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UNITED STATES PATENT office 
AUTOMATIC CLUTCH FOR MOTOR 

VEHICLEs 
Bruce Burns, Santa Monica, Calif., assignor to 
Salsbury Corporation, Inglewood, Calif., a cor 
poration of California 

original application January 30, 1939, serial No. 
253,557. Divided and this application Septem 
ber 29, 1939, serial No. 297,064 

(C. 192-105) 6 Claims. 
This invention relates to clutches and more 

particularly to an automatic clutch adapted to 
be used in light weight motor vehicles and to 
serve as power transmitting means between the 
engine and a driven road-engaging wheel of the 
vehicle. 
. It is an object of my invention to provide an 
automatic clutch through which the driven wheel 
or wheels of a vehicle may be automatically con 
nected and disconnected with the engine at a 
certain critical speed of the engine without at 
tention from the driver of the vehicle. 
Another object of the invention is to provide, 

in a motor vehicle, automatic clutch means which 
permits free idling of the engine within its nor 
mal idling range, but in which the clutch is auto 
matically engaged to cause forward movement of 
the vehicle when the speed of the engine exceeds 
a predetermined value. 

Still another object is to provide an automatic 
clutch construction which is cheap to construct 

O 
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in large quantities, which is efficient and con 
venient to operate, which requires a minimum of 
attention, and which is of long life. 
These and other apparent objects I attain in 

a manner which will be clear from a considera 
tion of the following description taken in con 
nection with the accompanying drawings, in 
which: 

Fig. 1 is a view partly in Cross-section of a 
preferred form of the automatic clutch appa 
ratus in driving position and an associated driven 
pulley forming a part of a vehicle driving mech 
anism; 

Fig.2 is a partial cross-sectional view with the : 
clutch mechanism of Fig. 1 shown in idling posi 
tion; w 

Fig. 3 is a sectional view of the clutch mecha 
nism taken along the line 3-3 of Fig. 1, look 
ing in the direction indicated by the arrows; 

Fig. 4 is a horizontal sectional view of the 
clutch mechanism taken on the line 4-4 of Fig. 
1, looking in the direction indicated by the 
arrows; 

Fig. 5 is a sectional view of the clutch mecha 
nism taken along the line 5-5 of Fig. 1 in the 
direction indicated by the arrows; 

Fig. 6 is a partial plan view of the clutch shown 
in Fig. 1, looking in the direction indicated by 
the arrow 6; 

Fig. 7 is a sectional view of the driven element 
of the transmission shown in Fig. 1 taken along 
the line T-7 in the direction indicated by the 
arrows; 
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8-8 of Fig. 1 in the direction indicated by the 
arrows; 

Figs. 9, 10 and 11, respectively, are cross-sec 
tional views of portions of alternative forms of 
clutches. 
The clutch means constituting the present in 

Vention is particularly useful for driving light 
weight vehicles adapted for messenger and/or 
light delivery service. The vehicle (not shown) 
is propelled by an engine, generally indicated by 
the numeral 4 ?, having a crankshaft 44. Asso 
ciated with the crankshaft 44 of the engine 4 
is an automatic clutch unit 45 which is in driving 
relation with a countershaft unit 46 through a 
V-belt 4. The countershaft unit 46 is mounted 
On a countershaft 48 rotatably supported in bear 
ings 50, in turn supported by the wheel housing 
40. The countershaft 48 extends in a transverse 
horizontal direction through the wheel housing 
40 and carries a sprocket S on the end thereof 
Opposite to that with which the countershaft unit 
4 is associated. The sprocket S is adapted to 
impart a drive to one of the road wheels (not 
shown) of the vehicle. 
The crankshaft 44 of the engine 4 projects 

from a bearing boss OO on the side of the crank 
case 0 of the engine 4, and carries a hub O2 
and a housing 03 which are preferably welded 
together. A pair of diametrically opposed flat 
faces fo4 milled on the extended end of the 
crankshaft 44 engages mating flat surfaces in 
the end of the hub 02 in such manner that the 

40 

crankshaft 44, and the hub O2 are rotatively 
keyed together. A nut fos engages threads on 
the extended end of the crankshaft 44 and, act 
ing through a washer fos, holds the hub O2 
firmly in place on the crankshaft 44. Freely 
journaled on the cylindrical outer surface of the 
hub foz, with suitable end clearance, is a bush 
ing 0 which is pressed into and carries a tubu 
lar pulley hub 08. An inclined pulley face f l O 
is welded to the exterior of the pulley hub 08. , 

5) 

Another inclined pulley face f opposed to 
the pulley face O is adapted to slide and rotate 
on the pulley hub foe and for this purpose the 
pulley face f is welded on a sleeve 2 within 
which are pressed a pair of spaced, hardened 
steel bushings f which slide on the hardened 
and ground exterior surface of the pulley hub 
08. Three posts 4 are riveted to the pulley 

face if at circumferentially spaced locations, 
and through a hole in each of these posts a 
spring f is passes and is anchored so as to permit 
it to oscillate in a plane parallel to the axis of 

Fig. 8 is a sectional view taken on the line 55 the unit 45, but to be retained against the action 
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of centrifugal force. The springs 5 preferably 
consist of loops of wire pivotally connected at 
one end to the posts f4 and at the other end 
connected in a similar manner to posts 6 which 
are riveted to a dish-shaped housing . The 
housing 7 is formed with a series of circum 
ferentially spaced keys f8 which engage corre 
sponding slots 20 in the end of the pulley hub 
08 and are held in place by a snap ring 2 

engaging a groove on the pulley hub 08. Com 
pression type helical coil springs 22 and 23 
surround the pulley hub f8 and are compressed 
between the housing 7 and the pulley face , 
thus urging the pulley face if toward the pulley 
face f O at all times. It is apparent that the 
pulley face f l is axially movable relative to the 
pulley face f O and the housing 7, but is con 
strained to rotate therewith by reason of the 
torque link springs 5. 

Referring now to that portion of the unit 45 
which functions as an automatic clutch, it will be 
seen that an annular ramp 25 is spun in place at 
26 to form an integral unit with the housing fo3 
and the hub fo2. Shrouded within the ramp 
member 25 is a floating plate 27 which is free 
to move axially relative to the ramp but is rota 
tively keyed thereto by fingers 28 which pass 
through holes in the ramp 25. Disposed annu 
larly between the floating plate 27 and the ramp 
25 is a circumferentially resilient centrifugal 
element, preferably having the form of a grom 
met spring 30, and preferably consisting of a 
closely wound spring with its ends hooked to 
gether to form a ring and within which is a simi 
lar spring 3 of smaller pitch diameter with its 
ends left free. The grommet spring 30 is prefer 
ably so wound and proportioned that when in 
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place within the ramp 25, it retracts itself into 
firm contact with the curved innermost portion 
of the ramp. The ramp 25 is so shaped that it 
approaches the plate 27 as it proceeds outwardly 
from the axis of rotation, so that enlargement 
of the grommet spring 30 to a larger radius re 
sults in movement of the grommet spring toward 
the floating plate 27. Located between the float 
ing plate f2 and the housing 03 is a clutch ele 
ment preferably comprising an annular metal 
plate 132 having friction faces 33 and 34 riveted 
to opposite sides thereof. The innermost por 
tion of the plate 32 is sheared and formed to 
produce a series of spaced teeth 35 which mesh 
with a mating series of similarly formed teeth. 
36 on a member 37 which is permanently at 
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tached to the concave side of the pulley face O 
by lugs 39 passing through holes in the mem 
ber 37. As seen best in Fig. 4, the teeth 35 
are formed by shearing the innermost edge of 
the plate 32 radially and bending the adjacent 
portions away from the line of shear into planes 
perpendicular to the plane of the plate 32. In 
this manner a pair of teeth is formed leaving a 
space between, and this Operation is repeated 
around the edge of the plate to form a series 
of such pairs of teeth. A similar operation is 
used to form the pairs of teeth 86 on the outer 
most edge of the member 8. The teeth on the 
two mating members are so spaced that a pair 
of teeth 36 fits with suitable clearance in the 
space left by bending out a pair of the teeth 
35, all of the teeth being directed in the same 
direction. It will be evident that this toothed 
connection compels the plate 32 and the mem 
ber 37 to rotate together while permitting the 
plate 32 to move axially with respect to the 
member 37. 
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as viewed from the right side in Fig. 1. 

the influence of the V-belt 47. 

2,260,796 
The member 37 is formed along its innermost 

edge with inclined teeth f38 which are preferably 
punched out therefrom, as shown in Fig. 4. The 
inclined teeth f38 preferably have about a 6 
lead angle and have engaging surfaces that ex 
tend toward the housing 03 as one progresses 
in a direction opposite.to the direction of rotation 
of the engine crankshaft 44. A cup-shaped men 
ber 40 is shrouded within the member 37 and 
has formed along its innermost edge a series of 
inclined teeth 4 opposed to and adapted to 
mate with the inclined teeth 38. Within the 
member 40 is pressed a cup 42 which carries an 
annular ring 43 of friction material. A wave 
form or marcel spring 44 of small wire is so pre 
formed and positioned to bear on the member 
140 and the member 137 to force the friction ma 
terial 43 into contact with the housing 103. It 
will be noted that the pressure of the spring 44 
also tends to hold the pulley face 0 in the ex 
treme rightward position, as shown in Fig. 1. 
In the operation of the unit 45, that part of 

the apparatus lying between the housing 03 and 
the member 37 serves primarily to permit start 
ing of the engine 4 by simply moving the 
vehicle forward. In lightweight two-wheel and 
three-wheel vehicles of the type to which trans 
missions of the character of that herein dis 
closed are most readily applicable, it is often in 
convenient and expensive to provide conven 
tional electric starting mechanisms, and it is 
usually inconvenient, if not undesirably expen 
sive, to provide kick starters or hand cranks. 
The apparatus of my invention thus Overcomes 
the inherent disadvantages of the above men 
tioned types of starting through provision of the 
overrunning clutch starting mechanism described 
above. 
As illustrated in the drawings, the engine 4f 

is considered to rotate in a clockwise direction 
It is 

apparent that forward motion of the vehicle with 
the engine stationary, therefore, results in similar 
clockwise rotation of the pulley face to under The inclined 
teeth 38 are, therefore, moved in a clockwise 
direction. Since the friction material 43 is held 
against the housing fo3 by action of the marcel 
spring 44, the member 40 and the inclined 
teeth 4 lag behind the inclined teeth 38 and 
are thus brought into engagement therewith. 
Continued forward motion of the vehicle and 
resultant clockwise rotation of inclined teeth 38 
acts by reason of their inclination to the plane 
of rotation, to urge the member 40 and the 
friction material 43 into closer and closer con 
tact with the housing fo3 until a sufficiently great 
frictional force between material f43 and hous 
ing fo is produced to cause rotation of the 
housing fo, hub 02 and crankshaft 44 of the 
engine 4. Continued rotation of the engine 
crankshaft causes the engine to start. 
After the engine has started, if the pulley face 

to be moving slowly, as is usually the case, the 
engine even at idling speed will rotate faster 
than does the pulley assembly, with the result 
that the inclined surfaces of the teeth (4 will 
be rotated out of engagement with the inclined 
Surfaces of teeth 38 and the radial ends of 
teeth 4 will engage the ends of teeth 38. This 
leaves the force of the marcel spring 44 as the 
Only force tending to maintain the frictional 
connection between the material 43 and hous 
ing 103. This force is small compared to that 
required to transmit the torque necessary to 
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therewith will occur even under full throttle move the vehicle, so, with the vehicle stationary, 
the engine is permitted to idle freely, restrained 
only by the very slight braking effect caused by 
contact of the friction face 43 with the housing 
f03 under the small axial force of the marcel spring 44. 
Not only does the above described starting 

mechanism permit starting the engine by push 
ing the vehicle forward, but it also insures against 
the engine stalling when the centrifugal clutch is 
disengaged while the vehicle is still moving fore 
Ward under its momentum, for under these condi 
tions the vehicle will drive the engine throug 
the inclined teeth 38 and 4. 
This mechanism also acts as an overrunning 

clutch to permit the vehicle to be pushed back 
Ward freely without rotating the engine, which 
is often of advantage in maneuvering in close 

O 

quarters. When the vehicle is moved backwardly . 
the inclined teeth 38 will be rotated in a counter 
clockwise direction as viewed from the right in 
Fig. 4 and the radial faces of the teeth f38 and 
4 will engage, causing the member 40 to be 
rotated in a counterclockwise direction also. The 
frictional force between the friction face 3 and 
the housing 03, being the result of Only the axial 
force of the marcel spring 44, is insufficient to 
transmit any considerable amount of torque, SO 
for all practical purposes the engine is left free 
to idle or remain stationary while the vehicle is 
noved backward. 
Following starting of the engine as described 

above, the unit 45 is adapted through a centrif 
ugal clutch action to automatically connect the 
engine to the pulley (0-ff to drive the vehicle 
when the speed of the engine exceeds a certain 
predetermined value. When the crankshaft 44 
of the engine is rotating, the hub O2, the hous 
ing 03, the ramp 25, and the floating plate 2 
rotate as a unit. When the speed of rotation 
is low, as in idling of the engine, the parts occupy 
positions as shown in Fig. 2. The extended an 
nular coil spring 30 is nested within the ramp 
25 and rotates with the ramp. In the position 
shown in Fig. 2, the spring 30 exerts no axial 
force on either the floating plate 2 or the 
ramp 25, permitting the plate 32 to remain 
stationary while the other clutch elements rotate 
about it. The spring tension and total Weight of 
the gromnet spring are so balanced that, in the 
normal idling range of the engine, it will remain 
in the retracted position shown in Fig. 2, but upon 
increase of engine speed appreciably above the 
idling range centrifugal force acting upon the 
grommet spring will expand it radially to a 
greater circumferential length. As the gronmet 
spring moves outward it is forced in the direction 
of the floating plate 2 by the frustO-conical 
surface of the ramp 2, and moves the floating 
plate 2 into contact with the friction face 3. 
Continued expansion of the gromnet spring 0 
causes the plate 32 to be moved until the frica 
tion face f34 contacts the housing 08, when the 
plate 32 will tend to be driven by frictional con 
tact with a moving surface on either side. The 
clutch in the engaged position is shown in Fig. 1. 
Gentle engagement of the clutch, with slippage, 

90 
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a hill or pulling a 

3 

torque of the engine. Rotation of the plate 32 
during engagement of the clutch is, by reason of 
the engagement of the teeth 35 and 36, accome 
panied by rotation of the member 37 and the 
pulley face fle connected therewith. 

It will be evident that torque is transmitted 
through the pulley hub 08, housing 7 and torque 
link springs ffs to also rotate the pulley face 
fl. As the clutch is engaged, then, the vehicle 
moves forward and the clutch remains engaged 
until, due to the closing of the throttle or in 
crease in resistance to motion of the vehicle, the 
engine speed drops below the speed at which the 
clutch initially locked iri. When the speed drops 
below this value, the clutch again slips. 

If the engine is slowed down due to increased 
resistance to motion of the vehicle, as in climbing 

eavy load, the clutch will 
slip under full engire torque, transmitting this 
torque to the rest of the transmission and holding 
the engine speed down to a speed slightly below 
the one at which locking in of the clutch, normally 
occurs. If the increase in resistance to travel be 
sufficient to completely stop the vehicle, the 
clutch will continue to slip under full engine 
torque, but it will be impossible to stall the en 
gine. If, however, the engine speed be intention 
ally reduced by closing the throttle, the clutch 
will disengage as the engine speed drops back 
through the engaging range into the normal 
idling range and the engine will then idle freely. 
The engine speed at which the clutch starts to en 
gage as well as that at which it finally "locks in." 
for any particular engine torque may be readily 
predetermined by proper balance of the weight 
of the grommet spring 30, the initial tension of 
the spring, and the shape of the ramp 25. Indi 
vidual or combined variation of these factors per 
mits predetermination of engaging and locking-in 
speeds over an almost unlimited range. 
The automatic clutch unit 35 drives the coun 

tershaft unit 46 through the V-belt 4, the two 
units 45 and 46 comprising an automatic trans 

5 mission adapted to vary the effective transmis 
sion ratio as the vehicle speed changes, the ratio 
of engine speed to wheel speed being high for 
low speeds of the vehicle and being decreased 
as the vehicle speed increases. The countershaft 
unit 46 is mounted on the countershaft 8 which 
is supported in the bearings 50 retained in the 
wheel housing 40, and is restrained against 
motion along its own axis by a nut 50 bearing 
against the sprocket 5f at one end of the wheel 

SS 
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housing and by a snap ring 5 and a shroud 52 
cooperating with a groove in the countershaft at 
the other end of the wheel housing. On the 
end of the countershaft 48 is mounted a pulley 
face and housing member 3, a disc 5, a hub 
65, and a sleeve SE, all welded into one unit. 

The hub SS is fitted to the countershaft 8 and 
is rotatively connected thereto by a key 5 
which is positioned in a diametric slot in the 
countershaft 48 and engages diametrically op 

65 

thus begins at some predetermined speed above 
the normal idling range, and increase of engine 
speed above this value increases the axial force 
due to the centrifugal expansion of the gronmet 
spring 0, this in turn increasing the clutch 
torque until a point is soon reached at which no 
further slippage between the friction faces , 
34, and the rotating surfaces 3, 27 in contact 

70 

s 

posed key-ways 58 in the hub is. A snap ring 
BO cooperating with a groove in the counter 

shaft 48 restrains the hub is from outward 
axial movement. For the purpose of compensat 
ing for belt wear, as hereinafter described, a 
washer 49 is positioned surrounding the shaft 
48 and is limited in its rightward travel by 
abutment against the end of the key 5. The 
G travel of the key 57 in turn is deter 
lined by the adjustment of a screw is in 
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threaded engagement with the shaft 48 and bear 
ing against the key 57. 
An axially movable inclined pulley face 6 

is opposed to the pulley face 53 so as to co 
operate thei'cwith in providing inclined contact 
Surfaces for the belt 47, and is piloted on the 
sleeve 56 by the inner tubular portion of an an 
nular ramp 62 which is attached to the pulley 
face 6 by bending over the end portion f63 
thereof. A cylindrical cage 64 is piloted on the 
countershaft 48 adjacent the Snap ring 5 and 
comprises a Series of circumferentially spaced 
fingers 65 extending through circumferentially 
Spaced apertures 66 in the pulley face 6 and 
apertures 67 in the pully face 53. The in 
Wardly bent ends of fingers 65 are projected 
over a snap ring 68 surrounding the cylindrical 
housing portion of the pulley face 53, and are 
clamped, so as to attach the cage 64 to the 
pulley face 53, by a closed clamping ring 70 
which is sprung over and seated in the outwardly 
tulined ends of fingers 65. Between the fingers 
65 the interrupted cylindrical edge of the cage 
64 is bent inwardly with a V-shape at suitable 
angles to provide a series of aligned pairs of full 
crum edges ff. U-shaped shoes 72 of suitable 
abrasion-resistant metal are slipped over the full 
Crum edges f. Pivoted about the fulcrum edges 

lf are a plurality of equalizer arms 73, prefer 
ably three in number and equally spaced around 
the cage f64, which are grooved at 74 to provide 
bearing grooves for the fulcrum edges, and aper 
tured at 75 to permit a finger 65 of the cage 
to pass through. The curved outermost ends of 
these arms engage the back side of the pulley 
face 6 and are restrained against circumferen 
tial and axial movement relative to the pulley 
face by fingers 76 and 77 which form a part 
of the pulley face and which are bent over the 
Sides of the equalizer arms 73 to permit free 
radial movement of the ends of the arms along 
the pulley face. Shoes 78 of abrasion-resistant 
sheet metal are retained by the fingers T6 and 
fl and interposed between the ends of the 
equalizer arms and the back of the pulley face 
6 to permit relative sliding motion of these 
parts without lubrication. The innermost ends 
of the equalizer arms T3 bear against the frusto 
conical end of a member 80 which is slidably 
mounted on the countershaft. 48. Hardened steel 
ringS 8 are pressed into the member 80 to 
provide bearing surfaces in contact with the 
countershaft. The member 80 is urged in the 
direction of the equalizer arms 73 by resilient 
means, preferably comprising two compression 
Springs 82 and 83 of different pitch diameters 
positioned in the space surrounding the cylin 
(drical portion of member 80 and within the 
sleeve f56, and bearing at one end against the 
member 80 and at the other end against a 
Washer 84 which abuts diametrically opposed 
adjusting screws 85 and 86 threaded through 
the hub 55. By means of the adjusting screws 
85 and 86 the compression of the springs 82 
and 83 may be changed. 

It is evident that the force of the springs 182 
and 83 acting through the member 80 against 
the inner ends of the equalizer arms 73 keeps 
these arms in firm engagement with the fulcrum 
edges f at all times and results in the outer 
ends of the arms 73 exerting a force on the 
pulley face 6 tending to move it toward the op 
posed face fS3. Since all three arms 3 are 
acted upon equally, force is evenly applied to 
the pulley face 6 and the entire pulley face 
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is moved evenly in an axial direction. The force 
against the fulcrum edges 7 holds the cage 
64 against the shroud 52 and the snap ring 5, 

so that the cage is fixed in position relative to 
the pulley face 53. The reaction of the springs 
82 and 83 against the washer 84 and the 

screws 85 and 86 holds the hub 55 firmly in 
place against the snap ring 60. 
Within the housing portion of the pulley face 

member 53 is situated an annular ramp 87 
which is loosely piloted at its central hole on 
the sleeve S6 and more snugly piloted at its 
periphery by the shoulder 88 of the pulley face 
member 53. Between the ramp 87 and the 
pulley face 53 a marcel Spring 90 is compressed 
So that it has a slight tendency to move the 
ramp 8 toward the opposed ramp 62. Con 
fined between the opposed ramps 62 and 8 
is a plurality of steel balls 9 which engage the 
ramps 62 and 87 on either side. The ramps 
f62 and 8 are so shaped that the axial separa 
tion therebetween diminishes with increasing 
distance from the countershaft 48, and so that 
they never open far enough apart to permit the 
balls 9 to pass out of confinement between 
the ramps. The tendency of the springs 82 and 
83 is to cause the pulley face 6 to approach 
the pulley face 53, thus bringing the ramps 62 
and 8 nearer together and reducing the diam 
eter of the circle of balls 9 f. The balls 9 are 
preferably of Such diameter and in such num 
ber that when the unit 46 is not in rotation the 
balls lie in an annular ring closely around the 
sleeve 56 with each ball lightly pressed against 
the adjacent balls by the tendency of the two 
ramps to approach. One another. Rotation of the 
unit 46 causes the balls 9 f to fly outwardly 
against the ramps 62 and 87, forcing the ramp 
62, and with it the pulley face 6f, away from 
the pulley face 53 to a point where the in 
creased force of springs 82 and 83 is sufficient 
to balance the centrifugal force on the balls 9. 
When the countershaft 48 is rotating, then, the 
position of the pulley face 6 relative to pulley 
face 53 is determined by the centrifugal force 
On the balls 9 which in turn is a measure of 
the speed of rotation of the countershaft, or the 
speed of the vehicle. 
The operation of the countershaft unit 46 in 

cooperation with the clutch and pulley unit 45 
and the V-belt 47 as an automatic transmission 
will now be considered. If the springs 82 and 
83 are substantially compressed by inward ad 
justment of the screws 85 and 86, they prefer 
ably exert sufficient force in their extended po 
sition to urge the pulley face G toward the 
pulley face 53 with a greater force than that 
with which the pulley face it is urged toward 
the pulley face ?o by the springs 22 and 23 
When in their compressed position. Therefore, 
when the vehicle is in Slow motion and the units 
45 and 46 are rotating, the pulley face 6 will 
be moved to the closest permissible position rela 
tive to the pulley face 53, being limited by abut 
ment of the inner ends of the arms fl3 with the 
cage 64, or by the belt 47 coming to the position 
of minimal pitch diameter on the unit 45. The 
belt 4 will be forced to near the outer periphery 
of the pulley faces 53 and 6, causing it at 
the same time to move inwardly between the 
pulley faces 0 and if f of unit 45 to occupy a 
position close to the pulley hub 08, and forcing 
the pulley face f f away from the pulley face 

O. against the force of the springs 22 and 23. 
Under these circumstances the transmission is 
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in “low gear'; that is, it is in a condition where 
in it provides the greatest ratio between engine 
speed and countershaft speed, or between engine 
speed and Wheel Speed. 

If the throttle of engine 4 be opened and the 
vehicle started forward by engagement of the 
clutch in the manner previously described, the 
vehicle will move forward in this low gear po 
sition. As the wheel speed increases, increase 
in rotational velocity of the countershaft 48 
will subject the balls 9 to centrifugal force 
which will cause them to move outward against 
the confining ramps 62 and 87 and move the 
pulley face 6? away from the pulley face f S3 
against the force of the springs 82, and 83, as 
previously described. This will permit the belt 
47 to move to a lower pitch diameter on the unit 
46, to which position it will be forced by reason 
of the belt moving to a larger pitch diameter 
on the clutch and pulley unit 45 through action 
of the springs f22 and 23 in urging the pulley 
face toward the pulley face ff0. In this 
condition the parts may occupy positions as il 
lustrated in Fig. 1, in which the ratio of engine 
speed to wheel speed has been reduced from that ; 
corresponding to the low gear condition, 

Still further increase in wheel speed will re 
sult in further increase in centrifugal force on 
the balls 9 f, with resultant increase of the axial 
force tending to separate the pulley faces of the 
countershaft unit 46. This permits the belt 47 
to be brought to a smaller pitch diameter on 
the unit 46 and to a larger pitch diameter on 
the unit 45, thus still further reducing the ef 
fective transmission ratio. When the wheel 
speed becomes sufficiently great, the pulley face 
6f will be displaced to the position of greatest 

permissible separation in which the member 80 
abuts the washer f49 and the belt 47 lies adja 
cent the fingers 65 on unit 46 and close to the 
periphery of pulley faces ff0 and of unit 45, 
the transmission then being in the condition 
providing the smallest permissible ratio of en 
gine speed to wheel speed, that is, in “high gear' 
condition. 

It is evident that when the vehicle slows down, 
relative motion of the various parts will occur 
in the reverse direction and, when the vehicle 
comes to a standstill, the belt 47 will again be 
in the position of greatest permissible pitch di 
ameter on the countershaft unit and the balls 
9 f will again be retracted to their smallest 

pitch circle. It will also be apparent that the 
speed at which the centrifugal force on the balls 
9 first overcomes the resultant spring force 
and produces shifting of the speed ratio of the 
transmission and the speed at which the trans 
mission finally reaches the "high gear' condi 
tion may be adjusted by moving the screws 85 
and 86 inwardly to increase the initial load 
upon the springs 82 and 83, or outwardly to 
reduce this initial tension. The transmission 
may thus be adjusted as desired to various road, 
load, and driving conditions, and by proper pro 
portioning of the parts, almost any type of varia 
tion of the effective transmission ratio as a func 
tion of vehicle speed may be obtained. 
While the foregoing description of the opera 

tion of the transmission explains the manner in 
which it changes the transmission ratio in re 
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sponse to vehicle speed, the transmission is pref 
erably also adapted to vary the transmission 
ratio as the engine torque changes, in such man 
ner as to render the overall performance of the 
transmission much more suitable for propulsion 75 

5 
of motor vehicles than if ratio change were de 
termined solely by vehicle speed. The variation 
of transmission ratio with engine torque is prin 
cipally a result of the positions assumed by the 
belt 47 relative to the pulleys of the units 45 and 
46 when torque is being transmitted. 
In the embodiment of my invention illustrated 

herein, a further control element has been in 
troduced in the construction to accentuate the 
creeping tendency of the belt under certain con 
tions of operation and to reduce it under certain 
other conditions, thus further improving vehicle 
performance. Reference to Figs. 1, 5, and 6 will 
show that the torque link springs 5 of the unit 
45 are normally installed so that they are under 
compression when driving torque, applied to the 
housing by the pulley hub 08, is transmitted 
through the posts f6 into the springs ffs. It 
will be clear that when the springs 5 are an 
gularly disposed relative to the plane of rotation 
of the unit, the compressive force in the Springs 
f5 under forward driving torque will have an 

axial component tending to move the pulley face 
in an axial direction. 

In Fig. 9 is shown an alternative form of the 
clutch portion of the unit 45 in which the in 
clined tooth mechanism for starting is eliminated 
and the clutch is engaged for starting by the in 
ward movement of the grommet spring, which 
results when the unit comes to rest. In this form 
of the unit 45, a ramp 240 is attached to the 
housing fo3 at 26, as in the form of the ap 
paratus previously described, and has substan 
tially the same shape in its outward portion as 
the ramp 25 in the form of the unit shown in 
Fig. 1. The inner portion of the ramp 240, how 
ever, preferably extends inwardly substantially 
parallel to the plane of rotation nearly to the 
member 37. A floating plate 24, similar in its 
outer portion to the floating plate 27 of the 
previously described unit, is connected for rota 
tion with the ramp 240 by the ears 28 project 
ing through holes in the ramp 240. The inner 
portion of the floating plate 24 is formed into a 

5 frusto-conical shape directed toward the oppos 
ing ramp 240. The grommet spring 30 is simi 
lar to the spring described in connection with the 
unit of Fig. 1 except that it is made with a fewer 
number of turns in the outer spring to permit it 
to retract into a circle of Smaller diameter. 
With the construction shown in Fig. 9, it is 

evident that when the mechanism comes to rest, 
as is the case when the engine stops, the grommet 
spring 30 will retract inwardly and by engage 
ment with the ramp 240 on one side and the 
floating plate 24 on the other side, will force the 
floating plate 24 leftward, resulting in engage 
ment of the floating plate 24 with the friction 
surface 33, and engagement of the friction sur 
face 34 with the housing 103. In this condition 
the engine 4 is connected through the clutch to 
the pulley of the unit 45 and if the vehicle is 
moved forward, the engine will be rotated and 
will start. When the engine starts, the result 
ant increase in speed will, cause the grommet 
spring 30 to expand under the influence of cen 
trifugal force until it Occupies the position shown 
in Fig. 9. In this position the clutch is disen 
gaged and the engine may idle freely. Further 
increase in engine speed will result in normal 
engagement for driving the vehicle in the man 
ner set forth previously in connection with the 
apparatus of Fig. i. Normal engagement and 
disengagement of the clutch under variations of 
vehicle speed, load, and throttle opening, will 
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automatically occur in the manner previously 
described. When the engine stops, either 
through intentional closing of the throttle or 
turning off of the ignition by the operator, or 
accidentally through operation of extraneous 
factors, the reduction in rotational speed of the 
clutch assembly permits the grommet spring f30 
to retract to such a point that re-engagement of 
the clutch for starting is established. 
While not essential for the functioning of the 

mechanism, it is desirable to provide a spring 242 
for the purpose of centralizing the grommet 
spring 30 when in the idling position so that it 
cannot rotate eccentrically or out of balance, and 
thus prevent possible partial or intermittent and 
erratic clutch engagement. This spring 242 may 
take the form of a marcel Spring bearing on the 
ramp 240 and threaded through various of the 
ears 28. This spring then urges the floating 
plate 24 rightward in such manner as to always 
maintain contact between the grommet spring 
30 and the ramp 240 at one side, and the float 

irig plate 24 at the other side. 
In the alternative form of the unit 45 shown 

in Fig. 10, a flat floating plate 245 parallel to the 
plane of rotation is employed on one side of the 
grommet Spring 30 and a ramp 246 is posi 
tioned on the other side of the grommet spring 
and is so shaped as to approach the plate 245 on 
either side of an intermediate diameter. A coil 
spring 247 bearing at one end on the housing O3 
and at the other end on the floating plate 245 
assures contact of the gromnet spring 30 with 
both the floating plate 245 and the ramp 246 at 
all times. In this form of the unit a single mem 
ber 248 takes the place of the disc 32 and the 
member 37, being connected at its outer end 
with the friction faces 33 and 34, and at its 
inner end to the pulley face to by means of the 
lugs 139. This construction eliminates the cou 
pling teeth 35 and 36 of the previously de 
scribed construction, but is accompanied by the 
disadvantage that as the member 248 moves dur 
ing engagement and disengagement of the clutch, 
the pulley face if O is also required to move. To 
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permit the limited movement required of this 
pulley face, the hub 02 is reduced at 250 to per 
mit movement of the bushing 107 upon it. 
The operation of the unit illustrated in Fig. 0 

is similar to that of the previously described unit 
shown in Fig. 9. The parts are shown in the po 
Sition which they would take during idling of the 
engine. When the engine stops, the grommet 
spring 30 retracts inwardly and the curved 
inner portion of the ramp 246 introduces an in 
creased component of axial engaging force which 
is exerted against the floating plate 245, and in 
this manner the clutch is engaged preparatory to 
restarting the engine by motion of the vehicle in 
a forward direction. As the engine speeds up 
from the idling condition, the grommet spring 
f30 is thrown outward and the clutch is engaged 
for moving the vehicle forward as previously de 
Scribed. In Fig. 1 is illustrated an alternative form of 
the clutch portion of the unit 45 in which two 
gromnet springs are employed to perform sepa 
rately the functions of clutch engagement for 
engine starting and clutch engagement for move 
ment of the vehicle. A ramp 25 is provided of 
the same general character as the ramp 25 in 
the unit illustrated in Fig. 1 and is attached to 
the housing 03 in a similar manner. The ramp 
25 has an arcuate inner portion within which is 
nested the grommet spring 22, Preferably 
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welded to the inner edge of the ramp 25 is an 
other ramp 253 which approaches the floating 
plate 245 as it proceeds inwardly and has an ar 
cuate outer portion within which is adapted to be 
nested a grommet spring 254. Except for the 
fact that no retracting spring for the floating 
plate 245 is required, the construction of the re 
mainder of the unit is similar to that previously 
described in connection with Fig. 10. The parts 
of the mechanism are shown in the positions 
which they take when the engine is idling. The 
gronmet spring 252 cooperates with the ramp 
25 and the floating plate 245 to effect clutch 
engagement at speeds of the engine greater than 
idling speed in the same manner as has previ 
ously been described in connection with the ap 
paratus of Fig. 1. When the engine stops, the 
gronmet spring 254 retracts inwardly to a small 
er diameter and by reason of engagement with 
the ramp 253 forces the floating plate 245 to 
the left, causing the clutch to engage; whereupon 
the engine may again be started by forward mo 
tion of the vehicle. When the engine starts, the 
gronmet Spring 254 will be thrown outward into 
the position shown in Fig. 11, resulting in dis 
engagement of the clutch to permit free idling 
of the engine. Employment of two springs 252 
and 253, instead of one, makes it easier to pro 
portion the parts of the mechanism with mini 
mal mechanical compromise. 
While I have described my clutch apparatus in 

connection with a three-wheeled vehicle, it will 
be understood that the same transmission may 
be employed in the propulsion of a two-wheeled 
vehicle, which, for example, may be of the gen 
eral type disclosed in the patent application of 
Howard B. Lewis, Bruce Burns, Austin E. Elmore, 
and Esley F. Salsbury, Serial No. 202,868, now 
U. S. Patent No. 2,225,914, issued Dec. 24, 1940 or 
in any other suitable form of vehicle. It will 
also be understood that various variations or 
modifications in design or construction of the 
parts of the apparatus of my invention other 
than those disclosed herein may be made by 
those skilled in the art without departing from 
the Spirit and scope of the appended claims. 

It will be seen that my invention involves the 
use of two clutches one of which may be called 
the starting clutch which operates by the fric 
tion of the frictional material 43. The other 
may be termed the running clutch and operates 
by the friction of the friction faces 33. The 
mechanism is so designed that the inclined teeth 

tend to throw the starting clutch into ac 
tion and cause the starting clutch to start the 
motor whenever the vehicle is pushed forward 
with the motor at rest. As soon as the motor ex 
ceeds the speed at which it would be driven by 
the vehicle the starting clutch releases. 
To render the starting clutch effective, it is 

necessary that the running clutch be entirely in 
operative whenever the motor is rotating below 
a definite critical speed. This is accomplished 
by the centrifugal means in the running clutch 
Which renders this clutch operative only when 
the motor is rotating above this critical speed. 
In practice with both the motor and vehicle at 
rest the vehicle is given a short push forward 
which causes the starting clutch to engage and 
start the motor which immediately accelerates to 
idling Speed which is slower than the critical 
Speed necessary to cause the running clutch to 
engage. During this acceleration the starting 
clutch disengages as soon as the motor exerts 
any force tending to drive the vehicle. The no 
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tor then rotates at idling speed without driving 
the vehicle until the operator by opening the 
throttle accelerates it to the critical speed when 
the running clutch is automatically thrown into engagement. 
This application is a division of my application 

Serial No. 253,557, filed January 30, 1939. 
I claim as my invention: 
1. In power transmission apparatus associated 

With a prime mover, and a shaft rotated by said 
prime mover, the combination of: a member 
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mounted to rotate about the axis of said shaft; a 
Second member connected for rotation with said 
shaft and shaped to provide a ramp extending 
toward said first member as it proceeds outward 
ly from said axis; a plate positioned between 
Said ramp and Said first member, said plate be 
ing connected with said second member to rotate 
therewith but to permit axial movement relative 
thereto; and a circumferentially resilient cen 
trifugal element disposed annularly around said 
shaft between said ramp and said plate, said 
element being adapted to move outwardly in re 
Sponse to centrifugal force and by engagement 
with said ramp to move said plate into clutch 
engaging contact with said member, the re 
silience of said centrifugal element tending to 
retract it inwardly in opposition to centrifugal 
force. 

2. In power transmission apparatus associated 
with a prime mover, and a shaft rotated by said 
prime mover, the combination of: an axially 
movable member mounted to rotate about the 
axis of Said shaft; means connected for rotation 
With Said shaft and providing a Surface On One 
Side of said member for engagement therewith 
and a ramp on the other side of said member 
extending toward said member as it proceeds 
outwardly from said axis; and a circumferential 
ly resilient centrifugal element disposed annular 
ly around said shaft between said ramp and said 
member, said element being adapted to move 
outwardly in response to centrifugal force and 
by engagement with said ramp to move Said 
member into clutch engaging contact with said 
surface, the resilience of said centrifugal element 
tending to retract it inwardly in opposition to 
Centrifugal force. 

3. In power transmission apparatus associated 
with a prime mover and a shaft rotated by said 
prime mover, the combination of: an axially 
movable member mounted to rotate about the 
axis of said shaft; means connected for rotation 
with said shaft and providing a surface on One 
side of said member for engagement therewith 
and a ramp on the other side of said member 
extending toward said member as it proceeds 
Outwardly from said axis; a plate positioned be 
tween said ramp and said member, said plate 
being connected to rotate with said ramp but 
being axially movable relative thereto; a cir 
cumferentially resilient centrifugal element dis 
posed annularly around said shaft between said 
ramp and said plate, said element being adapted 
to move outwardly in response to centrifugal 
force and by engagement with said ramp to move 
said plate into engagement with said member, 
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and said member into engagement with said 
surface, the resilience of said centrifugal element 
tending to retract it inwardly in opposition to 
Centrifugal force; and means limiting the inward 
travel of said centrifugal element. 

4. In power transmission apparatus associated 
With a prime mover and a shaft rotated by said 
prime mover, the combination of: an axially . 
movable member mounted to rotate about the 
axis of said shaft; means connected for rotation 
with said shaft and providing a surface on one 
side of said member for engagement therewith 
and a ramp on the other side of Said member 
extending toward said member as it proceeds 
outwardly from said, axis; a plate positioned be 
tween said ramp and said member, said plate be 
ing connected to rotate with said ramp but being 
axially movable relative thereto; a continuous 
coil Spring disposed annularly in tension around 
Said shaft between, said ramp and said plate, 
said spring being adapted to move outwardly in 
response to centrifugal force and by engagement 
With said ramp to move Said plate into engage 
ment with said member, and said member into 
engagement with said surface; and means limit 
ing the inward travel of said spring. 

5. In power transmission apparatus associated 
With a prime mover and a shaft rotated by said 
prime mover, the combination of: an axially 
movable member mounted to. rotate about the 
axis of said shaft; means connected for rotation 
With said shaft and providing a surface on One 
side of said member for engagement therewith 

: and a ramp on the other side of said member 
extending toward said member as it proceeds 
Outwardly from said axis; a plate positioned be 
tween said ramp and said member, said plate 
being connected to rotate with said ramp and 
being axially movable relative thereto; an ex 
tended annular coil spring disposed between said 
ramp and said plate, said spring being adapted 
to move outwardly in response to centrifugal 
force and by engagement with said ramp to move 
Said plate into engagement with said member, 
and said member into engagement with said sur 
face; a filler element disposed annularly within 
said spring, providing increased mass thereto; 
and means limiting the inward travel of said Spring. 

6. In power transmission apparatus associated 
with a prime mover and a shaft rotated by said 
prime mover, the combination of: an axially 
movable member mounted to rotate about the 
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axis of said shaft; means connected for rotation 
with said shaft and providing a surface. On One 
side of said member for engagement therewith 
and a ramp on the other side of said member; 
a plate positioned between said ramp and said 
member, said plate being connected to rotate 
with said ramp and being axially movable rela 
tive thereto, said ramp and said plate being so 
shaped that the axial Separation therebetween 
is greatest at a certain radius, and decreases with 

65 
increasing or decreasing radius from said certain 
radius; and an extended annular coil spring dis 
posed between said ramp and said plate, 
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