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To all whom it may concern:

Be it known that I, JoEN H. REDFIELD, a
citizen of the Umted States, residing at Spo-
kane, in the county of Spokane a,nd State of
‘Washington, have invented a néw and useful
Exploswe Enome, of which the following is a
specification.

The invention relates to certain 1mpr0ve-
ments in explosive-engines, and while many
of its features of construcmon are applicable
to engines of various types the engine is in-
tended principally for use in the operatlon of
drills or other tools in mines, tunnels, and
similar places where engines of this character
cannot ordinarily be employed owing to the
nature of the exhaust and the consequent
vitiation of the air. ‘

One object of the invention is to provide an
improved form of mechanism for actuating
the valves and sparking device, in which a
single rod and cam serves to open both the
mlet and the exhaust valves and to make and
break the circuit through the sparking elec-
trodes.

A further object of the invention is to pro-
vide for the automatic governing of the speed
of the engine by moving the spark -actuating
mechanlsm to 1n0uerat1ve position when the

speed of the engineisincreased above the nor-’

mal, and, further to assist in the reduction of
an abnm ‘mal speed by automatically opening
the exhaust port of the engine.

A still further object of the invention is to
provide for the adjustment of the fime of
sparking without adjusting the position of
the actuating-cam as a whole and without in-
terfering. with or disturbing the movements
of the mlet and exhaust Valves :

A still further object is to provide for the
movement of the movable electrode into con-
tact-with the stationary electrode or plug im-
mediately preceding an explosion and to main-
tain thesame sepcwated throughout all of the
stroke of the engine until the next comp1es-
sion-stroke foHowmg an explosion.

A still further objeet of the invention is to

© provide an improved form of cam for actuat-

50

ing both the valves and the sparking device,
sald cam havxno operative portions arranged
in different planes so that when the spalk-
ing mechanism is being actuated it becomes

Serial No. 106,385, (No model. .

1mposs1ble to open the valves, and vice versa.
. A still further object of the invention is to
provide for the cooling of the cylinder by en-

tirely inclosing the cmnk chamber and em- 75

ployingitas asuctxon inlet chamber, of which -

the lower or inner face of the trank- piston
forms the operative element, the air to cool
the cylinder being drawn in ‘throu ¢h an open-
ing in the head of the cylinder and thence
throu oh ports or passages situated in the wall
of the eylinder and into the crank-chamber,
from whence it is discharged, together with
the products of combustlon throutrh a plpe
leading to the outer air.

\Vlth these and other objects in view the

6o

invention consists in the novel construction

and arrangement of parts hereinafter de-
seribed; 111us13rat3ed intheaccompanying draw-
ings, and particularly pomted out-in the ap-
pended claims.

In the drawings, Figure 1lisa perspectwe
view of an explosive-engine constructed in ac-
cordancewithmy mventlon oneofthebalance-
wheels beingremovedinor der tomore clearly
show the construetlon and location of the
valve and sparker-actuating cam. Fig. 2 is
a 1ong1tud1na1 sectional elevamon of the en-
gine. Fig.3isasectional plan view through
the cylinder on theline 3 3 of Fig. 2. Fig. 4 is
a transverse sectional elevamon of the cam-
ring and governor on the line 44 of Fig. 2
and dlawn to.a slightly enlarged scale. - I‘w
5 is a detail perspective view of the governor-
actuated deflecting-plate. Figs. 6, 7 8, and

.9 are perspective views in the na’ﬁure of dia-
-grams illustrating four positions of the cam

and the parts operated thereby, the position
shown being that assumed. at the completion,
reepecmvely, of the compression, explosion,

‘exhausting, and suction strokes of a four-

cycle gas- engine. Fig. 10 is adiagrammatic
view of the opelatmo cam, the ourved face
of the cam being developed onaplane. - Fig.
11 is a diagram 111ustrat1n0' ihe coustructlon
of the cam in profile, the sectlon indicated
being taken on the line running through Trig.
10 and indicating the course of the actudtlnm
rod. TFig. 12 is a detail view of a portion of
the cam. Fig. 13 is a sectional elevation of
the same.

Sumlal numerals of reference are employ ed
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2

to indicate corresponding parts throughout
the several figures of the drawings.

The engine is provided with a supporting-
base 10, on. which is bolted a crank-chamber
11, having removable heads 12, the latter be-
ing provided with suitable bearings for the
support of a crank-shaft 13, having one or
more fly-wheels 14, either or both of which
may be used as belt-wheels. On top of the
crank-casing is bolted a cylinder 15, in which
is a trunk-piston 16, connected in the usual
manner to the erank-shaft. .

At oneside of the cylinderis bolted a valve-
chamber 17, formed in the usual manner and
provided with inlet and exhaust valves, of
which the stems are indicated at 18 and 19,
respectively. This portion of the structure
may be similar to that ordinarily followed in
the construction of four-cycle engines and
formsno part of the presentinvention. The
explosive mixture is fed to the valve-chamber
17 through a supply-pipe 20, and the exhaust
is led through a pipe 21 to a muffler 22, which
may be of any ordinary construction, and
from thence to the outer airin a manner more
particularly described hereinafter.

In the upper portion of the explosive-cham-
ber is an Insulated sparking plug 24 of the
usual construction and which may be con-
nected to a source of electrical energy in the
ordinary manner. In the side of the explo-
sion-chamber is a bearing for the reception
of a rock-shaft 25, to the inner end of which
is secured-a movable contact 26, which forms
the opposing terminal of the circuit, the sepa-
ration of the two electrodes resulting in the
formation of an arc and the spark igniting
the explosive mixture in the usual manner.
To the opposite end of the rock-shaft, at a
point outside the explosive - chamber, is se-
cured a bifurcated arm 27, adapted to par-
tially embrace the vertically-disposed actu-
ating-rod 28. The rod is provided with an
adjustable collar 29 for contact with the up-
per face of the arm 27, and bearing against
the lower face of said arm is a compression-
spring 80, having its lower end resting on a
nut 31, adapted to a threaded portion of the
rod and adjustable to increase or decrease the
stress of thespring, as may be required. Dur-
ing a portion of the compression-stroke of the
engine an upward movement is transmitted
to the arm 27 through the medium of the
spring 30, and the movable contact is pressed
against the stationary electrode, the force ex-
erted being yielding and permitting the em-
ployment of an inelastic contact-block, which
will last for a much longer period than the
elastic electrodes in common use.

- On the threaded upper end of the rod 28is
an adjustable tappet-arm 32, movable into
alinement with the stem of the inlet-valve
and adapted to depress the stem to positively
open the valve and hold the same in open po-
sition throughout the suction -stroke or
through such portion thereof as it may be de-
sired to admit explosive mixture to the cyl-
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inder. The tappet-arm may be adjusted ver-
tically onthe rod to permit of any desired de-
gree of lost motion before the valveis opened,
and thus to some extent govern the quantity
of gas supplied to the cylinder.

Secured to the actuating-rod 28 is a second
tappet-arm 33, adapted to engage with the
stem 19 of the exhaust-valve and serving
when the rod is elevated to open the valve
and hold the same in open position through-
out the exhanst-stroke of the engine. The
tappet-arm 33 is provided with an arcuate
finger 34,struck from a center coincident with
the axis of the rod 28 and inclined upwardly,
so that at times when the tappet-arm is turned
to the position indicated in Figs. 6 and 9 this
inclined portion will be directly under and in
contact with the lower end of the stem 19.

On the main shaft of the engine is secured
a cam 36, having three annular flanges 37, 38,
and 39, forming two parallel cam grooves 40
and 41. A portion of the flange 39 at the
center of the cam is cut away, and in the
space thus formed is mounted a tongue 42
on a stud 43, said tongue acting as a switeh
for shifting the lower end of the vertical rod
from one groove to the other. "The outerend
of the tongue is pointed in order to facili-
tate the movement of the actuating-rod, and
its rear end is of considerable width, as indi-
cated in the diagram Fig. 10, so that when
the rod 28 is in the position b of Fig. 10, with
the cam moving in the direction of the arrow,
the contact with said rod with the butt of the
switching-tongue will move the same to the
dotted-line position (indicated at b) or the
full-line position, (indicated at d,) the tongue
then remaining in adjusted position to ern-
gage with and move the rod from the groove
40 to the grecove 41 at the next complete
rotation of the cam. To facilitate a switch-
ing of the rod, I arrange lugs 44 at the hot-
tom of each groove at points near the switch-
ing-tongue, the tongue being movable over
such lugs to assume either of its operative
positions.

The lower end of the actuating-rod 28 is
cranked and enfers the cam-grooves, being
pressed downwardly, so that its lower end
comes into contact with the bottom of the
groove by a spring 45, coiled around the rod
and having one end connected to a perforated
lug carried by the cylinder of the engine
and also forming a bearing for the rod. The
lower end of the spring is secured to a collar
47, which may be adjusted both circumfer-
entially and longitudinally of the rod and
locked in any adjusted position by a set-
screw 48. The spring aects both as a com-
pression and torsion spring, the downward
tendency of the spring serving to keep the
bottom of the rod in contact with the bottom
of the cam-grooves, while the torque tendsto
maintain the tappet-arms 32 and 33 in the
position indicated in Figs. 7 and 8.

In the outer groove 41 of the cam is placed

an inclined flange 49, terminating in-an ab-
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" pupt shoulder 50, this plane being the highest

wy

10

15

point of the cam and serving to elevate the
rod when in the position indicated at 2 to an
extent sufficient to force the movable contact
into engagement with the stationary plug of
the sparking device, and such contact occurs
only immediately preceding the explosion,
which occurs when the shoulder 50 has trayv-
eled beyond the rod and the latteris suddenly
forced down by the spring 45 suddenly sepa-
rating the two terminals and creating the

spark. From this point to the position indi-

cated at. b in Fig. 10 and in Fig. 7 the engine
is on the power or explosion stroke, the piston
being driven outwardly by the expansive
force of the gases and no further operative

- movement of the rod takes place, the rod being
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merely raised a trifle and shifted by the tongue
42 from the groove4l tothegroove 40. From
the point indicated at b to the point indicated

at dotted lines at b’ the surface of the cam has’

anupwardly-tending incline, as shown in the
profile. 'When the cam reachesthis point,the

‘pistonisabout starting on the exhaust-stroke

and the rod is elevated to the position indi-
cated in Fig. 8, opening the exhaust-valve and
holding said valve open throughout the whole
of the exhaust-stroke,or until the position ¢
is reached, at which point the rod descends
and permits the closing of the exhaust-port,

while the tappet-arm 32 engages with and de-

presses the stem 18 of theinlet-valve, moving
said valve to open position and retaining the
same in open position during so much of the
suction-stroke as may be necessary to supply
the required amount of explosive mixture.
The rod at the completion of the suction-
stroke reaches the position indicated at d and
enters the groove 41 in the path of theinclined
plane 49, which at the completion or near the
completion of the compression-stroke ele-

‘vates the rod and brings the movable contact

against the stationary plug and completes the
cireuit prior to the production of the spark
by the descent of the rod over the abrupt
shoulder 50. Thiscompletes the cycle of op-
erations. , l
The cam is secured to the shaft by a set-
serew 60, so that it may be adjusted circum-

ferentially to correspond to the position of

the piston. - It is desirable, however, to pro-
vide for the adjustmentof the time of spark-
ingindependent of the valve movements, and
in carrying out my invention I make the in-
clined plane 49 in two sections, as shown in
Figs.12and 18, one of which, 49', is ad justable

to increase or decrease the distance between:
the shoulder 50 and the tongue to any desired.
extent, and thus permit the separation of the

electrodes and the production of the spark
atany desired timein the compression-stroke.
In this manner the speed and power of the

engine may be regulated, and the expansive.

qualities of the gases utilized to the fullest
extent. : :
In order to govern the speed of the engine,

T employ a pivoted arm 63, carried by the-.

cam and provided with a weight or ball 66,

movable by centrifugal force in the direction
of the periphery of the cam. The arm is con-
nected by a tension-spring 67 to an adjust-
able screw 68, carried by a lug 69, projecting

from the hub of the cam, the tension of the

spring being adjusted to regulate the sensi-
tiveness of the governor and-in accordance
with any desired speed which the operator
may wish to maintain. In the cam is a ra-
dial opening 71 for the reception of a deflect-
ing-blade 72, having a lower step 73, between
which and the flanged portion of the cam is
a compression-spring 74, normally tending to
force the blade inwardly in the direction of
the shaft and to keep its outer edge even with
‘or below the bottom of the groove 41. The
‘acting-face of the plate is curved, as indicated
at 75, and the plate is set in the groove atan
‘angle of forty-five degrees or thereabouts to
‘the line of movement of the cam and in the

path of the lower end of the actuating - rod
When the speed of the engine increases.

:28.
‘above the normal, the governor-ball is moved
‘outwardly by centrifugal force and the cam
77, near its inner end, engages with the lower
portion of the deflector-plate and projects
‘the latter into theslot41l. ~As the cam travels
‘the lower end of the rod will be struck by the

70
75
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‘plate and deflected from the inclined plane. a

49, which, as shown, oceupies only the inner
‘half of the groove, the latter being somewhat

‘widened at this point to permit the passage:

of the rod around the shoulder, and thus pre-
vent the formation of a spark. At the same

I0C

time the finger 34 will come into contact with-

“the exhaust - valve stem, opening said valve.
‘and permitting the escape of the compressed

‘gas contained within the cylinder.
The engine is provided with a pair of sup-
porting arms or hangers 80, the lower ends

‘of which are bolted to the exterior of the.

‘crank-casing, and- these arms are connected
‘or are formed integral at a point above the

105

110

top of the cylinder and are secured to .a. N

hanger formed in the manner shown in Fig. -

1. Thehanger is a two-part clip, comprising
‘an upper member 81, secured to the arms,

11§

and a removable member 82, which is bolted" - -

in position after the engine is raised and hung:

Dby the member 81 on the supporting-rod 83.
In this manner-the engine may be elevated
above the floor of the mine or tunnel to per-
mit the passage of cars or workmen, and it
may be braced in any suitable manner, either
‘from the side walls of the tunnel or fromthe
floor. - ,

In order to cool the cylinder, I provide in

120

125

the cylinder-head a port or passage 90, closed -

by aninwardly-opening check-valve91. This-

‘opening communicates with a numberof ports

or passages 92, formed in the cylinder-head.

‘and communicating in turn with vertically-

’

130

| disposed ports 93, formed in the wall of the .-
‘eylinder and terminating at the upper portion
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of the closed crank-chamber 1. The con-
struction is such that on the upstroke of the
piston during the compression and exhaust
of the gases a partial vacuum will be created
in the crank-chamber and air will be drawn
through the opening 90 and downwardly
through the ports 92 and 93 to cool the cylin-
der. This air enters the crank-chamber and
on the downstroke of the piston is forced out
through a pipe 95, having an outwardly-open-
ing check-valve 96. The pipe 95 is led di-
rectly to the outer air, so that a portion of
the air in the tunnel or mine is constantly
being pumped to the surface of the ground
and must be replaced by fresh air from with-
out, thus creating a natural circulation and
at all times keeping up a constant supply of
fresh air. :

The exploded gases are led from the lower
portion of the muffler through a pipe 97 to

" the air-exhaust pipe 95, the connecting pipe
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97 being provided with an outwardly-opening
check-valve 98, so that none of the exploded
gases can enter the tunnel or mine and vitiate
the air.  As a further means of inducing the
circulation the muffler may be provided with
one or more pipes 99, having inwardly-open-
ing check-valves 100 and a controlling-valve
101 to permif the flow of a quantity of fresh
air into the muftler, there to mingle with the
exploded gases and be carried off through the
air-exhaust pipe 95.

While the construection herein described,
and illustrated in the accompanying draw-
ings is the preferred form of the device, it
is obvious that various changes in the form,
proportions, size, and minor details of the
structure may be made without departing
from the spirit or sacrificing any of the ad-
vantages of the invention.

Having thus described the invention, what
I claim is—

1. The combination with a gas-engine hav-
inginlet and exhaust valves, of a movable rod
having tappet-arms adapted to engage the
stems of both valves to effect an opening
movement thereof, the lower end of the rod
being cranked and a cam engaging the
cranked end of said rod to effect both a rock-
ing and reciprocatory movement thereof.

2. The combination with a gas-engine hav-
ing inlet and exhaust valves, of a movable
rod, tappet-arms carried by the rod and
adapted to bemoved into engagement with the
stems of both valves, there being a cranked
portion at one end of said rod, a cam adapted
to engage the cranked portion of the rod -to
effect both arocking and reciprocatory move-
ment thereof, and a combined compression
and torsion spring encircling the rod and
tending to resist the operative movement im-
parted by the cam. _

3. The combination with a gas-engine hav-
ing inlet and exhaust valves, of a rod having
a cranked portion at one end, a pair of ad-
justable tappet-arms carried by the rod and

789,219

movable into engagement with the stems of
said valves, guides carried by the frame of
the engine and supporting said rod, a grooved
cam mounted on the main shaftof the engine
and engaging the cranked portion of the rod
to effect both a rocking and reciprocatory
movement thereof, and a combined torsion
and compression spring encireling the rod
and tending toresist the operative movement
imparted by the cam.

4. The combination with a gas-engine hav-
ing a valve-operating rod and provided with a
stationary sparking plug, of a movable con-
tact arranged adjacent to said plug, a rock-
shaft carrying said movable contact, an arm
secured to the rock-shaft and having a bifur-
cated portion partly encircling the rod, a col-

lar carried by said rod for engagement with.

said bifurcated arm, a compression-spring
carried by the rod and adapted to engage the
opposite side of said bifurcated arm, and an
actuating-cam having an abrupt shoulder to
permit a longitudinal movement of said rod
to effect the separation of the movable ter-
minal from tlie plug. .

5. The combination with a gas-engine, hav-
ing a valve-operating rod and provided with
a stationary sparking plug, of 2 movable con-
tact arranged adjacent to said plug, a rock-
shaft carrying said movable contact, a hifur-
cated arm secured to the rock-shaft and par-
tially encireling the rod, a collar carried by
the rod for engagement with one face of said
arm, a spring carried by the rod and engag-
ing the opposite face of said arm, a cam en-
gaging the rod and provided with an abrupt
shoulder adapted to pass under the end of the
rod, and a compression-spring tending to
move said rod in the direction of the cam to
separate the movable terminal from the plug.

6. The combination with a gas-engine hav-
ing a valve-operating rod and provided with
a stationary sparking plug, of amovable con-
tact arranged adjaeent to said plug, a rock-
shaft carrying said movable contact, a bifur-
cated arm secured to the rock-shaft and par-

tially encircling the rod, a collar carried by

the rod for engagement with one face of said
arm, a compression-spring encireling the rod
and engaging the opposite face of said arm,
a cam adapted to actuate the rod to effect an
opening -movement of the valve, a shoulder
forming part of said cam and adapted to
effect a closing movement of the movable con-
tact, and a spring for moving said rod in the
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direction of the cam to break the contact be- _

tween the movable contact and the plug.

7. The combination with a gas-engine hav-
ing inlet and exhaust valves and provided
with a movable contact forming one element
of the sparking device, a rod adapted to op-
erate both of the valves and the movable
contact, and a cam for actuating said rod.

8. The combination with a gas-engine hav-
ing inlet and exhaust valves and provided
with a movable contact forming one element

130
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of the sparking device, of a rod operably con-

nected to said movable contact and provided

with tappet-arms for engaging the stems of
the valves, and a cam adapted to impart both

5 a rocking and & reciprocatory movement to
said rod.

9. The combination with a gas-engine hav-
ing inlet and. exhaust Valves and prowded
with a movable contact forming one element

ro of the sparking device, of a rod having a
yielding connection with the movable con-
tact, tappet-arms -secured to said rod and
adapted to engage with the stems of both

valves, and a cam adapted to impart both a

15 roekmv and a reciprocatory movement to

said 1od

10.. Thecombination in a gas-engine havmfr
inlet and exhaust valves and prov1ded with
amovable contact forming one element of the
sparking device, of a rod connected to.the
movable contact, tappet-arms secured to said
rod and adapted to engage with the stems of
both valves, and a cam having a pair of par-
allel annular grooves for the reception of the

25 rod, and means for moving the rod from one

groove to the other.

11. The combination with a gas- engme hav-
ing inlet and exhaust V&lves, and .provided
with a movable contact forming one element
of the sparking device, of a spring-pressed

-rod having tappet-arms for engagement with

20

30

the stems of the valves, means. for connect--

ing the rod to the movable contact, means for
- reciprocating said rod, and means forrocking
35
position when the sparking device is to be
actuated.
-12. The combma’mon with a gas-engine hav-
ing inlet and exhaust Valves and prov1ded

40 with a movable contact forming one element

of . the sparking device, of a rod having a |

yielding connection with the movable contact,
tappet-arms carried by said rod for contact
with the stems of the valves, means for re-
ciprocating the rod to effect a movement of
the valve and the movable contact, and
means for moving the tappet-arms out of

45

alinement with the valve-stems during the.

operative movement of the movable eontact.

13. The combination with a gas-engine hav-
ing inlet and exhaust valves, and provided
with a movable contact forming one eleément

50

of the sparking device, of a rod adapted to.

actuate the valves and movable contact, a
55 cam having a pair of parallelannular grooves,

in one of Whlch is a cam-surface for eﬁ?ectmo
. the operation of the valves, and in the other
a cam-surface for effecting. the operation of
the sparking device, and means for shifting
the rod from one groove to the other.

14. The combination witha gas-engine hav-
ing inlet and exhaust valves, and provided
with a movable contact forming one element
of the sparking device, of a cam-actuated rod
65 havingan operative connection with the mov-

60

the rod to move said tappets to inoperative :

able contact, tappets carried by the rod and
adapted to engage the valve-stems, a cam hav-
ing a pair of annular grooves for the recep-
tion of the lower end of the rod, the cam-sur-

face in-one of such grooves being arranged 70

-to effect the opening movement of the inlet -

and exhaust valves during the suction and
exhaust stroke rerectlvely, and the cam-sur--
face in the second groove being adapted to
effect first a closing of the eircuit through the
sparking device and then an abrupt move-
ment of the movable contact ‘to break the
cireuit.

15. The combma’mon in a gas-engine hav— :
ing a stationary sparking plug, of a movable 8o
contaot located adjacent to said plug, a cam
having an operative portion for making and
breaking the' circuit between the plug and
contact, a rod extending between the cam and
contaet, and means for deflecting therod from
the path of the operative portion when-the
speed of the engine is -increased above the
normal. : :

16. The comblnatlon W1th a gas-engine hav- '

ing a stationary sparking plug, of a movable 90"
contaet an actuating-rod connected thereto,

an operatmcr-cam engaging said rod and hav
ing an operative portion for effecting the open-
ing and elosing of the circuit through -the
sparking device, and means for automatically ¢5.
deflecting the rod from such operative portion '
of the cam when the speed of theengineisin- -
creased above the normal.

.17. The combination with a gas-engine hav-

ing a stationary sparking plug, of a movable 1o
contact, an actuating-rod connected thereto,

an operating-cam engaging said rod and hav-
ing an operative portion for effecting the open-

ing and closing of the circuit through-the

7%

85"

sparking device, a deflecting-plate carried by 165

the cam, and a governor for moving said plate -
into position to engage the rod when the
speed of the engine is mcreased above the
normal.

18. The combma’mon in a gas-engine, of the 110
sparking plug, a movable’ contact adjacént
thereto, an actuating -rod connected to-the -
movable contact, a. rotatable cam engaging
the lower end of said rod-and having an-op-
erative portion for effecting a longitudinal 113
movement of therod,a deflecting-plate guided '
in said cam, and a governor carried by the -
cam and operatlvely connected to said " de-
fleeting-plate.

19. The combination in a gas-engine; of the 12
sparking plug, a movable contact adgacent
thereto, an aetuating—rod connected . to the
movable contact, a rotatablé cam engaging
the lower end of said rod and having an op-
erative portion for effecting the lonrrltudmal 125"
movement of the rod, a deﬂectm -plate - .~
adapted to a slotted opening in sald cam, a
governor carried by the cam and adapted to
force the deflected plate into the path of the
rod when the speed of the engine-is 1nc1eased 130




i

15

20

25

30

35

10

45

50

55

6o

65

a

above the normal, and a spring for returning
the deflector-plate to inoperative position
when the speed is decreased.

20. Thecombinationina gas-engine, of the
exhaust-valve having a stem, a rod, a tappet-
arm secured thereto and movable into con-
tact with the stem of the valve, an arcuate
upwardly - extending finger carried by the
tappet and also movable into engagement with
the valve-stem, a cam for imparting both a
rocking and a reciprocatory movement to the
said rod, and a governor-actuated deflector
carried by the cam and movable into contact
withsaid rod to thereby increase the degree of

“angular movement of the rod and move the

valve to open position by the engagement of
the said inelined finger with the valve-stem.

21. Thecombination in a gas-engine, of the
exhaust-valve having a stem, a rod, a tappet-
arm secured thereto and movable into con-
tact with the stem of the valve, an upwardly-
extending finger carried by the tappet and
also movable into engagement with the stem
of the exhaust-valve, a governing device

-adapted to move said finger to a point below

the exhaust-valve stem, and an actuating-cam
having an operating portion for engagement
with the lower end of the rod to effect an up-
ward movement of the finger when moved
into proper position by the governor.

22. The combination in a gas-engine, of the
-exhaust-valve having a stem, a rod, a finger
carried by the rod, a governor adapted to
move the rod and finger to adjust the latter
to a position below the exhaust-valve stem
when the speed of the engineincreases above
thenormal,and a cam having an operating por-
tion adapted to engage said rod and elevate
the rod and finger to open the exhaust-valve.

23. The combination in a gas-engine, of the
exhaust-valve having a stem, an operating-
cam adapted to be connected to said stem to
effect an opening movement of the valve, and
a governor - controlled means for adjusting
-the relative positions of the cam and its con-
nections to effect an opening movement of
the exhaust-valve when the speed of the en-
gine is inereased above the normal.

24. The combination in a gas-engine, of the
exhaust-valve having a stem, a rod, a tappet
carried thereby, a finger carried by said tap-

-pet and movable into operable relation with

the valve-stem, a cam with which the lower
end of the rod engages, a governorcarried by
the cam, and a deflector-plate carried by the
cam and movable by the governor into the
path of the rod.

25. The combination in a gas-engine, of the
exhaust-valve having a stem, a rod, a finger
operatively connected to the rod and movable
to a position below the said stem, an operat-
ing-cam, a centrifugal governor carried by
the cam, a deflector guided by an opening in
the cam and movable into the path of the
rod to vary the position of the rod in accord-
ance with the speed of the engine. .
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26. The combination in a gas-engine, of a
cam having operating portions projecting to
different distances from the center of rotation
of the cam, a valve, a sparking device, an
operating-rod connected to both the valve
and the sparking device and bearing against
the cam, and a governor carried by said cam
for determining which of the cam-operating
surfaces shall come into contact with the rod.

27. The combination in a gas-engine, of a
cam having operating portions projecting to
different distances from the centeriof rotation
of the cam, a valve, a sparking device, an op-
erating-rod connected to both the valve and
the sparking device and bearing onthe cam,
a deflector-plate carried by the cam, and a
governing device adapted to move said. de-
flector-plate into the path of the rod, substan-
tially as specified.

28. The combination in a gas-engine, of the
exhaust-valve, a sparking device, a rod oper-
atively connected to a movable member of the
sparking device, a tappet-arm carried by the
rod and movable into and out of operable re-
lation with the stem of the exhaust-valve, a
finger carried by said tappet-arm and adapted
for similar movement, a cam adapted for con-
tact with the rod and having actuating-sur-
faces of varying form, and a governor-oper-
ated deflector carried by the cam for deter-
mwining the position of the tappet-and the
finger.

29. A governingmechanism for gas-engines
comprising in combination, a revoluble cam,
a centrifugal governor carried by the cam for
determining the degree of operative move-
ment thereof, a rod extending from the cam
tothe sparking device and movable by the gov-
ernor to inoperative position with respect to
the spark-actuating surface of the cam when
the speed of rotation of said cam is above the
normal, and an exhaust-valve-operating fin-
ger movable info operable relation to the ex-
haust-valve for effecting the opening move-
ment of said exhaust-valve, substantially as
specified.

30. The combination with a sparking de-
vice having a movable contact, of a rod con-
nected to said contact, a cam in engagement
with therod and having a shoulder adapted
through the rod to first effect a closing move-
ment of the movable contact and then-an
abrupt opening movement of the same, and a
governor-actuated deflector carried by the
cam and movable into the path of the rod to
deflect the same from contact with said shoul-
der when the speed of rotation of the cam is
above the normal.

31. The combination with a sparking de-
vice having a movable contact, of a rod con-
nected to said contact, a cam in engagement
with the rod and having ashoulder for effect-
ing a reciprocating movement of said rod to
close and open the sparking circuit by effect-
ing a movement of the movable contact, a de-
flecting-plate having a rounded conftact-face
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movable into and out of the path of the op-
erating-rod, a governor carried by the cam
and adapted to move said deflector-plate in
one direction, and a spring for effecting the i

my own T have hereto affixed my smnabure in”
the presence of two witnesses.

JOHN H, REDFIELD.

Witnesses:
FRANK S. APPLEMAN,
JNO. E. PARKER.

5 movement of the plate in the opposite direc-
tion.
In testimony that I clalm the foregoing as




