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1o all whom it may concern:

Be it known that I, BERNARD MUSGRAVE, a
subject of the King of Great Britain, and &

resident of Heeton in the county of Lanees—.
ter, England, heve 1nvented new and. useful |

Improvements in Oil and Gas Encrlnes of
which the following is a Speelﬁeetmn -

This invention relates to improvements in
the eonetructlon of engines in which the mo-
tive power is obtained by the ignition of com-
bustible mixtures or air and gas or oil-vapor,

the object aimed at being greater general effi- |
clency and particularly to fecﬂltete the start-
| | | Junction with the opening of the VELIVB com-

1ng of the engines.
l‘he principal teeture of my invention con-

sists in the employment of three or more

(preferably three) combustion-chambers com-

~municating each through a valve with each
“motor - cylinder, into - which chambers the

charge to act upon the motor-piston is alter-
nately forced, then ignited, and afterward
admitted to the motor —eylmder to expand and

~ drive out the piston, which upon its return
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stroke expels the amount admitted. The
charging of -each combustion-chamber takes

-plece 1n successive order alternating with the
“discharge of the other or others.

In order to
carry out this particular style of operations,
a compressor of suitable capacity deriving its
motion from the motor-shaft is necessary.
The compressor drawsin its charge of air and
the inflammable component thereot from its
source of supply to produce the combustible
mixture in the proper proportion and then

forces 1t 1nto one combustion-chamber or the

other through a valve. Each combustion-
chamber communicates with the motor-cylin-
ders through valves epereted by the motor-
shaft and tlmed by gearing. Each motor-
cylinder has its exhaust—va,lve similarly oper-
ated. The combustion-chambers may be pro-
vided with safety-valves and are also prefer-
ably provided with discharge-valves operated
by a cam-shaft. The eherﬂ*ee may be ignited
by means of wmtmn—-tubes, but referably

by an electric spark. If by an ignition-tube,
the latter is timed by the gearing from the
motor-shaft in the well- known way. In ac-

tual working the motor is arrested by pre-
50 venting the ignition of 2} charge in the com- |

bustlon chamber and by closing a step valve
1n the pipe leading to the motor. The former
method is prefembly carried out by means of
a switch breaking the cireuit, and the stop-
page 1s facﬂlta,ted by the tendency to produce
a vacuum in the motor- -cylinders when the
stop-valve 1s closed. There is thus in accord-
ance with this particular eycle of operations
a charge in one of the combustion-chambers
which when it is desired to restart can be ig-
nited by means of a suitable hend-opel ated
device—for instance, by causing the 1gnition
device to spark on fur ning the smtch 1N con-

municating between the charged combustion-
chamber and the motor-—eyhndex

On the drawings attached hereunto a three-
cylinder motor havmo' three independent com-

bustion-chambers is 1llustrated diagrammat-

ically. The motor is provided w1tl1 one com-

pression or force pump and is adapted for

electrleel 1ignition of the charges.

Figure 1. represents an elevation of the mo-
tors 100]{1110’ from the combustion-chamber.
Kig. 2 represents a view showing the motors

combustion-chamber in longitudinal section.
Fig. 3 represents a plan of Fig. 2, showing
the motor, for ce-pump, combustion- chambels
and pipe conneetlons n plan. Fig. 4 repre-
sents an elevation of the combustlon-ehembers

‘and force-pump looking toward the motor.

Fig. 5 represents a transverse section through
the combustion-chambers. Fig. 6 repr esents
1 sectional elevation the eonstructmn of the
inlet and exhaust valves of the motor as at
present preferred. Figs. 7 dnd 8 represent
the electrical make-and-br ealk arrangement
upon the 1gnition-timing shaft.

The metel Alllustl &ted has three single- aet— |

ing cylinders ¢ ¢’ o, provided with tr UIlL-plS-
tons acting upon a thr ee- thl OW cr ank-shaft

D

a’. The ey]mdel -heads ¢" @ @’ carr y the in-
let-valves ¢ and the exhaust-valves ¢, Figs.

1 and 6. In Fig. 6 the inlet and exhaust
Valves are shown upon an enlarged scale in
section, the inlet-valve being deswned to be
lifted off its seat 011tweld against a spring @’
by means of 2 shachle @, Within which en-
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in side elevation and the force-pump and one
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the valve-shaft o', the latter being rotated
from and at the same angular VG]OCltV of the

crank-shaft &’ by means of a chain band &'
end sprocket-wheels ¢*. The exhaust-valve
@ 1s designed to be lifted off its seat 1nward

against a spring ¢” by means of a cam ¢
fixed upon the said valve ¢, which bears
against the end of the valve—spmdle - |

“The force - -pump B, Figs. 2, 3, and 4, 1s
preferably made sing le actmﬂ' and is prowded
with a trunk-piston b carrying one end of the
connecting-rod 0, the other end of the rod
being conneeted to a crank »*, fixed upon the
motor -shaft ¢°. The suction and delivery-
valves 0° 0%, respectively, are preferably ar-
ranged upon the pump-cylinder cover, as 1llus-
trated in Kig. 2

The combust1on chambers C D K are prei-
erably made of drawn steel and have their
ends screwed in. Each is provided with -an
inlet-pipe ¢ in communication with the force-
pump delwery—vawe )* by means of the main
pipe ¢’. In the inlet-pipe between eaeh com-
bustion- ehember and the main pipec is a non-
return valve ¢, retained normally closed, for
instance, by an- internal spring and which is
opened ecremst the pressure 1n the combus-
tion- ehamber by means of a lever ¢, operated
by a cam ¢, fixed to a Valve—shett ¢’, rotated
from the moter crank-shaft «° at one -third
the sp eed thereof by means of the sprocket-
Wheele &, &, ¢, and ¢ and chain bands ¢’ ¢“.
The .outlet—pipe d'. leading from each com-
bustion-chamber into the main pipe ¢, com-
municates with the motor-cylinders through
a throttle or stop valve G- and branches g ¢’ ¢°.
Between each combustion-chamber. and the
main pipe cZ is a non-return valve ¢* similar
to the one, ¢, described above and operated 1n
a similar manner by cams ', bearing against
levers &°, connected to the valve-spindles of
the valves. The cams " are fixed to the shaft
d°, rotated at one-third the speed of the motor
crank-shaft ¢’ by means of the sprocket-wheels
& ¢" and the chain band ¢°. Each combustion-
chamber 1s also provided with an outlet-pipe
¢, connected to a sm:ulellv constructed and op-
erated non-return velve ¢, the lever ¢ ot which
bears against a cam ¢* upon the shaft ¢>. The
several valves preferably communicate with
a common discharge-pipe ¢.

Fach combustion-chamber is provided with
an ignition device preferably consisting of two
electrodes arranged in a plug H, screwed into
one of the ends of each combustion-chamber.
In the plug illustrated both electrodes are in-
sulated in the usual way. Inconnection with
each 1gnition-plug there is a rotating make-
and-break switch 4 4 4. (Shown in enlerﬂ‘ed
scale in Figs. Tand 8.) Each switch consists
of a disk 4° of non- -conducting material fixed
upon one of the one-third speed—shafts as
shown in Fig. 4, having a metallic face 74 for
about, one-third of its circumference. Upon
the face of each disk bear two spring-fingers

- from the motor-shaft.
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75 7%, independently fixed to a carrier A7 of

non-conducting material. Kach finger is pro-
vided with a terminal 2°, and from one of each
palr of fingers electric conductors A’ A" A"
pass to the ignition-plugs of the combustion-
chambers. The source of the current or bat-
tery 1s represented by I, Fig. 4, the poles of
the battery communicating with the primary
element of an induection-coil J through a
switch K. From the terminal 7 of the sec-
ondary element of the coill J an electric con-
ductor 7’ leads to one finger 2° of each pair.
From the terminal * of the secondary coil a
return-conductor 7° connects the other elec-
trode of each ignition-plug H with the induc-
tion-coil J. The course of the current is di-
rected along the finger A° and bridges across
to the finger 4’ by means of the metal face 4,
when the latter is in contact with the WO
ingers of each pair along the finger 4’ and
thence to the positive electrode of the igni-

tion-plug in communication with that‘p'air of

fingers. Immediately the metal face A" passes
from contact with its pair of fingers the cur-
rent is ‘broken and the sparking ceases. In
place of a return-conductor the terminal j~
may be connected to the frame or other metal
part of the motor and likewise the negative
electrode then placed in metallic contact there-
with. . A trembler or interrupter may be used
in connection with the induction-coil.

The combustion-chambers are so propor-
tioned in relation to the motor-cylinders that
the charge in each can be compressed to a de-
oree which when exploded produces a moder-
ate pressure sufficient to expand in each mo-

tor-cylinder for one revolution of the crank-

shaft and produce an effective pressure upon
the piston of the third cylinder of the cycle.
The force-pump is proportioned to charge one
combustion-chamber to the desired pressure
once in one revolution of the crank-shaft of
the motor. The residue of the charge in each
combustion-chamber after acting upon each
motor - piston during one revolution of the
crank-shatt is released or diseha,rged by the
opening of the discharge-valves ¢*, which cause
a reduction in pressure of the contents of the
combustion - chambers to atmosphere. The

exhaustion of the burned gases may be facili-
tated by the use of an exhausting—fen driven
The cranks are set at
an angle of one hundred and twenty degrees
apart. The cylinders shown in the drawing
of the motor are of equal diameters; but I

may vary the relative diameters so that the

falling pressure in the combustion-chamber
acting upon the pistons may be eompeneated
for by acting upon successively -increasing
areas of the pistons.

No air-and-gas-mixing valve or carbureter
is described or illustrated, as these may be of
any suitable known kind. The charge 1n the

proper proportions is drawn into the force-
pump through the inlet-opening 0° thereof.
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The setting of the camis upon the valve-shafts

ot the combustion- chambers is such that while
the exploded charge in the combustion-cham-
ber C is expanding throuﬂ*h its valve &°, which
18 open, and acting upon the motors the Inlet-
valve ¢° and the chscharﬂ‘e valve ¢’ of the cham--
ber C are closed, while the inlet-valve ¢* of
chamber D is just closing and the outlet-valve

d* and discharge-valve ¢’ of the same chamber
et-
valve * of the chamber E are closed and its
discharge-valve ¢ is open.
tive positions of the valves in the several cham-

are closed and the inlet-valve ¢ and outl
With these rela-
bers, while the charge in the chamber C is al-

ready exploded and is expanding,
in the eylinder D is about to be exploded and

- the contents of chamber E are being dis-
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charged. Forthenext 1“6?0111131011 ot the crank—-
S,Jatt the charge exploded in chamber D acts
on the motor, the chamber E is charﬂ'ed and

chamber C dlscha,r@ed For the third revo-
lution the charge e‘{ploded 1 chamber E acts
in the motor, the chamber C is charwed and
the chamber D 1s discharged. -

There may be more than three combustion-
chambers charged, exploded, and discharged

‘alternately. The cam-shafts operating the

valves of the chambers are driven at a speed

recduced relatively to the crank-shafts in pro-

portion to the number of chambers.
Obviously an engine with less or with more

than thrée cyhnders may be used instead of the
‘three-cylinder engine shown on the drawings.

I claim as my invention—

1. In a gas-engine, the combination of a mo-

tor, a rotary shaft for said motor, a force-
pump,
from said motor and from said pump, an in-

let-valve, an outlet-valve, a discharge-valve

and an ignition device for each of said cham-

bers, passages connecting said pump with
each of said chambers other passages con-
necting each of said chambers with said mo-

tor, and mechanism for operating said valves

and ignition devices in such manner that dur-
ing each revolution of sald motor-shaft one
of said chambersis filled with compressed car-

bureted air by said pump, the mixture in the

second chamber exploded and supplied to the

motor, and the remalning combustion-gases

discharged from the third chamber.
2. In a gas-engine, the combination of a mo-

tor havmg inlet and exhaust ports, a rotary
shaft for said motor, a force-pump having an |

inlet and an outlet, ‘three combustion-cham-

bers distinct from said motor and from said.
‘pump, each of said chambers having an inlet-

opening, an 011tlet~0pen1n0' and a dlscharﬁ'e-
opening, a valve in each of sald openings, an

]gnltlon device for each of said chambers.
passages connecting the outlet of said pump
with the inlet of each of sald chambers, other
passages connecting the outlet of each of said
chambers with the inlet of said motor, and
mechanism for ‘operating s:a,ld valves ﬂnd 18-

the charge .

three combustion-chambers distinct

chambers having an inlet-opening,
‘opening and a discharge-opening to the atmos-
phere, a valve in each of said openings, an ig-
pas- -
sages connecting the inlet of each of said cham-
‘bers with the outlet of said pump, other pas-
sages connecting the outlet of each of said

nition devices and said valves being control

_mtwn devices in such manner that durmcr
each revolution of said motor-shaft one of
said chambers has its inlet-valve in open and

1ts other valves in closed position, the second

chamber has its ignition device operated and
its outlet-valve opened its other valves being

at the time in closed position, and the thlrd |

chamber has its discharge-valve in open and

its other valyes in closed position.

3. Ina gas-engine, the combination of a mo-

tor, 1nlet and exhaust valves for the same, a
crank-shaft for said motor, a compressor, t]]l ee
independent combustion- chambers communi-
_cating each with said compressor and with said

motor but distinet therefrom, an inlet-valve,

an outlet-valve, a dlSCh&I‘O‘e-V%l]Ve and an 1gni-

tion device for each of sald chambers, and
mechanism for operating said valves and 1omni-
tion devices in such manner that during each
working stroke of the motor one of said cham—-
bers is filled with compressed explosive mix-
ture by the said compressor, and during the
next stroke of the motor the mixture in Sald
chamber is exploded and supplied to the mo-
tor, and during the third stroke of the motor

-the remaining combustion-gas is discharged

from said chamber.
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4. A carbureted-air engine, con51st1n0' of

the combination of a motor 2 COMPressor
driven by the motor, three mdependent com-
bustion-chambers, pipes connecting each of
sald chambers with said compressor, a second

‘range of pipes connecting each of said cham-.
'bers with said motor, a third range of pipes
forming a communication between each of said

chambers and the atmosphere, a valve in each
of said pipes, an electric ignition device for
each of said chambers, said valves and said
ignition devices being controlled by said mo-
tor so that while the charge In one of said
chambers after ignition is acting on said mo-

ploded gases in the third of said chambers is

discharging into the atmosphere.

5. A carbureted-air engine COHSIS&HG‘ ot

the combination of a motor, a rotary shaft for
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“tor, the second chamber is r ecelving its charge
from sald compressor, while the residue of ex-

IIO

said motor, a force-pump driven by said shaft -

anc hamnw an inlet and an outlet, three inde-
pendent combustion - chambers, each of said
“an outlet-

nition device for each of said chambers,
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chambers with the inlet of said motor, said ig-

ed

Ve

by said motor-shaft, the ignition and va

“control being so tlmed that ﬁrst the charge in
‘one chamber is exploded and then the outlet-

valve leading to the motor is immediately

opened, while at the same time the inlet-valve
‘of the second chamber is open to the passage
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leading from the said pump, and the third
chamber has its discharge-valve open allow-

ing the residue of the exploded charge to es-
cape to the atmosphere, the other valves of
each chamber during this time being in closed
position. | | |

6. A carbureted-air engine consisting of the
combination of a motor, inlet and exhaust
valves for the same, a crank-shaft for said mo-
tor, a force-pump driven by said crank-shaft,
inlet and outlet valves for said pump, a plu-
rality of combustion-chambers, passages con-
necting each of said chambers with the out-

let of said pump, other passages connecting

each of said chambers with the inlet of said
motor, a discharge-passage to the atmosphere
for each of said chambers, a valve 1n each of

said passages, an electric ignition device for

each of said chambers, shaftsrotated at a speed
reduced relatively to the said motor-shaft in
proportion to the number of said chambers,
cams on said shafts operatively connected to
the valves of said passages, contacts for said
1gnition devices carried by said shafts, said
cams belng so arranged as to operate the 1n-
let, outlet and discharge valve of each cham-
ber alternately and also to operate the valves

750,478

of the same ]ﬂnd belOngiﬁg_ to the different
chambers alternately with each other, and said

contacts so arranged as to operate the several
ignition devices alternately with each other.

7. Ina gas-engine, the combination of a mo-.

tor, a force-pump driven by said motor, and a,
series of combustion-chambers distinct from
sald motor and from said pump, said pump
being so arranged as to compress a charge into
each of said chambers in succession and to

charge one of sald chambers at each stroke.

8. Ina gas-engine, the combination of a mo-
tor, a rotary shaft for said motor,a force-pump

driven by said shaft at a speed so as to make

one working stroke for each revolution of said
shaft, three combustion-chambers distinct
from sald motor and from said pump, said
pump compressing and delivering a charge of
fuel-vapor to one of sald chambers at each
stroke and to each of said chambers 1n succes-
sion. |

In testimony whereof I have hereunto set
my hand in the presence of two witnesses.

BERNARD MUSGRAVLE.

Witnesses:
CarL BorLis,
RmoLEY JAMES URQUHART.
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