No. 67'0,19'97. S o Patented Apr., 2, 1901.
S . Jd. A. McLEAN.
~ INTERNAL COMBUSTION ENGINE.

(Application filed Oct. 19, 1900.]

(Ko Model.} 2 Sheets—Shest |.

|| |l B e m2X

sHElEts s i e

L f T m

o LT ] — Q\g N -
%ﬁ ISl . O’

rr——
o

A
F

i aahe i S _Tnwerdor:

THE NOBALS PETERS GO, PHOTO-LITHO, WASHINGTON, D, C.




J. A. MCLEAN.
INTERNAL COMBUSTION ENGINE.

- (Application filed Oct. 19, 1900.)

EL“ | . No. 670,997. ' o o K ~ Patented Apf@_ 2,1190‘[."_ |

~ (No Model.) - 2 Sheats—Sheet 2,

ll_r'1 .])3

7I{'ffI 2 o*
oG 0 = ,
rt SN o diiq. ¥
77 i X ; 2 1‘1 ?
.+ 7’/ EE 7_’]?§_l‘ i 06'
_7'3 o YWio

WS&@S. - - - Trevercor
| Z | '* ‘ o - i !

THE NORRIS PETERS CO., PHOTO.LITHO., WASHINGTOR. D. C.




1C

'15_

20

35

40

5C

eyl

I

UNITED STATES

PATENT OFFICE.

JAMES

A. MCLEAN, OF BOSTON, MASSACHUSETTS,

INTERNAL-COMBUSTION ENGINE.

SEECIFICATION forming part of Letters Patent No. 670,997, dated April 2, 1901.

Application filed October 19, 1900. Serial No. 83,627,

(No model.>

20 all whom b may concer:: |

se it known that I, JAMES A. MCLEAN, a
subject of Victoria, Qneen of the United Kmﬂ'-
dom of Great bllta,m and Ireland, and a resi-
dent of Boston, in the county of Suffolk and
srate of Massachusetts, have invented a new
and useful Improvement inInternal-Combus-
tion Kngines, of which the following is a speci-

_ﬁefttmn refmenee being had to the aceompa-

nying drawings, in whleh——
Figure 1 is a plan view of myunpmved en-
ogine, Fig. 2 is a side elevation representing

“a vertieal section on the line 2 9 through the

center of Ifig, 1. HKig. 3 is a sectional eleva-
tion of a derail of ‘r.he valve-operating device
sectioned on the line 3 3 of Fig. 1. Fig. 4 is
a4 plan of the valve meeh.fmhm and GV]II]dEI—
head, partly in seetion, enlarged. Fig. 5 is
an end elevation of a %ec‘[mn on line 5 5 of
Fig. 1. Fig. 6 18 an elevation of a detail.

In most m pes of internal-combustion en-

gines at present used there is great waste of ;

energy by radiation or conduetlon of heat from
the cylinder-walls into the air or ]aeket water
and by the
r)leteh burned fuel in the exhaust.

The objects of my invention are to attain
agreatereconomy of transfor mation in chang-

ing the energy of fuel into useful work, pm-_
_11(,11141"1} by red ucing the amount of heat lost
through eylinder-walls by providing for com-

te combustion of the fuel eharge before the
nder contents escape into the exhaust by
widening the temperature and pressure lim-
its between which the engine works and by
relieving the piston of frletlon against the
walls of the eylinder; also, to do awaywibh

ple

the nolse and offensive odor that characterize

the exhaust of most 1115@1‘11&1 combustion en-
gines now known. | -
Other objects are to provide an engine that

can be regulated closely, that will require less

water in the jacket to keep the cylinder at a
proper temperatiure, that is light in weight
compared to 1ts capacity, and requires pvo

heavy fly-wheel—in short, to provide a light

neat engine of high efficiency.

My invention is applicable to any type of |
internal-combustion engine.

In the follow-
ing description and drawings I show it as ap-

_phed to a single- actmﬂ* ]101*1201113@1 gas-engine

Jacket C'.

e\pnlamn of unburned or incom-

mal operation of which an explomou CCGCUTS

at every outward stroke of the piston.
- Referring to the drawings, A is A piston
mvehnu in the combustion- -¢cylinder (0, which
is Supported on the engine frame or bed B.
A portion of the (,ylmder 1s surrounded by a

O is an admission-valve for air, P an ad-
mission-valve for gas or vapor, :md () the ex-
haust-valve.
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Toward the outer end of the (,ylmder which

is elosed is a circle of holes E, adapted to be
closed bv the piston as it approaches the end
of its outward stroke, thus forming a cushion
for the piston. A piston-rod K passes through
a stuffing-box I’ in the eylinder end and ter-
minates in -the yoke G, which is rigidly se-

cured thereto and is adapted to reciprocate

therewith, being guided and kept in aline-

‘ment by the guide-rod ', on which it slides.

This guide-rod is supported rigidly in the en-
gine-frame. - Itisrepresented in the drawings
as square. It might be round or any other
suttable shape or ways might be substituted
for it without departing from the essence of
my invention, the function of this guide-rod
bf;,mn' merely to support and l{eep the yoke
in (Lllnunent, with the piston travel and to
prevent it from swaying or twisting sidewise.

-Within the yoke is a pin-box H', adapted to

slide up and down therein, as required by the
travel of the pin H, which is journaled in the
box, as will be presently described. On each
side of the piston-rod are two sprocket-wheels

1, pivoted on studs projecting inwardly from
-the engine-frame toward the line of travel of

the yoke G, one located near the outer and
one near the inner limit of the yoke’s travel.
Sprocket-chains J run over the sprocket-
wheels, one on each side of and parallel with
the yoke’s lineof travel. Theyare conneet.ed
by a pin H soas to travel in unison. - The pin
H being journaled in the box H' in the yoke
G on the end of the piston-rod F travels to

‘and fro in harmony with the out and in

strokes of the piston. The sprockets being
set so that the pin H is at the outmost end
of the horizontal diameter of the most distant
sprocket-wheels at the time the piston is at

its outer limit of stroke and is at the inmost

end of the horizontal diameter of the nearer
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workmﬂ' on the two cyele y%bem in the nor- | sprocket-wheels when the piston is at its inner
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limit of travel, it will be seen that the suc-
cessive explosions of charges in the eylinder
and ensuing outstrokes of the piston will
drive the chain continuously in one direction
around the sprocket-wheels, cansing them to
rotate. Thestudson whichtwo of thesprock-

“ets are mounted are shafts journaled in and

extending through the engine-frame and car-
rying on their other ends; outside the frame,
fiy-wheels K K, which also serve as driv-
ing-wheels for delivering the power pro-
duced by the engine. When on starting the
engine the first explosion oceurs and drives
the piston out, the momentum of partsissuch
that the pin His carried past the dead-center
and driven back on the inward stroke, mov-
ing the piston with 1t. |

I prefer to make the sprockets of small di-
ameter compared with the length of stroke.
I have found it a suitable ratio of dimensions
to make each single outward stroke of the

piston correspond to three complete revolu-

tions of the sprockets and fly-wheels. In the

enginerepresented in the drawings the chains.
have thirty-six links each and the sprockets
six teeth each. Thisengine being single-act-

ing, the sprockets are so placed that the path

part of the working or outward stroke will be
approximately in line with the thrust of the
piston-rod. There is therefore no sidewise
pressure between the piston and c¢ylinder to
cause friction, except the weight of the piston
itself.and even that would be avoided by build-
ing my engine vertical instead of horizontal.
Thus withont the use of a cross-head and
ways I avoid a difficulty inherent in all en-
oines in which the power is transmitted from
the piston through a crank to the driving-
wheel. In such engines if a trunk-piston is
employed there is a resultant side pressure

of the piston on the cylinder-walls, greater

or less in amount, that depends directly upon
the angle between the piston-rod or connect-
ing-rod and the axis of the eylinder and varies
with the eylinder-pressure. DBy avoidingthis
without the use of a cross-head and ways I
secure simplicity and cheapness of construc-
tion and save power that would otherwise be
consumed in overcoming the friction of the
cross-head on the ways. The pin H and the

link of each chain to which it is to be secured

may conveniently be made all one piece, Iig.
6, thus giving greatest strength and simplest
construction. It will be evident that as the
pin travels along with the chain—say upon
an outward stroke-~—when the links to which
it is attached reach the outer sprocket they
will turn downward out of the plane of thrust
of the piston in order to pass around the outer
circumference of the sprocket-wheel and start
back on the inward stroke. The mounting
of the pin-box H' movably in the yoke G en-
ables the pin to remain in engagement with

the yoke and piston-rod while following the

chain in that movement. Inthehollow under

]

‘souree.

is driven thereby.

N | ; . 670,997

oine-frame is a bath of oil for lubricating the
chain and related parts by the splashing of
the yoke G in it as it travels to and fro.

The valve mechanism is as follows: O 1is
the air-admission valve. P is the gas or va-
por admission valve. Qistheexhaust-valve.
All are puppet-valves adapted to open toward
the eylinder, so that the pressure from within
will force them upon their seats. The air

and gas valves O and P open into their re-
spective valve-chambers 0% p*, which com-

municate through supply-pipes o’ p’ with sup-
ply-tanks (not shown in the drawings) for
air and gas, respectively, in which tanks air
and gas are kept at suitable pressure. I have

found seventy-five pounds pér square inch

suitable. This pressure may be maintained
by any ordinary pump driven by power from
the engine itself or from any other suitable
Upon the valve-stems 0* and p® are
mounted equilibriam-pistons o°and p°of such
area as compared with the area ot the valves
that the pressure of the supply of air and gas
from the supply-tanks upon them is greater

‘than upon the valves,and therefore tends to

keep the valves closed. Springso*and p*are

‘also mounted upon the valve-stems and a
in which the pin H travels during the greater

spring ¢* upon the valve-stem ¢° of the ex-
haust-valve Q to keep the valves normally
closed. Cams 0° p° @5, mounted on a valve-
operating shaft N,are adapted to press against

| the several valve-stems to open the valves at

the proper point of stroke. 'T'he valve-oper-
ating shaft N is connected by intermediate
gearing with one of thesprocket-wheels L and
A spiral gear n’ on the
shaft N engages with a spiral gear d' on the
connecting-shaft D, the shaft D also carry-

ing a spiral gear d?, that engages with a gear

7, mounted on a stud-shaft driven by one of
the sprocket-wheels I, preferably one of the
nearer pair. These gears are proportioned
so as to compensate for the difference be-
tween the rate of revolution of the sprocket-
wheel and rate of piston-strokes. In the en-

oine represented in the drawings accordingly

the shaft N makes one complete revolution
to each six of the sprocket. |

A governor R is mounted on the shaft N
and is adapted to operate throttle-valves o

o set in the air and gas supply pipes o' p'.

This governor may be of any suitable con-
struction. As represented in the drawings
it consists of two ball-weights ', supported
by springs 7%, whieh are balanced by a third
spring 73, all three springs being attached at
one end to asleeve r4, adapted to slide on the

‘shaft N, the other ends of the springs 7 be-

ing fast to collars 7% 7, fixed to that shaft.

‘The collar 7%, to which the end of the balance-
‘spring 7% is attached, is adjustable upon the
‘shaft, thereby allowing the balance-spring to
‘be made weaker or stronger at pleasure to
‘adjust the governor.
‘the shaft N throws the balls outward, thereby

Increase of speed of

moving the sleeve inward and closing pro-

the chain formed by the bottom of the en- § portionately the throttles o° p° which are
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~ connected to a lever 7%, that is fulerumed to
- the frame and enﬂ'aued at its free end in a
~groove in the sleeve 74,
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s set in the cylinder-wall at a point a little
way from the inward end of piston travel.
Any other suitable means of igniting the

-- clmrwe might be nsed without de[.)ru*tm}r from

my inventiom. The igniting device is pref-
erably located so the explosion will oceur
when the pin H has about completed 1ts are
of travel around the Spl‘oeket I and has a
straight path before it.

The operation of my engine is as fnli{)wa
Assuming that the piston 1s approaching the
end of its inward stroke, all valves being
closed, the gas-valve P 1s opened by the cam
»°, and after remaining open the proper length
of time to admit the desired quantity of gas
as fixed by the length of the projection on
the periphery of the cam is-closed by the
combined action of its spring p* and equilib-
rinm-piston p°. The air-valve O then opens,
admitting air under pressure from the air-
tank. The pressure at which this gas and
air is admitted helps to cushion the piston at
the end of stroke and start 1t back on 1ts out-
ward stroke. DBy the time the piston ap-
proaches the ignition-tube on its outward
stroke it is well under way, the air - valve
closes, ignition occurs, and the piston moves
on, impelled by the explosion and ensuing
combustion. Air in front of the piston is
driven out of the cylinder through the holes
E until the piston reaches and closes them,
thereby imprisoning some air in the c¢ylinder
end. Then the exhaust-valve opens and the

~ piston is stopped and started on its return

40

~stored in the movingchain and fly-wheel car-
ries the piston in again, the exhaust remain-

45

stroke by the joint action of the air-cushion
formed by closing the holes K and of the pin H,
which reaches the outer limit of its travel and
passes around the outer sprocket I. Energy

ing open until near the end of stroke, when
it closes and the gas-admission valve opens
as before. The work done by the piston on

~its outward stroke is transmitted, through the

55
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‘have a,b*sorbed

piston-rod, yoke, and pin H, to the chains,

and by the chains, through the sprocket-
wheels, to the main driving-shafts, on which
are mounted the fiy-wheels K. Inasmuch as
the main shafts may revolve several times
during each complete out and in stroke of the
piston, which strokes are preferably quite

rapid in-order to take most advantage of the
expansive energy in the eylinder, Lhe fly-
wheels may be made very light and of small
diameter, thedeficieney in weitrhb being made
up by their ereat velocity of levolutlon It
is probable that in some cases the fly-wheels
can be dispensed with altogether, the mo-
mentum of the chains and sljroekehs perform-
ing their function. Theair-cushions at each

end of stroke prevent the engine from pounda-
ing and at the same time waste no energy,
1or on the return stroke they give up all they
The amount of gas and air i the fuel and 1n utilizin

An ignition-tube S
sion-

| the driving-shaft with one stroke.

to be admltted for each chm-cre and the Pro-
portion of each to the whole are determined
by the length of time the lespectwe adinis-
alves remain open, which in rarn de-
pends upon the shape aud adjustment of the
cams thatoperate them. Theproper relative

gquantities of gas and air depenﬂ upon the:

fuel used. Theyshould be in the proportions
known to be best for wmplete combustion,
with a slight excess of air added to insure lhe
presence and sufficient distribution of enough
oxyeen to burn all the fuel. While the pis-
ton istraveling toward theignition-point after
admission the recently - adinitted gases ab-
sorb some heat from the cylinder- walls and
the pressure rises a little. The instant the
charge begins to burn upon ignition the pis-
ton leaps fomrm d, responding freely to the
increase of pressure except as it may be ham-
pered by the brake-load on the engine. -1

have discovéred that by causing the ignition

to be delayed until the pin H has completed
its travel around thesprocket I instead of al-
lomngz:lgnlhmn to oceurshortly after the dead-
center is passed, as is usual in crank-engines,
enormous gain in efficiency is secured. In
all erank-engines of which I'have knowledge
the parts are organized for the explosion 10
oceur shortly after the dead-center is passed,
and the explosion occuring at that time finds
the crank-pin in a position unfavorable for
transmitting the energy of the pent-up prod-
nets of explosion.  The erank-pin reaches a
favorable position in due course, but not un-
61l a considerable portion of the energy lib-
erated in the ¢ylinder having been unable to
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find an immediate outlet hy expansion has

passed out in the form of heat by conduetion

through the eylinder-walls. -Bymyinvention
I locate the ignition device so that the explo-
sion is delayved until the pin H is In 1ts most
favorable position for receiving and trans-
mitting the thrustof the piston. Then 1 pro-
duce the explosion,with the result thatan out-
let being ready open for the energy to escape
in the form of mechanical work by expansion
a larger portion of 1t does escape in that way,
and a smaller portion escapes in the form of
heat conducted through the cylinder- walls
than if the explosion had occurred sooner.
This great advantage results from two
things—from my use of a chain and sprocket
to transform the reciprocating motion of the
piston into the rotary motion of the driving-
shaft and from my organization of parts by

which the explosion is delayed, as described.

Another great advantage is that in build-
ing my engine I am not restricted to the use
of a short stroke, but can make it as long as
I desire and may coverseveral revolutions of
This en-
ables me to delay opening the exhaust until
the gases in the cylinder are fully burned
and until they have expanded to as low a
pressure as I desire. Thus I succeed 1n lib-

“erating within the cylinder all the energy of

o a very large part of
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the energy thus liberated.

offensive odor frequently noticed in the ex-
haust of gas-engines. DBy exhausting at a
low pressure I do away with the noise.
It will be apparent that all the benefits of
Iy invention might, be secured by the sub-
stitution of equivalent mechanical devices for

the sprocket chain and wheel L have shown in

the drawings—for example, by the use of a
cable making frictional contact with grooved
sheaves. I consider the use of a sprocket
chain and wheel the best mode of applying
my invention, and therefore have shown that
form in thedrawings. I[donot, however, by
the use of the word °‘chain ” mean to limit
myself to a sprocket-chain, but include a ca-
ble or any other equivalent device.

What I ¢laim 1s—

1. Inaninternal-combustionengine, a com-

bustion-cylinder; a piston, adapted to recip-.

rocate therein and continuously in engage-
ment with a chain; that chain; a wheel in en-
gagement with the chain; Va,lve mechanism
to operate the engine; all organized and ar-
ranged subhtantlally as deecmbed so that the
force of the explosion is immediately trans-
mitted to the chain and wheel, to transmute
the reciprocating motion of the piston into
rotary motion. :

2. Inaninternal-combustion engine, a-.com-
bustion-cylinder; a piston adapted to recip-

‘rocate therein and inengagement with a chain

during the explosion-stroke of the piston;
that chain; a wheel in engagement with the
chain; valve mechanism to operate the en-
cgine; all organized and arranged substan-
tially as desecribed, so that the foree of the ex-
plosion is immediately transmitted to the
chain and wheel to transmute the reciprocat-
ing motion of the piston into rotary motion.

3. Inan internal-combustion engine, a com-
bustion-cylinder;

rocate therein and continuously in engage-
ment with a chain, that part ot the chain with
which the piston is engaged being approxi-
mately in the line of thrust of the piston dur- |
ing the working stroke; that chain; a wheel
in engagement with the chain; and valve

By securing com-
plete combustion of fuel I do away with the-

a piston adapted to recip-

\

ciprocate therein;

mechanism to operate the engine, substan-
tially as described. |

4. Inaninternal-combustion engine, a com-
bustion-cylinder; a piston adapted to recip-
rocate therein; a chain; a wheel in engage-
ment with the chain; a pin held in the chain

‘and projecting therefrom; a yoke, adapted to

be engaged bysaid pin and also by the piston,
whereby the reciprocating motion of the pis-
ton is transmitted and transmuted intorotary

motion through the yoke, pin, c¢hain and
wheel. |

5. Inan internal-combustion engine, a com-
bustion-cylinder and a piston adapted to re-
a main driving - shaft;
means connected to the piston and to the
main driving-shaft to transmit motion from
the one to the other, the point of connection
between the piston and said transmitting
means being adapted to follow a curved path
in reversing its motion preliminary to begin-
ning its working stroke; an igniting device
for the fuel charge; and valve mechanism
for the igniting device; all organized and ar-
ranged so that the igniting device shall not
operate until said point of connection be-
tween the piston and the transmitting means

‘has approximately completed said reversal of
| motion and is traveling in adirection approxi-

mately parallel to the thrust of the piston.

6. Inaninternal-combustion engine, a com-
bustion-cylinder and a piston adapted to re-
ciprocate therein; a main driving - shatt;
means connected to the piston and to the
main driving-shaft to transmit motion from
the one to the other; means to conservein the
engine surplus energy between the impulses

of the piston; an igniting device for the fuel

charge; valve mechanisin for the igniting de-
vice; all organized and arranged so that the
igniting device shall not operate until the
piston has attained on its working stroke ap-
proximately the full'veloeity which the con-
server of energy can give it. |

JAMES A. MCLEAN.

Witnesses:
O. R. MITCHELL,
EvereETT E. KENT.
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