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Beit known that I, WILLIS A SWAN, a (3111-_
zen of the United Sbates residing at Provi-

dence, in the county of Providence and State
of Rhode Island, have invented certain new
and useful Improvements in Gas-Kngines;
and I do hereby declare the following to be a

full, clear, and exact description of the in-
vention, such as will enable others skilled in

the art to which 1t appertains to make and
use the same.

My invention relates to gas-engines of the
type known as ‘‘free-piston” engines; and it

consists principally in providing certain nov-

elly constructed and arranged valve mech-
anism for controlling and governing thespeed
of the engine and for regulating the supply
of oil and air to the cylinder.

- tion still further consists of the general con-
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struction, arrangement, and combination of
the various parts, as will be heretnatter more
fully described, and parhicularly pointed out;
in the claims. .

One of the principal obJeets of the Inven-
tion is to provide a simple and effective means
for moving the piston on its back stroke with
a gradual and uniform movement, so as to
render the operation practically noiseless.

Another object of the invention is to obtain
the greatest of expansive force from the ex-
penditure of a minimum quantity of oil.

Still another object of the invention is to
provide an independent or auxiliary power
and novel mechanismto make the engine self-

starting.

A still further object of the 1tlvent10n 1s to

provide 2 means for regulating the speed of

the engine without the use of speed-ehan oing
oear.

Other objects, such as dispensing Wlth the
usual compensation-gearing used in vehicle
propulsion, will become apparent upon fur-
ther deseription of the invention.

These objects are attained by means of the
various mechanism illustrated in the accom-
panying drawings, in which—

Figure 118 a top plan view of two gas-en-

oines constructed after my 1mproved plan
:{Lpphed to a wheeled vehicle; Tig. 2, a side | ¢ the frame suppmtmn' the enﬂ'mes

anism;
Fig. 14&, a detail of the operating-lever and

elevation of the same with the body of the
vehicle and a portion of the running-gear re-

moved; Fig: 3, an enlarged top plan view of

one of the gas-engines; Fig. 4, an enlarged
side elevation of the same and air-pump con-
nected thereto; If1g. 9, a vertical longitudi-
nal section of engine and valve mechanism;

Fig. 6, a hor izontal longitudinal section of the 60

same; Fig. 7, an enlm ged top plan of the
mechm]lbm for controlling the supply of oil
and air and for operating the reversing-
clutches; Fig. 8, a front elevation thereof
Fig. 9, a horizontal section of the reversing-
olutch mechanism; Fig. 10, a front elevatlon
of the igniting devme detached; Fig. 11, a
top plan of the same, showing the p051t10n of
the parts in relation to the cyhnder head ;

| Fig. 12, a plan view of the inner face of one

The invention still farther consists in pro--
viding a simple and effective means for the
return stroke of the piston; and the inven-

of the fly-wheels, showing the clutch-disk
seated therein; Fw' 13, a front elevation of
a portion of the front axle and steering mech-
Fig. 14, a top plan view.of the SAMme;

(301:1lzleetm»n&ll and Fig. 15 a front elevation of
one of the eylmdel -heads w1th the valve
mechanism removed.

As my invention is especially apphcable to
the propulsion of wheeled vehicles, although
equally well adapted for driving machmer} :
I have shown it applied to a four-wheel vVe-
hicle, and in order to facilitate its deseription
| will proceed to describeit under the follow-
ing heads,viz: first, the suppmtmw-frame and
eonneetlons, seeond the main driving-shaft;
third, the engine; fourth mechanism for op-
eratlnﬂ' the valves, fifth, duvmﬂ‘ and revers-
ing gear; sixth, mechanism for Opera.tmn' the
cluteh mechamsm and for controlling thesup-
ply of oil and air; seventh, steering mechan-
ism, and, eighth the igniting device..

While I show and describe my invention
applied to a wheeled vehicle, I do not seek to
claim herein those parts or devices which re-
late to the particular mechanism tfor operat-
ingthe valves, thedriving-clutech mechanism,
and the sparking 1n*n1ter, as these will form
the subject-matter of future separate appli-
cations.

The supporting-frame and connections.—

| Referring to the several views, the letter

mdlcates the front axle, b the rear axle, and
The

05

75

QO

95

ICO




=

front of the engine-supporting frame is sup- I screwed into the outer end of the air-cham-

- ported from the front axle by two converging
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bars d d, suitably braced by bars e e, and its
rear by the arms of two short shafts 7 7, sup-
ported in bearings g g, attached to the rear
axle. The connection between the converg-
Ing bars and the front axle is preferably by
means of a ball and socket, although any
well-known and suitable coupling may be em-
ployed. The outer end of each shaft f car-
ries a gear-wheel, which meshes with an inter-
nalgear (not shown, being of the usual form)
provided on the inner face of a brake-wheel
ke, rigidly secured to the hub of the vehicle-
wheel. By means of the mechanism to be
hereinafter described motion is imparted to
the brake-wheel to revolve the rear vehicle-
wheels. Any suitable brake mechanism may
be employed. The engine-supporting frame
may be of any suitable or desired construe-
tion and is flexibly supported from the front
and rear axles of the vehicle.

The main driving - shaft.—Journaled in
sultable bearing secured upon the side pieces
of the engine-supporting frame is the main
driving-shaft 2, which has mounted on each
end thereof a sleeve 3, carrying a sprocket-
wheel 3', which is connected by a sprocket-
chain 4 with a sprocket-wheel 5 on the shaft

30 f, the purpose of which will be hereinafter ex-
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plained. | |
The main shaft carries the mechanism for
driving the vehicle in a forward direction and

for reversing the direction of movement, as

will be hereinafter described.
The engine.—In applying my invention to

awheeled vehicle I employ two engines iden-

tical in structure, but independent of each
other, so that the description of one will ap-
ply to the other. - .

Each engine 6 is supported upon the front
and central transverse bars of the frame ec.
The head 7 of the cylinder or shell is bored
transversely for the reception of the main
shaft and is provided with alongitudinal pas-
sage for the reception of the piston-rod 8.
The head 9 of the cylinder is provided with
a chamber 10, communicating with a cham-
ber 11 of increased diameter. The outer end
of the chamber 11 is provided with a screw-
threaded plug 12, bored to receive the stem
of a valve 13. The valve-stem is provided

- with an enlargement 14, which serves to ac-

55
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curately guidethe valve inits operation. The
chamber 10, which may properly be termed
the *‘ oil-chamber,” is provided with an oil-
passage 15, which is controlled by a needle-
valve 16,ad justableinascrew-threaded open-
ing 17 in the aforesaid head. This valve
regulates and controls the supply of oil tothe
cylinder, the sapply being received through
a pipel8, leading from asuitable supply-tank
19 to.the chamber 10. The head 9 is also pro-
vided with an air-chamber 20, controlled by
a valve 21, provided with air-passages 22.

The valve-stem operates through a plug 23, |

692,218

| ber, and it is provided with an enlargement

|
i
|

24, which serves to cut off the supply of air
and to assist in guiding the movement of the
valve. The air-chamber receives its supply
of air from a tank 25, in which the air is com-
pressed by means of an air-pump 26 of any
suitable type, the pump being run by sprocket,
wheels and chains driven from the main shaft
2, as shown in Fig. 4.

Thehead 9is formed with an exhaust-cham-
ber 27, controlled by a valve 28, the stem of
which works through aplug 29, serewed into
the outer end of said chamber. An exhaust-

70
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passage 30 leads from the chamber 27 to the

open air, Additional exhaust-ports 30’ may
be made in the wall of the cylinder at a point
Just in front of the position of the piston-
head when the piston has reached its full out-

‘ward stroke.

The lower or under side of the piston-rod
for a portion of its length is provided with a

rack 31, which meshes with a gear-wheel 32,

screwed on a sleeve 33, loosely mounted on
the main shaft2. Theouterend of the sleeve

| carries a clutch-disk 34, which is provided

with right-angle openings 35 in its outer pe-

riphery, and rigidly mounted on the shaft 2

18 a fly-wheel 36, in the face of which the
clutch-disk is loosely seated. In that part
of the openings 35 lying parallel with the pe-
riphery of the clutch-disk are placed rollers
37, 80 that as the fly-wheel is caused to re-

volve the rollers impinge between the wallof

the flange 38, forming the seat for thecluteh-
disk, and the wall of said part of the open-

ings and cause the clutch-disk to revolve with

the fly-wheel during the forward movement
of the vehicle. On the reverse movementof
the vehicle the cluteh-disk will become dis-
engaged from the fly-wheel, asthe rollers will
fall back to the opposite part of the openings,
which is slightly greater in width than the
closed end, springs 39, seated in theinwardly-

extending portion of the openings,serving to

limit their movement.

In the top central portion of the head 7 is
an opening 39, which is partially closed by a
cap 40, bolted between the ribs 41, formed on
sald head. On the under face of the cap 40
Is fitted a metal bearing-plate 41', vertically
adjustable by a screw 42, for guiding the rear
end of the piston-rod in its travel. Theribs
41 extend beyond the rear end of the head 7
and are joined together by aring 43, internally
screw-threaded toreceive an externally-serew-
threadedsleeve 44. Secured within thissleeve
is one end of a tube 45 of sufficient length to

‘accommodate the full outward stroke of the

piston. - - S
Mechanism for operating the valves.—Jour-
naled in suitable bearings 46, supported from
the frame c, is a shaft 47, which is rotated by
an independent motor 48. This motor may

be of any suitable type or style. Rigidly se-

cured on the shaft 47 are two sets of cams, one
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set for each engine, and as they are of simi-
lar construction it will only be necessary to

~describe one set.

The numeral 49 indicates the cam for op-
erating theoil-valve, 50 the cam operating the
air—valve, and 51 the cam operating the ex-
haunst-valve. A cam 52, also rigidly secured
on the shaft 47, operates a valve-connecting
rod 53, which may be suitably supported in
any well-known manner from the cross-bars
of the frame ¢. The rear end of the connect-
ing-rod is connected to a valve cam 54, which
operates a spring-restrained valve 55 to ad-
mit, cut off, and exhaust the air to and from
the tube 435, said tube being provided with
air inlet and outlet openings in its cap 56.

The independent motor issupplied with air
under pressure from the air-tank 25 through
pipe 57 and branch nipe 58, the latter being
connected with the three e¢ylinders of the in-
dependent motor by pipe 59. Leading in op-
posite directions from the pipe 43 are two
branch pipes 60 60, which supply air to each
air-chamber of the cylinders of the engines.
Thus it will be seen that air is admitted to
each air-chamber 20 direct from the supply-
tank 25, the supply of air to the engine-cyl-
inders bemfr regulated by the valves 21 and
the valves centmlled by the cams 50. Also
leading from the pipe 58 is a pipe 61, which is
provided with branches 62 62, one branch lead-

ing to the tube 45 of one engine and the other

~branch leading to the tube 45 of the other en-

35
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gine.

Drwving and reversing Jea? —T'he sleeve 3
of each sprocket-wheel 3’ also carries on its
inner end an internal gear-wheel 63, which

meshes with a gear-wheel 64, attached to one |

end of a short shaft 65, Journaled in the pro-
jection of a beaunw-blocl{ 66, secured on the
central cross-bar of the frame c. (See Fig.
11.)
is another gear-wheel 67, which meshes with |
a gear- wheel 68, loose on the shaft 2. The
inner face of the gear-wheel 68 1s provided
with clutching-feeth 69, which engage similar
teeth on the end of a slidable cluteh 70, keyed

- on the main shaft, the otker end of said clutch

being provided with cluteching-teeth adapted
to engage couespondinﬂ' teeth on the inner
end of the sleeve 3

Mechanism for ope? aling the clwtch mﬂch—
anism and for controlling the supply of oul

and air.—Journaled in bearings 71, mounted

on the front cross-bar, is a rockable shaft
72, provided with wheels 73 73, having cani-
orooves 74 in their outer peripheries. Ful-
crumed on an arm 76, projecting from each
bearing-block 66, is a lever 77, which has one
end bifurcated and secured to the slidable

ciutch and the other end provided with a

roller 78, operating in the cam-groove 74.
Rigidly secured on the rockable shaft are two

- gear-wheels 79 79, which are adapted to mesh

with rack-bars 30 80, pivoted to the arms of
a fulernmed lever 81.

F

1 vided with a

Attached to the otherend of the shaft 65 |

!
|'

Q3

spring -actuated pawl 82, ar-
ranged to engage a toothed segment S3 to
hold the lever at any desired position. Also
secured on therockable shaft are cams 84 and
35, which operatethe supply-valves 86 and &7.
The cams 84 operate the valves 86 to control
the supply of oil to the oil-chambers 10, and
the cams 85 serve to operate the valves 37 to
control the supply of air to the chamber 20.
As the shaft 72 is rocked in one direction the
supply of oil and air is turned on and the
clutches moved to engage the gear-wheel 68,
and when rocked in the opposite direction
the supply of oil and air is cut off and the
clutches moved to engage the sleeve 3 to re-
verse the direction of movement of the vehi-
cle. By manipulating the lever 81 a great or
small charge of oil and air may be supplied to
the respective chambers.

Steering mechanism.—Eachend of the front
axle is provided with a vertical hub 88, in

which is journaled the vertical portion of a

right-angle arm 89, the horizontal portion of
said arm serving as the spindle for the vehi-
cle-wheel. Rigidly secured to the upper end
of the vertical portion of each arm 89 is a
toothed segment 90, which meshes with a
worm-wheel ‘91, journaled in a bracket 92,
pivoted to the axle. One end of the shaft of
each worm-wheel projects through the bracket
and 1s provided with. a splocket-wheel 93, a
sprocket-chain 94 connecting the two Wheels
together.
the engagement of the worm-wheels with the
teothed %en*ments and to prevent theu aCel-
dental dlsenwaﬂ'ement

The numelal% 96 96 indicate two mr—cyhn-'-
ders having a piston 97 common to each.
The center portion of the piston-rod 1s pro-
vided with a toothed rack 98 and each end
with a head 99, one head working in one cyl-
inder and the other head in the other ¢ylin-
der, as shown in dotted lines in Fig. 7. Air
under pressure is supplied to the eylinders
from the air-supply pipe 57 by means of pipes
100 and 101,the two ¢ylinders beingconnected
by air-pipe 102. Journaled 1n a bracket 103
is a sprocket-wheel 104, adapted to engage to
sprocket-chain 94, and a gear-wheel 105,
adapted to engage the rack 93. Kxtending

Set-screws 95 95 serve to adjust

70
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110

115

upward from the pipe 101 18 a tube 106, and

within the tubeisarod 107, provided with an
operating-lever 108, carrying a pointer. On
the upper end of the tube is a segment 109,
provided with degree-marks. Seated in the
pipe 101 at its conneetlon with the pipe 100

120

and with the tubeis a three-way valve, which

is operated by the rod 107 and lever 108.

By manipulating the lever air from the sup-
ply-tank may be turned into either cylinder,
and as the air rushes in the piston is forced
to move the gear-wheel 105, which being rigid

in the shaft with the sprocket -wheel 104

canses said sprocket - wheel to move the

125

130

sprocket-chain 44 to cut the front Vehlele-

The lever 81 is pro-{ wheels.
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In order to obtain a smooth and easy work- ] parting motion to the driving-shaft through

ing of the double piston, a small quantity of
glycerin is placed in each ceylinder 96.
‘While I have shown and described a mech-

anism for steering the vehicle, it isnot my in-

tention to claim it herein, as it will be made
the subject-matter of a future application.

- The rgniting device.—Passing through the
head 9 of the eylinder of each engine is a shaft
109, earrying on its inner enda contact-point
110 and provided on its outer end with an
arm 111. Aspring 112 bears against the arm
111 and serves to maintain the contact-point
in normal contact with a toothed ‘‘sparker”

113, secured on the inner end of a shaft 114,
- which passes through each head 9 and has

secured on its outer end a four-arm ratchet-
wheel 115. On the outside of each head 9 is
a rockable sleeve 116, which carries at one
end a pawl 117, adapted to engage the arms
of the ratchet-wheel, and at its other end an
arm 116', adapted to be engaged by a cam
118, secured on the shaft 47. The sleeve ex-
tends outwardly from the cylinder-head and
is attached to the said head by means of a
screw-rod passing through it, a spring serv-
ing to keep the arm in constant contact with
The shaft 109 is prop-
erly insulated from the cylinder-head and is
connected with one pole of a battery 119, the
other pole of the battery being in electrical
connection with the sparker. Fach device is
operated by its particular cam, which causes,
as the cam-shaft rotates, the pawl of the ful-
crumed sleeve 116 to. move the ratchet one
step and the sparker to move four steps or
points, so that four successive sparks are
rapidly made, thereby positively insuring an
explosion of the explosive mixture in each
engine-cylinder,

Anengine constructed upon the plan of my
Invention will prove economicin the consump-

- tion of oil and will work silently, smoothly,

45

and regularly. | | |
It will be noticed that the means (air-pres-

- sure) for returning the piston on its back

stroke 1s positive in its character and that

the piston is returned with the same positive-

55

ness whatever may be its position, whether

‘at rest at half or any part of its working

stroke. | | |
- The operation of the engine is as follows:

The oil and air tanks having received their
necessary supply and it is desired to start the

machine, the controlling-lever 81 is operatec

- to cause the cams to oper the oil and air

6o

valves to admit oil and air into their respec-
tive chambers, and thence to the cylinder.

-The air being under pressure, the oil is atom-
When the re- |

1zed as it enters the cylinder.
quired supply of oil and air has entered the
cylinder, the explosion takes place, the igni-

ter-cam being so arranged that it will cause |

the igniting device to act at the proper time.
The explosion of the mixture will force the

4

the medium of the piston gear-wheel 32, which
causes the clutceh-disk toengage the fly-wheel.
W hen the piston has reached the limit of its

stroke, 1t will be returned by the force of the

alr rushing into the tube 45, the air being ad-
mitted by the valve 55, which has been opened
by the ecam 52 operating the connecting-rod
oo anditscamd4. At the sametimethe piston
is being forced back by the pressure of the air
the cam 51 causes the exhaust-valve to open

75

and permit the remaining portion of the ex-

panded gas to escape through the exhaust-
passage o0, a portion having already escaped
through the ports 30'. As soon as the piston
18 returned the cycle is repeated. Of course
it will be understood that in the present in-
stance the engines perform the work alter-
nately—that is tosay, while the piston of one
engine is making its working stroke the piston
of the other engineis on its return stroke, the
cams of one engine being differently posi-
tioned to those of the other engine.

When the engine is at rest and it is desired
to startthe machine, the admission of air into
the cylinders will set the engine in motion,
thus giving it an initial starting before the
explosion takes place. Thisis accomplished
by means ¢f the cams 50, which are set on the
independent or auxiliary motor-shaft 47 in
such manner that the air-valves are operated
slightly in advance of the oil-valves. This is

an important feature of my invention, as it

enables me to do away with the usual cerank
starting device.. |
Having thus fully described my invention,

what I elaim, and desire to secure by Letters

Patent, 1s—
1. In a gas-engine,the combination of a eyl-
inder, a piston, mechanisms supplying air and
oll to said eylinder, the air being under pres-
sure, whereby an initial movement may be
agiven to the piston by the pressure of said air
before the explosion, mechanism supplying
the air, under pressure, to return the piston,
and an independent motor operating the air
and oil supplying mechanisms. |

2. In a gas-engine, the combination of a
I cylinder, a piston, valves supplying air and

oil to the explosion end of the eylinder, the
air being under pressure, whereby an initial
movement may be given to the piston by the
pressure of saild air before the explosion, a
valvesupplying air, under pressure, to return
the piston, an air-supply under pressure,
mechanism operating the several valves, and
an 1ndependent motor operating the valve
mechanisin.

3. In a gas-engine, the combination of a
cylinder, a piston, valves supplying air and
oil to the explosion end of the evlinder, a valve
sapplying air to return the piston, an inde-
pendent shaft carrying cams, adapted to op-
erate the several valves, an air-supply under
pressure, and an independent motor operat-

piston on 1ts working or outward stroke, im- | ing said shaft, whereby the cams are caused

3C

95

i00C

105

1IG

IT5

120

124

130




10

20

20

35

40

o1,

55

60

692,218 ' B

to alternately open the valves to admit air |

and oil to the explosion end of the ecylinder
and to return the piston.

4. Inagas-engine, thecombination with the
cylinder and piston thereof, of a shaft oper-
ated independently of the motive power of
the engine, an air-valve, a cam on said shaft
for operating said valves to supply air to the
engine-cylinder, and means for supplving air
to the rear end of thé piston to return it on
1ts back stroke.

5. Inafree-pistong oas- engine, the combina-

tion with the eylmdex and plston thereof, of

an air-supply reservoir, an air-chamber 'in-
closing the rear end of the piston, and means

for alternately supplying air to the front of

the piston and to the rear of the same. |

6. Ina free-piston gas-engine, the combina-
tion with the cylinder and piston thereof, of
an air-supply reservoir, and auxiliary shaft,
a motive power, independent of the engine-
driving power, for driving said shaft, and
mmeans for alternately supplying air to the
front end of the piston and to the rear end
thereof.

7. Inafree-piston gas-engine, thecomDbina-
tion with the cylinder and piston thereof, of
an air-ciamber, independent of the engine-
cylinder, receiving the rear end of the piston,

said chamber being provided with air inlet

and exhaust ports, a valve arranged to al-
ternately open and close said ports,an air-sup-
ply reservoir, and means for alternately sup-
plying air to the front and rear ends of said
piston.

8. Inafree-piston gas-engine, the combina-
tion with the eylinder, air-supply valve and
piston thereof, of an air-chamber, independ-
ent of the engine-cylinder, receiving the rear
end of the plStOIl sald chamber bemﬂ' pro-
vided with air inlet and exhaust port.s, a

-shaft carrying cams, and an independent mo-

tor for operating said shaft whereby said
cams are altemme]y operated to supply air
to the front and rear ends of the piston.

9. Ina free-piston engine, the combination
with the cylinder and plsfon thereof, of an air-
chamber receiving the rear end of bhe piston,
sald chamber belnn' provided with an air-in-
let and an exh&ubt»port a valve arranged to
open and close both the air inlet and the ex-
haust port, and meansforoperating the valve.

10. Inafree-piston engine, the combination
withthe cylinder and piston thereof, of an air-
chamber receiving the rear end of the piston,
sald chamber bem provided with an air-in-
let and an exhaust: -port, a valve arranged to
open and close both the air-inlet and the ex-
haust-port, a cam arranged to operate the
valve, a rod connected to the cam, and a ro-
tatable cam arranged to operate the rod and
thereby the valve-cam and valve.

11. In a free-piston gas-engine, the combi-
nation with the main cylinder and piston
thereof, said piston provided with a rack, of
an mdependent air tube or cylinder receiv-

carrying a gear-wheel adapted to mesh with

the piston-rack, and a motor, independent of

the main motive power, for causing a supply
of air to enter the air-tube to positively re-
turn said piston on its back stroke.

12. In a flee-plston oas-engine, the comb1-—
nation with the main cyllnder ‘and piston
thereof, said piston being provided with a

‘ack, Of an independent air tube or cylinder
receiving the free end of the piston, a driv-
ing-shaft carrying a gear-wheel adapted to
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mesh with the piston-rack, and a motor, in-

dependent of the main motive power, for caus-
ing a supply of air to enter behind the piston
to give the engine its initial movement and
%upplym air to the tube or cylinder to posi-

tively return said piston on its back stroke,

whereby motion is imparted to the driving-
shrtfn
In a free- plston gas-engine, the combi-
atlon with the main cy lmder and piston
thereof, said piston being provided with &
rack, of an independent air tube or cylinder
receiving the free end of the piston, said air-
tube bem o provided with air-inlets and ex-
h.:u.ls:t-pmts, a valve arranged to alternately
open and close said ports, and a motor, inde-
pendent of the main motive power, for cans-
ing a supply of air to enter the air-tube to
force the piston on its return stroke.
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14. In a gas-engine, the combination with

the oil and air %upply valves and means for
operating the valves to force the oil and air
into the engine-cylinder, of a free-acting pis-
toun, an air tube or eylinder receiving the free
end of the piston, said air-tube bemﬂ' pro-
vided with air-inlets and exhaust- ports, a
valve arranged to alternately open and close
sald ports, and a motor, independent of the
main motive power to cause air to be supplied
to the air-tube to force said piston on its back
stroke. |

15. In a gas-engine, the combination with
the oil and airsupply valves, and a shaft pro-
vided with means for operating the valves to
foree the oil and airinto the engine-cylinder,
of a free-acting piston having its free end
Operatmg in an mdependent tube or cylinder,
air inlet and exhaust valves in said tube, and
a motor independent of the main motwe

power, for driving the shaft, whereby air and

oil are supplied to Lhe mainorengine cylinder
and air to the independent eylinder to force
the piston on its return stroke.

16. In a gas-engine, the combination with
the ¢il :;wd alir Valves and a shaft provided
with means for operating the valves to force
the oil and air into the engine-cylinder, of a
{ree-acting piston, an independenb air tube
or cylinder receiving the free end of the pis-
ton, said air-tube being provided with air
inlet and exhaust ports, a valve arranged to
alternately open and close said ports, means
for operating said valve, and a motor, inde-
pendent of the main motive power, for driv-
ing the shaft, wherebv alr and oil are supplied

ing the free end of said piston, a driving-shaft | to the main or engine eylinder and air to the
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independent cylinder to force the piston on

1ts return stroke.

17, In a gas-engine, Iahe combination with
the oil and air valves and a shaft provided
with means for Opemtmﬂ' the valves to force
oil and air into the engine-cylinder, of a free-

~acting piston, said plston being provided with

I0

 erating the valve- ope_latlnﬂ_ shaft to supply

15

a rack, an independent air tube or ¢ylinder
receiving the.free end of the piston, a driv-
Ing-shaft carrying a gear-wheel adapted to

rnesh with the- plstou rack and a motor, in-

dependent of the main motive power, for op-

air and oll to the engine and air to the tube

or cylinder to return “said piston on its back

stroke.

18. In a gas- enﬂ'me, the combmatmn with

the oil and . air valves, and a shaft provided

with means for operabmw the valves to force |

692,218

a rack, an independent air tube or cylinder
receiving the freé end of the piston, said air-

| tube being provided with air inlet and ex-

haust ports, a valve arranged to alternately
open and -close sald ports, a driving-shaft
carrying a gear-wheel adapted to mesh with
the pinion-rack, and a motor, independent of
the main motive power, for driving the valve-
operating shaft, whereby air and oil are sup-
plied to the engine and air to the tube or cyl-
inder to return said piston on its back stroke.
In testimony whereof I affix my signature
in the presence of two witnesses.
- WILLIS A. SWAN.
Witnesses:
Guy E. PADGETT,
J. R, NOTTINGHAM.

| 0il and airinto the engine-cylinder, of a free- zo
t acting piston, said piston being provided with
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