
view.in the nature of a dlan"ra,m of myinven-
tion.

Iing the parts in a.di:

shown.in Kig. 1. Iigs. 3 and 4 are similar

viewsin t}he nature of diagrams, showing the

Fw* 518 a plan._
view of my invention, with a part of the ve-

par ts in different positions.

hicle-frame by which it 18 supported. Fig. 6

18 a longitudinal section through the cylm-.

ders. I‘w* 7 1s a pelspeetwe view of the

so geared connection between the two parts of

1 11t111ze one of the:

Fig.. 2 i a similar view of one of the
cylinders, with its pistons and cranks, show-
ferent position from that

i

 the double.engine.

cylinder and the cranksthereof.

Kig. 8 18 a detail view of
one of the controlling-valves.  Fig. 9 isade-

“tail sectional view ShOWlllﬂ' xalves for con-

trolhng Lhe passages between the air-compres-
sion chambers and the reservoir, with means
for controlling the said valves by hand. Fig.
10 is a detall view of means for GODtIOlllnﬂ‘
the compressed-air-supply valves, such as
shown in Ifig. 8. Fig. 11lisaside view of Fig.
10.
ing cam and a combined inlet and exhaust
valve controlled thereby. Figs.13 and 14 are

55

Fig. 12.1s a perspective view of a float- 6o

detail views showing the manner of operat-

ing the floating cam. Figs. 15,16, and 17 are

detail views of the cylinder. _
In the drawings the two cylinders of my

double engine are shown at a, these being of
substantially ordinary form, but having ex-

tensions b at their rear ends. A pair of pis-
tons ¢ d are arranged in each cylinder, the
piston ¢ having a tubular piston-rod e, con-

nected by a pitman f with a erank-pin g, car-

ried by a pairof disks /. One of the disks 7
carries thereon a pinion k&, arranged to mesh
with internal teeth [ of a gear m, “hereinafter
referred to.. The piston- rod 7 of the piston d
extends through the hollow pistou -rod ¢ of the
piston ¢, and its pitman o is connected with
a pin p_, which' connects. the disk m with a

disk ¢, ecarried by the.driving-shaft », suit- 8o

ably journaled in the crank- sha,ft casmfr S.
The pinion & and internal gear [ are propor-
tioned two to one, so that the piston ¢ moves

twice as fast as’ ‘the piston ¢. One or more
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of the disks 7 belonging to one cylinder are 8s

fitted with- ﬂ'em-teeth which mesh with simi-
lar teeth on the disks belonging to the other
Thedisks,
therefore, of one eylinder move in a direction

opposite to.those of the:other cylinder and go

the crank-pins of the one cylinder are set in

advance of those of the other cylinder of the
‘engine.
angle apart; but I prefer one hundred and
seventy-five degrees.

These may be set at any desired

- By this I obtain ab-

sence of dead-point, and from an inspection
of Iig. 6 it will be seen that while the crank-
pin g, belonging to the left-hand cylinder, is
on the dead-center the crank-pin of the left-
“hand ecylinder is off the dead-center, which
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makes it impossible for a dead-point to exist |

with respect tothe entire engine. The piston-
rods, as beforé stated, are hollow, and open-
ings ¢ are formed in the outer piston - rod
e, and small openings uw are formed in the
hollow inner piston-rod 7, these two sets of
openings being arranged to aline with each
other in certain positions of the pistons ¢ and
d, as will be hereinafter described. The hol-

10 low piston-rod of the piston d extends rear-
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wardly into the cylinder extension 0 and is
provided with openings ', adapted to com-
municate in the extreme inward position of
the piston d with the chamber v at the end of
the cylinder a. Fresh-air-supply openingsw
are provided in the eylinders, leading to the
forward chambers x of the eylinders, and ex-
haust-openingsylead from the rear chambers
v, said exhaust-openings being covered and
uncovered by the piston d, and the fresh-air-
supply openings to the forward chamber x
being similarly controlled by the piston c.

The space z between the two pistons is con-

trolled by an exhaust-valve 1, which also
serves as an air-induction valve to this inter-
mediate chamber. Iuel is supplied to the
rear chamber vand tothe intermediate cham-
ber z by electric pumps 2 (shown generally in
Fig. 5) and connected tothe chambers v and
z of each cylinder through the pipes 34. No
inlet-valves are needed, there being an open
pipe direct from the c¢cylinder to the pump,
the valve of which latter does the work. The
chamber « is utilized as a c¢hamber for the
compression of air by the piston ¢. "I'his cham-
ber connects with a passage 5, extending lon-
gitudinally of the cylinder through a port
6. The passage 5, at its extreme forward
end, is connected through a passage 71in the
supporting truss or bracket 8 with the in-
terior of the tube or perch 9, forming part

of the supporting structure of the vehicle.

This hollow perch connects with an air-reser-
voir, (represented, forconvenience of 1llustra-
tion,diagrammaticallyat 10, Fig. 5.) Each of
the cylinders 1s provided with the passage 5,
and each passage is connected with the res-
ervoir, so that the aircompressed in the cham-
ber x may pass into the reservoir to be stored
therein, suitable check-valves 11, to be here-
inafter particularly desecribed, being located
between the passages 5 and the compression-

- chambers & to retain the compressed air in

55

6o

the reservoir and in said passages. Thiscom-

pressed air is utilized for starting the engine,
and for this purpose the passages 5 connect

with the ports 12 and 13, leading, respec-
tively, to the intermediate and rear cham-
bers z and v. These ports are controlled au-
tomatically when it is desired to start the ma-
chine by valves 14, controlling the passage of

air between the passagesoand the sald cham-

bers, the said valves being operated at proper
times and In rotation from cams 15, carried

65 within a casing 16 on a shaft 17, which is

driven from the driving-shaft+ through chain-

702,430

mechanism and its action will be referred to
more in detail hereinatter.

I will now describe the cycles of operation
of the two pistons. |

Figs. 1, 2, 3, and 4 are diagrams illustrat-
ing the action of the engine and the differ-
ent positions relative to each other assumed

bv the pistons and the parts connected there-

with. In Fig. 11 have shown'the engine of
double form with two cylinders and a geared
connection between them, while in Figs. 2,
3,and 4 I show but a single cylinder, as this
is sufficient to illustrate the interaction of
the pistons therein. |

In Fig. 1 and referring to the upper of the
two cylinders there shown we will assume
that the parts are ready for the induection ac-
tion in the space z between the two pistons.
For this induction action the piston ¢ moves
from the position shown in Fig. 1 to that
shown in Fig. 2, the space between the two
pistons in Fig. 1 being about one inch and
that between the pistons in Fig. 2 being
about three inches. In this action the pis-
tons are moving in the same direction; butas
the piston ¢ moves twice as fast as the piston
d the space between them is increased to the
extent shown in Fig. 2. The charge hasnow
been drawn in, the exhanst-induction valve
1 is closed, and the pistons move to the posi-
tion shown in Fig. 3, the piston ¢ moving
more rapidly than the piston d and redueing
the space between them to aboutone inch for
the compression of the intermediate charge.
The ignition now takes place while the parts
are in the position shown in Fig. 3, and the
pistons separate on the expansion-stroke to
the position shown in Fig. 4, from wnich po-

sition they return to the position shown in

Fig. 1, during which time the space z is being
exhausted of the foul mixture. Thisexhaust
action begins when the piston ¢ reaches its
forward limit, so as to uncover the ports w

in the eylinder, and continues during the re-

turn of this piston, the exhaust from between
the pistons now taking place through the
valvel. The pistons having returned to the

position shown in Fig. 1, the cycle 1s com-

plete and the action is repeated. It will be
noticed by observing the dotted line 7, con-
necting the pistonscof the several diagrams,
that piston ¢ makes two outward and two in-
ward strokes for each combustion, and thus
this piston operates upon the four-cyecle prin-
ciple. TFrom an inspection of the line Z',in-
dicating the course of the piston d, it will be
seen that this piston makes only one complete
reciprocation during this time, thus operat-
ing upon the two-cycle principle with respect,
to the combustion in the chamber z. |

We willnow followouttheactionsin cham-
ber v and their relation to those taking place
in the intermediate chamber z.

In the chamber v the two-cycle action 1s se-

cured, and for this purpose the exhaust of the

expanded charge and the induction of fresh

and-sprocket connections 18,19, and 20. This | air takes place while the piston d is in the
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position shown in Fig. 2
plish this, the piston-rods e and n are pro-
vided with holes, and when the piston ¢ is on
1ts outward Strok:e to the left, as shown in
Fig. 2, openings { in the. hollow rod e will
catch up with and aline with openings « in
the hollow piston-rod 2 of the piston c, both
pistons, it bemﬂ* understood, moving towaxd
the - left. Thls alining aetlon tal:es place

somewhat before the p1st011 ¢ completes its
leftward stroke and while about twenty.
pounds pressure of air has been attained in

thechamberz. Thisair will be forced through

the alining holes and through the plston-lod._,
7 and Wlll be dischar Qed 1[_1130 the chamber v

through the openings %' of the piston-rod,

whlch at this time have been withdrawn from.

- the cylinder extension b and are communicat-
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ing with the chamber . At this same time
the piston d has uncovered the eﬂmust-open-
Ings y and the expanded charge in the cham-
ber v is forced out, and fresh air is thus let
into this chambm The fuel being fed to
this chamber at any determined 11151:&1:113 dur-

ing the induction of air will vaporize by

contaet with the hot walls of the chamber
and will mix with the fresh air. Compres-

~ slon now beﬂ'ms in chamber v, as shown 111;.
Figs. 8 and 4 and is completed When the pis-
ton o reaches the end of its outward stroke,

as shown in Kig. 4, when ignition takes place

in chamber v and the- plstou ¢ is driven to-
ward the left to the position shownin Fig. 1,
thus completing the two-cyele action Wlth r e-—.
From

spect to the explosion in ehambel .
the above it will be seen that an explosmn
takes place on either one side or the other of
the.piston d on each stroke, making two im-
pulses on this piston for one compleba revolu-
tion of the shaft 2. One combustion takes
place in the chamber z while piston ¢ is in
the position shown in Fig. 3 and in chamber
v when piston d is at the end. of its outward
stroke resulting from this explosion in the
chamber z, as indicated in Fig. 4. - On the

stroke of the piston ¢ toward the left, as in-
~dicated in Fig.
rod.do not come mto alinement, and conse-
quently the airis compressed in the chamber
x during this entire stroke of the piston, and
this is Sufﬁelent to compress. the air to about.
sixty pounds, with which the reservoir is
stored. Referring to Fig. 1, it will be. seen

4, the openingsin the piston-

that the gears eonnected wzbh the cranks of
the upper cylinder move in a direction oppo-

site to that of the cranks of the lower cylin-
by reason of this relative action the.

der.
pistons ¢ and ¢ of the upper eylmdel of the
pair shown in Fig. 1 are both moving toward
the left, but at d1ffe1ent speeds for the in-
duction- stroke, which is completedwhen they
reach the posﬂslon shown in Fig. 2.

that the pistons are ready to move apart from

each other in opposite directions,andat this.
time the combustlon takes place 111 ‘this eyl- |

other cylinder.

chamber z this valve remains open.
valve is controlled to open posmwely by a ..
cam 43, loosely arranged upon the shaft ».

at 44,

In the
lower cylinder, however, of the pair shown
in Fig. 1 the cranks are in such a position

1n order to accom- | inder in the space 2 between the pistons, and

16 will thua he seen tha,t the combustion or

.echloqmns in one eyhndel of the double en-
gine alternate with those in the other eylin-
_del of the double engine.
ment of the cranks Of the two parts of the
‘engine in which one set of cranks is arranged

in advance of the other set dead- -points are

avoided in the operation of .the double en-
gine, and at the same time it will be noticed |
,that there is a symmetrical distribution of

=

By the arrange-

75

the four power impulses, the two 1mpulses n

one. cylinder alternating with. those in the
The engine therefore will

80

start under load at any point at which it may .

come to rest. I employ eylinders of small
diameter compared with their length, and by
this a considerable expansion is obtained

with a comparatively small- quantlty of gas

to exhaust, thereby reducing the noise of ex-

haust and elp&ndlllﬂ‘ the heated gases down

very close to atmospheric pressure.
Referring now more specifically to the ac-

90

tion which ‘takes place in chamber z, the pis-

ton c acts as a scavenger for this ehambe1

‘'The exhaust for the etpended charge and

induction-port for the fresh air is cont1 olled

by the puppet- valve 1, one of these valves
being
pression, expansion, and explosmn in Chd[ﬂ--_

Duunn' com-

fitted to each: cylmdm

ber z said valve remains closed ; but during

exhaust and 111(111(31;1011 of air flO]II and to the
The

The cam has a bemmo' in the clfmk ea,smn‘
The cam has an ovelhanwmﬁ shouldel

45 extending across it, to be enwaﬂ‘ed by the

95
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pin 46, cmued Dby the gear . ¢, a,nd through

this eon nection the cam 18 1onated and thus

controls the opening of the exhaust-valve on

the exhaust-stroke of .the piston ¢, so that_
said piston will force out the exha.usted mix-

ture,
46 will engage the shoulder 45 when the gear.

The connection is such that the pin

q rotates in either direction, according to
which dlrectlon theengine isrunning.

‘When
“the engine 18 leversed the cam remains idle
for one- half 1eV01ut10n of the engine and

IIO

I1§

then the pin 46 will engage the shouldel at

The connectmn be-
tween the valve 1 and the ﬂoatmfr cam 4:3

with teeth 48, meshing with a rack 49, sult-

“ably carried on the machine and adapted to
be, operated. mannally. The induction. ex-
‘haust-valve may remain either open orclosed =
during. nearly one-half a revolution of the . .

.enwme-ﬁhaft during the action of reversing.

'-To enable this Valve to be opened or elosed”'

the opposite side of the cam, thereby operat-
ing the valve 1 in proper tlme for the reverse
action of the engine.

¥20

“consists of arod having a solew—gomt therein .
at 47. The upper. part of the rodis provided

125

130..

‘when it stands either closed or opened, the .
rack 49 is operated to turn the spindle, and - .
thus expand or contract the serew-joint. The
automatic action of the pin 46 and floating
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cam is illustrated in Figs. 13 and 14, which in- | inder, the passage leading to which is indi-

dicates that the cam may be rotated in either
one direction or the other by the pin. As be-
fore stated, the hollow perch may be utilized

as a compressed-air conduit, and the perch

50 may be used as a reservoir or conduit for
the oil.

As before stated, the chamber x and piston
¢ are used as means for' compressing the air,
the supply for which enters through the op-

enings w. The check-valves controlling the

passages between the chambers x and the
passages 5 are shown in Fig. 9 at 11. These
check-valves are controlled by a rod 22, ex-
tending transversely from one passage 5 to
the other, said rod having a hooked end 23,

- engaging a stem of one of the valves 11, and

20

35

40

45

50

55

60

having a socket 24 at its other end to receive
loosely the stem of the other wvalve. DBoth
valves are adapted to have movement inde-
pendent of the rod 22, for which purpose the
hooked connection is a loose one, as 1s also
the socket connection. The valves are ar-
ranged to close toward the air-compressing

chambers x, the ports leading to which are

indicated at 25 in Fig. 9, and these valves
are intended to retain the air-pressure in

-the passages 5 and in the reservoir, which

freely communicatestherewith. Thesevalves
may be controlled manually by the opera-
tion of the rod 22, for which purpose a hand-
lever 26 is provided, pivoted to a suitable
portion of the framework and having an eye
27, through which the rod 22 passes, with a
spring 28 interposed between the lever and

a collar 29 fitted adjustably to the rod 22.

The lever is provided with a detent 30, con-
trolled by the finger-lever 31, so that 1t may
be withdrawn from the fixed rack 32 in order
to shift the lever to the position desired. By
moving this lever the rod 22 may be operated
so that the check-valves 11 will be held ri1g-
idly on their seats, thus closing the passages
between the air-compressing chambers and
the air-reservoir. This arrangement 1s of
particular value when 1t is necessary to op-
erate the engine without having a supply of
compressed airin the reservoir. Under such
conditions, as the check-valves would not be

held closed by pressure from the reservoir, 1t |

would be impossible to send a charge of air
through the hollow piston-rods to the two cy-
cle ends of the cylinders to purge the same
and supply the necessary fresh air for the
next mixture; but with thelever 26 valves 11
will be held closed and compresseda air sent
to the chambers v directly instead of at this
time passing to the reservoir. The pressure
upon the lever 26 may be lessened or entirely
released as thie compressed-air pressure rises
or reaches its maximum. The admission of
compressed air from the reservoir to the sev-
eral chambers v and z for starting is, as be-
fore stated, controlled by the valves located
at 12 and 13. These valves are shown in de-
tail in Fig. 8, in which the valve 14 1s ar-

cated at 33. On the cylinder side of this
valve a check-valve 34 is arranged, having
its stem loosely held in the stem of the valve
14. The purpose of this check-valve 1s to
protect the valve 14 from the energy of an ex-
plosion, it forming a complete cut-off or pro-
tection for the valve 14. The stem of valve

i 14 extends out through the valve-case 35 and
| at its outer end is connected to the arm 36 of

a spring 37, attached to the cylinderand con-
nected to a rod 38, which extends to the con-
troller 16, which I have shown generally in

Fig. 5. Thiscontroller comprises the casing,
with the shaft 17 journaled therein, carrying
the cams 15, which operate levers 39, engag-
ing the rods 38, as shown in Kigs. 5 and 6,
the arrangement being such that the cams
through the levers 39 will operate the rods
38 in any desired order, and thus open the
valvesin rotation to diseharge compressed air
into the chambers of the engine to start the
same. The valve 14 is held to its seat nor-
mally by the spring 37 and also by the com-
pressed-air pressure when this is present in
the passage o.

As Dbefore stated, electromagnetic pumps
for the fuel-supply are employed, (shown at
2.) These are controlled through cireuit con-
nections 40 from contact-rings 41, rotated by
the shaft 17, before described. Electromag-
netic-operated make-and-break apparatusfor
causing the ignition-spark in each combus-
tion-chamber is also employed, (shown gen-
erally at 42, Fig. 5,) these being controlled
through circuit connections 43', leading to
the contact-rings 41, before described. These
parts, together with the electromagnetic
pumps and the controlling mechanism 10,
form no part of my present invention and
need not be further described herein.

Referring,further, tothe compressed-air ac-

 tion, the ratio of clearance in the chamber «

is such that a pressureof about sixty pounds
per square inch above atmospheric pressure

| will be maintained in the reservoir when the

| engine isrunning normally. Kach alternate

stroke of the pistons delivers a portion of
compressed air to the reservoirif at anytime
the pressure therein has fallen below sixty
pounds per square inch. When thispressure
has been attained in said reservoir, the ailr
compressed by piston ¢ will simply expand
again upon the return-stroke of the piston,
the compressing action thereby serving as a
cushion for the explosion, which takes place
on the opposite side of the piston in chamber
| 2. As before stated, this compressing action,

whereby about sixty-pounds’ pressure 1s at-
tained, takes place at each alternate stroke
of the piston. There is also a compressing
action which takes place at the strokes inter-
mediate of the alternate strokes, and this lat-
ter compression, which occurs at each revo-
lution of the crank, compresses the air to
abouttwenty pounds persquareinch,and this,

]

ranged to close upon its seat toward the cyl- | as before described, is discharged into the
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two- eyele chamber v to clear the same of ex-

panded charge and supply the fresh air. This

latter pressure of about twenty pounds per

square inch is attained at about the time the
openings in the hollow piston-rods e
aline with each other, as before deserlbed._ -
I ¢laim as my invention—
1. Aninternal-combustionengine, cmnpm.s
ing two pistons, connections between the said

plSEOHS whereby one moves faster than the
other, a combustion-chamber for one piston

Getmn' therewith-upon the four-cycle princi-
ple anda second combustion-chamber for the

other piston acting therewith upon the two-

cyele principle, substantially as described.

2. Aninternal-combustion engine compris-

ing a eylinder, two pistons thermn and two

_combustlon -chambers, one piston and com-
bustion-chamber having a two-cyele aection

and the other piston and its combustion-cham-

ber having a four—eycle action, substantially

as described. -

3. An mternal—eombus‘olon engine compris-
Ing a cylinder, two pistons therem and two
combustion-chambers, one piston and com-

bustion-chamber havmn* a two-cycle action

and the otherpiston and 1t5 combustion-cham-
ber havinga four-cycle action, one of the com-
bustion- chambers being common to both pis-
tons, substantially as deseribed.

4. Aninternal-combustion en crme compris-

ing a cylinder, two pistons and two combus-
131011 chamberstherein, one of said pistonshav-
ing a two-cycle action and with a combustion-
chamber on each side of the same, whereby

sald piston receives an impulsein each direc-

tion and the other piston having a four-cycle

action and receiving an 1mpulse 1n one direc-

tion, substantially as deseribed. |
- 5. Aninternal-combustion engine compms-
ing a eylinder, two pistons therem a combus-

tlon-chamber between the plstons a second

combustion-chamber for one of the p1stons
the latter piston acting on the twoﬂc} cle prin-

ciple and receiving an 1mpu]se in each direc-

tion and the other piston acting on the four-

cycle principle and receiving its impulses

from the intermediate oombustmn chamber,
substantially as deseribed.

6. In combination in an internal- combus—.
tion engine, & cylinder, two pistons and two

combustion-chambers therein, one piston with

its combustion-chamber having a two-cycle
action and the other with its ecombustion-
chamber having a four-cycle action, the pis-
ton-rod of one plston extending throucrh that

" of the other and the two to one gearing be-

6o

tween the piston-rods,. Substantmlly as de-
seribed. -

7. In combmatlon in an internal- combus- ~

tion engine, a single eylinder, two independ-
ent power-pistons and two combustion-cham-

bers in the cylinder, and an air-compression
chamber in said cyhnder substant r:Jlly asg de-

seribed.
S. In eombmatwn in an 1111391’11&1 combua-

and n

aline at certain times, an air-
chamber to com mumcate with the hollow pis-

5

tion-chambers, an air-cornpréssion chamber
‘and a connection between the combustion-
chamberofone piston and the air-compression
chamber Whereby the said combustion-cham-
‘ber will reeceive compressed air therefrom,

substantially as described.

9. In combination in an intern fml-eombus-
tion engine, a two-cycle piston with its com-
bustion-chamber, a four- cycle piston with its

_combustlon-ehamber and an air-compression

chamber in which air is compressed by one
of the pistons, substantially as deseribed.

10. In combination in an internal-combus-

tlon engine, a ¢ylinder, two pistons therein, a
eombustwn chamber intermediate the pis-

tons, a combustion-chamber at one end of the

cylmder and an air-compressing chamber at
the other end of the cylmder substantially

-as described.
11. In combination in an mternal combus-

tion engine, the two pistons moving at differ-

ent speeds, a combustion-chamber for each
- piston, an alr-compression chamber, a connec-

tion between the air-compression chamber
and one of the combustion-chambers leading
through said piston, and a connection lead-
ing from the air-compression chamber to a

point outside the engine substantially as de-

seribed. o

12. In combination in an . internal-combus-
tion engine, a cylinder, a piston, a combus-
tion-chamber, an air- -compressor chamber in
the cylinder, a storage-reservoir, and means
whereby the eompresqed air is controlled ‘o
pass. to the storage-reservoir at times directly
from the air—compressor chamber and at other
times to the combustion-chamber, substan-
tially as described.

13. In combination in an internal- combus-
tion engine, two pistons, two combustion-
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chambers, an air-reservoir, 4 compressed-air

chamber and means wh ereby the compressed

air. 1s at times sent to the air-reservoir or
again expanded in the compressed-air cham-
ber and at other times to one of the combus-

‘tion-chambers, substantially as described.

~14. In combination in an internal-combus-
tion engine, a cylinder, a piston and a com-
bustion-chamber therein having a two-cycle
action, a second piston and a combustlon-
ehamber therein having a four- eyele action,
an air-reservoir, an alr-compression chamber
in the cylinder and means whereby the com-
pressed air is caused to pass alternately to
the air-reservoir or to expand again in the
compression-chamber and to one of the com-
bustion-chambers,substantially as deseribed.
15. In combination in an internal-combus-
tion engine, a cylinder, a piston and a com-
bustion-chamber therein having a two-cycle

‘action, a second piston and a combustion-

ehamber. therein having a four-cycle action,
the hollow piston-rods having openings to
compressmn

ton-rod through the said openings, said hol-

tion engine, two pistons with their combns- | low plston vod 0011111111111(35Ltmrrwm]1 oneof the
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combustion -chambers, substantially as de- | side and having alternately on 1ts other side
scribed. | | an air-compressing action and an air-trans-

16. An ‘explosion -engine comprising two | ferring action, said transfer of air taking 15
cylinders, a pair of pistons in each, one pis- | place to the combustion-chamber of the other
ton having a two-cycle action and the other | piston, substantially as deseribed.

&y |

having a four-cycle action, the said pistons In testimony whereof I affix my signature
being all connected together, substantially as | in presence of two witnesses. '
described. | . :
. 17. Incombination, a eylinder, the two pis- JAMES F. HOBART.
10 tons therein with their combustion-chambers, Witnesses:
one of said pistons having a four-cycle action F. L.. MIDDLETON,

derived from the combustion-chamber on one | HENRY K. COOPER.
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