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WALKER LEE CROUCH, OF NEW BRIGHTON, PENNSYLVANIA, ASSIGNOR
TO THE PIERCE-CROUCH ENGINE COMPANY, OF SAME PLACE.

GAS-ENGINE.

SPECIFICATION forming part of Letters Patent No. 575,502, da.t'ed_..'J anuary 19, 1897,
- Appl-iﬁatiﬂu filed November 22, 1895, Serial No. 569,829, (No model,)

To all whome if ﬁr};rz,_cer‘*?z,.?
Be it known that I, WALKER LEE CROUCH,
a_citizen ot the United States, residing at

New Brighton, in the county of Beaver and

State of Pennsylvania, have invented certain

new and useful Improvements in Gas-En-
gines, of which the following is a specification.

My invention relates to that class of gas-
engines in which an explosive charge is the
means of driving forward the piston; and my
invention consists in certain combinations of
parts, hereinafter fully set forth, whereby to
Insure the proper movements of the engine
without taking in charges when the engine is
at an excessive speed, and whereby to prevent
the speed from unduly decreasing after the
supply of charges has ceased, as fully set
forth hereinafter and as illustrated in the ac-
companying drawings, in which—

Figure 1 is a longitudinal sectional plan

of an engine embodying the improvements.

Fig. 2 is a side view,enlarged, showing the
parts connected with the governor. Fig. 3
1s a face view of the governor, and Tig. 4 a
transverse section of the governor.

“I'he cylinder 1 of the engine is provided
when required with the usual water-jacket
and with an exhaust-port z, at the forward
end arranged to be uncovered when the pis-
ton G is at the limit or approaches the limit
of its forward movement, and at the rear end
or head it has a passage 7, through which the

‘mixture of air and gas can flow to the port

- v, affording ingress to the cyvlinder-chamber,

40

and another passage 2, throngh which the con-
tents of the cylinder may be discharged, the
sald passage 2z, as shown, communicating
through a passage z’ with the exhaunst-pas-

-sage z°, which communicates with the ex-

haust-port z. As shown, the passages v 2
communicate with two ports v «, to which
are adapted valves 20 21, although in some

instances a single port with a single valve

properly operated may take the place of the
two ports and valves, in which case both pas-
sages ¥ z will communicate or may be made

lo communicate at proper intervals with the
said single port, as in the engine constitut-

ing the subject of my application, Serial No.

50 569,830,

ment will expel the spent gases.

" In the construction shown, where there are
two ports and two valves, the valve 20 is a
self-acting or check valve, which is kept in
its seat by a coiled spring 46, and the valve
21 1s self-acting but also is opened positively
by a governor, as will be described hereinaf-
ter, and a check-valve 26 is in the port lead-
ing from the valve 21 to the exhaust and so
arranged as to open under pressure from the
inside of the cylinder but to close against
back pressure from the exhaust.

- Before referring further to the details of
construction I would refer to the fact that
gas-engines as ordinarily constracted act
through a regular eycle of operations. That
18, one forward movement of the piston will
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draw in a gas and air supply or charge, the

backward movement will compress it, the
next forward movement will be under explo-
sive pressure, and the next backward move-
In otherin-
stances the forward movement will draw in
a charge as the gases are expelled to a for-
ward port, and the return movement con-
denses the gases, and the explosion then
drives the piston forward and the gases are
expelled and the new charge drawn in. In
all such cases, whatever the sequence may
be, it is regularly followed out in all the op-
erations. Oune object of my invention is to
s0 construct the engine that these operations
may be varied according to the speed of the
engine, to regulate its speed, and maintain
1ts operations at any desired efficiency, and

‘to this end I have adopted the arrangement
ot parts which I have already partly de-

scribed and the operation of which I will
now set forth. _

 In the regular operation of the engine in
doing its work the forward motion of the pis-
ton under explosion carries it past the port «
when the gases exhaust from the said port,
except those which remain in the cylinder
1 under atmospheric pressure. These of
course will not exhaust because there is noth-
ing to force them from the chamber. On the
backward motion of the piston these gases
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are compressed and therefore they are prac-

tically inert, except to the extent that by ex-

| pansion after compression they tend to aid 100
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the piston in its forward motion, and this al-
ternate compression and expansion will be
carried on withoutthe generation of any force
or energy in the engine until the latter has
slowed down to a certain predetermined de-
oree of speed. When this occurs, the gov-
ernor or regulator opens the valve 21 when
the piston is at its forward position, or before
it reaches its backward position, and then
the gases in the cylinder 1 will be expelled,
the valve 26 opening to permit them to pass
to the exhaust until the piston reaches the
limit of its backward movement. Thevalve
26 will then take its seat, and as the piston
moves forward it will tend to exhaust the
chamber in the eylinder and lift thevalve 20,
take in a new charge, which is compressed on
the next backward movement and then 1g-
nited and exploded, forcing the piston for-
ward. |

It will be seen that by providing an ex-
haust at each end it is possible to keep the
cylinder filled with such a body of spent
oases as to prevent any exhausting action of
the piston to draw in a new charge, and that
thereby the engine can be allowed to run free
without any additional introduction of ex-
plosive charges so long as the speed is 1n ex-
¢ess of the normal speed, and then hy open-
ing the exhaust at one end of the cylinder, so
as to permit the gases to be completely ex-

pelled, the succeeding movement of the pis-
ton exerts a suction or exhausting effect that

~draws'in a new charge; and that by regulat-

40

45

55

bo

ing the movement of the exhaust-valve at the
rear end of the cylinder according to the

speed of the engine, the admission of charges

by the forward action of the piston may be
regulated, according to the speed of the en-
cine, automatically. | |
Anysuitable governing device may be em-
ployed, but I prefer to employ governing
mechanism that will operate positively to
open the exhaust-valve at the rear end of the
cylinder at regular intervals when the speed
of the engine decreases below the normal,
that will maintain said valve closed during
the time the engine is running at excessive
speed, and that will open the exhaust-valve
at thenext backward stroke of the piston suc-

ceeding that at which the engine regains its.

normal speed.

One construction of governor device isillus-
trated in the drawings and operates in con-
nection with a lever 14, pivoted at 30 to the
rear head of the engine and bearing at one
end upon the stem of the valve 21 and at the
other end upon therod22. Therod 221spro-
vided at one end with a shoulder 23, which
is adapted under certain circumstances to en-
gage a shoulder 24 upon a rod 25, carried by
a slide C, a friction-wheel 262, which bears
against a cam 27 upon the crank-shaft of the
engine, so that the slide and its rod 27 are
moved backward with each backward move-

ment of the piston, and if the shoulders 23 24
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are in contact the rod 22 will also be moved

backward, and the exhaust-valve 21 at the
rear head of the engine will be opened at

“each alternate back stroke, and a charge will

be taken into the eylinder at the succeeding
stroke. This is the operation of the parts
normally when the engine is operating at any
speed below the maximum normal speed. If,
however, this speed is exceeded, so that it is
not desirable to further introduce charges
into the engine and increase the speed or use-
lessly waste the power, the lateral position of
the rod 25 will be changed, so that the shoul-
ders 238 and 24 will not-be brought into con-

tact so long as this excessive speed is main-

tained, and no charges will be admitted.

When the engine isoperatingat the proper
high speed, the rod 25 will reciprocate below
the rod 22, so that the shounlders 23 24 will
not, come in contact; but when the speed de-
creases the rod 25 will be lifted up at each
alternate reciprocation, so that the rod 22 will
be pushed forward and the valves opened on
alternate strokes, as is required. “Thismove-
ment of the rod 25 is effected by means of a
lifter (shown as an arm) 29 upon a rock-shatt
30, having an arm 31, connected by a gov-
ernor-rod 32 with the governor. The action
of the governor is such that when the speed
is normal or above the normal speed the arm
29 will remain in its lowest position and the
shoulders 23 and 24 will not be brought in
contact; but when the speed decreases to the
proper extent or becomes less than it should
be, then the shaft 30 is rocked at each rota-
tion of the main shaft, so that the arm 29
rises with each backward movement of the
piston. It is not desired that the rod 25
should be lifted at each upward movement of
the arm 29, and to secure the alternate lift-
ing a dog 33 is pivoted to a lever 35 swing-
ing on a fixed pivot ¢, and connected with a
spring 34, attached to said lever 85, so that
the backward movement of the lever will
bring a tension on the spring 34. Ielow the
dog 33 is a stop 36. 'These parts are 80 ar-
ranged that upon one upward movement of
the end of the arm 29 it will strike the under
side of the dog 33 and lift the latter, so that
at the next forward movement the shoulder
24. of the rod 25 will come in contact with the
shoulder 23. Asthe rod 22, together with the
Jever 35, is carried back by this contact- of
the shoulders, the dog 33 is carried over the
end of the arm 29, and then drops downward
onto the stop 36, so that at the next forward
movement of the parts the end of the dog 55
will strike the side of the upturned end of the
arm 29, and when the latter is elevated the
dog 33 will not be carried up so as to lift the
rod 25, and the latter will therefore move
backward without any contact of the shoul-
ders 23 24.

The dog 33isdrawn down toward thestop 36
by the spring 34, attached to one arm of thele-
ver 35, to which the dog is pivoted, and when
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the arm 29 descends-to carry its upturned end |
‘below the dog 33 this lever 35 is swung on its
pivot ¢ to throw the dog forward by the action -

of a spring 37, when the end of the dog will
be brought above the end of the arm, so that
on the next movement of the latter the dog
will be lifted and with it the end of the rod
20, 80 that the shoulders will then on the for-
ward movement of the rod 25 be brought in
contact. These movements will be repeated
so long as the engine is running at a normal
or below the normal speed, so that then a
charge 1is infroduced at each alternate for-
ward movement of the piston.

It will be evident that, as the engine may
have its speed reduced at any moment so as
to cause the arm 29 to be lifted on any one
of the backward strokes of the piston, the
rod 22 may be thrown backward and the ex-
haust-valve 21 opened at any backward move-
ment of the piston. In this respect this en-
gine differs from any others because in ordi-
nary gas-engines, as before stated, the ex-
haust-valve can be opened only in its regular
order in the complete cycle of movements.
It 1s therefore possible to recover the speed

with less loss of time by the operation above |

described than in the ordinary regular cycle
of operations in the ordinary engine.

A blade 70, having an inclined end, projects
beyond the shoulder 24,and back of the shoul-
der 23 18 a deep inclined shoulder 71, so ar-
ranged that the end of the blade and shoulder
71 will engage as the blade moves back, thus
causing the blade and rod 25 to rise and in-

suring the contact of the shoulders 23 24.

The governor may be constructed in any

suitable mannerso as to maintain the arm or

lifter 29 in position not to raise the rod 25
when the speed is excessive, and yet recipro-
cate it when the speed is normal or below
normal. -

As shown in the drawings, the governor G
consists of an L-shaped pendulum 40, sus-
pended from the rim of a wheel 41 upon the
crank-shaft by means of a flexible blade 42,
secured to one arm of the perdulum, the
other arm having a weight 43, between which
and the rim of the wheel 41 is a spring 44,
which tends to throw the pendnlum in the di-
rection of the arrow. -

- The body of the pendulum is cut away,
forming an opening through which passes the
crank-shaft, thereby permitting the pendu-
lum to play to an extent limited by two set-

screws 45 46 upon opposite sides of the stud

47. Upon the pendulum is annular rib 48,

~around which passes a strap 49, which is con-

6o

nected with the rod 32, and the parts are so
arranged that when the engine is moving at
a low rate of speed with the screw 46 in con-
tact with the stud 47 the rib 48 will be eccen-
tric to the driving-shaft, so that the rib 48
will constitute practically an eccentric re-
volving with the driving-shaft and imparting

reciprocating motion to the rod 32 and caus-

ing the valve-operating parts to operate, as
before described, to open the exhaust-port at
alternatestrokes. When,however,the speed
Increases, the pendulum of the governor will

‘swing to a position to bring the annular rib

48 concentrie to the ecrank-shaft,when no mo-
tion will be imparted to the strap 49 or to the
rod 32, and consequently the arm 29 will be
held 1n its lowest position and the shoulders
25 and 24 wiil not be brought into contaect,
and the cylinder will not be exhausted of its
spent gases and no fresh charge will be drawn
into the c¢ylinder while the parts arein these
positions. -

It will be evident that, although I have de-
scribed the arm 29 and the dog 33 as the means
of shifting the rod 25 at proper intervals or
on a change of the position of the governor,
different devices may be employed for this
purpose, provided they are so constructed

- 80

and arranged that when the governoris in

one position resulting from a high rate of
speed the parts will be held out of operation
and the shoulders 23 and 24 will not be brought
in contact, while upon a shifting of the posi-
tion consequent npon a decrease of speed the
shoulders will be caused to contact at each
second revolution of the crank-shaft.,

In the construction shown there is a spring
49*, connected with the rod 25, which tends
to draw it in adirection to maintain the wheel
or roller 26* in contact with the cam 27, and
a spring 67 tends to normally throw down the
rod 29. |

In order that the gas mixture may be made
just prior to the outward movement of the
piston that is to take it in, I provide that the
gas shall be admitted tothe space back of the
port v only after the valve 21 has been lifted
from its seat during the backward motion of
the piston. To this end the inlet-valve 53,
which closes the port 52, that communicates
with the air-channel 51, is controlled in its
action by the rod 22, that opens the valve 21.
This rod 22 is provided with a stop 60, which
makes contact with the lever 61, that bears
upon the stem of the spring-seated valve 53.
The rod 22 moves forward far enough to lift
the valve 21 when the piston moves toward
the rear, but not sufficiently far to open the
valve 53. When the piston begins its for-
ward movement, the rod 22 is moved by a
projection on the cam slightly farther, so as
to bring the stop 60 in contact with the lever
61 and open the gas or inlet valve and keep
1t open until the piston G has moved forward
for a portion of the stroke, say about two-
thirds. The mixture of gas and air will thus
be drawn into the cylinder, after which the
air will be drawn through the port v to such
an extent as to completely exhaust all the gas
from the passage 51 and absolutely prevent
any danger of back explosion. During this
time, of course, the valve 21 is lifted from its
seat, but as the action of the piston is an ex-

| hausting action the valve 26 is kept upon its
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seat, and thereis no communication with the
exhaust.

Without limiting myself to the precise con-
struction and arrangements of parts shown
and described, I claim as my invention and
desire to secure by Letters Patent—

. The combination with a valve of a gas-
engine and with a rod for operating the same,
of devices for actuating said rod, and a gov-
ernor controlling such devices to prevent
movement of the valve-rod during the time
the engine is running above normal speed
and to actuate the rod to open the valve at

~the next backward stroke succeeding the

stroke at which the engine attains its normal
speed, substantially as deseribed.

The combination with a valve of a gas-
engine and with a rod foroperating the same
having a shoulder, of a reciprocating slide
provided with a shoulder adapted tobe moved
into and out of contacting position with the
shoulder of the rod, a governor, and devices
operated thereby for shifting one of the parts
to bring said shoulders into contacting posi-
tion on the next backward stroke of the pis-
ton succeeding the stroke at which the en-
gine regains its normal speed, substantially
as descmbed

3. In a gas-engine, the combination with
the cylinder and piston, of an inlet and an
exhaust port and valves therefor, a governor,
and means controlled by the governor for
holding the exhaust-valve closed when the en-
ogine reaches a predetermined speed and for
opening the exhaust-valve upon a back stroke
of the piston to permit the expulsion of the
oases from the cylinder when the speed of
the engine decreases below a predetermined
speed, and means for supplying the cylinder
with a new charge upon the next forward
movement of the piston succeeding the stroke
at which the engine attains its normal speed,
substantially as described.

4. In a gas-engine, the combination with
the cylinder and piston, of inlet and exhaust
ports, and valves therefor, of a governor and
connections for actuating the exhaust-valve
to open the same at regular intervals during
the normal operation of the engine, to main-
tain the same closed when the speed of the
engine is 1n excess of the normal, and to open
the same upon the next backward stroke suc-
ceedingthe stroke at which theengineregains
its normal speed, substantially as deseribed.

5. In a gas-engine, the combination with
the cylinder and piston, of inlet and exhaust
ports and valves therefor, connections inter-
mediate the exhaust and inlet valves for op-
erating the same, and a governor controlling

said connections for holding the exhaust-
valve closed when the engine reaches a p] e-
determined speed and for opening the inlet
and exhaust valves upon the next backward
stroke succeeding that at which the engine
regains its normal speed, substantially as de-
seribed.

6. In a gas-engine, the combination with

575,502

' the cylinder and piston, of inlet and exhaust
ports and valves therefor, a check-valve in-

termediate the inlet-valve and cylinder, con-
nections intermediate the exhaust and inlet
valves for operating the same, and a gover-
norcontrolling said connections tocause them
to open the inlet and exhaust valves at reg-
ular intervals during the normal operation of
the engine, to maintain said valves in their
closed positions when the speed of the engine
is excessive and to open said valves at the
next backward stroke of the piston succeed-
ing that at which it regains its normal speed,
substantially as deseribed.

7. In a gas-engine, the combination with a
valve and a rod for actuating the same pm-
vided with a shoulder, a lOLlplOC&Llll part
provided with a shoulder for engaging that
of the valve-rod, means for cmﬂ*ying the re-
ciprocating part laterally to different posi-
tions to insure or prevent the contact of the
two shoulders, and a governor for controlling
said means arranged to prevent the contact
of the shoulders when the speed of the engine
is excessive and to insure the contact of the
shoulders at the next backward stroke of the
piston succeeding that at which the engine
regains its normal speed, substantially as de-

scribed. |

8. In a gas-engine, the combination with a
valve and a rod for actuating the same pro-
vided with a shoulder, a reciprocating part
provided with a shoulder, said part being ca-
pable of lateral movement to insure or pre-«-
vent the contact of the two shoulders, a lifter
adapted to shift the reciprocating part later-
ally, a governor adapted to actuate the lifter,
and a dog, and means for operating the same
to bring it alternately intermediate the lifter
and reciprocating part and to one side of the
lifter, substantially as described.

9. The combination with a valve and its
operating-rod, devices for actuating said rod,
& ZOVernor, and mechanism 111Le1*mec11.ctte the
oovernor and the devices for actuating the
Valve rod for throwing them into and 011L of
operative position, smd oOvVernor comprising

a wheel and its shaft, an angular pendulum

- provided with an elongated opening for recep-

tion of the shaft, and having one of its arms
flexibly connected to the wheel and the other
provided with a weight, and a spring adapted
to move the pendulum in one direction, sub-

. stantially as desecribed.

10. The combin%mn of the sliding rod 25,
valve-rod 22, and shoulders 25, 24 adapted {0
make conmct;, lifter 29 controlled by a gov-
ernor, and dog 33, and means for bringing the

said dog alterndtely first above and then to
one 81de of the lifter during the vibrations of
the latter, substantially as and for the pur-

pose set f01 th.
11. The combination with the valve-rod 22

reciprocating rod 25, and shoulders ad&pted
to engage each other, of alifter and interme-
diate devices, and a governor, and connec-

tions between the governor and the lifter, the
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governor provided with an annular rib, a
stmp upon the said rib connected with the
lifter connections, all arranged to throw the
rib and strap out of center as the speed de-

5 creases and intocenter as the speed increases,
substantiaily as set forth.
In testimony whereof I have &1g11ed my

name to this Speclﬁcatlon in the presence of
two subseribing witnesses.

WALKER LEE CROUCH.

YWitnesses:
E. H. THO*\»_[AS
[rvIN K. OAMPBELL
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