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This invention relates to internal combustion
engines and more especially to new and useful
improvements designed to increase the speed and
efficiency of an internal combustion engine.

5  As the art of internal combustion engines has
developed there has been an increased demand
for small and lighter weight power plants capable
of producing definite amounts of power. The
gasoline engine is the lightest known form of
prime mover. In general; engines become lighter
as the numbers of cylinders and the crank shaft
speeds are increased. However, it becomes im-
practical to provide large numbers of cylinders
for engines designed for certain types of duty.
As engine speeds are increased, various consider-
ations in the design of the engine become import-
ant. Among the more important of these con-
siderations are: the weight, balance and inertia
of movable parts and composite units; the fric-
20 tion between relatively movable parts; and the
admission and discharge of gaseous mixtures
to and from the engine cylinders.

The principal object of this invention is to in-

crease the efficiency of internal combustion en-
25 gines. ' )

Ancther object is to increase the operating
speed of an internal combustion engine.

Another object is to reduce the weight of mov-
able parts of an internal combustion engine.

Another object resides in the lightening of
those parts of an engine which are normally
difficult to balance.

Another cobject is to reduce the friction be-
tween relatively movable parts of . an internal
35 combustion engine.

Another object is to reduce the resistance of-
fered to engine operation due to inertia of valves
and operating means therefor.

Another object is to provide a light weight valve

40 operating means for positively opening and clos-
ing valves.

Another object is to provide an arrangement
of valve operating mechanisms wherein one valve
operating means forms a bearing for another

45 valve operating means.

30

Another object is to provide an improved type’

of piston for internal combustion engines.
Another object is to provide an improved pis-
ton, wrist pin and connecting rod assembly.
Another object is to provide an improved cyl-
inder construction. '
Another object is fo provide an improved crank
shaft construction. »
Another object is to provide an improved bal-
ancing arrangement for the engine crank shatt,

50
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(Cl. 714—603)

Another object is to provide a novel counter-
weighting arrangement for balancing the crank
shaft.

“Another object is to provide in an engine crank
shaft, a novel bearing arrangement for a crank 5
spindle. .

Another object is to provide for the distribu-
tion of thrust substantially equally to the bear-
ings of a crank spindle irrespective of centrifugal
forces exerted by such spindle. '

Another object is to provide an operative con-
nection between a crank shaft and a valve cam
shaft which permits axial and radial movements
of either shaft without transmitting axial or
radial thrusts to the bearings of the other shaft. 15

Another object is to provide an improved ar-
rangement of cam operating gearing.

A further object is to provide a compact, light
weight, radial-cylinder type of engine which is
readily assembled and disassembled and has a
singularly low ratio of weight per horse power.

Other objects and advantages will become ap-
parent from the following description and ap-
pended claims,

For the purpose of illustrating the genus of
the invention, typical concrete embodiments are
shown. in the accompanying drawings in which:

Fig. 1 is a central vertical section of an internal
combustion engine constructed in accordance
with the present invention, the section being
taken along the axis of the engine crank shaft
as indicated by line 1—-I of Fig. 7;

Figs. 2, 3, 4, 5 and 6 are fragmentary sections
taken on the lines 2—2 of Fig. 1; 3—3 of Fig. 1;
4—4 of Fig. 3; 5—3 of Fig. 1; and, 6—6 of Fig. 7, 35
respectively;

Fig. 7 is a section, on a reduced scale, taken on
the line T—T7 of Fig. 1;

Fig. 8 is a section on line 8—8 of Fig. 7;

Fig. 9 is a central vertical section, on an en-
larged scale, of a modified form of valve which
may be employed in connection with the construc-
tion shown in Figs. 1 and 7;

Fig. 10 is a section taken on line 10—I0 of
Fg.1; - ’

Fig. 11 is a diagrammatic representation of
forces exerted by parts of the engine crank shaft .
shown in Fig. 1;

Fig. 12 is a section showing a modified form of
valve and operating mechanism therefor, the
section being taken on line 12—I2 of Fig. 13;
and

.Fig. 13 is a fragmentary side elevation of parts
lustrated in Fig. 12,

Referring to the drawings and more particu- 55
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larly to Figs. 1 and 7, an internal combustion en-
gine of the three cylinder Y-iype is illustrated,
the engine inciuding a fixed crank case 20 and
radially disposed cylinders 21 secured in equi-
angular relation on-said crank case. Each of
these cylinders comprises an inner sleeve 22 and
an outer sleeve 23 maintained in concentric and
spaced relation by a base member 24 and top
member 25 which are bonded to the sleeve mem-

ber. This bonding may be effected by providing a

thin coating of metal of low melting point and
one which, with the metal constituting the sleeve
and the base and top members, forms a hard
and strong alloy, assembling these members and

-heating in an inert or non-oxidizing atmosphere

until the sleeve, base and top members, upon
cooling, become securely bonded in the assembled
relation indicated in the drawings. 'The base
members 24 may be provided with flanges 26 by

which the cylinders may be secured to the crank’

case by means of bolts 271.. The spaced concentric
sleeves 22 and 23 provide water jacket spaces
30 along the cylinder walls which communicate
through parts 31 with water jacket spaces 32
provided in the top members 25. The upper sur-
faces of the top members 25 are square relative
to the cylinder in a longitudinal direction as
viewed in Fig. 1 but slightly inclined relative to
the cylinders in a transverse direction; as indi-
cated in Fig. 7. Each cylinder is provided with a
cylinder head 34 in which are formed water
Jjacket spaces 35 communicating with the spaces
32 in the top members 25. Referring also to
Fig. 8, bolts 36 are provided for securing the ecyl-
inder heads 35 to the top members 25, a suitable
gasket 31 being disposed between the cylinder
head and top member. A spark plug 38 is pro-
vided in each of the top members as indicated in
Fig.-8.

Slidable W1thm the inner sleeve 22 which con-
stitutes the cylinder wall of each cylinder is a
piston 40 that is made up of & skirt portion 41 and
a head portion 42, both being of aluminum or sim-
ilar light weight metal or alloy. The skirt portion
41 is in the form of a pressed-metal cylinder hav-
ing a closed top end which may be welded or oth-

erwise suitably bonded to the head portion 42.

The closed end portion of the skirt member 41
and the head member 42 are provided with aligned
openings 43 for the reception of lug members
44 of piston pin bosses of similar material which
are welded or otherwise securely bonded to the
head member 42, The piston pin bosses also in-
clude annular bearing members 45 in which a
piston pin 46 is journaled. An integral radially
disposed lug #7 projects from the center portion
of the piston pin 46 and is secured by welding or
other suitable expedient to a tubular member
50 of the connecting rod. The piston pin 46 and
its integral lug 47 are cored so as to lighten the
construction of the elements, the walls of the pin
tapering from the interior to the marginal edges
thereof. An annular bearing member 51 is per-
manently secured to the tubular member 50 and
is adapted to engage the crank pin of the engine.

In the above construction, the piston, piston pin

and connecting rod form a bermanently united
assembly which may be assembled in the cylin-
der, removed therefrom, or replaced, as a single
unit.

The head portion 42 on each piston 48 is pro-
vided with a ring groove 52 for the accommoda-
tion of a piston ring 53. In this conrection it is
noted that the engine is designed to rotate at a
speed of approximately 10,000 revoluiions per

‘case is essentially bell shaped and centrally aper-

provided in each piston to insure even operation

2,047,410

minute in which case, with a reasonably close fit
of the pistons within the cylinders, rings are not
required to maintain compression within the cyl-
inder. The clearance spaces between the pis-
tons and cylinders constitute fixed orifices, the g
capacity of which will be exceeded and thus will
allow only a relatively small amount of leak-
age by the pistons when the latter are traveling
at a high rate of speed. The single ring 53 is

of the motor at or near idling speeds. The use’
of a single ring for each piston of the engine
makes a marked reduction in the amount of force
required to actuate the movable parts of the en-
gine. In the conventional engine, with three or
four rings for each piston, the friction between
the rings and the cylinder wall accounts for
approximately 25% of the effort required to op-
erate the movable parts of the engine when the
cylinder head is removed. Since each ring ex-
erts pressure on the cylinder walls, the present
construction effects a marked reduction in the
frictional resistance between fixed and movable
parts of the engine. Thus, the mechanical effi-
ciency of the engine is increased both by the
reduction of .the number of rings employed for

20

., each piston and also by the reduction in the
" weight and accordingly the reduction in the in-

ertia of the plstons, piston pins and connecting
rod elements.

The crank case 20 comprises a substantially
cylindrical body member 54 and end members 55
and 56. The parts of the crank case are prefer-
ably aluminum or similar light-weight metal or
alloy castings and the body member 54 is cored 35
as indicated at 57 for the accommodation of the
cylinder 21 and as indicated at 58 for the accom-
modation of valve operating means which wiil be
described later. The end member 55 of {he crank

30

40

‘tured at the forward end thereof for the recep-

tion of a crank shaft 68. The crank shaft 60 -
is journaled in ball and race type of bearings
62 and 63 mounted in the crank case and ar-
ranged adjacent the ends of the crank shaft, the
bearing 62 being arranged in an enlargement 64
adjacent the central aperture at the forward end
of crank case member 55 and the bearing 63, of
considerably larger diameter than bearing 62,
being mounted in the annular inturned flange
65 at the forward margin of the body member 58
of the crank case. The rear portion of the
crank shaft 68 is provided with an enlargement
66 in which is journaled, eccentrically or off-set
with respect to the arxis of the crank shaft, a
spindle 70, which projects rearwardly beyond the
end of the crank shaft to provide a crank pin 76.
In connection with the anfi-friction bearing
63 it will be noted, referring particularly to Fig. 1,
that the balls operate in an inner ball race 63»
formed directly in the enlarged end portion of
the crankshaft, the outer race 63 being formed
directly within the crankshaft receiving opening
63c of the transverse crankecase wall bracket
member §34. This wall member has an outwardly 65
extending annular flange 53¢ positioned between
the annular crankcase flange €5 and the adjacent
end of the end member §5, these parts being ap-
propriately secured together. By machining or
grinding the ball races §3* and 6§3¢ directly in 70
the crankshaft and wall §3¢ respectively, I have
eliminated the necessity for separate races and a
saving in space is also obtained. The crank-
shaft 60 and spindle 70 extend longitudinally
through the wall opening 63¢ and bearing 53."
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The spindle 70 is journaled adjacent its rear
end by & roller bearing T! arranged at the rear
end of the enlarged portion 66 and a ball and race
type bearing 72 journaled in the forward end of
spindle 10 at the forwardly disposed end of the
enlargement 66 of the crank.shaft 60. The
spindle 70 is maintained in position within the
bearings T{ and 12 by a shoulder 13 which abuts
the forward face of the bearing 12 and by a nut
74 and lock washer 75 secured to the forward
end of spindle T0. :

The rearwardly projecting end portion 16 of
the spindle 10 forms the engine load-receiving
crank pin on which is journaled the annular hear-
ing member 51 connected to & connecting rod
member 50, and also journals the annular bearing
members 80 and 81 on the connecting rods of the
remaining cylinders. 'This crank pin portion 76
projects as a cantilever from one end -of said
crankshaft into the crankcase body portion 54.
Referring also to Figs. 3 and 4, it will be noted
that the annular bearing member 80 is offset for-
wardly to a slight extent relative to its connecting
rod member 50 and that the annular bearing
member 81 is offset rearwardly to a slight extent
relative to the tubular member 50 of its con-
necting rod. All of the bearing members 51, 80
and 81 are directly journaled on the crank pin
76 which in turn is rotatably journaled relative
to the crank shaft 60. The bearing members. 80
and 81 together with a rearwardly offset portion
of the bearing member 51 are disposed in side-to-
side relation on the crank pin 76 while the for-
ward edge of bearing member 80 abuts a shoulder
82 on the spindle 70 and the forwardly offset por-
tion of the bearing member 51 abuts -another
shoulder portion 83 at its forward edge. The
spindie 19 is centrally cored as indicated at 84,
and at the rearward margin is internally thread-
ed as indicated at 85. A plug 86 is received within
this threaded portion and abuts the rearward
margin of the bearing member 51 to maintain
the bearing members 51, 80 and 81 in assembled
relation. The bearing member 51 is slotted as in-
dicated at 90 and 9i partially about its periphery
so that any two adjacent connecting rods of the
group of three will not come into contact even

- when the connecting rods are at the minimum

50
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relative angle. It is noted that with the above
construction all of the connecting rods bear di-
rectly on the engine crank pin and all are of the
same length 50 as to insure uniform compression
ratio of all of the cylinders of the engine.

During operation of the engine at high speed, it
Is noted that the bearing members 51, 80 and 81
and the crank pin 716 and spindle 70 will exert
relatively heavy centrifugal forces on the spindle
bearings 11 and 12, and that the bearing 71 must
carry the major portion of this load. To dis-
tribute this load more uniformly between the
bearings Tl and 712, a counter-weight 92 is mov-
ably mounted in the enlarged portion 66 of the
erank shaft and provided with a bearing 93 jour-
naled on the spindie 70. Referring to Figs. 1 and
19, o slot 84 is provided in the enlarged portion 66
of the crank shaft for the accommodation of the
counter-weight 32. The slot 94 is radially cut
into the enlarged portion 66 in the direction of
the axis of the spindie 10 relative to the axis of
the crank shaft, indicated at 87, so that the cen-
ter of gravity of the counter-weight 92, indicated
at 96, is diametrically opposite the axis of, the
spindie 19 relative to the crank shaft axis. When
the crank shaft is rotated at high speed the coun-

3
ter-welight 92 exerts a force in a direction opposite
to the force exerted by the spindle 18 so that by
providing a slight amount of clearance as indi-
cated at 895 at the end of the counterweight 52 -
oppousite the spindle, the counter-weight may ex-
ert a force on the bearing 93 downwardly as in-
dicated in PFig. 10 to counter-act in part the
centrifugal force exerted by the spindle. Thus,
during rotation the counter-weight 92 exerts a
force inwardly on the spindle relative to the crank
shaft axis which opposes the centrifugal force
exerted by the spindle and also distributes the
load caused by the centrifugal forces exerted by
the spindle to be more evenly distributed between
the bearings 7 and 12. ‘

For high speed operation of the engine it is
desirable that all movable parts of the engine
should be as perfectly balanced as is possible,
Referring particularly to Figs. 1 and 11, the bal-

-ancing of the movable parts of the engine will be 20

described. The masses which .would normally
cause unbalance of the engine are the crank pin
18 and the elements connected thereto, all of
which are eccentric with respect to the axis of
the crank shaft 60. During rotation the crank L
pin and the piston and connecting rod assemblies
journaled thereon exert an outwardly directed
force relative to the axis of the crank shaft which
is applied at the crank pin. This force may in
part be counter-balanced by an eccentric mass in
the form of a counter-weight 100 integral with the
enlarged portion 66 and disposed diametrically
opposite the bearing 71. The counter-weight 100,
however, cannot be disposed in the same plane as 35
the forces acting on the crank pin 716 but must

lie closer to a mounting of the crank shaft, such

as the bearing 63, than does the center of the

crank pin 76. The resultant of forces acting on

the crank pin may be represented generally by
the arrow 116 of Fig. 11 and this force, together 40
with the force produced by the counter-weight
109, constitutes a couple tending to cause a local
deflection of the crank shaft 60. To secure bal-
ance of the crank shaft and the parts connected
thereto, forces in the form of a couple may be
applied to the crank shaft upon the opposite side
of the bearing 63 which tends to cause an equal
and opposite local deflection in the crank shaft.
The latter forces may be produced by two eccen- 50
tric masses, one comprising the counter-weight
101 opposite the bearings 93 and 72, and the other
in the form of a counter-weight 192 forming an
integral part of the fly wheel {03. The center of

mass of the counter-weight 102 thus lies in the 45

plane containing the axes of the spindle 70 and
crankshaft 60. The fly wheel {83 may be keyed to
the crank shaft 50 in abutting relation with the
enlarged portion 66 and locked in position by a
nut {04 and lock washer 108. Thus, the forces gp
acting on the crank pin 76 and represented in Fig.
11 by the arrow {15 and the force produced by the
counter-weight 100 and designated by the arrow
109 in Fig. 11 produce & couple tending. to cause
a clockwise rotation or deflection of a portion of g5

“the shaft 60 at one side of the bearing 63, while

the masses {81 and 102 exert forces constituting
g couple having an equal and opposite effect upon
the crank shaft 80 and applied upon the opposite
side of the bearing 83. Weights may be added 7p
toor taken from any one or more of the counter-
weights 100, 104 and 102 until the crank shaft and
elements connected thereto are dynamically and
statically balanced relative to both of the bear-
ings 63 and §2.

30
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Referring to Figs. 1 and 5 to 8 inclusive, the
construction and arrangement of the engine
valves and operating means therefor will be de-
scribed. The body portion 54 of the crank case
is provided with a transversely disposed sup-
porting partition 110 in which s hollow stub-
shaft f4! is supported in alignment with the
axis of the crankshaft 60. A gear (12, provided
with an integral disc of larger diameter than
that of the gear is journaled upon this stub-shaft
and maintained in position by means of 2 bolt
{14, The disc ({3 is provided with slot-like
apertures 115, elongated in a radial direction, one
of which is adapted for engagement with a lug
116 projecting from the plug 86 threaded into the
end of the crank pin 76. The gear |12 and disc
113 are given equal rotation with the crank shaft
and the slot 115 permits relative movement other
than rotation of either the stub-shaft or crank
shaft 60 in the event of deflection of either shaft.
Three cam shafts i20 are journaled in the sup-
porting. partition 1180 and end member 56 and
each cam shaft is provided with a gear (2} ar-
ranged in equidistant and equiangular position
relative to the axis of the stub-shaft {fi and
crank shaft 60. The gears §2{ are each of a
diameter twice that of gear 112 and spaced from
each other. All of the gears (21 mesh with the
gear 112 so that each of the cam shafts 120 re-
ceives equal rotation in the same direction at one-
half the speed of the crank shaft 60. The ar-
rangement of the shafts in the crank case is
such that a line between the axes of two adjacent
shafts will be bisected by a line normal thereto
and passing through the axis of a valve operating
shaft 123 journaled between the cylinder head
34 and the top member 25 of a cylinder 2i. Each
shaft 120 has four cams {24 secured thereto
against relative rotation. The cams {24 are ar-
ranged in pairs on the shaft 120, one pair of cams
being adapted to operate the intake and exhaust
valves of one cylinder while cooperating with a
pair of cams on the next adjacent shaft and the
other pair of cams is adapted to cooperate with a
pair of cams on the third shaft to operate the in-
take and exhaust valves of another cylinder.
Each valve operating shaft {23 has an arm 125
fixed thereto which supports at the outer end
thereof a valve 126. The valves 126 form the ex-
haust valves for the engine cylinders and each co-
operates with a valve seat insert 127 provided in
the upper portion of the top members 25. Thus
the valves 126 cooperate with the valve seat insert
127 to close the exhaust passages 130 provided in
the cylinder head 34. Each valve operating
shaft 123 is also provided with an operating arm
131 upon the free end of which is disposed a roll
i132 adapted to cooperate with the cams 124
fixed to the cam shafts 120. Each cam upon the
shafts 120 cooperates with a suitably shaped cam
provided upon an adjacent shaft so that both
cams remain in contact with roll 132 at all times.
These cams are so shaped that when the cam on
one shaft begins to lift the roll 132 the cam sur-
face of the cam on the other shaft allows the

roll 132 to approach the axis of the latter shaft. .

In the construction shown in Fig. 7, the cams
which open the valves 126 are in the general form
of an involute tooth and the cams which close
the valves 126 and cooperate with the first-men-
tioned cams are essentially circular in outline
with a wedge shaped portion removed therefrom.
The cam operating shafts 123 are journaled in
aligned recesses {34 and 13% provided in the con-

2,047,418

tacting faces of the cylinder heads 34 and top
portions 28, respectively. The recesses 135 are
enlarged as indicated at 136 for the reception of
a sleeve 137 to which is fixed an operating arm
139 for an intake valve 138. The operating shafts &
t23 and (37 are telescoped one within the other
so that one forms a bearing for the other shaft
while additional bearings for these operating
shafts are provided by the cylinder heads 34 and
top portion 25 of the cylinders. The operating 10
arms 125 and 139 may be provided with annular
shoulder portions 14f which cooperate with cor-
respondingly shaped recesses {42 in the cylinder
heads and cylinder top members to prevent axial
displacement of the valve operating shafts. An 15
operating arm 143 is fixed to the valve operating
sleeve {37 and the free end of this terminates in
a roll 132 as previously described. The cylinder
top members 25 and cylinder heads 34 may be
provided with complementary exténsion mem- 20
bers 145 adjacent the ends of the recesses 134
and (3% to provide outboard bearings for the
longer operating shafts 123 and {31. The bosses
{45 will be different lengths for two of the cyl-

- inders and the third cylinder will not require an 25

outboard bearing. As will be noted in Figs. 1 and
8 the forwardly disposed pair of cams 124 shown
in Fig. 1 cooperates with a pair of cams on an-
other shaft 120 to operate the valve means for
the cylinder shown in Fig, 1, the valve operating
arms {43 and (3! being mounted on the shafts
123 and 127 at points adjacent the side of the
cylinder head 34 indicated in Fig. 1. The valves
of another cylinder require shafts of a length in-
dicated in full line in Fig. 8 and the operating 35
arms therefore cooperate with the pair of cams
{24 shown in the rearmost position in Fig. 1.
The cams for operating the valves of the remain-
ing cylinder are not shown in Fig. 1 but are
mounted on the two remaining cam shafts 120 and
occupy the intermediate position between the
pairs of cams shown on the cam shaft {20. In
the case of the last-mentioned cylinder the valve
shafts will be of an intermediate length and the
extension members 145 will terminate at a point
indicated by the dot-and-dash line {46 of Fig. 8.
Casing members i48 cover the cored out open-
ings 58 in the crank shaft body portion 54 and
also cover the valve operating. arms 13 and {43.
These casing members may be attached to the
crank case supporting member 54 by screws {49
as indicated in Fig. 6.

As indicated in Fig. 1, a distributor {50 may be
provided upon the end of the cover member 56
of the crank case and operated by one of the cam
shafts 120. The distributor may comprise a ro-
tor §51 secured to shaft 120 and a removable
cover member 152 provided with radially disposed
spark plug lead 153 and power lead socket {54.
The socket §54 is connected to a rotary brush
{56 by a spring 157 and contact elements {58.
The cover member {52 may be manually and/or
rotatably mounted on the end member 54 to ad-
just the timing of the ignition as desired. 65

Referring to Fig. 9, a modified form of valve
and operating means therefor is disclosed com-
prising a valve member {160 having a seating por-
tion i61 adapted to engage a valve seat insert
127 and a second seating portion 162 adapted to 7o
engage a beveled head member 163 secured to or
forming an integral part of a valve operating arm
125’. A backing ring 165 may be welded or
otherwise secured to the operating arm 25’ to
retain the valve member 160 in position with the '
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desired amount of play relative to the valve op-
erating arm. '

Referring to Figs. 12 and 13, a modified form
of valve and valve operating mechanism is dis-
closed. In this embodiment the top member 25’
of the cylinder is provided with an upper surface
33’ which is square with the cylinder and a cyl-
inder head 84’ is secured thereto. A poppet valve
126’ is provided with a hollow stem i71 which is
internally threaded to receive the lug 172 of a
guide means 171, ~ Alock nut 178 may be provided
to maintain the lug 172 and stem {7{ in locked
adjustment. A valve guide 180 is provided to
slidably receive a stem 171. A slide member 176
is pivotally connected to the end of operating arm
115 and slidably received within the guide 177.
The operating arm {75 is secured to a valve oper-
ating shaft 123’ or 131" to which are also secured
operating arms 134’ and 143’ extending to the
valve operating cams as in the prior embodiment.
The cam members {24’ in the present embodi-
ment are again shaped so as to afford positive
opening and closing operations of the valve 126’
In this instance the cam for opening the valve
126’ is essentially wedge shaped, while the cam
employed for closing the valve 126" is of circular
outline with an arcuate portion removed there-
from. The outlines of the cams {24’ are so
shaped that as one cam is lifting the operating
arm 131’ or 183’ the other cam member allows

* such lifting movement while maintaining the cam

surfaces of both cams in contact with the end of
the operating arm.

While T have illustrated and described my in-
vention in connection with improvements in in-
ternal combustion engines, I desire to point out
that many of the features of my invention are
obviously adaptable to advantage in other gener-
ally analogous devices such as pumps, compress-
ors, and the like. My novel crankshaft and asso-
ciated parts, for example, are obviously adaptable
for use wherever it is desired to transfer recip-
rocating forces to rotary motion or vice versa.

My piston and connecting rod structure now
forms the subject matter of my copending appli-
cation Serial No. 726,487 filed May 19, 1934; my
valve driving lever mechanism is claimed in my
copending application Serial No. 726{488; my con-
necting rod assembly is claimed in my copending
application Serial No. 730,433 filed June 13, 1934;
my valveshaft mechanism is claimed in my co-
pending application Serial No. 733,199 filed June
30, 1934; and my cylinder and cylinder head
structures are claimed in my copending applica-
tion Serial No. 733,201 filed June 30, 1934. Each
of these copending applications is a division of
the subject application which is particularly di-
rected to my novel crankshaft structure and asso-
ciated parts.

As many changes could be made in the above
construction and many apparently widely differ-
ent embodiments of this invention could be made
without departing from the scope thereof, it is
intended that all matter contained in the above
description or shown in the accompanying draw-
ings shall be interpreted as {llustrative and not in
a9 limiting sense. .

‘What I claim is:

1. In an internal combustion engine having a
erank case, a crank shaft having an enlarged end
portion, spaced forward and rearward bearings
in said crank case for journaling said crank shaft
intermediate its ends in said crank case, & spindle
eccentrically journaled on said crank shaft, with

an end of the spindle projecting beyond the first
said end of the crank shaft to provide a load-
receiving crank pin, a part of the enlarged end
portion of said crank shaft constituting an eccen-
tric mass diametrically opposed to said spindle
and arranged intermediate the projecting end of
the spindle and one of said bearings adjacent

" thereto another portion of said enlarged end por-

tion of the crank shaft constituting an eccentric
mass diametrically opposed to said spindle and
arranged intermediate said bearings and in axial
alignment with said first-named eccentric mass,
and a third eccentric mass disposed intermediate
said second named mass and the other of said
bearings and opposed to said second named mass,
whereby said second and third named eccentric
masses exert forces which constitute a couple
causing an equal and opposite effect on the crank
shaft with respect to a couple resulting from
forces produced by the first-named eccentric
mass and the crank pin portion. of said spindle.

2. In an internal combustion engine having 2
crank case, a crankshaft, an eccentrically ar-
ranged crank pin secured to an end of said crank-
shaft and adapted to journal piston and connect-
ing rod assemblies, spaced bearings in said crank
case for journaling said crankshaft therein, one
of said bearings being disposed adjacent said
crank pin and the other being disposed remote
from said crank pin, a pair of counter-weights ar-
ranged on said crankshaft with the centers of
gravity thereof diametrically opposed to said
crank pin and on opposite sides of the bearing dis-
posed adjacent said crank pin, and a third coun-
ter-weight arranged intermediate the bearing dis-
posed remote from the crank pin and said pair
of counter-weights, said third counter-weight
being arranged with ifs center of gravity lying in
the plane containing the axes of the crankshaft
and crank pin,

3. In an internal combustion engine having a
crank case, 8 crankshaft journaled in said crank
case, a spindle, axially spaced bearings eccentri~
cally arranged on said erankshaft and journaling
said spindle therein, with one end of sald spindle
projecting outside said bearings and beyond an
end of said crankshaft, another bearing on said
spindle intermediate sald first-named bearings,
and a mass rotatably supported by said last
named bearing and arranged with its center of
Fravity eccentric with respect to the axis of said
crankshaft and diametrically opposed to said
spindle. v _

4. In an internal combustion engine having a
crank case, 8 erank shaft rotatably mounted in
said crank case and having spaced axially aligned
bearings eccentrically located with respect to the
axis of said crank shaft, a spindle journaled in
said bearings and having a crank pin portion ex-
tending beyond an end of said crank shaft, and a
weight journaled on said spindle between said
bearings.

5. In a device of the character described a
crankcase structure, a rotatable crankshaft, a
spindle eccentrically carried by said crankshaft
and journaled therein for rotation relatively
thereto, a bearing for said crankshaft in said
crankcase structure, and a pair of bearings for
said spindle, said crankshaft bearing lying be-
tween said pair of bearings in a direction longi-
tudinally of said crankshaft.

6. In a device of the character described, a
crankecase structure, a rotatable crankshaft, a
spindle eccentrically carried by said crankshaft
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and journaled therein for rotation relatively
thereto, said spindle having a cantilever crank
pin portion projecting beyond said crankshaft,
a bearing for said crankshaft in said crankecase
structure, and a pair of bearings for said spindle,
said crankshaft bearing lying between said pair
of bearings in a direction longitudinally of said
crankshaft.

7. In a motion transmitting device having a
crankcase structure, a :rotatable crankshaft, a
spindle eccentrically carried by said crankshaft
and journaled therein for rotaticn relatively
thereto, bearings spaced longitudinally of the

- crankshaft for journaling the crankshaft in said
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crankcase structure, and bearings spaced longi-
tudinally of said crankshaft for journaling the
spindle in said crankshaft one of said crankshaft
and spindle bearings being respectively disposed
substantially at opposite ends of said crankshaft.

8. In a motion transmitting device having a
crankecase structure, a rotatable crankshaft, a
spindle eccentrically carried by said crankshaft
and journaled therein for rotation relatively
thereto, bearings spaced longitudinally of the
crankshaft for journaling the crankshaft in said
crankecase structure, and bearings spaced longi-
tudinally of said ¢rankshaft for journaling the
spindle in said crankshaft, one of said crank-
shaft bearings lying intermediate said spindle
bearings. '

9. In a motion transmitting device having a
crankcase structure, a rotatable crankshaft, a
spindle eccentrically carried by said crankshaft
and journaled therein for rotation relatively
thereto, said spindle having a cantilever crank
pin portion projecting beyond said crankshaft,
anti-friction bearings spaced longitudinally of
the crankshaft for journaling the crankshaft in
said crankcase structure, and anti-friction bear-
ings spaced longitudinally of said erankshaft for
journaling the spindle in said crankshaft, one of
said crankshaft bearings encircling said spindle
between said spindle bearings.

10. In a motion transmitting device having a
crankcase structure, a rotatable crankshaft, a
spindle eccentrically carried by said crankshaft
and journaled therein for rotation relatively
thereto, said spindle having a cantilever crank
pin portion projecting beyond said crankshaft,

anti-friction bearings spaced longitudinally of

the crankshaft for journaling the crankshaft in
said crankcase structure, and anti-friction bear-
ings spaced longitudinally of said crankshaft for
journaling the spindle in said crankshaft, one of
said crankshaft bearings lying intermediate said
spindle bearings.

11. In a motion transmitting device having a
crankcase structure, a crankshaft journaled in
said crankcase structure, a spindle eccentrically
mounted in said crankshaft and having a load
receiving crank pin, and means for opposing the
centrifugal force acting on said spindle, said
means acting directly on said spindle.

12. In a motion transmitting device having a
crankcase structure, a crankshaft journaled in
said crankcase structure, a crank pin eccentrical-
ly carried by said crankshaft, counterweighting
means carried by said crankshaft and lying to
one side of the crankshaft axis opposite to the
side thereof cccupied by said crank pin, said
counterweighting means producing a couple act-
ing on said crankshaft in its longitudinal direc-
tion, and counterbalancing means rotatable with
said crankshaft and cooperating with said coun-
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terweighting means to oppose and substantially
neutralize the effect of said couple.

13. In a motion transmitting device having a
crankcase strueture, a crankshaft journaled in
said crankcase structure, a crank pin having its
axis parallel to the crankshaft axis and offset
therefrom, said crank pin having a load-receiv-
ing cantilever portion projecting beyond one end
of said crankshaft, counterweighting means car-
ried by said crankshaft and lying to one side of
the crankshaft axis opposite to the side thereof
occupied by said crank pin, said counterweight-
ing means producing a couple acting on said
crankshaft in its longitudinal direction, and
counterbalancing means rotatable with said
crankshaft and cooperating with said counter-
weighting means to oppose and substantially
neutralize the effect of said couple.

14. In a motion transmitting device having a
crankcase body member, & transversely extend-
ing bracket associated with said body member
and provided with an opening, a crankshaft ex-
tending through said opening, complementary
races formed in said crankshaft and said bracket
opening, anti-friction bearing elements operat-
ing in said races for journaling the crankshaft
In said bracket opening, and a crank pin carried
by said crankshaft and projecting through the
bearing formed by said races and bearing ele-
ments.

15. In a motion transmitting device having a
crankcase body member, a transversely extend-
ing bracket associated with said body member
and provided with an opening, a crankshaft ex-
tending through said opening, complementary
races formed in said crankshaft and said bracket
opening, anti-friction bearing elements operat-
ing in said races for journaling the crankshaft
in said bracket opening, a crank pin carried by
said crankshaft and projecting through the bear-
ing formed by said races and bearing elements,
and means for journaling sald crank pin for-
wardly and rearwardly of said bearing for rota-
tion relatively to said crankshaft.

16. In a motion transmitting device having g
crankcase body member, a transversely extend-
ing bracket associated with said body member
and provided with an opening, a crankshaft ex-
tending through said opening, complementary
races formed in said crankshaft and said bracket
opening, anti-friction bearing elements operating.
in said races for journaling the crankshaft in
said bracket opening, a crank pin carried by said
crankshaft and projecting through the bearing
formed by said races and bearing elements, said
bracket having an annular flange engaging said
crankcase -body member, and an end crankease
member housing one end of said crankshaft and
engaging said bracket flange. .

17. In a device of the character described hav-
ing a supporting structure, a rotatable crank-
shaft journalled in said structure, a spindle hav-
ing a cantilever crank pin portion projecting be-
yond one end of said crankshaft, means for
eccentrically supporting sald spindle in said
crankshaff, said crankshaft having a counter-
weight disposed eccentrically in & direction oppo-
site to that of said spindle, and counterweight
means rotating with said crankshaft and acting
on said spindle substantially independently of

_said crankshaft counterweight.

18. In a machine of the character described
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having a support, a crankshaft rotatably jour--

nalled in said support, a spindle having g load
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mounting said spindie in sald support, and means
acting on said spindle for distributing the load
between said bearings, said load distributing
means comprising a counterweight operably con-
nected to said spindle.

19. In a device of the character described hav-
ing a crankcase structure disposed centrally
thereof, a crankshaft rotatably journalled in saic
crankcase structure and disposed at one end of
the device, a spindle eccentrically carried by said
crankshaft and having a load receiving cantilever
crank pin portion projecting beyond one end of
said crankshaft, counterweighting means carried
by said crankshaft and lying tc one .side of the
crankshaft axis opposite to the side thereof oc-
cupied by said crank pin, said counterweighting
means producing a couple acting on said crank-
shaft in its longitudinal direction, and a fiywheel
carried by said crankshaft adjacent the other
end thereof, said flywheel having a counter-
weight co-operating with said counierweighting
means to produce a couple acting on said crank-
shaft in opposition to the first said couple.

90. In an internal combustion engine of the
radial type having a crankcase structure disposed
centrally thereof, a crankshaft rotatably jour-~
nalled in said crankease structure and disposed
at one.end of the engine, a spindle eccenirically
carried by said erankshaft and having & load re-
ceiving cantilever crank pin portion projecting
beyond one end of said crankshaft, counter-
weighting means carried by said crankshaft and
lying tc one side of the crankshaft axis opposite
to the side thereof occupied by said crank pin,
said counterweighting means producing & couple
acting on said crankshaft in its longitudinal di-
rection, a flywheel carried by said crankshaft
adiacent the other end thereof, said flywheel hav-
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ing a counterweight cooperating with said
counterweighting means to produce. a couple act-
ing on said crankshaft in opposition to the first
said couple, and bearings carried by the crank-
case structure for journalling said crankshaft,
one of said bearings being disposed beyond said
fiywheel in a direction toward the last said end
of said crankshaft, another of said bearings be-
ing disposed adjacent the first said end of said
crankshaft.

21. Tn an internal combustion engine of the
radial type having a crankcase structure disposed
centrally thereof, a crankshafi rotatably jour-
nalled in said crankcase structure and disposed
at one end of the engine, & spindle eccentrically
carried by said crankshaft and having a load
receiving cantilever crank pin portion projecting
beyond one end of said crankshaft, counter-
weighting means carried by said crankshaft and
lying to one side of the crankshaft axis opposite
to the side thereof occupied by said crank pin,
said counterweighting means producing a coupie
acting on said crankshaft in its longitudinal di-
rection, 2 flywheel carried by said crankshaft ad-
jacent the other end thereof, said fiywheel hav-
ing a counterweight cooperating with said
counterweighting means to produce a couple aci-
ing on said crankshaft in opposition fo the first
said couple, and bearings carried by the crank-
case structure for journalling said crankshaft,
one of said bearings being disposed beyond said
fiywheel in a direction toward the last said end
of said crankshaft, another of said bearings be-
ing disposed adjacent the first said end of said
crankshaft, said counterweighting means com-
prising masses respectively disposed at each side
of the last said bearing in the longitudinal direc-
tion of said cranlkshaft. .

ROGER E. LEE.
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