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Patented August 11 1903

o NITED STATES PATENT OFFICE.

o E‘VERETT?B.{"b'USHMAN' AND LESLIE S. CUSHMAN, OF LINCOLN, NEBRASKA.

3;_._T0 all whfm’b it 7%&9007&067%
' Beit known that we, EVERETT B. CUSI-IMAN;

~ ASSIGNORS TO CUSHMAN MOTOR CO.,

INCORPORATB.D OF LIN'OOLN

NEBRASKA A CORPORATION OF NEBRASKA

GAS ENGINE

MPECIFICATION formmg part of Lett,ers Patent No. 736,224, dated August 11, 1903

Apphcatwn ﬁled M&y G, 1902 Benal I\To. 106;185

{No model))

- ' and LESLIE S. Cu SH’\IAN citizens of the United

. States, residing at Lmeoh} in the county of
.__'Laneastel and. State of Neblas'k.;z, have in-
 vented anewand useful Ga,s-Enn'me of whlch _-

the following is a specification."
The pr e%ent invention relates to cer 13;1,111 im-

- provements in the construction and operation
of two-cycle gas-engines, and has for its prin-

cipal object to avoid the stte of e*cploswe

‘mixture which ordinarily occurs in engines of
this type where a fresh charge entem at one
side of the cylinder while the e*{ploded charge
15 is being exhausted through a pmt Or ports at

. the opposﬂ;e side of the cylmdel
~ practice a portion of the fresh charge passes

In ordinar y

.' - directly to the exhaust and is wasted while
. theexploded charge is not in all cases coin-

.20

pletely expelled fre om the cylinder, a portion

__remammg to mingle with and dilute the fr esh
charge.
‘makes it much more expensive to operate a

This meth od of operatingthe engine

two-cycle engine than a four—eycle engine,

‘where the e};:ploded charge is expelled from

o ﬁhe cyhndel on the back stl oke of the piston.

In earrying out our invention the exploded

IRt ._,ases are driven from the engine by.admit-

. ting into the eyhndel & qua,ntlty of air under
__ pressure, the air sweeping through the cyl-
. inder and entne]y expelling the products of

- combustion previous tothe entrance of a fr esh

charge of explosive mixture and at the same
1}1]116 serves o cool the cylinder.
- onthe baelz: stroke of the piston, and before

_____ "The air re-
maining in the cylinder is then compressed

the latter reaches the full back position a
- supply of richly-carbureted air is forced into

-+ the upper portion of the eylmdel there to
40
;'i"';__e“*{.ploswe mlttul e, to be 1nn1ted in :;my de- |
. sired manner. - _
- A-further ob;ject of the 11’1\"’611131011 is to im-
SRS "prove mmphfy, and che&penthe construction

of engines of 131115 type as mm re fully de&m 1b ed :

-herelnafter -

mingle with the compressed air and form an

“In the aceompanymn dl awings, I‘lﬂ ure 1is

an elevatlon of a gas-engine constmcted in

_ﬁ o “aceordance with our 1nve11t10n & portion of
. .: 1"0

the cylmdel and plston bemo* shown In sec- |

T

[ P

.enﬂ'me on the line 2 2 of Kig. 1.

into the csrlmdel

towater-supply pipes.

' I‘w 2 is a sectional elevation of the
Fig. 3 is a

tion

B

seeuonal plan view of the engine on the line

3 8 of Fig. 2. Tig. 4is a plan view, partially
in sectlon of the top of the cylmden-head

111118131‘&13111@ the construction of the pumping

device for fm cing carbureted air or.gasolene
- Kig.

1S a 8111111.:1,1* view on the line 6 6 of I‘1ﬂ 4,
Fig.7is a detail sectional view of a por twn
of the crank-shaft and its packing-ring.

- The cylinder 10 is provided with the usud,l
heat- radiating ribs 11 and a water- Jacket 12

which may be connected in the usual mannm
On theexterior of the
cylinder are a pair of annular ribs’ 13, con-
nected by vertical partitions14-and for: ming

in connection with a two-part ring 15, a pml

‘of chambers which communicate with the cyl-
inder through ports 16 and 17, respeetwely,

the piston actmu as a valve 101 opening and

closing said pcn.ts and the port 16 at one side

of the piston serving to admit a quantity of
fresh air at the completmn of the outstroke

of the piston, while the port 17 at the oppo-

site side of ‘the cylinder is-an e*zhaust—port
through which the exploded charge is driven
by Lhe entering air.

55

d 18 a t1 a,nsva Se'Sec-
tional elevation of the same, on a somewhat
larger scale, on the line 5 5 of Hig. 4. Fig. 6 60

, 65

170

75

One of the sections of 80_- .

the ring 15 is fmmed integral with a valve- |

chamber 18, in which is a spring-closed suc-

| tion-valve 19 whichis opened on the upstroke

of the pmton to admit a quantity of atmos-
pherie air.
inder is bolted an inclosed crank-casing 20,
forming a compression-chamber for the air-

(3011111:111111(3&131110‘ with the va,lwe chamber 18
through a pipe 21.

To the lower portion of the cyl- 85

‘entering past the valve 19, the crank-casing

The crank-casing is pro- go

vided : w1t11 one integral head 23 andl a re-

movable head 24, which may be taken off for
convenience when it becomes necessary tore-
‘move the crank-shaft or any of 1ts connected
parts, and at the bottom of the casing is an g5

opening normally covered by a 1em|0vable
plate 25. -In the two heads of the crank-cas-
‘ing are formed bearings for the reception of
the crank-shaff 27, and on said shaft are two
cmmterwel ohted cr anks,

T

connected by a 100 |8



=

crank-pin 28, to which is attached one end of | fourths of its upstroke, leaving about a

the connecting-rod 29, the opposite end of

10

20

25

which is pivoted in the usual manner to the
trunk-piston 30. Inordertoprevent leakage
of compressed air between the shaft and its
bearings, rings 31 are placed on the shatt be-
tween the inner portion of the heads of the
crank-casing and the adjacent faces of the
crank. The rings are held from rotative
movement by suitable pins 33,passingthrough
alining openings in the rings and cranks.
Between the cranks and rings are helical com-
pression-springs 34, which serve to hold the
rings snugly against the inner face of the
crank-casing and prevent the escape ot ailr
during the downward or compression stroke
of the piston.

The removable head 24 of the crank-casing
is provided with an outwardly-projecting an-
nular flange 35, to which is bolted a similarly-
flanged cover-plate 36, carrying one of the
shaft-bearings 37. The flanged faces of the

‘head and cover-plate form a chamber for the

reception of a cam 38, adapted to actuate the
pumping mechanism for forcing carbureted

“air or hydrocarbon into the cylinder during

the upstroke of the piston, the cam and pump
being connected by a rod 41, the lowerend of
which is guided in suitable openings 42 on the
casing of the cam-chamber and the upperend
of said rod passingthrough a guiding-opening

. in a lug or boss 43 on the ¢ylinder-head. T'he

35

rod 41 is provided with a laterally-projecting

pin or & stud 44, on which is mounted an an-

tifrietion-roller 45, the latter being main-
tained in constant contact with the lower face

~ of the cam by a coiled compression-spring 46,

_-40

surrounding the upper portion of therod and

held between the upper face of the boss 43

and an adjustable collar 47 on said rod. |
In the operation of the mechanism thus far

- described the downstroke of the piston will
- compress air previously drawn into the crank-

45

50

55

60

casing past the suction-valve 19, and when

the piston reaches the full limit of down-

stroke the cylinder ports 16 and 17 will be
uncovered. Thecompressedairinthecrank-
casing will then pass through the pipe 21 and
port 16 into the cylinder, driving out all of
the exploded charge through the port 17 and
at the same time partly cooling the cylinder.
The flow of air is continued until the crank

18 slightly past the center, and the piston on

the starting of its upstroke closes the ports
16 and 17 and starts to compress the air re-
mainingin thecylinder. Immediately on the
closing of the ports, or in some cases slightly
before the exhaust-port has been fully closed,
the cam 33 starts to act on theé antifrietion-
roller 45 and depresses the rod 41, this result-
ing in the forcing into the upper portion of

- thecylinderofa quantityof gasolene orrichly-

carbureted air to combine with the air al-
ready in the cylinder. The cam isso shaped
as to complete its work and permit the rod
to start on the ascending movement about

736,224

fourth of a stroke for the gas and air to in-
termingle and be properly compressed before
the explosion occurs. S

On the top of the cylinder-head 50 1S se-
cured avertically-disposed pump-cylinder 51,
the lower head of which may be formed by
the cylinder-head of the engine.
pump-cylinder is a piston 52, having a rod 93

In this

75

connected at its upper end by an arm 54 to

the cam-actuated rod 41. On one side of the
pump-cylinder is a valve-chest having an air-
inlet opening 55 and provided with a perfo-
rated boss 56 for the reception of the stem 57 of
an air-inlet valve 58. Thevalve 58isnormally

30

held againstthe seat 59 by a tension-spring 60,

the upper end of whichis connected to an ad-
justable plug 61,which may be raised or low-
ered to alter the tension of the spring and in-
crease or decrease the resistance to the open-

ingmovementof the valve. Inomesideofthe

casting which forms the ¢ylinder and valve
chamber is a port or passage 62, communicat-
ing through a tube 63 with a supply of gaso-
lene or other suitable hydrocarbon. The
lower portion of the port or passage com-
municates through an opening 64 with the in-
clined face of the valve-seat 59, the valve 58

Go

935

controlling the supply of air and of gasolene,

while a needle-valve 66 is employed to govern

the quantity of gasolene admitted through
the passage 64 at each opening movement of
the valve 58. The valve 58 opens into a port
or passage 67, opening at one end into the
lower portion of the pump-cylinderand at the
opposite end being provided with one or more
ports or passages 63, leading to the engine-
cylinder. The port 68 1s normally closed by
a valve 69, having a guided stem 70, sur-
rounded by acompression-spring 71, the valve

| opening on the downstroke of the pump-pis-

ton to permit the passage of air and gasolene
to the explosion-chamber. On the upstroke
of the pump-piston the valve 69 will be held

closed and the value 53 will be opened, per-
mitting mingled currents of gasolene and air

to enter the pump-cylinder below the piston,
while a free outlet for any air between the
piston and the upper head of the pump-cyl-
inder is provided by a small port 72 between
the cylinder and the valve-chest. On -the
downstroke of the pump- piston, which oc-
curs during the upstroke of the main piston
in the explosion-chamber, the mixed air and
gas in the pump-cylinder will be forced

I0C

105

11O

115

120

through the ports 67 and 68 into the upper

portion of the explosion-chamber and there
mingled with partially-compressed air in the
explosion-chamber. Beforethe pistonreaches
the upper limit of movement in the explosion-
chamber the downstroke of the pump-piston
has been completed, sothat the valve 69 may

' close in advance of the completion of the up-

stroke of the main piston and afford an op-

-portunity for the richly-carbureted air to
mingle and be compressed with the atmos-

the time the piston has completed about three- | pheric air already in the explosion-chamber.

125

I30




.&nd illustrated in the accompanying draw-

. ings, is the preferred form of the device, it is

| obvmus thatvarious changes in the form, pro-
_,portlons size, and minor details of the struc-

7 ‘ture may be made without departing from the

o - spirit or sdcrificing any of the advantaﬂ es of

B ~our invention.

10

| IIanng thus dC‘SC‘l Lbed our mventwn what.
‘we claim is— - |
.. 1. The Gomblnatlon in a two- cy(,le gas-en-
. gine, of a eylinder, means for the admmsmn
- _,,._;of air under pressure and imeans for the es-
. cape of the exploded mixture, a pump-cylin-
B 5.
. ported cylinder-head forming the end of both

der at the outer end of the main eylinder, a

S cylinders, a valve normally elosmﬂ' the port

-~ _and having opposite surfaces of dlftel entarea
~ . of which the smaller is exposed to pressure
from the pump- cyhnder and the larger to
pressure from the main- cylmder & Spring
~ tending to maintain the valve in closed posi-
- tion, inlets for the elements of the explosive
- ;;mlxtme a suetion inlet-valve normally clos-
ing said inlets, and means driven by the en-

- 20

--_-‘ﬂ‘me for 1mpartmﬂ to the pump-piston a
N ',fpumpmﬂ* stroke at a speed greater than that

RS -at which the piston of the engine tr;:wels dur- | ;_

e .,".111'0' the return stroke.

2. The combination in a two- cyele ﬂ‘as-en-

.. gine, of a cylinder, a piston therein, a erank-

"Shﬂft cmmeeted to Lhe plst(m mr-m]et and

"

738,224

T

Whﬂe the constructlon herem descubed | gas-exhaust ports for the e¢ylinder, a pump-
-cylinder, a piston in said pump-cylinder, a

valved passage between the two cylinders, in-
lets for the elements of the explosive mixture,
a suction inlet-valve normally closing said

| 1111e13 and a cam operatively eonnected to the
-._pu:mp -piston and so formed as to accelerate

the movement of the piston toward the end

of the ejecting stroke of said piston. |
3. The combination in a two-cyecle gas-en-

gine, of the cylinder having a D‘as-—mlet port, a
pump forforcing an exploswe eh‘u ge throug h

| sald port, a crank-—casmn secured to the cylm-
der and forming an air-compression cham-

ber, said casing hawnﬂ' the flanged head, a
flanged cov el-plate seculed to said ﬂanged

head and forming a cam-chamber, a shaft ex-

tending thlouc-h the crank-casing and cam-
chamber and adapted to bearings therein, a

~cam mounted on said shaft, and a pump-ac-

n,

35

40

45

50

tuating rod adapted to ﬂuldmﬂ-openmgs in

‘the cam-chamber and having an antifriction-
roller for contact with the cam.
In testimony that we claim the foregoing

as our own we have hereto affixed our signa-
tures in the presence of two witnesses.

EVERETT B. CUSIIMAN.

_ LESLIE S. CUSHMAN.

Witnesses: |
J. M. GUILE,
A. D. GUILE.
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