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INTERNAL COMBUSTON ENGINE 
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Chrysler Corporation, Detroit, Mich, a corpo 
ration of Delaware 

Application February 16, 1933, Serial No. 657,146 
21 Claims. 

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. 
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 in 
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 
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 
gines. 
Another 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 object is to reduce the friction be 

tween relatively movable parts of an internal 
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 

operating means for positively opening and clos 
ing WalWeS. 
Another object is to provide an arrangement 

of Valve Operating mechanisms wherein. One valve 
operating means forms a bearing for another 
Valve Operating means. 
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 to provide an improved crank 

shaft construction. 
Another object is to provide an improved bal 

ancing arrangement for the engine crankshaft. 

(C, 74-603) 
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 
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 Cons 

nection between a crank shaft and a valve can 
shaft which permits axial and radial movements 
of either shaft without transmitting axial Or 
radia thrusts to the bearings of the other shaft. 
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 horsepower. 
Other objects and advantages will become ap 

parent from the following description and ape 
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 - of Fig. 7; 
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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; 5-5 of Fig. 1; and, 6-6 of Fig. 7, 
respectively; 

Fig. 7 is a section, on a reduced scale, taken on 
the line 7-7 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 ; 

Fig. 10 is a section taken on line O-O of 
Fig. 1; w 

Fig. 11 is a diagrammatic representation of 
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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 2-2 of Fig. 13; 
and 

Fig. 13 is a fragmentary side elevation of parts 
illustrated in Fig. 12. 
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2 
larly to Figs. 1 and 7, an internal combustion en 
gine of the three cylinder Y-type is illustrated, 
the engine including a fixed crank case 20 and 
radially disposed cylinders 2 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 arid 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 27. The spaced concentric 
sleeves 22 and 23 provide water jacket spaces 
30 along the cylinder walls which communicate 
through parts 3 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. i 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 
jacket Spaces 35 communicating with the spaces 
32 in the top members 25. Referring also to 
Fig. 8, bolts 36 are provided for securing the cyl 
inder heads 35 to the top members 25, a suitable 
gasket 3 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 within the inner sleeve 22 which con 
stitutes the cylinder wall of each cylinder is a 
piston 40 that is made up of a skirt portion 4 and 
a headportion 42, both being of aluminum or sim 
ilar light weight metal or alloy. The skirt portion 
4f 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 4 
and the head member 42 are provided with aligned 
Openings 43 for the reception of lug members 

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 4 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 5 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 permanently 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 49 is pro 

vided with a ring groove 52 for the accommoda 
tion of a piston ring 53. In this connection it is 
noted that the engine is designed to rotate at a 
Speed of approximately 10,000 revolutioFas gaF 

provided in each piston to insure even operation 

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 5 
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 

O 
of the motor at or near idling Speeds. The LSe 
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 
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25 

each piston and also by the reduction in the 
weight and accordingly the reduction in the in 
ertia of the pistons, 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 2 and as indicated at 58 for the accom 
modation of Wave operating means which will be 
described later. The end member 55 of the crank 

30 

case is essentially bell shaped and centrally aper- 40 
tured at the forward end thereof for the recep 
tion of a crank shaft 60. 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 45 
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 5 
of the crank case. The rear portion of the 
crank Shaft 60 is provided With an enlargement 
66 in Which is journaled, eccentrically or off-set 
with respect to the axis of the crank shaft, a 55 
spindle TO, which projects rearwardly beyond the 
end of the crank shaft to provide a crank pin 76. 
In connection. With the anti-friction bearing 

63 it will be noted, referring particularly to Fig. 1, 
that the balls operate in an inner ball race 63a 
formed directly in the enlarged end portion of 
the Crankshaft, the outer race 63b being formed 
directly within the crankshaft receiving opening 
63 of the transverse crankcase wall bracket 
member 63d. This wall member has an outwardly 65 
extending annular flange 63e positioned between 
the annular crankcase flange 65 and the adjacent 
end of the end member 55, these parts being ap 
propriately Secured together. By machining or 
grinding the ball races 63a and S3c directly in 70 
the Crankshaft and wall 53d 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 63. 
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The spindle 70 is journaled adjacent its rear 

end by a roller bearing 7 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 O at the forwardly disposed end of the 
enlargement 66 of the crank shaft 60. The 
spindle O is maintained in position within the 
bearings 7 and 72 by a shoulder 3 which abits 
the forward face of the bearing 2 and by a nut 

and lock washer 75 secured to the forward 
end of spindle O. 
The rearwardly projecting end portion 6 of 

the spindle TO forms the engine load-receiving 
crankpin on which is journaled the annular bear 
ing member 5 connected to a connecting rod 
member 50, and also journals the annular bearing 
members 80 and 8 on the connecting rods of the 
remaining cylinders. This crank pin portion 6 
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 8 is offset rearwardly to a slight extent 
relative to the tubular member 50 of its con 
necting rod. All of the bearing members 5, 80 
and 8 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 8 together with a rearwardly offset portion 
of the bearing member 5 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 5f abuts another 
shoulder portion 83 at its forward edge. The 
spindie T0 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 5 to maintain 
the bearing members 5, 80 and 8 in assembled 
relation. The bearing member 5 is slotted as in 
dicated at 90 and 9 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 
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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. So 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 5, 80 and 8 
and the crank pin 76 and spindle TO will exert 
relatively heavy centrifugal forces on the spindle 
bearings if and 72, and that the bearing must 
Cary the major portion of this load. To dis 
tribute this load more uniformly between the 
bearings and 2, a counter-weight 92 is mov 
ably mounted in the enlarged portion 66 of the 
crankshaft and provided with a bearing 93 jour 
nailed on the spindle 70. Referring to Figs, 1 and 
10, a slot 84 is provided in the enlarged portion 66 
of the crank shaft for the accommodation of the 
counter-weight 92. The slot 94 is radially cut 
into the enlarged portion 66 in the direction of 
the axis of the spindle O relative to the axis of 
the crank shaft, indicated at 97, So that the cen 
ter of gravity of the counter-weight 92, indicated 
at 96, is diametrically opposite the axis of the 
spindle.70 relative to the crankshaft axis. When 
the crankshaft is rotated at high speed the COun 

3 
ter-weight 92 exerts a force in a direction opposite 
to the force exerted by the spindle 70 so that by 
providing a slight amount of clearance as indi 
cated at 95 at the end of the counterweight 92 
opposite the spindle, the counter-weight may ex- 5 
ert a force on the bearing 93 downwardly as in 
dicated in Fig. 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 and 2. 

For high speed operation of the engine it is 
desirable that all movable parts of the engine 
should be as perfectly balanced as is p0SSible. 
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 
76 and the elements connected thereto, all of 
which are eccentric with respect to the axis of 
the crank shaft 60. During rotation the crank 25 
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 OO integral with the 
enlarged portion 66 and disposed diametrically 
opposite the bearing f. The counter-weight 00, 
however, cannot be disposed in the same plane as 35 
the forces acting on the crank pin 76 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 6 of Fig. 11 and this force, together 40 
with the force produced by the counter-weight 
00, 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 crankshaft 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 

opposite the bearings 93 and 2, and the other 
in the form of a counter-weight 92 forming an 
integral part of the fly wheel 03. The center of 
mass of the counter-weight 102 thus lies in the 55 
plane containing the axes of the spindle O and 
crankshaft 60. The fly wheel 3 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 05. Thus, the forces 60 
acting on the crankpin 76 and represented in Fig. 
11 by the arrow is and the force produced by the 
counter-weight foG and designated by the arrow 
0 in Fig. 11 produce a couple tending, to cause 

a clockwise rotation or defection of a portion of 65 
the shaft 60 at one side of the bearing 63, while 
the masses if and O2 exert forces constituting 
a couple having an equal and opposite effect upon 
the crankshaft 60 and applied upon the opposite 
side of the bearing 63. Weights may be added 70 
to or taken from any one or more of the counter 
weights AOO, Oi and 02 until the crankshaft and 
elements connected thereto are dynamically and 
statically balanced relative to both of the bear 
ings 63 and 62. 
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4. 
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 O in which a hollow stub 
shaft f is supported in alignment with the 
axis of the crankshaft 60. A gear 2, 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 a bolt 

4. The disc 3 is provided with slot-like 
apertures 5, elongated in a radial direction, one 
of which is adapted for engagement with a lug 
f6 projecting from the plug 86 threaded into the 
end of the crank pin 76. The gear 2 and disc 
3 are given equal rotation with the crank shaft 

and the slot 5 permits relative movement other 
than rotation of either the stub-shaft or crank 
shaft 60 in the event of deflection of either shaft. 
Three can shafts 20 are journaled in the Sup 
porting, partition O and end member 56 and 
each can shaft is provided with a gear 2 ar 
ranged in equidistant and equiangular position 
relative to the axis of the Stub-shaft and 
crank shaft 60. The gears 2 í are each of a 
diameter twice that of gear 2 and spaced from 
each other. All of the gears 2 mesh with the 
gear 2 so that each of the camshafts 20 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 23 journaled between the cylinder head 
34 and the top member 25 of a cylinder 2. Each 
Shaft 20 has four cams 24 secured thereto 
against relative rotation. The cams 24 are ar 
ranged in pairs on the shaft 20, 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 f23 has an arm 25 
fixed thereto which supports at the outer end 
thereof a valve 26. The valves 26 form the ex 
haust valves for the engine cylinders and each co 
Operates with a valve seat insert 2 provided in 
the upper portion of the top members 25. Thus 
the valves 26 cooperate with the valve seat insert 
27 to close the exhaust passages 30 provided in 
the cylinder head 34. Each valve operating 
shaft 23 is also provided with an operating arm 
3 upon the free end of which is disposed a roll 
32 adapted to cooperate with the cams 24 

fixed to the can shafts 20. Each cam upon the 
shafts 20 cooperates with a suitably shaped cam 
provided upon an adjacent shaft so that both 
CanS remain in contact with roll 32 at all times. 
These cams are so shaped that when the cam on 
one shaft begins to lift the roll 32 the cam Sur 
face of the can on the other shaft allows the 
roll 32 to approach the axis of the latter shaft. . 
In the construction shown in Fig. 7, the cams 
which open the valves 26 are in the general form 
of an involute tooth and the cans 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 23 are journaled in 
aligned recesses 34 and 135 provided in the con 

2,047419 
tacting faces of the cylinder heads 34 and top 
portions 25, respectively. The recesses 35 are 
enlarged as indicated at f36 for the reception of 
a sleeve 37 to which is fixed an operating arm 
39 for an intake valve 38. The operating shafts 5 
23 and 3 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 25 and 39 may be provided with annular 
shoulder portions 4 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 43 is fixed to the valve operating 
sleeve 3 and the free end of this terminates in 
a roll 32 as previously described. The cylinder 
top members 25 and cylinder heads 3 may be 
provided with complementary exténsion mem- 20 
bers i5 adjacent the ends of the recesses 34 
and 35 to provide outboard bearings for the 
longer operating shafts 23 and 37. The bosses 
45 will be different engths 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 cans 24 shown 
in Fig. 1 COOperates with a pair of cams. On an 
other shaft 20 to operate the valve means for 
the cylinder shown in Fig. 1, the valve operating 30 
arms 43 and 3 being mounted on the shafts 
23 and 3 at points adjacent the side of the 

cylinder head 34 indicated in Fig. i. The valves 
of another cylinder require shafts of a length in 
dicated in full line in Fig. 8 and the operating 8 
arms therefore cooperate with the pair of cams 
24 shown in the rearmost position in Fig. i. 
The cams for operating the valves of the remain 
ing cylinder are not shown in Fig. i but are 
mounted on the two remaining camshafts 20 and 40 
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 45 will terminate at a point 
indicated by the dot-and-dash line 46 of Fig. 8. 
Casing members 48 cover the cored out open 
ings 58 in the crank shaft body portion 56 and 
also cover the valve operating. arms 3 i and í 43. 
These casing members may be attached to the 50 
crank case supporting member 54 by Screws í 48 
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 20. The distributor may comprise a ro 
tor 5 secured to shaft 20 and a removable 
cover member 52 provided with radially disposed 
spark plug lead 53 and power lead socket 54. 
The socket 54 is connected to a rotary brush 
56 by a spring 57 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 Con 
prising a valve member 60 having a seating pore 
tion 6 adapted to engage a valve seat insert 
a 27 and a second seating portion 62 adapted to 10 
engage a beveled head member 63 secured to or 
forming an integral part of a valve operating arm 
25. A backing ring ? 65 may be welded or 

otherwise Secured to the operating arm 25 to 
retain the valve member 60 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 

5 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 34’ is secured thereto. A poppet valve 
26' is provided with a hollow stem 7 which is 

10 internally threaded to receive the lug 72 of a 
guide means 77. A locknut 78 may be provided 
to maintain the lug 72 and stem fill in locked 
adjustment. A valve guide 80 is provided to 
slidably receive a stem 7. A slide member 76 

15 is pivotally connected to the end of operating arm 
f75 and slidably received within the guide 77. 
The operating arm 75 is secured to a valve oper 
ating shaft 23' or 37 to which are also secured 
operating arms 3' and f43’ 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 26'. 
in this instance the cam for opening the valve ° 26' is essentially wedge shaped, while the cam 
employed for closing the valve 26' is of circular 
outline with an arcuate portion removed there 
from. The Outlines of the cans 24' are so 

30 shaped that as one cam is lifting the operating 
arm 3 or 43’ 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 I 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 

40 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 

50 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 

60 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 

65 intended that all matter contained in the above 
description or shown in the accompanying draw 
ings shall be interpreted as illustrative and not in 
a limiting Sense. 
What I claim is: 

70 1. In an internal combustion engine having a 
crank 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, a spindle 

75 eccentrically journaled on Said crank shaft, with 
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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 crankshaft constituting an eccen 
tric mass diametrically opposed to said spindle 5 
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 10 
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, ?5 
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 a 
Crank case, a crankshaft, an eccentrically ar 
ranged crankpin secured to an end of said crank- 25 
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 30 
from said crankpin, a pair of counter-weights ar 
ranged. On Said crankshaft with the centers of 
gravity thereof diametrically opposed to said 
crankpin 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 its 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, a crankshaft journaled in said crank 
case, a spindle, axially spaced bearings eccentri 
cally arranged on said crankshaft and journaling 
said spindle therein, with one end of said spindle 
projecting outside said bearings and beyond an 
end of said crankshaft, another bearing on said 
spindle intermediate said first-named bearings, 
and a mass rotatably supported by said last 50 
named bearing and arranged with its center of 
gravity eccentric with respect to the axis of said 
crankshaft and diametrically opposed to said 
spindle. 

4. În an internal combustion engine having a 55 
crank case, a crank 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 crankpin portion ex- 60 
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 65 
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- 70 
tween said pair of bearings in a direction longi 
tudinally of said crankshaft. 

6. In a device of the character described, a 
crankcase structure, a rotatable crankshaft, a 
spindle eccentrically carried by said crankshaft 75 
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and journaled therein for rotation relatively 
theireto, said Spindle having a cantilever crank 
pin portion projecting beyond said crankshaft, 
a bearing for Said crankshaft in Said crankcase 
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 notion transmitting device having a 
crankcase 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 
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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 
crankcase 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 
crankcase structure, and bearings spaced longi 
tudinally of Said crankshaft 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 crankshaft 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 crankpin, 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 crankpin 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 occupied 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 structure, 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 cantiiever 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, 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, 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 said crank pin for 
Wardly and rearwardly of said bearing for rota 
tion relatively to said crankshaft. 

16. 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 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 crankcase 
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 said spindle in said 
crankshaft, said crankshaft having a counter 
Weight disposed eccentrically in a 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 a load 
receiving crankpin, Spaced bearings eccentrically 75 
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mounting said spindle in said 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 said: 
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 to 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 flywheel 
carried by said crankshaft adjacent the other 
end thereof, said flywheel having a counter 
weight co-operating with saidi counterweighting 
means to produce a couple acting on said crank 
shaft in opposition to the first said couple. 

20. In an internal combustion engine of the 
radial type having a crankcase structure disposed 
centrally thereof, a, crankshaft rotatably jour 
nalled in said crankcase structure and disposed 
at One. end of the engine, a spindle eccentrically 
carried by said crankshaft and having a load re 
ceiving 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 couple 
acting om Said crankshaft in its longitudinal di 
rection, a flywheel carried by said crankshaft, 
adjacent the other end thereof, said flywheel hav 

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 
flywheel 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. In an internal combustion engine of the 
radial type having a crankcase structure disposed 
centrally thereof, a crankshaft rotatably jour 
halled in Said crankcase structure and disposed 
at one end of the engine, a 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 couple 
acting On Said crankshaft in its longitudiina di 
rection, a flywheel carried by said crankshaft ad 
jacent the other end thereof, said flywheel hav 
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 
flywheel in a direction toward the last said end 
of Saidi 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 crankshaft, 
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