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@ Automatic transmission having a continuously variable drive ratio.

@ An automatic transmission that includes a first rotating
assembly {310, 320) that is coupled by a bias member {340)
to a second rotating assembly and the second rotating
assemnbly will vary the effective diameter of movabie sprock-
et wheel assemblies thereof responsive to a torque applied
to the transmission. The bias member is a spring connected
to bias the first.and second rotating assemblies to a first
relative position. As a torque is applied and increased, the
bias tension is overcome and relative rotation of the first and
second assemblies occurs. The individual sprocket wheels
(341) of the sprocket wheel assemblies thereby travel toward
a second relative position, changing the transmission effec-
tive diameter.
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AUTOMATIC TRANSMISSION ﬁAVING A
CONTINUOUSLY VARIABLE DRIVE RATIO

The invention relates to infinitely variable transmissions where the
effective diameters of drive and driven portions thereof proportionally vary
in relation to their speed of turning providing an automatically varying drive

ratio therebetween.

A common use for a transmission is to couple it to a driving source,
such as a motor, to the drive train of a system or directly to the wheels of an
automobile or bicycle. Transmissions have generally accomplished a gearing
up or a gearing down between a.driving member and a driven member by
varying the relative rotation between'the members through a series of ratios
or "gears", the ratio being varied stepwise or continuously over some
predetermined range.

Automatic transmissions have generally involve-'d very complex
arrangements of torque converters, gears, etc. arranged to cause the
transmission to shift between a few preselected drive ratios at predetermined
points. Typically, these' points are at clearly defined occurrences, for
example specific rotational speeds of the driving or driven member.

Where such transmissions employ gear-to-gear clutch shifting, a smooth
power transfer between ratios is obtained. However, it has been difficult to
provide for a smooth power: tnansfe: between ratios with: chain drive systems
that are particularly useful in lighAt duty applications such as bicycles and
motorcyecles. This is, of course, due to the requirement that a fixed length of
chain be used that needs . to be tightly maintained between sprockets.

Heretofore, chain drive transmission mechanisms have generally utilized

connected sprocket wheels of graduated dimensions operating with a de-
raileur system to shift the chain from one sprocket thee‘l to the next. These
systems are typically not reliable in that they require precise and frequent
adjustment, do not shift well under a heavy load,' and the missing of a
sprocket wheel during a shift results in catastrophic failure of the system,
the chain falling between the sprocket wheels; and the mechanism jamming,
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While such graduated sprocket and deralleur systems are most
commonly used as bicycle transmissions, a number of other arrangements
have been proposed for pfoviding a drive ratio variance to a chein-driven
system. Some early examples of transmission devices are shown in U.S.
Patent Nos. 616,630 and 698,854 by J.C. Pratt; U.S. Patent No. 1,496,032 by
F.H. Sleeper; U.S. Patent No. 2,584,447 by L.A. Hayot; and two foreign
patents, Norwegian Patent No. 55,912 by E. Helmers Olsen, and Swiss Patent
No. 174,415 by Philipp Zucker. The present invention is unlike the first Pratt
Patent, No. 616,630, Hayot Patent No. 2,484,447, and Swiss Patent No.
174,415 by Zucker that all utilize individual biased l;addle members that will
not uniformly extend outwardly under the urgings of centrifugal force.
However, some of these patents, partiéulary the second Pratt Patent, No.
698,854, Sleeper Patent No. 1,496,032, and Norwegian Patent No. 55,912 by
Olsen, do have similarities to the present invention. Specifically, like the
present invention, the Pratt Patent No. 698,854 involves outwardly expanding
drive members for interdigitation with the chain links. Howe§er, these
patents show a splined connection of the transmission_ plates and hub,
resulting in a far more complicated biasing arrangement than that of the
present invention.

The Sleeper Patent No. 1,436,032, similar to Pratt Patent No. 698,854,
also connects the hub and plates together and relies on spring expansion and
contraction to obtain the desired change in pulley diameter. The present
invention, of course; utilizes a variance in the relative positioning of a hub
and outer plates to effect the desired change in effective diameter.

The Olsen Patent No. 55,912, of course, involves a planetary gear
arrangement for moving the hub and linked sprockets to effect a change in
pulley diameter. This &ri-angement is distinet from that of the present
invention that provides a biasing for interconnecting outer plates and hub.
Also, unique from the device of Olsen, the present invention provides for
supporting individual sprocket wheel axles at two spaced-apart locations, and
is otherwise structually and functionally diffei'ent tl'ferefrém. _

In addition to t'he above-cited older patents, certain U.S. patents by
Tompkins (No. 3,956,944); Pipenhagen, Jr. {No. 3,969,948); Newell (No.
3,995,508); and Nye (No. 4,068,539) show variable ratio chain drive
arrangements. The Nye patent is cited for information only and is unlike the

present invention. The Newell and Pipenhageri patents involve idler
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arrangements that operate in conjunction with a varying ratio transmissior:,
and the spring biased take-up arrangement of the Newell patent is unlike the
present invention. The Pipenhagen patent, unlike the present invention,
provides a complicated bell crank and spring arrangement for urging
cantilevered sprocket memb'érsoutwardly under the urgings of centrifugal
force. Finally, the Tompkins patent fixes together outer plates and a hub,
and moves sprocket or teeth members responsive to a spring biasing. This
arrangement is unlike the present invention that does not spline the sprocket
to the outer plates and is also otherwise functionally distinct from the

Tompkins' arrangement.

In the preferred embodiment of an automatic transmiésion of the
present invention, drive torque is applied to a first rotating assembly. This
first rotating assembly is coupled via & bias member to a second rotating
assembly.. The second rotating assembly varies its effective diameter in
response to a torque applied to the transmission. In the preferred
embodiment, the first and second rotating assemblies have the same
rotational axis, but can rotate relative to one another over & predetermined
range. A spring as the biaé' member holds the first and second rotating
assemblies in a first relative position. In operation, as an applied torque
increases, the bias tension is overcome and relative rotation of the first and
second assemblies occurs toward a second relative position to simultaneously
either decrease or increase diameter of the second rotating assembly. With
a lessening of applied torque, the bias tension urges the relative rotation of
the first and second assemblies back to the biased state. .

Utilizing a single transmission, -an idler gear, a chain or beli,
transferring power through an idler gear; is preferred as part of the system to
take up and provide chain slack ‘to a drive portion as required over the
shifting range. In such arrangement, the spring biasing is arranged to move a
sprocket wheel arrangement from a greater to lesser effective diameter
response to a higher to lower applied torque. However, in an embodiment
that utilizes two transmissions, no idler gear is required. In such
arrangement, one transmission is placed at the driving source and the other is
placed at the driven member. In a bicycle, for example, one transmission is
arranged at the pedal crank and the other at the rear wheel. The variable
diameter arrangement of the transmission is a sprocket support structure
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mounting sprocket wheels thereon or sprocket wheel assembly in the
transmission at the pedal crank is biased open to iis largest effective
diameter, while the sprocket wheel assembly in the transmission at the rear
wheel is biesed to its smallest diameter. In such arrangement, the
transmission at the pedal crank operates as above mentioned and the
transmission at the rear wheel assembly operates oppositely. At high torque,
as at start-up, the spring biasing is overcome and a lowest ratio is present; |
whereafter, as the bieyecle speed is built up, the applied torque decreases and
the spring biasing tends to overcome the applied torque. The pedal
transmission thereby goes from its smallest effective diameter at start-up
and the rear transmission is cpened to its largest diameter as a lowest ratio.
Thereafter, as less work is required to maintain the bicyele at a desired speed
with, therefore, less torque &pplied, the pedal transmission sprocket wheel
will expand toward its full open or maximum effective diameter and,
proportionally, the rear wheel transmission is contracted to its smallest
effective diameter, resulting in a highest ratio. The appropriate selection of
both the sprocket wheel minimum &and maximum diameters and the
appropriate bias members to accommodate the expectéd load range will
thereby provide a econtinucusly variable automatic transmission.

The lowest and highestratio combination possible will be determined in
each individual case by the ratio of the minimum and maximum effective
diameters of the pedal and wheel ‘transmissions’ sprocket wheels. Floater
bearings are alternated in each sprocket wheel of & qproéket wheel assembly.
These floater bearings insure that any slack resuliing from rapid contraction
in the sprocket wheel diameter will not be translated to a drive chain or belt
and will be taken up in 2 smooth fashion.

-

[N

Fig. 1 illustrates a bieyele having dual transmissions in accordance with
a first embodiment of the present invention;

Fig. 2, a perspeétive cutaway view of the first embodiment of the
automatic transmission of the present invention; | -

Figs. 34, 3B, and 3C, show various effective diameters of the sprocket
wheel assembly in response to the torque applied;

Fig. 4, a cross-sectional side view of a first- embodiment;

Fig. 5A, & top view and Fig. 5B, a cross-sectional side view of the

sprocket wheel arm of in the first embodiment; o

5
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Fig. 6A, a top view of the sprocket wheel assembly of the first embodi-
ment; .

Fig. 6B, a sectional view taken along the line 6b-6b of Fig. 6A; '

Fig. TA, a top view of the star wheel assembly of the first embodiment;

Fig. 7B, a sectional view taken along the line 7b~7Tb of Fig. TA;

Fig. 8A, a top view and Fig. 8B, a side elevation view of & bushing of
the first embodiment; v

Fig. 9A, a top v1ew, Fig. 9B, a side view, and Fig. 9C, an end view of
the sprocket axle of the preferred embodiment;

Fig. 10, a perspective view with a porfion shown removed of a second
embodiment of the automatic transmission of the present invention;

Fié. 11, a side sectional view taken along the line 11-11 of the second
embodiment; '

Fig. 12, an exploded perspectxve view of a spring adjuster assembly of
the second embodiment;

Fig. 13, a side view of the assembled spring adjuster assembly of Fig.
12; , E )
Figs. 14A, 14B, and i4C, show various adjuster positions of the spring
adjusters of the second embodiment;

Fig. 15A, a top view of one of the opposing plates of a third
embodiment of the present invention; )

Fig. 15B, a sectional view taken along the line 15B-15B of Fig. 154;

Fig. 16A, a top view of the other plate of the third embodiment;

Fig. 16B, & sectional view taken along the line 16B-16B of Fig. 16A;

Fig. 17A, a top view and Fig 17B, an end view- of the sprocket axle of
the third embodiment;

Fig. 18, a perspective view showing a portlon removed from the third
embodiment; '

Fig. 19, a side elevatxon sectional view of the third embodiment; and

Figs. 20A, 20B, and ZOC, show the relative positioning of the drive

plates end the sprocket wheel axle during shlftmg of the third embodiment.

Referring now to Fig. 1, therein is shown a bicycle 100 that includes
front and rear transmissions 140 and 120 in accordance with the preferred
embodiments. The two transmissions are shown interconnected by chain 150,
and cooperate fogether to continuously vary the ratio of the number of turns
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of pedal crank 180 with respect to the rotation of rear wheel 102. Pedal
crank 180 is directly coupled to pedels 181 and 182. Pedal crank 180 is also
directly coupled to the outer or primary dises of front transmission 140.
Chain 150 passes across sprocket wheel assemblies of both front and rear
transmissions 140 and 120, which sprocket wheel assemblies, as set out
hereinbelow, will vary in effective diameter in response to an applied torque
or torque reaction force apphed thereto.

In Fig. 1, the front transmission 140 sprocket wheel assembly is shown
biased to its maximum effective diameter; ang, conversely, the sprocket
wheel assembly within rear transmission 120 is biased to a smallest effective
diameter possible within its range. Thus", when the bicycle is at rest and no
torque is applied to pedal crank 180 through pedals 181 and 182, the front and
rear transmissions 140 and 120 are sutomaticelly in their highest ratio,
resulting in a maximum tumiﬁg of the rear wheel for each turn of the pedal
crank. ' ' -

Also in Fig. 1, there are shown two other pbssible positions of the chain
when the transmission is in use. When the chain is in the position as shown by
the dotted line 1504, it is in the highest ratio as described ‘gbove. This is the
normal position when the bxcycle is at rest or when the minimum torque is
applied to the pedel crank. When peddling is started and the bicycie is
accelerating, such as in climbing an incline or in any other activity where a
large torgue is applfed to the pedal crank, the bias tension of the sprocket
wheel assemblies in both front and reer transmissions 140 and 120 will be
overcome. The operation of these assemblies is described more fully below.
However, for this preliminary explanation, it is sufficient to say that when
the biased tension is ov"erz_:ome, the sprocket wheel assembly in rear
transmission 120 is expanded foward its largest operating effective diametér,
and the sprocket wheel assembly in front transmission 140 is contracted
toward its smallest operating effective diameter. As this cccurs, the front
and rear trensmissions 140 and 120 have éufomaticallir and continuously
shifted the bicycle into low ratio and chain 150's:ubstantially assumes the
position shown by line 150b. Between these two aforementioned stages, the
transmission passes through various intermediate gear ratios, such as the one
indicated by line 150c. v

It should be noted that since a contraction of the front sprocket wheel
assembly effective diameter is accompanied by & corresponding expansion of
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the rear sprocket wheel assembly effective diameter and, likewise, a
contraction of the rear transmission 120 sprocket wheel assembly effective
diameter is accompanied by & cor'responding increase in the sprocket wheel
assembly effective diameter of the front transmission, the chain travel path
will always be substantially of the same distance. Hence no idlers or other
mechanisms are necessary to accommodate chain slack. This is true when
two transmissions of opposing and substantially equal bias tension are
employed, as in this fir.st embodiment of the present invention.

Referring to Fig. 2, therein is shown a cutaway view of a transmission
assembly in accordance with the preferred embodiment. Shown therein and
in the sectional view of Fig. 4, inner and outer plates 310 and 320 are
arranged together and have corresponding recesssed grooves or channels 315
and 316 on their inside portions. The positioning of these grooves is shown by
relief portion 318 on the outside of the dises of Fig. 2, and does not extend
through the plate. Grooves or channels 315 and 316 are formed in plates 310
and 320 just deep enough to receive the roller bearings of each sprocket
wheel 341 fitted to travel freely back and forth therein as indicated by arrow
326. The channels are shghtly oversized so that bushings 311 of each
sprocket wheel will move easﬂy up and down therein. So arranged, each
sprocket wheel functions similarly to a cam-follower as each is driven via
arms 333 that are coupled. to projections 368 of a star wheel assembly 365, as
is shown best in Figs. TA and 7B, the star wheel assembly with the individual
sprocket wheels constituting a sprocket wheel assembly.

Fig. 4 includes some of the members of the preferred embodiment that
are not shown in fig. 2. For example, Fig. 4 shows the roller bearings as
being held in plaée and driven by upper and lower star wheel pi-ojections 368
and arms 333 of each sprocket wheel 341, So arranged, equal force is applied
to each side of the roller bearings, precluding a twisting action that could
cause jamming of a roller bearing within a channel.

Referring still to Fig. 2, it should be noted that alternating sprocket
wheels 341 have roller clutch assemblies 375 These alternate roller cluteh
assemblies allow rotation of the sprocket wheel in one direction only. In the
preferred embodiment, these sprocket wheels use roller clutches similar to a
Torrington Roller Clutech No. RC-040708 or the like. In contrast to the
sprocket wheels that have roller clutch asemblies, each other roller bearing is
completely free-wheeling to rotate in either ‘direction. The possibility of
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chain hangups, with the chain jumping off the individual sprocket wheels is
thereby minimized as the free-wheeling sprocket tend to remsain in firm
engagement with the chain even when the applied torque is rapidly varied
resulting in & rapid expansion and contraction of the sprocket wheel
assembly.

When the transmission is at rest with no torque being applied, bias
spring 390 will keep the sprocket wheels 341 in their furthest ends 356 of the
channels from & horizontal center axis. As torque is applied, with the
direction of rotation as shown by arrow 380, the star wheel assembly moves
in relative rotation to the outer plates as indicated by arrow 394 until, at the
maximum angular displacement, the sprocket x;zheels of the sprocket wheel
assembly are substantially in the position shown in Fig., 3A. In this positioﬁ,
the bias tension of spring 390 has been completely overcome and the sprocket
wheel assembly is positioned at its minimum effective diameter. As the load
lightens, bias spring 390 will overcome the applied torque to cause the star
wheel assembly 365 to rotate in the direction indicated by arrow 396 in Fig.
2, relation to outer dises 310 and 320. This relative rotation causes the
sprocket wheels to move in the direction indicated by arrow 329 within the
channels of outer dises 310 and 320. Shown in Fig. 3A, chain 302 is moving in
the direction indicated by arrow 303b to cause the sbove-described sprocket
wheels outward movement in response to the torque applied, increasing the
effective diameter of the sprocket wheel assembly. As set out sbove, the
sprocket wheels 341 each have roller clutch bearings and rotate only in the
direction shown by arrow 306 in Fig. 2, and will not rotate in the opposite
direction shown by arrow 305,

For the rear transmission 120, the bias tension is provided in the
opposite direction to that described above. For that assembly, under no
applied load, the bias tension would maintain the sprocket wheels in their
smallest effective diameter. Increasing the applied torque causes the
individual sprocket wheels to move along channels 315 and 316 until they
reach the outermost channel position 356 at their maximum -effective
diameter of the sprocket wh{a_el assembly.

Referring now to Fié. 4, the sprocket wheels in the assembly are
illustrated in their most extended position, with inner and outer plates 310
and 320 shown held together by set screws or pins 410 and 412. Spacers 420

and 422 and outer disc projections 432 are provided to insure that the inner
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and outer discs are maintained at a proper distance from each other. A bias
spring 390 is shown preferably connected at one end to star wheel assembly
365, whereon are arranged equally spaced projections 3‘68, with the other bias
spring end attached to dise 310 as by wrapping it around pin 410.

In practice, as shown best in Fig. 4, a central bearing assembly 450
constitutes a solid structure when the transmission is coupled to the driving
source. However, for use as the rear transmission 120, the bearing assembly
could consist of a roller ‘clutch assembly that is arranged to allow
disengagement therebetwegn or free-wheeling of the assembly so as to
provide & neutral gear, a}ldwihg coasting. Keys or splines 441 are provided
to prevent relative rotati'c;n.'of bearing assembly 450 and plates 310 and 320.
Roller clutches or bearings gre used in positions 311 and 312 depending upon
whether the individual sprocket wheel will be load-bearing to turn only in one
direction, or will be "free~wheeling" to take up the slack of the chain during
quick changes in the effective diameter of t}:xe sprocket wheel assembly.

In Fig. 4, bea'ring areas 461 are provided .to insure that star wheel
assembly 368 will slip by the mating surface with plates' 320 and 310
responsive to changes in the applied torque. For examplé, a nylon or like low
friction material insert éan be used as each bearing area 461, and
alternatively, dissimilar materials can be used and/or the mating surfaces can
be polished, or the like.

Detail drawings of shifting arm 333, sprocket wheel 341, and star wheel
365 are provided, respectively, in Figs. 5A and 5B, Figs. 6A and 6B, and Figs.
7A and 7B, that function and interact as described hereinabove. In Figs. 8A
and 8B are shown details of a preferred bushing 806; aﬁd in Figs. 9A, 9B, and
9C are shown, respectively, a top, side, and end view, of sprocket axle 367,
described hereinabove for use in the preferred embs'6diment. Sprocket wheels
341 that are described for use in the alternate idler Sprocket assemblies may
be made entirely of nylon, teflon, or some other like low friction material,
since they are not load-bearing and contribute’ no additional drag to reduce
the efficiency of the transmission. However, in applications where metallie
floater sprocket wheels are utilized, bearing assenibly bushing 806, made of a
dissimiler metallic material, shown in Fig. 9, should be used.

Figs. 3A, 3B, and 3C show the sprocket wheel assembly in its least or
smallest, middle, and largest effective diameters, respectively., These
figures show the relative positions of the individual sprocket wheels 341 of
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the transmission deseribed above. Fig. 3A illustrates the at-rest or no-load
position of a chain travel direction under load for this transmission, shown by
arrow 303A. As the applied torque increases, the effective diameter
increases until the middle position of the sprocket wheel assembly, shown in
Fig. 3B, is reached. Ultimately, as additional torque is applied, the maximum
effective diameter of the assembly, as shown in Fig, 3C, is reached.

Typically a transmission attached to a driven member is biased to its
maximum effective diameter, and a no-load or at-rest position of such
transmission is shown in Fig. 3C.- As torque is applied and increased, the
effective diameter of the sprocket wheel assembly decreases to that shown in
Fig. 3B under a medium torque. Finally, the effective diameter will reduce
to that shown in Fig. 3A under any torque sufficient to overcome bias spring
390 and maintain the sprocket wheel assembly in its minimum effective
diameter. This turning is illustrated by the direction of the chain travel as
shown by arrow 303B. The shifting range and torque necessary to reach the
maximum or minimum effective diameter of the sprocket wheel assembly are
preselected for the anticipated load range by selecti(;n -of an appropriate
sprocket channel length and bias spring 390 respectively. The direction of
chain travel described above is reversed by reversing the mounting of the
transmission on the shaft.

Referring now to Figs. 10, 11, 12, 13, 14A, 14B, and 14C, therein is
shown a second embodiment of the automatic transmission of the present
invention that functions as described for the transmission of the first
embodiment, except as set out below. Unlike the first embodiment, in the
transmission of the second embodiment, individual sprocket wheels like the
described sprocket wheels 341 are not arranged between the two plates.
Rather, they are supported to the outside of one of the plates, turning on the
outside of that plate. Also, in this arrangement, the bias spring is preferably
not located within the hub mechanism and consists of a set of rod springs
1050 that are mounted to sprocket hub assembly 1090. In this embodiment,
therefore, the spplied torque must overcome the composite resistance of all
the springs. I

in this second embodiment, the resistance of the springs is adjustable by |
appropriately setting spring adjuster 1075 to one of the positions provided by -
mounting holes 1078. This adjustment is used to alter the torque range over

which the shifting will occur. Thereby, the transmission can be adapted to
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suit many different combinations of load and torque. In this embodiment, the
effective diameter of the sprocket wheel assembly can be set over the
shifting range by moving one or more of the spring adJusters 1075 along
springs 1850, This movement of the spring adjuster toward the center hub
increases the amount of torque requxred to move the sprocket wheels.
Preferably all springs should be adjusted to the same posxtlon to mamtam a
balanced load on the transmlssmn parts. Sprmgs 1050 are preferably coupled
to hub 1090 at pomts 1051. So arranged a torque apphcatlon w:ll cause
relative rotation of housing 1082 with respect to the sprocket wheel assembly
that consists of hub 1090, arms 1031, bearings 1042, and sprocket wheels
1060. An important advantage of this embodimnent is tl;at t{l)e spring_sﬂ are

mounted on the exterior of housing 1082 This arrangement facilitates

‘adjustment and sxmpllfles aceess for inspection and replacement ‘The

relative positions of rod springs 1050 and adjuster assembhes 1075 to the
housing slots over the shifting range are shown in Figs. 14A, 14B, and 14C,
with detailed views of the houslng slot and the spring clan"xp‘ and adju_stxrlent
assembly shown in Figs. 12 and 13. | | |
Referrmg now- to Figs. 15A, 15B, 16A 168 17A and 17B therein are
shown the components of a third embodlment of the automatlc transmission
of the present invention that functions like the described trensmi_ésions of the
first and second emobidments, except as set out below. 'Thie vtransvrnisslion
embodiment is particularly suited to applications that :conternpfl.ate
application of a large torque to minimize a likelihood of}_d‘amege to the
described star wheel and arm assemblies that could result from the additional
stresses imposed. The third embodiment of the transmission, therefore, uses
two dual opposing plates 1700 and 1800, that are shown in Figs. 15A, 15B,
16A, and 16B, respectively. Plates 1700 and 1800 have slots 1722 and 1822
whose paths cross over one another when the two plates are in their
assembled position. In practice, the plates are designed such that the point
of crossover will depend on the relative rotational position about the commnon
center axis of plates 1700 and 1800. Sprocket axles 1900 are arranged
between plates 1700 and 1800, the ends of each journaled in one of the slots
1722 formed in plates 1700 and an appropriate opposing slot 1822 formed in
plates 1800, Each sprocket axle will come to rest at the point where the
respective slots 1722 and 1822 cross over one another. Therefore, as the
relative position of plates 1700 and 1800 changes, as shown in Figs. 18 and 19,
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so do the crossover points and, hence, the position of sprocket axles 1900. So
arranged, respective to a erossover point change, sprocket axles 1900 and the
sprocket wheels journaled thereon move from a most inward radial position to
a most outward radial position. Thereby, the effective diameter of the
sprocket wheel assembly is varied from its smallest to its largest size. This
is best illustrated in the side views of Figs. 204, 20B, and 20C.

In &ll the transmission embodiments, the preferred structure includes
two plates that are coupled together by at least one bias member arranged
to allow the plates' relative positions to be varied in response to applied
torque. In the third embodiment, as shown in Fig. 18, bias spring 2160 is
positioned on the outside, similar to the bias spring arrangment shown and
described above with respect to the transmission second embodiment. Shown
in Fig. 19, welds 1815 are applied to secure plate 1700 to hub 2119 after the
plate is in position to complete the assembly. Like the other transmission
embodiments, each sprocket wheel assembly of the third embodiment may be
biased to its smallest or largest effective diameter, with an applied torque
arranged to act on the sprocket wheels or to a member coupled to the plate
assembly to move the sprocket wheel assemblies oppositely to their biasing.
Bearings 1950 are preferably provided on the ends of sprocket axles 1900, as
shown in the cutaway perspective viisir of Fis. 15 and in Fig. 19. The central
hub area 2119 may either be a solid central shaft or a roller clutch asseinbly

to allow free-wheeling.
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CLAIMS:
1, Automatic transmission apparatus for
providing a continuously variable drive ratio comprising:
a pailr of outer plates (310,320) arranged to
receive a torgue applied thereto;

a sprocket support structure arranged between said
outer plates;

bias means (340) connected to said outer plates
and to said sprocket support structure for providing a
rotational force between said outer plates and said
sprocket support structure so as to vary the relative
positions of said outer plates and said sprocket support
structure in response'to an applied torque;

a plurality of éprocket wheels (341) each having
an axle (311), with each axle supported by said sprocket
support structure at two spaced apart locations along
said axle's length, said sprocket wheels regularly spaced
at points along the circumference of a circle defined
by the positions of the sprocket wheel axles, whereby
the radius of which circle is varied in relation to the
relative motion of said sprocket support structure and
said outer plates.

2. Automatic transmission apparatus as in
Claim 1, wherein the sprocket support structure comprises
a star wheel (365) having a pluraliﬁy of pairs of project-
ions (368),eaéh pair of projections including a pair
of arms for supporting one of the sprocket wheel axles.

3. Automatic transmission apparatus as in
Claim 1 or 2, whereiln the sprocket wheels are journaled
on the sprocket wheel axles between the outer plates.

4. " Automatic transmission apparatus as in
Claim 1 or 2, wherein the sprocket wheels are journaled

on the sprocket wheel axles outside the outer plates.
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