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My invention relates to motor vehicles., A
motor vehicle is a vehicle driven by an engine
which will preferably be of the internal combus-
tion type, although my invention may be used
with other forms of prime mover. A motor vehicle
is ordinarily driven by one. or more driving
wheels upon which the weight of the vehicle is
supported . and which are driven from the en-. -
- gine through a power transmission mechanism.
Power transmission mechanisms, as used in mo-
tor vehicles to which my invention .applies, or-

dinarily include & clutch through which the pow-
er of the engine can be transmitted when the
clutch is engaged.’ Such a clutch is highly de-
sirable when the vehicle is-driven by an internal
combustion engine, since, with the clutch disen-
gaged, the engine does not transmit power to the
driving wheels and the engine inay be started and
will . rotate freely independently of the driving
mechanism. of the vehicle. This driving mech-
anism in vehicles to which my invention may be
- applied includes a speed reduction gear to which
‘power may be applied from the engine through
the clutch and which in turn delivers power to
the driving wheels. through suitable mechanism. 2
Such a speed reduction gear includes a driving -
shaft receiving power from the engine through
the clutch and a driven shaft which delivers
power to the mechanism driving the rear wheel.
The speed ratio of any such a speed reduction
gear may be expressed as a fraction, of which
the denominator is one. and the numerator is a
number corresponding to the number of revolu-
tions the driven shaft makes as the driving "
shaft is turned one revolution. The speed ratio 3
. S0 expressed may be unity or more or less than
unity. .

In motor driven vehicles it is common to use
variable ratio speed reduction gears, that is, gears -
by which the speed ratio may be varied manu-
ally. In the ordinary vehicle the speed ratio may
be varied from a value of, say, three to a value
of one. When the speed reduction gear hasg a
value of three, the vehicle is said to be in “low”
gear, and when it has a value of one, it is said to
‘be in “high” gear. ) )

In the common types of automobiles having &
clutch and variable ratio speed reduction gear, it
is common practice to have the operator con-
trol the engagement and disengagement of the
clutch through a clutch pedal operated ordinarily - .
by the left foot and to control the speed ratio
of the speed reduction gear by a gear shift lever
operated by the right-hand of the operator.

s

3

power transmission mechanism including a clutch

" and a speed reduction gear for use in motor ve-

10

hicles with which it is unnecessary to provide any
mechanical means, such as a clutch pedal to op-
erate the clutch or & gear shift lever to control
the speed ratio of the speed reduction gear, the -
operation of both the clutch and speed reduction -
gear being automatically performed to suit the
needs of the vehicle in actual operation. ’

It is an object of my invention to provide a
light vehicle having a power transmission through
which the engine, or motor, drives the rear driv-
ing wheel and which is entirely automatic in the )
sense that the transmission has a main clutch
which engages and disengages automatically, this
engagement and disengagement being effected.
and controlled automatically by an increase or

- decrease of engine speed above or below 8 critical

20

5

0

B

engine speed and the transmission slso includes:
a variable speed belt drive the ratio of transmis-
sion of which is dependent solely on the speed
of rotation of the rear wheel and is hence a di-
rect function of vehicle speed. - - )
Various attempts have been made to devise au-
tomatic transmissions for vehicles so that.the
operator of the vehicle would not have to oper-
ate s clutch pedal to connect and disconnect the
motor from the driving mechanism and operate
& gear shift lever to control the ratio of engine
speed to wheel speed: ) .
The mechanism disclosed herein makes it pos-
sible to dispense with direct manual or pedal con-
trol of both the cluth and transmission. 'This it
accomplishes by making the operation of the
clutch dependent solely on engine speed and the
operation of the transmission dependent solely on
real Wheel or vehicle speed. - T
The elimination of the necessity of manusl
operation of the clutch and transmission greatly

40 simplifies vehicle operation and construction and

makes a light-weight vehicle such as is described
hereinafter. Such a vehicle is low in first cost
and operatesatalowcost. - -

.More important, it provides a vehicle that has

45 great mobility, as the operator is relieved of sev-

eral operations necessary in driving other types

of vehicles. .
To accomplish these and other desired objects

I'provide a V-belt transmission which may as-

50 sume & low gear pesition in which, with the en-

gine running at a constant speed, the transmis-
sion can propel the vehicle at a slow speed or
which may assume & high gear position in which,
with the engine running at that speed, the trans-

It is an object of my invention to provide a 55 mission can propel the vehicle at a higher speed.
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T also provide méans by which said transmission
is shifted from low gear to high gear as the speed
of the vehicle is increased or from high gear to
low gear as the speed of the vehicle is diminished.

The operation of this V-belt transmission is
automatic at all times, its transmission ratio
being dependent on, and a function of, the speed
of the vehicle.

To render such a transmission fully effectlve
I also provide a main clutch for connecting the
power receiving end of said transmission to the
engine, this main clutch being inoperative so
that the engine can rotate without: delivering
power to the transmission when the engine is
rotating below a critical speed and automatically
rendered operative when the engine is rotated at
or above said speed.

The operation of this main clutch is automatic
at all times, its operation being solely dependent
on engine speed. The clutch engages whenever
the engine rotates above & critical speed and dis-
engages whenever the engine rotates below that
speed.

These and other apparent objects I attain in
& manner which will bé clear from a considera-
tion of the following description taken in connec-
tion with the accompanying drawings, in which

Pig. 1 is an elevational view of the power plant
employed in 2 motor vehicle embodying my inven-
tion.

Fig. 2 is an elevational view of the power plant
shown in Fig. 1, taken from the opposite side
thereof.
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Pig. 3 is a cross-sectional view of the automatic )

power transmission spparatus forming a part of
the power plant shown in Fig. 1.

Fig. 4 is a partial cross-sectional view of the
clutch mechanism shown in the idling position.

Fig. 5 is a sectional view of a portion of the ap-
paratus of Fig. 3 taken along the line §—5 in the
direction indicated by the arrows.

Fig. 6 is a sectional view of a portion of the
apparatus of Fig. 3 taken along the line 6—6 in
the direction indicated by the arrows.

Fig. 7 is a sectional view of a portion of the
apparatus of Fig. 3 taken along the line 7—1 in
the direction indicated by the arrows.

Fig. 8 is a partial view of the apparatus of
Pig. 3 from above, as indicated by the arrow 8.

Fig. 9 is a sectional view of a portion of the
apparatus of Fig. 3 taken along the line 9—9 in
the direction indicated by the arrows.

Tig. 10 is a sectional view of a portion of the
apparatus of Fig. 3 taken along the line 10—10 in
the direction indicated by the arrows.

Pig. 11 is a diagrammatic illustration showing,
for one adjustment of the apparatus, the posi-
tion of the belt under idling condition.

Fig. 12 is a diagrammatic illustration showing
the belt in extreme “low gear” position.

Fig. 13 is a diagrammatic iltustration showing
the belt in the extreme “high gear” position.

Fig. 14 is g diagrammatic illustration showing
the belt in an intermediate position under condi-
tions in which the vehicle is being moved for-
wardly before the engine has started.

Fig. 15 is a chart illustrating the performance
characteristics of the apparatus of my inven-
tion.

Fig. 16 is a chart illustrating the performance
characteristics of the apparatus of my invention.

Fig. 17 is a cross-sectional view of an alterna-
tive form of the countershaft unit of my ap-
paratus

Fig. 18 is a cross-sectional view of an alterna-
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tive form of a portion of the clutch and pulley
unit of my apparatus.

Fig. 19 is a.cross-sectional view of an alterna-
tive form of a portion of the clutch and pulley
unit of my apparatus.
~ Pig. 20 is & cross-sectional view of an alterna-
tive form of a portion of the clutch and pulley
unit of my apparatus.

The invention claimed herein can be applied
The vehicle illus-
trated has a frame 30 having cross members 36
and 37 and vertical members 88. A power plant
35 is supported on this frame and includes an
engine 41 which is carried on a wheel housing 40.
This engine is preferably an internal combustion
engine. A wheel 42 is mounted within the hous-
ing 40 on an axle 43 adjustably supported by the
frame members 36 and 31. . Associated with the
crankshaft 44 of the engine is a driving pulley 45
which drives a driven pulley 46 through a belt 47
on & 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 51 on the end thereof
opposite to that with which the driven pulley 46
is associated. The sprocket 51 is in driving rela-
tion, through a -chain 53, with a sprocket 52,
mounted on the axle 43 for rotation with ‘the
wheel 42,

It will be evident that the entire power plant.
35, including the driving wheel, is supported di-
rectly or indirectly by the horizontal frame mem-
bers 36 and 31. The power plant may then be
mounted in the vehicle by attaching the mem-
bers 36 and 37 to the chassis frame. As illus-
trated, the power plant is located at the exftreme
rear of the vehicle, the frame members 36 and
31 of the power plant unit being attached at the
rear to the frame 30 through suitable spacers 51
by bolts 58, and at the front to a cross-bracing
member 3i through brackets 60 by bolts 61. A
cover 62 rests on the frame 30, enclosing the
power plant unit 35 and serving as a support for
an operator’s seat 63. The cover 62 is held down
by thumb nuts 65 screwed on the ends of the rods
54 which extend through the top of the cover 62.
The seat is retained in position by a spring catch
66. With this construction the power plant unit
35 is always readily accessible and may be re-
moved in one unit, facllltatmg repair and re-
placement.

The forward end of the vehicle can be pro-
vided with one or more pivoted wheels which
support the forward end of the frame 30 and
act as steering wheels. Steering mechanism
controlled by the operator may be supplied.

The construction and operation of the auto-
matic power transmission means of my invention
will now be considered. The crankshaft 44 of
the engine 41 projects from a bearing boss 100
on the side of the crankcase 181 of the engine
41, and carries a hub 102 and a housing 103
which are preferably welded together. A pair of
diametrically opposed flat faces 104 milled on the
extended end of the crankshaft 24 engages
mating flat surfaces in the end of the hub (02 in

‘such manner that the crankshaft 44 and the hub

102 are rotatively keyed together. A nui 105 en-
gages threads on the extended end of the crank-

. shaft 44 and, acting through a washer 106 holds
. the hub 102 firmly in place on the crankshaft 44.

75

Freely journaled on the cylindrical outer surface
of the hub 102, with suitable end clearance, is a
bushing {07 which is pressed into and carries a
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tibular pulley hub 108. An inclined pulley face
{10 is welded to the exterior of the pulley hub 108.

Another inclined pulley face 1if- opposed to
the pulley face 110 is adapted to slide and rotate

on the pulley hub (08 and for this purpose the -

" pulley face {11 is welded on a sleeve 112 within
which are pressed a pair of spaced, hardened steel
bushings 113 which slide on the. hardened and
ground exterior surface of the .pulley hub 108.
Three posts 114 are riveted to the pulley face i1
at circumferentially spaced locations, and
through. a hole in each of these posts a spring
115 passes and is anchored so as to permit it to
oscillate in a plane parallel to the axis of the
unit 45, but to be retained against the action of
centrifugal forece.
consist of loops of wire pivotally connected at

one end to the posts 114 and at the other end con-

nected in a similar manner to posts 116 which
are riveted to a dish-shaped housing 111. The
housing {117 is formed with a series of circumfer-
entially spaced keys {18 which engage corre-
sponding slots 120 in the end of the pulley hub 108
and are held in place by & snap ring 121 engaging
a groove on the pulley hub 108. - Compression
type helical coil springs 122 and 123 surround the
pulley hub
housing 1171 and the pulley. face 111, thus urging
the pulley face i1l toward the pulley face 10 at
all times. It is apparent that the pulley face 1 i
is axially movable relative to the pulley face LI0
and the housing 1T, but is constrained to rotate
therewith by reason of the torque link springs { 8.
The pulley faces (10 and H1i and their asso-
ciated parts form the driving pulley of an auto-
matic belt transmission, this pulley being gen-
erally designated by the numeral 45, The diame-
ter of this driving pulley automatically increases
as the tension on the belt 4T decreases and de-
creases as the tension on the belt increases. .

‘Referring now to thag portion of the unit 45
which functions as an automatic clutch, it will
be seen that an annular ramp 128 is spun in
place at 126 to form an integral unit with the
housing 108 and the hub-102. Shrouded within
the ramp member. {25 is a floating plate 121

10

15

‘The springs 115 preferably '

" to the member 181,

25

{08 and are compressed between the -

30
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pulley face {10 by lugs 138 passing through holes
in the member §31. As seen best in Fig, 6, the
teeth 136 are formed by shearing the innermost
edge of the plate 132 radially and bending the
adjacent portions away from the line of shear
into planes perpendicular to the plane of the
plate 132. In this manner a pair of teeth is
formed leaving a space between, and this opera-
tion i§ 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 136
on the outermost edge of the member 131. The’
teeth on the two mating members are so spaced
that & pair-of teeth 136 fits with suitable clear-
ance in the space left by bending out a pair of -
the teeth 135, all of the teeth being directed in
the sagxe direction. It will be evident that this

connection - compels the plate 132 and
the member 131 to rotate together while per-
mitting the plate 132 to move axially with respect

The members 125 to 137
and associated parts -form a main clutch the
function of which is to connect and disconnect
the engine to the driving pulley 45 of the V-belt

. transmission previously described.

After the engine is started by means not de-
scribed, the main clutch is adapted through a -

centrifugal clutch action to automatically con-

nect the engine to the pulley {10—111 to drive
the vehicle when the speed of the engine exceeds
a certain predetermined value. ‘When the crank-
shaft 44 of the engine is rotating, the hub 102,
the housing 103, the ramp 125, and tke floating
plate 121 rotate as a unit. When the speed of ro-
tation is low, as in idling of the engine, the parts
occupy positions as shown in Fig. 4. The ex-
tended annular coil spring (30 is nested within
the ramp 125 and rotates with the ramp. In the
position shown in Fig. 4 the spring 130 exerts no
axial force on either the floating plate 127 or
the ramp (25, permitting the plate 132 to re-
main stationary while the other clutch elements
rotate about it. The spring tension and total
weight of the grommet spring are soO balanced
that, in the normal idling range of the engine,

" it will remain in the retracted position shown in

which is free to move axially relative to the ramp .

but is rotatively -keyed thereto by fingers 128
which pass through holes in the ramp 125. Dis-
posed annularly between the floating plate 121
and the ramp 125 is a circumferentially resilient
centrifugal element, preferably having the form
of a grommet spring 180, and preferably con-
sisting of a closely wound spring with its ends
hooked together to form a ring and within which
is a similar spring 131 of smaller pitch diameter
with its ends left free. The grommet spring 130
is preferably so wound and proportioned that
when in place within the ramp 1§28, it retracts
itself into firm contact with the curved innermost
portion of the ramp. The ramp {25 is so shaped

-acting upon

Fig. 4, but upon increase of engine speed appre-
ciably above the idling range centrifugal force
the grommet spring will expand

it radially to a greater circumferential length.

. As the grommet spring moves outward it is forced

‘in the direction of the floating plate 121 by the

. frusto-conical surface of the ramp 125, and

55
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that it approaches the plate 127 as it proceeds -

- outwardly from the axis of rotation, so that en-
largement of the grommet spring 130 to a larger
radius results in movement of the grommet spring
toward the floating plate 121. Located hetween

the floating plate 121 and the housing 123 is -

a clutch element preferably comprising an an-
nular metal plate 132 having friction faces 133
and 134 riveted to opposite sides thereof. The
innermost portion of the plate 132 is sheared
and formed to produce a series of spaced teeth
135 which mesh with a mating serles of similarly
formed teeth 136 on a member 137 which is per-
_manently attached to the concave side of the

65

70
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moves the floating plate 127 into contact with
the friction face 133. Continued expansion of
the. grommet spring 130 causes the plate 132 to
be moved until the friction face 134 contacts the
housing 103, when the plate 132 will tend to be
driven by frictional contact with a moving sur-
face on either side. The clutch in the engaged
position is shown in Fig. 3.

Gentle engagement of the’ clutch, with slip-
page, thus begins at some predetermined speed
above the normal idling rangé, and increase of
engine speed.above this vaue increases the axial

" force due to the centrifugal expansion of the
-grommet spring 130, this in turn increasing the

clutch torgue until a point is soon reached at
which no further slippage between the friction
taces (33, 134, and the rotating surfaces 103, 127
in contact therewith will occur even under full
throttle torque of the engine. Rotation of the
plate 132 during engagement of the clutch is, by
reason of the engagement of the teeth 135 and




4
* 136, accompanied by rotation of the member 131
and the pulley face 110 connected therewith,

It will be evident that torque is transmitted
through the. pulley hub 108, housing (11 and
torque link springs 115 to also rotate the pulley
face {11, As the clutch is engaged, then, the ve-
hicle moves forward and the clutch remains en-
gaged until, due to the .closing of the throttle or
increase in resistance to motion of the vehicle,
the engine speed drops below the speed at which
the clutch initially locked in. 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 climb-
ing a hill or pulling a heavy load, the clutch
will slip under full engine torque, transmitting
this torque to the rest of the transmission and
holding the engine speed down to a speed slight-
1y 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 vehi-
cle, the clutch will continue to slip under full
engine torque, but it will be impossible to stall
the engine. If, however, the engine speed be in-
tentionally 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
engage 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 130, the initial
tension of the spring, and the shape of the ramp
125. Individual or combined variation of these
factors permits predetermination of engaging
and locking-in speeds over an almost unlimited
range, . . .

It might appear that wearing of the friction
faces 133 and 134 would cause an increase in the
radius of the grommet spring 130 at which it
produces engagement of the clutch and. that the
speed at which clutch engagement takes place
would, therefore, be altered as wearing of the
friction faces occurs. But, since the centrifugal
force on the grommet spring increases ‘directly in
proportion to the radius of the grommet spring
and the resisting force of the spring also in-
creases as ‘a function of the increase in radius,
the outward movement of the spring resulting
in engagement of the clutch may, by proper pro-
portioning of the mass and spring tension of the
grommet spring in combination with proper

shaping of the inclined face of the ramp 1285, be -
made to depend only on the speed of rotation of - °°

the grommet spring. “And since the centrifugal
force varies as the square of the speed of rota-
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tion, the speed at which the centrifugal force -

overcomes the tension of the grommet spring
may be fixed with considerable accuracy. By
proper bproportioning of the cooperating ele-
ments, then, the speed at which the clutch en-
‘gdges may be predetermined almost independ-
ently of relative axial positions of the elements

133 and 134, . .

The automatic clutch unit 45 drives the coun-
tershaft unit 46 through the V-belt 47, the two
units 45 and 48 comprising an automatic trans-
mission adapted to vary the effective transmis-
sion’ ratio as the vehicle speed changes, the ra-
tio of engine speed to wheel speed being high

- for low speeds of the vehicle and being decreased
as the vvehich/e speed increases. The counter-

60
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shaft unit 46 is mounted on the countershatt 48
which is supported in the bearings 58 retained
in the wheel housing 40, and is restrained against
motion along its own axis by a nut 150 bearing
against the sprocket 51 at one end of the wheel
housing and by a snap ring 151 and a shroud 152
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 153, a disc 154, a hub 155,
and a sleeve 156, all welded into one unit. ‘The
hub 1585 is fitted to the countershaft 48 and is

.rotatively connected thereto by a key 157 which

is positioned in a diametric slot in the counter-
shaft 48 and engages diametrically opposed key-
ways 158 in the hub I55. A snap ring 160 coop-
erating with a groove in the countershaft 48 re-
strains the hub 155 from outward axial move-
ment. For the purpose of compensating for belt
wear, as hereinafter described; a washer 149 is
positioned surrounding the shaft 48 and is lim-
ited in its rightward travel by abutment against
the end of the key 151, The rightward travel of
the key 57 in turn is determined by the adjust-
ment of a screw 158 in threaded engagement
vivith the shaft 48 and bearing against the key

51,

An axially movable inclined pulley face 161 is -
opposed to the pulley face 153 so as to cooperate
therewith. in providing inclined contact surfaces
for the belt 47, and is piloted on the sleeve 156
by the inner tubular portion of an annular ramp
{62 which is attached to the pulley face 161 by
bending over the end portion (63 thereof. A cy-
lindrical cage 164 is piloted on the countershaft
48 adjacent the snap ring 15 and comprises a
series of circumferentially spaced fingers 165 ex-
tending through circumferentially spaced aper-
tures 166 in the pulley face 161 and apertures
167 in the pulley face 153. The inwardly bent
ends of fingers 165 are projected over g snap ring
168 surrounding the cylindrical housing portion
of the pulley face 153, and are clamped, so as to
attach the cage 164 to the pulley face 153, by a

5 closed clamping ring 170 which is sprung over

and seated in the outwardly turned ends of
fingers 165. Between the fingers (65 the inter-
rupted cylindrical edge of the cage 164 is bent in-
wardly with a V-shape at suitable angles to pro-
vide a series of aligned pairs of fulerum edges
{Tf. U-shaped shoes 112 of suitable abrasion-
resistant metal are slipped over the fulerum
edges 171. Pivoted about the fulecrum edges 1T
are a plurality of equalizer arms 173, preferably
three in number and equally spaced around the
cage'l64, which are grooved at 174 to provide bear-
ing grooves for the fulerum edges, and apertured
at 176 to permit a finger 185 of the cage to pass
through. The eurved outermost ends of these
arms engage the back side of the pulley face 161
and are restrained against circumferential and-
axial movement. relative to the pulley face by
fingers 176 and 171 which form a part of the
pulley face and which are bent over the sides of

. ; ] -65 the equalizer arms 173 to permit free radial move-
“and independent of wear of the friction faces . d pe o

ment of the ends of the arms along the pulley
face. Shoes 18 of abrasion-resistant sheet metal
are retained by the fingers 176 and 177 and inter-
posed between the ends of the-equalizer arms and
the back of the pulley face 161 to permit relative
sliding motion of these parts without lubrication.
The innermost ends of the equalizer arms 113 bear

- against the frusto-conical end of a member 180

75

which is slidably mounted on the countershaft 48,
Hardened steel rin_gs (81 are pressed into the
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. member 188 to provide bearing surfaces in con-

tact with the countershaft. The member 188 is
urged in the direction of the equalizer arms 1713
by resilient means, preferably comprising two
compression springs 182 and 183-of different pitch
diameters positioned in the space surrounding the
_ cylindrical portion of member 188 and within the

- are substantially compressed

sleeve 186, and bearing a{ one end against the.

member {80 and at the other end against a
washer 184 which abuts diametrically opposed
adjusting screws -188 and 186 threaded through
the hub 155. By means of the adjusting screws
185 and 186 the compression of the springs 182

- . and {83 may be changed.

Tt is evident that the force of the springs 182
and 183 acting through the member 138 against
the inner ends of the equalizer arms 113 ‘keeps
these arms in firm engagement with the fulcrum
edges 171 at all times and results in the outer
ends of the arms {13 exerting a force on the
pulley face 16f tending to move it toward the
opposed face 153. ' Since all three arms 113 are
acted upon equally, force is evenly appiied to
the pulley face 181 and the entire pulley face is

" moved evenly in an axial direction. The force

against the fulcrum edges 171 holds the cage 184
against the shroud i52 and the snap ring i51, so
that the cage is fixed in position relative to the
pulley face 153. The reaction of the springs 182
and 183 against the washer i84 and the screws
i85 and 186 holds the hub 15§ firmly in place
against the snap ring 160. . - L
‘Within the housing portion of the pulley face
member (53 is situated an annular ramp 181
which is loosely piloted at its central hole on the
sleeve 156 and more snugly piloted at its periph-
ery by the shoulder 188 of the puiley face mem-
ber 153. Between the ramp 187 and the pulley
tace 153 a marcel spring 198 is compressed SO
that it ‘has: a slight tendency to move the ramp

10

 compressed- position.

15
- by the belt &7
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cooperation with the clutch and pulley unit 4%
and the V-belt 47 as an automatic transmission
will now be considéred. If the springs 182 and 183
1 by inward adjust-
ment of the-screws 185 and 136, they preferably
exert sufficient force in their extended position

" to urge the pulley face 164 toward the pulley face

183 wlthagreaterfdrcethanthatwlthwhich
the pulley face 11 is urged toward the pulley
tace 118 by the springs 122 and 123 when in thejr
] ‘ “Therefore, when the ve-
hicle is in slow motion and the units 4§ and 46
are roiating, the pulley face 161 will be moved
to the closest permissible position relative to the
pulley face 153, being limited by abutment of the
jnner ends of the arms {13 with the cage 164, or
coming to the position of minimal
pitch diameter on
be_foreedtonearﬂaeouterpermheryofthemmW
faces 153 and 161, causing it at the same time to
‘move inwardly between the pulley faces {10 and
1#1 of unit 45 to occupy a position close to the
pulley hub 108, and forcing the pulley face i
away from the pulley face 110 against the force
of the springs 122 and (23. Under these cir-
cumstances the transmission is in “low gear”; -
that is, it is in a condition wherein it provides the
greatest ratio between engine speed and counter-
shaft speed, or between engine speed and wheel

30 speed.
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187 toward the opposed ramp 162. Confined be-

tween the opposed ramps 162 and 187 is a plu-
rality of steel balls 194 which engage the ramps
162 and 187 on either side. - The ramps 162 and
481 -are so shaped that the axia] separation
therebetween diminishes with increasing distance

45

from the countershaft 48, and so that they never -
‘open far enough apart to permit the balls il to.
pass out of confinement between theramps. The -

tendency of the springs 182 and 183 is fo cause

50

the pulley face 161 to approach the pulley face:

{53, thus bringing the ramps 162 and 187 nearer
together and reducing the diameter of the circle
of balls 191.. The balls 191 are perferably of such
diameter and in such number that when the
unit 46 is not in rotation the bails lie in an an-
- nular ring closely around the sleeve 156 with each
‘ball lightly pressed against the adjacent balls
by the tendency of the two ramps o approach
-one another.  Rotation of the unit 46 causes the
balls i91 to fly outwardly against the ramps 182
and 181, forcing the ramp 162, and with it the
pulley face I6f, away from the pulley face - 153

If the throttle of engine 41 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 posi-

.tion. As the wheel speed increases, increase in
the countershaft 48 will ~

rotational velocity of
subject the balls 191 to centrifugal force which
will cause them to move outward against - the
confining ramps 162 and 181 and move the pulley .
face I8! away from the pulley face 153 against
the forceof the springs 182 and 183, as previously
described. This will permit the belt 471 to move
to a lower pitch diameter on the unit 46, to which

tion 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
122 and 123 in urging the pulley face 111 toward
the pulley face 1i8. In this condition the parts
may occupy positions as fllustrated in Fig. 3, in
which the ratio of engine speed to wheel speed
has been reduced from that corresponding to the

- low gear condition.
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balls 191, with resultant increase of the axial
force tending to separate the pulley faces of the
countershaft unit 46. This permits the belt 47 -

‘{0 be brought to a smaller pitch diameter on the

" unit 46 and to s larger pitch diameter on the.

60-
. comes sufficienitly great,

to a point where the increased force of springs.

182 and 183 is sufficient to balance the centrifugal
force on the balls. {81.- When the countershaft
" 48 is rotating, then, the position of the pulley face

85-

181 relative to pulley face 183 i3 determined by .

the centrifugal force on the balls 181 which in

turn is & measure of the speed of rotation of the.
. countershaft, or the speed of the vehicle. The:

parts 158 to {81 form a driven pulley for the

* V-belt transmission which is generally designated
by the numeral 46. ¢

- relative motion of the

turther reducing the effective
‘When the wheel speed be-
the pulley face 161 will
be displaced to the position of greatest permissible
separation in which the member 180 abuts the -
washer 149 and the belt 41 lies adjacent the
fingers 165 on unit 48 and close to the periphery
of pulley faces 110 and 11l of unit 4%, the trans-
mission then being in the condition providing the
smallest permissible ratio of engine speed to wheel
speed, that is, in “high gear” condition. " ,
It is evident that when the vehicle slows down,
various~parts will occur
in the reverse direction and, when the vehicle
comes to a standstill, the belt 4T will again be

unit 48, thus still
transmission ratio.

"The operation of the countershaft unit 46 in ™3 in the position of greatest permissible pitch

~ Y

[

the unit 45. - The belt 4T will =
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diameter on the countershaft unit and the bails
191 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 194
first overcomes the resultant spring force and

produces shifting of the speed ratio of the trans--

mission and the speed at which the transmission
finally reaches the “high gear” condition may be
adjusted by moving the screws 185 and 186 in-
wardly to increase the initial load upon the
springs 182 and 183, 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 proportioning
of the parts, almost any type of variation of
the effective transmission ratio as a function 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-
sponse to vehicle speed, the transmission is pref-
erably also adapted to vary the transmission ratio

‘as the engine torque changes, in such manner as’

to render the overall performance of the trans-
mission much more suitable for propulsion of
motor vehicles than if ratio change were deter-

mined solely by vehicle speed. The variation of )

transmission ratio with engine torque is prinei-
pally a result of the positions assumed by the belt
41 relative to the pulleys of the units 45 and 46
when torque is being transmitted.

The result of the above operation is that the
transmission ratio of the V-belt transmission
changes automatically in inverse proportion to,
and as a result of, changes in vehicle speed.
When the vehicle is at rest, the transmission is
in “low gear.” That is, the engine can run at
a relatively high speed with the wheel 42 running
at a relatively low speed. As the vehicle acceler-
ates to higher speeds there is a corresponding
change in the transmission ratio and the vehicle
automatically goes into “high” gear. This change
to and from low gear to and from high gear is
entirely automatic and is entirely dependent on
vehicle speed. The transmission is diagram-
matically shown in low gear in Fig. 12 and in high
gear in Fig, 13,

In the diagrammatic illustration of Fig. 11, the
vehicle wheel 42 is represented as resting on the
ground 49 and is driven from the countershaft
unit 46 by the chain 53. The belt 47 connects
the clutch and pulley unit 45 with the counter-

.Shaft unit 46. The direction of rotation js in-
dicated by the arrow. In this view, the belt-47
- Is represented in an intermediate position about
one-third the way from the position of miaimal
pitch diameter on unit 45, represented in Fig, 12,
to the position of maximal pitch diameter on
unit 45, represented in Fig. 13, Preferably the
springs 122 and 123 in the unit 48, and the springs
182 and 183 in the unit 46 are 8o proportioned
and adjusted that they balance one another in
their effect upon the transmission when the belt
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bulley of unit 46. At the same time, the rela-
tive slack in the right side of the belt will permit
this portion to creep to a larger pitch diameter
on the countershaft unit 46. Depending upon

- the balance of forces involved, the degree to

which' the belt leaves the normal position of Fig.
11 may vary over a wide range. One balance of

. forces which gives very desirable results in the

10
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type of vehicle under consideration is that in
which movement of the vehicle at low-speed
through a distance of a few feet under full en-
gine torque or clutch slipping torque will cause a _
shift of the belt into the position shown in Fig. 12,

representing the extreme low gear position. This
position is one which the transmission will auto-
matically assume if the vehicle encounters road
resistance such as to slow it down to the point
that the centrifugal balls in the countershaft

" .pulley exert little or no axial force. Since the
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transmission under these conditions would be ex-
pected to assume the position of Fig. 11, which
is determined solely by balance of opposed spring
forces, the additional and very substantial in-
crease in overall reduction gained by the creeping
of -the belt into the position of Fig. 12 gives the
vehicle greatly improved hill climbing character-
istics. .

If the vehicle is at rest with the transmission
in the balanced position of Fig. 11 and the throt-
tle is slowly opened and the vehicle gradually -

- accelerated and brought up to speed, the creep-
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is approximately in the position represented in °

Fig. 11, and the vehicle is at rest or travelling at
low speed, in such manner as to make this belt
position one of equilibrium. In Fig. 11, if torque
Is being exerted by the engine in the direction in-
dicated by the arrow, the belt 41 will be under
tension on the left side, as shown, and will be
relatively slack on the right side and may even
loop outward as indicated by the dotted Jines.
With this belt condition, as rotation progresses,
the taut side of the belt will tend to creep to a
smaller pitch diameter where it feeds into the
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Ing tendency just described will be largely mini-
mized since the belt tension will be low and the
forces tending to cause creeping will be propor-
tionally low. In this case the vehicle will start .
forward in what may be termed an intermediate
ratio and as road speed increases and the cen-
trifugal forces on the balls in the countershaft
unit 48 result in axial force on the movable pulley
face of this unit, the transmission will shift into
the position shown in Fig. 13. If, however, from
a static position, as in Fig. 11, the vehicle is rap-
idly accelerated by full opening of the throttle,
the relatively high belt tension will result In
rapid creep into the position of Fig. 12 in the
first few feet of forward movement, and even at
low road speed the engine may rotate at such a
speed that it delivers its maximal power output.
This permits most rapid acceleration for any par-
ticular engine and weight of vehicle. " As soon
as the engine speed reaches a peak value, the in-
crease in wheel speed which corresponds to this
Increase in engine speed creates such centrifugal
force on the balls of the countershaft unit 48 that
gradual shifting of the transmission ratio occurs,
the shifting of ratio continuing with incresse of
wheel speed until the transmission is again in the
position shown in Fig, 13, It will thus be seen
that for hill climbing or maximal acceleration
the transmission will automatically assume the
lowest possible gear (highest ratio of engine speed
to wheel speed) at low wheel speed and will per-
mit utilization of full engine power at ihese
speeds. If, however, conditions make it unneces-
sary or undesirable to accelerate the vehicle as
rapidly as possible, it may be accelerated more
gradually under lower engine torque and without
the necessity of such high engine speed for any
particular wheel speed. ' . '
Under normal traffic conditions, when the ve-
hicle comes gradually to a stop, the transmission
will return from the high gear position of Fig. 13
to the balanced position of Fig. 11, -and upon -
starting of the vehicle the transmission may
either rapidly drop into low gear position and
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then shift into the intermediate and high gear
range, or it may start in the intermediate posi-
tion and shift into the high gear range, depend-
ing upon whether the throttle is fully -or only
pertly opened. If the operator of the vehicie de-
sires that it should be ready to start immediately
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in the extreme low gear position, thus permitting

ing position, he may anticipate his desire by
"bringing the vehicle to a stop with. the throttle
. partly opened, using the brake, if necessary, to
stop the vehicle. When this is done the trans-
" mission will be subject to a forward driving torque
while the vehicle is being . stopped and will shift
into the extreme low position in the same man--
ner it would upon encountering any -other type
of tractive resistance. S .
" It is clear that if the vehicle is operating at
high wheel: speed with the belt 47 in a position
- of maximsal pitch diameter on the pulley of the
_unit 48, as shown in Fig. 13, and the direction
of applied torque is as indicated by the arrow,
a slack loop will under these conditions appear
on the right side of the belt. The amount of
slack which appears in this loop depends upon

-belt tension or engine torgue. Under light en-

gine loads, little slack will appear, but under con-

maximal acceleration for starting from the stand-
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or vary the character of the response to torque.-

Iptheembodlmmtofmy'invenﬂonim:strated
herein, a further control element has been intro-
duced in the construction to accentuate the
creeping tendency of the belt under certain con-
ditions of operation and to reduce it under cer-
tain other conditions, thus further improving
ormance. Reference to Figs. 3, T,

of the unit 48 are normally

are under compression when driving torque, ap- -

plied to the housing 117 by the pulley hub 108,
‘is transmitted through the posts 118 into the
springs 116. It will be clear that when the -
springs |18 are angularly disposed relative to the
plane of rotation of the unit, the compressive
force in the springs 118 under forward driving
torque will have an axial component tending to
move the pulley face i in an axial direction .
is dependent upon whether the springs is
at an angle to the.left or to the right
the plane of rotation. The parts of the
unit 48 are preferably so proportioned and posi-

‘tioned relative to one another that the springs

118 le parallel to the plane of rotation when
the movable pulley face {1 occupies a position’

_ consistent with the position of the belt in Fig. 11.

ditions of high torque the belt will tend to creep .

to a somewhat smaller diameter upon the pulley
‘of unit 48 and feed more slack into the loop 8.
Thus, when the vehicle is operating in the high
speed range at light engine load and torque, the
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ratio of engine speed to wheel speed will be & -

minimum; but, if engine torque is increased for
the purpose of acceleration or hill climbing, re-
duction of effective pitch diameter on the pulley
. of the unit 48 will cause a change in the trans-
mission ratio to increase the mechanical advan-
tage of the engine. '

Another manner in which the creeping tend-

ency of the belt is utilized, in this case to improve .

the ease with which the vehicle may be started
by pushing it forward, is shown in Fig. 14. ‘This
figure presents the condition which exists when
the vehicle has previously come to rest with the
pulleys and belt in the balanced position of Fig.
11, and is then being pushed forward with the
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engine at rest. Applied torque is as indicated -

by the arrow and the right side of the belt is
now ‘under tension and the left side of the belt
exhibits a certain amount of slack. As soon as
the engine starts to rotate, the creeping tendency
will cause the belt to seek a smaller pitch circle
on the pulley of the countershaft unit 48 and a

larger pitch circle on the pulley of the unit 48, :

. thus increasing the mechanical advanfage and
dimmhmxth@forcenecemryto'mmhtheve-
hicle ahead. Ordinarily the engine will start in
three or four tirns before the effect of creep has
caused much change in ratio; but if for any
‘reason the ‘engine fails to readily start, the de-

crease in ratio of engine speed to wheel speed’

- caused by continuing creep, with resultant de-
: crense!n’eﬂortrequiredtopushthevehicle,ls
- proi advantage. -

- 'The manner in which belt creep permits ad-
vantageous change of transmission ratio in re-
sponse to torque conditions ¢
speed, depends upon the face angles of the pul-
leys and belt, the particular pitch diameter -at

which the belt i operated on each pulley, the .

load exerted by the springs tending to force the
pulley faces together, 1 t
stants of these springs. These factors may be
* yarled over a wide range to increase or

and upon the force con-

= increase of torque.

When the pulley face i1 18 moved to the right
from this positiori toward the condition repre-.

.sented in Pig. 12, the axial component of the

force of springs 11§ is such as-{o move the mov-
able face (11 still farther to the right; while if
the pulley face 11 is moved to the left from the
normal position, the axial component of the force

" of springs (18 is in such a direction as to move |

the pulley face still farther to the left. .
Reconsideration now of the creeping-of the
belt at low speed and high torque from the bal-
anced position of Fig. 11 to the extreme low gear -
position of Fig. 12, will show that the increasing
axial component of the force of springs 115 as

‘the pulley faces separate tends to augment the

creeping - effect and to make the transmission’
shift into extreme low gear more rapidly" with
( Similar analysis of the creep-
ing tendency, which will exist under increase of
torque in the high speed range, will show that
the axial force of the torque links 115 is opposed
to the normal creeping tendency so that the
change of transmission ratio under increase of

" throttle when the transmission is in high speed

_ _positions is less than it would be if the torque

were transmitted through a straight key and key-
way or other device which is free of axial re-

_action as a function of torque. It will be evi- .
" dent, then, that under low speeds and severe con~

- ditions of pulling, the mechanism is more respon--

independent of wheel - .

sive in tranasmission ratio change to increase of ..

tractive effort and increase of engine torque than :
in the high apeed range. In a vehicle where the

power is limited :and it is important to ‘obtain -
‘maximal hill climbing characteristics and maxi-

.mal tractive effort at low speed, the advantage
of such an arrangement is ] '

Pigs. 15.and 16 prese: curves illustrating the
performance of the transmission of my invention

_ when adapted to one specific application. In this

" application & Johnson X301 “Iron Horse” engine

" was used. Curve 200 shows the manner jn which ™
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the torque of this engine varies with engine speed, .
and curve 201 shows the manner in which the

- engine horse power varies with engine speed. It

will be noted that the engine-has a maximal
torque of about 29 pounds-inches at 1700 R.P. M.,
and a maximal horsepower of 1.0 at about 2500

P R S L
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R. P. M. Curve 202 shows the manner in which
the ratio of engine speed to wheel speed in the
particular application under consideration varies
in response only to vehicle speed. This curve
starts from an intermediate ratio of 8.5 to 1, cor-
responding to the balanced position of the V-belt
on the pulleys with the vehicle stationary, as
shown in Fig. 11, and remains at this ratio until
the vehicle speed is about 5 miles per hour, be-
yond which the ratio gradually decreases to s
value of about 2.75 to 1 at 30 miles per hour. The
curve 202 then presents what might be termed
the “no load” change of ratio which would be
obtained if the vehicle could he accelerated from
a standing position to its maximum speed without
actual application of driving torque or building
up of tension on the V-belt.

Curve 203 shows the manner in which the
change in transmission ratio takes place under
full engine torque, assuming that the vehicle
starts with the transmission in the extreme low
gear position. Under these conditions the trans-
mission ratio will start at about 12 to 1 and re-
main at this value until the vehicle attains a
speed of about 5 miles per hour. When this speed
is reached, the centrifugal forces acting upon the
unit 46 will induce a change of transmission ratio,
and if the vehicle proceeds under full throttle, the
change of ratio will be complete at about 30 miles
per hour and the final high speed ratio will be
about 3 to 1. The displacement of the curve 203
from the curve 202 is a reflection of the change in
transmission ratio produced by the previously
discussed creeping-tendency of the belt.
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speed, there is only a small increase in engine
speed. When the vehicle reaches a speed of about

.12 miles per hour, the change of transmission

ratio continues according tc such a function of in-
creasing vehicle speed that the engine speed re-

- mains substantially constant at 2500 R. P. M. and
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. Curve 204 shows the transmission curve cor-

responding to a start under full throttle from the
intermediate balanced ratio position illustrated in
Fig. 11. Tt will be noted that the ratio of engine
speed to wheel speed increases rapidly while the
vehicle is being accelerated to 5 miles per hour,
beyond which if acceleration is continued under
full throttle operation, the ratio change, of
course, follows that of curve 203,

It will be evident that operation of the vehicle
with partial throttle openings would be indicated
by curves lying between curves 202 and 203, and
that a typical curve for ratio change under mod-
erate acceleration might be one such as curve 2085,

Curve 206 represents the variation of engine
speed with vehicle speed under conditions corre-
sponding to the maximal acceleration curve 203,
and may be understood from the following de-
scription of the action takirg place. The engine
under consideration has a normal idling range of
from 800 to 1050 R. P. M. and the clutch 13 ad-
justed to start engagement at an engine speed of
approximately 1100 R. P. M. Following engage-
ment of the clutch, the engine speed stays at
about this value until the vehicle speed has
reached about 3 miles per hour. During this
period the clutch at first slips considerably, but
as the speed of the vehicle approaches 3 miles
per hour, the slipping diminishes and slight in-
crease in vehicle speed above 3 miles per hour

then permits the engine to accelerate with almost’

no slip, the clutch finally locking-in at about 1400
R. P. M. and 4 miles per hour. From 4 miles per
hour to a speed of about 8 miles per hour, engine
speed varies almost directly as vehicle speed. It
will be noted that this portion of the curve 206 is
practically a stra ght line and that in the corre-
sponding portion of curve 203 there is very little
change in ratio. When vehicle speed reaches 8
or 9 miles per hour, relatively rapid change of
ratio occurs with the result that, although the
vehicle accelerates rapidly to a much greater

40

full engine power is available for acceleration up
to the normal maximum of 30 miles per hour.
With the particular adjustment of transmission
and the particular chain and sprocket combina-
tion employed in the application under considera-
tion, the transmission. completes its shift into the
high gear position at about 30 miles per hour, and
from that point on any increase in vehicle speed
leaves the ratio unchanged Increase in vehicle
speed above 30 miles per hour therefore necessi-
tates Increase in engine speed, as indicated by the
oblique upper portion of the curve 206, but in a
small vehicle of the size and weight propelled by
an engine such as that in the application under
consideration, such speeds are normally not at-
tainable on the level, and this possible increase
of engine speed above the point at which the
horsepower curve peaks is obtainable only when
running down hill,

Curve 207 represents the variation of engine
speed with vehicle speed under the no load con-
dition corresponding to the curve 202. This curve
shows the same general response of engine speed
to change of vehicle speed, but it will be noted
that for any vehicle speed, the corresponding
speed. of the engine under no load condition is
appreciably lower. This permits a great increase
in life of the engine and reduction of main-
tenance costs if the operator chooses to use only
partial throttle opening during acceleration.

By appropriate change of the curvatures of the
ball ramp in the countershaft unit 486, it is
possible, if desired, to delay the point at which
change of ratioc from normal extreme low gear
position commences until the peak of the power
curve is reached at 2500 R. P. M., and then to

- introduce a rapid change of ratio to hold the en-
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gine speed at this peak value at higher road
speeds. The engine speed versus vehicle speed
curve for-such a construction is indicated by the
dashed curve 208 where it diverges from the
curve 206, .

" If it be considered that the curve 206 regre-
sents the performance which would be obtained
with the springs 182 and 183 of the countershaft
unit 48 in the position of intermediate adjustment
afforded by screwing the screws 185 and 186 in-
ward a distance equal to half their threaded
length, then retracting these screws to their ex-
treme rightward position as seen in Fig. 3 would
result in an engine speed versus vehicle speed
curve as indicated by the line 209, the lower and
upper portions of which merge into the curve
207. Conversely, maximal initial compres-
sion of the springs achieved by screwing the ad-
justing screws 185 and (86 inward the full
threaded length, would result in an engine speed
versus vehicle speed curve as suggested by the
curve 210. It is evident that this adjustment,
which is under the control of the operator, per-
mits the operator of the machine to adjust
the effective transmission ratio to suit his in-
dividual needs. A lightweight. rider, for instance,

" might use the adjustment indicated by curve 209,

while a heavyweight rider might prefer the ad-
justment indicated by the curve 210. * .

In vehicles in rental service or in messenger
and delivery service where the operators might
be inclined to ride the vehicles more or less con-
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‘ tinuously at maximal speeds and maximal throt-
~ tle openings, excessive strain on the engine may
be avoided by substituting for the ball ramps
162 and 187 of the countershaft unit 468, ramps
having less curvature. If the ramps are modi-
fied in this manner, the curve of engine speed
versus vehiclé speed at full throttle opening
may be modified in the manner of curve 2fI.
It will be noted that a curve of this sort per-
mits use of peak engine power for maximal per-
formance both in acceleration and in hill climb-
ing at low or moderate vehicle speeds, but when
the vehicle speed reaches approximately 20 miles
per hour, the ratio change of the transmission
becomes progressively greater so that the engine
actually slows down with increase of wvehicle
speed. This means that the engine is held at a
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tion, gradually diminishes in transverse width
due to compression and abrasion by the surfaces
of the pulleys and to other fac¢tors causing wear,

-and special provision is made to permit adjust-

ment of the transmission to oompensa.te for belt
wear.

When a new V-belt is used in the transmission,
it will be found that when the belt is occupying
the extreme low gear position in which it has the
minimal pitch diameter on unit 45, the width of
the new belt is such as to prevent the pulley face
161 of unit 46 from coming into the extreme
rightward or closed position characteristic of the -
low gear condition with a used belt. In this posi-
tion of the pulley face 161, the ball ramps 162
and 187 may not be pressed together sufficiently

__to retract the balls 191 into a circle of minimal

speed below the one at which it delivers maximal -

power, and the normal high speed of the vehi-

~cle on a level road is somewhat reduced. This
slight reduction in engine output and substan-
tial reduction in engine speed is of great value
in prolonging the life of the engine and mini-
mizing maintenance expense, and the advantage
of such an arrangement to a commercial oper-
ator is manifest.

Consideration of the engine torque curve 200
will show that engagement of the clutch begins
at a. point substantially below the speed at which
the engine develops maximal torque. This means
that during the first portion of the starting and
accelerating period, the tractive effort is not as

great as it would be if greater engine torque

could be applied at any particular ratio. If it is
important that maximal starting performance
of the vehicle be attainable, the tension of the
grommet spring (30 in the unit 45 may be in-
. creased or the weight of the spring may be
" reduced by removal of a portion of the filler
spring {3, by substitution of a flller spring of
lighter weight or by total elimination of the
filler spring, and the clutch will accordingly not
begin to engage until a relatively high engine
-speed has been attained. If the clutch be modi-
~ fled in this manner, the low speed portion of

the engine speed versus vehicle speed curve 208

will be modified as suggested by the curve 212.

It is understood that the performance curves
discussed above are peculiar to one particular
type of engine with its individual horsepower
and torque characteristics. .In a group of en-
gines of presumably identical characteristics,
- some variation in performance at different speeds
will often or usually appear. It is obvious that
the individual adjustment made possible by the
construction of the transmission of my inven-
tion -permits substantial modification of trans-
mission characteristics to obtain the best possible
_performance or the most desirable performance
“from any particular engine. It should also be
noted that the overall response of the trans-
mission to tractive effort, engine torque, and ve-
hicle speed is modified by the reduction ratio
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diameter in which each ball touches the adjacent
ones. Since, under these conditions, the balls
191 might be loose between the ramps 162-and §87
and have a tendency to rattle when the speed of
rotation is so low that centrifugal force is in-
sufficient to overcome the force of gravity on the
balls, the marcel spring 190. interposed between
the ramp 187 and the housing portion of the

‘pulléy face 153 is depended upon to” force the

ramp 187 toward the ramp 162 and in this man-
ner take up any slack between the balls and the
ramp. 'The balls {91 are thus properly central-

-ized on the minimal pitch circle until such time
-as centrifugal force enables them to first com-

press the marcel spring 198 and then separate
the pulley faces by direct pressure upon the
ramps.

In the high gear position, the belt 47 has its
minima)l pitch diameter on the unit 46 and the
separation of the pulley faces 181 and 1583 is

limited by abutment of the member (80 ggainst.

the washer 149, the extreme rightward position
of which is in turn determined by the adjustment
of the screw 159. When a new belt is used, it is
necessary to retract the screw. 159 to permit the
-washer (49 to assume a position as far to the
right in Fig. 3 as possible in order to allow the
pulley faces to separate a distance sufficient to
accommodate the new belt in the position of
minimal pitch diameter. As the belt diminishes.
in width due to wear, it may seat more deeply in
the pulley of unit 46 and eventually bear against
the fingers 165, and for this reason the fingers
165 have edges so formed that the belt may run
against them without damage. If the power
transmitted by the belt is relatively light, it may
be transferred from the inner face of the belt
47 to the fingers 165 without abnormal slip, even -
though at high speeds the centrifugal action of
the balls 191 against the ramps 162 and 181 may
separate the pulley faces 161 and 163 so far that.
no appreciable side contact is made against the
belt 41. If the power being transmitted is high,
however, the flat contact of the belt against the

. fingers may be insufficient; to transmit this power

of the sprocket and chain employed and by the

total load and. force constants of the springs
122 and {23 in the unit 46. Change of sprocket
ratio will have the general effect of increasing
or . reducing the miles per hour scale of the
charts of Pigs. 15 and 16. . Change of the total
load or force constants of the springs 122 -and
123 is equivalent to change of the total load and

force -constants of the springs 182 and 183 in -

the unit 48. )
In the use of my transmission, the V-belt,
which is generally of rubber and fabric construc-
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without undue slip, and ii. may become necessary
to restore the side contact of ‘the pulley faces
against  the belt. This is done by turning the
screw {88 inward so that it moves the key 157
leftward in Fig. 3 and establishes a new limiting
position for rightward travel of the member 180. -

- This adjustment may be easily made by the oper-

70

ator of  the vehicle whenever the engine gives
audible evldenee of racing when the machine is

 travelling at high speed.

75

In Fig. 17 I show an alternative form of the =
unit 46 in which means are provided for making
the transmission ratio responsive to the va.cuum

$
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created in the engine intake. In this case the
countershaft unit 46 is mounted on a counter-
shaft 220 which, except for the end portion upon
which the unit 46 is mounted, is similar to the
countershaft 48 in the apparatus previously de-
scribed, and is similarly connected with the other
associated parts. -In the form of the unit shown
in Fig. 17 the hub 22{ takes the place of the
hub (55 in the previously described unit and is

connected for rotation with the countershaft.

220 by means of a key 222. The hub 221 is re-
tained on the countershaft by snap ring 160 en-
gaging a groove on the countershaft. The springs
182 and 183 act at one end on the member 180
and at the other end on a washer 223 which abuts
the adjusting screws 185 and 186 and is turned
inwardly to pilot on the hub 221.

Surrounding the spring (83 and clamped be-
tween the spring 183 and the abutting surfaces
at either end thereof, is a cylindrical sheet 224
of flexible material, such as rubber, composition,
or fabric, which forms with the supporting spring
183 an air-tight bellows providing a chamber
within.

The countershaft 220 has an axial bore 225 ex-
tending part way from its outer end, and com-
municating with the bore 225 and the chamber
within the bellows 224 is a passage 226. A fitting
227 has a cylindrical portion 228 fitting the bore
225 so as to permit the countershaft 220 to ro-
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tate while the fitting 227 remains stationary. A -

passage 230 connects with the bore 225 at one
end and at the other end with suitable conduit
means leading to-the intake of the engine 4f in
such manner that a vacuum is produced within
the bellows 224 by operation of the engine 41, In
order to permit compensation for wearing of the
belt, the movable pulley face is made in two parts,
the inner portion 231 being attached to the ramp
162 for piloting on the sleeve 156 in the same
manner in which the movable pulley face 161 was
connected thereto in the form of the unit pre-
viously described. The outer inclined portion 232
which is adapted to contact the belt 47 is at-
tached to the inner portion 231 by three or more
screws 233 which are threaded through the por-
tion 231 and are riveted to the portion 232 as at
234 in such manner that the screws 233 may turn
within the portion 232. It will be clear that with
this construction the pulley face 232 may, for
any position of the portion 231, be moved toward
or away from the pulley face 153 as may be neces-
sary to compensate for different widths of belt.
The remaining parts of the unit 46 may be con-
structed as previously described in connection
with the unit illustrated in Fig. 3.

The operation of the unit as illustrated in Fig. -

17 is similar to the operation of the previously
described unit of Fig. 3, except that in the unit
of Fig. 17, the position of the movable pulley face
232 is changed as the degree of vacuum produced
by the engine changes. The vacuum within the
bellows 224 tends to counteract the compressive
force of the springs 182 and 183, so that the
greater the degree of vacuum, the more the pul-
ley face 232 will be moved away from the oppos-
ing pulley face 153 and the more the transmis-
sion will be shifted toward the high gear coudi-
tion. The degree of vacuum produced by the
engine is dependent upon the throttle opening
and the speed of the engine, increasing with the
speed, and decreasing as the throttle is opened.
The vacuum produced within the bellows 224 may
be further modified by a valve in the conduit
connecting passage 230 with the ergine intake.
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It will be evident that many different effects
may be secured by adjustment of the screws 185
and 86 to vary the compression of the springs
182 and 183, and by varying the adjustment of
the vacuum control valve. One desirable condi-
tion is that in which the belt 47 occupies an in-
termediate position on the pulley of unit 46
when the engine 41 is idling. Under these cir-
cumstances the compressive force of the springs
182 and 183 is partially balanced by the vacuum
within the bellows 224, and when the engine
throttle is opened to accelerate the vehicle, the
degree of vacuum within the bellows 224 is less-
ened, permitting the springs 82 and 183 to act
on the equalizer arms 113 to move the pulley
face 232 closer to the opposing pulley face 153
and quickly bring the transmission into low gear
position. As the speed of the vehicle builds up
and less throttle opening is required, the degree
of vacuum within the bellows 224 will increase
and assist the centrifugal action of the unit in
bringing th emovable pulley face 232 to the ex-
treme high gear position,

In Fig. 18 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 103 at 126, as in the form of the ap-
paratus previously described, and has substan-
tially the same shape in its outward portion as
the ramp 125 in the form of the unit shown in
Fig. 3. The inner portion of the ramp 240, how-
ever, preferably extends inwardly substantially
parallel to the plane of rotation nearly to the
member 137. A floating plate 241, similar in its
outer portion to the floating plate 127 of the pre-
viously described unit, is connected for rotation
with the ramp 240 by the ears 128 projecting
through holes in the ramp 240. The inner por-
tion of the floating plate 241 is formed into a
frusto-conical shape directed toward the oppos-

? ing ramp 240. The grommet spring (30 is similar

to the spring described in connection with the
unit of Fig. 3 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 diam-
eter. :
With the construction shown in Fig. 18, it is
evident that when the mechanism comes to rest,
as is the case when the engine stops, the grom-
met spring 130 will retract inwardly and by en-
gagement with the ramp 240 on one side and
the floating plate 241 on the other side, will
force the floating plate 241 leftward, resulting in
engagement. of the floating plate 241 with the
friction surface 133, and engagement of the fric-
tion surface 134 with the housing 103. In this
condition the engine 41 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 resultant increase in speed will cause the
grommet spring 130 to expand under the influ-
ence of centrifugal force until it occupies the
position shown in Fig. 18. In this position the
clutch is disengaged and the engine may idle
freely. Purther increase in engine speed will re-
sult in normal engagement. for driving the vehi-
cle in the manner set forth previously in connec-
tion with the apparatus of Fig. 3. Normal en-

.gagement and disengagement of the clutch under
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variations of vehicle speed, load, and throttle
opening, will automatically occur in the manner
previously described. When the engine stops,
either through intentional closing of the throt-
tle or turning off of the ignition by the opera-
tor, or accidentally through operation of extrane-
ous factors, the reduction in rotational speed of
the clutch assembly permits the grommet spring
130 to retract to such & point that re-engage-
ment 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 130 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 128, This spring then urges the
floating plate 241 rightward in such manner as
to always maintain contact between the grom-
met spring 130 and the ramp 240 at one side,
and the floating plate 241 at the other side.

In the alternative form of the unit 45 shown
in Fig. 19, a flat floating plate 245 parallel to the
plane of rotation is employed on one side of the
grommet spring 180 and a ramp 246 is positioned
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
241 bearing at one end on the housing 103 and
at the other end on the floating plate 245 assures
contact of the grommet spring 130 with both the
floating plate 245 and the ramp 246 at all times.
In this form of the unit a single member 248
takes the place of the disc 132 and the member

11

nested the grommet spring 252. Preferably
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-
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131, being connected at its outer end with the -
friction faces 133 and 134, and at its inner end

to the pulley face {10 by means of the lugs {38.
This construction eliminates the coupling teeth
135 and 136 of the previously described construc-
tion, but is accompanied by the disadvantage that

40

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. 19. The parts
of the mechanism are shown in the positions
which they take when the engine is idling. The
grothmet spring 252 cooperates with the ramp.25i

and the floating plate 245 to effect clutch en< .

gagement at speeds of the engine greater than
idling speed in the same manner &s has previ-
ously been described in connection with the appa-
ratus of Fig. 3. When the engine stops, the
grommet spring 254 retracts inwardly to a
smaller diameter and by reason of engagement
with the ramp 253 forces the floating plate 245
to the left, causing the clutch to engage, where-
upon the engine may again be started by forward
motion of the vehicle. When the engine starts,
the grommet spring 254 will be thrown outward
into the position shown in Fig. 20, resulting in .
disengagement 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 minimal
mechanical compromise. .
While T have disclosed my transmission in con--
nection with a three-wheeled vehicle, it will be
understood that the transmission may be em-
ployed in the propulsion of a two-wheeled vehicle,
which, for example, may be of the general type
disclosed in'the patent application of Howard B.
Lewis, Bruce Burns, Austin E. Elmore, and Esley
F. Salsbury, Serial No. 202,868, or in any other
suitable form of vehicle. It will also be under-

‘ stood that various variations or modifications in

as the member 248 moves during engagement and .

disengagement of the clutch, the pulley face 110
is also required to move. To permit the limited
movement required of this pulley face, the hub
102 is reduced at 250 to permit movement of the
bushing 107 upon it. s

The operation of the unit illustrated in Fig. 19
_ is similar fo that of the previously described unit

shown in Fig. 18. The parts are shown in the
position which they would take during idling of
the engine.. When the engine stops, the grom-
met spring 130 retracts inwardly and the curved
inner portion of the ramp 248 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

4

design or construction of the parts of the ap-
paratus of my invention other than those dis-
closed herein may be made by those skilled in the
art without departing from the spirit and scope
of the appended claims. :
The invention disclosed herein was disclosed in -
my application Serial 253,557, filed January 30,
1939, entitled “Motor vehicle and automatic
power transmission means therefore,” of which

- this is a division.
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from the idling condition, the grommet spring -

130 is thrown outward and the clutch is engaged
for moving the vehicle forward as previously de-
scribed. ,

In Fig. 20 is illustrated an alternative form of
the clutch portion of the unit 45 in which two

85

grommet, springs are employed to perform sepa-

rately. the functions of clutch engagement for
engine starting and clutch engagement for move-
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ment of the vehicle. A ramp 251 is provided of

. the same general character as the ramp (2§ in
the unit {llustrated in Fig. 2 and is attached to
the housing 103 in a similar manner. The ramp
251 has an arcuate inner portion within which is
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I claim as my invention:

1. In a vehicle the ¢ombination of: an engine
‘having a shaft; a driving wheel; a variable speed
reduction gear, said speed reduction gear com-
prising a driving shaft, a driven shaft, a driving
pulley carried on the driving shaft of said gear,
a driven pulley carried on the driven shaft of said
gear, and a V-belt passing over said pulleys, the
effective diameter of which pulleys may be varied
to vary the speed ratio of said gear; mechanism
through which the driven shaft of said gear can
drive said driving wheel; a clutch adapted, when
engaged, to transmit power from the shaft of said
engine to the driving shaft of said gear; centrif-
ugally actuated members. carried by the driven
shaft of said gear and, therefore, rotated at all
times at a speed proportional to the speed of
said driving wheel; and. mechanism through
which said centrifugally actuated members vary
the effective diameter of said driven pulley to

increase or reduce the ratio of said gear as the -

speed of said driving wheel is reduced or in-
creased.
2. In a vehicle the combination of: an engine
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having a shaft; a driving wheel; a variable speed
reduction gear, said speed reduction gear com-
prising a driving shaft, a driven shaft, a driving
pulley carried on the driving shaft of said gear;
a driven pulley carried on the driven shaft of
said gear, and a V-belt passing over said pulleys,
the effective diameter of which pulleys may be
varied to vary the speed ratio of said gear;
mechanism through which the driven shaft of
said gear can drive said driving wheel; a clutch
adapted, when engaged, to transmit power from
the shaft of said engine to the driving shaft of
said gear; centrifugally actuated means driven
at all times at a speed proportional to the speed
of said engine shaft; spring means for render-
ing said centrifugally actuated means inopera-
tive at all speeds below a definite critical speed,
said centrifugally actuated means being adapted
to cause said clutch to engage whenever said
centrifugal means are rotated above said criti-
cal speed; centrifugally actuated members car-
ried by the driven shaft of said gear and, there-
fore, rotated at all times at a speed proportional
to the speed of said driving wheel; and mech-
anism through which said centrifugally actuated
members increase or reduce the ratio of said gear
as the speed of said driving wheel! is reduced or
increased. .

3. In a vehicle the combination of: an engme
having a shaft; a driving wheel; a variable speed
reduction gear, said speed reduction gear com-
prising a driving shaft, a driven shaft, a driving
pulley carried on the driving shaft of said gear,
a driven pulley carried on the driven shaft of said
gear, and a V-belt passing over said pulleys, the
effective diameter of which pulleys may be varied
to vary the speed ratio of said gear; mechanism
through which the driven shaft of said gear can
drive said driving wheel; a clutch adapted, when
engaged, to transmit power from the shaft of said
engine to the driving shaft of said gear; centrif-
ugally actuated members carried by the driven
shaft of said gear and, therefore, rotated at all
times at a speed proportional to the speed of said
driving wheel; and mechanism through which
said centrifugally actuated members vary the ef-
fective diameter of said driven pulley to decrease
the speed ratio of said gear as the speed of said
driving wheel increases and increase the speed
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ratio of said driving wheel as the speed of said
driving wheel decreases.

4. In a vehicle the combination of: an engine
having a shaft; a driving wheel; a variable speed
reducticn gear, said speed reduction gear. com-
prising a driven shaft, a driving shaft, a driving
pulley carried on the driving shaft of said gear,
a driven pulley carried on the driven shaft of
said gear, and a V-belt passing over said pul-
leys, the effective diameter of which pulleys may
be varieq to vary the speed ratio of said gear;
mechanism through which the driven shaft of
said gear can drive said driving wheel; a clutch
adapted, when engaged, to transmit power from
viie shaft of said engine to the driving shaft of
said gear; centrifugally actuated means driven at
all times at a speed proportional to the speed of
said engine shaft; spring means for rendering
said centrifugally actuated means inoperative at
all speeds below a definite critical speed, said cen-
trifugally actuated means being adapted to cause
said clutch to engage whenever said means are
rotated above said critical speed; centrifugally
actuated members carried by the driven shaft
of said gear and,-therefore, rotated at all times at
a speed proportional to the speed of said driving
wheel; and mechanism through which said cen-
trifugally actuated members decrease the speed
ratio of said gear as the speed of said driving’
wheel increases and increase the speed ratio of
said driving wheel as the speed of said driving
wheel decreases.

5. A vehicle as defined in claim 1 in which the
mechanism through which the driven shaft of
the variable speed reduction gear can drive the
driving wheel, comprises, a sprocket carried by
the driven shaft of the variable speed reduction
gear, a sprocket drivingly associated with the
driving wheel, and a drive chain extending
around said sprockets.

6. A vehicle as defined in claim 2 in which the
mechanism through which the driven shaft of
the variable speed reduction gear can drive the
driving wheel, comprises, a sprocket carried by
the driven shaft of the variable speed reduction
gear, a sprocket drivingly associated with the
driving wheel, and a drive chain extending
around said sprocket.

’ BRUCE BURNS.



