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UNITED STATES PATENT OFFICE.

FRANK LISTER, OF KEIGHLEY, ENGLAND.

INTERNAL-COMBUSTION ENGINE.

SPECIFICATION forming part of Letters Patent No. 704,060, dated July 8, 1902.
Application filed July 27,1901, Serial No. 89,925, (No model.) -

To all iwvhom it may concerr:
Be it known that I, FRANK LISTER, a sub-
ject of the King of Great Britain, and a resi-

dent of Skipton Road, Keighley,in thecounty

of York, England, have invented certain new

‘and useful Improvements in Internal-Com-

bustion Engines, of Wthh the following is a
specification. -

My invention relates togas, oil, and like ex-
plosion or internal-combustion engines; and
it consists in the improvements hereinafb’er
described and claimed, sald improvements

having for their object, first, to cause an ef-

fective explosion for each revolution of the
crank and to permit the exploded gases to ex-
pand to a larger volume before escaping than
the volume of the charge of combustible or
explosive gases prior to 1ts compression, and,
secondly, to effect the discharge of the spent
gases from the combustion- chambel in such
manner.as to leave the explosive mixture of
cgases therein as free from contamination by

the spent gases as possible.

Figure 1 s a sectional elevation of a ﬂas,
oil, or like explosion or internal-combustion
engine constructed in accordance with my in-
vention. Fig. 2 is a sectional plan thereof.
Fig. 3 is a side elevation of a modified form
of my improved engine. Figs. 4 and 5 are
sectional side and top views, respectively, of
parts illustrated by Fig. 3, the pistons being

shown in their relatwe poswmns at; the com-

mencement of compressing the charge, Fig.
6 is a diagram of my improved engine show-
ing the relative positions of -the pistons at
the commencement of the exhaust. Fig.71s
a similar diagram to Fig. 6, but shows the
pistons at the extremity of their outward
stroke. Fig. 8 is also a similar diagram to
Kig. 6, but shows the addition of another cyl-
inder to act as hereinafter described. |

Similar figures and letters of reference in-
dicate S1m11ar parts throughout the seveml
Views.

To attain the object of my invention, 1t is
essential that at least two cylinders and their
operating-pistons and a common explosive-
chamber be employed, and as two such c¢ylin-
ders and the parts operating in connection
therewith are sufficient to show how my in-

|

ited the drawings to this arrangement, (with
the exception of Fig. 8,) since from the fol-
lowing deseription it will be seen how the ad-
ditional cylinders and parts may be made use
of to arrive at the same or similar results.
These cylinders ¢ b (having an explosive-
chamber 2 common to both) I preferably

| mount in their casings or supports ¢ to be
t about par allel to eaeh other, so that their pis-
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tons d e may be coupled by_the rods f g to

the triangular piece or three-armed lever £
by the pins & m, said piece 2 having its oufer

' arm or end coupled to the crank n, while it is

sapported by the lever o, to whlch 1t 18 plv-
otally connected by the pin o', said lever ¢
being mounted upon the shaft 02 carried by
the_casmﬂ' or support ¢. On the crank-shaft
n' is mounted the usual balance-wheel n~,
and when such wheel is desired to be driven
in the direction indicated by the arrow n°1
form the feed-port p (for receiving the explo-
sive mixture, such as air and coal-gas or
other hydrocarbon) in the evhnder b, while I

arrange the exhaust-port p’ to oecupy a Posi-

tion in the cylinder «, their positions rela-
tively with each otherand with their respec-
tive pistons. d ¢ throughout the differential

movements of these latter belng such as to

enable the exploded gases or e’harge to ex-
pand beyond the volume at or from which
its compression commenced, the said several
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relative positions being heremaftel more

clearly defined.
When utilizing . the suction of the pistons

d e during their movements beyond their po-

sitions where the piston ¢ uncovers the ex-
haust-port p’to drawin the exploswe charge,
I then mount valves d' and ¢’ (see Fig. 2) in
these exhaust and feed ports p' p, respec-
tively, theformer, d', being arranged to allow
free exit for the spent gases, but to prevent
ingress into the cylinder, while the latter, &',
is arranged to allow ingress of explosive mix-
ture, but to prevent the egress of same on 1ts
explosion or when under pressure in the cyl-
inder, and when making use of this arrange-
ment of devices I mount the ignition-tube ¢

in the position shown by Fig. 2 and broken

lines, Fw‘ 1, 8o that by having an openingor
passage g’ made in the piston d to lead to said

~ vention may be carried into effect I have lim- | ignition-tubeq I am enabled to cover the pas-

90

95

100




=

sage in Ith'e walls of the eylinder to said tube

~q by the piston d at a time when the explo-

sive charge therein is at a comparativelylow
pressure in both of them and open or uncover
sald passage by bringing the opening ¢’ op-
posite same when or after the pressure there-
of has been considerably increased, by which

- means the explosive mixture, of increased
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pressure, can force its way into said ignition-
tube against the pressure of gases therein,
thus more certainly effecting ignition of the
charge. | |

When not making use of the suction of the
pistons d e, as above described, I then dis-
pense with the valves d’ and ¢ and makeuse

of thepump~,(for supplying the gas or hydro-

carbon from or through the inlet ', in which
is mounted a back-pressure valve r?,) the air-
feed portp, leadinginto the inclosed casinge,
Into which the valve ¢’ allows airto enter, the
ignition-tube ¢,and the relief-valve{,as shown
by Kigs. 8, 4, and 6, The piston 7% of said

pump r 18 operated by the adjustable com-

pound rod s, pivotally connected to the lever
w, which 1s fixed upon the shaft 0?, which de-
rives its oscillatory motion from the lever o,

‘secured thereon, as this receives its motion

from the lever 4. Therod s isformedin two
parts s’ s, the part s sliding within the part
s’y so that by the pin s% which is secured to
the part s, taking into and sliding in the slot
s’, made in the part s', this latter is moved to

 bring the piston 7° always to the same posi-
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‘more into the pump-cylinder 7. |
or greater quantity of hydrocarbon is sup-

‘tion outwardly, while by the hoop s*being ad-

Justed and secured on the part s at a greater
or less distance from the end of the part s
the piston 7° is respectively moved less or
Hence a less

plied to the eylinders d ¢ through the back-
pressure valve r°, as may be found desirable.

The -actions of the several parts above de-

_seribed are as follows: The pistons d ¢, start-
~ing on the explosion of the charge from their
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positions where they have compressed same,
as shown by Fig. 1, move under the pressure
of such explosion until the position shown by
Fig. 6 18 reached, after which the exhaust-
port p’ is opened and the spent gases escape
thereby. Still the pistons continue to move
outwardly until the extremity of their move-
ment is reached, as shown by I'ig. 7, this extra
movement from the positions shown by Fig.
6 to those shown by Fig. 7, in case the devices
shown by Figs. 1 and 2 are used, creating suf-
ficient suction to draw into the cylinder an
explosive charge through the port p. . On the

return of said pistons d ¢ from the position

shown by Fig. 7 by the continued rotation of
the crank n the piston e will be first brought to
cover the feed-port p, while the piston d will
continue to move until the exhaust-port »' is
reached, and during the return movements so
far of this latter piston d it will have pressed

704,060

When the devices shown by Figs. 3, 4, and
o are made use of, the advancing movements

of the pistons, as above described, are utilized

to increase the pressure of air within the cas-

Iagainst theadva.ncing of the fresh charge
taken in., | -

ing ¢, (which is inclosed,) so that on the air-

feed port p being reached and uncovered by
the moving of the piston ¢ this air within the
casing ¢ will rush through the eylinders b and
a and charge them ready to receive the hydro-

carbon, thus making a better explosive mix-
fure and onelesscontaminated with the spent
‘gases, the return of the pistons d e to the

covering of the ports p p', as above deseribed,
in this case also aiding the discharge of spent
gases from the cylinders. When the pistons
¢ e have returned until they have reached the
positions shown by Fig. 4, at which time the
piston ¢ will have just closed the exhaust-
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port p', the compressing of the explosive

charge commences and continues until the
position shown by Fig. 1isreached, at which
time the explosion takes place and the cycle
of actions recommences. | - |

IFFrom the foregoing description it will be
seen that the piston e leads or moves in ad-
vance of the piston d throughout their re-
spective movements and that by reason of

this action the compression of the explosive

charge is commenced with a less volume be-

hind the pistons in the cylinders than is the
volume of exploded gases therein when said

pistons have been forced and moved out-
wardly until the piston d has reached and

uncovered the exhaust-port p', the differ-

ence 1n this volume of gases within the eylin-
ders being shown by the difference in the
distances between the end of the cylinder and
the piston e in broken and full lines, Fig. 6,
or in full lines in both Kigs. 4 and 6, in both
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cases the piston d being in the same position.

Instead of supporting the lever 7 by the le-
ver 0 I may mount the supporting-pin o’ upon
the connecting-rod v of the piston w, which I
arrange to operate in the cylinder ', situ-

ITO

ated between the cylinders a b, and this rod

v 1 rigidly secure to the piston w and form it
to slide in the supports 7, secured to the fixed
framework or casing of the mechanism, in
which case the movements of the several parts
are freely allowed and an extra cylinder is
provided, or, again, I may employ two cyl-
inders such as the one at w', one to have.its
piston’s rod to support one end of the pin o,
while the other will support the other end of
same. | o |

To govern the actions of the engine when I

employ the pump r for supplying the hydro-
carbon or other combustible partof the charge,

I make use of an ordinary momentum-gov-

i ernor lever 2 and mount same upon the pis-

ton 7% so that when its rate of speed is higher
than desired it will come into the path of mo-

or forced such of the spent gases as followed | tion of the rod 3 to force it by the cam-lever
16 beyond sald exhaust-port out of same and 24 and operate the back -pressure valve 77,
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opening same and forecing the charge in the

cylinder 7 back into the main orinlet +/, thus
not feeding it to the explosion-chamber x.
Having thus described the nature and ob-
ject of my said invention, what I claim is—
1. In an engine of the class described, a cyl-
inder having an inlet-port, a cylinder having
an exhaust-port, pistons operatingin said cyl-
inders, a crank-shaft, an intermediate rigid

connecting - piece extending rearward from

the crank toward the two pistons and pivot-
ally econnected with the crank and pistons,
and meansfor guidingsaid intermediate pleee

in a predetermmed p&th during its recipro-

cations, whereby said crank- Shaft is coupled
to said pistons so that one piston leads the
other, substantially as herein specified.

2. Inan engine of the class deseribed, a cyl-
inder having an inlet-port, a cylinder having
an exhaust-port, an explosion-chamber com-
mon to these cylinders, pistons in said eylin-
ders, a erank-shaft and an intermediate con-

neetmn'-pleee extending rearward from the

rank toward the two pistons and pivotally
connected with the crank and pistons, and
means for guiding said connecting-piece in a
pr edetermmed path during its reciprocations
to enable one piston to lead the other.

3. In an engine of the class deseribed, two.

cylinders havmcr a common explosion- cham-
ber, pistons In sald cylinders, connecting-
rods on said pistons, a triangular piece or
three-armed lever pivotally connected to said
rods and a crank to which said triangular
piece is pivotally connected, in combmatmn
substantially as herein set forth.
4. In an engineof the classdescribed, a plu-
rality of cylinders, pistons for said cylin-

ders, rods pivotally connected to said pistons, |

a crank, a triangular piece, connecting said
rods to said crank and a lever for support-
ing the triangular piece in combination sub-

| stantlally as harem specified.

45

5. In anengine of the class described, a plu-
rality of cvhnders pistons to Opemte in the
same, piston- rods, a crank-shaft, rigid con-

nections separate from the crank shaft and |

interposed between said crank-shaft and the
piston-rods, and means for controlling the

go movements of said connections, whereby one

piston will lead the other.

6. Inanengine of the classdeseribed, a plu-
rality of cylmders, foed and exhaust ports

| having valves mounted within them in con-

nection with said cylinders, pistons construct-

ed to operate in said eylinders and other

means in conjunction with said pistons where-

53

by atter expansion and exhaust of the waste

~gases during movement of the pistons in one

direction the charge is induced to enter the
cylinders by the continuned motion of said
pistons and the other parts in the same direc-
tion whereby said pistons may be coupled to

the crank and said crank in combination sub-

stantially as specified.
7. In an engineof the class described, a plu-

60

ralit; y of parallel cylinders, pistons operating

1in said eylinders, a crank, a rigid connecting-
‘pilece for coupling said crank and said pistons

together,meansforcontrolling the movements
of said connecting-piece, and apump forsup-
plying the charge to said oylmders and means
for operating sald pump in combination sub-
stantially as herein specified.

8. In anengine of the class described, a plu-

rality of pamllel cylinders, pistons for same, .

75

a erank, a rigid connecting-piece for coupling

said erank to sald pistons, means for control-
ling the movements of said connecting-piece,
a casing for inclosing said crank and other
parts, a Valve mounted on said casing, an 1n-
let-port leading from the interior of said cas-
ing to the interior of the cylinders and said
casing in combination substantially as herein
specl ed *

9. Inanengineof the class deseribed, a plu-
rality of parallel cylinders, pistons for same,
a crank, a rigid connecting-piece for coupling

said er ank to said plstons, means for control-
ling the movements of said connecting-piece
a pump for supplying the charge to said cyl-
inders, a governor on said pump whereby the
charge when not required is forced back into
the main, and means for operating same in
combination substantially asherein specified.

In testimony whereof I have affixed my sig-

nature in presence of two witnesses.

"FRANK LISTER

. Witnesses:
JOHN WHITEHEAD,
PICKLES BAILEY.
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