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(Nu model )

TO all whom it MaY CONCEry: |
Be it known that I, RALPH P. THOMPSON a

N charn'e and have the loeation one thd,lﬁ tﬁll in-

sure the operation of the injector or charger

- citizen of the United States,lemdmfratSprmfr- | positively from and ecoincidently with the

~ tion. |

1t is the D*enelal p] actice in the charfrmfr of'
gasolene-engines, especmlly two-cyele Wpes-' |
of such engines, 130 mix the fuel, usually gaso-
lene or obhel hydro vapor, and the air for the
charge previous to the admission of the charge |
into the explosion-chamber and to admit the.

o

s

239

field, in the county of Clark and State of Ohio,
have 1nvented certain new and useful Im-

provements in Fuel.- Injectors for Gas-En--

cgines, of which the folla:)wmﬂ' 1S a speelﬁea-

charge after the exhaust of the previous
cha,rge has taken place, and as a consequence

it is necessary for the exhaust to be completed

and the fire to die out before the fresh charge

‘is admitted, as otherwise the fresh charge al-
ready mlxed and in condition for ignition and
- explosion.in the chamber will Iﬂ*mte fmm the

exhaust and ‘“back fire.”

The primary object of the present inven-
tion is to construct and locate an effective
and reliable injector or.charger by means of
which the fuel vapor for the charge can be
quickly and positively injected 111130 the air

for the charge after the air is introduced into

30

the e*{plosmn chambel and nndel compms-—
sion therein,

A further object is to enable the 1nJectluW'_
of the fuel vapor into the air to be attained

at the proper time In relation to the move-
ments of the power or working pistons and
have the fuel vapor under a pressure sufil-

c¢ient to insure 1ts projection into the air com-

pressed in the explosion-chamber, completing
the charge for explosion in the chamber be-

- fore the power or working pistons reach the

,40

limit of theirinward or return stroke or move-
ment for the full compression of the air and
fuel vapor for the charge.

A further objectis to proper ly regulate and

~eontrol the admission and pro,]ee,tlon of the

45

50

fuel vapor for bringing the charge up to ex-
plosive condition and have the opelamon of
regulating and controlling the admission and
projection of the fuel vapor automatically
performed. |
A further ob]ect, is to locate directly on the

engine-cylinder the injector or c}mwel for

|

¥

stroke or movements of the power or working
pistons for the final projection of the fuel

vapor. to oceur before the power or working

pistons reach the limit of the inward or letmn
stroke, and further GbJeeLs w1ll appear in the
descrlptmn

The invention consists in the features of
con&,tluemon and combination of parts here-

inafter described and claimed as new.

In the drawings, Figure 1 is a top or plan
view of a gas-engine with the injector or
charger for bringing the gasolene or other hy-
droearbon vapors up to atimmosphere mounted
on the engine-cylinder and having its piston
connected to and operated from the rocking
cross-head of one of the power or working pis-
tons; Fig. 2, a side elevation of the same,

‘showing, as does also Fig. 1, the working pis-

tons at the limit of theu advance stloke tho
projecting of the fuel vapor into the etplo-

sion-chamber having taken place before the

power or working pistons reached the limit
of their inward or return stroke; Iig. 3, a
longitudinalsectional elevation of bhe engine,
showmw the position of the piston of the fuel
1nJect01 or charger at the completion of its

| inward or compression stroke and the power
or working pistons in the position they oc-

cupy relative to injector-piston at.completion

| of its stroke; Fig. 4, a similar view to Fig. 3

with the plstou of bhe fuel injector or the
charger partly on its return stroke or move-
ment and with the power or working plstons
at the limit of their return movement or in-
ward stroke, before which time the fuel va-
por for the charge has been injected into the
air in the,e*{plasmn -chamber, completing the
charge for explosion in the chambel Fig. 5, a

detml showing a plan view of a portlon of the
95
lene supplying device with the mJeetor for
‘such device half in plan and half in section;

engine- cylmdel and a plan view of the gaso-

Fig. 6, a detail in sectional elevation, taken on

line b 6 of Fig. 5, looking in the dlreetlon of
thearrow; and F‘w* 7, adesta,llm sectional ele-.
vation, taken on lme 7 of Fig. 5, looking in

the dlrectlon of the arrow.
As the

iercmﬂ* the fnel vapm into the air. for the 1a11y to supplying bhe fuel element of the

’

55

il

no

75

30

00

103

present invention relatos pmtlcu- |

| apd 1t




=

741,086
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~charge to-the air therefofbyinjecbiug thefuel | tending. These openings are for the purpose
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- sceribed in detail.

into the air in the explosion-chamber and un-
der compression therein, it is deemed neces-
sary to show and describe only so much of a

complete engine as will enable the construe-

tion; location, arrangement, and operation of
the fuel injector or charger to be understood,
and some of the parts shown will not be de-

The engine shown isa type of {wo-cycle gas-
engine having two pistons oppositely moving
In a common or main cylinder A, which, as
shown, has at one end a neck A’ and at the
other end an extension A® completing the
cylinder as a whole. Atthelongitudinal and
transverse center of the main or engine cyl-

inder, on the upper side thereof, is an opening

a, surrounded by a wall ¢’, having a flat up-
per face, and in line with the central open-
ing o 18 a wall or bridge B, extending trans-
versely of the cylinder and from the lower
side thereof upward, so as to leave an open-
ing or passage b° between its upper face and
the inner face of the cylinder. This arched
wall or bridge B* divides the interior of the
main or engine c¢ylinder, which is, in effect, a

‘single explosion-chamber, into end chambers
B and B’ for the power or working pistons.

A passage a® encircles each end of the eylin-
der, each passage having a port a3, by means
of which and a suitable pipe or other connec-

‘tion (notshown)ceommunication isestablished

between the two chambers or passages within

thewallof thecylinder forcirculating water or

othercooling medium through and around the
chambers or passages to discharge at an educ-
tion-port a*,leading from one of the passages,
for keeping the cylinder cool. The chamber
I3 has located and traversing therein a piston
C, and a similar piston C’ is located in and
traverses the chamber B', and each piston C
and C'in the construction shown is formed of
a body c and a closed end ¢/, with packing-
rings c¢® around the exterior of the body ad-
Jacent to the closed end. The eylinder C, as
shown, is lengthened and has on its end a
piston D, formed of a wall or rim d and an
end plate or head d', with packing-rings d?
circumferentially around the wall or rim.
‘T'he piston D is located in and traverses a
chamber E in a eylinder or casing F, which

‘may be formed with or suitably secured to

the neck A’ of the main or engine eylinder,

and, as shown, the open end of the cylinder

or casing If is closed by a cap or head F’, hav-
ing therein a port g, from which a pipe or
conduit G leads to an induction-port b, open-
ing into the ehamber B of the main or engine

cylinder;, and from the chamber B’ of the

main or engine cylinder an eduction-port b’
leads. Theeylinderor casing F and the neck

- A’; as shown, have in their walls a somewhat

diamond-shaped opening, with a wide center
e and tapered ends fand f' on each side of

the wide center, and, as shown, the extension |

A* has in its wall an opening having a wide
center ¢ and a tapered end f/, inwardly ex-

il

\

1

1

i

‘traversing their respective chambers.

of permitting the reciprocation and rock of
the cross-heads of the pistons C and C' in

pistons in the arrangement shown are labri-
cated through ports or passages a® in the
wall of the main orengine cylinder. The pis-
ton D with its cylinder or casing E consti-
tute an alr-pump for supplying air in a reg-
ulated amount to .the main or engine cylin-
der, sufficient both for clearing the cylinder
of a previously-exploded charge and for sup-
plying fresh air for a new charge, the amount
of alr supplied being controlled by the ex-
tended opening f in the side walls of the cyl-
inder or- casing. This air-pump effects a
clearance of the explosion and compression
chamber between the two power or working
pistons from a previously-exploded charge
before the admission of a fresh charge to be
exploded, which clearance is essential and
necessary in order to prevent back fire and
furnishes a supply of fresh air for a new
charge by forcing the air into and through
the explosion and compression chamber
when the induction and eduction ports b and
b" are both open, which oceurs during a por-
tion of the advance or ountward stroke and a
portion of the inward stroke of the power or
working pistons. The air forced into the
chamber with both ports open will exhaust a
previously -exploded charge and clear the
chamber wholly therefrom, and the air forced
into the explosion and compression chamber
after the eduction-port is closed with the in-

duction-port still open will furnish the Sup-

ply of fresh air for the next charge. |
T'he piston C is carried by a cross-head 11,
which projects on each side of the neck A’,
and one end, as shown, projects in a straight
line, while the opposite end is turned at right
angles and forms an extension HZ?, standing
parallel with the body or wall of the main or
engine cylinder. The working or power pis-
ton C'1iscarried by a cross-head H', both ends
of which project in a straight line on opposite
sides of the extension A® of the main or en-
gine cylinder. The straight projecting end
of the cross-head I and both of the project-

T'he

70

75

30

go

95

ICC -

I5

ITIO

115

ing ends of the cross-heads H' are provided

with heads or blocks /2 and 7/, and the ex-
tended end H? of the eross-head H is provided
with a head or block A2 as shown in Figs. 1
and 2. The cross-head H has connected to
each end a rod I, each of which leads to a

~crank J on a shaft KX, and each end of the

cross-head H' has connected thereto a rod I,
which leads to a ecrank J' on the crank-shaft
K, so that the connecting-rod I on one side
of the engine is outside of and on the oppo-
site side of the engine inside of the connect-
ing-rod I, giving the connecting-rods a stag-
gered arrangement. Each connecting-rod I

and I' is formed of a rod bent on itself to have
two arms or members 7, a curved closed end
7'y and an open end, with the arms or mem-
‘bers at the open end each screw-threaded to

120
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- end of the connecting-rod,
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receive a nut J°, as shown in Figs. 1 and 2. | complete the charge to be. e‘iplodéd in the

Each crank-pin of the eranks J and J' is en-

mrcled by a box J? formed of two half-boxes
7.and 5', with the outer face of each half-box

9" conforming to the curvature of the closed

-into whieh the

. curved face of thehalf-box fits, and each half-
- box is provided with an ear or eye 7° for the

- passage of the arms or members of the con-
necting-rod, so that by slipping the arms or

10

members through the eyes or ears of the half-
boxes when in place and through the heads

or blocks i and A’ and A? and enterlnﬂ' the

~ nuts j? onto the ends of the connectmﬂ-rods

s

the cross-heads will be connected each with

its respective erank. Thecenterof the erank-

~ shaft passes through the body of the engine-

20

cylinder, under the arch of the wall or brldﬂ'e :
3%, and, as shown in Figs. 3 and 4, is sup-
ported at-each end by a standard L having

~ a half-box & at its upper end and exténding

- 30

up from a cross-plate L/, attached by bolts {
to the bottom of the engine- eylmdm in the
coustruction shown. .

The flat face of the Wall a’ ha,s mounted

thereon a plate M, which is held in place by -.

bolts m or otherwise, and on this plate M is
monnted a second plate or head N, secured

in position on the plate M by bolts » or oth-
The plate or head N has thereon a

erwise.
shell or casing O, in which is a passage for

admitting the O‘asolene or other hydrocar-

35

40

- leads.
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bon vapor for the charge, and this passage
is controlled by a needle-valve on a stem o,
passing through a stuffing-box o’ and oper-

ated by a hand-wheel O' or any other suit-
‘The shell or casing O, as shown,-

able means.
is threaded onto the end of a plun‘ O3, which
plug, as shown, is threaded into the plate N.

‘The shell or casing is divided by a cross-
wall or partition 0° into an upper chamber
and a lower chamber, and into the upper:
- chamber the supply-pipe O* for the gasolene
The cross -wall or partition o0° has
therein ‘a port 0%, controlled by the pointed
end of the needle-valve, allowing the gaso-
lene to escape from the upper chamber into
The plug O%at its en-
-~ tered end into the plate-N has a chamber 05,
leading from which is a port o7, controlled by
a disk valve 0° on a rod o, passing through-
the body of the plug, and the valve is held to
its seat by a coiled spring 0%, located around "
“the rod or stem 0? and between the end face
of the plug O°and a head 0! on the end of the

the lower chamber.

rod or stem, and, as shown, a small passage

o** through the. plug furmshes communica-

tion between the lower chamber of the shell

- or casing and the chamber 0% keeping the

6o

last - named chamber supplied with gaso-
lene.

- stem p’, having at its end a disk valve 2,

controlling the dlseharge from the fuel-cham-
“ber P’ for the gasolene and air to be pro-

jected through the opening « into the air in

the explosion and ecompression chamber and |

‘T'he plate or head N also has thereon
& eylmder or casing P, in which is a valve or

3

| mlxmﬂ'—chambel

| the explosion charge.

' and the end of the arm or upright..
or rim of the head R’ has on its under side
{ ears r°, and on the body of the cylinderis a

chamber and opera,te the working or power
pistons. The valve-disk p is held normally
closed by a coil-spring p? around the stem 9
and between a head on the stem and the

A passage p* in the plate N f urnishes
communication between the fuel- chamber I’
and a chamber p° in the plate N below the
end of the plug O3, so that with the opening

0

bearing for the stem in the cylinder or cas-
ing.

75

of thedisk valve 03 gasolene can flow into the -

chamber p® and pass from said chamber mto
the fuel-chamber P’ through the passage p?,

30

supplying the required amount of gasolene

-.to the fuel-chamber.

A tubular stem Q, having a paesaﬂ'e there-
in, extends out from one mde of the plate or
head N, with its passage in communication
with the fuel- mixing chamber P’ of the plate

or head, and on t.he outer end of this tubu-

lar stem is a coupling-nut qs by means of
which and a pipe-section ¢’ attachment is

‘made to the discharge-nipple of a fuel in-
| jeetor or charger for Supplymw a tuel charge

to the exploslon chamber when the valve of

the fuel-chamberis opened. The air injector

orchargerin the construction shown is formed

35

90

of a cylmdel R, closed at one end by a cap 95

or head R/, havmﬂ' thereon the discharge-
nipple 7, which is connected with the tubular
stem Q,leadin otoandcommunicatingwiththe
‘Thecylinder R has located
therein a piston R? pivotally attached to a
stem R® by a pin or pwot r%, 50 that the pis-

ton can be reciprocated in the cylinder and

draw in and force out the air required for

lene or other hydrocarbon vaporforthe fuel of

The capor head R " has

100

charging the explosion-chamber with the gaso- -
105

screw-threaded Lheremto a plug R%,in which

18 a’ passage 7', having communication Wibh

the exterior air through ports or passages 7
and termmatmg in a valve-seat at its dis-

1IO

charﬂ*e end. A tube or hollow stem R ex-

tends out from the plug R* and carries a
‘valve-stem RS, on which is a disk or other

valve ?“35-Whi(3h seafs and closes the passagein
the plug, and, as shown, the disk or other
valve is held normally seated and returned

to its seat by a coil-spring #% one end of

II§

which abuts against the face of the plug and

the other end against a cross-pin »* through
the valve-stem. The outerorfree end of bhe

piston-rod R?is connected with an arm or
upright S, attached at its lower end in any

suitable manner to the cross-head H', so as

120

to meve with the eross-head, and as shown -

the piston-rod is attaehed to the arm_m

| standard by a fork s on the end of the rod

and a pivot-bolt s', passing through the fork
T'he band

band or rim R?, having on its under side ears

S, between whwh ears ¥ and 7% is entered

the edge of a plate- Shpp()lt T, extending up
from the main or engine cyhndel thmuﬂ'h

125

130
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which plate and the ears bolts { pass, attach-
ing the fuel-charge injector directly to the
main or engine cylinder and in close proxim-
ity to the explosion and compression cham-
ber of the engine and in the best possible re-
lation to the chamber for projecting the fuel
charge into the chamber.

| Each cross-head in order to have the neces-

sary oscillation or rock for the operation of

the cranks has a tubular or circular center

H?, which enters a tubular or circular bear-
ing IH* in each power or working piston, and
as the rocking cross-head changes its angling
relation in the movements of the piston a

rising-and-falling movement will be given to.
the outer end of the piston-rod R? and such |

rising-and-falling movement is permitted by
the pivot 7 between the end of the piston-rod
and its piston. The arm S, rigidly attached
to one of the rocking cross-heads of the en-
gine, forms, in e eet a part of the connect-
ing-rod between the power and working pis-

tont and the shaft, so that this arm, Wthh op-

erates the fuel- chawe-mgector plston is in
fact an extension of the connecting-rod ex-

tending out from the pivotal pomt of the

rocking cross-head at right angles to the con-
necting-rod proper of the power or working
piston. This arm thus extending at right
angles to the piston connecting-rod from the

pivotal point of the rocking cross-head and |

being in fact a part of the piston connecting-

rod is given a throw or movement that is 31- ;

multaneou% with the throw or movement of
the connecting-rod. At the pivotal point of

- the rocking cross-head the movementis a

reciprocating one; but at each point farther

- out on the arm the movement is more and

40

50

55

6o

more affected by the annularity of the con-
necting-rod at the different positions of the
- stroke, causing the extreme outer end to de-

seribe an arc of a.circle with the rock of the
cross-head. _
arm is taken advantage of to affect fuel-

charge-injector piston, enabling the injector
to finish its stroke ahead of the full compres-

sion-stroke of the working piston a sufficient
distance to inject the fuel into the working
cylinder and saturate the air therein under
compression, charging the air with the fuel

and producing a mixture within the working

cylinder in the explosion and compression
chamber between the two pistons that burns
completely upon being fired. This injecting
of the fuel charge directly into the air under

compression in the working cylinder consti- -

tutes a novel feature of the invention and is
a clistinet improvement and one that is ab-

solutely essential to gas-engines, especially
those of the two-ecyele type, which at this.

stage. of the art are not recognized as the

equal of the four-cycle engines, particularly

for antomobile use. An objection and draw-

back to the two-cycle gas-engines arises from
the fact that each advance or ontward stroke
is a working stroke, leaving only the inter-
val between each working stroke to suffice

741,086

for effecting the explosion of the exhaustand
the receiving of airesh charge of air and fuel

before compression takes place. 1t 18 there-

| fore customary to mix the fuel and air and

admit them after the exhaust takes place;
but in so doing with the ordinary type of

two-cycleenginestheexhaust must take place

and the fire die out before the fresh charge
18 admitted; otherwise the fresh charge al-
ready mixed with hydrocarbon will ignite
from the exhaust and back fire is liable to
oceur. The presentinvention overcomes the
objection and defectabove noted, as the fresh
air for the charge is admitted simultaneously
with the expelling of the exhaust through
the action of the large air-pump, the piston

of which forces a supply of fresh air in to

drive out the exhaust and at the same time
provides a charge of fresh air, into which
the fuel - charge injector projects the fuel
charge of hydrocarbon as compression takes
place, the piston of the injector finishing its
stroke, by reason of the right-angle extension
to the connecting-rod, in ample time for the
fuel to thoroughly mix before the charge is
fired. While this fuel - charge mJector 18
shown on an engine with two. working pis-

| tons, it is to be undelstood that it is adapted

for use with any engine on which the same
movement of eonneeting-rod with extension
to operate the fuel-charge injector can be em-
ployed.

- The operation of the fuel-charge injector is
as follows: The gasolene for the charge is
taken from a tank or other source of supply
through a supply - pipe O% connected by a
cou plmn' 0° with a nipple 0°, ‘which is in com-
munication with the upper chamber of the
shell or easing O'. From the npper chamber
the gasolene ﬂows through the porto*into the

lower chamber of the shell or casing, the end

. | of the valve-stem o0 being properly adjusted
The complex movement of this

to control the flow through the port, and from
the lower chamber 6f the shell or casing the
gasolene flows through the passage o' into
the chamber 0% and is held in the chamber o°,
with the valve 0°closed. The gasolene is re-
tained in the chamber o°® until the valve 0° is
opened, allowing the gasolene to escape into
the chamber p° and flow through the passage
p*into the fuel-chamber P’, to be there mixed
with the air, and with the discharge-valve o°
forthe gasolene open the discharge-valvep for
the fuel or mixing echamber P’ is closed and
remains closed until the discharge-valve for
the gasoleneisclosed,and when the discharge-
Valve o° for the ﬂ'asolene is wholly closed the
discharge-valve p for the fuel charge can be
opened to project the fuel charge into the ex-
plosion-chamber. The opening of the charg-

ing-valve is attained from the strokes of the

piston of the fuel injector or charger. The
outward movement of the piston serves to
positively close and hold closed the discharge-
valve from the fuel-charge chamber, and
the return or inward movement of the piston

serves 1o positively open the discharge-valve
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of the fnel chawe chamber

stroke of the piston, at which time the educe-
tion-valve of the mixing-chamber is closed,

and the airthussucked inissufficientinquan-.
tity to charge the gasolene up to atmospheric

pressure and insure the projection of the fuel
charge into the chamber between the two
kamﬂ' or power pistons.

~is foreed into the fuel-charge chamber, com-

20

mingling with the gasolene or other hydroear-
bon 1 vapor and brmrrmﬂ* the vapor, which is

normally below the pressure of the atmos-
phere, up to the pressure of the atmosphere

for discharge into the explosion -chamber.
The fraselene or other hydrocarbon vapor 18

Idla,wn into the fuel-charge chamber with the

outward movement or stro]m of the piston of
the fuel-charge injector, and this movement
of the piston is coinecident, or nearly so,
with the outward travel or advance stroke
of the power or working pistons, and at the

- same time the air for ehargmfr up to the

.30

35

pressure of atmosphere the gasolene vapor
is drawn into the fuel-charge anector The
eduction of the gasolene or other hydrocar-

bon vapor and air from the’ fuel-charge.

chamber takes place as the piston of the fuel-

‘charge injector is at the completion of its re-

turn or inward stroke, which stroke is fin-

ished and the return stroke started before
the completion of the inward or return stroke.

of the power or working pistons. The rela-
tive positions of the injector-piston and the
power or working pistons at the time the in-

jector-piston has operated to open the educ-
tion-valve and- dlscharge the explosive mix-
ture of vapor and air for the charge into the

explosion-chamber or the chamber between

- the two power or working pistons areshown in

53

60

from the fuel-charge chamber.

Fig. 3. The completion of the return stroke
of the power or working piston takes place
after the fuel-charge- 11:1;]@01:01:' piston has op-
erated and opened the eduction-valve from
the mixing-chamber and discharged the ex-
plosive mixture or vapor and air mto the ex-
plosion-chamber and the piston of the fuel-
charge injector has made a slight outward
stroke sufficient to close the ed action- valve
‘The relative
positions of the respeetwe pistons at.the time
the charge is ready for explosion areshown in
Fig. 4. The explosion as it takes place forces
out the power or working
the eduction-valve f_rom,the mixing-chamber |
has been closed prior to the explosion of the
charge none of the gases from the exploded
charge can enter the mixing-chamber. It

will thus be seen that the fuel charge forthe
explosion is directly injected into the air un-
‘der compression in the. etplosmn-chamber
without the necessity of a previous mixing of
the fuel eha: ge and the air outside of the ex- .

| The air drawn ]
into the cylinder of the injector or charger on
the return stroke or movement of the plStOIl'

pistons, and as

| The Valve for | plosion- chamber and that the movements for
“the admission of air into the fuel-charge 111--_;
jector is opened with the outward traver‘se or

obtaining these results are attained by the
unity of movement between the. piston of
the fuel-charge m;]ector and the power or
working plstons arising from the fact that
the piston of the fuel- charge injector is actu-
ated by a continuation of the connecting-rod
of the power or working pistons thtﬁtlﬂ'h the
movements of the rod, as already described.

=

75

What I regard as new, and desire to secure

by Letters Patent is—

1. In a gas-engine, the eombmatlon w1th a
gasolene or hydmearbon feed for the vapor of
the explosive charge, of a fuel-charge injec-
tor having a recipr ocatmﬂ' piston and having

_the ree1p1ocat1nﬂ' movements of its piston.

given thereto from a rocking pivotal connec-
tmn at one end of a connectln o-rod, the rock-

ing pivotal connection having a -straight-line |

801

travel coincident with the travel of the power

or working piston of the engine and the op-
posite end of the connecting-rod having an

attachment to a crank on the power-shaft

of the engine, the rising-and-falling move-

ments of the erank-shaft end of the eonnect-—
ing-rod rocking the pivotal connection and
ﬂdV&HGlﬂﬂ' and receding the injector-piston
for the advanee of the 1n;|eet01 piston to force
the etploswe charge into the air under com-
pression in the mploqmn Lhambm substan-
tially as deseribed. |

2. In a gas-engine, the combination Wlth a

gasolene or hydrocm bon feed for the vaporof

an explosive charge, of a fuel-charge injector
operative to force the fuel charge into the air

under compression, an arm or standard, and -

a rocking cross-head of a power or workinfr

piston o‘f the engine having the arm or st&nd-' |
ard rigidly connected thereto for the arm fo
“operate the piston of the fuel-charge injector

with the movements of the rocking eross-head
from the strokesof the power or workmw plS-
tons, substantla,lly as described. -

- 3. In a gas-engine, the combination mth a
gasolene or hydr ocarbon feed for the vapor of
an. expleswe charge, of a fuel-charge injector
operative toforce the vapor of the fuel charge

into the air under compression, an a,lr-valve |

for the injector, an arm or standard for op-
erating the piston of the fuel-charge injector
and a rockmn‘ cross - head of a wmkmﬂ' or
power piston of the engine having the arm or
standard rigidly eonnected ther eto for oper-
ating the fuel-charge injector for the vapor

from the working or power pistons, sub%an-
tlally as deserlbed
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with the movements of the rocking cross-head

4. In a gas-engine, the combmatwn with a

'ﬂ'ﬁ,solene or hydrocarbon feed for the vapor of
the explosive charge of a fuel-charge injector

having a piston with piston-rod and mount-

| 'ed on the en gine-cylinder and operative todi-

rectly force the fuel charge into the air un-

der compressionin the engine-cylinder, a con-

necting-rod having one end pivotally connect-

125

ed with a working or power piston of the en- -
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gine and having its opposite end attached to | fuel-charge injector having a piston with a

a crank on the power-shaft of the engine, giv-
ing the pivoted end a rocking action from
therising-and-falling movementsof thecrank
end of the connecling-rod, and an extension
of the connecting-rod, at its pivotal end, at-
tached to the piston-rod of the fuel-charge in-
jector for reciprocating the piston-rod from
the rocking action of the pivotal end of the
connecting-rod, giving a unity of movement
between the connecting-rod and the injector-
piston for the piston of the injector to oper-
ate at the proper time in relation tothe posi-
tion of the power or working piston of the en-
gine and inject the fuel charge into the cham-
ber of the engine-cylinder before thie nower-
piston finishes a return stroke, substantially
as described.

5. In a gas-engine, the combination with a
gasolene or hydrocarbon feed for the vapor

of the explosive charge, of a fuel-charge in-
jector having a piston with a piston-rod and

mounted on the engine-cylinder and opera-
tive to directly force the fuel charge into the
alr under compression in the engine-cylinder,
a connecting-rod having one end pivotally
connected with a working power-piston of the
engine and having its opposite end attached
to a crank on the power-shaft of the engine,
giving the pivoted end a rocking action from
the rising-and-falling movements of the crank
end of the connecting-rod, and an arm rig-
1dly connected with and forming an exten-
sion of the connecting-rod adjacent to the

pivotal end of the connecting-rod, said arm

pivotally connected with the rod of the in-
jector-piston, giving a unity of movement,
and a coacting relation between the connect-
ing-rod of the power or working piston and
the fuel-charge-injector piston for injeecting
the fuel-charge into thechamber between the
power-pistons, substantially as described.

6. In a gas-engine, the combination with

" the gasolene or hydrocarbon feed for the va-
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por, a fuel-charge chamber, a valve for the
chamber of the explosive charge of a fuel-
charge injector mounted on the engine-cyl-
inder, a reciprocating piston for the injector,
an alr-valve opened on the outward stroke of
the piston, a stem or rod for the piston, a
standard orupright having a pivotal conneec-
tion with the stem or rod of the piston, a

rocking cross-head carrying the standard or |

upright fixedly attached thereto, a connect-
ing-rod from the cross-head and a working or
power piston of the engine for the rocking
cross-head for operating the fuel-charge in-
Jector from and in unison with the move-
ments of the connecting - rod to open and
close the valve of the fuel-charge chamber
before the full-return stroke of the working
or power pistons is completed, charging the

air in the chamber between the working or |

power pistons with
described. |
7. In a gas-engine, the combination of a

the fuel, substantially as

- piston-rod, a fuel-charge chamber receiving

thereinto the vapor or other fuel charge for
the received charge to be forced into the air
of the explosive charge in the engine, the in-
jector and the charge-chamber both mount-
ed on the cylinder of the engine and having
communication one with the other, a rock-
ing pivot connected with the piston-rod of
the injector, a rod between the rocking pivot
and a crank on the power-shaft of the en-
gine for giving the piston of the injector its
reciprocating movements from the rocking
action of the pivot derived from the rising-
and-falling movement of the connecting-rod,
operating the fuel-charge injector from and
in unison with the movements of the con-

necting-rod to open and close the valve of

the fuel-charge chamber before the power
or working pistons of the engine reach the
Iimit of the return stroke, substantially as
described. | .

8. In a gas-engine, the combination of an
engine-cylinder having an interior constitut-
ing a chamber for the power or working pis-
tons, and a compression and explosion cham-
ber, reciprocating pistons one at each end of
the chamber of the engine, an air-pump fore-
Ing air into and through the chamber of the
engine-gcylinder, clearing the chamber of an
exploded charge and supplying fresh air for
the nextcharge,afuel-charge chamber mount-
ed on and communicating with the chamber
of the engine-cylinder between the power or
working pistons, a valve controlling the com-
munication between the fuel-charge chamber
and the engine cylinder or chamber, a fuel-
charge injector mounted on the engine-cyl-
inder and having a reciprocating piston with
a piston-rod,a connecting-rod attached at one

end o a crank on the power-shaft and hav-

ing a rocking pivotal connection at the op-
posite end, the pivotal connection having a
straight-line travel coincident with the travel
of a working or power piston, and ah exten-
sion of the connecting-rod at the pivoted end
thereof and connected to the piston-rod of
the injector for the rocking action of the piv-
otal end ot the connecting-rod derived from
the rising-and-falling movement of the crank
end of the rod to open the valve of the fuel-
charge chamber with the advance of the pis-
ton of the injector,substantially as described.

9. In a gas-engine, the combination of an
engine-cylinder having an interior constitut-
ing a chamber for the power or working pis-
tons and a compression and explosion cham-
ber,reciprocating pistonsoneateachendofthe
chamber of the engine-cylinder, an air-pump
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operated from one of the power or working
pistons and forcing air into and through the
chamber of the engine-cylinder clearing the
chamber of an exploded charge and supply-
ing fresh air for the next charge, a fuel-
charge chamber mounted on the engine-cyl-
inder and communicating with the chamber
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~of the engine—cylinder' between the power or

working pistons, a valve controlling the com-

munication between the fuel-charge cham-
ber and the engine-cylinder chamber, a fuel-
charge injector mounted on the engine-cylin-.
der, a connecting-rod of the engine, a rock-

ing cross-head for the rod, an arm extending

from the rocking cross-head and pivotallyat- |

| tached to the piston-rod of the injector anda

power or working piston edrrymﬂ‘ the Cross- 1o
head substantla,lly as described.

RALPII P. THOMPSON

Witnesses:
T, J. MCCOR‘\IICI{
Evmin Korn.
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