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To all whom it may concern:

Be it known that I, CHARLES GRANTLEY
BeECHEY, of Liverpool, England, have in-
vented certain Improvements in Gas-Motor
Engines, of which the following is a specifi-
cation. ‘ :

My invention has reference more particu-
larly to gas-motor engines which have, in ad-
dition to the power-cylinder in which the ex-
plosion of the gas or gaseous mixture is effect-
ed, a second eylinder, into which the gas or gas
and air are drawn, in which they are com-
pressed or partly compressed, and from which
they are forced into the power-cylinder.

THe invention consists in so-arranging the
cranks of the pistons of the two cylinders rela-
tively to each other and the slide-valve which
regulates the admission of the gaseous mixture
into the power-cylinder that the charging of
the power-cylinder with compressed gaseous
mixture is effected during about the last one-
tenth part of the return or inward stroke of
the power-piston and about the first one-tenth
part of the outward stroke of this piston, at
which point the explosion takes place. By
this arrangement the burnt gases arising from
the previous explosion are sufficiently expelled
by the power-piston itself in its return-stroke
without the use of a scavenging charge of air,
the exbaust-valve being open during the first
nine-tenths of the said return-stroke, while a
sufficient charge of the gaseous mixture is ad-
witted to the power-cylinder in a compressed
state, and then almost immediately exploded
before the piston therein has proceeded so far
on its outward stroke as to prevent the ex-
plosion taking full effect.

The invention further consists in closing by
means of the said slide-valve communication
between the power and compression eylinders
aftertheformercylinderhasreceived itscharge,
but before the compression-piston has quite
completed its return-stroke, so that the explod-
ing-burner, which is supplied from the com-
pression - cylinder, may, by the further com-
pression effected daring the completion of the
stroke, be supplied with mixture at a greater

pressure than that in the power-cylinder,where-
by all risk of the exploding-burner being blown
back or blown out before the explosion takes
place is avoided. ‘

The invention also consists in producing an
explosion at every outward stroke of the piston
by means of an exploding-burner (or burners)
carried in the slide-valve and moving between
two ports leading to the power-cylinder, in
which ports the explosion takes place alter-
nately, the slide-valve moving at half the time
of the power-piston.

The invention also consists in governing the
engine by causing an ordivary governor to
close the gas-inlet valve to the compression-
pump at an earlier or later point of the out-
ward or suction stroke of the compression-pis-
ton, and also to regulate the extent of the open-
ing of the said valve, the air-inlet valve re-
maining fully open during the whole of said
stroke, so that a greater or less amount of un-
mixed air may enter the compression-cylinder
bebind the mixture of gas and air admitted
during the first part of the stroke, and that
the amount of air in said mixture itself may
be greater or less, whereby when the contents
of the compressed cylinder are discharged
into the power-cylinder in the reverse order
there may a greater or less amount of unmixed
air next the power-piston and a correspond-
ingly less or greater amount of mixed gas and
air behind the unmixed air, which mixture is
also correspondingly weaker or stronger, and
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thus the power or effect of the explosion will

be less or greater.

In the accompanying drawings, Figure 1 is
a longitudinal section taken through the cen-
ter of the power-cylinder, Fig. 2 a horizontal
mid-seetion, Fig. 3 a partial side elevation,
and Fig. 4 a rear elevation, of a gas-motor en-
gine construeted according to my invention.
Fig. 51is a horizontal section on the line 5 5
of Fig. 1, showing the gas-passages for sup-
plyiug the exploding burner or burners. Fig.
6 is a horizontal section, on a larger scale, of
the gas and air inlet valve-box. Tig. 7 repre-
sents in several views and on a larger scale
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the several cam-surfaces through which the
opening of the gas-inlet valve is controlled by
the governor. A

A is the compression-cylinder, and A’ its
piston.

B is the power-cylinder, and B’ its piston.

C is the crank-shaft, the cranks of the two
pistons A’ and B’/ being so placed that the pis-
ton A’ follows the piston B/ ata distance equiv-
alent to abont thirty degrees of.the cranks’
travel. T

D is the slide-valve. It works at half the
time of the piston, and is actuated by the
crank-shaft O through the intermediation of
the bevel-gearing E I, side shaft, I, and con-
necting-rod G.

D’ is the valve-cover.
3 and 4.)

H is the gas and air inlet valve -box.

I is the gas-inlet; I’, the gas-valve; J, the
air-inlet; H/, Fig. 6, a chamber in which the
gas and air meet and mix, the air entering
this chamber through the apertures j§/ j* and
the gas through the apertures i’ ¢'; H? a back-
pressure valve; H3, the passagefrom the valve.
box to the compression-cylinder A.

K is the exhaust-valve, worked by a double
cam, L, on the side shaft, I, through the in-
termediation of the rod I/,

M is a double cam, also on the shaft F, and
of stepped or tapered form, as shown—that is
to say, it is composed of a series of double
cam-surfaces, 1 2 3 4, as seen in the detached
view, Fig. 7.

R is a runner bearing against the cam M
and mounted on a spindle, Q. It is moved
backward and forward along this spindle by
means of levers S S, which are actuated by
the rise and fall of the governorT. The end
of the spindle Q is fastened to a lever, P,
whieh, throngh another lever, O, acts on the
spindle N of the gas-valve I,

a 1s a passage leading from the cylinder A,
so as to communicate at the proper time with
the passage b in the slide-valve D. This pas-
sage b has two ports, ¢ ¢, corresponding with
two ports, d d, leading into the power.cylin-
der B.

e is a double chamber in the slide-valve, sit-
uated midway between the ports ¢ ¢ and car-
rying two exploding-burners, f, (or the cham-
ber ¢ may be single and carry ouly one burner,
ifdesired.) When the chamber e is in its cen-
tral position it is in communication with a
master-light, g, which is always kept burning
in or below a pipe or chimney, h. The gase-

(Not shown in Tigs.

ous mixturefor the exploding-burners fpasses.

from the passage b through a port, ¢, into a
groove, j, in the valve-cover D/, and thence by
a passage, I, to a groove, I, the port I’ leading
to the groove [ being throttled by a regulat-
ing-screw, m, so as to allow just enough of the
gaseous mixture to keep the burners f alight
to pass into the groove [, and thence by the
ports n to the burners, so long as the chamber
¢ is opposite the master-light ¢; but when by

the movement of the valve D the chamber eis
shut off from the master-light the ports n come
into communication with one or other of the
unthrottled ports o 0, so that the full force of
the gaseous mixture is brought upon the
barners f, the pressure of said mixture being
at the same timeincreased, as more fuliy here-
inafter described. When there is only a sin-
gle burner f there will be only one port =n.
Having described the various parts of the
engine except such as are of ordinary con-
straction or will be clearly understood, I pro-
ceed to explain its action or mode of working.

In the first part of the outward stroke of

the compression-piston A’ it-draws air by the
inlet J (which is always open) and gas by the
inlet I, the valve 1’ being at this time opened
through the action of the cam M. The gas and
air thus drawn become mixed in the chamber
H/, Fig. 6, and then pass by the back-press-
ure valve H? and passage H? to the cylinder
A. At a certain point of the outward stroke
of the piston, regulated by the position of the
governor T, the cam M allows the gas-valve I’
to be closed by means of its spring 12, and duar-
ing the remainder of the stroke only air is
drawn in; or, if the engineis going very slow
and the runner R is on the largest step, 1, of the
cam, as shown in the drawings, the gas.valve
I’ is opened during the whole outward stroke
of the piston A’; or if, on the other-hand, the
engine is going much too fast and the gov-
ernor is quite up, the runner R goes off the
cam altogether, and then the gas-valve I’ is
not opened at all during the stroke and only
air is admitted. In normal working the run-
ner R will be on one of the steps 2, 3, and 4.
It will be seen by the form of the cam-surfaces,
Fig. 7, that the surface 1, which keeps the
gas-valve open longest, also opens it fully;
that the next surface, 2, which keeps the valve
open for a shorter time, opens it less fully, and
so on for the surfaces 3 and 4. The governor
therefore not only regulates, according to the
speed of the engine, the amount of the mix-
ture of gas and air drawn into the cylinder A
before the unmixed air, but also the propor-
tion of gas drawn in with the air, and conse-
quently the strength of the mixtare. On the
return-stroke of the piston A’ it compresses
the contents of the cylinder A during about
ove-half of the stroke, by which time the
power-piston B, which has been moving on its
return or exhaust stroke and driving ont the
burnt gases through the exhaust K, is within
about one-tenth of the completion of this
stroke.
closes and the slide-valve D opens communi-
cation between the two cylinders A and B
through the passages and ports a, b, ¢, ¢, and
d d, so that the gases are momentarily com-
pressed to the maximum between the two pis-
touns A’ B’—that is to say, until the piston I3/
completes its inward stroke and commeunces
tomoveoutward. Thecommunicationthrough
the slide-valve D remains open until the pis-

At this moment the exhaust-valve X'

70

75

8o

83

9c

95

oo

110

I1§

120

125

130



10

264,126 ]

ton A’ has nearly completed itsinward stroke
and the piston B’ has made pearly one-tenth
of its outward stroke, during which time the
air and gaseous mixture enter the cylinder B
in the reverse order to that in which they pre-
viously entered the cylinder A—that is to say,
the unmixed air enters the eylinder B in ad-
vanceof the mixtureof-gasand air.. While the
mixture is entering the c¢ylinder B a small pro-
portion of it travelsfrom the passage b through
the port 4, groove j, passage k, port ¥, groove
I, and ports » to the exploding-burners /. Af-

- ter the communication between the cylinders

15

20

30

35

40

45

50

55

6o

65

A and B has been cut off, owing to the ports

¢ ¢ passing the ports @ d—that is. to say, dur-.

ing the last portion of the inward stroke of the
piston A’—the communication between the
cylinder A and the exploding-burners f is
still open, so that these burners are supplied
with the gaseous mixture atan increasing press-
ure due to the further compression exerted by
the piston A’,so that the light is not liable to
be blown out or back by the inferior pressure
in the cylinder B when, through the continued
movement of the slide-valve D, the chambere
comes opposite one of the ports d d. Further,
before the chamber ¢ comes into eommunica-
tion with the port d the ports n put the ex-
ploding-burners f into communication with
the corresponding nnthrottled port, o,in place
of the throttled port ¥, so that the full press-
ure of the gaseous mixture is brought to bear
upon the burners f. Immediately upon the
chamber e coming into commaunication with
the .port d, at which time the piston A’ has
just eompleted its inward stroke and the pis-
ton B’ has made about one-tenth of its out-
ward stroke, the charge is exploded and the
piston B’ propelled forward.  The exploding-
burners f are extinguished by the explosion;

.but are relighted by the master-burnerg as soon

asthecbamberecomes in communication there-
with. It will be understood that, as the slide-
valve makes only one stroke to two strokes ot
the pistons, the explosion is effected through
the two ports d d alternately; but the charge
for every explosion enters the cylinder B
through both these ports simultaneously,

What I elaim, and desire to secure by Let-
ters Patent, is—

1.-In a gas-motor engine having a power or
explosion cylinder and a cylinder for prepar-
ing and compressing the charge for the explo-
sion-cylinder, the exhaust-valve and the cranks
of the pistous of the two cylinders, arranged
relatively to each other and the valve which
regulates the transfer of the charge from the
compression-cylinder direct into the power-
cylinder, substantially as described, so that
the exhaust-valve remains open during about
the first nine-tenths of the return-stroke of the
power-piston, and- then closes, and that the
charging of the power-cylinder with the com-
pressed gaseous mixture is then effected dur-
ing about the last one-tenth part of the said
return-strokeof the power-piston and about the

first one-tenth part of the outward stroke of
this piston, at which point of the stroke the
explosion takes place, snbstantially as and for
the purposes herein set forth.

2. In a gas-motor engine having a power or
explosion cylinder and a eylinder for prepar-
ing and compressing the charge for the explo-
sion-eylinder, the cranks of the pistons of the
two cylinders, arranged relatively toeach other
and the valve which regulates the transfer of
the charge into the power-cylinder and thesup-
ply of a portion of the compressed gaseous
mixture to the exploding burner or buarners,
substantially as deseribed, so that the com-
munication between the two cylinders is closed
before the compression-piston has quite com-
pleted its compression-stroke, and that by the
turther pressure effected during the completion
of the stroke the exploding burner or burners
are supplied with gaseous mixture at greater
pressure than that in the power-cylinder, sub-
stantially as and for the purpose set forth.

" 3. In a gas-motor engine having a power or
explosion eylinder and a cylinder for prepar-
ing and eompressing the charge for the explo-
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sion-cylinder, and in which the slide-valve

makes one stroke to two strokes of the power-
piston, the two ports d d, substantially as de-
seribed, leading to the power-cylinder, in com-
bination with an exploding burner or burners
carried in the slide-valve, which burner or
burners move between the said two ports, so
that the explosion takes place in said ports al-
ternately, substantially as set forth.

4. In a gas-motor engine having a power or
explosion cylinder and a cylinder for prepar-
ing and compressing the charge, the gas-inlet
valve, closed independently of the air-valve,
which remains open during the entire stroke,
by means of an ordinary governor at an earlier
or later point of the ontward stroke of the com-

| pression-piston, according to the speed of the

engine, substantially as described, so that a
greater or less amount of unmixed airis drawn
into the compression-eylinder behind a corre-
spondingly less or greater amount of mixture
of gas and air, substantially as and for the pur-
pose set forth.

5. In a gas-motor engine having a power or

| explosion cylinder and a cylinder for prepar-

ing and compressing the charge, the gas-inlet
valve opened independently of the air-valve,
which remains open during the entire stroke,
more or less fully, by means of an ordinary gov-
ernor during the outward stroke or the first
part of the ontward stroke of the compression-
piston, according to the speed of the engine,
substantially as deseribed, so that a greater or
less amount of gas is mixed with air entering
through the air-inlet before the mixture of gas
and airis drawn into the compression-cylinder,
and the strength of the mixture thereby regu-
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lated, substantially as and for the purposeset -

forth.
6. In a gas-motor engine having a power or
explosion cylinder and a cylinder for prepar-
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~ing and compressing the charge, the gas-inlet

Io

15

20

vaive, opened more or less fully by means-of an’

ordinary governor during the first part of the
outward stroke of the compression-piston, and
closed independently of the air-valve, which
remains open -during the entire stroke, by
means of said governor :at an earlier or later
portion of said outward stroke of the compres-
sion-piston, substantially as:and for the. pur-
pose set forth.

7. In combinaiion with the cylinders A’ B,
pistons ‘A’ B/, and slide-valve I, arranged and
operating as described, the port 4, groove 7,
passage k, groove {, port I, and ports =, lead-
ing to the exploding-burners f, said port i be-
ing in communication with the gas-passage «
after the communication between said passage
and the ports d d has been shut off, substa-
tially as and for the purpose set forth.

8. In combination with the cylinders A B,
pistons A’ B/, and slide-valve D, arranged and
operating as described, and with the port 4,
groove j, passagek, groove I, throttled port 1,
and ports 7, leading to the -exploding-burners

25 f and the unthrottled ports o o, substantially

as and for the purpose set forth.

9. The combination,snbstantially as described

‘and shown, of the cylinders A B, pistons A’

B/, slide-valve D, passages & b, ports ¢ ¢ d d,
chamber ¢, exploding-lights f, master-lights ¢,
port i, groove j, passage k, port.l’, regnlating-
screw:m, groove I, ports #, and ports o o, all
arranged and acting relatively to each other
in the manner and for the purposes set forth.

10. In ecombination with the eylinders A B
and pistous A’ B, arranged and working as
described, the valve-box I, provided with gas
and air inlets I and J, gas-valve I’, mixing-
chamber H/, back-pressure valve H?, and pas-
sage H? all arranged and acting substantially
as set forth-and shown, .

In witness whereof I have hereunto signed
my name in the presence of ‘two subscribing
withesses.

CHARLES GRANTLEY BEECHEY.

Witnesses: _
DAvip HAY BROWNING,
Accountant, 54 Castle St., Liverpool.
SAMUEL CORFE,
ClerktoJ. W. Baker, Notary, Liverpool,
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