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o all whom it may concern:

Be it known that we, CHARLES WHITE and
ARTHUR R. MIDDLETON, citizens of the United
States of America, residing at Baltimore city,
State of Maryland, have invented certain new
and useful Improvements in Gas-Engines, of
which the following is a spemﬁcauon refer-

~ence being had therein to the accompanying

10

L5

drawings.
- In devising a gas-engine designed to be run
at a high rate of speed, and in which an ex-

plosion takes place after every other recipro-

cation of the piston or less frequently, we
have aimed to bring the number of parts
down to the minimum and to materially
lessen those parts which add to the cost of
manufacture, thus simplifying the construe-

~ tion not only as to the number but the char-

20

acter of its parts, and thereby lessening its
cost to a material degree. Further, we have
kept in mind the item of fuel, and have en-
deavored to diminish in our improved con-
struction the cost of running the engine and

to secure a maximum amount of power with.

a minimum consumption of the propelling-
mixture. Further, we have considered the
value of space and the lack of it in many

- situations where a source of poweris needed,

30

and we haveaccordingly produced a structure
of an exceedingly compact form without in
any way depreciating 1ts power or durability.
Further, on account of the expenseattendant

- upon the employment of skilled labor we have

35

taken great pains to arrange the parts of our
engine in such a manner that no sensitive or
weak parts are exposed to theconcussive ac-

tion of the explosion, and no important valves

- to the clogging and consequent injurious

40
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action of the residuum left by the explosions,
and hence an unskilled person can with per-
fect safety be given the care of the engine,
as it requires no attention save the tmmuo
on or off of the cocks controlling the passage

of the cooling medium to the jacket of the

cylinder, and the fuel-supply and the heating
medium to theigniting-tube, the machine be-
ing automatic in all other 1ef<pe(,ts and capa-

'. ble as hereinafter explained, of governing its

eommumcated power to the reqmrements of
the work. The means whereby these various
objects are accomplished we will particularly
describe, the preferred form and the best

- . l .H” hl"m 3 - .t -r -~ a
- - L]
. . _—

| known to us being representedm the a.ecom~'
panying drawings, in which— |
Figure 1 1s a sestional view of the cylmder 5%
and plston of the engine, while the crank-
shaft, with the governor, is shown in plan.
Fig. 2 illustrates t.he engiue in side elevation,
the eylinder, piston, and igniting devices be-
inginsection. Kig.3isan enlarged sectional 6o
view of the igniting devices. Flﬂ‘ 4 1s a.de-
tail seetlonal view of the plston enlmged
showing the valve therein closed. Fig.5 isa
front elevatwn of the cylinder and pmton
showing particularly the connection bétween 65
the star-wheel carried on the piston-rod and
the pawl carried by the piston. Fig. 6 is a
detail view of the governor mechanism, this
being shown partly in plan and partly in.
section. Fig. 7 1s a slde elevation of the gov- 7o
ernor devices. Iig. 8 is an end eleV&tlon of
the same, par tly in Sectmn and Fig.91sa de-
tail view of the slide 0pelated by the gov-
ernor to interrupt the regular :explosi-on.- -
Our engine comprises a jacketed cylinder, 73
as at A, of a size as to length and diameter
as may be required by the work for which it
1s intended, a cooling medium—such as airor -
water—Dbeingintroduced within the space:be-
tween the walls.  The piston B moves within 8o
‘the cylinder, being fitted thereto and prop-
perly packed 1in-any well-known manner to
make a gas-tight connection with the cylin-
der-walls, A p1st0n -rod extends between the
piston and the erank-shaft D of the engine. 8s
The piston is propelled by the explosion of a
mixture of gas and air admitted to a chamber
in rear of the piston, the arrangement being
such as to allow of an explosion after every
other reciprocation of the piston, or of less go
frequency, if the work does not require alter-
nate explosions, the frequency of the explo- -
sions being automatically controlled, so as to
prevent any undue waste or unnecessary
speed under the changing conditions of the g5
work. 'The explosion-chamber 1s in rear of
the piston, as at E, and this space also serves -
as a compression-chamber for the mixture
preparatory to its ignition. - The piston is of
tubular form, with its rear end closed, except 100
where a part ais made leading from the ex-
plosion-chamber to the channel b, which chan- -
nel passes through the piston for about half
its length, opening through an elongated port

W
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~ to the exhaust-pipe ec.

d
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20

f, held between the nut

of the piston is provided with a valve d, which
is hereinafter desecribed, closes the passage to
the exhaust under certain condifions, and is
operated to open 1t under other conditions.
The valve d is carried upon a stem e, which
1s guided in 1ts movement by the wallsof the
openings through which it passes in the front
and rear walls of the passage or channel b,
and the front end of thisstem carriesa spring
g on the threaded
end of thestem and the wall 4. The tension
of the spring may be regulated as required.
After an explosion has taken place the pis-
ton is driven to the front until its rear edge
reaches the exhaust-port, when the exploded
mixture flashes out and the force of the
charge is then spent. In thisforward move-

seat, which is made dish-shaped, so as to
brmg the outer face of the valve flush with
the rear face of the piston; but as the back-

- ward movement of the piston takes place the

25

valve is moved foreibly from its seat, as here-
inafter described, and an exit is thusopened
through the channel b to the exhaust for the
escape of the foul mixture. This frees the
space in rear of the piston from the exploded

- ecompound, and thus the next charge admitted

30

is practically entirely fresh, and a minimum
amount of the old mixture_remains, thus en-
abling us to gain largely in power by the ex-

~ plosion of a.fresh charge over a chargelargely

35
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composed of spent mixture ordinarily remain-
ing in the explosion-chamber. In such cases

‘where the chamber is heavily charged with

the exploded mixture not only does it pre-
vent the admission of a properamountof the
fresh mixture, but by the detrimental adul-
teration materially diminishes the estimated

force ordinarily derived from the explosion |

of a determined eharge. We entirely avoid
this serious objection by expelling the ex-

ploded mixture down to. one atmosphere in

the return-stroke of the plston sueceedlnﬂ' an
explosion.

The gas or vapor 18 admitted to the explo-
sion-chamber through the ports covered by
the valve 4, (shown in Fig. 1,) this valve be-
ing normally closed by a spring, but opened

been emptied of the exploded mixture.

of the explosion-chamber through the pipe 7,

- which may be in conuection with any suit-

© is interrupted by a valve £k, as in Fig. 1, this
valve being automatm&lly controlled by a

_60

able source of supply; but the flow of the gas

governor mechanism, hereinafter to be de-

ing the flow of gas te the e¢hamber, controls
the number of explosions, the governor oper-

“ating to admit the gas aecordluw fo the re-
- qu1rements of the work.

The igniting devices are arranged at the
end. of the piston, as shown partlculaﬂy in

The port in the. end

| Interior t_hereof.

433,209

Figs. 2 and 3. The chimney / is mounted on
the cylinder and is in connection with a gas-
pipe m or other source of heat, and in the
center of the chimney is the igniting-tube 7,
the interior of which is a continuation of the

opening passing through the cylinder to the

The tube n becomes heated
under the action of the flame and the charge
1s ignited through the opening 0. The open-
ing o1is normally closed by a valve consisting
of 2 spring-ring p, mounted on 4 sliding tube
g, fitting a socket or recess extending 101:1 o1-
tudmally of the cylinder and 1ntersectmﬂ* the
passage. 'The spring-ring, by ifs elastlclty
forms a perfect valve and prevents abso-
lutely all danger of leakage, and consequently
premature explosions. The tube gis earried

by a block 7, which is kept normally forward
- ment the valve d is tightly closed upon its |

by a coiled spring s, and this block has a

and the other parts

pressure; but when the piston moves forward
the pressure is relieved, the valve drops, and

the oil is drawn out and diffused. A valvez
~conducts the oil to the sliding tube ¢, extend-

ing partly into the same, and this tube ¢ 18

provided with an opening or openings at 1ts

forward end, through whieh the oil passes to
the bearing-surface. A valvey, openinginto
the explosion-chamber, opens as the piston
moves forward, but on the back movement

closes and prevents the blowing out of the
oilin the cup. This valve works in a passage,
which, as shown in dotted lines in Fig. 3, ex-

tends to the rear and thence upwardly, so that

its upper open end is above theline of the oil-

delivery tube and tube g, thus preventing the

| oil from being suckedoutin the forward move-

ment of the plston The suction of the piston

is utilized without danger of emptying the
‘recess accompanied by the ignitor and its op-
erating parts from the oil contained therein.
Thus those parts are always thoroughly lu-
bricated.

to admit a charge by the suemon of the pis- |
ton as it moves forward after thechamber has |
The
gas or vapor is admitted to the space in rear

We have referred to the alternate opening

-and closing of the valve in the piston so as
to permit the discharge of the exploded mix-
- ture in the rear movement of the piston and
to prevent the escape of the fresh charge or
‘the force of the explosion in the forward
‘movement by the closing of the valve, and
~we will now describe a preferred means of
- effecting the result automatieally by the oscil-
lation of the piston-rod, though we do not
| sc.ribed_, which, by thus allowing or prevent- |

limit ourselves in this respect, as the means

'shown may be greatly modified and changed
~without departing from the splrlt of . thls-

part of our invention.
The piston-rod is provided with a SCTEW-

80 .

stem ¢ projecting through the head of the -
' cylinder, as shown in Figs. 2 and 3, where it
' is the path of a like stem secured to the rear
face of the piston, as at w. In order to lubri-
cate the sliding tube g
-within the recess or space in the cylinder-
“head, we provide an oil-cup v, provided with
“a valve w, which is kept closed by the back-

Qo
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threaded socket in its end, adapted to receive - '

the threaded shank of the eye ', which 1is
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pivoted to a bar or rod «’, crossing between
the walls of the piston. Between the shoul-
- ders of the eéye and the end of the piston-rod
18 supported a star-wheel ¢/, having an elon-
5 gated hub, which in turn supports a ratchet-
| Wheel d’. Thestar-wheelis freely mounted on
the shank of the eye b’; but frictional con-
tact 1s secured sufficient to prevent accidental
slipping of the plugs ¢’, pressed outward by

1o springs bearing against the end face of thé
piston-rod proper. A supporting projection
f from the interior: peuphery of the piston
carries a spring-pawl ¢, adapted to engage
with the teeth of the ratchet d’ in the up*dnd-

15 down movement of the piston-rod, this move-
ment bringing the teeth of the 1a,tehet into

| encreﬂ'ement with the pawl, which causes the
| _ra,tchet to revolve, carrying with it the star-
wheel. " This wheel has a series of projections

20 alternating with spaces, and the wheel and
stem of the valve d are S0 arran oged relatively
to each other that the stem is in the path of
the wheel, and when a space is opposite the
stem the sprincr thereof keeps the valve closed;

25 ‘but when a projection, as 2’ in Figs.1 and 2
comes in line it engages the end of the stem

- as the piston moves s down and forces open the
valve.
We will now particularly deseribe the gov-

30 ernor which has been heretofore referred to.
This 1s designed to automatically control the
explosions as required by the work by oper-
ating the valve in the pipe supplymﬂ‘ the gas
or expleswe mixture.

35 Arode extends between the engine and the
governing devices, the rear end ﬁndmﬂ'bem-
ings in openings passing throue'h a pa;rt of
the cylinder. A spring 7/, bearmn' against
a stop £/, keeps the rod pressed constently

40 toward the front and thearm [’ thereon away
from the stem of the valve in the gas-supply
pipe, th1s valve belng normally closed by &
spring m’. The fr ent end of the rod 7/ is
connected to a slide n’, which moves in ways

45 formed for it in a bracket o', extending from
the bearing p’. DBetween the slide and the
operating-cam on the crank-shaft is a second
slide ¢’, with a spring 7’ interposed between

the two slides to take up the shock and allow !

so the action of the one upon the other to be
gradual. The slide ¢’ carries upon its for-
ward end a pin &', carrying a disk ¢, freely

- mounted thereon and pressed outward by a
spring, and this disk is adapted to engage and

55 ride overa cam ¥/, (shown fully in Figs. 6 and
. 7,) arranged closely against the angular part
of the crank-shaft. The action of the cam is

to advance the slide ¢" and threuﬂ'h the sec- |
ond slide 7’ operate the rod +/, and thus open |

6o the valve in the gas-pipe to adlmt a charge
to the explosion-chamber through the arm Z’
coming in contact with the stem “of said valve.
The cam %’ is made with a slight rise, which
gradually increases, as shown in Fig. 7, to

65 avold any great shock and consequent wear,

and while the disk is being operated by this

part of the cam but little power is required, |

. TR .. - " -, &
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as the slide q"‘ie simpiy" being moved toward

the slide 7/, and by the time power is re-
quired to move the slide n” and its rod the

high part of the cam has reached the position

of the disk. The cam ' is so arranged as to

provide for an explosion after every alternate
reciprocation of the piston; but as it often
occurs that the work does not require explo-
sions as frequent we have provided an auto-

/5

matic regulator to govern the frequency of -

the explosions by eontmlhnn* the movement
of the rod actuating the valve in the gas-

pipe. To the anﬂ'uler partof the crank-shaft,

‘as at v/, we secure a bracket havmﬂ' a bifur-

80

cated pro;;ectm partition 2w’ eupportmw a
pin, wh1eh serves as a pivot for a bell-crank

lever &/, having one end weighted. In addi-
tion to the wewht to still further add to the
tension of the bell- crank, a stem 9/ is secured
to the ungular part of the crank- shaft, pass-
ing throucrh the weight with a nut on its pro-
Jeetlnﬂ' end and a springinter posed between
the nut and the wall of the cavity in the weight
occupied by the spring. The opposite end of
the bell-crank is reduced, as shown in Fig. 9,

and this fits an inclined slot in a Shlftlllﬂ‘- "

block z, which has lateral movement in a pas-
sage formed throughi the base of the bracket2’.

- 95

This block has its end made inclined, and as
soon as the speed of the engine begins to in-

crease beyond the requirements of the work

the centrifugal action on the weighted end of

the bell- cmnk moves the inner end and op-
erates through the inclined slot to shift the

103

block ]eterally which thus brings its inclined

end into the path of the Shlftlnﬂ" disk, thus

forcing it to one side and out of the path of -

the cam, thus causing the engine to miss its
regular exploelen end this is done as often
as the governor is epereted under the vary-

ing condition of the work. As the intermit-

tent movement of the star-wheel is umform
presenting a space and then a projection in

105

I 10

the path of the stem of the valve d,it willbe

seen_that the rod for operating the valve in
the gas-pipe must be moved by the governor

mth regard to the movement of the star-wheel |

or else in the missing of an explosion the or-

IX§

der of movement Would e changed and 4

charge admitted on the wrong streke of the

plStOIl In order to cause the movement of

the rod only at the proper time in relation to
the pObIthl’l of the star-wheel, we provide the

sliden” with a disk 4, having recesses or pock-
ets in its periphery, this wheel being secured

to one end of a short spindle 1, which has its
bearings in the face-plate covering the slide
n’. A ratchet-wheel 2 is carried on the other
end of the spindle, and the teeth of this wheel

are enﬂ*aﬂ*ed by a lenu* pawl 5, carried on the

120

125

slide ¢’. The slide ¢ alse cerrresapm& hav- .
ing a conical end, which isguided in 1te move- -

ment through an Opemnwm thesliden’. The
recesses or poekets in the disk are of differ-

deeper one.

In the ordinary action of the mechamsm'

| CTa— '|ﬂ !‘rﬂ!! 0

ISO

| ent depth, a shallow one alternetmﬂ' with a
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operating the rod 'contfolli'n o the valve in the
gas-pipe the slide g” is advanced by the cam

~ on the crank-shaft, as before deseribed, untﬂ

IO

L5

20

‘the valve to admit a charge.
movement of the slide ¢’ its pawl turns the

the pin 3 engages with one of the recesses In
the disk 4, and if this is one of the shallow
recesses the amount of movementissufficient
to move the slide n’ and itsrod,and thusopen
In the same

ratchet-wheel, which brings a deep recess or

movement of the slide ¢ the pin enters the
deep recess, and as the depth 1s sufficient to
ta,ke up all the movement of the pin the slide
n' is not operated and no charge admitted to
the engine; but the pawl operates the ratchet
to brmﬂ' the next recess, ashallowone, around
for the next action of the pin, thus providing
for an explosion under normal condltlons on
every other movement of the slide ¢/, thus
timing the explosions toaccord with the move-
ment of the piston and the position of 1ts valve

~ as controlled by the star-wheel, the relation

being such that when a projection of the star-
Wheel is in contact with the stem of the piston-
valveadeepnotchisin line with the pin 3,and

when a space of the star-wheel is oppomte the

valve-stem a shallow recess is opposite the
pin and the valve in the gas-pipe operated.

30, We provide, however, for the less frequent

35

operation of the valve in the gas-pipe than
in the alternate order stated without inter-
rupting the relatwe movements of the star-
wheel and slide n’ by arranging alongside

the cam w’ a second eam %, cmd thu% when

the disk /7 is shlfted by the block zoutof the

path of the cam u’ it engages the cam w7
- which is of less height than ifs eompanion

40 ¢’

50

eam and the movement imparted to theslide
is of such limited extent as to render in-
eﬂ’eetual the action of the slide ¢’ on the
stide n’, though a shallow recess be opposite
the pin 'S. The action, however, 1s sufficient
to move theratchet- Wheel to turn the recessed
disk, and thus the relative positions of the
Star-—wheel and disk are maintained.

A pin 5 limits the upward movement of the
pawl of the slide ¢’.

While we have described the mixture used
as being gas and air, it will be understood

- that any “suitable fnel may be substituted

60

therefor.
We claim as our invention—

1. In a gas-engine, a cylinder having a
main exhaus‘r, a piston thereln, a bupple-
mental exhaust-passage from the explosion-
chamber, and means for opening the supple-
mental v alveon every alternate reciprocation
only of the piston to discharge the exploded
contents under the action of the plthH blilb-
stantially as described.

- 2. In a gas-engine, a cylinder ha,vmrr_ a
main exhaunst, a plStOﬂ therein, a qupple-
mental valved exhaust-passage fmm the ex-
plosion-chamber, and automatic means for
opening said suPplemental valve on every al-
ternate reclprocamon only of the piston to dis-

- pocket 1In hne with the pm and in the next |

- 438,209

charge the exploded mmture, substanhally

as described. - |
3. In a gas-engine, a cylinder, a plston

therein, havmw a passage through its head to

the e:x:haust a V&IV@ confrolling said passage,
and means for operating the valve on every

alternate reciprocation of the pIStOIl, substan-
tially as described. *

75

4. In a gas-engine, a eylinder, a piston hav-
ing a passage through the same leading to -

‘Lhe exhaust, a valve controllincv sald passage,

and automatic means for opening sald valve

on every alternate reciproeation of the pis-

-ton, substantially as described.
5. In a gas-engine, a cylinder, a piston hav-
ing a valved passage through the same, a

spring for operating said valve in one diree-
tion on every alternate reciprcecation of the
piston, and positive means for operating it in
the otherdirection, substantially as deseribed.

6. In a gas-engine, acylinder, a piston hav-

ing & valved passage and spring for keeping
the valve in one position, and means for op-
erating the valve positivelyand only onevery

alternate reciprocation of the piston, substan--

tially as described.

80

Q0

7. In a gas-engine, a cylinder, a piston hav-

ing a, va,lved passage, and a star-wheel oper-
ated by the movement of the piston-rod to
alternately present its pro] jections and spaces
in the path of the valve-stem, substa,ntlally
as desceribed. |

- 8. In a gas-engine, a cylinder, a piston hav-
ing a Valved opening leading to the exhaust,

connection theremth and a pawl, these parts
being carried by the plqton and rod, and the
pawl engaging the ratchet to move the same
under ‘rhe oscﬂlatwns of the piston- md suby.
stantially as described.

9. In a gas-engine,a cylinder, a plston hav-
ing a valved opening, a piston-rod, a star-
wheel carried on an extension of the rod, a
ratchet - wheel connected therewith, and a
pawl carried by the piston for engaging the
ratchet and moving the same. W1t11 the star-

~wheel underthe oselllatlons of the piston-rod,

the said valve having a stem in the path of
movement of the star—wheel substantml]y as
described.

10. In a gas- enﬂ'me, an wnltmrr-openmg, a
valve therefor a recess in the ¢ylinder-head
to receive the parts of the ignitor, an oil-cup,

95

100

a plston -rod, a star-wheel, a Tatchet-wheel in -

105

ITO

1.15 _

120

| and a valved passage between the oil cup and
“the recess, substantially as described. |

| T

11. In combination with a gas-engine, an
igniting-opening, a Slide-val-ve covering the
saine, said valve and the operating parts con-
nected therewith being located in a recessin

125

the end of the cylmder head, an oil-cup in

connection with said recess ha,vmﬂ' a Valve,
and a valve located in a recess in the inner
face of the eylmder-head substantla,lly as de-
seribed.

- 12. In a gas- enn‘me a cylinder, a plston,

130

gas- supply pipe, a valve therein and control-

ing means therefor, operated by a cam on the
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crank-shaft, a weighted governor-lever, a lat- |

erally-movable disk adapted to be acted upon
by the cam on the crank-shaft under ordi-
nary conditions, and a Ilaterally - movable
block operated by the governor to deflect the
laterally-movable dLsk and thus miss an ex-
plosion, substantially as described.

13. In a gas-engine, a cylinder,
therein, a ga,s-pipe and valve, a rod for op-
erating sald valve, a two-part slide with yield-
1Ing means between, a cam on the crank-shaft,
and a shifting disk carried by one of the
slides, with means for shifting the same, sub-
stantially as described.

14. In a gas-engine, a cylinder, a piston, a
gas-pipe and valve, a cam on the crank-shaft,
an operating-connection between said shaft
and valve, a shifting disk forming part of
sald connection, and means for shifting the
same under Lhe action of a governor- Wewht
substantially as described. |
- 15. Incombination with a gas-engine, a gas-
pipe and valve, a rod ha,vmtr an arm adapted
to engage with said valve, a slide connected
to Sald rod a second slide with an interposed
spring between the two ,sLdeb, a shifting disk
on the end of the slide ¢’, a cam on the shaft
a sliding block, and a governor-lever for mov-
ing sald block laterally to shift the disk, said
block having an inclined end, %ub%ta,ntmlly
as described.

16. In combination with a valve in the ex-
plosion-chamber of a gas-engine, and with
means for opening said valve during every
alternate reciprocation of the plqton, a gas-

pipe and valve and means for controlling the |

inlet of the gas, consisting of an operating-

rod, a slide connected thereto, a recessed disk |

carried by the slide and having a ratchet-

wheel on one end, the recesses being of dif- |

N TR
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ferent depth alternating in position, a second
slide with a spring interposed between the
two, a pin for engaging the recesses of the

- disk, a pawl carried by the second slide and

engaging the ratchet of the first, and means
for controlling the second slide, substa,ntla,ll;y

1 a8 described.
a piston :

17. In combination with the alternately-
operated valve in the explosion-chamber of
the cylinder, means for controlling the valve
in the gas-pipe, consisting of an Opemtmfr-
rod, a Shde connected theremth carrying a
recessed disk and ratchet-wheel, a second
slide with a spring interposed between the
two, said slide having a pin and pawl, a lat-

eraliy-movable disk on the end of the slide ¢’,

a cam %’ for operating said disk, a shifting-
block for moving the disk la,ter'ally, and a sec-

ond cam wu*, for operating the disk in its
- 6o

shifted position, substantially as described.
13. In a gas-engine, an igniting-opening, a
valve therefor carried by a sliding tube, an

oll-cup, and a tube, as «, for directing o1l to

the sliding tube, said sliding tube having an
opening or openings through its walls, sub-
stantially as described.

19. In a gas-engine, an igniting-opening, &
valve therefor carried by a sliding tube, an
oil-cup, a passage extending through the cyl-
inder-head,and a valve v therein, said passage

~opening into the recess in the cylinder-head

above the line of the Slldl]ilﬂ" tube, substan-

tially as described. o

In testimony whereof we aﬂh our qwnatm es
in presence of two witnesses.
CHAS. WHITE.
ARTHUR R. MIDDLETON
Wltnesses
- F. L. MIDDLETON,
JNO. T. MADDOX.
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