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UNITED STATES
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NEWTON CRANE, OF BOSTON, MASSACHUSETTS, ASSIGNOR TO NEWTON
CRANE GAS ENGINE COMPANY, OF BOSTON, MASSACHUSETTS, A COR-
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GAS-ENGINE.

No. 808,902,

Specification of Letters Patent.

Patented Jan. 2, 1906.

Application filed May 23, 1803, Serial No. 168,420,

To all whom it may concern:

Be it known that I, NEwtox CraNE, of Bos-
ton,1n the county of Suffolk and State of Massa-
chusetts, have invented certain new and use-
ful Improvements in Gas-Kngines, of which
the following is a specification.

This invention has relation to internal-com-
bustion engines; andit has foritsobject to pro-
vide an air-cooled comparatively high power
motor of the balanced type in which there is
for each revolution of the driven shaft a large
number of explosions of comparatively small
power singly and great power in the aggre-
gate and in which the pistons and cranks are
so disposed toward- one another that the im-
pulses grow successively, making- the torque
or initial starting power under load large.

The invention has further to provide other
improvements by which the multiple cylinders
may be arranged in compact form and the en-
gine as a whole be simplified in construction
and rendered more adaptable than heretofore
for motor vehicles, boats, launches, &ec., and
for generating power for the actuation of ma-
chinery.

Referring to the drawings, Figure 1 repre-
sents in front elevation a gas or combustion en-
Fig. 2 repre-
sents a side elevation of the same. Fig. 3
represents a section on the line 3'8 of Fig. 1.
Fig. 4 represents a section on the line 4 4 of
Fig. 2. Fig. 5, Sheet 3, illustrates in detail
the connection of a piston with its crank-
shaft. ¥Fig. 6 represents a section through
the valve mechanism, taken on the line 6 6
of Fig. 3. Fig. 7 represents the driven shaft
with the cams thereon. Fig. 8 represents an
end view of the shaft with the cams on one
of the cam-sleeves. Fig. 9 represents a view
looking from the other end with the cams on
the other cam-sleeve.

1t will be understood that in the following
specification and claims the phraseology which
is employed is for the purpose of description
and not of limitation, and, further, that various
changes may be made in the described and
illustrated construction without departing
from the spirit and scope of the invention.

In its simplest form the motor consists of
four cylinders which form the sides of a hol-
low square. The angles of the square furnish
chambers for the reception of the explosive
mixture and in which the explosion or com-

bustion takes place. The pistons in each pair
of adjacent cylinders coact, moving toward
each other to compress the combustible ma-
terial and exhaust the products of combus-
tion and moving in opposite directions when
the combustion takes place and to'draw in a
charge. Each piston is double-ended and
double-acting and operates on an independent
crank -shaft arranged substantially midway
between the angles or combustion-chambers,
so that there are four crank-shafts arranged
at the same distance from a common center.
The driven shaft passes through said common
center, and it is geared or connected in any
suitable way with the crank-shafts, so that it
receives its power. from all of them succes-
sively. Preferably, however, the motor is

two-part and consists of two sets of pistonsand -

cylinders arranged side by side with the e¢ylin-
ders on the four sides in parallelism, so that
there is a crank-shaft common to  the pistons
of two parallel cylinders, there being a single
driven shaft common to all the crank-shafts.
Upon the common driven shaft or member is

placed a cam mechanism for operating or con-.

trolling the operation of the valves. The cams
for the valves of one set of pistons and cylin-
ders are quartered with relation to the cams
for the other set of pistons and cylinders, so
that two explosions do not take place-simul-
taneously, but successively, in the two sets of
pistons and cylinders. It will be readily un-
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derstood, however, that as many sets of pis- .

tonsand cylinders, arranged asdescribed, may
be employed in case it be desired to increase
the power transmitted to the common driven
shaft.

Referring to the drawings and for the pres-
ent to Fig. 3, the cylinders of one set are in-

‘dicated, respectively, at 10, 11, 12, and 13.

It will be understood that each set of cylin-
ders may be cast integrally or that each cyl-
inder may be formed separately and secured
in place. For simplification, however, each
set of cylinders is shown in the drawings as
being cast integrally. The similar cylinders
of the other sets are indicated by the same
reference characters in Figs. 1 and 4. Each
cylinder is cast or formed between its ends
with outwardly-curved walls 14 14 to provide
chambers 33 for the rotation of the crank,
which is connected to the piston in the cylin-
der. The pistons are indicated by the nu-
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merals 110 111 112 118 in order that each
piston may be identified with the cylinder in
which itis placed. Thechambers 33, formed
by the walls 14 of each cylinder, are closed
by two substantially circular plates 15 16, as
shown in Fig. 4. The inner plates 16 are all
cast upon a single frame 17, the two frames
17 17 for the two sets of pistonsand cylinders
being bolted together by bolts 18, as shown
in Fig. 4. The said frames 17 17 are formed
with elongations 19, which afford means by
which the motor may be secured in a vehicle
or any desired place. These frames likewise
afford means for connecting the cylinders to-
gether and for holding them in proper inter-
relation. The ends of each pair of adjacent
cylinders are connected by a head or plate 20,
s0 as to form a triangular chamber 45 between
the ends of each pair of cylinders. Further-
more, as shown in Fig. 6, the meeting ends of
each pair of cylinders are formed with later-
ally-extending valve-chambers 21 210. The
plates 20 are formed with extensions, which
cover the ends of the valve-chambers 21 210,
as best shown in Fig. 6.

The frames 1717, of which mention has been
previously made, are formed with elongated
bearings 23 for the reception of a tubular
driven shaft or member 24, having upon one
end a momentum or fly wheel 25. The mid-
dle portions of the frames 17 17 are separated
to receive between them a pair of gears 26,
which are keyed to the driven shaft 94.
Mounted in bearings 27, afforded by the
frames 17, are four shafts 28, arranged at
equal distances from cach other and at the
same radial distance from the driven shaft.
Each of theseshatts carries a pair of gears 29,
intermeshing with and driving or at times
driven by the gears 26. The frames 17 are
further provided with bearings 80 for a series
of parallel crank -shafts 31, having keyed
thereto gears 82, intermeshing with those at
29. The gears are all of the herring-bone
type. The end of each crank-shaft 31 pro-
jects into a chamber 33 in one of the cylin-
ders, as shown in Figs. 3 and 4. The crank-
shaft of each cylinder has its axial line mid-
way between the ends of the cylinder and has
a crank-arm 84, with a cranl-pin 35, connect-
ed by a pitman 36 with the piston.

One of the pistons is shown in detail in Fig.
5. As will be observed, it is formed of a cy-
lindrical shell, having a solid end 38 and an
end 39, screwed to the shell and provided with
lugs 40 40 to receive the pintle 41, which con-
nects the pitman 36 with the piston. Iach
pistonisdouble-acting and consists practically
of two hollow end portions connected by a
side portion 42, so that it is described as “*don-
ble-ended.”  This construction of the piston
permits of the location of the crank-shaft in
the plane of the cylinder and midway between
its ends, thereby making it possible to pro-
duce an engine whose cylinders form the sides
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of a polygon with each angle or corner space
between two cylinders doing duty as a com-
bustion-chamber.. As a consequence of this
there may be, as will be explained, a series of
combustions or explosions following each
other successively as the main shaft rotates.

It is quite apparent that each crank-shaft
may be formed of one piece, or else it may
be formed in two parts whose ends meet in
the plane of division of the gears 32.

By reason of the structure as thus de-
serived it is apparent that the two frames 17
17 hold the eight cylinders all firmly connect-
ed together with the four ecylinders of each
set at right angles to each other to form the
sides of a hollow square and, further, that
the driven shatt 24 is connected directly by
noiseless gearing with the erank-shafts, so that
said driven shaft may receive the impulses
due to the movement of the pistons upon ex-
plosion or combustion of the gas or else may
actuate said pistons for the compression of
the gas or for the exhaustion or scavenging
of the products of combustion from the cyl-
inders.

Thereremains now to be described the valve
mechanism and the means by which the en-
gines may be reversed. By an examination
of Fig. 6 it will be observed that communi-
cating with the chamber 45 at the end of each
adjacent pair of eylinders are two lateral ducts
46 47, one of these ducts serving for the inlet
of the explosive or combustible mixture and
the other serving for the eduction of the
products of combustion. The duet 46 com-
municates with the chamber 21 by a port
48, whereas the duct 47 communicates with
the chamber 210 by the port 49. The port
48 is normally closed by a valve 50, a valve
51 serving to close the port 49. The cham-
ber 21 of each set of cylinders is connected
by conduits 52, (see Fig. 1,) whereas the cham-
bers 210 of each set of cylinders are all con-
nected by conduits 53, having a common out-
let-conduit 54 leading therefrom. The two
conduits 52 52 of the two parts of the motor
are connected with an inlet-conduit 55 by
branches 56 56. (See Fig.1.) The conduits
52 introduce the explosive mixture into the
chambers45 through the chambers 21 and the
ducts 46, whereas the products of combustion
are carried out from the cylinders and the
chambers 45 through the ducts 47, the ports
49, the chambers 210, and the conduits 53.
The stems of the valves all extend toward the
axis of theshaft24. Thestems56of the valves
50 pass through guides 57, formed on or se-
cured to the frames 17, and are provided on
their ends with rollers 58. Springs 59 are
coiled about the valve-stems and bear against
guides 60, formed on the cylinders and against
shoulders or collars 61 on the stems, so as to
hold the valves 50 normally seated. The

stems 61 for the valves 51 are likewise held
normally seated by springs 62, bearing against
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_guides 63, similar to those at 60, and against

collars 64, formed on said stems. The ends
of the stems 61 pass through guides 65, formed
on braces 66, bolted to the plates 15, and are
equipped with rollers 67. Slidingly mounted
on the shaft are two sleeves 70 71, which are

connected by pins 7272, passing throu gh slots |

7373 in the tubular shatt 24, with a bar 75,
arranged inside of said tubular shaft. ThIS
bar is adapted to be moved londltudmally by
a lever 76, pivoted to a link 77, in turn piv-
oted to lufrs 78 on one of the plates 15. The
lever has a yoke with a pin 79 extending into
a circumferential groove in the end of the
bar 75.

Fach of the sleeves 70 71 is adapted to slide
on one of the bearings 23, as shown in Fig. 4,
and it is formed with a series of cams adapted
for coaction with the rollers on the stems 56
61, as the case may be, of the valves 50 51.
The cams on the outer reduced ends of the
sleeve 70 are shown in Fig. T at 80 81, and the
sleeve 70 may be moved longitudinally to bring
either of said cams 80 81 to register with the
rollers 67 of the stems61. The larger end of
the sleeve 70 has two cams 82 83, either of
which may be caused to register with the roll-
ers 58 of the valve-stems 56. The cams 80 and
81 and the cams 82 83 are quartered with re-
lation to each other, as shown, so that by shift-
ing the sleeve longitudinally the timing of the
operation of the valveis changed to effect the
reversal of the engine. The sleeve 71 is pro-
vided with cams 84 85, equivalent to those at
80 81, and with cams 86 87, equivalent to those
at8283,and arranged in similar relation to esch
other, but in quartered relation to the cams
80 81 82 83. The cams 80 84 82 86 operate
their respective valves in the order named to

effect the rotation of the driven shaft in one

direction, and when the slides are shifted the
cams 85 81 8783 operate the valves in the order
given.

It will be understood that the cylinders are
to be formed with heat-dissipating ribs, as
shown on the adjacent ends of the cylinders
11 and 12, and that- the plates 20 may be
formed with similar ribs or flanges, so that
the motor may be air-cooled. These ribs or

flanges are omitted from the drawings, except-

in the part mentioned, for the purpose of not
interfering with the illustration of the rest of
the mechanism.

Inasmuch as the motor, as shown, consists
of two parts, each of which is practically simi-
lar to the other, the operation of but one part
In this description refer-
ence may be had to Fig. 3. It may be assumed
that the pistons are all moving in the direc-
tion of the various arrows placed upon the
drawings. . Consequently the pistons 111 and

112 and the pistons 113 and 110 are moving
away from each other by reason of an explo-
sion or combustion having taken place in the
‘At this time the valve 50 is raised

chamber «.

8

by a cam 86, so that the explosive mixture is
being drawn into the chamber¢. At thesame
time the pistons 112 113 are approaching each
other and the chamber 5 and are forcing out
the products of combustion from said chamber
b through the duct 47 and the port 49, the
valve 51 being lifted for this purpose by the
cam 84. Slmultaneouslv with this described
operation the pistons110and 111 are approach-

ing the chamber d and are compressing the ex-
ploswe mixture previously introduced into
that chamber. As the pistons all reach the
ends or limits of their movement (by means
of proper sparking or igniting mechanism,

which is not illustrated, as it is well known)
the compressed exploswe mixturein the cham-
ber d is ignited, and the pistons 111 and 110
and 112 and 118 are immediately forced in the
opposite directions. This causes the scav-
enging of chamber ¢, the compression of the
explosive mixture in chamber ¢, and the in-
duction of the explosive mixture in chamber
b, the valves being operated in proper time.
Then as the pistons reach the end of that
movement an explosion occurs in chamber ¢,

with a consequent scavenging in chamber OZ
the induction of exnloswe mixture in cham-
ber «, and the compression of the explosive
mixture in chamber 6. ~ Thus it will be seen
that the explosion takes place in the chambers
a, d, ¢, and b successively in the order named.

The crank-shafts 31 are geared to the tubu-
lar driven shaft 24 at a ratio of two to one,
so that in each set of cylindérs there are four
explosions for eachsingle rotation of the tubu-
lar shaft 24. As, however, the motor is two-
part and the cranks and cams are quartering,
the explosions in the two parts of the motor
take place alternately, so that there are eight
successive explosions for each single rotatlon
of the central shaft. The result of this con-
struction is that it accomplishes two things.
It accomplishes an explosive balance, for all
the pistons move at the same rate of speed and
it also effects athoroughly mechanical balance.

Many minor details are omitted from the
drawings—such as the sparking or igniting
mechambm, bolts for connecting parts to-
gether, &c.; but asthey constitute no essential
part of the invention their omission simplifies
the drawings and description.

It may be considered thati in each part of the
motor the cylinders, which communicate at
their ends and are arranged in the form of a
hollow square, are, in effect, each double eylin-
ders with connecting chambers, and hence a
construction in which each side of the polygon
was formed of two separate butconnected cyl-
inders would be a manifestly equivalent con-
struction and one which I have contemplated.
In that case the pistons for each double cylin-
der would be either as shown or separate and
connected directly or intermediately.

Having thus explained the nature of the in-
vention and described a way of constructing
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and using the same, although without attempt-
ing to set forth all of the forms in which it
may be made or all of the modes of its use, I
declare that what I elaim is—

1. An engine comprising communicating
cylinders forming the sides of a polygon, and
double-acting pistons in said cylinders.

9. An engine comprising communicating
cylinders forming the sides of a polygon, dou-
ble-acting pistons in said cylinders, and con-
nections whereby each pair of adjacent pistons
move in opposite directions.

3. An engine comprising communicating
cylinders forming the sides of a polygon, dou-
ble-acting pistons in -said eylinders, and a
driven shaft operatively connected to all of
sald pistons.

4. An engine comprising communicating
cylinders forming the sides of a polygon, each
end of each cylinder forming with the end of
the adjacent cylinder a combustion-chamber,
double - acting pistons in said cylinders, a
driven shaft, crank-shafts connected to said
pistons, and operative connections between
said crank-shafts and said driven shaft.

5. An engine comprising communicating
cylinders forming the sides of a polygon, dou-
ble-acting pistons in said cylinders, means
whereby the pistons of each adjacent pair of
cylinders operate in opposite directions, and
means whereby combustible fluid is consumed
in the meeting ends of said cylindersin a pre-
determined order.

6. An engine comprising communicating
cylinders forming the sides of a polygon, dou-
ble-acting pistons in said cylinders, a shaft
located in the center of the polygon, and
means connecting said pistons with said shaft.

7. An engine comprising communicating
cylinders arranged in the form of a hollow
polygon, each cylinder having an enlarged
chamber between its ends, crank-shafts ex-
tending into said chambers, pistons in said
cylinders connected to said crank-shafts, and
a driven member connected to all of said
crank-shafts.

8. A motor comprising a series of communi-
cating cylinders forming the sides of a poly-
gon, double-acting pistons in said cylinders,
and means for successively effecting explo-
sions in the chambers formed by all the meet-
ing ends of said cylinders.

9. A motor comprising aseries of communi-
cating cylinders forming the sides of a poly-
gon, double-acting pistons in said cylinders,
means for successively effecting explosions in
the chambers formed by the meeting ends of
said cylinders, and a common driven member
operatively connected to each of said pistons,
independently of the others.

10. A motorcomprisingaseries of eylinders
forming the sides of a polygon wich those cyl-
inders which form the corners of the polygon
communicating, double-acting pistons in said
cylinders, a common conduit for supplying

808,902

explosive mixture to the chambers formed by

the meeting ends of said ecylinders, and a com-
mon exhaust-conduit leading from said cham-
bers.

11. A motor comprising four cylinders ar-
ranged in the form of a square, double-acting
pistons in said eylinders, connections by which
the pistons of each pair of adjacent cylinders
move in opposite directions, and valve mech-
anism by which the explosions take place in
the four corners of the square in succession.

12. A motor comprising an even number of
cylindersarranged to form the sides of a poly-
gon, pistons in said cylinders arranged where-
by the pistons in each adjacent pair of cyl-
inders move in opposite directions, a driven
shaft, speed-reducing connections between
said pistons and said shaft, and means where-
by the explosions effect the simultaneous
movement of the pistons in each pair of cyl-
inders, successively, so that during each ro-
tation of the shaft, it receives a series of im-
pulses equal in number to the cylinders.

13. A motor comprising communicating
cylinders arranged to form the sides of a
square, there being an explosion-chamber at
each angle of the square, a driven shaft in
the center of ‘the square, pistons in said cyl-
inders geared to the shaft, and valve mechan-
ism including cams on said shaft and valve-
rodsradiating from the shaft toward the angles
of the square.

14. A motor comprisingcylindersarranged
to form the sides of a square, each cylinder
having a chamber intermediate of its ends, a
crank -shaft extending into each chamber,
plates closing the sides of said chambers, and
a frame connecting said cylinders.

15. A motor comprising cylindersarranged
to form thesides of a square, double-acting pis-
tons in said cylinders, heads or plates closing
the meeting ends of said cylinders, means con-
necting sald cylinders, and heat-dissipating
means on said cylinders and heads.

16. A motor comprising two communicat-
ing cylinders arranged at an angle to form a
chamber between their meeting ends, and a
valve-chamber on each side of said first-men-
tioned chamber and communicating there-
with.

17. A two-part motor comprising a plural-
ity of sets of cylinders, each set having the cyl-
inders arranged to form the sides of a poly-
gon, double-acting pistons in said cylinders,
and a driven shaft operatively connected to
all of said pistons.

18. A two-part motor comprising a plural-
ity of sets of cylinders, each set having the cyl-
inders arranged to form the sides of a poly-
gon, pistons in said cylinders, a series of
crank - shafts, each crank -shatt being con-
nected to a piston in each set of eylinders and
being located midway between the ends of a
cylinder, and a driven shaft connected to all of
said crank-shafts.
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19. A two-part motor comprising a plural-
ity of sets of cylinders, each set having the cyl-
inders arranged to form the sides of a poly-
gon, double-acting pistons in said cylinders,
a series of crank-shafts, each crank-shaft be-
ing connected to a piston in each set of cyl-
inders, a driven shaft connected to all of said
crank-shafts, and means whereby the explo-
sions oceur alternately in said setsof cylinders
and succesively in the cylinders of each set.

20. A motor comprising a driven shaft; a se-
ries of cylindersarranged tangentially to a eir-
cle circumscribed about said shaft, each cylin-

der having an explosion-chamber at each end’

and a series of double-acting pistons in said
cylinders operatively connected to said shaft.

21. A motorcomprisinga driven shaft, a se-
ries of cylinders arranged tangentially to a cir-
cle circumseribed about said shaft, a series of
pistons in said cylinders operatively connect-
ed to said shaft, said adjacent pistons moving
in opposite directions, valves for supplying
fluid and exhausting the products of combus-
tion from the meeting ends of said cylinders
successively, and cams on said shaft for actu-
ating said valves, said cams being arranged in
sets and being movable whereby the explo-
sions follow each other in one direction or the
other around the shaft to cause the rotation
of the shaft in one direction or the other.

22. A motorcomprising a drivenshaft, ase-
riesof cylindersarranged tangentially toa cir-
cle circumscribed about said shaft, a seriesof
pistons in said cylinders operatively connect-
ed to said shaft, said adjacent pistons moving
in opposite directions, valves for supplying
fluid and exhausting the products of combus-
tion from the meeting ends of said cylinders
successively, cams on said shaft for actuating
said valves, said cams being arranged in sets
and being movable whereby the explosions

follow each other in one direction or the other

around the shaft to cause the rotation of the
shaft in one direction or the other, and manu-
ally-operated means for moving said cams on
said shaft.

23. A two-part motor comprising two com-
plemental frames, each having a series of cyl-
inders secured thereto to form the sides of a
polygon, pistons in said cylinders, a driven
shaft journaled in said frames, crank-shafts

S

journaled in said frames, and each having
cranks on both its ends connected to pistons,
a gear on the driven shaft, gears on the crank-
shafts, and gears supported on the frames and
connecting the gear on the driven shaft with
the gears on the crank-shaft.

24. Anenginecomprising a plurality of cyl-
inders, each cylinder communicating at its
ends with two adjacent cylinders to form com-
bustion - chambers, double-acting pistons in
said cylinders, and a shaft connected to all of
said pistons.

25. Anengine comprising a plurality of cyl-
inders, each cylinder communicating at its
ends with two adjacent cylindersto form com-

bustion - chambers, double-acting pistons in-
said cylinders, a series of crank-shafts each-

located in a line midway between the ends of a
cylinder, and a shaft connected to all of said
crank-shafts.

26. In internal-combustion engines having
a plurality of combustion-chambers and cyl-
inders, the arrangement of cylinders and com-
bustion-chambers in which each eylinder is
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double-ended, the two ends forming parts of

two separate chambers in which different
phases of the Otto cycle are simultaneously
taking place,the double cylinders and the com-
bustion-chambers being arranged inacontinu-
ous series, so that adjacent ends of adjacent
double cylinders are in communication with a
common combustion-chamber, substantially
as described.

27. In internal-combustion engines having
aplurality of combustion-chambers and double
cylinders arranged in a continuous series as
herein described, the arrangement of the cyl-
inder-pistons in which they are rigidly con-
nected in pairs and each pair coupled to a
separate crank, so that the two adjacent ends
of adjacent pairs of pistons are performing
one phase of the Otto cycle and simultaneously
at their opposite ends performing the preced-
ing or the consecutivephase of the same cycle,
substantially as described. :

Intestimony whereof I have affixed my sig-
nature in presence of two witnesses.

NEWTON CRANE.

‘Witnesses:

Marcus B. May,
C. C. STECHER.
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