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To all whom it may concern:

Be it known that I, PETER NIURRAY Jr.
citizen of the United States, residing ab hew-
ark, county of HEssex, and State of New Jer-
sey, have invented eertain new and useful Im-
provements in (Gas-Kngines, fully described
and represented in the following specification

and the accompanying drawings, forming a
part of the same.

Thisinvention relates,generally, to that class

of gas-engines in which the power is obtained
by the explosion of a mixture of gas and air
in the cylinder of the engine, but more par-

ticularly tothat class of these engines in which
the explosive mixture is supplied to the en-

gine by a pump and in which the explosive
mixture 1s eonfined in the cylinder of the en-

gine under a considerable degree of pressure
previous to being exploded.

L0 ald 1n a moreready understanding of the
invention, and of the details in the construe-
tion and orﬂanlzatlon of the engine, to be here-
inatter descubed a brief description of the
general orgamzatlon and operaftion of the en
gine will be first given.

The air and gas which form the e"{ploswe
mixtore are first admitted, in suitable propor-
tions, intoa chamber contai ning a mixing appa-
ratus. This chamber is connected by a pipe
with the suction-chamber of a double-acting
force-pump, which operates to draw the air
and gas through the mixing apparatus, so as
to form these mo fluids into a homooeneous
mixtureand thenforecethe mixture thus formed
into the opposite ends of the power-cylinder.
The pipe or passage leading from the force-
chamber of the pump to the power- cylinder
also communicates with a tank or reservoir,
and 18 provided with a cock or valve by which
the communication between the tank and the

pipe may be opened or closed at pleasure.

The purpose of this wlll be hereinafter fully
explained.

The power-cylinder is provided at its oppo-
site ends with induction-ports which commu-
nicate with the pipe or passage leading from
the pump, and these ports are controlled by
areciprocating chargingand firing valve which
operates to open the ports at the proper times
to admit the charges and then close them, so
as to confine the chargesin the eylinder. The
power-cylinder is provided ‘with a single ex-

these produects from the cylinder.

haust-opening, ‘whieh is located at or near the
‘middle of the length of the ecylinder, and in
such position as to be uncovered by the power-
piston as it arrives at the end of 1ts stroke in
eivther direction. Theexhaust-opening is pro-
vided with an exhaust-pipe which communi-
cates with a chamber containing a quantity of
water which operates to condense the produets
of combustion and thus aid in exhausting
The move-
ments of the power-piston and the ¢harging
and firing valve which controls the mductlon

ports are so timed with relation to each other
that the induction-port at either end of the
cylinder 1s opened to admit the charge to that
end of the cylinder. just before the power-pis-
ton completes its stroke toward the opposite
end of the cylinder, and 1s closed to coniine the
charge in the eylinder just after the power-pis-
ton cominences 1ts return-stroke and has cov-
ered the exhaust-opening, therebyallowing the
charge to be compressed by the return-stroke
of the piston. The movement of the pump-pis-
ton is so timed with relation to the movement
of the valve that it will completfe its stroke in
either direction, by which the chargeis torced
into the ecylinder simultaneously with the
closing of the induction- port by the valve.
The charges thus foreced into the power-cylin-
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der and confined and compressed therein are

fired at the proper time by means ol 1gniting-
burners which are carried by the charging and
iring valve, and which are brought mto com-
munication with the charges by the continued
movement of the valve after the induction-

port has been closed to confine the charge in
the cylinder, as just explained. These burn-
ers are fed from the charges in the cylinder
through suitable ducts formed in the valve and
the walls of the valve-chest, and are relighted,
after each charge has been fired, by permanent
burners or master-lights located in the side of
the valve-chest. The ducts thr ough which the
igniting - burners are fed are provided with
means by which they are closed and the sup-

ply of the mixture to the burners cut off just
as or just before the charges are fired, and by
which the ducts are kept closed until the
power-piston has proceceded far enough upon
its stroke to open or partly open the exhanst-
opening. T'he purpose of this arrangement

will also be hereinafter explained.
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- The power-cjf]inder 1s provided with two |

alr ports or openings, which are controlled by
suitable valves, and are so arranged that after

each charge 1s fired and after the power-piston

has made a part of its stroke, a quantity of

“air is admitted to the cvhnder behind the pis-

ton, so as to hasten the complete combustion
of the charge and prevent the flame from lin-
gering In the cylinder so long as to cause a
premature explosion of the next charge as it
is ad mitted.

The engine 18 prowded with a governor ap-
paratus, which 13 constructed upon the same
general plan as that described in my former
Letters Patent No. 305,464, and which oper-

‘ates, if the speed of the engine is accelerated

beyond what is desirable, to reduce the vol-

- ume of the charges forced into the power-cyl-
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inder, and thus bring the engine back to its
normal speed.

The invention consists, principally, in the

'orgamza,tlon or relative armngement of the
pump and power piston and the charging and

firing valve, in the construction of the charg-
ing and firing valve, in the means for centrol-
ling the supply of the explosive mixtare to
the igniting-burners, and in means for supply-
ing air to the power cylinder to hasten the
complete combustion of the charges. The in-
vention also embraces various other features

‘of construction and combinations of parts, all

of which will be hereinafter descubed and
pointed ount.

The details in construction and operatmn of

the organization, thus briefly outlined, will

now be described, reference being had to the
accompanying drawings, in which—

- Figure 1 1s a side elevation of the engine.

40

- view of the power and pump cylmders

45

Fig. 2 is a horizontal section of the same, parts
being shown 1n plan view. Fig. 31isa plan
Fig.

4 isalongitudinal vertical section of the power-

cylinder, showing also the apparatus for in-
troducing air i1nto the cylinder after the ex-

plosion of the charges takes place. Fig. b is

an enlarged view of a part of Fig. 4. Fig. 6 is

a vertical cross-section of the pump and power

55
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taken upon theliney y of Figs. 2 and 19. Fig.
8is a cross-section of the pump-cylinder, taken

w w of Figs. 9, 10,11, 12, and 13. TFig.
'horizo'ntal sectlon taken upon the line w w of

Fig.

cylinders, taken upon the line z = of Fig. 2.
7 18 a cross-section of the power-cylinder,

upon the line zz of Figs. 2 and 11. Fig. 9 is
an enlarged plan view of the pump-cylinder,

Fig. 10 is a longitudinal vertical

looking upward, taken upon the line y ¥ of
Figs. 10and 14. I‘lg 12 1sa similar view,taken
upon the same line, looking downward. Tig.

13 is a similar wew looking downward, taken
upon the line z z of the same figures. Flg 14
is a vertical cross-section taken upon the line
15 1s a

14. Fig. 16 is a vertical section, upon an
enlarged scale, of the mixing appamtus

showing particularly a portion of the governor |
apparatus.
section of the same, taken upon the line z x of ;
Figs. 9 and 14. Fig.11 is a horizontal section

figure.

351,395

17 is a horizontal section taken upon the line
z wof Fig. 16. Fig. 181s an enlarged view of
a portion of Fig. 3 showing particularly the
apparatus for controllmg the ducts through
which the igniting-burners are fed. Fig. 19
is an enlarged side elevation of the power-cyl-
inder, the covering-plate of the valve-chest -
and the charging and firing valve being re-
moved. Fig. 20 is an inside view of the charg-
ing and ﬁring valve removed from 1its seat.

er-cylinder and the charging and firing valve,
taken upon the line.w w of Fig. 2, the valve,

0
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.Rig. 21 is an enlarged cross-section of the pow-

80

however, being shown in position to five the °

charge. Fig. 22 isa similar view taken upon

the Ime w v of the same figure, showing the -

valve In position to bring the igniting-burner

into communication with the master -light. 85

| Fig. 23 is a still more enlarged cross-section of

the charging and firing valve, showing par-
ticularly the construction of the igniting-burn-
ers. Fig. 24 i§ an outside view of one of the
burners.
ing-pulley, showing the weighted levers and
their copnections for olaeratmﬂ' the governor-
valve.

view of the driving-pulley, showing particu-

Fig. 26 is a similar-view with the re-
volving disk removed. Fig. 27 is an outside |

Fig. 25 isan inside view of the driv- go

95

larly the springs and their connections for op- -

erating the weighted levers of the governor
‘apparatus.

Fig. 28 is a view of the revolving
disk removed from the other parts. IKig. 29
is a cross-section of the driving-pulley, taken
upon the line z x of Fig. 25, Flg 30 1s a simi-

ICO.

lar view taken -upon the line ¥ v of the same

Fig. 31 is a similar view taken upon

the line w w of Figs. 25and 27, and Fig. 32 is

an enlarged view of the thr eaded sleeve upon

which the 1ev01v11:10* disk turns.
Referring to said drawings, it is to be un-

105

derstood that the power - cylinder 99 is ar- - '

ranged in a horizontal position upon a suita-
ble frame-work, A,which at a proper distance

in front of the cyhnder 1s provided with bear-

ings for the main crank-shaft 102. The pow-
er-piston 98 is provided with the usual piston-

rod, 97, which passes through a stuffing-box in

the end of the cylinder, andis connected to the
main crank 100 by means of a pitman, 103.

110

115

The piston-rod and pitman are provided at

their pointof connection with the usual eross-
head, 105, which reciprocates between bearings
106 formed in the frame-work.

In the organization herein shown, the

120

charges of the explosive mixture, instead of

being drawn into the power-cﬂinder by the

piston 98, are forced into each end of the cyl-

inder after the piston has nearly completed 1ts

i-stroke toward the opposite end and just as it
"is commencing its return-stroke, thereby al-
-lowing the charges to be compressed in the

cyhnder t0 a considerable degree by the re-
turn-stroke of the piston. The supplying of

the charges to the power-cylinder is effected
by means of a double-acting pump, 96, which -
i1s located at the side of the power- cjrlmder |
Fig. I and has 1ts plston 95 connected by a rod, 94,

125
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‘and pitman 104 with a second erank, 101, upon

the mainshaft 102, the point of connection be-
tween the piston-rod 94 and the pitman being
provided with a eross-head, 107, which moves
between bearings 108 in the frame-work, the
same as in the case of the piston-rod 97 and
1ts pitman. The cranks 100 101 are so posi-
tioned that the pump-piston will complete its

stroke and thus complete the forcing of the

charge into the power-cylinder just after the
power-piston has commenced itsstroke toward
the end of the cylinder into which the charge
18 forced. The purpose of this relative ar-
rangement of the two pistons will more fully
appear when the operation of the engineis ex-
plained. |
In order to effect the rapid and complete
combustion of the explosive mixture in the
cylinder of the engine, which must be accom-
plished in order to secure the Dbest results, it
18 important that the air and gas which form
the mixture should be thoroughly commingled
betorethey enterthecylinder. Thisis effected
by means of a mixing apparatus, through
which the air and gas are drawn as they enter
the pump.
consists of a chamber, 93, (see Figs. 16 and 17,)
having a partition, 51,which is provided with
a large number of small perforations through
which the air and gas are drawn and which
erves to divide these fluids into a large nuni-
ber of small streams and thus thoroughly
agitate and mix them. The chamber 93 is
provided, upon one. side of the partition 51,
with two openings, 30 31, through which the
gas and alr are adnmitted to the chamber, the
proper proportions of these fluids being regn-
lated by cocks or valves 32 33, which con-
trol the openings.  These openings are also
controlled by an inwardly-opening check-
valve, 34, which prevents the escape of any
of the mixture from the chamber through the
air-opening. The chamber 93 is connected,
upon the side of the partition 51 opposite
to the openings 30 31 by a pipe, 92, with the
suction-chamber 52 (see Figs. 10 to 14) of the
pump 96. The pump 96 1s provided with or-
dinary suction-valves, 20, which control the
communication between the suction-chamber

and two chambers, 54, located at opposite ends

of the pump, and which communicate with the
pump-cylinder by means of ports 10. The
chambers 54 communicate by ports 11 with
two chambers, 55, which 1n turn communicate
with the force-chamber 53, the passage be-
tween the chambers 55 and the force-chamber
being controlled by ordinary force-valves, 21.
The forece-chamber 53 of the pump commu-
nicates by means of a pipe or passage, b6, (see
Figs. 11, §, 6, 4, 19, and 2,) with what may be
termed a small ‘‘induction-chamber,”” 35, lo-
cated in the side of the power-cylinder and ex-
tending a considerable portion of the length
of the cylinder.

work A and the wall of the power-cylinder;
but it may of course be an independent pipe,

This apparatus, as herein shown,

As shown in the present
case, the passage 56 is formed in the frame-

if preferred. The passage 56 also communi-

cates (see Fig. 4) with a tank or reservoir, 91,

which, as shown in the present case, is formed
in the base of the frame-work A, though of
course 1t may be Independent of the frame-
work. The passage 56, at the point where it
communicates with the tank 91, is provided
with a cock or valve, 36, by which the com-
munication between the tank and the passage
may be cat oif, when desired. From this ar-
rangement 1t will be seen that the quantity of
the explosive mixture drawn through the mix-
g apparatus and into the pump upon either
side of 1ts piston upon one stroke, is upon the
next stroke forced out of the pump and into
the tank 91 and the passage 56 and chamber

35, or into the passage and chamber alone, de-

pending upon the position of the valve 36.
The cylinder of the pump is of such size with
relation to the power-cylinder that the amount
of the explosive mixture which is drawn into
the pump upon each stroke is just sufficient to
form one charge for the power-cylinder when
the engine is running underits ordinary work-
ing conditions.

The power-cylinder 99 1s provided with a

-single exhaust-opening, 29, (see Figs. 2 and 4,)

consisting of one or more ports which is or are
located at or near the middle of the length of
the cylinder, and in such position as to be un-
covered by the power-piston as it arrives at
the end of ifs stroke in eaclh direction. The
exhaust-opening 29 1s provided with an ex-
haust-pipe, 90.which opens into a condensing-
chamber, 59, from which a chimney-pipe, 88,

conduaets the exhaust products to the open air.

The condensing-chamber 89 is supplied with
water, which acts to take np more or less of

| the heat of the exhaust produets, so as to par-

tially condense them and thus aid in exhaust-
ing the cylinder. The chamber 89 and the
water therein also perform another important
funetion, 1n that they serve to very materially
reduce the noise caused by the exhaust, which
sometimes 1s so great as to be objectionable.
The chamber 89 may be supplied with water
in any convenient manner; but as here shown
the water which is supplied through the pipe
87 (see KFig. 4) to the usual water-spaces, 37, of
the power-cylinder, after circulating through
these spaces passes through an opening, 12,
into a trough, 38, formed on the inner ends of
the pump and power cylinders,where it serves
to keep the piston-rods 94 97 cooled, after

which it flows through a pipe, 39, (see Fig.

1,) to the chamber 89, from which chamber it
1S drawn by a waste-pipe, 40. By this means
a constant flow of water isinaintained through
the spaces 37, trough 38, and chamber 89 in a
very simple manner. It will be observedthat
the waste-pipe 40 1s so positioned that the wa-

ter 1s not permitted to rise in the chamber 89"

to a sufficient height to close or submerge the
end of the exhaunst-pipe 90. The constant

flow of the water through the chantber 89, pro-
duced either in the manner just stated or in
any other suitable manner, is also important,
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as it serves to carry away the non-gaseous |
products exhausted from the cylinder, which
would otherwise accumulate in the chamber.
The charges of the explosive mixture which
are forced info the tank 91 and the passage 56
and chamber 35, or the passage and chamber
alone, are adnntted to the power cylinder as

r follows The power-cylinder is provided at 1ts

opposite ends with induction-ports 13, (see
Figs. 2 and 19,) which open outward through
the walls of theeylinder, and the chamber 35 is

provided at its ends with ports 14, which also

open outward in close proximity to the ports
13. Theside of the ¢ylinder through which the
ports 13 14 open is provided w:it.h a project-
ing portion, 86, which forms a chest or seat

~ for a reciprocating charging and firing valve,

20

25

30

- sition. of the valve.

35

41, which 1s held to its seat by a covering-
pla,te, 42, and 18 operated through a rod, 109
from an eccentric, 110, on the main shaft 102
The valve 41 is pr ov1ded upon 1its inner face
with two cavities or recesses, 15, (see Figs. 2
and 20,) which are of such extent, and are lo-
cated in such position, that as the valve is re-
ciprocated they establish communication be-

tween the ports 13 14 at the opposite ends of

the cylinder alternately, thereby establishing
communication between the chamber 35 and
the eylinder, and permitting the charge forced
out of the pump to pass into one end or the
other of the cylinder, depending upon the po-
As hereinbeiore stated,
the movements of the pump and power pis-
tons and the charging and firing valve are so
timed with relation to each other that com-
munication is established between the ports 13

.14, or, in other words, between the chamber

40

45

50
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35 and either end of the power-cylinder, just
before the power-piston has completed its
stroke toward the opposite end of the cylin-
der, and after it has partly uncovered the ex-
haust-opening, and that communication will
be again cut off between the ports 13 14 just af-
ter the power-piston has commenced 1ts return-
stroke and covered the exhaust-opening, and

that the pump-piston will complete its.stroke

simultaneously with the cutting off of commu-

“nication-between the ports 13 14 by the valve.
" From this it results that before the ports 13 14.

are brought into commuunication the pump
has already made a large part of its stroke
and has compressed a considerable part of the
charge into the tank 91 and the passage 56

and ehamber 35, or the passage and chamber

alone, so that as soon as the ports 13 14 are
brought into communication the charge thus
compressed at once expands and rushes into
the cylinder, thereby quickly-_expelling the
products remaining from the explosion of the

last charge through tne exhaust- opening.
- After this the pump completes 1ts stroke and

forces the remainder of the charge into the
cylinder, and simultaneously with the com-

' pletion of the stroke of the pump the power-

piston covers the exhaust-opening, and the

"valve cuts off communication between the
~ports 13 14, thereby confining the charge in

| valve-chest.

the cylinder, where it will be compressed by
the power- msbon during the remainder of its
retmn-stwke, after which, as the piston ar-
rives at the end of 1fs retmn stroke and is

‘about to commence its next forward stroke,

the charge is exploded.

The ﬁlmcr of the charﬂ*es thus compressed:

in the power-cylinder is effected as follows:
The charging and firing valve 41 is provided

"o

~J
{ay

upon 1ts outer face and near its opposite ends

with two recesses or cavities, 16, (see Figs. 2

‘and 23,) in which are located 1gn1t1ng -barn-

ers which consist of layers of wire-gauze or

80

similar foraminous material, 17, (see Figs 23

and 24,) inserted in the ends of short flaring
tubes 18. The ends of the tubes 18 prOJect
slightly beyond: the gauze 17, as will be ob-

served. The purpose of this will appear when

the operation of the engine is deseribed. The

tubes 18, which constltute the stemsor shanks
of the burnels extend through the valve and .

open inward throuah its inner face (see Figs.
21 and 22) in such pO.:ult:lOll that as the valve

reciprocates they will respectively be brought-

into communication with the ports 13 at the
opposite ends of -the cylinder.

* Theigniting-burnersare fed from the char ges
in the power- cylmdel as follows: The valve 41
is provided with small ducts 2, (see Figs. 22
and 23, ) which communicate with the tubes 18

{ of the burners, and extend upward and in-

9o

95

ward and open into channels 3, formed in the

inner face of the valve. The channels 3 com-
niunicate with ducts 4, (see Figs. 19, 21, and

22,) which open outwa,rd through the valve-

seat and upward through the top of the pro-
jection 86 of the cylinder in which the valve-
seat is formed, and in close proximity to ver-

100
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tical duets 5, Wthh open downward into the

passages leading from the ports 13 to the in-

terior of the eylinder. Communication be-
tween the ducts 4 5 at the opposite ends of
the cylinder is controlled by means of a swing-

11O

ing plate 22, (see Figs. 3, 18, 21, and 22,)

which is pivoted at the middle of its length
and rests upon the top of the projection of
the cylinderin which the valve-seat is formed,
and in such position as to cover the ducts 4 5

115 -

This plate is provided upon its underside and

directly over the ducts4 5 with recesses or cavi-
ties 6, which form, in effect, a pair of D-valves,
and are located in such position that when the

plate isswung in onre direction the valve at one
end of the plate will be brought into position

to establish communication between the ducts
~while. the -
‘valve at fhe other end of the piate will be

4 5 at that end of the cylinder,

brought into such position as to cut off coin-

Jinunication between the ducts 4 5 at the other

end of the cylinder, and vice versa. .The

plate 22 is swuang or vibrated so as to alter-
nately establish and cut off communication be- -
tween the ducts 4 5 at the opposite ends of
the cylinder by means of a stud, 43, which is
secured to the upper side of the valve 41 and-
projects through a slot, 44, in the top of the

As the stud 43 is moved back
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" raised from its seat.
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and forth by the movement of the valve 41, | pump will be nearing the end of its strokein-

1t runs in contact with a curved lever, 45,
which 18 pivoted at its middle in such posi-
tion that its outward-curved ends overlap the
slot 44. By reason of this arrangement a
swinging movement is imparted to the lever
45 by the movement of the stud 43. The le-
ver 45 1s so arranged with relation to the plate
22 that as it is swung by the stud 43 it engages
with the plate 22, and therebyswings the plate,
as already stated. The plate 22 is provided
at 1ts ends with curved slots 19, through which
pass bolts which prevent the plate from being
The igniting-burners 17
are relighted after each explosion’by means of
permanent master - lights 57, (see Fig. 22,)

which are located in chimneys 58, formed up- |

on the outside of the covering-plates 42 of the
valve-chest, and with whieh the igniting-burn-
ers are brought into communication at the
proper time through ports 23, formed in the
plate 42. -The movements of the plate 22 are
so timed with relation to the movements of

the valve 41 that communication will be cut |

off between the ducts 4 5 at either end of the

cylinder just as or slightly before the igniting-
burner for that end of the cylinder arrives in

~ position to. fire the charge, and will remain so
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cub off atter the charge has been fired until
the power-piston has proceeded far enough
upon its stroke to partly or wholly uncover
the exhaust-opening. The valve 41, in addi-
tien to the ports and duects already specified,
is provided with small ports 7, (see Figs. 21,
22, and 23,) which are located directly beneath
the igniting-burners and in such position that
when the burners are in position to fire the
charges they establish direet communiecation
between the ports 13 and the recesses 16. The
valve 1s also provided with small duets 8,
which extend downward and outward from
the ports 7 and open into the recesses 16 at a
point near the outer ends of the tubes 18. The
purpose of these various features will more
fully appear when the operation of the engine

‘18 explained. |

The operation of the organization thus far
described is as follows: For the purpose of
this description it will be assumed that the
engine is In operation and that a charge has
just been exploded in the outer or left-hand
end of the power-cylinder, 8o as to start the
power-piston upon its inward stroke. At the
time this takes place the charging and firing
valve will be at the limit of its stroke inward
or toward the right, the igniting-burner at the
outer or left-hand end of the valve will be in
communication with the induection-port 13 at
that end of the cylinder, the recess 15 at the
inner or right-hand end of the valve will be in
position to establish communication between
the ports 13 14 at that end of the cylinder,
the plate 22 will be in position to establish
communication between the ducts 4 5 at the
inner end of the ¢ylinder and to cut off com-
munication between the ducts 4 5 at the outer

et

ward or toward the right. As the power-pis-

ton commences its stroke inward, the charging 70

and firing valve will commence its stroke in
the opposite direction, so that by the time the
power-piston has covered the exhaust-opening
29 the valve will have arrived in such posi-
tion as to cut off communication between the
ports 13 14, so as to confine the charge in the
cylinder, and simultaneously with the cutting
off of communication between these ports the
pump-piston will complete its inward stroke.
After this the power-piston will proceed upon
and complete its inward stroke, thereby com-
pressing the charge in front of it in the cylin-
der, and the pump will commence its outward
stroke, thereby compressing a fresh charge
into the tank 91, passage 56, and chamber 35,

- or 1nto the passage and chamber alone, de-

pending upon the position of the valve 36.
As the power - piston is making its inward
stroke, the valve will proceed uponits outward
stroke, and the ducts 4 5 being in communi-
cation a portion of the charge which is under-
going compression in the cylinder will be
forced through the ducts 5 4, groove 3, and
duct 2 into the tube 18, and thence through
the meshes of the gauze forming the igniting-
burner 17 at that end of the eylinder, so that
sald burner will be lighted from the master-

light57. Theigniting-burnerthuslighted will

continue to be fed from the charge in the cyl-
inder, and will continue to burn as the valve
proceeds upon its outward stroke. Justasor
slightly before the valve arrives at the limit
of its outward stroke, and after the power-pis-
ton has uncovered the exhaust-opening, the
stud 43 will rock the lever 45, and through
sald lever swing the plate 22 so as to cut off
communication between the ports 4 b at the
inner end of the power-eylinder and establish
communication between the corresponding
ports at the outer end of the eylinder, and si-

- multaneously with or immediately after this

the power-piston willarrive at the limit of its
inward stroke and the valve at thelimit of its

75

Q0O

93

10D

105

ITO

outward stroke, thereby bringing the igniting-

burner at the inner end of the valve into com-
munication with the port 13 at that end of the
cylinder. As soon as this takes place, a por-
tion of the charge compressed in the eylinder
will pass through the port 7 and duct 8, so as
to establish an equilibrium upon both sides of
the burner 17 and permit the flame of the
burner to be communicated toand explode the
charge 1n that end of the eylinder. At the

IIS
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time when the port 7 and tube 18 are thus

brought into communication with the port 13,
the pressure in the power-cylinderis of course
af 1t8 maximum, and as a consequence the mix-
tare will rush into the recess 16 with consider-
able force, and if means were not provided
for preventing it might extinguish the flame
of the burner. By providing the duct 8 the
mixtureis caused to enter the recess nupon both
sides of the flame, so as to prevent a strong

end of the cylinder, and the piston of the | current from being formed in any direection.
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It might sometimes happen, however, that the
jet from the duct 8 being projected across the
flame of the burner would be sufficient to ex-
tinguish it, were not the flame protected {rom
this by havmg the gauze forming the burner

17 placed a short distance within the tube 18,
as before explained. Just before the power-

~ piston arrives at the limit of its inward stroke

10

and the valve at the limit of its outward
stroke, as just stated, the piston will uncover

~ the exbhaust-opening 29,and as this takes place

the recess 15,at the outer end of the valve, will

- eomImence to open communication betweeu the

ports 13 14 at that end of the eylinder,thereby
allowing the portion of the charge which has
been compressed by the pump into the tank

91, passage 56, and chamber 35, or into the

- passage and chamber alone, dependmcr upon

25

~the position of the valve 36, to expand into
the c¢ylinderand aid in qmckly expelling the

products remaining from the explosion of the
last charge throngh the exhaust-opening. As
the power-piston makes its outward stroke, the
operation just described will be repeated, but
at the opposite ends of the power-cylinder.

In operating the engine thus organized, it
sometimes happens that.a charge fails to be ex-

- ploded when the igniting-burner is brought

30

info communication with the port 13. When-
ever this occurs, the power-piston proceeds

upon and makes its stroke, impelled. by the

momentum of the fly-wheel; but since a part

- of the charge which entered the eylinder has

35

passed out through the ducts 5, 4, &e., to feed

the igniting-burner,it results that asthe piston
nears the end of its stroke and before it un-
covers the exhaust-opening, a partial vacuum

- is formed in the cylinder,which tends to cause

- 40

45

a current of air to passinward through the ig-

niting-burner, and the ducts through which it

1s fed to the cylmder The recess 16 1n which
the igniting-burner is located,is at this time in
communication with the. master - -light, and
therefore, unless means are provided for pre-
venting it,this inward current is liable to car-
ry the flame from the master-light inward
through the igniting-burner and the duects

o -through which it i1s-fed to the cylinder, and

50
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thus cause a tardy explosion of the charge.
The difficulty does not, however, end here.
When a chargeis thus ta,r'dily exploded,there
is not sufficient time for the flame to die out
1n the eylinder before the valve will arrive in

position to admit the next charge, and this is

liable to cause a premature explosion which
may result in serious. damage to the engine.
In order to avoid this difficulty and danger

theplate22and itsauxiliaries are provided, by
-~ 'which, as explained, the ducts through which,

the lgmtmg -burners are fed are closed just be-

fore the €xplosion takes place or should take

place,and remain closed until after the exhaust

- isopened, thereby preventing the flame of the

master:light from being earried into the cyl-
inder, even though a partial vacuum should
be formed therein. In orderto stop the engine |

-1t 18 only necessary to close the cocks or valves

. 351,395

l:};ﬁm.vmfl. thus allow the pump to compress the

charge into the t‘ank as well as the passage 56

|

ﬁ
|

which control the air and gas openings 30 31,
or even the cock or valve that controls the gas-

opening. To start the engineit is only neces-

sary to open the air and ogas openings, light

the master-lights, and turn the fly-wheel 111

until two or three charges have been forced
into and exploded in the cylinder. If 1tisde-
sired that the pump shall compress the charge
to a considerable extent before the charging
and firing valve establishes communication be-
tween the ports 13 14, so that as soon as com-

munication is established between these ports
80
considerable force, and thus expel the produects

the charge will expand into the cylinder with

remaining from the explosion of the last charge
very quickly, the valve 86 will be moved so as

to cut off communication between the tank 91

and the passage 56, and thus cause the pump
to compress the charcre into the passage 56 and
the chamber 35 alone. If, on the other hand,

70
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such a degree of compression is not desired or

found necessary in any particular case, the
valve 36 will be moved so as to open commu-
nication between the tank and the passage 56

and chamber 35. - This will remove a part of
the labor from the pump, but it will cause the
cylinder to be exhausted more slowly.

QO
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From what has been said it will be seen that -

in closing and opening the exhaust-opening

the power-piston performs the function of a

piston- valve. It is therefore to be under-

stood that the -exhaust opening or openings
may be controlled by an independent valve

without wholly departing from the invention.
In operating those gas-engines in which a

charge is introdueed into and fired in the eyl-

inder - at each stroke of the piston, and par-

ticularly when the engineisrun at high speed,

100
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it has been found that even when the charge

is fired at the proper time it will sometimes
burn so slowly that the flame caused by the

exploding of one charge will not have time to .

entirely die out before the next charge is ad-

‘mitted, and thus the incoming charge will be
In ordertoavoid this

prema,tlzlre]j,r exploded.
and to hasten the complete combustion of the

charges after they are fired, 1 cause a quanfity

of air to be introduced into the power-cylin-
der behind the piston after the piston has

made a part of its stroke,which air, mingling

with the burning charge,will hasten its com-
plete combustion, and thus cause the flame in

[IO
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the cylinder to die out more quickly. To ef-

fect this, each end of the power-cylinder is

provided with an air port or passage, 24,.(see '

‘Figs. 4 and 5,) which opens into the cylmder

in such position as to be uncovered by the

125

power-piston after it has made a part.of its

stroke and somewhat before the exhaust-open-

ing is uncovered. Theése air-ports 24 commu-
‘nicate with small air-chambers, 46, having

ports 9, which open to the air and are con.

trolled- by inwardly-opening check-valyes 25.

130

The operation of thisair-introducing appara-

tus is as follows: As soon as the power- piston
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cover the port 24.
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making its stroke in either direction uncovers | thereby uncovering the duet 26 and the open-
the exhaust-opening, the products resulting | ings to the pipes 27 for a short time, and thus

from the last explosion will rush out through
the exhaust-opening, and this will cause a par-
t1al vacuum to be formed in the chamber 46,

whereupon the air upon the outside will mlse
the valve 25 and flowinto and fill the chamber.

As the power-piston makes its return-stroke,

the air which has passed into the chamber 46

together with a small quantity of the explosive

mixture which will be comprassed into the
chamber, and the port 24, will be entrapped
therein by the piston when the latter covers
the port 24,and will remain therein until after
the next charge has been fired and the piston
hasproceeded [ far en ough upon itsstroke to un-
AS soon, however, as the
port 24 1s uncovered, the air in the chamber
46 will mingle with the burning gharge, and
thereby hasten its complete and perfect com-

“bustion, and as soon as the piston uncovers

the exhaust-opening, the outrush of the pro-

~ducts through the exhaust-opening will cause

25
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" pendent valve or valves.
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the chamber 46 to be again filled with air, as
already explained, and so the operation will
continue to be repeated.

I do not I1mit my claim to the precise appa-
ratus herein shown for effecting the introdue-
tion of the air into the power- Oyhnder, as 1t
is manifest that the apparatus for this purpose
may be varied greatly without departing from
theprincipleof theinvention, Theair,instead
of being drawn into the chambers 46 by the
outrush of the products through the exhaust-
opening, may be supplied to the chambers by
a pump, or in any other suitable manner, and
the ports24, instead of being controlled by the
power-piston, may be controlled by an inde-
I'he power-piston,
so far as its tunction of controlling the ports
24 is concerned, is 1n effect and is the equiva-
lent of a piston-valve. It is also to be re-
marked that 1nstead of using two of the air-
chambers 46, a single air-chamber mayin some
cases be used and made to communicate with

both of the ports 24.

The oil for properly lubricating the power-

piston and the charging and ﬁnng valve 18
suapplied from an oil-chamber, 47, which, as

shown, 18 located between the chambers 46.
(See Figs.4and 5.) This chamber is supplied
in any suitable manner, as from an oil-cup
which communicates with the opening 1, and
is provided with a duct, 26, which opens into
the power-cylinder in such position as to bhe
covered by the power-piston, except for a short
time at the end of each stroke, and also with
two small pipes, 27, (see Figs. 1, 3, and 18,)
which communicate with (]nets formed 1n the

projection 86, -which open downward on top

of the charging and firing valve near its oppo-
site ends. - The chamber 47 1S provided with

-an oscillating valve, 28, the stem of which is

connected th I.f:mgh a slotted arm, 48, with the
stud 43. By means of this counection the

valve 28 1s rocked or oscillated at each recip-
rocation of the charging and firing valve,

L L )

allowing a small amount of oil to enter the
duct and pipes and flow to the power-piston
and the charging and firing valve at each
stroke ot the engine. The parts are so timed
that the duet 26 will be covered by the valve
28 at those times when it 1s not covered by
the power-piston.

As hercinbefore stated, the engine is pro-
vided with a -governor apparatus by which,
when 1ts speed is accelerated beyond the prop-
er point, the charges forced into the power-
cylinder are reduced 1n volume, thereby re-
dueing the power of the engine and bringing
1t back to its normal apeed This governor
apparatus 1s arranged to act upon tho sanie
general planasthat d{%‘ml‘ibﬂl in my former Let-
ters Patent, before referred to, and consists of
means by which, when theweed of the engine
becomes unduly accelerated, a portion of the
charge drawn into the pummn at one stroke, in-
stead of being forced into the power: cvlmder

at the next Stl oke, 1ssimply tra nsferred to the
opposite side of the pump-piston. To effect

‘this the pamp-cylinder is provided with two

ducts, 83 84, (see Figs. 9,10, 14, and 15,) which
lead from the Opl)OSIte ends of the eylmdel and
open 1nto a chamber, 85, upon opposite sides
of a nearly-balanced valve,49,having a spring,
73, which acts to.hold the valve closed when
not acted on by the governor, as will be here-
1nafter explained. The stem 50 of the valve
49 extends out of the chamber 85, and 18 con-
nected to an arm, 59, secured to & rod, 60,
(sce Fligs., 14, 1, m]d ,) which extends to %
point at the side of the driving-pulley 112,
wheve 16 1s provided with an arm, 61, (see Figs,
25 to 32,) having a bowl which rests against

or l1es 1n close proximity to theinclined shoul-.

der 62 of a disk, 63, which 18 mounted loosely
upon the hub 64 of the pulley 112, ‘I'he disk
63 1sprovided with coarsescrew-threads, which
engage with corresponding threads which are
formed on the hub 64, so that when the disk
15 revolved around the hub 1t will be moved
inward and press against the bowl of the arm
61, thereby rocking therod 60 and arm 59, so
as to open the valve 49 and establish commau-
nication through the duets 83 84 between the
opposite ends of the pump. As soon as this
1s (lone, a part of the explosive mixture drawn
1nto the pump at onestroke will upon the next
stroke be transferred from one end of the pump-
cylinder to the other, thereby reducing the
volnme of the charge forced into the power-
cylinder. The disk 63 is provided with two
radial recesses, 65, which receive studs 66,
projecting from a pair of weighted levers, 67,
which are pivoted at 68 to the web of the pul-
ley 112. The levers 67 areacted on by springs
69, which are located upon the opposite side
of the pulley from the levers, and are connect-
ed to the levers by means of rods 70 and studs
71, which pass through curved slots 72 in the
web of tlhie pulley. Thesprings 69 are of such
tension that so long as the engine is running

7C

goO

I1C0

105

ITO

115

130




3 o . 351’395_,_

at its proper speed, they will hold the weight- |

ed ends of the levers 67 inward away from the
rim of the pulley. "As soon, however, as the
engine attaing an undueé speed, the weighted

~ 5 ends of the levers will, by reason of their cen-

‘trifugal force, overcome the tension of the
aprings 69 rmfil be thrown. outward, so that
their opposite ends will,through the Studs 60,
turn the disk 63 around the hub 64 and fome
10 1t inward, so as to open the valve49, as before
_explained, As soon as the engine resumes its
normal speed, the springs 69 will rock the le-

vers 67 back to their normal pOSlt_lon and

thereby allow the valve 49 to close.

Although the engine herein shown is ar-
ranged horizontally and is double acting, it
will be readily seen that many or all parts of
~the invention may be applied to vertical as
well as horizontal engines, and to single as
20 well as double acting engines. - It will also be

‘seen that parts of the 1m'rent10n may be used
‘without the whole.
What I claim is—

1. The combination, with the power oylm-

15

23 der and piston, of a pump for charging the .

—-cylinder, having its piston arranged to com-
plete its StI‘O]{G in advance of the power-pis-
ton, and a positively-actuated charging-valve
arranged.to open the induction-port-at the

30 same time or after the exhaust-opening is
opened, and to close the induction-port at the
same time that the pump completes its stroke,
sibstantially as described. *

2. The combination, with the power cylin-
35 der and piston, of the exhaust-opening ar- |

ranged to be ullcovered by the power-piston
as 113 arrives at the end of its stroke, a pump
for charging the cylinder, having its piston
. arranged to complete its stroke in advance of

40 the power-piston, and a positively - actnated -

charging-valve arranged to open the induc-
tion-port at the same time or after the exhaust-
opening 18 opened, and to close the induction-
port at the same time that the pump com-
45 pletes i1ts stroke, substantially as described.

3. The combination, with the power cylin-
der and piston, of a positively-actuated charg-
1ing and firing valve carrying an igniting-
burner and arranged to open the induction-

50 porb to admit the charge close the port to
confine the charge in the cylinder, and then
“bring theigniting-burner into communication

* with the ch'uge fo fire lt subsmnbmlly as de-
scribed.

4. The combination, with the power cylin-
der and piston, of the exhaust- opening ar-
ranged to be uncovered by the power-piston
as 1t arrives at the end of its stroke, and a
charging and firing valve carrying an ]gmtmg
60 burner .;md. arranged to open the induction-

55

port to admit the Gharge at the same time or

atter the exhaust-opening is uncovered, close
the port so that the charge will be confined in
the cylinder and compressed by the power-
55 piston upon its return-stroke, and then bring
the 1gniting-burner into communication with

port to admit the charge at the same time or

. ing the ecylinder, having its piston arranged
to complete itsstroke in advance of the power-

‘ated valve arranged to close the ducts through

| communication with the chargein the cylinder

5. The Gombin&tion‘, with the powetCyIi_n; -

ranged to be uncovered by the power-piston 70
as 1t arrives at the end of its stroke, and a
charging and firing valve carrying an ignit-
ing-burner and having suitable ducts through
which 1t is fed from the charge in the power-
cylinder, and arranged to open the induction-

after the exhaust-opening is uncovered, close

| the port so that the charge will be cenﬁned in

the cylinder and compressed by the power-
piston upon its return-stroke, and then bring
the ignifing- ‘burner into communication with
the charge to fire it, substantially as deseribed.

6. The combm‘ltlon, with the power cyiin-
der and piston, of a pump for charging the cyl-
1nder, having 1ts piston arranged. to complete-
its stroke i 1R advanee of the power-piston, and
a positively-actuated charging and firing valve
carrying an igniting-burner and arranged to
open the induction-port at the same time or
after the exhaust-opening is opened, close the
port at the same time that the pump-piston -
completes 1ts stroke, and then bring the ignit-
ing-burneringo commumcatmn with thecharge
to ﬁre it, substantially as described.

7. The combination, with the power cylin-
derand piston, ofthe exhaust opening arranged
to be uncovered by the power-piston as it ar-
rives at the end of itsstroke, a pump forcharg-

piston, and a posmwely -actuated charging and
firing valve carrying an igniting-burner and
arranged to open the induection-port at the
same time or after the exhaust- opemng is
opened, close the port.at the same time that
the pump-piston completes 1ts stroke, and to
then bring the igniting-burner into communi-
cation with the char ge to fire it, substantially
as described. o
8. The combmatlon with anwmtmw burnel [1
fed through sunitable ducts from the charge in

| the power-cylinder and a firing-valve for es-

tablishing communiecation between said burner. .
and the charge to fire it, of a positively-actu-

which tbe burner is fed at or about the time
communication 1is established between the
burner and the charge to fireif and toopen said
ducts after the exhaust i 1s 0peued substantially
as described.

9. The combination, with a firing-valve car-
rying an igniting- ‘burner which is fed through
suitable duets from the charge in the power-
cylinder, and 1s arranged to be brought into
I2
to fire it, of a positively-actuated valve ar-

ranged to close the ducts through which the

burner 1s fed at or about the time communica-
tion is established between the burner and the
charge to fire it, and to open said ducts after 13
the exhaust 18 opened, Sllbstantlally as de-
seribed. |

10. The combmmtlon ‘with a,sta,tlonaly mas-

- the charge to fire it, substantially as described. ¢ ter-light and a ﬁrl_u_n* valve carrying an ignit-

der and piston, of .the exhaust-opening ar- -~
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ing-burner which 1s fed thmuﬂ*h suitable ducts

15. The method or process of hastening the

from the charge inthe cylmder andisarranged | combustion of the charges in a gas-engine,

to bebroughtinto communication with the mas-
ter-light to be lighted and into communica-
tion with the charge 1n the eylinder to fire if,
of a positively-actuated valve arranged to close
the ducts through which the burner is fed at
or aboutthe time communication is established
between the burner and the charge to fire if,
and to open said ducts after the exhaust 1s
opened, substantlally as described.

11. Thecombination, with an 10*n1t1ng burn-
er fed through snitable ducts fi om the charge
in the power-cylinder and a charging and
firing valve arranged to open the induction-
port to admit the charge, close the port to con-
fine the charge in the cylinder and allow it to
be compressed by the piston and then estab-
lish communication between the burner and
the charge to fire it, of a positively-actuated
valve arranged to close the ducts through
which the burner is fed at or about the time
communication 1s established between the
burner and the charge -to fire it, and to open
said ducts after the exhaust is opened, sub-
stantially as described. |

12. The combination, with a stationary mas-
ter-light and a charging and firing valve car-

rying anigniting-burner, which is fed through

suitable ducts from the charge in the ¢ylinder,
sald charging and firing valve being arranged
to open the induction-port toadmit the charge,
close the port to confine the charge in the cyl-
inder and allow it to be compressed by the
piston and then bring the burner info commau-
nication with the charge to fire it, of a posi-
tively - actuated valve arranged to close the
ducts through which the bumer is fed at or
about the time communication is established
between the burner and the charge to fire it,
and to open said ducts after the exhaust is
opened, substantially as described. |

13. In a gas-engine, an igniting-burner con-
sisting of the tubular stem 18, through which
the mixture for the burner passes, and the fo-
raminous material 17, which is located within
the tubular stem and a distance back from its
end, whereby the flame of the burner is in-
closed within and protected by the end of the
tubular stem of the burner, substantially as

described.
14. In a gas-engine, the combination, with

- an igniting-burner consisting of the tubular

55
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stem 18, through which the mixture for the
burner passes, and the foraminous material 17,
which is located within the tubular stem and
a distance back from 1ts end, whereby theflame
of the burner is inclosed within and protected
by the end of the tubular stem of the burner,
of the port 7 and duct 8, arranged to be brought
into communication with the charge in the
power-cylinder and to direct the jet of the
mixture issuing from the c¢ylinder across the
end of the tubular stem in'which the flame of
the burner 1s inclosed, substantially as de-

scribed.

which consists 1n admitting or mtloduemg a
quantity of air info the ¢ylinder of the engine
after the charge has been fired and before the
exhaust is opened, substantially as described.
16. The COHJblIl:.LthD with the power-cylin-

|der and piston, of a,n alr opening or pork

through which a quantity of air is admitted or
Introduced into the eylinder after the charge
hasbeen fired and before the exhaustis opened,
substantially as described. |

17. The combination, with the power cyl-
inder and piston, of an air opening or port

70

73

80

through which a.quantity of air is admitted .

or introduced 1nto the cylinder after the
charge has been fired and before the exhaust

18 opened, and a valve for controlling said

opening or port, substantially as described.
18. The combination, with the power cyl-

inder and piston, of an air-chamber communi-

cating with the ¢ylinder and with the atmos-

phere, a valve for preventing the escape of

the air from the chamber, and a valve ar-
ranged to open communication between the
chamber and the cylinder after the charge is
fired and before the exhaust is 0pened Sub
stantially as deseribed.

19. The combination, with the power cyl-
Iinder and piston, of an air opening or port ar-
ranged to be uncovered by the piston after
the charge has been fired and before the ex-
haust 1s opened, and a valve for controlling
sald opening or port, substantially as de-
scribed.

20. The combination, with the power cyl-
inder and piston, of an air-chamber communi-
cating with the atmosphere and also with the
cglmdel by an opening or port which is ar-
ranged to be uncovered by the power-piston
after the charge has been fired and before the
exhaust 18 opened, and a valve for preventing

the escape of the air from the chamber, sub-

stantially as_described.
21. The combination,with the chamber 89,

90

95
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lIOS

110

containing a body of water and provided with -

connections by which a flow of water is main-
tained throngh the chamber, of the exhaust-
pipe 90, opening downward so as to deliver
the exhaust products directly onto the surface
of the body of water in the chamber, substan-
tially as described.

22. In a gas-engine, the eombmat&on, with
the oil-ehamber 47, having the duct 26 com-
municating with the interior of the power-cyl-
inder 1n position to be covered by the power-
piston during a part of the stroke and to be
opened to the cylinder during a part of the
stroke, of the positively-actuated valve 26, for
controlling said duct, said valve bemcr ar-
ranged to close the ducb when 1t is open to the
cylmder and to open the duct when it 18 cov-
ered by the piston, substantially as described.

23. In a gas-engine, the combination, with
the oil-chamber 47, having the duct 26 com-
municating with the interior of the power-cyl-

I15
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I30
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inder in position to be covered by the power- In testimony whereofI have hereuntosetmy
piston during a part of the stroke and to be | hand in the presence of two subscribing wit-
“open to the cylinder during a part of the | nesses. S
stroke, and the pipes 27, leading to the charg- | - o

s ing and firing valve, of the positively-actu- | PETER MURRAY, JR.
-ated valve 28, for controlling said duct and : S .' .
pipes, said valve being arranged to close the| itnesses: '

- duet when it 18 open to the cylinder and to - LUTHER (. CROWELL,

open the duct when 1t is covered by the pis- JAS, J. KENNEDY.
10 ton, substantially as described. '
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