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UNITED STATES PATENT OFFICE.

WILLIAM J. PUGH, OF DAVENPORT
OF ROCHESTER,

THOMAS R. LEVIS,

IOWA, ASSIGNOR OF ONE-IIALF TO
NEW YORK.

M U LTIPLE-_;-CYLIND.E-R EXPLOSIVE-ENGINE.

uPhGIFIGA.TION forming part of Le:ﬁters Patent No. 680,616, dated August 13, 1901

Apphcatmn filed August 1, 1900. Serial No. 25,525,

(No model))

Ty all whom it may concermn:

Be it known that I, WILLIAM J. PUGH, of
Davenport, in the eounty of Scott and State

of Towa, have invented certain new and use-
ful Improvements in Explosive-Engines; and"
I hereby declare that the following is a full,
clear, and exact description thereof, refer-.

ence being had to the accompanying draw-
ings, which form part of this specification.

This invention is an improvement in ex-
plosive-engines particularly designed for oil
or ﬂ'asolene and one ob,]ect is to prodace a
very compact duplexengine and to utilize the
burned or exhaust gases s from one explosionto
compress air for use in the sunceeeding explo-
sion.

Other minor objects of the invention will
bo hereinafter explained; and the invention
consists in the novel construction and com-

bination of parts hereinafter claimed, and.

illustrated in the accompanying drawings, in
Wthh-—-

- Figure 1 is a side elevation of the complete
engine, one of the air-compressing cylinders
being shown, partly in section. Fig. 2 is a
longitudinal section through theengine. Ifig.
3 is a transverse section. Iigs. 4 and 5 are
details.

The casing of the engine is prefembly Cir-
cular and eonmsﬁs of two side plates ¢, 1ne¢los-
ing an outer annular ring 0, and within the

ring and fitted between the Dlate 1S & grooved |

Wheel ¢, which rotates within the casing and
is ﬁxedly secured to the shaft d, which may
be journaled in the side plates of the casing,
as shown, and supported thereon, or the cas-
ing may be supported upon the shaft, ac-
cording to the location and use of the engine.
The annular chamber within the casing is
divided into two semicircular explosion and
working chambers by means of the diamet-
rically opposite fixed heads e ¢, and within
these semicircular chambers are fitted the

movable pistons f, which are connected to

cross-heads or guides ¢ by means of the rods
h, as shown. The pistons f are suitably
packed on all sides, so that the explosive

cases will be confined between the pistons e
and f. The inner faces of the heads ¢ may
also boe packed, so as to maintain a close
steam or gas tlfrht joint with the inner pe- |

L 4

I |

riphery of the pulley c. The parts f g of
course move as one; but those in the opposite
working chambers are adapted to operate al-
temately The cross-heads g are provided
with elutches 2, which work in the groove of
the pulley ¢ and are adapted to loek the pis-
tons to the pulley when the pistons move In
one direction and release the pulley when the

| pistons move in the opposite direction. The

clutches are so arranged that although the

pistons work alternately in opposite direc-

tions . they will impart continuous rotary
movement to the pulley ¢ and shaft d in one
direction, the elutches 2 engaging the pulley
when the pistons f are moved by the expan-
sive force of the gases and the clutches dis-
engaging the Dulley as the pistons move back
t0 orlﬂ’mal position. Asshown,springsjare
arranged in the working chambers between
the pistons f and suitable stops on the casing
to return the pistons to normal position when

| the exhaust is opened. KExferior segments

 are connected to the cross-heads g throun‘h
curved slots I in the casing, as shown, and
these segments are vibrated back and forth
with the pistons and are utilized to operate
the valves, as hereinafter explained.

To that side of the casing where the seg-

ments % are arranged are attached two cylm—~

ders m, within each of which is a smaller cyl-

inder n, having a piston o, connected by a rod

to a larger piston » within the eylinder .

| The piston p is normally thrown outward by
means of a coiled spring ¢g. Xach cylindern

respectively communicates with the inlet-port
r of the opposite exploding-chamber and with
the air through a suitable port s, provided

{ with a check-valve to admit air freely into

the eylinder n» when the piston o1s moved in-

ward. |
Interposed in the passage 16 between the

535

6o

05

70

75

80

QO

' cylinder n and the port r is a valve-chamber
¢, within which is a valve wu, provided with a -

pomt w when the valve is opened, and when
the valve closes the contact is broken and a
spark is made which causes the explosion, the
valve and the contact-point w being connect-
ed to opposite terminals of a suitable elec-
trical battery or other electrical supply which
will produce a spark when the valve closes.

i tonﬂ’ue v, adapted to contact with a terminal 93

100
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In this passage 16, between the valve v and
thecylinder n, is a valve «, which is provided

with a series of annular grooves and is nor-

mally held closed by a spring . This valve

intersects a passage z in the valve-casing,
which passage is connected by a pipe 1 with
a gasolene or oil supply. The valve x is pro-
vided with a Ing 2, which is adapted to be en-
gaged by a trip 3, pivotally mounted on the
adjoining segment k, so that as the latter
is oscillated at the proper time trip 3 will
engage the lug 2 and pull the valve £ inward,

so that some of the annular channels therein |

will be filled with oill from the passage z.
As soon as the frip 3 disengages the valve,
spring ¢ throws it backward, thereby bring-
ing the oil-filled ¢hannels into communica-
tion with the passage 16, leading from cylin-
der n, so that the air expelled from this eyl-
inder will in 1ts passage to the exploding-
chamber open valve v and carry a supply of
oil or fuel into the exploding-chamber along
with the air, the oil being sprayed therein
much as in the well-known atomizer method
and the explosion occurring upon the closing
of valve w. 'T'he valve w may be operated
by means of a trip 4, carried by arm %, which
is adapted to engage with an arm 5 on the
stem of the valve u, so as to positively close
the latter at the proper time—to wit, at the
time of the explosion. Theexploded gases es-
cape from either exploding-chamber through
an outlet-port 6 into the respective adjoining
cylinder m and are utilized in said cylinder
to compress the air for use in the opposite
exploding - chamber. The ports 6 are con-
trolied by the valves 7, which are provided

with rock-arms 8, adapted to be operated by |
(See Fig. 3.)

a trip 9 on the adjoining arm £k.
After the exploded gases have actuated the
piston p in c¢ylinder m, thereby compressing

alr in the cylinder n, the exhaust-gases are.

permitted to escape from the cylinder m
through a port 19, closed by a slide-valve 10
and operated by a link 11, attached to the
pivoted arm 12, which hasa tooth projecting
through a bend in the side of the cylinder
adapted to engage a rod 13, attached to the
piston p, so as to lock this piston in open po-
sition. The exhaust-gasesare expelled from

eylinder m by the aection of the spring ¢, and

the valve 10 will be opened by means of a lug
14 on the end of the adjoining segment k.
The operation is as follows, it being under-
stood that the pistons act alternately: The
engine may be started in anysuitable manner
until a charge is exploded in one of the

chambers—say the right-hand exploding-

chamber. This propels the lower piston to
the left, and thereby imparts rotary move-
ment to the pulley ¢ through the clutches <.
When the piston hasmade its full stroke,the

- movement of the bar %, which is attached to

05

the head ¢ through the deseribed conneections,
opens the exhaust-valve 6, whereupon the ex-
haust escapes into the lower cylinder m,
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compressing a charge of air in eylinder 2, and
simultaneously the valve { is opened and the
compressed air rushes forward,carrying with
it a charge of oil into the left-hand exploding-
chamber. As 8oon as the charge has entered
into the left-hand exploding-chamber the

valve u 1s closed, thereby igniting the charge

and giving a power impulse to the upper left-
hand piston. Meanwhile the valve 9 of the
lower cylinder is opened and, the exhaust-
gases escape into the atmosphere. When the
upper left-hand piston has made its stroke,
the exhaust-gases therefrom are admitted
into upper cylinder m in a manner similar to
that already described and are utilized so as
to compress a charge of air for and into the
right-hand exploding-chamber. "These oper-
ations are repeated continuously during the
operation of the engine, the exhaust-gases
for each explosion in one chamber being
utilized to compress air for the explosive
charge in the other exploding-chamber, the
compressed airentering said exploding-cham-
ber, carrying therein the charge of oil to pro-
duce the explosive mixture. The amount of

oll introduced into the chamber can be varied

according to the mumber of grooves in the
valve , which are permitted to register with
the supply passage 2 and the air-passage 16,
and this may be regulated by means of the
adjustiable controller-plate 17, which can be

| shifted so as to regulate the amount. of re-

bturn movementof the valvex by the spring 4.

Having thus described my invention, what
I therefore claim as new, and desire to secure
by Letters Patent, is—

1. The combination of a pair of explosion-
chambers, an air-compressor having an air-
cylinder communicating with one explosion-
chamber, and a motor-cylinder communicat-
ing with the exhaust of the other explosion-
chramber, for the purpose and substantially

| as described. |

2. In a gas-engine, the combination of a
pair of explosion-chambers, and an air-com-
pressing device having a motor-cylinder com-
municating with the exhaust of one explo-
sion-chamber and an air-cylinder communi-
cating with the inlet of the other explosion-

chamber, sald air-compressing. device being

operated by the exhaust-gases, substantially
as described. |

3. The combination of a pair of explosion-
chambers and an air-compressor, with means
for condueting the exhaust-gases alternately
from the explosion-chambers into the com-
pressor to operate the latter, and means for
conducting air from the compressor into the
explosion-chambers alternately, for the pur-
pose and substantially as desecribed.
~ 4. The combination of a pair of explosion-
chambers, an air-compressor, means whereby
the exhaust-gases from the explosion-cham-

i ber alternately are conducted to the eom-

pressor, and means for conducting air from
the air-compressor alternately to the explo-

driving-the pistons p and o to the right and | sion-chambers and an oil-supply ecommuni-
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cating with the air-inlets to the explosion-
chambers.

5. Inagas-engine, the combination of a pair
of explodmn*—eha,mbels, an air-compressing
device havingits motor-cylinder communicat-
ing with the exhaust of one exploding-echam-
ber and its air-cylinder communieating with
the inlet of the other exploding-chamber and
adapted to be operated by the exhaust-gases,
with an oil-supply communicating with the
outlet of the air-compressor whereby the com-

pressed air carries a supply of oil into the ex-

ploding-chamber as it enters the latter.

6. The combination of a pair of exploding-
chambers, a pair of air-compressing ¢ylinders
respectively communicating with the explod-
ing-chambers, means for admitting the ex-
haust-gases from the exploding-chambers into
the motor-cyvlinder of the respective air-com-

pressor, and means for conducting the com-

pressed air from the air-cylinder of the com-
pressor into the other exploding -chamber,
substantially as deseribed.

7. The combination of a pair of exploding-
chambers,a pair of air-compressing cylinders,
and means whereby exhaust-gases from each
exploding-chamber are utilized to compress
alr to supply the explosive mixture to the

other exploding-chamber, forthe purposeand

substantially as descrlbed

8. The combination of a pairof exploamﬂ'-
chambers,a pair of air-compressing cylinders,
means Whereby exhaust-gases from each ex-
ploding-chamber are utilized to compress air
to supply the explosive mixture to the other
exploding-chamber, and an oil-supply inter-
posed between the air-compressing chamber
and the exploding-chamber.

9. The combination of a pair of explod-
ing-chambers, the pistons therein, a pair of
air-compressors respectively communicating
with the exhaust of one exploding-chamber
at one end and the inlet of the opposite ex-
ploding-chamberatthe otherend whereby the

exhaust-gases of one exploding-chamber are |

3

utilized to compress air infto the other explod-

ing-chamber, substantla,lly as described.

10. In a gas-engine, the combination of a

pairof explodmcr-chambers an alr-compress-

i ing device communicating with the exhaust
| of one explodmp'-chamber and with the inlet

of the other exploding-chamber and adapted
to be operated by the exhaust-gases, and
means for permitting the escape of the ex-

haust-gases from the eylinder after it has el-

feebwely compressed the air.

55

11. The combination of a pair of explod- .

ing-chambers, the pistons therein, a pair of
air-compressors respectively commu'nicating
with the exhausts of oppositeexploding-cham-
bers at one end and the inlet of the opposite
exploding-chambers at the other end whereby
the exhaust-gases of one exploding-chamber

‘are utilized to compress airinto the other ex-
‘ploding-chamber; with means for admitting

the exhaust-gases alternately into the air-
COMpressors, a,nd means for pernnttmn' the
exhaust-gases to escape from said compress-
ors after they have effected the compression
therein, substantially as described.

12. The combination of the exploding-cham-
ber, its inlet and exhaust ports, the cylinder
communicating with the exhaust- port, a
smaller cylinder within the former cylinder,
the pistons in said cylinders, and means for

6o

70

75

admitting the exhaust-gasesfrom theexplod-

ing-chamber into said larger chamber to ac-
tuate the pistons therein to compress air in

the smaller e¢ylinder, and means for allowing

the exhaust-gases to escape from said larger
cylinder after they have effected the com-
pression of the air. -

In testimony that I claim the foregoing a8
my own I affix my signature in presence of
two witnesses.

WILLIAM J. PUGH.

Witnesses: .
- MORTIMER CROUCH,
- MAGULER BUTLER.
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