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UNITED STATES

PAaTENT OFFICE.

JOHN H. CLARK, OF BOSTON, ASSIGNOR TO OLIVER AMES, OF EASTON, MASS.

REVERSIBLE GAS-ENGINE.

SPECIFICATION forming nart of Lietters Patent No. 353,402, dated NWovember 30, 18865,

Application filed February 25, 1886, Serial No. 193,178,

{No Illﬂﬂel.)

To all whom it may concern:

Be it known that I, Joun, H. CLARK, of Bos-
ton, county of Suff(}lh, and State of Massachu-
Setts have invented an Improvement in Re-
versible Gas-Engines, of which the following
deserlpbmn in conneetl{m with theaccompany-
ing drawings, is a specification, like letters on
the drawnws representing like parts.

This 1nvention relates to gas-engines of that
class shown and described in United States
application, Serial No. 176.921, dated Septem-

‘ber 12, 1880 and in apphmtmu Serial No.

122, 223 dated November 9, 1885, and has for
1tS ObJGCt to produce a reve:szble gas-engine,
My invention consists, esgentmll}, of one or
more fire-cylinders prowded with gas admit-
ting and exhaust valves, a fire-bonnet com-
mumeatmw with said ﬁre cylinders and pro-
vided Wlbh a valve to admit air to said bonnet,
combined with one or more air-cylinders pro-
vided with air inletand outlet valves, and with

means to reverse 1n unison the operation of the |

~valves 1n the fire- -cylinders.
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My 1nvention also consists of one or more

fire-cylinders provided with gas admitting and

exhaust valves, a fire-bonnet communicating
with said fire- cylinders and provided with a
valve to admit air to said bonnet, combined
with one or more air-eylinders pr'ovided with
alr inlet and outlet valves, and with means
to reverse In unison the operation of the valves
1n the fire-cylinders, and with means, substan-
tially as described, to reverse the 0pemt1011 of

the air-valve of he fire-bonnet substantially

in unison with the valves of the fire-cylinders
to thereby reverse the rotation of the crank-
shaft.

My invention fur ther consists of meehanism,
as will be described, by which the oil- pump,

(shown in the application No. 176,921, above

referred to, and common to this cla.ss of en-
gines) 1s positixfely driven in one direction, ir-
respective of the direction of rotation of the
crank-shatt, to thereby maintain a constfmt
supply of oil to the fire-bonnet.

My invention consists, also, in a novel man-
ner of joining the conuecbing-rod of an air-pis-
ton directly to the connecting-rod of a co-op-
erating fire- piston to diminish the strain on

‘the crank-shaft and to economize in space.
My invention also consists in an engine con-

-attached

taining two fire-cylinders arranged side by
side, two air-cylinders arranged side by side
and at an angle to the said fire-eylinders, and
pistons in the said fire and air cylinders, and
connecting - rods, combined with a
crank-shaft to oper tte all Lhe S‘le pistons, sub-

stantially as will be deseribed.

Figure 1 is a front elevation of a reversible
gas-engine embodying 1ny invention, the draw-
ing being broken out to show the manuner of
joining together the connecting-rods of the fire
and air cylinders; Fig. 2, a right- hand side
elevation of Fig. 1, with one of the alr-cylin-
ders in section {md with the head broken off;
Fig. 3, anenlarged detail of the oil-pump- drw-
ing mec}nmsm Fig. 4 isa left-hand end view
of Fig. 3; Ilig. b, a detail of mechanism t0.0p-
erate the valve controlling the admission of
air to the fire-bonnet, and Fig. 6 a detailed
view of the cam actuating the mechamsm for
opening the valve in the fire-bonnet..

The base A, the jacketed casting A’ con-
talning twofire-cylinders side by side, one cyl-
inder, @, being partially broken out, each cyl-
inder being surrounded by a water-space, @
the crank-shaft A® the fire-piston «* connect-

“ing-rod @ one in each fire- cylinder the eylin-

der head A* fire-bonnet «f, exhaust- valves @’

o for the fire- cylinders, links b 0, connecting
the exhaust-valves with the rock shaft b, arm
b°, connected to the hollow spindle 4* of the os-
cillating valve, (not shown,) and link & join-
ing the said valve to the rock-shaft 5% are all
substantially asshown in the said applications,
to which reference may be had.

The base A, .as herein shown, has attached

to it by bolts or in other isual manner a SecC-
ond casting, B, containing two air-eylinders, ¢
¢, side by side, and provided with a jacket
and water-space, ¢’, having suitable ports for
the circulation of water in the sald space.
These alr-cylinders, as herein shown, occupy
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a position substantially at right angles to the

fire-cylinders, and each of the said air-cylin-
ders contains a piston, only one of which, as

- ¢*, 18 shown, the said cylinders having a suita-

ble head, B', the head having for each cylinder
a sultable air-inlet valve, ¢!, and an air-outlet
valve, ¢, as shown in Fig. 1, at the left-hand
cylinder, said valves being the same as shown
in application, Serial No. 176,921, dated Sep-
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~tember 12, 1885, in connection with the air- | a bearing, f° forthe shaft /% The bearing f°
cylinder therein described. also supports a second short shaft, z, on which
The connecting-rod of each air-piston 1is | isfastened at oppomte ends of the Sald beamng
Joined to the connecting-rod of a correspond- | a gear, 2/, and pinion A% TBach collar f* f° 7o
5 ing fire-piston; and to illustrate I have herein | has secured to it a push-pa,wl, h'.  (Shown in
shown the connecting-rod ¢ of one air-piston, | Figs. 3 and 4.) The rock-shaft b* has secured
¢’, as joined to the connecting-rod ¢’ of the fire- | to it a segmental gear, A', which meshes with
piston a¢’. The connecting-rod.¢® is extended | the pinion A* on the shaft % and pinion fL‘ on
into a slot, ¢*, formed in the usual caps, 3, and | shaft f* and rotates the said pinion in a 75
10 foot-pieces 4 of the connecting-rod «’, and is | direction opposite to the direction of move-
held securely in place by a pin, ¢, inserted | ment of said rock-shaft, the oscillation of said
through said caps and foot-pieces and the con- | segmental gear imparting rotation to the oil-
necting-rod ¢’, the said caps and foot-pieces pump shaft through the gearing described
being held together by bolts ¢®, the rod ¢’ be- | and in a manner as will now be set forth. 8o

- 15 1ng permitted to turn on the pin ¢" as a pivot. Referring to Fig. 3, it will be seen that the
This manner of joining the said connecting- | pinion 7° rotates the shaft 2 and the gear #/,
rods effects a saving in space and obviates tor- | fast on the said shaft, and the latter gear
sional strains upon the crank-shaft. meghes with and rotates the gear f* and collar

The pistons in the fire-cylinders are joined | f°, loose on the shaft %, the pinion f* and col- 85
20 through their connecting-rods to cranksa’and | lar f*, loose on the shaft 7%, being also rotated
¢’ on the crank-shaft A’, the crank ¢® being | by the segmental gear &*. When the seg-
shown in dotted lines, I'ig. 1. The cranks ¢’ | mental gear /* is oscillated in the direction of
@’ are set opposite or at an angle of one hun- | the arrow 20, the pinion 2* and gear 7/, fast on
- dred and elghty degrees, so that while one pis- | theshafth, and the pinion f*, loose on theshaft go
25 ton, as @, is at the top of its stroke, as shown | ¥ are all rotated in the direction of the ar-
in Fig. 1, the other fire-piston (not herein | row on them in Fig. 4. The gear // engages
shown) will be at the bottom of its stroke. and drives the gear f* and collar 1°, loose on
T'he piston of each fire-cylinder receives | the shaft 2, and the pawl 2° on the collar Nk
upon 1t when 1t has reached the top of its | pushes the ratchet f, fast on the shaft /% g5
30 stroke a charge of ignited gas from the valve- | thereby rotating the said shaft, the collar f*
chamber containing the oscillating wvalve | at such time being moved in the opposite di-
shown in application No. 182,223, the said | rection through the segmental gear ' and pin-
charge being admitted first to one and thento | ion /3 permitting the pawl 7* on the collar f*
the other hre -cylinder, as described in said | to slip over the teeth of the ratchet £/, fast on 100
35 application, the piston receiving upon it the | the said shaft f2. When the segmental gear
said charge of ignited gas being at the top of | 2* is oscillated in a direction reverse of that
16s stroke,while the other plStOI] ]S at the bot- | indicated by arrow 20, then the pawl carried
tom of its stroke. by the collar f* beeomes the driver for the
The oseillating valveand exhaust-valvesre- | shaft 2. Thus it will be seen that the oil- 105
40 ferred to are connected to and operated by a | pump shaft f* is rotated positively in one di-
rock-shatt, % which is herein shown as oper- | rection, irrespective of the direction of rota-
ated by one of two eccentrics, d d, on the | tion 6f the crank-shaft AZ
crank-shaft A% The eccentrics d d' are con- The valve in the fire-bonnet @, which con-
‘nected, respectively, by their rods d@* & to a | trols the admission of air to said bonnet, is 110
45 link, d’, the said link baving within it a slide- | opened at each half-revolution of the crank-
block, &, whichis connected to a crank, d°,fast | shaft, in order to admit a fresh supply of air
on the rock-shaft 6%, the said link also having | to be carbureted, which carbureted air is ig-
attached to 1t a handle, d', by which to move | nited, and, expanding, is admitted first to one
-1t over the block &, the position of the link | and then to the other fire-cylinder by the os- 115
50 with relation to the slide-block determining | cillating valve in the marner as described in
which one of the said eccenirics shall actuate | the application No. 182,223, referred to.
the said rock-shaft, and consequently which The valve-stem m of the air-admitting valve
way the engine shall run. 1'eferred to 18 pivoted to one arm of a lever,
T'o enable the oil-pump, common.to the en- | m/, the other arm of which has connecbed to 120
55 gines shown in the application, Serial No. | it a link, m’, pivoted to a lever, m°, on a shaft,

- 176,921, hereinbefore referred to, to be used in | m*. (See Fig. 5.) The shaft m, as herein
connection with areversible gas- engine I have | shown, has splined to it a hub, m° provided
keyed or secured the ratchets f " upon the with an arm, m’, which carries a roller Or pin,
shaft /%% on which in practice are mounted the | m', said roller or pin being acted upon by one I25

60 _eccentrlcs driving the oil-pump, as shown in | member of a double cam, m® (see Fig. 6,) on
the said applieation, and said shaft has loosely | the governor-shaft ', the component parts of
mounted on one endof it a collar, /4 and pin- | said double cam belng in reverse relation to
ion f* integral therewith, and a second collar, | each other. The hub m® also has extended
f°, and pinion f* inbeﬂ*ml with the collar /® on from it a second arm, n, to which is secured a 130

65 the opposite end -of the sald shaft, the said | rod, »/, whieh will preferably be extended

across the engine and be pivoted to a lever,

collar being separated, as shown in Fig. 3, by |
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as shown in Fig. 1, MId lever being ful- | with one or more air- -cylinders provided with

(:1 umed ab n to & fmme n*, and prowd(,d with
a handle, »°, by Wthh ‘nhe lever #»° may be
turned on :'its pivot to move the rod #»', so as
to slide the hub m® on the shaft m*, o that the
roller or pin m' may engage the second mem-

ber of the double cam m°, to reverse the oper-

ation of the air- admlttmg valve substantially
in unison with the reversal of the oscillating
and exhaust valves, as above described.
I claim— --
1. In a reversible gas-engine, one or more
fire-cylinders pmmded with gas admlttlnﬂ* and
exhaust valves, a fire- bonnet commumcatmn

with said fire- -cylinders and provided with a

valve to admit air to said bonnet, combined
with one.or more air-eylinders pl_‘ovided with
alr 1nlet and outlet valves, and with means,
substantially as described, to in unison reverse
the operation of the valves in the fire eylin-
ders, substantially as specified.

2. In a reversible gas-engine, one or more

{ire-cylinders pr 0V1ded with gas a,dmlttmn and

exhaust valves, a fire- bonnet eommummtmw
with said fire- cylt 1ders and provided with a
valve to'admit air to said bonnet, combined
with one or more air-cylinders pr ovided with
air inlet and outlet valves, and with means,
substantially as deseribed, toin unison reverse
the operation of the valves in the fire-cylin-
ders, and with means, substantially as de-
scribed, to reverse the operation of the air-
valve of the fire-bonnet substantially in uni-
son with the valves of the fire-cylinders, sub-
stantially as set forth. -
3. In a reversible gas-engine, one or more
fire-cylinders promded with gas admitting and
exhaust valves, a fire-bonnet communicating
with said fire- cylmders and provided with a
valve to admit air to said bonnet, combined
with one or more air-cylinders set at an apgle
to the said fire-cylinders and provided with
alr inlet and outiet valves, and with means,

substantially as described, to reverse in unison

the operation of the valves of the fire-cylin-
ders, and with means, substantially as de-

scribed, to reverse the operation of the air-

valve of the fire-bonnet substantially in unison
with the valves of the fire-cylinders, substan-
tially as specified. 5 -

4. In a reversible gas-engine, one or more
fire-cylinders provided with gas admitting and
exhaust valves, a fire-bonnet communicating
with said fire-cylinders and provided with a
valve to admit air thereto, combined with one
or more air-cylinders provided with air inlet
and outlet valves, and having the connecting-
rot of each air-piston joined directly to the
connecting-rod of a fire-piston, Subst.-_lntlallv
as aescribed.

5. In a reversible gas-engine, one or more
fire-cylinders provided with gas admitting
and exhaust-valves, a fire- bonnet ¢communi-
cating with said ﬁre-cyhuders and provided
with a valve to admit air thereto, combined

........

air inlet and outlet valves and having the
connecting-rod of each air-piston joined di-
rectly to the connecting-rod of a fire-piston,
and with means, substantially as described, to
reverse the operation of the valvesin the fire-
cylinders, substantially as set forth.

6. In a reversible gas-engine, one or more
fire-cylinders provided with g Tas admitti ng and
exhaust valves, a fire- bonneb communicating
with said fire-cylinders and provided with &
valve to admit air thereto, combined with
one or more alr-cylinders provided with air
Iinlet and outlet valves and having the con-
necting-rod of each air-piston joined directly
to the Conneetmn -rod of a fire-cylinder, and
with means, Subst‘mtmlly as described, to re-

verse the operation of the valves in the fire-

cylinders, and with means, substantially as
described, to reverse the operation of the air-
valve of the fire-bonnet to correspond to and
co-operate with valves of the fire-¢ylinders,
substantially as set forth.

7. In a reversible gas-engine, one or more
fire-cylinders provided with gas admitting and
exhaust valves, a fire-bonnet communicating
with said fire-cylinders and provided with a
valve to admit air thereto, combined with one
Or more air-cylinders Set at an angle to the
sald fire- cylinders, said air cylmders being
provided with air inlet and outlet valves
and having the connecting-rod of each air-
plston joined directly to the connecting-rod of
a fire-piston, substantially as described, and
with means, substantially as described, to re-
verse the opemtion of the valves of the fire-
cylinders, and with means, substantially as
described, to reverse the OI}GI ation of the air-

valve of the fire-bonnet to correspond to and
co operate with the valves of the fire cylinder,

substantially as set forth.
8. In a reversible gas-engine, the air-cyl-

inder casting B and fire-cylinder casting A,

provided with a fire-bonnet, to which 011 1s
fed, combined with the shafts h and Y and
gearing, substantially as described, on said
shafts, and with the gear /' to actuate the gears
on the said shafts, whereby the oil is fed con-
tinuously into the fire-bounet irrespective of
the direction of rotation of the crank- shafb

‘substantially as described.

9. In a gas-engine, two fire-cylinders ar-
ranged side by blde,tWO alr-cylinders arranged
side by side and at an angle to the said fire-
cylinders, and pistons in said fire and air cyl-
inders and attached connecting - rods, com-
bined with a crank-shafttooperate all the said
pistons, substantially as described.

Intestimony whereof L havesigned my name
to this specification in the presenee of two

subscribing witnesses.
JOHN H. CLARK.

Witnesses:
J. H. CHURCHILL,

F. CUTTER.
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