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TITLE: Maximum Axial Position Changing RPM Methods

CROSS-REFERENCE TO RELATED APPLICATIONS
This invention is entitled to the benefits of

- Provisional Patent Application (PPA) Ser. #62/074,037 filed on 02 November 2014
- Provisional Patent Application (PPA) Ser. #82/074,090 filed on 03 November 2014
- Provisional Patent Application (PPA) Ser. #82/087,240 filed on 04 December 2014
- Provisional Patent Application (FFA)} Ser. #62/088,813 filed on 07 December 2014
- Provisional Patent Application (PPA) Ser. #62/099,217 filed on 02 January 2015
- Provisional Patent Application (PPA) Ser. #62/101,371 filed on 08 January 2015
- Provisional Patent Application (PPA) Ser. #62/105,769 filed on 21 January 2015
- Provisional Patent Application (PPA) Ser. #62/105,771 filed on 21 January 2015
- Provisional Patent Application (PPA) Ser. #62/107 552 filed on 26 January 2015
- Provisional Patent Application (PPA) Ser. #82/108,648 filed on 28 January 2015
- Provisional Patent Application (PPA) Ser. #52/109,080 filed on 29 January 2015
- Provisional Patent Application (FFA) Ser. #62/115,175 filed on 12 February 2015
- Provisional Patent Application (PFA) Ser. #62/116,381 filed on 14 February 2015
- Provisional Patent Application (PPA) Ser. #62/118,853 filed on 20 February 2015
- Provisional Patent Application (PPA) Ser. #62/119,194 filed on 22 February 2015
- Provisional Patent Application (PPA) Ser. #62/121,058 filed on 26 February 2015
- Provisional Patent Application (PPA) Ser. #62/119,119 filed on 21 February 2015
- Provisional Patent Application (PPA) Ser. #82/121,586 filed on 27 February 2015
- Provisional Patent Application (PPA) Ser. #52/161,268 filed on 14 May 2015
- Provisional Patent Application (FFA) Ser. #62/162,807 filed on 17 May 2015
- Provisional Patent Application (PFA) Ser. #62/204,982 filed on 14 Aug 2015
- Provisional Patent Application (PPA) Ser. #62/208,973 filed on 24 Aug 2015
- Provisional Patent Application (PPA) Ser. #62/209,338 filed on 25 Aug 2015

The fellowing previously filed patents and patent applications have no legal bearing on
this application; they describe items mentioned in this application (i.e. cone with one
torgue transmitting member), but the subject matter claimed in this application is
different.
- U8, Patent 6,656,070 B2, which was filed on 11 January 2001
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U.S. Patent 7,722 480 B2, which was filed on 28 October 2007

- .S, Patent 8,628,439 B2, which was filed on 29 October 2007

U.S. Pat App. #13/628,613 (Pub. #201300233886), which was filed on 28 September
2012

U.S. Pat. App. #13/730,958 (Pub. #20130130854), which was filed on 20 December
2012

- U8 Pat App. #13/889,049 (Pub. #20130310205), which was filed on 07 May 2013
- U.S. Pat. App. #14/072,390 (Pub. #20140004332), which was filed on 05 November
2013

- U.B. Pat. App. #14/082,148 (Pub. #20140141908), which was filed on 17 November
2013

- U.S. Pat. App. #14/242 899 (Pub. #20140213398), which was filed on 02 April 2014
- U8, Pat. App. #14/557 454 (Pub. #201501358085), which was filed on 02 December
2014

- U8 Pat App. #14/587,354 (Pub. #20150126316), which was filed on 15 January 2015
- U.S. Pat. App. #14/182,306 (Pub. #20140235385), which was filed on 18 February
2014

- U.B. Pat. App. #14/188,853 (Pub. #20140235388), which was filed on 21 February
2014

- U.S. Pat. App. #14/475,492 (Pub. #20150233450), which was filed on 02 September
2014.

BACKGROUNG-FIELD OF INVENTION

This invention relates o torque/speed transmissions, specifically to methods that can
be used to “limit the maximum shaft rpm {speed) at which axial position changing of a
variator mounted on it is performed to a "maximum axial position changing rem value” for
all variator mounted shafts of a CVT, while still allowing a safe driving experience and
also allowing the driver to use the full power of the engine when needed. Examples of
variators are. a cone with one torgue transmiiting member, a cone with two oppositely
mounied torque transmitting members, a cone with two opposite teeth, a push belt
pulley, etc. The methods of this invention are referred (o as the *“Maximum Axial Position
Changing RPM Method”, the "Alternate Maximum Axial Position Changing RPM
Method”, and the “Alternate Maximum Axial Position Changing RPM Method 27 and are
described in the "Maximum Axial Position Changing RPM Method” section of this

disclosure.
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BACKGROUNG-DESCRIPTION OF PRIOR ART

A CVT that has the potential {o replace automatic and manual transmissions in
vehicles is a CVT 4, which is described in U.8. Patent Applications 13/8629,813,
13/730,958, and 13/888,048.

A CVT 4, which is shown in Figs. 1 to 4, has one cone with one forque transmitling
member mounted on one shafi/spline that is coupled to ancther cone with one torque
transmitting member mounted on ancther shaf/spline by a transmission belt.

A CVT 4 is promising design because it can allow for the construction of non-friction
dependent CVT’s without using raichetling or reciprocating mechanisms. However, if a
CVT 4 is transmitting a large torque, then the tension in the transmission belt of the CVT
4is also large. And sliding a transmission belt under large tension from small diameter
of its cone to a large diameter of its cone, as required for transmission ratio change, will
also require a large force.

A CVT 8, which is described in U.S. Patent Applications 14/182,308, 14/186,853,
14/475 492 and this disclosure, has two CVT 4's for which the transmission belt tension
in one of the CVT 4’s can be reduced. Reducing the transmission belt tension in the
CVT 4 for which the axial position of a cone of a CVT 6 has to be changed can
significantly. reduce the transmission ratio changing force needed, shock loads that
ocour during transmission ratio changing, and wear due 1o transmission ratic changing.

The axial position of a cone of a CVT 6 has to be changed within less than a full
revolution of that cone. As such, the duration avaiiable for changing the axial position of
a cone of a CVT 6 depends on the rotational speed (rpm) at which the cones of the CVT
& are rotating. By limiting the "maximum rotating speed at which axial position changing
of a cone is performed”, the duration available for changing the axial position of a cone
can be increased; and this will reduce the transmission ratio changing force needed and
shock loads that occur during transmission ratio changing.

For example, when the "maximum rotating spesd at which axial position changing of
a cone is performed’, rpm_may, is limited to a "maximum axial position changing rpm
value” of 3000 rpm; then based on the calculations in the “Sample Calculations for Axial
Position Changing” section below, the initial force needed to change the axial position of
a cong, F_initial, is 40 Ibs and the shock loads during axdal position of a cone is
h_dropping = 0.38 cm.

When the "maximum rotating speed at which axdial position changing of acone is
performed”, rpm_max, is not limited 10 a “maximum axial position changing rom valug”,

then axial position changing of a cone can cccur when the engine is operating at iis
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maximum rpm. Most car engines have a maximum rpm of about 8000 rom. From the
calcuiations in the “Sample Calculations for Axial Position Changing” section below for
rpm_max = 6000 rpm, we get F_initial = 162 Ibs and h_drepping = 1.5 cm.

From the sampile calculations of the previous paragraph we can observe that by
fimiting the "maximum roiating speed at which axial position changing of acone is
performed” to 3000 rpm, the force needed to change the axial position of a cone can be
limited to 40 lbs. Without limiting the "maximum rotating speed at which axial position
changing of a cone is performed”, the maximum rpm of the engine, which we assume is
G000 rpm, will determine the force needed to change the axial position of a cone, which
for 8000 rpm is 182 lbs, or more than 4 times larger than that for 3000 rom. In addition,
at 6000 rpm, the shock loads due 1o axial position changing of a cone will also be about
4 times larger than that for 3000 rpm.

Without limiting the "maximum rotaling speed at which axial position changing of a
cone is performed’, a CVT 6 can be unpractical for configurations where a cone rotates
at high speed, such as 12000 rpm for example. A cone canrolate at 12000 mm fora
maximum engine rpm of 6000 rpm and a transmission ratio {output speed/input speed
transmission ratio) of 2:1.

The idea of imiting the "maximum rotating speed at which axial position changing of a
cone is performed so as to increase the duration at which axial position changing of that
cone has to be performed is not novel. But only limiting the "maximum rotating speed at
which axial position changing of a cone is performed” without a control
sequence/method, can allow for an unsafe driving experiences such as when the CVT is
stuck in a low transmission ratio because the "maxdmurm axial position changing rpm
value” is exceaded, or can limit the power of an engine, such when the engine is only
allowed to run up to 3000 rpm instead of 8000 rpm s0 as not (o exceed the *maximum
axial position changing rpm value”.

The “Maximum Axial FPosition Changing RPM Method”, the "Alternate Maximum Axial
Position Changing RPM Method”, and the “Alternate Maximum Axial Position Changing
RPM Method 27 of this disclosure will disclose a control seqguence/method that will limit
the “maximum rotating speed at which axial position changing of a cone is performed”
while also providing a safe driving experience and also allowing the driver 1o use the full

power of the engine when needed.

Other Prior Arts
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The following prior art that might also be relevant: Patent #: 7,713,153, issue Date:
May 11, 2010, Patentee: Naude.

BRIEF SUMMARY OF THE INVENTION

Methods that can be used to “limit the maximum shaft rpm (speed) at which axial
position changing of a variator mounted on it is performed to a "maximum axial position
changing rpm value” for all variator mounted shafts of a CVT, while still allowing a safe
driving experience and also allowing the driver to use the full power of the engine when

needed.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

Fig. 1 shows a front-view of a CVT 4,

Fig. 2 shows a top-view of a CVT 4.

Fig. 3 shows another front-view of a CVT 4.

Fig. 4 shows another top-view of a CVT 4.

Fig. 5 shows a fop-view of the preferred CVT 6.

Fig. 8 shows front-view of the preferred CVT 6.

Fig. 7 shows front-view of a tensioning pulley 14 that is not engaged with iis
maximum contraction stop 15,

Fig. 8 shows a top-view of a CVT & that uses an adjuster 8 for each cone.

Fig. @ shows a top-view of a preferred CVT & for which the adjusters 8 are each
mounted on a different shaft/spline.

Fig. 10 shows a schematic diagram for CVT that uses a pre-transmission.

Fig. 11 shows a schematic diagram for CVT that uses a post-transmission.

Fig. 12 shows a schematic diagram for CVT that uses a pre-transmission and post-
fransmission.

Fig. 13 shows a schematic diagram for Drive System 1.

Fig. 14 shows a front-view of a “Tensioning Pulleys Tensioning System”.

Fig. 15 shows a partial top-view of a “Tensioning Pulleys Tensioning System”.

Fig. 16 shows a partial sectional-view of a "Tensioning Pulieys Tensioning System”.

Fig. 17 shows a front-view of a slider mounting plate 20.

Fig. 18 shows a side-view of a slider mounting plate 20.

Fig. 12 shows a front-view of a slider 21.

Fig. 20 shows a side-view of a slider 21.

Fig. 21 shows a tep-view of a cone 30 on which a marked disk 28 is altached.
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Fig. 22 shows a front-view of a marked disk 26, marker 27, and a sensor 28.

Fig. 23 shows a top-view of a CVT 6 that uses a clutch 29 for each cone.

Fig. 24 shows a partial front-view of an adjuster that uses an indexing mechanism.

Fig. 25 shows a partial side-view of an adjuster that uses an indexing mechanism.

Fig. 26 shows a partial top-view of an adjuster that uses an indexing mechanism.

Fig. 27 shows a partial front-view of an adjuster that uses a brake.

Fig. 28 shows a partial side-view of an adjuster that uses a brake.

Fig. 29 shows a partial top-view of an adjuster that uses a brake.

Fig. 30 shows a partial front-view of an adjuster that uses an eleciric motor.

Fig. 31 shows a partial side-view of an adjuster that uses an electric motor.

Fig. 32 shows a partial top-view of an adjuster thatl uses an electric motor.

Fig. 33 shows a partial front-view of an adjuster that uses an indexing mechanism
which uses a gear train 41.

Fig. 34 shows a partial side-view of an adjuster that uses an indexing mechanism
which uses a gear train 41 (gear train 41 is not shown).

Fig. 35 shows a partial top-view of an adjuster that uses an indexing mechanism

which uses a gear frain 41.

DETAILED DESCRIPTION OF THE INVENTION

CVT e
Configuration ofa CVT 6

Labeling for CVT 8 shown as a top-view in Fig. 5. Input Spline 1, Cutput Spline 2,
Driving Cone 3A of CVT 4A, Transmission Belt 4A of CVT 4A, Driven Cone 5A of CVT
4A,
Slider Sleeve 6A of Driving Cone 3A, Slider Sleeve 7A of Driven Cone 54, Driving Cone
3B of CVT 4B, Transmission Belt 4B of CVT 4B, Driven Cone 5B of CVT 4B, Slider
Slesve 6B of Driving Cone 3B, Slider Sleeve 7B of Driven Cone 5B, Adjusters 8.

A CVT 6 comprises of two substantially identical CVT 4’s. The basic configuration of
a CVT 4 is described U.S. Patent Application No.. 13/628,813. Hereone CVT 4 is
referred to as CVT 4A, and the other CVT 4 is referred to as CVT 4B. The driving cones

{which each are a cone with one torque transmitting member and which preferably have

the same dimensions) of CVT 4A and CVT 4B are mounted on a common spline through
a slider sleeve each (which allow axial but not rotational movements relative {0 its spline)

in manner so that the larger end of one coneg is facing the smaller end of the other cone,
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and the driven cones (which each are also a cone with one torgue transmitiing member
and which also preferably have the same dimensions) of CVT 4A and CVT 4B are also
mountad on a common spline through a slider sleeve each (which allow axial but not
rotational movemenis relative to iis spline) in manner so that the larger end of one cone
is facing the smaller end of the other cone. 1t is recommended that the axial positions of
the driving cones can be changed independent of each other, and that the axial positions
of the driven cones can also be changed independent of each other.

For each CVT 4 (CVT 4A and CVT 4B), one of its cones is mounted on its slider
sieeve through the use of an adjuster (labeled as adjuster § in Fig. ) that can: a)
provide/aliow rotational adjustiment hetween its cone and the spline onwhich it is
mountad when needed; and b) prevent any rotational movements between its cone and
the spline on which it is mounted when needed. The adjusier that uses a gear that is
driven by a worm gear, described in US Patent 7,722,490 B2 and U.B. Patent
Application No. 11/ 978,456 can be used as the adjusters; and here a cone can be
mounted on its spline through the use of an adjuster and a slider sleeve in a similar
manner as a fransmission pulley of a CVT 2 is mounted on ifs shaft/spline through the
use of an adjuster and a slider sleeve {(see US
Patent 7,722,450 B2).

If a cone is mounted through an adjuster, the rotational position sensor that is used 1o
determine the rotational position of that cone needs to be mounted on thatcong ora
portion that rotates with that cone. The rotational position sensor of a cone is needed to
determine/estimate the rotational position of the torque transmitting member of said
cone, which is needed o know when 1o change the axial position of a cone (see U.5.
Patent Application #13/889,049).

if desired, & CVT 6 can also comprise of two substantially identical CVT 4's for which
the cones are mounted on shafls instead of splines. For this configuration, the
fransmission diameter of a cone is changed by changing the axial position of its torque
transmitting member and its non- torque transmitting member (if used) while holding still
the axial position of said cone; instead of changing the axial position of said cone while
holding still the axial position of its torgque transmitting member and its non- torque
transmitling member (if used) as is the case for a CVT 8 for which the cones are
mountad on splines. For both a shaft mounted and spline mounted configuration of a
CVT 4, the axial position of a cone relative 1o its torgue transmitling member of the cone
on the driven shaft/spline and the cone on the driving shaft/spline can be changed

independent of each other.
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Reducing Tension in a Transmission Beltof a CVT 8

A CVT 6 can be operated so that the tension in the fransmission belt of one CVT 4
can be reduced when desired through the use of the adjusters 8. Here for the CVT 4 for
which the tension in the transmission belt is to be reduced, the adjuster 8 for that CVT 4
aliows its cone {o rofate relative {o its shaft/spline so as (o provide a releasing torque,
while the adjuster 8 of the other CVT 4 is locked/braked (or provides a slower rotating
releasing torque) so that full torque transfer between s cone and its shafspline ocours.
if the shaft/spline on which an adjuster is mounted is the input shaft/spline, than the
direction of rolation of its cone for a releasing torque is the direction opposite from the
rotation of the input shaft/spline. And if the shaft/spline on which an adjuster is mounted
is the output shaft/spline, than the direction of rotation of its cone for a releasing forgue is
the direction of rotation of the oulput shaft/spline.

The duration that a releasing torque is provided/allowed by an adjuster before axial
position changing of its cone is started can be based on a “set time duration”. The ideal
“set time duration” can be obtained through experimentation. For example, lef’s say we
select the “set time duration” to be 1 second; here if this duration is sufficient for the
adjusier to sufficiently reduce the tension in the transmission belt for all operating
conditions/situations, than 1 second can be usad as the "set time duration” for that
adjuster, or if desired further experiments can be performed in order to obtain a smalier
“set time duration”; and if 1 second does not allow the adjuster to sufficiently reduce the
tension in the transmission belt for ali driving conditions, than additional experiment(s)
with larger than 1 second “set time duration(s)” need to be performed until a “set time
duration” that allows the adjuster o sufficiently reduce the tension in the transmission
belt for all driving conditions is obtained.

When the “set time duration” has expired, axial position changing of said cone can be
started. After the “set ime duration” has expired, the adjuster 8 stops providing/allowing
a releasing torque and is stoppedilocked or used for other purposes. Here proper
coordination can be performed by a controlling computer that conirols the axial position
changing of said cone, and the adjusier 8 that provides/allows the releasing torgue.
Instead of a “set time duration”, torgue sensor(s) can also be used to determine when
the fension in a transmission belt is sufficiently reduced so that axial position changing of
a cone can be started.

When providing/aliowing a releasing torgue, an adjuster § that uses a motor can
evantually stall or slip. Here it is recommended that the torque of the adjuster 8 motor is

limited so that it will be enough to release the tension in the pulling side of the
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transmission belt of its cone, but not iarge encugh to significantly increase the tension in
the slack side of the ransmission beit

For an adjuster that uses a motor that rotates a worm gear that is coupled {o a gear,
letting an adjuster slip can be accomplished by placing a slipping clutch between the
output shaf/spline of the adjuster and the worm gear. This way the locking ability of the
worm gear-gear drive is not compromised. See US Patent 7,722,490 B2 for more details
regarding this.

if no slippage between a cone and its transmission belt is allowed, then changing the
axial position of a cone relative {0 its ransmission belt can rotate a cone. This type of
rotation is referred to as “Transmission ratio change rotation” in US Patent 7,722,480 B2.
“Transmission ratio change rotation” has (o be “allowed” or "compensated for” during
axial position change of a cone relative o its transmission belt, otherwise large tension in
the transmission belt can deveijop.

Furthermore, for a worm gear-gear drive of an adjuster §, it is recommended that the
difference between the worm locking force and worm rotating force is not much greater
than the difference required io ensure reliable locking when needed. This way the
torgue reguired to unlock the worm gear-gear drive can be kept as small as practical.

If desired other type of adjusters can be used for the adjusters §, such as an adjuster
that uses a worm gear-gear drive that uses a worm gear brake so that its worm gear-
gear drive can be made locking or non-locking. Or an adjuster that uses a main gear
that is identical to the gear of a worm gear-gear drive that is than coupled directly or
through other spur gears o a braking gear {(which has more spsed but less torque than
said main gear) that can be braked as needed. Many other design for an adjuster 8 are

also possible.

Compensating/Allowing for “Transmission ratio change rotation” ina CVT 8

For a CYT 8 the cones are prevented from fresly rotating to compensate for
“Transmission ratio change rotation”, since two cones that cannot freely rotate relative o
each other are mounted on a commeon shafi/spline and the transmission ratio {axial
position of a cone relative {o its transmission belt) of the cones on said common spline
are changed independent of each other. As such the adjuster(s) 8 alsc nead {o be used
to compensate/allow for “Transmission ratio change rotation”.

For a cone mounted on an adjuster 8, in order to compensaie/allow for “Transmission
ratio change rotation” of said cone, said cone mounted on an adjuster 8 “needs to be

rotated” or "needs to be allowed 1o rotate” by its adjuster 8 in the direction of the
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“Transmission ratio change rofation” of said cone during axial position change of said
cone relative 1o its ransmission bell, so that said cone can rotate relative to its spline in
the direction of its “Transmission ratio change rotation”. For an adjuster 8 that uses a
motor, it is recommended that here said adjuster 8 rotates its said cone faster than
required; the excess speed of said adjuster 8 will only cause said adjuster 8 to stall or
slhip.

For a non-adjuster mounted cone, in order {0 compensate/aliow for “Transmission
ratio change rotation” of said non-adjuster mounted cone, the adjuster mounted coneg {o
which said non-adjuster mounted cone is coupled and which is mounted on an adjuster
8, ‘needs to be rotated” or “needs to be allowed to rotate” by adjuster 8 in the direction
opposite of the direction of rotation of the “Transmission ratio change rotation” of said
non-adjuster mounted cone during axial position change of said non-adjuster mounted
cone relative (o its transmission bell. This is performed so as to provide or remove siack
as needed in the tense side and slack side of the transmission belt of said non-adjuster
mounted cone so as to compensate for "Transmission ratio change rotationy”. For an
adjuster 8 that uses a motor, it is recommended that here said adjuster 8 rolates iis said
cone faster than required; the excess speed of said adjuster 8 will only cause said
adjuster 8 to stall or slip.

The explanations of the previous two paragraphs should be correct. In order to be
entirely sure this is the case, or in order to determine the correct direction(s) of rotation if
this is not the case, experimentation can be performed. There are only two possible
directions of rotation, so the experiments will be very simple.

When an adjuster 8 is used o compensate/allow for of “Transmission ratic change
rotation”, it is recommended that the adjuster 8 starts to provide/allow rotational
adjusiment slightly before rotational adjustment to compensate/atiow for of
“Transmission ratio change rotation” is required. Since it is better {o have the adjuster 8
unlocked to compensate/allow for of “Transmission ratic change rotation” earlier, than
later {(where uncompensated “Transmission ratio change rotation” can cause large
stresses in the transmission belt and prevent a cone from moving axially).

The direction of “Transmission ratio change rotation” of a cone can depend on the
configuration of the CVT 4's of the CVT 6, the axial movement of said cone (“increasing
transmission diameter change of said cone” or “decreasing transmission diameter
change of said cone”), and the rotational position of said cone. Here the direction of
“Transmission ratic change rotation” of a cone for all possible cases can be sasily

determined through experimentation {there are only two possible directions for all cases).
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An experiment {0 determine the direction of “Transmission ratio change rotation” of
the cone(s) of a CVT 6 can be made by using a Test CVT. ATestCVT canbeaCVT 6
for which the cones are mounted s0 that they can each be set {0 either “freely rotate
relative o the shaft/spline on which they are mounied” or “locked relative to the
shaft/spline on which they are mounted”. Here “Transmission ratio change rotation” of a
cone for a given axial movement and a given rotational position can be easily be
chserved by first allowing said cone to “freely rotate relative 1o the shaft/spline on which
it is mounted” while keeping all other cones “locked relative to the shaftspline on which
they are mounied”, and then changing the axial position of said cone and observing the
rotation due to it. By using this procedure repeatedly, the “Transmission ratio change
rotation” for all axial movemenis and all rotational positions of a cone can be determined
for all cones.

In some insiances, the direciion of rotation of “Transmission ratio change rotation” of
a cone depends on the rotational position of said cone relative to #s transmission belt. if
50, this depends on where the neutral point {referred 1o as Point N) is positioned relative
to the Point M of its cone. Point N is the contact point between a cone and its
transmission belt that doesn’t substantially rotate/move due 1o changes in the
transmission diameter of said cone. Point M of a cone is the point were no rotational
sliding between said cone and its torgque transmitting member occur due 1o axial position
change of said torgue transmitting member relative to said cone. See US Patent
7,722,490 B2 for detaiied explanation regarding this.

Here experimentation using the Test CVT of the previous paragraph can be used {o
determine the direction of rotation of “Transmission ratic change rotation” of g cone for
the different relative rotational positions of said cone, such as “Point N positioned behind
Point M7, and Point N positioned ahead of Point M”.

If the direction of rotation of “Transmission ratic change rotation” of a cone depends
on the rotational position of said cone relalive to its transmission belt and only one
adjuster 8 is used to compensate for “Transmission ratio change rotation”, then the
duration at which the axiai position of a cone can be changed needs to be shorien so
that it is not longer than the longest duration at which the direction of rotation of
“Transmission ratio change rotation” of said cone is in one direction.

If two adjusters 8 are used to compensate for “Transmission ratio change rotation” of
a cone, the axial position of said cone can be changed during an interval where changes

in the direction of rotation of “Transmission ratic change rotation” of said cone ocour.
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One method to allow axial position change of a cone during an interval where
changes in the direction of rotation of “Transmission ratio change rotation” of said cone
ocour, is by using molorized adjusters 8 and having both adjusters 8 of the cones that
are mounted on the same spline/shaft rotate in the same direction (preferably faster than
required) during axial position change of one of said cones or a cone to which said cones
are coupled. This allows/compensates for clockwise and counter-clockwise
“Transmission ratio change rotation” of the cone which axial position is changed, since
here one adjusters 8 allows/compensates for “Transmission ratio change rotation” in one
direction and the other adjusters & allows/compensates for “Transmission ratio change
rotation” in the other direction. The torque of the adjusters 8 should be limited so that
they can only allow "Transmission ratio change rotation” in the direction they are rotating.
in order to ensure that the tension in the fransmission belt of the cone which axial
position is changed remains low, the adjuster 8 of the cone used for torgue transmission
should rotate the opposite direction of a releasing forque (a releasing torque is a torque
that releases the tension in its transmission bell). This method is referred 1o as the
“Active adjusters on the same shaft method”™.

Anocther method to allow axial position change of a cone during an interval where

changes in the direction of rotation of “Transmission ratio change rotation” of said cone
occur, is by using a configuration of a CVT 8 where all cones are mounted on an adjuster
(see Fig. 8), and for the CVT 4 for which the axial position of a cone is changed, having
the adjusters 8 of the cone on the input shafi/spline and the adjuster 8 of the cone on the
cutput shaft/spline rotate in the same direction during axial position change of said cone.
Here one adjusters 8 allows/compensates for “Transmission ratio change rotation” in one
direction and the other adjusters 8 allows/compensates for “Transmission ratio change
rotation” in the other direction. The lorque of the adjusters 8 should be limited so that
they only allow “Transmission ratio changs rotation” in the direction they are rotating.
For this method the direction of rotation of the adjusters 8 (besides rofating in opposite
directions) should be in the direction such that at least one cone of the CVT 4 for which
the axial position of a cone is changed is rotaied in the direction “the cone needs io
rotate” or “the cone will need to rotate after its axial position is changed” due to having
cones of different diameters mounted on the same shaft/spling; here the adjusters 8 can
simply stall or slip when their rotation are not needed. This method is referred to as the
“Active adjusiers on the same CVT method”.

it can be possible that the end of a torque transmitting member of a cone that has just

disengaged its transmission bell, re-engages with its transmission belt because of
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“Transmission ratio change rofation”. In order o avoid this, for situations where
applicable, axial position changing of a cone should be started after a cone has rotated
sufficiently past from “the position where the end of its torque fransmitting member has
disengaged its transmission belt” in a manner such that re-engagement of said end with
said transmission belt due to “Transmission ratio change rotation” will not occur.

For the “Active adjusters on the same shaft method”, under certain situations (such as
low speed and high torque situgtions), the tension in the transmission belt for which the
tension was reduced and for which the axial position of its cone(s) is changed, can
significantly increase due to “Transmission ratio change rotation”. Unless it can be
ensure that this is not happening under all operating conditions of the CVT 8, the “Active
adjusters on the same CVT method” is preferred over the “Active adjusters on the same
shaft method”, since ctherwise there is no advaniage in reducing the tensionin a
transmission bell. Unlike the "Active adjusters on the same shaft method”, for the "Aciive
adjusters on the same CVT method” no rotation of the input shaft/spline or output
shaft/spline in order to compensate for “Transmission ratio change rotation” is regquired,
since the compensating rotations of the adjusters 8 relative o their shafis/splines are
sufficient. When rotation of the input shaft/spline or output shaft/spline in order io
compensate for “Transmission ratio change rotation” is required, large resistance {o
rotation of the input shaf/spline or the cutput shaft/spline can significantly increase the
tension in the transmission belt which tension was reduced.

The required and torque and speed of an adjusier 8 can easily be obtained through
trial-and-error and experimentation. “Transmission ratio change rotation” can be
attributed to: a) “belt curvature change rotation”, which is rotation due to longitudinal
movements of the slack side and/or tense side of a transmission belt relative to its cone
in order to provide/remove slack due {o changes in the transmission diameter of ifs cone;
and b} “member curvature change rotation”, which is rotation due to changes in the
curvature of the torque transmitting member of the cone which axial position is changed.

If the axial position of a cone is changed so that the transmission circumference of its
cone increases or decreases by an arc length of one full tooth for all axial position
changing steps, then the maximum “belt curvature change rotation” for all axial position
changing steps is one full tooth and the maximum “member curvature change rotation”
for all axial position changing steps is also one full tooth. As such the maximum
“Transmission ratic change rofation”, which is due o “belt curvature change rotation” and

“‘member curvature change rotation” is two testh.
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The angular distance of two teeth depends on the total amount of ieeih width of the
fransmission circumference. If the transmission circumference of a cone is 20 teath,
then the angular distance of two teeth is 2/20 times 380 deg. This angular distance has
to be covered during the axial position changing interval of said cone. From this theory,
a ball park estimate for the required rotational speed and angular acceleration of the
adjusters & for the most demanding operating condition (which should occur when the
axial position changing interval duration of a cone is shortest and the transmission
circumference of a cone is smallest) of the CVT 6 can be obtained. This ball park
estimate and trial-and-error experimentation can then be used to obtain the aciual
minimum required rotational speed and angular acceleration of the adjusters 8 that
allows for axial position change of all cones without interruption due to "Transmission
ratio change rotation” for all operating conditions of the CVT 6.

“Transmission ratio change rotation” due o “belt curvature change rolation” in the
slack side portion of the transmission beit can also be compensated by having the
tensioning pulley/support pulley on the slack side of the transmission belt provide and
remove slack in the slack side of the transmission belt as needed in order {o compensate
for “Transmission ratio change rotalion” due o “belt curvature change rotation” in the
stack side of the transmission belt. A tensioning pulley/support pulley on the slack side
of the transmission belt is shown in Fig. 6 where it is labeled as Tensicning Pulley 13.

If a tensioning pulley/support pulley on the slack side of the iransmission belt is used
to compensate for “Transmission ratio change rotation” due to “belt curvature change
rotation” in the slack side of the transmission belt (by providing an removing slack in the
slack side as necessary), then the adjusters 8 of a CVT 4 do not need to provide and
remove slack in the slack side of the fransmission belt to compensate for “Transmission
ratio change rotation "due {0 “bell curvature change rotation” in the slack side of the
fransmission belt; so that both adjusters 8 of the CVT 4 can be rotated in the directions
that increase slack in the tense side of the transmission belt if allowed by “Transmission
ratio change rotation due to “member curvature change rotation” or if “Transmission ratio
change rotation due o “member curvature change rotation” is compensated/allowed
using other means. Here slack that needs to be removed from the tense side of the
transmission belt can be compensated by the rofation of the driven cone, which rotates
the slack from the tense side fo the slack side.

A tensioning pulley/support puliey on the tense side of the transmission belt that
provides and removes slack in the tense side of the transmission belt as needed in order

to compensate for “Transmission ratio change rotation” "due to "belt curvature change
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rotation” in the tense side of the ransmission belt can also be used. The ferm tensioning
pulley/support pulley is used to specify that the pulley is used for “tensioning its
fransmission belt” and for "supporting the shape of its transmission belt in manner as te
ensure that a portion of a torque fransmitting member of its cone is always engaged with
its fransmission belt”.

Unlike the slack side tensioning pulley/support pulley which needs to provide and
remove slack during all operating conditions, the tense side tensioning pulley/support
pulley can be designed so that it only provides and removes slack when the tension in its
transmission belt has been reduced. As such, here a maximum contraction stop, which
engages with the {ense side tensioning pulley/support pulley and stops the movement of
the tense side tensioning pulley/support pulley when the tension in the fransmission belt
is not reduced, can be used. Here once the tension in the transmission belt has been
reduced, the tense side fensioning pulley/support pulley is pushed away from its
maximum contraction stop by its tensioning force, which can be provided by spring(s),
weight(s), eicetera; and this should give the tense side tensioning pulley/support pulley a
“‘contracting and exiending movements range” that can be used {o provide and remove
siack when reguired. Here the contracting movements range allow the tense side
tensioning pulley/support pulley to move away from iis transmission belt, and the
exiending movements range aliow the tense side tensioning pulley/support pulley io
move towards from its transmission belt.

A front-view of a CVT 4 that uses slack side tensioning puiley/support puliey and a
tense side tensioning pulley/support pulley is shown in Fig. 6. In Fig. 8, the slack side
tensioning pulley/support pulley is labeled tensioning pulley 13, and the tense side
tensioning pulley/support pulley is labeled tensioning pulley 14. Tensioning pulley 14 is
also shown in Fig. 7. In Fig. 8, tensioning pulley 14 is engaged with its maximum
contraction stop 15 since the tension in its fransmission belt has not been reduced. In
Fig. 7, tensioning pulley 14 is not engaged with s maximum contraction stop 15 since
the tension in its transmission belt has been reduced.

Also shown in Fig. 7 are the up and down directions of the contracting and extending
movements of tensioning puliey 14; tensioning pulley 13 can have the same directions.
If desired other directions of the contracting and extending movements of the tensioning
pulleys can be used, such as diagonally for exampie, since the directions of the
contraciing and exiending movements of the tensioning pulleys can be any directions

that can remove and provide transmission belt slack.
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it is also recommended that the slack side tensioning pulley/support pulley {labeled
as tensioning pulley 13 in Fig. 8 alse has a maximum contraction stop 15. Here the
maximum contraction stop can be used 1o prevent excessive contracting movement of
the slack side tensioning pulley/support pulley due 1o increase in tension in the slack side
of its fransmission belt, which can be due {0 a releasing torgue provide by its adjuster(s)
8 or due to rotations of its cone(s) due to having to compensate for having cones of
different diameters mounted on the same shaft/spline.

if both a slack side tensioning pulley/support pulley and a tense side tensioning
pulley/support puliey are used, then the coniracting and extending movemenis of the
pulleys can “compensate for Transmission ratic change rotation” and can “compensate
for having cones of different diameters mounted on the same shafVspline during axial
position changing of a coneg”; in addition to "accommodating for the transmission
diameater change of a cone”. If the transmission belts of a CVT 6 are removed, then
“‘changing the axial position of a cone of a shaft/spline while not changing the axial
position of the other cone of that shaf¥spling” or "having cones with different
transmission diameters mounted on a common shaft/spline” is not a problem. This is
because “changing the axial position of a cone of a shaft/spline while not changing the
axial position of the other cone of that shaft/spline” or “having cones with different
fransmission diameters mounted on a common shaft/spling” is only a problem if the
transmission belts of a CVT 6 are not removed and either or both the tense sides or
siack sides of the transmission belis are of a fixed length, since you cannot have fwo
different CVT's constrained to a common input shaft/spline and cutput shaft/spline.
Besides removing the transimission belts, having the slack side tensioning pulley/support
pulley and the tense side tensioning pulley/support pulley provide and remove slack as
needed aiso removes the constrains imposed by the transmission belis.

If both a slack side tensioning pulley/support pulley and a tense side tensioning
pulley/support pulley are used, the tensioning forces of the pulleys should be balanced
such that when the tension in the transmission beilt has been reduced, both pulleys are
positioned so that they have a sufficient “contracting and extending movement range” {o
provide and remove slack as needed o “compensate for Transmission ratio change
rotation”, to "accommodate for the ransmission diameter change of a cong”, "io
compensate for having cones of different diameters mounted on the same shaft/spline
during axial position changing of a cone”, and by compensating for any cther

rotations/needs that might occur during axial position changing of their cone.
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Here it is preferred that the tensioning forces of the pullevs are provided by springs,
since here slightly unbalanced tensioning forces of the pulleys can be balanced/egualed
by slight movements of the pulleys. The required “contracting and exiending movement
ranges” of the pulleys can be obtained through “trial and error” experimentation; as a
conservalive estimate that can be refined through “trial and error” experimentation, a
movement range that allows for 3 teeth rotation of a coneg in both directions can be used.
Also here the axial position of a cone should only be changed after the slack side
tensioning pulley/support pulley and the tense side tensioning pulley/support pulley have
reached their balanced positions.

For the preferred CVT 6, the axial positions of the cones of a CVT 8 are changed in
manner such that when there are “cones with different transmission diameters mounted
on a same shafi/spling”, the nexi axial position change of a cone is always such that the
transmission diameters of said "cones with different transmission diameters mounied on
a same shafi/spline” are equal. Therefore, since during regular operations {(non-
“ransmission ratio changing” operations) of a preferred CVT 6 the transmission
diameters of all cones mounted on the same shaft/spline are equal, there should be only
one shafi/spline at a time for which there are “cones with differeni transmission
diameters mounted on a same shaft/spline”.

During axial position changing of a cone of the preferred CVT 8, when there are no
‘cones with different transmission diameters mounted on the same shaft/spline”, before
or immediately after the axial position of a cone (referred to as the moved cone) is/has
been changed, one adjuster 8 of a cone (referred to as the rotated cone) needs o “rotate
preferably faster than required” or “have its worm gear-gear drive unlocked” in the
direction “the rotated cone will need to rotate in order {0 “compensate for having cones
with different transmission diameters mounied on a same shaft/spline” after the axial
position of the moved cone is changed”.

Here if 2 motorized adjuster 8 is used, then the adjuster 8 can be used to rolale its
cone before the axial position of a cone is changed; since this type of adjusters 8 only
aliows rotation in one direction and here the adjuster 8 can simply stail, slip, or stop
when its rotation is "not” or “not vel” needed. If a non-motorized adjuster 8 is used and
the rotated cone is not a cone of the “CVT 4 which transmission belt tension has been
reduced”, then it is recommended that the adjuster 8 is only unlocked immediately after
the axial position of a cone has been changed, so that it does not rotate in the direction

that reduces the tension in iis fransmission bsit.
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Also here the rotated cone is only “rotated” or “aliowed to rolate” in the direction that
increases the tension in the tense side of its transmission belt; the selection of whether
the rotated cone is a cone that is couplad 1o the fransmission belt which tension was
reduced, or a cone that is coupled o the transmission belt which tension was not
reduced should depend only on this. Since here if the rotated cone is a cone of the “*CVT
4 which transmission belt tension has been reduced”, then after the axial position of the
moved coneg, the tension in the fransmission belt of the “CVT 4 with which the CVT 4 of
the rotated cone is alternately used to transfer torque” can be reduced by using one of ils
adjusier 8 io rotate one of its cone in the direction needed o “compensate for having
cones with different transmission diameters mounted on the same shaft” (which is also
the direction of rotation for a releasing torque for the “CVT 4 with which the CVT 4 ¢of the
rotated cone is alternately used to transfer torque”™), so that said rotated cone can be
siowed-down and eventually iocked by its adjusier 8. This prevents having adjusters 8 of
both CVT 4’s become unlocked, which is undesirable since relocking an adjuster 8 under
load can require a large torque. And since here if the rotated cone is a cone of the "CVT
4 which transmission belt tension is not reduced”, then after the axial position of the
moved cong, the transmission belt tension in said “CVT 4 which fransmission belt
tension is not reduced” becomes reduced, this is because iis adjuster 8 is rotating in the
direction that increases the fension in its transmission belt in order {o prevent an
increase in transmission belt tension in the other CVT 4 and the torque of an adjuster 8
should not be large enough such that it can increase the transmission belf tension in its
CVT 4. Also here the moved cone and the rotated cone can be or cannot be the same
cone, depending on the situation.

According to the previous paragraph, during axial position changing of a cone of the
preferred CVT 8, when there are no “cones with different transmission diameters
mountad on the same shaft/spling”, before or immediately after axial position changing of
a cone and until relived by an adjuster 8 of the other CVT 4 or until its rotation is not
needed anymore due to a subsequent “axial position changing of a cone” that equalize
the transmission diametars of all cones mountad on the same shaft, the direction that an
adjuster 8 “rotates” or “allows to rotate” s cone in order to “‘compensate for having
cones with different transmission diameters mounted on a same shaf/spline after the
axial position of the moved cone is changed” is in the direction that increases the tension
in the tense side of its transmission belt. Here for two cones mounted on a commaon
input shaft/spline, the smaller cone needs to be “rotated” or “allowed to rotate” by its

adjuster 8 in the direction said common input shaf/spline is rotating; or acone that is
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mounted on an cutput shaft/spline and that is coupled to said smailer cone, needs to be
“rotated” or “allowed to rotate” in the opposite direction said oulput shaft/spline is rotating
{here the transmissicn diameters of the cones mounted said output shaft/spline should
be identical). And here for two cones mounted on a common output shaft/spling, the
larger cone needs to be “rotated” or “aliowed {o rotate” by its adjuster 8 in the opposite
direction said common cutput shaft/spline is rotating; or a cone that is mounted on an
input shafspline and that is coupled 1o said larger cone, needs o be “rotated” or
“aliowed to rotate” in the direction said input shaft/spline is rotating (here the
transmission diameters of the cones mounted said input shaft/spline should be identical).

During axial position changing of a cone of the preferred CVT 8, when there are
“cones with different transmission diameters mounted on the same shaft/spline”, before
and during axial position changing of a cone, the cone that is used {0 "compensate for
having cones with different transmission diameters mounied on a same shaft/spline”
should be rotated by its adjuster 8 in the direction required (see previous two paragraphs
and the paragraph below). Here after the axial position changing of a cone, the
transmission diameters of all cones mounted on a same shaft/spline should be equal so
that there is no need {0 have an adjuster 8 “compensate for having cones with different
fransmission diameters mounted on a same shaft/spling”; so that the active/uniocked
adjuster 8 can simply be stopped/braked/ocked when possible”.

Regarding the previous paragraph, during axial position changing of a cone of the
preferred CVT 8, when there are “cones with different transmission diameters mounted
on the same shaft/spline” due to a first axial position changing of a cone (see previous 4
paragraphs), then either: a) in order to the release tension in the ransmission belt of the
“‘CVT 4 for which the axial position of a cone is to be changed” and to “compensate for
having cones with different transmission diameters mounted on a same shaft/spline”, a
larger cone of said CVT 4 that is mounted on the input shaft/spline should be rotated in
the opposite direction said input shafl/spline is rotating by s adjuster 8; or smaller cone
of said CVT 4 that is mounted on the output shaft/spline should be rotated in the
direction said output shaft/spline is rotating by its adjuster 8. Or b} in order {0 maintain
the released tension in the transmission belt of the "CVT 4 for which the axial position of
a cone is 1o be changed” and 1o “compensate for having cones with different
transmission diameters mounted on a same shaft/spline”, a smaller cone of said CVT 4
that is mounted on the input shaft/spiine should be rotated in the direction said input
shaft/spline is rotating; or larger cone of said CVT 4 that is mounted on the output

shaft/spline should be rotated in the opposite direction said output shafl/spline is rotating.
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During axial position changing of a cone, in order (o prevent an increase in tension in
the transmission belt for which the tension was reduced {which should be the
fransmission belt of the cone which axial position is {0 be changed) due 1o changes in
the transmission diameter of the cone which axial position is changed (which occurs
when the transmission diameter for a cone mounted on the input shaft/spline is
increased, or when the transmission diameter for a cone mounted on the osutput
shaft/spline is decreased), the contracting and extending movements of the slack side
tensioning pulley/support pulley and the tense side tensioning pulley/support puliey
should be able to "compensate for having cones with different fransmission diameters
mountad on a same shaft/spling” during axial position changing of a cone. Here itis not
required that only the contracting and exdending movements of the tensioning pulleys are
used to “‘compensate for having cones with different transmission diameters mounted on
a same shafi/spline” during axial position changing of a cone; however, here it is
required that the ability of the contracting and extending movements of the tensioning
pulleys to “compensate for having cones with different fransmission diameters mounted
on a same shaft/spling” has not been exhausted during axial position changing of 5
cone. When the axial positions of a cone is changed such that its circumference is
increased or decreased by one tooth during an axial position changing interval; then
during one full rotation of the cone, the maximum amount of rotation needed o
compensate for having cones with different transmission diameters mounied on a same
shaft/spline is “one iooih” or “slightly more than one tooth”, so this should be feasibie.

The tension in the transmission belf of a “CVT 4 for which the transmission belt
tension was reduced” can be increased by rotating a cone of the other CVT 4 in the
direction that reduces its transmission belt tension, and if necessary siowing-down and
eventually locking all cones of said “*CVT 4 for which the transmission belt fension was
reduced”. Since increasing the tension in the transmission belt of one CVT 4 reduces
the tension in the transmission belt of the other CVT 4. For exampile, for an input
shaft/spline on which a smaller cone (smailler transmission diameter coneg) and larger
cone (larger transmission diameter cone} are mounted; when said smaller cone is
currently rotated by its adjuster 8 in the direction said input shafi/spline is rotating in
order “compensate for having cones with different transmission diameters mounted on g
same shaf/spline”, then “the tension of the transmission belt of said larger cone can be
reduced and the tension of the fransmission belt of said smaller cone can be increased”
by rotating said larger cone in the opposite direction said input shaft/spline is rotating in

order "compensate for having cones with different ransmission diameters mounted on a
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same shaft/spline” and slowing-down and eventually locking the adjuster 8 of said
smaller cone.

Changing the axial position of a cone can also increase the tension in the
transmission belt for which the tension is reduced when no adjuster 8 of the CVT for
which the transmission beli tension is reduced is aclive or unlocked. Examples of this is
when the transmission diameter of a cone mounted on the input shaft/spline is increased
and the slack that can be provided by its tense side tensioning pulley/support pulley has
been exhausted; and when the transmission diameter of a cone mounted on the output
shaf/spline is decreased and slack that can be provided by iis tense side tensioning
pulley/support pulley has been exhausted. It is recommended that this only cccurs after
the axial position of a cone has been changed, since otherwise there might be little
benefit in reducing the tension in a transmission belt in order to reduce the force needed
to change the axial position of a cone.

By using a slack side tensioning pulley/support pulley and a tense side tensioning
pulley/support pulley to allow/compensate for “Transmission ratio change rotation”, the
need o accurately determine the direction{(s) of "Transmission ratio change rotation”

becomes unnecessary.

Preferred transmission ratio changing procedure fora Cvi 8

In this section, the “preferred transmission ratio changing procedure for a CVT 87 that
can be used to reduce the torgue requirements of the adjusiers (adjusters 8) of a
preferred CVT 6 is described. Using the “preferred fransmission ratio changing
procedure for a CVT 87, the torque requirements of the adjuster motors can be reduced
to a level where the adjuster motors only need sufficient torque to unlock their worm
gear-gear drives {the worm gear-gear drives of their adjusters) when needed and
sufficient torque (braking torgue if necessary) to relock their worm gear-gear drives when
they are “slowing-down and about to change their direction of rotation”. Here during
relocking, the adjuster motors are assisted by the “static locking friction” of their worm
gear-gear drives, and during uniocking the adjuster motors need {0 overcome the “static
locking friction” of their worm gear-gear drives.

An adjuster is mounted on a shaft/spline and is used to controliably lock and unlock a
cone mounted on it. When an adjuster is locked, it does not allow relative rotation
between its cone and the shaft/spiine on which it is mounted; and when an adjusier is
unlocked, it allows relative rotation between its cone and the shafi/spline onwhich it is

mountad.
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An exampie of an adjuster is an adjuster that comprises of a housing that can be
mountad on a shaf/spline in 2 manner so that it is fixed for rofation relative to said
shaft/spline. Attached {0 said housing are a worm gear, an adjuster motor that can
rotate said worm gear directly or through means for coupling (coupling gears, efc), and a
gear that engages with said worm gear. When said worm gear is rotating, said gear
rotates relative to said housing. Attached to said gear is an output shat that is used {o
agttach the cone of the adjuster, in a manner so that the rofation of said gear can be used
to rotate said cone relative 1o its shaft/spline. Also, an adjuster motor should also be able
to rotate at a sufficient speed to keep its worm gear-gear drive uniocked. See the
“Adjusters for a CVT 6” section for additional details for an adjuster.

An unlocked adjuster should allow rotation at the speed required even when the
‘speed its adjuster molor rotates its adjuster output shaft/spling” is less than the “speed
applied on its adjuster output shaft/spline (such as due to fransmission ratio change
rotation, having cones of with different diameters mounted on the same shaft/spline,
etc.)”. Based on worm gear theory, here the worm gear-gear drive should be selected
such that: a) the static friction of the worm gear-gear drive is large enough to have the
worm gear-gear drive be seif-iocking; and b} the dynamic (rotating) friction of the worm
gear-gear drive is not be large encugh to have the worm gear-gear drive be self-locking.
Or when the adjuster motor of an adjuster is always ON when an adjuster is unlocked,
the worm gear-gear drive can also be selected such that: a) the static friction of the worm
gear-gear drive is large enough (o have the worm gear-gear drive be self-locking; and b)
the dynamic friction of the worm gear-gear drive at “the rotating speed of the worm gear
as can be provided by the adjuster motor” is not be large enough 1o have the worm gear-
gear drive be self-locking {here the dynamic friction of the worm gear-gear drive at a
rotating speed of the worm gear that is slower than “the rofating speed of the worm gear
as can be provided by the adjuster motor” can still be self-locking; but at speeds “equal
to and higher” than “the rotaling speed of the worm gear as can be provided by the
adjuster motor”, the worm gear-gear drive should not be seif-locking).

What static coefficient of friction of the worm gear-gear drive aliows for reliable
locking of an adjuster can easily be determined through simple experimentation.

Once an adjuster is released when it neads {o be released, the adjuster motor should
be operated so that it will not add resistance that will stop the released adjuster from
being released, as can occur in situations where the cone of an adjuster needs o rotate
at a higher speed than the speed that can be supplied by its adjuster motor (released

means being able to rotale at any speed required). As such itis recommended that here
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the adjuster motor is operated so as 1o provide as liitle rotating resistance as possible
whern its speed is slower than the speed of its cone. If a brushed electric motor is used
as the adjuster motor, it might be desirable to leave it ON, since the switching of the
poles are controlled by the rotation of the rotor. And if a brushiless electric motor is used
as the adjuster molor, it might be desirable o turn it off, since the swiiching of the poles
are controlled by an electric motor controller and not the rotation of the rotor.
Experimentation or somebody skilled in the art should be able o determine how {0
operaie an electric motor with as little rotating resistance as possible.

if it is desirable, a rotation sensor or a rotational speed sensor that measures the
rotation or rotational speed of the worm gear can be used to turn an slectric motor off
"once an adjuster is released” or "once an adjuster is released and once the worm gear
has reached a pre-set rpm speed”.

The adjusier motor of an adjuster should be selected so that ii ¢can be rotated at the
necessary speed required (without overheating or other damages). If a shafi/spline of a
cone rotates at 3000 rpm, and the transmission diameter of one cone is equal to 30 teeth
and the transmission diameter of other cone is equal to 31 teeth, then the speed one
cone has to be rotated relative to the otheris, V_cone = [(31 — 30) / 30] * 3000 = 100
rpm. If the worm gear-gear drive has a 25:1 gear ratic, then the adjuster motor has {o be
abie to be rotated at, V_adjuster motor = 100 rpm * 25/1 = 2500 rpm. Simple
experimentation can be used if this is incorrect

When an unlocked adjuster is slowed down in order {0 be eventually stopped/iocked
{see below for details), Hs adjuster motor should be stopped, made to rotate in the
opposite direction of the direction it is currently rotating, or made o apply a braking
torgue until the adjuster is locked.

When an adjuster is unjocked but “the speed its adjuster motor rotates its adjuster
output shaft” is less than “the speed applied on its adjuster cutput shaft/spline”, then an
increase in tension in the slack side or tense side of the fransmission belt of its CVT 4
can occur; this is due to the pulling tension required {o rotate the unlocked adjuster
output shaft. If this causes problems, the tension of the tensioning pulieys/support
puileys of its CVT 4 can be increased, or the speed of its adjuster motor can be
increased so that the “speed its adjuster motor rotates its adjuster output shaft” is equal
to or more than the “speed applied on its adjuster output shaf”. Or, if desired an
external motor (which avoids the speed reduction gearing of the worm gear-gear drive of

the adjuster) can be used 1o rotate the cone of an adjuster as required.
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Alternately an adjuster can also be designed so that the “kinetic locking friction force”
of its worm gear-gear drive is never less than the rotational force applied o its adjuster
output shaft. Since here the adjuster will not allow free rotation at any speed required, its
adjuster motor neads {0 be able rotate its adjuster output shaft at the speed reguired or
faster for all operating conditions of its CVT.

Instead of using an adjuster motor o controllably lock and unlock an adjuster, a brake
can be used. Here when an adjuster needs ¢ be locked, the brake applies braking
friction (directly or through means for coupling such as gears, eic.) to the shaft of the
worm gear of the worm gear-gear drive; and when an adjuster needs (o be uniocked, the
brake does not apply braking friction to the shaft of the worm gear of the worm gear-gear
drive. If desired, a brake can also be used in conjunclion with an adjuster motor {o
controllably lock and unlock an adjusier.

if a brake is used by itself, then the brake needs 10 be able to provide sufficient
braking that prevents a worm gear-gear drive from becoming unlocked for all regular
operating conditions of its CVT. Here the worm gear-gear drive itseif should not be seif-
focking, since it needs o be uniocked when the brake is released.

A brake can comprise of a braking disk that is coupled directly or through means for
coupling to the shaft of the worm gear of the worm gear-gear drive, and a braking shoe
that is pushed towards the braking disk by a spring and that can be controliably pulled
away from the braking disk by a solenoid.

When a brake is used with an adjuster motor; then the “locking (frictional) force of the
worm gear-gear drive when the worm gear is stationary” can be equal, smaller, or larger
than the “unlocking {retating) force of the worm gear-gear drive when the worm gear is
stationary”. Here the brake and the adjuster motor should be selecied so that they can
fock and unlock their adjuster as needed for all regular operating conditions of their CVT.

Instead of using an adjuster motor or brake to controliably lock and unlock an
adjuster, an indexing mechanism that can be controllably locked and unlocked can be
used instead. The indexing mechanism can comprise of an index wheel with cavilies,
which is coupled directly or through means for coupling to the shaft of the worm gear of
the worm gear-gear drive, and a locking mechanism for controliably locking and
uniocking the index wheel. Said locking mechanism can comprise of a lock that can be
inserted into a cavity of the index wheel, wherein said iock is pushed towards said index
wheel by a spring and wherein said lock can be controllably pulled out of an index whesl
cavity by a solencid. Here the worm gear-gear drive of the adjuster should not be seif-

locking, since it needs to be uniocked when the indexing mechanism is unlocked.
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if desired an indexing mechanism by iiself, without a worm gear-gear drive can be
used to controllably lock and uniock an adjuster. But for this design, the force needed to
unlock an adjuster are most likely larger; and the shock-loads during relocking of an
adjuster are also most likely larger. The indexing mechanism used here can comprise of
an index wheel with cavities that is coupled directly or through means for coupling io the
cutput shaft of its adjuster, which is the shaft that is fixed for rotation relative to the cone
of said adjuster; and a locking mechanism for controllably locking and unlocking the
index wheel, which is fixed for rotation relative to the spline/shaft of the cone of said
adjuster. Said locking mechanism can comprise of a lock that can be inserted into a
cavity of the index wheel, wherain said lock is pushed towards said index wheel by a
spring and wherein said leck can be controliably pulled out of an index whesel cavily by a
solenoid.

The function of an adjuster of a cone is {0 either “lock the rotational posiiion of said
cone relative to its spline/shaft” or “unlock said cone for rotation in the direction it is being
pulled by its ransmission belt relative 1o its spline/shafl”. As such, the process of using
an adjuster that uses an adjuster motor, a brake, or an indexing mechanism are basically
identical. Bui, while an adjusier that uses an adjuster moior can iock itself once the
speed of its worm gear has reduced to a speed where the friction of the worm gear-gear
drive has sufficiently increased, an adjuster that uses a brake or an indexing mechanism
has to be controllably locked. An adjuster should only be controllably locked once “the
rotation it ailows” is not needed anymore.

A preferred CVT 8 (a CVT 8 is a CVT that uses two substantially identical CVT 4's,
see Figs. 5 and O for examples) is a CVT 8 that uses one adjuster for each CVT 4 (it
doesn’t matier on which shaft/spline of their CVT 4 the adjusters are mounted); and a
CVT 6 for which each CVT 4 has both a slack side tensioning pulley/support pulley and a
tense side tensioning pulley/support pulley (see Fig. 8). The slack side tensioning
pulleys/support pulleys and the tense side tensioning pulleys/support pulleys have
sufficient (preferably slightly more, {0 prevent exhaustion of their ability to provide and
remove slack during axial position changing of a cone of their CVT) “contracting and
extending movement ranges” 1o provide and remove slack (slack throughout this
disclosure refers {o transmission bell slack} nesded to allow for axial position changing of
a cone of their CVT for all operating conditions of their CVT even when no adjuster is
active, by “compensating for Transmission ratio change rotation, by “accommodating for
the transmission diameter change of a cone”, by “‘compensating for having cones of

different ransmission diameters mounted on the same shaft/spling”, and by
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compensating for any other rotations/needs that might occur during axial position
changing of their cone.

Unlike a slack side tensioning pulley/support pulley (labeled as 13 in Fig. 8}, which
needs o be able to provide and remove slack during all operating conditions of its CVT
when needed, a tense side tensioning pulley/support pulley (labeled as 14 in Fig. 6) can
be designed such that it can only provide and remove slack when the tension in its
transmission belt has been reduced. As such, here a maximum contraction siop {labeled
as 15 in Fig. 6), which engages with the tense side tensioning pulley/support pulley
{labeled as 14 in Fig. 8) and stops the movement of the lense side tensioning
pulley/support pulley when the tension in the fransmission belt is not reduced, can be
used. Here once the tension in the transmission belt has been reduced, the tense side
tensioning pulley/support pulley should be pushed away from its maximum coniraction
stop by its tensioning force (as shown as in Fig. 7); and this should give the tense side
tensioning pulley/support pulley a “contracting and extending movements range” that can
be used to provide and remove slack when required.

it is recommended that both the slack side tensioning pulley/support pulley and the
tense side tensioning pulley/support pulley have each a “maximum contraction siop”.
The “maximum contraction stops” should be used to limit the movements of the
tensioning pulleys/support pulleys 1o a range that allows for proper opergtion.

it is recommended that the tensioning forces of the tensioning pulleys/support pulleys
are provided by compression springs, which tensioning forces increase as they are
compressed more. 3ince here slightly unbalanced tensioning forces of the tensioning
pulleys/support pulleys can be balanced/egualed by slight movements of the tensioning
pulleys/support pulleys. For example, after the tension in their transmission belt has
been reduced, when the spring of the tense side iensioning pulley/support pulley is more
compressed than the spring of the slack side tensioning pulley/support pulley, then the
larger tensioning force of the spring of the tense side tensioning pulley/support pulley
can reduce the compression in the spring of the tense side tensioning pulley/support
pulley and increase the compression in the spring of the slack side tensioning
pulley/support pulley until the tensioning pulleys/support pulleys have reached their
equilibrium position. Using tensioning springs or other tensioners for which their
transmission belt tensioning force increase as their “available contraction distance” is
reduced can aiso be used. The “available contraction distance” of a tensioning

pulley/support pulley is the distance a tensioning pulley/support pulley can be moved
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towards its “maximum contraction siop” (see Fig. 6), and it determines the amount of
stack that can be provided by that tensioning pulley/support pulley when needed.

In general (there can be exceptions for steps d) and &) of the “preferred transmission
ratio changing procedure for a CVT 8” shown below if desired), the stiffness of the
tensioners of the tensioning pulleys/support pulleys, the ranges of the {ensioning
pulleys/support pulleys, and the parameters (torque, speed, unlocked frictional
resistance, eic.) of the adjusters should be selecled s¢ that when the tension in their
transmission belt has been reduced, the tense side tensioning pulley/support pulley and
the slack side tensioning pulley/support puliey each have a sufficient “contracting and
extending movement range” to provide and remove slack as needed to allow for axial
position changing of a cone for all operating conditions of their CVT without excessively
stretching a fransmission belt, by "compensating for Transmission ratio change rotation”,
by “accommodating for the transmission diameter change of a cone”, by “compensating
for having cones of different transmission diameters mounted on the same shafi/spline”,
and by compensating for any other retations/needs that might occur during axial position
changing of their cone. This will ensure that the tension in the “transmission belt which
tension has been reduced” will remain reduced during axial position changing of its
cone(s). Since the transmission diameter of a cone is preferably only changed 1 tooth at
a time, this should be feasible. Here when the tension in their transmission belt has
been reduced, the tense side tensioning pulley/support pulley and the slack side
tensioning pulley/support pulley should each have a said sufficient “coniracting and
extending movement range” when their adjuster is unlocked, regardiess of whether the
adjuster is stalling, rotating and applying a torque on said transmission belt (in whatever
direction required), or simply unlocked; and when their adjuster is not unlocked Here
simpile trial and error experimentation and/or engineering can be used.

in order to move vertically as required, the tensioning pulleys/support pulieys can
each be mounted on a spring loaded vertical slider. A spring loaded vertical slider can
comprise of a vertical slider that allows for sufficient vertical movements as required, and
a spring that provides sufficient tensioning forces as required. If the {ensioning
pulleys/support pulleys are also to be allowed to move horizontally, the spring loaded
vertical sliders can each be mounted on a horizontal sliders; or the spring loaded vertical
sliders can each have slotted holes into which the shafts of tensioning pulleys/support
pulleys are inseried and fastenad using bolis or locking rings, as partially shown in Fig.
8.
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An exampie of a system that allows the tensioning pulleys/support pulleys to move
vertically as required is shown and described in the "Detailed Design for Tensioning
Pulleys Tensioning System”. Besides springs, the tensioning forces for the tensioning
pulleys/support pulleys can also be provided by elastomers, pneumatics/hydraulics (such
as through linear actuators for example), etc.

It is recommended that the tensioning forces of the tensioning pulleys/support pulleys
are not be large enough so that they significantly increase the force required {o change
the axial position of the cones of their CVT.

The “preferred transmission ratio changing procedure for a CVT 67 is described in the

paragraphs below.

a) Initial Setup/Non-transmission Ratio Changing Operation Configuration

Before a transmission ratio changing procedure is staried, the transmission diameiers
of all cones mounted on a same shaft/spline (such as the input shaft/spline and cutput
shaft/spline) are equal, and the adjuster of at least one CVT 4 is locked. This should be

the configuration of the CVT 6 during non-transmission ratio changing operation.

b} Reducing transmission belt tension

Next, if not already so, the fension in the transmission belt of “the CVT 4 for which the
axial position of a cone is to be changed” is reduced. Here the adjuster for “the CVT 4
for which the axial position of a cone is to be changed” is unlocked if not already so,
while the adjuster of the other CVT 4 remains stopped/locked/braked so that full torque
transfer between s cone and its shaft/spline occurs.

Here if an adjuster that uses an adjuster motor is used, then in order {o unlock the
adjusier, the adjusier needs to rofate its cone relative to ils shafl/spline so as o provide
a releasing torque. If the shaft/spline on which an adjuster is mounted is the input
shaft/spline, then the direction of rotation of its cone for a releasing torque is the direction
opposite from the rotation of the input shaft/spline. And if the shafl/spline on which an
adjuster is mounted is the oulput shafl/spline, than the direction of rotation of its cone for
a releasing torque is the direction of rotation of the output shaft/spline.

And here if an adjuster that uses a brake is used, then in order {0 unlock the adjuster,
its brake needs o be released; and if an adjuster that uses an indexing mechanism is
used, then in order to unlock the adjuster, its indexing mechanism needs o be uniocked.

Once the tension in the transmission belt of “the CVT 4 for which the axial position of

a cong is to be changed” has been sufficiently reduced, which can be based on “a set
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time duration reguired to achieve this” {preferred) or “a torque sensor”’, the adjusier used
to reduce the tension in the transmission belt of “the CVT 4 for which the axial position of
a cong is to be changed” should be stopped/braked/iocked if it is not the adjuster of the
rotated cone of the next step ("step ¢) First axial position changing of a cong”). Butif the
adjuster used fo reduce the tension in the transmission belt of “the CVT 4 for which the
axial position of a cone is to be changed’ is the adjuster of the rotated cone of the next
step, then it should be left unlocked.

if an indexing mechanism is used, then because of the incremental looking steps of
the indexing mechanism, here it might not be possibie 1o lock the adjuster (refer to the
“Adjusters for a CVT 6” section for details) if needed (such as when it is not the adjuster
of the rotated cone); if so, the adjuster should be locked “before” or “immediately after”
axial position changing of a cone of the next step (“step ) First axial position changing of
a cone”} has been compileted.

Regarding locking of the adjuster used {0 reduce the tension in the transmission belt
of "the CVT 4 for which the axial position of a coneg is to be changed’, if an adjuster that
uses an indexing mechanism is used, then in order to be able o lock the adjusier, iis
cone needs to rotate a sufficient amount relative to its shafi/spline so that the lock of the
indexing mechanism can enter a circumferential cavity of iis index wheel.

Here if it is desired 1o lock the adjuster used to reduce the tension in the ransmission
belt of “the CVT 4 for which the axial position of a cone is to be changed”, before “the
siack that can be provided and/or removed by the tensioning pulleys/support pulieys as
needed” has been exhausted {such as during and slightly after axial position changing of
a coneg), then the “tension of the fensioning pulleys/support pulleys” and the “rotational
frictional resistance of the worm gear-gear drive of the adjuster” should be selected such
that an uniocked cone can rotate a sufficient amount relalive to its shaft/spline when
rotating forces are applied to that the cong even if “the slack that can be provided and/or
removad by the fensioning pulleys/support pulleys as needed” has not been exhausted.

And if it is acceptable to lock the adjuster used o reduce the tension in the
fransmission belt of “the CVT 4 for which the axial position of a cone is o be changed”
after “the siack that can be provided and/or removed by the tensioning pulleys/support
pulleys as needed” has been exhausted (such as slightly after axial position changing of
a coneg), then the “tension of the fensioning pulleys/support pulleys” can be selecied
independently from the “rotational frictional resistance of the worm gear-gear drive of the

adjuster’. But here, unlike the set-up of the previous paragraph, the adjuster is locked
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while it is transmitting torque; as such, if the set-up of the previous paragraph can be
easily achieved, itis recommended

It is recommended that the index wheel of an adjuster is locked during axial position
changing of a coneg, otherwise it has to be locked afier axial position changing of a cone
has been completed.

As a ball park figure that can be refined through trial-and-error experimentation (and
depending on the size of the lock and the size of the index wheel used), inorderto be
able to lock an adjuster during axial position changing of a cone, an unlocked index
wheel of an adjuster should be able {0 get locked when its cone has rotated less than 1/4
of a tooth width of said cone. For reliability purposes, it is desirable to be able to lock an
uniocked index wheel at an even smaller rotation of its cone.

in order o reduce the amount of rotation required to lock an unlocked index wheel, a
speed increasing gear train (such as a larger gear coupied to a smalier gear for
exampla) can be used to couple the rotation of the worm {o the index wheel. A speed
increasing gear train will also reduce the torque at the index wheel, which is desirable.

Anocther approach o reduce the amount of rotation required to lock an unlocked index
wheel is by using several index wheels that are constrained relalive to each other for
rotation (such as by stacking several index wheels {0 common shaft) and that are
rotationally offset relative {o each cther; wherein each index whesl has its own lock, all
locks are forced foward their index wheel at the same time, and only one index whesl is
fully locked at any instance.

For reliability purposes, here in order to ensure that an adjuster is always locked, itis
preferred that g “wait/pause duration o ensure the adjuster is locked afler axial position

changing of a cone has been completed” is used.

¢) First axial position changing of a cone

it is recommended that this step is initiated immediately after "Step b) Reducing
transmission belt tension”, in order to avoid changes in the “contracting and exiending
movement ranges” of the “lensioning pulleys/support pulleys for which the tension in
their transmission belt has been reduced” due to slight differences in the transmission
diameters of the cones mounted on same shaf/spline or any other factors.

After the axial position changing of a cone of this step (“step ¢) First axial position
changing of a cone”™ has been performed, there are two cones with different
fransmission diameters mounied on a same shaft/spline. Here in order to prevent an

excessive incraase in {ension of a transimission belt, this has to be compensated by
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having at ieast one adjuster of a CVT 4 unlocked. The cone of the adjuster that is
unlocked to "compensate for having cones with different ransmission diameters
mountad on a same shaft/spline” is referred 1o as the rotated cone.

If the “adjuster of the rotated cone” is the adjuster that is used to reduce the tension in
the transmission belt of “the CVT 4 for which the axial position of a cone is to be
changed”, which was performed in the previous step (*step b) Reducing transmission
belt tension”), then the adjuster dees not have to be locked after it was used o reduce
the tension in the transmission belt of “the CVT 4 for which the axial position of a cone is
to be changed”. Here the “adjuster of the rotated cone” is the adjuster of “the CVT 4 for
which the axial position of a cone is to be changed”.

And if the “adjuster of the rotated cong” is not the adjuster that is used to reduce the
tension in the transmission belt of “the CVT 4 for which the axial position of acone is to
be changed”; then here “immediately after the axial position of a cone (referred to as the
moved cone) has been changed”, the “adjuster of the rotated cone” should be unlocked
50 that it can “compensate for having cones with different transmission diameters
mountad on a same shaft/spling” after the axial position of the moved cone is changed”.
unless motorized adjusters are used in which case the “adjuster of the rotated cong” can
be unlocked before the axial position of a cone is changsad (ses below). Also here if the
adjuster used {0 reduce the tension in the transmission belt of “the CVT 4 for which the
axial position of a cone is to be changed’ is not locked yet, it should be locked first
before the “adjuster of the rotated cone” is unlocked, unless molorized adjusters are
used {see below); since here this is one requirement to ensure that atleast one CVT 4 is
always used for lorgue transmission. And here the other requirement to ensure that at
least one CVT 4 is always used for torque transmission is that the slack in the tense side
tensioning pulley/support pulley of the CVT 4 for which the axial position of a cone ‘is to
be'fwas’ changed” is exhausted before the “adjuster of the rotated cone” is unlocked
{untess molorized adjusters are used). In order io ensure that this requirement is met, a
“sensor that informs the controlling computer when the tense side tensioning
pultey/support pulley of the CVT 4 for which the axial position of a cone is o be changed
hits its maximum confraction stop” can be used to inform the controlling computer when
to lock the “adjuster of the rofated cong”; but if the “duration for the slack in the tense
side tensioning pulley/support pulley of the CVT 4 for which the axial position of a cone
‘is to be'/'was’ changed to exhaust’ is insignificant, it might be more practical {o ignore
this requirement even if it is desired to have at ieast one CVT 4 always used for torque

fransmission. Another potential benefit of using a "sensor that informs the controliing
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computer when the tense side tensioning pulley/support pulley of the CVT 4 for which
the axial position of a cone is {0 be changed hits its maximum contraction stop” for
unlocking the “adjuster of the rotated cong” is that through its usage sudden increase in
tension in the transmission belis can be minimized. Here simple experimentation can be
used (o see whether using a “sensor that informs the controlling computer when the
tense side tensioning pulley/support pulley of the CVT 4 for which the axial position of a
cone is to be changed hits its maximum contraction stop” in order {0 unlock the “adjuster
of the rotated cong” {which is recommended from a performance perspective) provides
substantial benefits over simply unlocking the “adjuster of the rotated cone” immediately
after the axial position of a cone has been changed.

Although it is recommended that the “adjuster thal was used to reduce the tension in
the transmission belt of the CVT 4 for which the axial position of a cone is to be
changed” is locked during axial position changing of a cone (so as to avoid shock icads
due to locking under load), if this is not practical (such as because the friction in the
adjusters is (oo large o be sufficiently rotated by the tension of the fensioning
pulleys/support pulleys, the required rotation for locking the index wheel is too large,
etc.), then the “adjuster that was used to reduce the tension in the transmission belt of
the CVT 4 for which the axial position of a cone is {0 be changed” can onily be locked
after the slack in the tense side tensioning pulley/support pulley of the CVT 4 for which
the axial position of a cone ‘is to be'/was’ changed” is exhausied. In this situation, if the
“adjuster of the rotated coneg” is uniocked “immediately after the axial position of a cone
has been changed”, then there might instances where the adjusters of both CVT 4’s are
uriocked; this is undesirable since here the cones of the unlocked adjusters can rotate at
high speeds relative {o their shaft/spline, which can cause shock loads during relocking.
In order to avoid this, it is recommended that in this situation a “sensor that informs the
controliing computer when the tense side tensioning pulley/support puliey of the CVT 4
for which the axial position of a cone is to be changed hils its maximum contraction stop”
or better vet a “sensor that informs the controlling computer when the adjuster that was
used o reduce the tension in the transmission belt of the CVT 4 for which the axial
position of a cone is to be changed is locked” is used to inform the controlling computer
when 1o unlock the “adjuster of the rotated cone”. Proximity sensors, contact sensors,
etc. can be used for the "sensors that inform the controliing computer when the tense
side tensioning pulley/support pulley of their CVT 4 hits its maximum conitraction stop”
and the “sensors that informs the controliing computer when their adjuster is locked and

uniocked”.
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if it is desired to unlock the “adjuster of the rotated cone” after the “adjuster that was
used o reduce the tension in the transmission belf of the CVT 4 for which the axial
position of a cone is to be changed” is locked and the slack in its tense side tensioning
pulley/support pulley has been exhausted (which is recommended from a performance
perspective), then it takes time for the “adjuster of the rotated cone” to unlock. But once
the “adjuster used {o reduce the tension in the transmission belf of the CVT 4 for which
the axial position of a cone is to be changed” is locked and the slack that can be
provided and/or removed by the tensioning pulleys/support pulleys of its CVT 4 have
been exhausted, then the "CVT 4 for which the axial position of a cone ‘is to be'/was’
changed” will become the CVT 4 used for torque transmission, and the transmission belt
tension in the CVT 4 of the rotated cone becomes reduced. Once the fransmission belt
tension in the CVT 4 of the rotated cone is reduced, “its tense side tensioning
pulleys/support pulleys can remove slack and its slack side tensioning pulleys/support
pulleys can provide slack” so as to “compensate for the brief duration where there are
two cones with different fransmission diameters mounted on a same shaft/spline without
having an adjuster aliowing for compensating rotation”, this allows some time for the
“adjuster of the rotated cone” to uniock.

If @ motorized adjuster, which is an adjuster that uses an adjuster motor, is used, then
in order to unlock the adiuster of the rotated cone, the adjuster motor should rotate the
rotated cone in the direction “the rotated cone will need {o rotate in order to "compensaie
for having cones with different transmission diameters mounted on a same shaft/spiing”
after the axial position of the moved cone is changed”, here the adjuster motor can
sirmply stall or slip when its rotation is "nol’ or "not yvet” nesded.

Since a molorized adjuster only allows rotation in the direction its adjuster motor
rotates (so that it does not allow rotation in the direction that reduces the tension in its
fransmission belt in sifuations where “the adjuster of the rotated cone is not the adjuster
that is used to reduce the tension in the transmission belt of the CVT 4 for which the
axial position of a cone is to be changed”), and can simply stall, slip, or stop when its
rotation is “not” or “not yet” needed. it is recommended that in situations where “the
adjuster of the rotated cone is not the adjuster that is used to reduce the tension in the
transmission belf of the CVT 4 for which the axial position of a cone is to be changed’, a
motorized adjuster is uniocked before the axial position of a cone is changed.

if an adjuster that uses a brake or an indexing mechanism is used, then in order {o

unlock the adjuster of the rotated cone, the adjuster should be released/uniocked.
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Here the rotated cone should be a cone which needs o be rotaied in the direction
that increases the tension in the tense side of its fransmission belt in order o
"‘compensate for having cones with different transmission diameters mounted on a same
shaft/spline” after the axial position of the moved cone is changed, the selection of
whether the rotated cone is a cone of the “CVT 4 of the moved cone”, or a cone of the
“‘CVT 4 which is not the CVT 4 of the moved cong” should depend only on this.

Regarding the rotated cone, the CVT 4 for which a cone (the rotated cone) has o be
“‘uniocked for rotation” in the direction that increases the tension in the tense side of its
transmission belt in order to “compensate for having cones with different transmission
diameters mounted on a same shaft/spline” is a CVT 4 for which its cone on the input
shaft/spline has the smaller transmission diameter relative to the other cone on the input
shaft /spline after the axial position changing of a cone of “step ¢) First axial position
changing of a cone” has been completed, or a CVT 4 for which its cone on the cutput
shaft/spline has the larger transmission diameter relative to the other cone on output
shaft/spline after the axial position changing of a cone of “step ¢) First axial position
changing of a cone” has been completed.

For a rotated cone on the input shafi/spline, the cone’s direction of rotation that
increases the tension in the tense side of its transmission belt is in the direction of
rotation of the input shaft/spline. And for a rotated cone on the output shaft/spline, the
cong’s direction of rotation that increases the fension in the tense side of its transmission
belt is in the direction opposite from the rotation of the output shafi/spiine.

After the rotated cone is set-up to be “unlocked” or “left unlocked”, axial position
changing of a cone of this step (step ¢) First axial position changing of acong”} is
performed. Axial position changing of a cone of this step is performed on a cone
{referred to as the moved cone) of “the CVT 4 for which the transmission beli tension
was reduced (due to a releasing torque)”, note: transmission belf tension was reduced in
step b).

Here if the "CVT 4 of the moved cone” is also the "CVT 4 of the rotated cone”, then
the transmission diameter of the cone on the input shaft /spline can be decreased or the
transmission diameter of the cone on the oulput shaff /spline can be increased.

And if the “CVT 4 of the moved cong” is not the “CVT 4 of the rotated cong”, then the
transmission diameter of the cone on the input shaft /spline can be increased or the
transmission diameter of the cone on the output shaft /spline can be decreased.

The CVT 4 for which a cone has to be “uniocked for rotation” in the direction that

increases the tension in the tense side of its transmission bell in order {0 “compensale
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for having cones with different tfransmission diameters mounted on a same shaft/spling”
(which is the CVT 4 of the rotated cone) is the "CVT 4 for which the transmission belt
tension is reduced (due o required tensioning compensating rotation)” after the axial
position changing of a cone of this siep (“step ¢) First axial position changing of a cone”™)
has been completed; since for this CVT 4, a cone has to be “allowed to rotate”/rotated”
in the direction that increases the tension in the tense side of its transmission belt in
order prevent an excessive increase in tension in the transmission belt of the other CVT
4, and since the torgue capacity of an adjuster motor (if used) should be much smaller
than the pulling torque of its CVT & under all operating conditions so that an adjuster
motor will stall/slip before it can increase the tension in ifs transmission belt to above the

puiling torque of its CVT 6.

d) Second axial position changing of a cone Option 1 of 2

After “step ¢) First axial position changing of a cone”, if desired the axial position of a
cone of the “CVT 4 for which the transmission belt tension is reduced {due {o required
tensioning compensating rotation)” can be changed; this axial position changing of a
cone is referred to as “step d) Second axial position changing of a cone Option 1 of 27
Alternately, after “step ¢) First axial position changing of a cone, if desired “step &)
Second axial position changing of a cone Option 2 of 2”7 (which is described below) can
be performed instead of “step d) Second axial position changing of a cone Option 1 of 27,

The “CVT 4 for which the fransmission belt tension is reduced {due {o required
tensioning compensating rotation)” is the CVT 4 of the rotated cone (see step ¢). The
rotated cone is the cone that is unlocked so that it can rotate in the direction that
increases the tension in the tense side of its transmission belt in order to *compensate
for having cones with different transmission diameters mounted on a same shaft/spiing”
relative to its shaft/spline.

if the “CVT 4 for which the transmission belt tension is reduced (due to required
tensioning compensating rotation)” is the CVT 4 for which the axial position of a cone
was changed in “step ¢} First axial position changing of a cone”, then the fransmission
belt tension in this CVT 4 is already reduced afer "step ¢} First axial position changing of
g cone”.

if the "CVT 4 for which the transmission belt tension is reduced (due to required
tensioning compensating rotation)” is not the CVT 4 for which the axial position of a cone
was changed in “step ¢} First axial position changing of a cone”, then the transmission

belt tension in the “CVT 4 for which the fransmission belt tension is reduced (dus o
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required fensioning compensating rotation)” is reduced afier “step ¢) First axial position
changing of a cong” has been completed, and after the slack in the tense side tensioning
puiley/support pulley of the CVT 4 for which the axial position of a cone was changed
has been exhausted. Here in order to ensure that the tension in the transmission belt of
the “CVT 4 for which the transmission belt tension is reduced (due to reguired tensioning
compensating rotation)” has been reduced and that the tensioning pulieys/support
pulleys of the "CVT 4 for which the transmission belf tension is reduced (due to required
tensioning compensating rotation)” are in their required positions, a pause after "step ¢}
First axial position changing of a cong” has been completed can be used before starting
the axial position changing of a cone of this step (“step d) Second axial position changing
of a cone Option 1 of 27).

Here once the tension in the fransmission belt of the “CVT 4 for which the
transmission belt tension is reduced {due to required tensioning compensating rotation)”
has been reduced, when the adjuster, usad o provide/allow compensating rotation
{which is achieved by rotating or "aliowing rotation of” a cone of said CVT 4 in the
direction that increases the tension in the tense side of its transmission belt), is uniocked
but the “speed its adjuster motor (when used) rotates its adjuster output shaft” is less
than the “speed applied on its adjuster cutput shaft”, then an increase in tension in the
slack side of the transmission belt of the “CVT 4 for which the transmission belt tension
is reduced {due o required tensioning compensating rotation)” can occur, since here the
urdocked cone (the cone of the uniocked adjuster) is rotated relative o its shaft/spline
due to the pulling tension in the slack side of its transmission belt. As such here the
siack side of the transmission belt (which is the slack side of the transmission bell during
regular torgue transmission) becomes the tense side of the transmission belt, and the
tense side of the fransmission belt (which is the tense side of the transmission belt
during regular torgue transmission) becomes the slack side of the transmission belt.
Here the tensioning forces and the movement ranges of the tensioning pulleys/support
pulleys should be selected so that once the iense side tensioning pulley/support puliey
and the slack side tensioning pulley/support pulley have reached their equilibrium
positions, the lense side tensioning puliey/support pulley and the slack side tensioning
pulley/support pulley each have a sufficient “contracting and extending movement range”
to provide and remove slack as needed to allow for axial position changing of their cone
during axial position changing of their cone.

Alternately, here once the tension in the transmission belt of the "CVT 4 for which the

fransmission belt tension is reduced {due to required tensioning compensating rotation)”
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has been reduced, and for the adjuster used o provide compensating rotation, the
"speed its adjuster motor rotates its adjuster oulput shaft’ is more or equal than the
“speed applied on its adiuster output shaft”, then the torgue of the adjuster motor and the
tensioning forces and movement ranges of the tense side tensioning pulley/support
pulley and the slack side tensioning pulley/support puliey should also be selected so that
once the tense side fensioning pulley/support pulley and the slack side tensioning
pulley/support pulley have reached their equilibrium positions, the tense side tensioning
pulley/support pulley and the slack side tensioning pulley/support puliey each have a
sufficient "contracting and extending movement range” {0 provide and remove slack as
needed to allow for axial position changing of their cone.

Here if it is difficult to balance the tensioning forces of the tense side {ensioning
pulley/support pulley and the slack side tensioning pulley/support pulley of the “CVT 4 for
which the transmission belt tension is reduced (due o required tensioning compensating
rotation)” so that they each have a sufficient “contracting and extending movement
range”, then a configuration where the slack side tensioning pulley/support pulley hits its
maximum conifraction stop can be used for said CVT, hefore axial position changing of a
cone of said CVT is started.

A configuration where the slack side tensioning pulley/support pulley hits its maximum
contraction stop can occur when the adjuster that is used o provide/aliow compensating
rotation is unlocked but the “speed its adjuster motor (when used) rotates its adjuster
output shaft” is less than the “speed appiied on its adjuster output shaft”; since here the
urlocked cone is rotated relative to ifs shaft/spline due to the increased pulling tension in
the slack side of its transmission beli, which when large enough can cause ifs slack side
tensioning pulley/support pulley o hit its maximum contraction stop.

if the slack side tensioning pulley/support pulley hits its maximum contraction stop,
then the tense side tensioning pulley/support pulley can only provide slack, and the slack
side tensioning pulley/support pulley can only remove slack. But, this can also work
here, since here the adjuster of the CVT 4 for which the axial position of acone is
changed, is “uniocked for rotation” in the direction that removes siack from ithe side of the
tense side tensioning pulley/support pulley and provides slack to the side of the slack
side tensioning pulley/support pulley.

But, the tension in the slack side of the transmission belt for a configuration where the
siack side iensioning pulley/support pulley hits its maximum coniraction stop will be
larger than that of the configuration where the tense side tensioning pulley/support pulley

and the slack side tensioning pulley/support pulley each have a sufficient "contracting
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and extending movemeni range”. An increase in tension in a transmission belt (slack
side and/or tense side) will increase the force required to axially move a cone thal is
engaged with said transmission belt.

Additionally, here if the unlocked cone is rotated relative to its shaft/spline due to the
pulling tension in the slack side of iis fransmission beit, then the worm gear of its adjuster
{and as such also the unlocked cone) accelerates from standstill until it has reached its
steady state speed. Since the friction in the worm gear-gear drive decreases as the
speed of the worm gear increases, the pulling tension in the slack side of its fransmission
bell decreases as the speed of the worm gear increases. As such, here using a “delay
to let the unlocked cone speed-up” before changing the axial position of a cone of the
CVT 4 of the unlocked cone, can reduce the force required to axially move a cone of the
CVT 4 of the unlocked cone.

Once the tension in the fransmission belt of the “CVT 4 for which the transmission
belt tension is reduced (due 1o required tensioning compensating rotation)” has been
reduced and its tensioning pulleys/support pulleys are in position {which can be ensured
through a time delay that can be obtained through trial-and-error experimentation), the
axial position of a cone of the “CVT 4 for which the transmission belt tension is reduced
{due to required fensioning compensating rotation)”, can be changed.

Here if the cone which axial position was changed under “step ¢) First axial position
changing of a cong” was on the input shaft/spline; then for “step d) Second axial position
changing of a cone Option 1 of 27, the transmission diameter of the “cone with the
smaller transmission diameter” on the input shaft/spline needs to be increased so that its
transmission diameter is equal 1o the ransmission diameter of the other cone on the
input shaf/spling”. Note: here the "cone with smaller transmission diameter” on the input
shaf/spline is a cone of the “CVT 4 for which the fransmission beilt tension is reduced
{due to required {ensioning compensating rotation)”.

And if the cone which axial position was changed under “step ¢) First axial position
changing of a cong” was on the output shaft/spline; then for “step d) Second axial
position changing of a cone Option 1 of 27, the transmission diameter of the “cone with
larger transmission diameter” on the cutput shaft/spline needs to be decreased so that
its transmission diameater is equal to the transmission diameter of the other cone on the
output shaft/spline”. Note: here the “cone with larger transmission diameter” on the
output shaft/spline is a cone of the “CVT 4 for which the transmission bell tension is

reduced (due 1o required tensioning compensating rotation)”.
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After the axial position changing of a cone of “step d} Second axial position changing
of a cone Option 1 ¢of 27 has been completed, the adjuster that is used to "compensate
for having cones with different transmission diameters mounted on a same shaft/spling”
should be (but not necessarily) stopped/braked/locked when possible”, since after the
axial position changing of a cone of “step d) Second axial position changing of a cone
Option 1 of 2”7 has been completed, the CVT 6 will be at "step a) initial Setup/Regular
Operation Setup”, where the fransmission diameters of all cones mounted on a same

shaft/spline are equal.

8} Second axial position changing of a cone Option 2 of 2

Altemnately, afler “step ¢) First axial position changing of a cong”, instead changing
the axial position of a cone of the “CVT 4 for which the transmission belt tension is
reduced (due to required fensioning compensating rotation)” under “step d) Second axial
position changing of a cone Option 1 of 27, if desired the axial position of a cong of the
“‘CVT 4 for which the transmission belt tension is not reduced” can be changed. This
axial position changing of a cone is referred to as “step e) Second axial position
changing of a cone Option 2 of 27,

Here first the transmission belt tension of the "CVT 4 for which the transmission belt
tension is not reduced” needs o be reduced. This is accomplished by unlocking
(uniocking for rotation) a cone of the “CVT 4 for which the transmission belt tension is not
reduced” so that it can rotate in the direction that reduces the tension in its fransmission
belt. Here if an adjuster that uses an adjuster motor is used, then in order to uniock the
adjuster, the adiuster needs o rotale its cone relative o its shaft/spline in the direction
that reduces the tension in its transmission belt, and if an adjuster that uses a brake is
used, then in order to unlock the adjuster, its brake needs 1o be released; and if an
adjuster that uses an indexing mechanism is used, then in ordser to unlock the adjuster,
its indexing mechanism needs o be unlocked.

In this situation, the "“direction of rotation that reduces the tension in its fransmission
belt” a cone of the “CVT 4 for which the fransmission belt tension is not reduced” is also
the direction to “compensate for having cones with different transmission diameters
mounted on a same shaft/splineg”, this is because the direction of rotation of the "CVT 4
for which the transmission belt tension is reduced {due o required tensioning
compensating rotation)” is in the direction that increases its transmission belt tension,
and the direction of rotation to “compensate for having cones with different transmission

diameters mounted on a same shaft/spling” of one CVT 4 should be opposite from that of
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the other CVT 4. As such here, a cone of the “CVT 4 for which the transmission beit
tension is not reduced” neads 1o be “unlocked for rotation” in the direction that reduces
the tension in iis transmission belt (which is also the direction of rotation o “compensate
for having cones with different transmission diameters mounted on a same shaf/spline”™)
as long as there are cones with different fransmission diameters mounted on the same
shaft/spline.

And since here the rotation to reduce the transmission belf tension of the "CVT 4 for
which the transmission belt tension is not reduced” also compensates for having cones
with different transmission diameters mounied on the same shaft/spline, here the rotation
of a cone to “compensate for having cones with different transmission diameters
mounted on a same shaft/spline” of the “CVT 4 for which the transmission beilt tension is
reduced (due to required tensioning compensating rotation)” will slow-down so that it can
be eventually stopped/braked/iocked. Here, when available, some braking or slowing
down forces can also be applied by the adjuster when the rotation of a cone of the *CVT
4 for which the transmission belt {ension is reduced {due o required tensioning
compensating rotation) is slowing down.

After rotation to reduce the transmission belt tension of the “CVT 4 for which the
fransmission balt tansion is not reducad’ is started, the fransmission belt tansion of the
"CVT 4 for which the transmission belt tension is not reduced” will eventually become
reduced, so that the “CVT 4 for which the fransmission belt tension is reduced (due to
required tensioning compensating rotation)” will eventually need {o be used as the CVT 4
used for torque transmission.

Here if an adjuster that uses brake or an indexing mechanism is used for the "CVT 4
for which the transmission belt tension is reduced {due {o required tensioning
compensating rotation)”, then the brake or indexing mechanism needs to be
braked/locked afier the adjuster of the “*CVT 4 for which the transmission belt fension is
not reduced” is unlocked, since at least one adjuster nesds o “compensate for having
cones with different transmission diameters mounted on a same shaf/spling”.

Here if desired, an adjuster that uses a brake or an indexing mechanism can be
braked/locked after the speed of the worm gear to be braked/locked has slowed down,
50 as to reduce the shock-loads during braking/locking. If this is desired, then a time
delay from when the adjuster of the “CVT 4 for which the transmission beilt tension is not
reduced” is unlocked until braking/locking of the adjuster of the “CVT 4 for which the
fransmission belt tension is reduced (due to required tensioning compensating rotation)”

occurs can be used. The time delay does not have 1o be accurate, but for better
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accuracy, the time delay can be based on the current rpm and transmission ratio of the
CVT 8. For the time delay, it is recommended that braking/locking occurs before the
WOrm gear reverses direction since by then the adjuster {0 be braked/locked is subjecied
to the torgue being transmitted by the CVT & (instead of only the torque due to friction).
Instead of a time delay, a sensor thal measures the speed of the worm gear {o be
braked/locked can also be used {o reduce the shock-loads during braking/iocking.

Here if an adjuster that uses an adjuster motor is used, it is important that the adjuster
of the “CVT 4 for which the fransmission belt tension is reduced {due to required
tensioning compensating rotation)”, which is initially rotating in the direction that
increases the tension in Hs fransmission balt, will not "reverse direction and rotate in the
direction that reduces the {ension in iis transmission belt” after the adjuster of the “CVT 4
for which the fransmission belt tension is not reduced” is uniocked. Since if both
adjusters rotate in the direction that reduces the tension in their transmission beits, then
relocking the adiusters can require a large torque. If necessary, here the adjuster of the
“‘CVT 4 for which the transmission belt {ension is reduced (due {o required tensioning
compensating rotation)” applies a braking torque to ensure that said adjuster will not
reverse direction, but instead siows-down and eventually stops and becomes locked due
to the friction of s worm gear-gear drive; other means for braking the rotating cone of
the “CVT 4 for which the transmission belt tension is reduced (due to required {ensioning
compensating rotation)” can also be used.

Here once the tension in the transmission belt of the “CVT 4 for which the
transmission beli tension is not reduced”, which from now on will be referred 1 as the
“‘CVT 4 for which the transmission beilt tension is reduced {due {o releasing
compensating rotation)”, has been reduced; when the adjuster used to provide/aliow
compensating rotation (which is achieved by rotaling or “allowing rotation of” a cone of
the “CVT 4 for which the transmission belt {ension is reduced (due to releasing
compensating rotation)” in the direction that decreases the tension in the tense side of its
transmission belt) is unlocked but the “speed its adjuster motor (when used) rolales its
adjuster cutpul shaft/spline” is less than the “speed appiied on ils adjuster output
shaft/spline”, then an increase in tension in the tense side of the fransmission belt of the
“‘CVT 4 for which the transmission beilt tension is reduced {due {o releasing
compensating rotation)” can occur; since here the unlocked cone is rotated relative to ils
shaf/spline due o the puiling tension in the tense side of ils transmission beit. Here the
tense side tensioning pulley/support pulley and the slack side tensioning pulley/support

pulley each should have a sufficient "contracting and extending movement range” to
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provide and remove slack as needed to aliow for axial position changing of their cone
during axial position changing of their cone.

Alternately, here once the tension in the transmission belt of the "CVT 4 for which the
transmission belt tension is reduced {due to releasing compensating rotationy” has been
reduced; and for the adjuster used to provide compensating rotation, the “speed ifs
adjuster motor rotates its adjuster ocutput shaft” is more or equal than the “speed applied
on its adjuster output shafl”, then the forgue of the adjuster motor and the tensioning
forces of the tense side tensioning pulley/support pulley and the slack side tensioning
pulley/support puliey should be selecied 5o that once the tense side {ensioning
pulley/support pulley and the siack side tensioning pulley/support puliey have reached
their equilibrium positions, the tense side tensioning pulley/support pulley and the slack
side tensioning pulley/support pulley each have a sufficient “contraciing and exiending
movement range” to provide and remove slack as needed to allow for axial position
changing of their cone.

Here if it is difficult to balance the tensioning forces of the lense side tensioning
pulley/support pulley and the slack side tensioning pulley/support pulley so that they
each have a sufficient “contracting and exiending movement range”, then a configuration
where the tense side tensioning pulley/support pulley hits its mapdmum contraction stop
can be used before axial position changing of a cone of the “CVT 4 for which the
transmission belt tension is reduced {(due to releasing compensating rotation)” is started.

A configuration where the tense side tensioning pulley/support pulley hits its
maximum contraction stop can occur when the adjuster that is used to provide/allow
compensating rotation is unlocked but the “speed its adjuster motor (when used) rotates
its adjuster output shaft” is less than the “speed applied on its adjuster output shaft”;
since here the uniocked cone is rotated relalive to its shaft/spline due io the increased
pulling tension in the tense side of its transmission belt, which when large enough can
cause its tense side tensioning pulley/support pulley to hit its maximum contraction stop.

If the tense side tensioning pulley/support pulley hits its maximum contraction stop,
then the tense side tensioning pulley/support puliey can only remove slack and the slack
side tensioning pulley/support pulley can only provide slack. But, this can also work
here, since here the adjuster of the CVT 4 for which the axial position of a cone is
changed, is “unlocked for rotation” in the direction that provides slack to the side of the
tense side tensioning pulley/support pulley and removes slack from the side of the slack

side tensioning pulley/support pulley.
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But, the tension in the tense side of the fransmission belt for a configuration where
the tense side tensioning pulley/support pulley hits its maddmum contraction stop will be
larger than that of the configuration where the tense side tensioning pulley/support pulley
and the slack side tensioning pulley/support pulley each have a sufficient "contracting
and extending movement range”. An increase in tension in a transmission belt (slack
side and/or tense side) will increase the force required to axially move a cone that is
engaged with said transmission belt.

Additionally, here if the unlocked cone is rotated relative to its shaft/spline dug fo the
pulling tension in the tense side of its transmission belt, then the worm gear of its
adjuster (and as such also the unlocked cone) accelerates from standstill until it has
reached its steady state speed. Since the friction in the worm gear-gear drive decreases
as the speed of the worm gear increases, the pulling tension in the fense side of ils
transmission belt decreases as the speed of the worm gear increases. As such, here
using a “delay to let the unlocked cone speed-up” before changing the axial position of a
cone of the CVT 4 of the unlocked cone, can reduce the force required to axially move a
cone of the CVT 4 of the unlocked cone.

Once the tension in the transmission belt of the “CVT 4 for which the fransmission
belt tension is reduced (due o releasing compensating rotation)” has been reduced and
its tensioning pulleys/support pulleys are in position (which can be ensured through a
time delay that can be obtained through trial-and-error experimentation}, the axial
position of a cone of the “CVT 4 for which the fransmission belt tension is reduced {(due
to releasing compensating rotation)”, can be changed.

Here if the cone which axial position was changed under "step ¢} First axial position
changing of a cone” was on the input shaft/spline,; then for "step e) Second axial position
changing of a cone Option 2 of 27, the transmission diameter of the “cone with larger
fransmission diameter” on the input shaft/spline needs o be decreased so that its
fransmission diameter is equal {o the fransmission diameter of the cther cone on the
input shaft/spline”. Note: here the “cone with larger transmission diameter” on the input
shaft/spline is a cone of the "CVT 4 for which the transmission belf tension is reduced
{due o releasing compensating rotation)”.

And if the cone which axial position was changed under “step ¢©) First axial position
changing of a cone” was on the ouiput shaft/spline; then for “step &) Second axial
position changing of a cone Option 2 of 27, the transmission diameter of the “cone with
smaller fransmission diameter” on the output shaft/spline needs to be increased so that

its ransmission diameter is equal to the transmission diameter of the other cone onthe
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output shait/spline”. Note: here the “cone with smalier iransmission diameter” on the
output shaft/spline is a cone of the “CVT 4 for which the transmission belt tension is
reduced {(due 0 releasing compensating rotation)”.

After the axial position changing of a cone of “step e) Second axial position changing
of a cone Option 2 of 27 has been completed, the adjuster that is used to “compensate
for having cones with different transmission diameters mourtied on a same shaft/spling”
should be (but not necessarily) stopped/braked/"locked when possible”, since after the
axial position changing of a cone of “step ) Second axial position changing of a cone
Option 2 of 2” has been completed, the CVT 6 will be at “step a) Initial Setup/Regular
Operation Setup”, where the transmission diameters of ali cones mounted on a same

shaf/spline are equal.

Detalis regarding "Transmission ratic change rotation” ina CVT 8 (“helt curvalure

change rotation”)

As described earlier, Point N is the contact point between a cone and its transmission
belt that doesn’t rotate due to changes in the fransmission diameter of said cone; and
Point M of a cone is the point were no rotational sliding between said cone and its torgue
transmitting member occur due to axial position change of said torque transmitting
meamber relative to said cone (see Fig. © for an example).

As the transmission diameter of a cone is increased, the length of the portion of the
transmission belt covering the cone has {0 be increased; and as the fransmission
diameter of a cone is decreased, the length of the portion of the transmission belt
covering the cone has {0 be decreased. Increasing the length of the portion of the
transmission belt covering the cone requires that the portion(s) of the transmission belt to
the left and/or to the right of Point N are slid towards Point N s0 as to provide more slack;
this cause relative rotational movement between the surface of the cone and its
fransmission belt except at Point N, And decreasing the length of the portion of the
transmission belt covering the cone requires that the portion(s) of the transmission belt to
the left and/or 1o the right of Point N are slid away from Point N so as {o remove siack;
this alsc cause relative rotational movement between the surface of the cone and ils
transmission bell except at Point N. “Transmission ratio change rotation” due to the
relative rotational movement (sliding) between the surface of a cone and iis transmission
bell as described in this paragraph is referred to as “belt curvature change rotation”.

The direction of “belt curvature change rotationy” depends on the position of Point M

relative 1o Point N, and whether the transmission diameter of the cone is increased or
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decreased. When Point M is positioned at Point N, “belt curvature change rotation”
should be zero; and when Point M is positioned to the left of Point N, the direction of "belt
curvature change rotation” should be in the opposite direction from when Point M is
positioned to the right of Foint N. The location of Point N and the directions of "belt
curvature change rotation” can be obtained through experimentations using a Test CVT.

The amount of “belt curvature change rotation” of a cone depends on the distance of
the Point M of said cone from Point N, If we ignore the rotations of said cone due to the
rotations of its CVT 6 (for illustrative purposes let's assume that the CVT 8 of said cone
is not rotating), then the length of the transmission beilt segment from Point N to Point M
remains constant as the axial position of said cone is changed. If this transmission belt
segment is longer than more “belt curvature change rotation” will occur during
transmission diameter change of said cone.

For example, for 0.2 tooth long transmission belt segment, “belt curvature change
rotation” will be due {o the change in curvature of that 8.2 tooth. And for a 6 tooth long
transmission bell segment, “belt curvature change rotation” will be due o the change in
curvature of those 6 teeth. Obviously "belt curvature change rotation” for © teeth is larger
than that of 0.2 iooth.

As a cone is rotating due to rotations of its CVT 8, “belt curvature change rotation” for
said cone should continuously decrease when its Point M rotates fowards Peoint N, and

should continuously increase when its Point M rotates away from Point N.

Details regarding “Transmission ratio change rotation” in a CVT 8 (“member curvature

change rotation”

“Transmission ratio change rotation” of a cone can also be due to the change in
curvature of the torgue transmitting member of said cone. This type of “Transmission
ratio change rotation” is referrad to as "member curvature change rotation”.

“Member curvature change rotation” occurs when there are portions of a torque
transmitting member that are not covered by iis transmission belt. The amount of
*member curvature change rotation” depends on the distance from “Point M of the torgue
transmitiing member, which must be not covered by its transmission bell, to “the point of
engagement between said forque transmitting member and its transmission belt”. “The
point of engagement between said torgue transmilting member and its transmission
belt’, will be referred to as Point &

if we ignore the rotations of said cone due {o the rotations of its CVT 8 (for illusirative

purposes let’s assume that the CVT 6 of said cone is not rotating), then the length of the
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torgue transmitting member segment from Foint M to Point E remains constant as the
axial position of said cone is changed. I this lorgue tfransmitting member segment is
longer than more "member curvature change rotation” will coour during transmission
diameter change of said cone.

For example, for 0.2 tooth long torgue transmitting member segment, “beilt curvature
change rotation” will be due to the change in curvature of that 0.2 {ooth. Andfora 6
tooth long torque transmitting member segment, "member curvature change rotation” will
be due to the change in curvature of those 6 teeth. Obviously “member curvature
change rotation” for 6 teeth is larger than that of 0.2 tooth.

The direction of “member curvature change rotation” depends on the position of Point
M relative to Point E (note: Point M must not covered by its transmission bell), and
whether the transmission diameter of the cone is increased or decreased. When Point M
is positioned at Point E, "member curvature change rotation” should be zero; and when
Point M is positionad to the ieff of Point &, the direction of "belt curvature changs
rotation” (if it is not zero) should be in the opposite direction from when Point M is
positioned o the right of Point £, The directions of “member curvature change rotation”

can be obtained through experimentations using a Test CVT.

Example of “Transmission ratio change rotation” ina CVi 6

As an example, let’s say we have a CVT 6 that uses two CVT 4’s for which the
tensioning pulleys are positioned on the slack side of the transmission bell. And said
CVT 6 uses cones that each have the design of a “cone assembly with one torque
transmitling member” described in the “Alternate CVT's” section of U.S. Patent
7,722,490 B2,

And for said CVT 8, the cones on the input shaft/spline have the longitudinal slides
mountad ends of their torgue transmitting members at the leading end {(which is the end
of the forgue transmitling member that engages first), and the cones on the oulput
shaft/spline have the longitudinal slides mounied ends of their torgue transmitling
members at the frailing end {which is the end of the torque iransmitting member that
engages last).

The longitudinal slide mounted end of 3 torgue transmitling member is Point M of the
torgue transmitting member, which is a point of the torque fransmitting member which
rotational position relative {o its cone does not change as the axial position of the torque

transmitting member relative {0 its cone is changed.
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A CVT 4 of the CVT 6 {(a CVT 6 has two functionally identical CVT 4's) of this section
is shown as a front-view in Fig. 8. The following labeling are used for Fig. 6: Driving
Cone 9, Torque Transmitting Member 9-M1, Driven Cone 10, Torque Transmitting
Member 10-M1, Input Spline 11, Output Spline 12, Support Pulley 14, Tensioning Pulley
13. For Driving Cone 8 and Driven Cone 10, the rotational position of their Point M,
which for each cone is located at the end of the torque transmitling member that is
mounied o the longitudinal slide, are marked with M, and the rotational position of their
FPoint N, are marked with N.

For this CVT 6 ali cones are mounted on an adjuster. And in order to
compensate/allow for “Transmission ratio change rotation” in a CVT 4, the adjuster 8 of
the cone on the input spline and the adjuster 8 of the cone on the cutput spline of said
CVT 4 are rotated in the same direction during the axial position change of a said cone.

First, let us look at the “12 {0 © o’clock interval” of Driving Cone 8, here when Point M
is positioned near the 12 ¢'clock position, then Point M is positicned to the right of Point
N. Here if the transmission diameter of Driving Cone 9 is increased, the "belt curvature
change rotation” is counter-clockwise; and if the transmission diameter of Driving Cone 8
is decreased, then the “belf curvature change rotation” is clockwise.

if the axial position of Driving Cone 8 is changed such that its circumference
increases or decreased by one {ooth (as needed o allow for proper engagement), then
for the configuration shown in Fig. 6, the maximum “belt curvature change rotation” for
the portions of the transmission belts covering the surfaces of Driving Cone 9 1o the left
and to the right of Point N is “half a tooth”.

For the “12 to 9 ¢’clock interval” of Driving Cone 9, the ball park rotational speed and
angqular acceleration of the adjusters 8 can be estimated by assuming that the maximum
“belt curvaiure change rotation” for the portion of the transmission bell (o the right of
Point N of “half a tooth” has o be compensated/allowed as Point M is rotated from the 12
o'clock position to the B o’clock position. Here the distance that needs to be traveled is
“half a tooth”, and the time the distance needs to be traveled is the time it takes to rotate
Point M from the 12 o’clock position to the 9 o’'clock position.

The estimate of the previcus paragraph is very conservative, since the axial position
changing of Driving Cone 9 should be started when the not-Point M end of Torgue
Transmilting Member 9-M1 disengages with its transmission belt. As such, the speed of
“helt curvaiure change rotation” due to the axial position change of Driving Cone 9 near
the 12 o'clock position is very low since it starts at zero and then continually accelerates

as it approaches the 9 o'clock position. And since the amount of "belt curvature change
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rotation” also depends on the distance of Point M from Point N; at the maximum distance
between Point M from Point N, the amount of “belt curvature change rotation” is
maximum {which here is “half a tooth”);, and as Point M rotates towards Point N it
continually decreases until if reaches zero. We roughly estimate that this will reduce the
required rotational speed and angular acceleration by about a half to a quarter {with
more time an accurate equation can be obtainad).

Thereforg, here instead of using a distance of "half a tooth”, we can use a distance of
“half a tooth” to an “eight of a tooth” in calculating the ball park rotational speed and
angular acceleration for the “12 to 8 o’clock interval” of Driving Cone 8. This estimate is
only due to “belt curvature change rotation”, since for the 12 {0 9 o'clock interval” of
Driving Cone €, "member curvature change rotation” for Driving Cone 9 is zero, this is
because the distance from “Point M” to *Point E (which here is the point of engagement
between said torque transmitting member and ils transmission belt at the Poini M end of
said torque transmitting member)” is zero.

Next we look at the "9 to 3 ¢'clock interval” of Driving Cone 9. When Point M of
Driving Cone 9 has rotated to Foint N {which is af the 9 o’clock position), the direction of
rotation of “Transmission ratio change rotation” {(which here is only due to “belt curvature
change rotation™ will changse. When Point M is at Point N “Transmission ratio change
rotation” is zere. And as Foint M rotates away from Point N, "belt curvature change
rotation” will continue to increase.

And once Point M has rotated so that it is not engaged with its transmission belt
anymore (which is close to the 4.5 ¢'clock position), "member curvature change rotation”
will become non-zero and continue to increase; since the distance from “Point M’ o
“Point E (which here is the point of engagement belween said forque transmitting
member and its transmission belt at the not-Point M end of said torgue transmiiting
meambern)” continuous v ncrease.

For the "2 to 3 o'clock interval” of Driving Cone 9, in order {o determine the ball park
rotational speed and angular acceleration of the adjusiers 8, we use “half a footh” (which
is due to “belt curvature change rotation”) plus “one tooth” (which is due to "member
curvature change rotation”) for the distance, and the time the distance needs 10 be
traveled is the time it takes to rotate Point M from the 9 o’clock position o the 3 o'clock
position.

As explained previously the movements of a fensioning puliey, such as Tensioning
Puliey 13, can also be used to provide and remove slack as neaded in order to allow for

“Transmission ratio change rotation” due to movements in the slack side of the
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transmission belt. For Driving Cone 9, Tensioning Pulley 13 cannot allow for
“Transmission ratio change rotation” when Point M is positioned 1o the right of Point N
{since here itis due o movements in the tense side of the transmission belt), but it can
allow for “Transmission ratio change rotation” when Point M is positioned to the left of
Point N, as is the case for the “9 to 3 o'clock interval” of Driving Cone 8 (since here it is
due to movements in the slack side of the transmission belt).

Since we use Tensioning Fulley 13 to allow for “Transmission ratio change rotation”
due to movements in the slack side of the transmission belt, the distance due to “belt
curvature change rotation” for the "9 {0 3 o’clock interval” of Driving Cone 8 can be
eliminated, so that said distance becomes “one {ooth” (which is due to “member
curvature change rotation”). This distance is a conservative estimate, since the distance
of “one tooth” due to "member curvature change rotation” is covered during the entire
duration that the axial position of Driving Cone 9 is changed and not only the “2t0 3
o'clock interval” of Driving Cone @

Next we look at the "9 to 3 ¢'clock interval” of Driven Cone 10, Here the distance that
needs to be provided by the adjusters 8 in order to compensate for “Transmission ratio
change rotation” as Point M of Driven Cone 10 is rotated from the 8 o'clock position to
the 3 o'clock position can be estimated {0 be “half a tooth” (which is due o “belt
curvature change rotation”) plus “one tooth” (which is due to "member curvature change
rotation”).

But since “Transmission ratio change rotation” for the “8 1o 3 o'clock interval” of
Driven Cone 10 occurs on the slack side of the transmission belt, hers we use
Tensioning Pulley 13 to allow for “Transmission ratio change rotation” dusg o “belt
curvature change rotation”, so that said distance becomes “one tooth” {which is due to
“member curvature change rotation™. This distance is a conservative estimate, since the
distance of “one tooth” due to “member curvature change rotation” is covered during the
entire duration that the axial position of Driven Cone 10 is changed and not only the "9 to
3 o’clock interval” of Driven Cone 10,

Next we look at the “3 to 12 o'clock interval” of Driven Cone 10, When Point M of
Driven Cone 10 has rotated to Point N (which for Driven Cone 10 is at the 3 o'clock
position), the direction of rotation of “Transmission ratio change rotation” (which here is
only due to “belt curvature change rotation”) will change. When Point M is at Point N
“Transmission ratio change rofation” is zero. And as Point M rotates away from Point N,
“belt curvature change rotation” will continue o increase. Here the distance that needs

to be provided by the adjusters 8 in order to compensate/allow for “Transmission ratio
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change rotation” as Point M of Driven Cone 10 is rotated from the 3 o'clock position to
the 12 o'clock position can be estimated 1o be “half a tooth” (which is due {0 “belt
curvature change rotation”) plus “zero” (which is due to "member curvaiure changs
rotation”).

But, the CVT 6 of this example is designed so that the actual distance to compensate
for “Transmission ratio change rotation” for the “3 to 12 o'clock interval” of Driven Cone
10 is less than “half a tooth”. If we estimate that the axial position of Driven Cone 10 s
changed during an interval from "9 1o 12 o'clock”, then the “3 1o 12 o'clock interval”
represents only 1/3 of the total arc length of the S {o 12 o'clock” interval. In addition, it is
desirable to complete the majority of the axial position changing movement of a cone
earty on so that the end portion of the axial position changing procedure can be used io
reduce the speed of the cone s0 as {o minimize shock loads. f the axial position
changing movement of Driven Cone 10 is less than half of the total movement, then the
distance to compensate/allow for “Transmission ratio change rotation” should also be
less than “half a toothy”, since the maximum amount of “Transmission ratio change
rotation” of a cone (ignoring reduction due to the distance of Point N from Point M) is
proportional to the amount of the axial movement of a cone. Noie, the actual interval for
changing the axial position of Driven Cone 10 might be different than the estimate given
above; changing the axial position of Driven Cone 10 (and aiso Driving Cone 9) should
be performed during an interval that starts after the trailing end of its torgue transmitting
member disengages, and ends before the leading end of its {orque transmitting member
re-engages.

After going through all the operating conditions of the adjusters 8, we conclude that
the most demanding requirement for the adjusters 8 occur during the “3 to 12 o'clock
interval” of Driven Cone 10, for which the distance that needs {0 be traveled is “half a
tooth”. If at the smallest transmission diameter of @ cone the transmission circumference
is 20 teeth, then the arc length of "half a tooth” is 0.5/20 = 380 degrees = @ degress =
0.157 radians. The "3 10 12 ¢o'clock interval” covers 80 degrees, if the maximum
operating rpm speed of a cone is 6000 rpm, then t (ime) = 80 degrees / (8000 x 360
degrees / 60 seconds) = 0.0025 seconds. The required rotational angular acceleration is
= 2 x 0157 radians / (0.0025 seconds)™2 = 50240 radians/seconds”2. The required
rotational speed is = 125680 x 0.005 radians/seconds = 1189 rpm.

From the angular acceleralion, the torque requirement of the adjusters 8 can be
calculated. Here we assume that each adjuster 8 comprises of an slectric motor that

drives a worm gear that drives a gear. The Torgue {T) = | x angular acceleration. Forl,
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we use the estimate for the inertia of the worm gearwhichist =05 xmx 2 =05x 0.3
kg % (0.008 my*2 = 9.7 « 1076 kg m”2. Plugging evervthinginwe get T =87 x 10M8
12580 Nm = 0.48 Nm. This tforque estimate does not include the torque required to
overcome friction, this torgue can be calculated/estimated separately and added to
torgue estimaie above.

if the “input/oulput ratio” of the worm gear-gear drive is not 1:1, then appropriate
adjusiments nead o be made to the calculations of the previous paragraphs in order to
determine the ratings for the motors that drive the worm gears of the adjusters 8. 1t
might also be desirable to use some gearings that increase the ouiput speed of said
motors, but reduce the oulpui torque of said motors and add additional inertia thal needs
to be accelerated by said motors.

Through triagl-and-error and experimentation, this ball park estimate can then be used
to obtain the actual required speed and torque ratings of the adjuster(s) 8 that allow the
axial positions of Driving Cone 8 and Driven Cone 10 to be changed without interruption
due to “Transmission ratio change rotation” for the maximum operating speed of the
CVT, by simply testing the at what minimum speed and minimum forque of the
adjuster(s) 8 the axial positions of Driving Cone 9 and Driven Cone 10 can changed
without interruption due to “Transmission ratio change rofation” at the maximum
operating speed of the CVT.

As the speed of a worm gear-gear drive increases, its “locking friction” can drep o
less than half iis static “locking friction”. And as such, at high speeds the “worm rotating
force” of a worm gear-gear drive might be larger than the “worm locking force” and can
be used to accelerate and rotate the worm gear as required to compensate/allow for
“Transmission ratio change rotation”. If this is so, then the speed requirements ¢f the
motors of the adjusters 8 can be limited to the speed at which the "locking friction” will
drop significantly {o allow the “worm rolating force” 10 accelerate and rotate the worm
gear as required 1o compensate/allow for “Transmission ratic change rotation”. itis
recommended that the motors of the adjusters 8 are always ON when the adjusters 8 are
needed to compensate/allow for “Transmission ratio change rotation”, even when the
adjusiers 8 are driven by the “Transmission ratio change rotation”; this is to account for
sudden decrease in speed and increase in “locking friction” of the worm gear-gear drive.
Throughout this application, for an adjuster that has a worm gear-gear drive, the
definition of an uniocked adjuster is an adjuster for which the "worm rotating force” of ils

worm gear-gear drive is larger than the “worm locking force” of its worm gear-gear drive.



WO 2016/172013 PCT/US2016/027989

52

if two adjusters 8 on a common shafl/spline are used o compensate/allow for
“Transmission ratio change rotation”, then the adjusier 8 on the shaft/spline that is
fransmitting torque and that is rotating in the opposite direction of a releasing forque, can
become unlocked as o freewheel {not transmitting any torque). This can occur as the
adjuster 8 reverses direction while rotating under non-static friclion. If the adjusier 8
does not have sufficient torque {o prevent freewheeling, freewheeling can be stopped by
temporarily disengaging the CVT from its source of power and then using the motor of
the adjuster 8 as needed {o lock its adjuster 8. This method can be used to stop
freewheeling for all sifuation.

Just getting a CVT 8 to work can be easily achieved by limiting the demand (torque &
speed) of the CVT 8 and/or by selecting adjusters 8 with sufficient amount of torque and
speed. The purpose of the additional description of the previous paragraphs is o
provide additional design options that can be used {o design a more cost-effective CVT
6.

Miscellaneous delails fora CVT 6

For the CVT 6 shown in Fig. 8, a cone that has the longitudinal slide mounted end of
its torque transmitting member at the trailing end, can be the mirror image of a cone that
has the longitudinal slide mounted end of its lorque transmitting members at the leading
end; except that if non-symmetrical teeth are used, then for both cones the teeth for their
torque tfransmitling members should be oriented so that they can fransfer maximum
torque in the direction they are primarily used for torque transmission.

The designation “leading end” and "trailling end” for the ends of the torgue fransmitting
member of the example of a “cone assembly with one torque transmitling member”
described in the “Alternate CVT's” section of U.S. Patent 7,722,480 B2 were arbitrarily
selected. Obviously the part of a cone referred to as the “leading end” can be used as
the leading end of a torgue transmitting member {(which is the end of a torque
transmitting member that engages first) or the “irailing end” of a torgue transmitting
member (which is the end of a torque transmitting member that engages last), and
likewise the “trailing end” part of a cone can also be used as the “leading end” or “trailing
end” of a torque transmitling member.

The required relative rotation between the cones on a common shafl/spline to
compensate for “Transmission ratio change rotation” can also be provided by adjuster(s)
8 of the CVT 4 other then the CVT 4 for which for a cone rotation to aliow for

“Transmission ratio change rotation” is required. The same direction of relative rofation



WO 2016/172013 PCT/US2016/027989

53

between the cones, as described earlier, need 1o be provided by said adjuster(s) 8.
However, here the torque required by the adjuster(s) might be larger.

The cones of a CVT 6 should be designed so that they can handie the maximum
releasing torgue and the maximum torgue due to the “rotations o compensate for having
cones with different transmission diameters mounted on a same shaf/spline”. The
pulling direction of a releasing forqus is in the direction that increases the tension in the
siack side of the transmission belt. And the pulling direction dus to the “rotations {o
compensate for having cones with different transmission diameters mounted on a same
shaf/splineg” is in direclion that increases the tension in the slack side of the fransmission
belt when a cone on the input shaft/spline is pulled in the direction its CVT is rotating by
the cone to which it is coupled (which should happen cccasionally for the preferred CVT
8), and when a cone on the output shaft/spling is pulled in the opposite direction its CVT
is rotating by the cone to which it is coupled (which should also happen occasionally for
the preferred CVT 8). The pulling direction in the direction that increases the tension in
the slack side of the transmission bell is opposite from the main pulling direction ¢f the
cones, which is in the direction that increases the tension in the tense side of the
transmission belt. As such the cones of a CVT 8 should be designed such that can
transit torgue in both directions as required; although the forque capacity in one direction
can be larger than the other.

For a CVT 8, the force needed to change the fransmission ratio can be reduced by
reducing the tension in the transmission belt of the CVT 4 for which the transmission
ratio is changed. The transmission ratio of said CVT 4 can be changed by changing the
axial position(s) of the driven cone, driving cone, or both driven cone and driving cone of
said CVT 4.

For a CVT 6, it's recommended that during non-transmission ratio changing
operation, the transmission diameters of the cones mounted on a common shaft/spline
are identical; if this is not the case then the adjuster(s) need to provide rotational
adjustments as necessary to compensate for having cones with unequal transmission
diameters on a common shaft/spline, which reduces efficiency. The required direction
for this rotational adjustment can be obtained through experimentation; here if desired
the Test CVT described earlier can be used. Also, it is recommended that here the
adjuster(s) provide more adjustments than required or are unlocked so that they can
always provide the amount of adjusiment needed and only stall or slip when they provide

too much adjustment.
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Also for the cones of the CVT 8 that do not have an adjuster, it is not necessary {o
mount them on their spline through the use of a slider. Other means of mounting as
described in
U.S. Patent Application No. 11/ 978,456, U.S. Patent Application No. 13/629,613, and
U.8. Patent No. 7,722,480 B2 can alsc be used,

A CVT that is identical to the one shown in Fig. 5, except for using an adjuster for
each cone, is shown in Fig. 8 The same labeling used for Fig. 5is used for Fig. 8. For
this CVT, the rotational position of one cone at a time of a CVT 4 (driving cone or driven
cone) can be roiated by the adjusters into a moveable position during parking. in order
to do this, for said CVT 4 the adjusters of the driving cone and driven cone are rotated in
a common direction until the cone that was to be rotated into a moveable position is in
that position. Here the required rotational speed of the adjusters might be different, this
problem can be solved by simply letting the adjuster that roiates oo fast stall, slip, and/or
slowdown. Once a cone is in a moveable position, its axial position can be changed.

When parked, during the axial position changing procedure of a cone, the adjusters
are not required to provide a releasing torque unless there is tension in the transmission
beli that needs to be relieved. Here tension in transmission beli is unlikely, especially
after the adjusters are used to change the rotational positions of the cones. However, |f
desired the tension in fransmission belt can be relieved by rotating a cone of that
fransmission belt in both directions, since one direction will be the direction to relieve
tension and the torgue of the adjusiers are limited so that they should not be able
significantly increase the tension in a transmission belt in whichever direction they are
rotating. The duration of each rotation of the rotations in both directions canbe set by a
“set time duration” (the earlier description regarding a “set time duration” is also
applicable here). When parked, there is no need to “compensate for having cones with
different transmission diameters mounted on a same shaf/spling”.

When the adjusters 8 (adjusters) are only used to release lension, compensate/allow
for “Transmission ratio change rotation”, and “compensate for having cones with different
transmission diameters mounted on a same shafi/spling”, the only control required for
the adjusters is ON/OFF and the direction of rotation; since here the adjusters can
always be rotated up to their maximum capacity when ON. Under regular driving
conditions having to change the transmission ratio of a CVT during parking, for which
rotational position control of a cone is required, is not needed. But, if the cost of an

adjuster that allows for rotational position control is not cost prohibitive, being able to
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change the transmission ratio of a CVT during parking aliows the CVT {o operate
optimally even under extreme driving conditions.

A CVT 6 uses two CVT 4’s in order to reduce the tension in the fransmission belt of
one of the CVT 4's. The concept of using two CVT’s and mounting at least one means
for conveying torque (such as a cone, transmission pulley, variator, eic.) of each CVT
using an “adjuster that allows a said means for conveying torque 1o rotate relative to the
shaft/spline on which it is mounted” can alsc be applied to other CVT's. For example,
the same concept can be applied to a CVT that uses two CVT T's or two CVT 3s of U.S.
Patent No. 7,722,490 instead of two CVT 4's. Forthe CVT 1s and CVT 3'sitis
recommended that the cones of these CVT’s are cones with two opposite slideable
teeth.

For the preferred CVT 6 shown in Fig. 5, the adjusters 8 are mounted on a common
shaft/spline. A preferred CVT © uses two substantially identical CVT 4’s, for which each
CVT 4 uses an adjuster 8 to mount a cone. An adjuster 8, which comprises of an
adjuster body 8-M1 and adjuster output shaft 3-M2, can be used {o adjust the rotational
position of the cone mounted to it relative to the shaft/spline on which it is mounted. it
doesn’t matter of which shaft/spline of their CVT 4 the adjusters are mountad. As such,
the adjusters 8 of a CVT 6 can alsc be mounted on different shafls/splines. A preferred

CVT 8 where the adjusters 8 are mounted on different splines is shown in Fig. 8.

CVT with Transmissions

CVT with Pre-transmission

Under most regular driving conditions, the engine of vehicle only revs-up to about half
of its mapdmum rpm. However, under certain driving condition {(i.e. driving uphill, towing),
the maxdmum power of the engine is required so that the engine needs torev-up fo its
maximum rpm. [n order to limit the input speed inte a CVT, a transmission, which is
referred to as a pre-transmission, can be placed between the engine/motor and the CVT.
The pre-transmission should have one gear ratio for regular driving, and at least one
gear ratio for high torque driving. The gear ratio for high torgue driving should be
selecied 50 as to reduce the input speed and increase the torque of the rotation that
enters the CVT. If desired, the pre-transmission can also have neutral and/or reverse
gearing. A configuration of a drive system using a Pre-transmission is shown in Fig. 10.

The purpose of the Pre-transmission is to limit the maximum rotational speed of a
cone. Ancther method to accomplish this is by limiting the maximum rotational speed

cone is allowed to rotate. Here the engine can still be aliowed to rotate at its maximum



WO 2016/172013 PCT/US2016/027989

56

rpm, but the transmission ratio of the CVT should be limited so that the maximum

rotational speed of a cone is Himited to a pre-set maximum rotational speed for a cone.

CVT with FPost-transmission

Under most regular driving conditions, a vehicle only speeds-up to 80mph. In orderto
accommodate for faster speed, a transmission, which is referred to as a post-
transmission, can be placed after the oculput of the CVT. The post-transmission should
have one gear ratio for regular driving, and at least one gear ratio for high torque driving.
if desired, the post-transmission can aiso have neutral and/or reverse gearing. A

configuration of a drive system using a Post-transmission is shown in Fig. 11.

CVT with Pre-transmission and Post-transmission

if desired drive system can also have a pre-transmission and post-transmission, both
which are described earlier. A configuration of a drive system using a Pre-transmission

and Post-transmission is shown in Fig. 12.

Exampie of a OVT with a Pre-transmission and a Post-ransmission

An exampie drive system that has a pre-transmission, a CVT, and a post-
transmission is described below and shown in Fig. 13; it is referred o as a Drive System
1. Obviously many other configurations and control schemes besides the one described
in this example can be used for a drive system that has a CVT, and a pre-transmission
and/or post-transmission.

The pre-transmission of Drive System 1 has the following gearing: Neutral, Reverse,
MNormal (for reqular demand driving conditions), and Hi-demand (for high demand driving
conditions). The Hi-demand gearing can consist of one or several gear ratios.

The post-transmission of Drive System 1 has the following gearing: Normal (for
regular speed driving conditions), and Hi-speed (for high speed driving conditions). The
Hi-speead gearing can consist of one or several gear ratios.

Lel's say we have an engine with rediine of 8000 rpom. Under normal driving
conditions, running said engine up to 3000 rpm is sufficient. Hence, here we use the
Mormal gearing of the pre-transmission for engine speeds up to 3000 rpm. And for
engine speeds greater than 3000 rpm we use the Hi-demand gearing(s).

Switching between Normal gearing and Hi-demand gearing can be performed
automatically or manually. Automatic switching can be performed by a control

mechanism that monitors the rpm speed of the engine. And manual swilching can be
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performed by the user whenever he senses a Hi-demand condition, such as driving uphill
or towing for example.

The output transmission ratio of Drive System 1 is the transmission ratio involving the
pre-transmission, CVT, and post-transmission. A transmission control system, which
has the reguired cuipul transmission ratio for given ouiput speed and demand driving
condition programmed into it, is used to control the output transmission ratic of Drive
System 1 based on: a) the output speed of Drive System 1; b} whether its pre-
transmission is in Normal gearing or Hi-demand gearing (the demand driving condition).

The transmission control system is programmed so that the cutput transmission ratio
for Hi-demand gearing is lower than that for Normal gearing (for a lower transmission
ratio, the lorque/speead ratio is higher than that of g higher transmission ratio}. And
programmed so that for each demand driving condition (Normal and Hi-demand), the
jower the oulput speed, the lower the output fransmission ratio.

Immediately after switching from Normal gearing to Hi-demand gearing and
immediately after swilching from Hi-demand gearing 1o Normal gearing, the culput
transmission ratio of Drive System 1 is adjusted by the transmission control system
based on the cutput speed of Drive System 1 and the demand driving condition (Normal
or Hi-demand). This is accomplished by making adjustments in the CVT and/or Post
fransmission 1o reach the required pregrammed output transmission ratio using the
“transmission configuration of Drive System 1” for the demand driving condition.

Regarding the “transmission configuration of Drive System 17 a) for Hi-demand
gearing, as the sutput transmission ratio is increased from the lowest transmission ratio
to the highest transmission ratio, the post-transmission is used before the CVT is used,
since for Hi-demand driving conditions the Hi-speed feature of the post-transmission will
not be used, and the transmission ratio of the post-transmission can be changed faster
than that of the CVT,; b) for Normal gearing, as the transmission ratio is increased from
the lowest transmission ratio {o the highest transmission ratio, the CVT is used first until
its highest transmission ratio is reached before the post-fransmission is used.

Under most driving conditions Drive System 1 will provide CVT performance, while
aliowing its CVT {o operate at a lower maxdimum rpm. Like the Hi-demand gearing of the
pre-transmission, the Hi-speed gearing of the post-transmission is alsc only used
occasionally. As a numerical example, for a car with 20 inch lires, an engine speed of
3000 rom, and a 1:1 transmission ratio, the car's speedis = 3000 rpm * 3.14 * 20 =
188400 in/min = 287 km/h. Under the same set-up, for an engine speed of 2000 rpm,

the car's speed is 191 km/h. If the transmission ratio range of the CVT is from 4.1
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{lowest irans. ratio) to 1:1 (highest trans. ratio), then it will be able to provide a car with a
spaed up to 191 km/h while running the engine up to 2000 rpm, which is in range of

normal operating conditions of a car.

Maimum Axial Position Changing RPM Methods

For the “Maximum Axial Position Changing RPM Method’, the CVT is operated under
three operating modes which are: “Normal Driving Conditions” mode, “High Torgue
Driving Conditions” mode, and “High Speed Driving Conditions” mode. Here a
controlling computer selects which operating mode to be used for the CVT, either
automatically or dus to the manual selection of the driver.

Also, the "High Torgue Driving Conditions” mode is separated into two operating
modes, which are the "Low Transmission Ratio - High Torque Driving Conditions” mode
and the "High Transmission Ratio - High Torque Driving Conditions” mode.

For the “Maximum Axial Position Changing RPM Method’, “the maximum speed of
the input shalt at which the axial position of a cone mounted on itis changed” and “the
maximum speed of the output shaft at which the axial position of a cone mounted on it is
changed” are each limited to their "maximum axial posilion changing rpm value”.

The “maximum axial position changing rom value” of the input shaft and the
"maximum axial position changing rpm value” of the output shaft can be identical or
different. When different, the input shaft and the output shaft each have their own
*maximum axial posiiion changing rpm value”.

The purpose of the "maximum axial position changing rpm value(s)” is to limit the rom
{spesed) of the shafts at which axial position changing of “the cones mounted on them is
performed. As such, axial position changing of a cone is only performed when the speed
of the shafi of said cone has not exceeded its "maximum axial position changing rpm
value”.

in order to allow for reliable axial position changing of a cone of a CVT, the “maximum
axial position changing rpm valug” of the shafi of said cone should be selected such that
when said shaft is rotating at said “maximum axial position changing rom value”, then
axial position changing of said cone can be performad for all operating conditions of iis
CVT, even when said shaft is suddenly fully accelerated.

And for a CVT 6, the “maximum axial position changing rpom value” of a shaft should
also be selected such that a complete sequence of steps of the “preferred transmission
ratio changing procedure for a CVT 8" can be performed for all operating condition of its

CVT, even when said shaft is suddenly fully accelerated.
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Experimentation can be used (o determine a “maximum axial position changing rpm
value”. In addition, factors of safely, conservative estimates, elc. can be used to ensure
the reliability of a "maximum axial position changing rpm value”.

Although the maximum rpm of the input shaft and the maximum rpm of the output
shaft at which the axial positions of their cones can be changed are limited o their
“*maximum axial position changing rpm value”, the maximum rpm of the input shaft and
the maximum rpm of the output shaft are not imited for the "High Torgue Driving
Conditions” mode and the “High Speed Driving Conditions” mode. Hence, the maximum
power of an engine can be utilized for the “High Torgue Driving Conditions” mode and
“High Speed Driving Conditions” mode.

The CVT using the "Maximum Axial Position Changing RPM Method” is in the
“Normal Driving Conditions” mode when it is not in the “Low Transmission Ratio ~ High
Torgue Driving Conditions” mode (see below), and the transmission ratio of the CVT is
from the “lowest {intial) fransmission ratio” to a “transmission ratio at which a
predetermined cruising speed can be reached at a predetermined reasonable engine
rpm”. For this transmission ratio range of the “Normal Driving Conditions” mode, “the
maximum rpm of the input shaft” and “the maximum rpm of the output shaft” are limited
to their "maximum axial position changing rpm value” regardless of the input {gas pedal
depression) of the driver.

And the CVT is also in the "Normal Driving Conditions” mode when the “Low
Transmission Ratio - High Torque Driving Conditions” mode is currently not manuaily
selecied, and the transmission ratic of the CVT is from the “ransmission ratio at which a
predetermined cruising speed can be reached at a predetermined reasonable engine
rpm” 1o the “highest (final) transmission ratic”, as long as the "maximum axial position
changing rpm value” for both the input shaft and the output shaft are not exceeded.
Here if the driver depresses the gas pedal far enough such that the "maximum axial
position changing rem value” for either the input shaft or cutput shaft is exceeded the
CVT will automatically enter the "High Transmission Ratio - High Torque Driving
Conditions” mode.

For the “Low Transmission Ratic - High Torque Driving Conditions” mode, the
“‘maxdmum rpm of the input shafl” and the "maximum rpm of the oulput shaft” are not
limited to their "maximum axial position changing rpm value”. The CVT is in the “Low
Transmission Ratio - High Torgue Driving Conditions” mode when the transmission ratio
of the CVT is from the “lowest (intial} fransmission ratio” to a *transmission ratio at which

a predetermined cruising speed can be reached at a predetermined reasonable engine
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rpm” and the controlling computer of the CVT senses that its vehicle is in a "high torque
required” situation, such as when the controliing computer senses that the depression of
the gas pedal results in a lower than usual spesd increase of the input shaft or when the
gas pedal is suddenly/violently depressed for example.

The CVT can also be in the “Low Transmission Ratio - High Torque Driving
Conditions” mode when the “Low Transmission Ratio - High Torque Driving Conditions”
mode is manually selecied by the driver. Examples of situations where manually
selecting the “Low Transmission Ratio - High Torque Driving Conditions” mode can be
useful are driving uphill and puliing.

When the CVT is in the “Low Transmission Ratio - High Torque Driving Conditions”
mode, transmission ratio changing can still be performed as long as the speed of each
shaft of “the cone(s) for which the axial position(s) is/are changed” does not exceeded
its/their *maximum axial position changing rpm value”.

The CVT is in the "High Transmission Ratio - High Torque Driving Conditions” mode
when the transmission ratio of the CVT is in the high transmission ratio range, which is
the fransmission ratio range from the “lransmission ratio at which a predetermined
cruising speed can be reached at a predetermined reasonable engine rpm” to the
“highest (final) transmission ratic”, and the driver depresses the gas pedal deep enough
s0 that the “maximum axial position changing rpm valug” for at least one shaft is
exceeded. This allows the driver to use the full power of the engine for this transmission
ratio range when needed.

For the “transmission ratios below the high fransmission ratic range”, the CVT will
remain in the “Normal Driving Conditions” mode when the "Low Transmission Ratio -
High Torgue Driving Conditions” mode is not selected (automatically or through manual
selection by the driver) by the conirolling computer regardless of the input (gas pedal
depression) of the driver. The reason for this is because for the “transmission ratios
below the high transmission ratic range”, less power is needed for acceleration since the
transmission ratios are lower, and because this allows a cruising speed to be reached at
a reasonable engine rpm without having o slow down the vehicle to allow for
transmission ratio changes in the CVT. Using a car with a 3 {0 5 gear manual
transmission as an example, a transmission/gear ratio where a cruising speed can be
reached at a reasonable engine rpm is a 3rd gear, while a 1st gearis not.

The CVT is in the “High Speed Driving Conditions” mode when it is at its final
(highest) transmission ratio. For the “High Speed Driving Conditions” mode the

“maximum rpm of the input shaft” and the "maximum rpm of the oulput shaft” are not
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fimited, so as not to limit the speed a vehicle to the "'maximum axial position changing
rpm value(s)”. When a CVT is in the “High Speed Driving Conditions” mods,
fransmission ratio changing can still be perfonmed as long as the speed of each shaft of
“the cone(s) for which the axial position(s) is/are changed” does not exceeded its/their
*maximum axial position changing rpm value”.

If desired (but not necessary), in order to provide additional transmission ratios for the
“High Speed Driving Conditions” mode, a Post Transmission can be placed after the
output of the CVT. A Post Transmission can be a regular gear box that has a reguiar
gearing and one or several high speed gearing(s). If desired, the Post Transmission can
also have neutral and/or reverse gearing. A configuration of a drive system using a Post
Transmission is shown in Fig. 11,

Alterations to the "Maxdmum Axial Position Changing RPM Method” of the previous
paragraphs can be made, an example is described as the “Alternate Maximum Axial
Position Changing RPM Method” below.

Like the "Maximum Axial Position Changing RPM Method”, for the "Alternate
Maximum Axial Position Changing RPM Method”, “the maximum speed of the input shaft
at which the axial position of a cone mounted on it is changed” and “the maximum speed
of the output shaft at which the axial position of a cone mounted on it is changed” are
each limited o their "maximum axial position changing rpm valug”

And like the "Maxdmum Axial Position Changing RPM Method”, for the “Alternate
Maximum Axial Position Changing RPM Method”, the purpose of the "maximum axial
position changing rpm value(s)” is to limit the rpm (speed) of the shafts at which axial
position changing of “the cones mounted on them” is performed. As such, axial position
changing of a cone is only performed when the speed of the shaft of said cone has not
exceeded iis “maximum axial position changing rpm value”.

And like the "Maximum Axial Position Changing RPM Method”, in order to allow for
reliable axial position changing of a cone of a CVT, the "maximum axial position
changing rpm value” of the shaft of said cone should be selected such that when said
shaft is rotating at said “maximum axial position changing rpm value”, then axial position
changing of said cone can be performed for all operating conditions of its CVT, even
when said shaft is suddenly fully accelerated.

And like for the “Maximum Axial Position Changing RPFM Method”, for a CVT 6, the
“maximum axiai position changing rpm vaiue” of a shaft should also be selected such

that a complete sequence of steps of the “preferred transmission ratio changing
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procedure for a CVT 67 can be performed for all operating condition of iis CVT, even
when said shaft is suddenly fully accelerated.

Like the "Maxdmum Axial Position Changing RPM Method”, for the “Alternate
Maximum Axial Position Changing RPM Method”, the CVT is also operated under three
operating modes which are: "“Normal Driving Conditions” mode, “High Torque Driving
Conditions” mode, and “High Speed Driving Conditions” mode. But uniike the "Maximum
Axial Position Changing RPM Method”, for the "Alternate Maximum Axial Position
Changing RPM Method”, the “High Torgue Driving Conditions” mode is not separated
into the “Low Transmission Ratio - High Torque Driving Conditions” mode and the “High
Transmission Ratio - High Torque Driving Conditions” mode.

For the "Alternate Maximum Axial Position Changing RPM Method” the CVT is in the
“Normal Driving Conditions” mode when it is not in the “High Torque Driving Conditions”
mode, and the fransmission ratio of the CVT is from “its lowest (intial) transmission ratio”
to the “transmission ratio immediately below its “highest (final) transmission ratio”.

For the “Normal Driving Conditions” mode, “the maximum rpm of the input shaft” and
“the maximum rpm of the output shaft” are limited to their “maximum axial position
changing rpm value(s)” regardiess of the input {gas pedal depression) of the driver.
Under this setup, the “highest (final) transmission ratio” of the CVT can always be
reached when the CVT is in the “Normal Driving Conditions” mode. The "Normal Driving
Conditions” mode should be the mode that is active when the transmission ratio of the
CVT is from “its lowest {intial) fransmission ratio” {0 the “fransmission ratio immediately
below its highest (final) transmission ratio” during normal daily driving conditions.

For the “Alternate Maximum Axial Position Changing RPM Method” the CVT is in the
“High Torgue Driving Conditions” mode when the fransmission ratio of the CVT is from
“its lowest {intial) transmission ratic” (o the “transmission ratio immediately below ils
“highest (final) transmission ratic” and the controlling computer of the CVT senses that
its vehicle is in a “high torgue required” sifuation, such as when the controliing computer
senses that the depression of the gas pedal resulls in a lower than usual speed increase
of the input shaft or when the gas pedal is suddeniv/viclently depressed. For the “High
Torgue Driving Conditions” mode, the "maximum rpm of the input shaft” and the
“‘maxdimum rpm of the output shaft” are not limited to thelr “maximum axial position
changing rpm valug”.

For the “Alternate Maximum Axial Position Changing RPM Method” the CVT also isin
the  “High Torque Driving Conditions” mode when the “High Torgue Driving

Conditions” mode is manually selected by the driver. Examples of situations where
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manually selecting the "High Torgue Driving Conditions” mode can be useful are driving
uphill and pulling.

When the CVT is in the “High Torque Driving Conditions” mode, tfransmission ratio
changing can still be performed as long as the speed of each shaft of “the cone(s) for
which the axial position(s) is/are changed” does not exceeded its/thelr “maximum axial
position changing rpm value”.

For the “Alternate Maximum Axial Position Changing RFM Method” the CVT is in the
“High Speed Driving Conditions” mode once it has reached “its final (highest)
transmission ratio”. For the “High Speed Driving Conditions” mode the "maximum rpm of
the input shaft” and the "maximum rpm of the output shaft” are not limited, so as not to
limit the speed of a vehicle {o the "maximum axial position changing rpm value(s)” of ils
CVT. When a CVT is in the "High Speed Driving Conditions” mode, fransmission ratio
changing can still be performed as long as the speed of each shaft of “the cone(s) for
which the axial position{(s) is/are changed” does not exceeded is/their “maximum axial
position changing rpm valug”.

it is recommended that for the “Allernate Maximum Axial Position Changing RPM
Method” the "maximum axial position changing rpm value(s)” are higher than that/those
of the "Maximum Axial Position Changing RPM Method”. For the "Maximum Axial
Position Changing RPM Method” it is recommended that the “maximum axial position
changing rpm value(s)” are selected so that itthey are never exceeded during “regular
day to day driving conditions” when the transmission ratio of the CVT is from the “lowest
(intial) transmission ratic” {¢ a “tfransmission ratio at which a predetermined cruising
speed can be reached at a predetermined reasonable engine rpm”. While for the
“Alternate Maximum Axial Position Changing RPM Method” it is recommended that the
“‘maximum axial position changing rpm value(s)” are selected so that itthey are never
exceeded during “reguiar day to day driving conditions” when the transmission ratio of
the CVT is from its “lowest {intial) transmission ratio” {o the "transmission ratio
immediately below its highest (final) transmission ratio”.

For the “Maximum Axial Position Changing RPM Method” and the “Alternate
Maximum Axial Position Changing RPM Method” it is recommended that both (which is
preferred) or either {which is not preferred) of the following are used: a) indication (such
as alarm sound indication, message sound indication, visual signal indication, visual text
indication, and/or haptic indication, efc.} that is provided to the driver when a “maximum

axial position changing rpom value” is excesded, and/or b) labeling of the rpm dial
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indicator {o show the maximum engine rpm at which a “maximum axial position changing
rpm value” will not be exceeded.

ftem &) indication when a "maximum axial position changing rpm valug” is exceeded,
is used to inform the driver when “maximum axial position changing rpm valug” is
exceedad, the driver of a CVT should know (through manuals, instructional video,
instructional text, instructional audio, etc.) that transmission ratio changing in the CVT
cannot be performed when a "maximum axial position changing rpm value” is exceeded.
As such, here when g "maximum axial position changing rom value” is exceeded, the
driver knows that he/she needs {0 reduce the engine rpm (preferably when save and
convenient) to allow for transmission ratic changes in the CVT.

Indication when a "maximum axial position changing rpm value” is exceeded should
be provided each time a “maximum axial position changing rpm value” is exceeded. And
it is recommended that once triggered, this indication remains active until no "maximum
axial position changing rom value” is exceeded anymore.

For Htem b) the rpm dial indicator is marked to show the maximum engine rpm at
which a “maxdmum axial position changing rpm valug” will not be exceeded, a mark that
says “CVT Maximum Transmission Ratio Changing RPM” can be used for example.
Here because of the rpm dial indicator labeling (and if desired additional instruction
through manuals, instructional video, instructional text, instructional audio, elc), the user
of the CVT knows that transmission ratio changing cannot be continuously performed
when a ‘maximum axial position changing rom value” is exceeded; and knows how much
he/she needs to reduce the engine rpm when a "maximum axial position changing rpm
value” is exceeded in order to allow for continuous/uninterrupted transmission ratio
changes in the CVT.

The conirolling computer can calculate and determineg the engine rpm at which a
“maximum axial position changing rom value” is exceeded based on: 1) the current
fransmission ratio, 2) the "maximum axial position changing rem valug” of the input shaft,
3y the “maximum axial position changing rpm value” of the oulput shaft, 4) the speed of
the input shafi for a given engine rpm at said current transmission ratio, and 5) the speed
of the output shaft for a given engine rpm at said current transmission ratio. Here a
“‘madimum axial position changing rpm value” is exceeded for an engine rpm where 4) is
greater than 2) and an engine rpm where 5) is greater than 3). The smaller engine rpm
between the engine rpom where 4) is egual 1o 2) and the engine rpm where 5) is equal to
3} can be used as the engine rpm that is marked as the "“CVT Maximum Transmission

Ratio Changing RPM” on the rpm dial indicator.
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The “CVT Maximum Transmission Ratio Changing RPM” changes with the
transmission ratio of the CVT, if the CVT has transmission ratios where the output shaft
rotates faster than the input shaft. If it is not desired to adjust the value indicated by the
‘CVT Maximum Transmission Ratio Changing RPM” mark with changes in the
transmission ratio of the CVT, then the “CVT Maximum Axial Position Changing RPM’
mark can simply be an estimation. Here preferably a conservative estimation, which
ensures that no “maximum axial position changing rpm value” is exceeded for all
transmission ratios of the CVT when the value indicated by the *CVT Maximum
Transmission Ratio Changing RPM” mark is not exceeded, is used for the “CVT
Maximum Transmission Ratio Changing RPM” mark.

Alternately, if desired the value indicated by the *CVT Maximum Transmission Ratio
Changing RPM” mark can be made to change with changes in the transmission ratio of
the CVT, so that the “CVT Maximum Transmission Ratio Changing RPM” mark can be
made to always indicate the actual maximum engine rpm value at which ne “maximum
axial position changing rpm valug” is exceeded. Here animated displays such as LED
displays or LCD displays can be used for example.

if desired the "Masdmum Axial Position Changing RPM Method” and the “Alternate
Maximum Axial Position Changing RPM Method” can be implemented so that they can
be furned ON and OFF as desired by the driver.

Another variation of the "Maximum Axial Position Changing RPM Method”, which is
referred to as the “Alternate Maximum Axial Position Changing RPM Method 27 is
describad below.

Like the "Maximum Axial Position Changing RPM Method”, for the “Alternate
Maximum Axial Position Changing RPM Method 27, “the maximum speed of the input
shaft at which the axial position of a cone mounted on it is changed” and “the maximum
speed of the output shaft at which the axial position of a cone mounted on it is changed”
arg each limited o their "maximum axial position changing rpm valug”

And like the "Maxdmum Axial Position Changing RPM Method”, for the "Alternate
Maximum Axial Position Changing RPM Method 27, the purpose of the “maximum axial
position changing rpm value(s)” is to limit the rpm (speed) of the shafts at which axial
position changing of “the cones mounted on them” is performed. As such, axial position
changing of a cone is only performed when the speed of the shaft of said cone has not
exceeded iis “maximum axial position changing rpm value”.

And like the "Maximum Axial Position Changing RPM Method”, for the "Alternate

Maximum Axial Position Changing RFM Method 27, in order to allow for reliable axial
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position changing of a cone of a CVT, the "maximum axial position changing rpm value”
of the shaft of said cone should be selected such that when said shaft is rotating at said
“maximum axial position changing rpm value”, then axigl position changing of said cone
can be performed for all operating conditions of its CVT, even when said shaft is
suddenly fully accelerated.

And like for the “Maximum Axial Position Changing RPM Method®, for the “Alternate
Maximum Axial Position Changing RPM Method 27, for a CVT 8, the "maximum axial
position changing rpm value” of a shaft should also be selecied such that a complete
sequence of steps of the “preferred iransmission ratio changing procedure for a CVT &7
can be performed for all operating condition of its CVT, even when said shatft is suddenly
fully accelerated.

But unlike the “Maximum Axial Position Changing RPM Method” and the “Aliernate
Maximum Axial Position Changing RPM Method”, for the "Alternate Maximum Axial
Position Changing RPM Method 27 no engine rpm limiting or any other engine
performance limiting is performed.

For the “Alternate Maximum Axial Position Changing RPM Method 27 both (which is
preferred) or either {which is not preferred) of the following are used: @) indication {such
as alarm sound indication, message sound indication, visual signal indication, visual text
indication, and/or haptic indication, etc.) that is provided to the driver when a “‘maximum
axial position changing rpom valug” is exceeded, and/or b) labeling of the rpm dial
indicator {0 show the maximum enging rpm at which a "maximum axial position changing
rpm value” will not be exceeded.

e &) indication when a "maximum axial position changing rpm valug” is excesded,
is used o inform the driver when "maximum axial position changing rpm valug” is
exceaded, the driver of a CVT should know {(through manuals, instructional video,
instructional text, instructional audio, etc.} that transmission ratic changing in the CVT
cannct be performed when a “maximum axial position changing rpm value” is exceeded.
As such, here when a "maximum axial position changing rom valueg” is exceeded, the
driver knows that he/she needs {o reduce the engine rpm (preferably when save and
convenient) to allow for fransmission ratio changes in the CVT.

Indication when a “maximum axial position changing rpm value” is exceeded should
be provided each time a "maximum axial position changing rpm value” is exceeded. And
it is recommended that once triggered, this indication remains active until no “maximum

axial position changing rpm value” is exceeded anymore.
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For tiem b) the rpm dial indicator is marked o show the maximum engine rpm at
which a "maximum axial position changing rpm value” will not be exceeded, a mark that
says “CVT Maximum Transmission Ratio Changing RPM” can be used for example.
Here because of the rpm dial indicator labeling (and if desired additional instruction
through manuals, instructional video, instructional text, instructional audio, etc.), the user
of the CVT knows that transmission ratio changing cannot be continuously performed
when a “‘maximum axial position changing rpm value” is exceeded; and knows how much
he/she needs to reduce the engine rpm when a "maximum axial position changing rpm
value” is exceeded in order to allow for continuous/uninterrupted transmission ratio
changes in the CVT.

The controlling computer can calculate and determing the engine rpm at which a
*maximum axial position changing rpm value” is exceeded based on: 1) the current
transmission ratio, 2) the “maximum axial position changing rpm value” of the input shaft,
3) the “maximum axial position changing rom value” of the cutput shaft, 4) the speed of
the input shalt for a given engine rpm at said current transmission ratio, and &) the speed
of the output shaft for a given engine rpm at said current transmission ratio. Here a
“‘maximum axiai position changing rpm vaiug” is exceeded for an engine rpm where 4) is
greater than 2) and an engine rpm where 5) is greater than 3). The smaller engine rpm
between the engine rpm where 4) is equal 10 2) and the engine rpm where 5) is equal io
3) can be used as the engine rpm that is marked as the “CVT Maximum Transmission
Ratio Changing RPM” on the rpm dial indicator.

The “"CVT Maximum Transmission Ratio Changing RPM” can change with the
transmission ratio of the CVT if the CVT has transmission ratios where the output shaft
rotates faster than the input shaft. If it is not desired to adjust the value indicated by the
“‘CVT Maximum Transmission Ratio Changing RPM” mark with changes in the
fransmission ratic of the CVT, then the "CVT Maximum Axial Position Changing RPMW’
mark can simply be an estimation. Here preferably a conservative estimation, which
ensures that no “‘maximum axial position changing rpm value” is exceeded for all
fransmission ratios of the CVT when the value indicated by the "CVT Maximum
Transmission Ratic Changing RPM” mark is not exceeded, is used for the “CVT
Maximum Transmission Ratic Changing RPM” mark.

Alternately, if desired the value indicated by the "CVT Maximum Transmission Ratio
Changing RPM” mark can be made to change with changes in the fransmission ratio of
the CVT, so that the *CVT Maximum Transmission Ratio Changing RPM” mark can be

made {o always indicate the actual maximum engine rpm value at which no “masdmum
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axial position changing rpm valueg” is exceeded. Here animated displays such as LED
displays or LCD displays can be used for example.

For the "Alternate Maximum Axial Position Changing RPM Method 27 itis
recommended that the "maximum axial position changing rpm value(s)” are selected so
that it or they (if different values are used for the input shaft and the oulput shaft) are
never exceeded during “reqgular day to day driving conditions” when the transmission
ratio of the CVT is from the “lowest {(intial) transmission ratio” to the “highest (final)
transmission ratio”.

For the “Alternate Maximum Axial Position Changing RPM Method 27 the full power of
the engine is always available when needed, such as during high torgue situations
{which include: emergency situations where sudden accelergtion is needed, driving
uphill, pulling, etc.) and high speed situations (speeds after the highest transmission ratio
of the CVT has been reached). Once a high torque situation or high speed situation
where atl least one "maximum axial position changing rpm valueg” is exceeded is over, the
driver can simply reduce the engine rpm so that no “maximum axial position changing
rpm value” is exceeded anymore s0 as o allow for transmission ratio changes in the
CVT.

The valua(s) for the "maximum axial position changing rpm valus(s)” can be obtained
through experimentation. A ball park figure for the "maximum axial position changing
rom value(s)” is between 3000 rpm 1o 4000 rpm.

The force needed for axial position changing of a cone and the shock loads for
several ‘maximum axial position changing rpm vaiues” as calculated in the “Sampie
Calculations for Axial Position Changing” section are shown below: “maximum axial
position changing rpm value” = 3000 rpm: F_initial = 40 tbs, h_dropping = 0.38 cm;
“maximum axiai position changing rpm vaiue” = 4000 rpm: F_initial = 72 ibs, h_dropping
= (.67 cm; and “maximum axial position changing rpm value” = 6000 rom: F_initial = 162
fbs, h_dropping = 1.5 cm.

As can be seen from the previous paragraph the forces needed for axial position
changing of a cone and more importantly the shock ioads are reduced significantly as
the "maximum axial position changing rpom value” is reduced.

Calculations for the power consumption of a CVT due to transmission ratic changing
is estimated below. Assuming that the width of a cone is 6 inches, and during a 60
minute trip each cone is moved from its smallest iransmission diameter to its largest
fransmission diamater 100 times, then the iotal distance moved for all 4 conesis: 100* 4

cones * 8 inches * 2 = 4800 inches = 18.89 m. Assuming that the force needed io
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change the axial position of a cone is 40 Ibs (180 N) then the Work required for
transmission ratio changing of the CVT, Wevl, is: Wevt = 180 N * 18.9 m = 3402 Joules.

The power consumption of g car is estimalted below. Assuming that for g 60 minute
{3600 seconds) irip, the car uses an average of 40 hp, then the Power consumed by the
car, P, is: P =40 hp * 735 Watis * 3600 seconds =105,840,000 Joules.

The % power consumption of the CVT as based on the earlier paragraphs is, % Povt,
is: Povt = 3402 J / 105,840,000 J * 100 % = 0.0032 %. This is most likely less than the
operating losses of a manual transmission due o momentum losses, and the operating
josses of an automatic transmission due {o hydraulic clamping losses. in addition, when
replacing a manual or automatic transmission can increase the efficiency of a car by
30% because of the increased transmission ratios.

in order o determine the speeds of the shafts for the "Maximum Axial Position
Changing RPM Method”, the “Alternate Maximum Axial Position Changing RPM
Method”, and the “Alternate Maximum Axial Position Changing RPM Method 27, speed
sensors can be used.

Furthermore, the "Maximum Axial Position Changing RPM Method”, the “Alternate
Maximum Axial Position Changing RPM Method”, and the “Alternate Maximum Axial
Position Changing RPM Method 2”7 can be used for CVT's not described in this
disclosure. All CVT’s for which “lowering the maximum rpm at which transmission ratio
changing has to be performed” is beneficial, can benefit from the "Maximum Axial
Position Changing RPM Method”, the “Alternate Maximum Axial Position Changing RPM
Method”, and the “Alternate Maximum Axial Position Changing RPM Method 27, this
includes CVT's for which the axial position of pulley halves instead of cones have to be
changed in order {o change the transmission ratio for example.

The overall transmission ratio for a vehicle “that uses a CVT” or “that uses a CVT and
a Post Transmission” is controlied by a transmission ratio controller based on the speed
of said vehicle by following a pre-programmed ideal (but probably not always actual)
‘speed vs transmission ratio curve/equation(s)”.

For simplicity it is preferred that one “speed vs transmission ratio curve” is used for all
operating modes of a CVT and for ali operating conditions of a CVT, but if desired
different "speed vs transmission ratio curves” for different “operation modes (Nomal,
High Torgue, High Speed)” and/or “different operating conditions” can aiso be used.

For example, a CVT can have a "High Torque - Speed vs Transmission Ratio Curve”
and a “Low Torque - Speed vs Transmission Ratio Curve”; where the "High Torque -

Speed vs Transmission Ratic Curve” is actuated when the controlling computer senses
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that the driver wants to accelerate the vehicie (as can be sensed by the controlling
computer when the driver maintaing or increases the depressing of the gas pedal during
accelergtion), and the “Low Torque - Speed vs Transmission Ratio Curve” is actuated
when the conirolling computer senses that the driver does not want to accelerate the
vehicie (as can be sensed by a controlling computer when the driver maintains the
depression of the gas pedal during cruising, or when the driver reduces the depression
of the gas pedal).

if desired instead of only one “High Torque ~ Speed vs Transmission Ratio Curve”,
multiple “High Torgue Speed vs Transmission Ratio Curves”, which shapes can be
based on the depression of the gas pedal can also be used.

For the "Maximum Axial Position Changing RPM Method” the transmission ratic of &
vehicle is changed using the following “transmission ratio configuration according to
speed setup”. For the "Normal Driving Conditions” mode, the transmission ratic of the
CVT is increased throughout its fransmission ratio range as the spead of the vehicle is
increased according o “its™its current” speed vs fransmission ratio curve. if the speed
of the vehicle is increased further and a Post Transmission is used, the Post
Transmission swilches o high speed gearing(s) when iis pre-set swilching speed(s)
have been reached.

Here in instances where at least one "maximum axial position changing rom value” is
exceeded during the CVT transmission ratio range, an increase in the speed of the
vehicie will not be accompanied by a corresponding increase in the fransmission ratio of
the CVT. il is recommended but optional that here the Post Transmission, if used,
switches gears 1o provide a gear ratio that better fits the current “speed vs transmission
ratio curve” when relevant. And once no “maximum axial position changing rpm value” is
exceeded anymore, the Post Transmission returns o its "Normal Driving Conditions”
mode gear ratio if required, and the fransmission ratio controller will adjust the
transmission ratio of the CVT according to the selected "speed vs fransmission ratio
curve”.

if a “High Torgue - Speed vs Transmission Ratio Curve” and a "Low Torque - Speed
vs Transmission Ratioc Curve” are used, then it is recommended that the “High Torque -
Speed vs Transmission Ratio Curve” is used when a CVT returns to "the state where no
maximum axial position changing rpm value is exceeded” from “a state where at least
one maximum axial position changing rpm value is exceeded”; so that a larger torgue for
acceleration is readily available when needed so as {0 increase the responsivensss of

the vehicle.



WO 2016/172013 PCT/US2016/027989

71

Using different “speed vs transmission ratio curves” for different driving sifuations, like
the examples given above, can also be used for any other transmission.

An example of a CVT for a vehicle that uses the "Maximum Axial Position Changing
RPM Method” is describe below. For said CVT, the "maximum axial position changing
rpm value” for both the input shaft and the oulput shafi are set to 3000 rpm; aithough the
maximum speed that the input shaft and the output shafi can rotate can be higher, such
as 8000 rpm for example. Here for both the input shaft and the oulput shaft, axigl
position changing of a cone is only performed when they are rotating at speeds of O o
3000 rom regardiess of the current operating modes.

For said CVT, the transmission ratio (output speed/input speed transmission ratio) is
from 1.4 to 1.1, 1:4 is the initial (lowes!) ransmission ratio and 1:1 is the final (highest)
transmission ratio. When a vehicle starts-up from standstill, the CVYT should always be
at its initial (Jowest) transmission ratio. Here if desired a “1:2 output speed/input speed
gear reducer” can be used to modify the transmission ratio of the CVT, so that for the
CVT itseif a transmission ratio of 1.2 {o 2:1 can be used. If a “1.2 output speed/input
speed gear reducer” is used, then it is recommended that it is positioned after the CVT,
50 that the input torgue and input speed of the engine to the CVT is not modified by it. If
a post transmission is used, then the “1:2 output speed/input speed gear reducer” can be
part of the post fransmission.

For said CVT, for the "Normal Driving Condifions” mode, for transmission ratios of 1:4
to 1:2, the maximum speeds of the inpul shaft and the cutput shaft are limited up to their
“‘maximum axial position changing rom value” of 3000 rpm regardiess of the gas pedal
depression (the transmission ratio of 1.2 is the “fransmission ratic at which a
predetermined cruising speed can be reached at a predetermined reasonable engine
rpm”}. This allows the transmission ratio to be changed up to a fransmission ratio of 1.2
evan when the user of said vehicle floors the gas pedal.

When a “large torgue reguired situation” occurs for transmission ratios of 1:4 te 1:2;
then the CVT enters the “Low Transmission Ratio - High Torgue Driving Conditions”
mode and the maximum speeds of the input shaft and the output shaft will not be limited
up to their *maxdmum axial position changing rpm value” of 3000 rpm, so that the full
power of the engine is available. YWhen the CVT is in the "Low Transmission Ratio - High
Torque Driving Conditions” mode, transmission ratio changing can still be performed as
jong as both the input shaft and the ouiput shaft do not exceeded their “maximum axial

position changing rpm valus”.
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For transmission ratios of 1.2 to 1.1 of the "Normal Driving Conditions” mode, the
maximum speeds of the input shaft and the cutput shaft are not limited. But here when
the input shaft or the oulput shaft exceed their "maximum axial position changing rpom
value” of 3000 rpm, the CVT will switch to the “High Transmission Ratio - High Torque
Driving Conditions”™ mode.

The CVT is in the "High Speed Driving Conditions” mode when it is at its final
{highest) transmission ratio of 1:1. For the “High Speed Driving Conditions” mode the
maximum rpm of the input shaft and the maximum rpm of the oulput shaft are not limited,
s0 as not to limii the speed a vehicle {0 the “maximum axial position changing rpm
value”.

At a fransmission ratio of 1.2, a cruising spesd of about 70 mph can be reached at an
input shaft speed, which is also the engine rpm, of about 2000 rpm. If the maximum
speeds of the input shaft and the cutput shaft are not limited to the "maximum axial
position changing rpm value” of 3000 rpm until a “transmission ratio at which a
predetermined cruising speed can be reached at a predetermined reasonable engine
rpm” has been reached; then it is possible that the ransmission ratio cannot be changed
when the user of the vehicle floors the gas pedal to above 3000 rpm during start-up so
that the fransmission ratic remains at 1:4; if so, a cruising speed of about 70 mph is
reached at an input speed of about 4000 rpm. Cruising while the engine runs near
rediine can damage the engine, and can be dangerous since almost no additional
increase in speed is available when suddeniy required.

In order fo extend the transmission ratio for the vehicle to above a transmission ratic
of 1.1, a Post Transmission can be used. The Post Transmission can be a regular gear
box that has a regular gearing and one or several high speed gearing(s);, and iis
transmission ratio changing ability is not limited by the "maximum axial position changing
rpm value™

The primary purpose of the Post Transmission is to provide additional transmission
ratios for high speed situations of the vehicle. But if used, it is recommended that a Post
Transmission is also used to change the transmission ratio for the vehicie during low
speed situations of the vehicle in instances when the “maximum axial position changing
rpm value” is exceeded but a transmission ratio that that better fits the current “speed vs
transmission ratio curve” can be provided by the Post Transmission. For a vehicle for
which the diameters of the wheels are 25 inches, an output shafi speed of 3000 rpm
corresponds {0 vehicle speed of about 223 mph, as such a Post Transmission with high

spaed gearing(s) might not be necessary for most vehicles. But if desired, a Post
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Transmission can be used so that the transmission ratio range of the CVT can be
reduced, such as from “1:4 tc 11" 10 "1:4 {0 1:2” for example; this will reduce the size of
the CVT.

The preferred method among the “Maximum Axial Position Changing RPM Method”,
the “Alternate Maximum Axial Position Changing RPM Method”, and the “Alternate
Maximum Axial Position Changing RPM Method 27, is the “Alternate Maximum Axial
Position Changing RFM Method 2”7 because of its simplicity, but the other methods have

merits as well

Sample Calculations for Axial Position Changing

A reugh sample calculation for a “Lever indexing Mechanism 27 (described in U.S.
Pat. App. #14/557 454) that is used to move a “cone with one torgue transmitting
member” axially is described below. Lel’s say for the cone with one forgue transmitting
member (also referred to as “cone” or “the cong” in this section), the smallest
transmission diameter, Dsmall, is 3 inches and the largest transmission diameter,
Diarge, is 6 inchas. In addition, the length of the cone from Dsmall to Dlarge is 6 inches,
and the pitch length of a tooth of the torque transmitting member is 0.25 inches. For this
setup, the number of teeth at Dsmall are approximatsely 75, and the number of teeth at
Dlarge are approximately 150, As such the difference in the amount of teeth from
Dsmall io Diarge is 75 teeth. Since a difference of 75 teeth is achieved over a length of
6 inches. The length (axial distance), 3, that the cone has to be moved for a
transmission diameter increase or decrease of 1 tooth is: & = 6 inches / 75 teeth = 0.08
inches.

And let’s say the maximum rotating speed at which axial position changing of the
cone is performed, rpm_max, is 3000 rpm, and axial position changing of the cone has (o
be performed during a duration of 3/4 of a revolution of the cone. Then the maximum
time, t, at which the axigl position of the cone can be changed is: t = (3/4) / (3000 rpm) =
0.00025 minutes = 0.015 seconds.

In order to calculate the acceleration, g, needed to move the conewe use: S=05%4g
102, fromwhichwe get a=2* /122, Using our earlier results we get a=2*0.08/
0.015%2 = 711 inches/seconds™? = 18 meters/seconds™2.

Assuming that the mass of the cone and its mechanisms 10 be moved axially, m,is 5
kg then the Force, F, needed o move the coneis: F=m*a= 518 = 80 Newtons = 20
ibs.
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For a “Lever indexing Mechanism 2°, the force to move a cone is provided by a pre-
tensioned tension spring, and the force of the pre-tensioned tension spring decreases as
its actuator lever rotates towards its neutral position. The 20 Ibs force required, as
calculated above, assumes that a constant 20 Ibs force is applied on the cone. In order
to compensate for this, the pre-iensioned tension spring needs (o provide an initial force,
F initial, of. 2* F = 2 * 20 Ibs = 40 Ibs. Here if the final force provided by the pre-
tensioned tension spring is 0, then the average acceleration provided by the pre-
tensioned tension spring is equal to the average acceleration provided by a constant 20
ibs force. The calculation described here is only a ballpark estimation; the actual iniiial
force needed can be easily obtained and refined through experimentation.

The impact velocity of the cone as it hils its stopping/final position is: v_impact=a *
=18 * 0.015 = 0.27 meters/second. The dropping height, h_dropping, for the impact
velocity can be determined from the following: { = v_impact / gravity = 0.27 / 9.81 = 0.028
seconds, and h_dropping = 0.5 * gravity * {72 = 0.5 * 9.81 * 0.028"2 = 0.0038 meters =
0.38 cm.

Using the same equations above except for different rpm values, we get the following
values for rpm_max = 4000 rpm: F_initial = 72 Ibs, h_dropping = 0.67 ¢cm; and the

following values for rom_max = 8000 rpm: F_initial = 162 ibs, h_dropping = 1.5 cm.

Detailed Design for Tensioning Pulleys Tensioning System

A detailed design for a “Tensioning Pulley Tensioning Sysiem” for a preferred CVT 6
{which here uses a Driving Cone 3C, a Driven Cone 5C, and a Transmission Belt 4C for
one of its CVT4's) is shown as front-view in Fig. 14 and as a partial fop-view in Fig. 15.
it has two vertical slider beams 16 which slide on slider rounds 17. in order to reduce
the friction between the vertical slider beams 18 and the slider rounds 17, gach vertical
slider beam 16 has two sleeve bearings 18.

On each vertical slider beam 16 a tensioning pulley is mounted; o the upper vertical
slider beam 16 a tensioning pulley 14A is mounted, and o the lower vertical slider beam
16 a tensioning pulley 13A is mounted (see Fig. 14).

In order to attach a tensioning pulley to a vertical slider beam 18, two connector
plates 19 and two slider mounting plates 20 are used, see Fig. 14 and Fig. 186 {(which
shows a partial seclional-view). Each conneclor plate 18 is used 1o connect a slider
mounting piaite 20 to a vertical slider beam 16. Each slider mouniing plate 20 is used {0
slide-ably mount a slider 21, and each slider 21 is used to attach the ends of a pulley

shaft 22 using a locking ring 23. A slider mounting plate 20 is shown by itself as a front-
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view in Fig. 17 and as a side-view in Fig. 18. A slider 21, which preferably has low
friction surfaces, is shown by itself as a front-view in Fig. 18 and as a side-view in Fig.
20.

The tensioning forces for the tensioning pulleys are provided by compression springs
24, which push the lower vertical slider beam 18 upwards and which push the upper
vertical slider beam 18 downwards.

The compression springs 24 for the lower vertical slider beam 16 are inserted inlo
slider rounds 17 and positioned between a fixed bottom end and the lower vertical slider
beam 18. The fixed bottom end can be the base of the slider rounds 17, or fasteners
(locking rings, nuts, eic.) positioned/fixed below the lower vertical slider beam 16.

The compression springs 24 for the upper vertical slider beam 16 are inserted into
slider rounds 17 and positioned between a fixed top end and the upper vertical slider
beam 16. The fixed top end can be the iop of the slider rounds 17, or fasteners (iocking
rings, nuts, etc.) positioned/fixed above the upper vertical slider beam 16. For the design
shown in Fig. 14, locking rings 25 are used as the fixed top end.

in order to limit the movements of the tensioning pulleys to a range that allows for
proper operation of the CVT, two maximum contraction stops 15A are used. One
maximum contraction stop 18A is used o limif the downward movement of the lower
vertical slider beam 18. And the other maximum contraction stop 15A is used o limit the

upward movement of the upper vertical slider beam 18.

Marked Disk for Determining Rotational Position

in order for the controlling computer of the CVT to know when {o change the axial
position of a cone, a marked disk 26 can be used. A marked disk 28 is a disk thathas a
marker 27, and a sensor 28 that is connected to the conirolling computer of the CVT and
that can determine rotational position of the marker 27 (see Fig. 22). Examples for
markers 27 and sensors 28 are: a dimple and a mechanical switch, a light source/light
reflector and a light sensor, a magnet and a magnetic sensor, etc.

A marked disk 26 should be mounted so that it is fixed for rotation relative {0 its cone,
in Fig. 21 a set-screw is used to fix a marked disk 26 o a cone 3D. The marker 27 of a
marked disk 26 shouid be positioned at the trailing end of the torgue ransmitting
member of its cone, when said torgue transmitting member is positioned at the smallest
transmission diameter of its cone; and the sensor 28 should be positioned at the
rotational position where the trailing end of the torque transmitiing member (when

positioned at the smallest transmission diameter of its cone) disengages with its
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transmission belt. This is because axial position changing of a cone should be start
when or after the trailing end of its torque transmitling member has disengaged with its
fransmission belt, and because for a smaller transmission diameter, the trailing end of
the torgue transmiiting member can disengage “later” or “at the same time” compared (o
a larger transmission diameter {(depending on the orientation of a cone).

Although the mounting of a marked disk 26 of the previous paragraph will reduce the
axial position changing duration for larger fransmission diameters of a cone, this should
not be a problem, since the axial position changing duration for a larger transmission
diameter is longer than that for a smailler transmission diameter. This is because the
angular coverage of a forgue transmitling member on the surface iis cone decreases as

the transmission diameter of its cone increases.

CVT 6 with cluiches

An alternate method for reducing the tension in the transmission bell of a CVT B8 is to
use a design where no adjusters 8 are used, but each cone of the CVT 6 is mounted on
its shaft/spline using a clutch 29 (see Fig. 23, the labeling of all other parts are identical
to the labeling used in Fig. 8). Here each cluich 28 can be used o controllably “lock its
cone for rotation relative to its shaft/spline” or “unlock its cone so as o allow it to rotate
relative to iis shaft/spling”.

in order to change the axial position of a cone, the clutch 28 of said cone is uniocked.
Unlocking the clutch 29 of a cone reduces the transmission belt tension of the CVT 4 of
said cone; and allows the cone o freely rotate relative to its shaft/spline, so that
tensioning/maintaining pulleys are not needed for compensating for the rotations that
occur during the axial position changing of said cone. Also here when there are two
cones with different transmission diameters mounted on the same shaft/spline, ai ieast

one of said two cones needs to be unlocked by its clutch.

Adjusters fora CvT 6

Besides an adjuster motor, an indexing mechanism can aiso be used to controliably
lock and uniock an adjuster of a CVT 8. if said indexing mechanism is used to lock and
uriock the worm gear of the worm gear-gear drive of said adjuster; then the worm gear-
gear drive can be selected in a manner such that the difference between and “the
unlocking (rolating) force of the worm gear-gear drive when the worm gear is siationary”

and the “locking (frictional} force of the worm gear-gear drive when the worm gear is
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stationary” are small, so that the force required to jock and uniock the indexing
mechanism is small. This results in a relatively cheap and very reliable adjuster.

An indexing mechanism, which can only lock in incremental steps, can be used to
controllably lock and unlock an adjusier because: a) when the transmission diameters of
all cones mounted on a same shaft/spline are equal, an uniocked adjuster does not have
to be locked. Here the cone of said unlocked adjuster, which will be referred to as the
uniocked cone, is simply a cone of the "CVT 4 for which fransmission belt tension has
been reduced”, which is also the CVT 4 for which the axial position of a cone is changed
when axial position changing of a cone is initiated. Refer io the “Preferred transmission
ratio changing procedure for a CVT 8" section for details on the operation of an adjuster.

And indexing mechanism, which can only lock in incremental steps, can be used
controllably lock and unlock an adjusier because: b) when an adjuster needs to be
locked during “step e) Second axial position changing of a cone Option 2 of 2”7 of the
“Preferred fransmission ratio changing procedure for a CVT &7, rotations of the index
whesel of the adjuster relative {o its lock exist; this rotation, which is slowing down, should
allow the lock to enter a cavity of its index wheel. Here the index wheel and its lock
should be designed so that the said rolation is sufficient for a lock {o enter a cavity of iis
index wheel; if necessary a speed increasing gear train (such as a larger gear coupled {0
a smaller gear for example) can be used 1o couple the rotation of the worm gear to the
index wheel.

Regarding the previous paragraph, during “step e) Second axial position changing of
a cone Option 2 of 27, when the fransmission diameters of the cones mounted on a same
shaft/spline are different and the adjuster of the “cone that is rotated in the direction that
increases the tension in the tense side of ifs fransmission belt” needs to be locked; then
in order to compensate for having cones with different transmission diameters mounted
on a same shaft/spline, first the “cone that is not rotated in the direction that increases
the tension in the tense side of its transmission bell”, which is currently locked and as
such used for torgue transmission, neeads 0 be unlocked so that it can rotate in the
direction that reduces the tension in iis fransmission belt. Once the “cone that needs to
be rotated in the direction that reduces the tension in ifs ransmission belt” is unlocked in
that direction, the "cone that is rotated in the direction that reduces the tension in iis
transmission belt” still carries all or most of the torque transmiited until it has reached the
speed that compensates for having cones with different transmission diameters mounted
on a same shaft/spline; note, here while the “cone that is rotated in the direction that

reduces the tension in its fransmission bell” speeds up, the “cone that is rotaled inthe
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direction that increases the tension in the tense side of its tfransmission belt” siows down.
Here the friction of the worm gear-gear drive gives a time window until “the tension due
torgue transmission” is fully developed in the “adjuster 1o be locked”.

Here if desired, the "adjuster to be locked” can be locked after the speed of its worm
gear has slowed down, so as to reduce the shock-ivads during locking. if this is desired,
then a time delay from when the adjuster of the “cone that is rotated in the direction that
reduces the tension in its transmission belt” is unlocked until when locking of the
“adjuster to be locked” occurs can be used. The time delay does not have to be
accurate, but for betler accuracy, the time delay can be based on the current rpm and
fransmission ratio of its CVT 8. If used, it is recommended the time delay is selected so
that for all operating conditions, locking of the adjuster occurs before the worm gear of
the “adjuster to be locked” reverses direction, since by then the adjuster {o be locked is
subjected to the torque that is being fransmitted by its CVT 8 (instead of only the torque
due to friction).

An adjuster that uses an indexing mechanism for controllably locking and unlocking
its output shafi/spline is shown as a partial front-view in Fig. 24, as a partial side-view in
Fig. 25, and as a partial top-view in Fig. 26. The adjuster is mounted on a spline 30, and
is used to adjust the rotational position of 2 cone positioned on a spline 30, In Figs. 24 ~
28, the walls of housing 37 are cut open 1o show the inside of the adjuster.

The housing of the adjuster, which is labeled as housing 37, is fixed for rotation
relative to spline 30 but can slide axially relative o spline 30 {only relative axial
movements between spline 30 and housing 37 are allowed). The details for housing 37,
such as the bearings, the spline cut-out profile {o allow axial but not retational movement
relative to spline 30, the counter-balance weighi(s) o reduce vibration, eic., are not
shown. But somebody skilled in the art should be able o construct housing 37 from the
details provided here.

The adiuster of Figs. 24 — 26 has a gear 32 thatl is fixed to an output spline 31, so that
gear 32 can be used to rotate output spline 31. Ouiput spline 31 is shaped like holiow
spline and is slid-on o spline 30 and supporied by parts of housing 27 (bearings, eic.,
which are not shown) in manner so as (o be able to freely rotate and freely move axially
relative to spline 3C. Furthermore, output spline 31 is supported by parts of housing 37
in a manner 5o that output spline 31 is concentric with spline 30.

in order to fix the axial position of gear 32 relative {0 output spline 31, one or multiple
sef-screws (which are not shown) can be used. In Figs. 24 — 26 the testh of gear 32 are

not shown, but obviously gear 32 should have teeth.
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Output spline 31 is mounted on housing 37 through bearings (which are not shown)
that allow output spline 31 to rotale relative to housing 37, but any cther significant
relative movements between output spline 31 and housing 37 are nct allowed. The front
end of output spline 31 is used to attach a cone in a manner so that said cone is fixed for
rotation and axial movements relative to oufput spline 31; for such purpose, the front end
of output spline 31 can also have one or multiple sel-screws {(not shown).

Gear 32 is coupled to a worm gear 33. Gear 32 and worm gear 33 should be
selected so that the worm gear-gear drive is not self-locking {(which means that gear 32
can drive worm gear 33). Worm gear 33 is fixed lo a shaft 34 in @ manner so that worm
gear 33 can be used {o rotate shaft 34. Shaft 34 is mounted to housing 37 so that it can
rotate about its axis of rotation relative o housing 37, but any other significant relative
movementis between shaft 34 and housing 37 are not allowed.

Also fixed for axial and rotational movements to shaft 24 is an index wheel 35. Since
index whael 35 is fixed for rotation refative 1o shall 34, index wheel 35 can be used io
lock and unlock the rotational movements of shaft 34, In order to fulfill its purpose, index
wheel 35 has circumferential cavities {the cavities are shown in Fig. 25 but not in Figs.
24 and 26).

And fixed to housing 37 is a locking mechanism 36 that can be used o lock and
unlock index wheel 35. Locking mechanism 36 comprises of a lock that can be inserted
into a cavity of index wheel 35, a spring, and a solenoid. The lock is pushed towards the
index wheel cavities so that it can enter the index wheel cavities {(one cavity at a time) by
the spring, and the lock can be controliably pulled out of an index wheel cavity by the
solencid. When the lock is in a cavity of index wheel 35, index wheel 35, and as such
also the adjuster is locked; and when the lock is not in a cavity of index wheel 35, index
wheel 35 and as such also the adjuster, is uniocked.

Instead of using a spring and a solencid to lock and unlock an index whes!, a
pneumnatic/hydraulic actuator with or without g spring, or other devices that can lock and
uniock an index wheel can also be used.

instead of using an indexing mechanism, an adjuster can also use a brake or an
electric motor. An adjuster using a brake is shown in Figs. 27 — 29, where a brake disk
38 and braking shoe mechanism 38 are used in-place of index wheel 35 and locking
mechanism 36. And an adjuster using an adjuster motor, which is preferably an electric
motor, is shown in Figs. 30 ~ 32, where an eleciric motor 40 is used {o rotate shaft 34.

Al parts of the “adjuster shown in Figs. 27 — 29”7 and the “adjuster shown in Figs. 30 —
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327 that are not mentioned in this paragraph are identical to the “adjuster shown in Figs.
24 — 268" and use the same numbering and labeling.

An adjuster that uses an indexing mechanism for which a speed increasing gear train
{such as a larger gear coupled to a smaller gear for example) is used o couple the
rotation of the worm gear 10 the index wheel is shown in Figs. 33 ~ 35, In Figs. 33 and
35, the speed increasing gear train is labeled as gear train 41 and it is fixed o housing
37 (Fig. 34 does not show gear frain 41 since i is behind index wheel 35). All paris of
the “adjuster shown in Figs. 33 ~ 35" except for gear train 41 are identical to the “adjuster
shown in Figs. 24 — 287 and use the same numbering and labeling.

The adiusters of this application are basically used as a clutch, as such they can also
be used cluiches for other applications. For other applications, when desired, the
housing of the adjuster can be construct so that it is fixed for all relative movements to its
shaft or spline; unlike the example described in the paragraphs above, where the

housing of the adjuster can slide axially relative to its spline.

PREFERRED EMBODIMENT OF THE INVENTION (BEST MODE)

The preferred method among the “Maximum Axial Position Changing RPM Method”,
the “Alternate Maximum Axial Position Changing RPM Method”, and the “Alternate
Maximum Axial Position Changing RFM Method 27, is the "Alternate Maximum Axial
Position Changing RPM Method 27 because of its simplicity, but the other methods have

merits as well.

CONCLUSION, RAMIFICATIONS, AND SCOPE

Disclosed in this disclosure are methods that can be used to “limit the maximum shaft
rpm (speed) at which axial position changing of a variator mounied on it is performed o
a "maximum axial position changing rpm value” for all variator mounted shafts of a CVT,
while still allowing a safe driving experience and also allowing the driver 1o use the full
power of the engine when needed. The methods of this disclosure are: the "Maximum
Axial Position Changing RPM Method”, the “Alternate Maximum Axial Position Changing
RPM Method”, and the “Alternate Maximum Axial Position Changing RPM Method 2.

The methods of this disclosure can also be applied to CVT's that use cother variators
besides cone assemblies, such as push belt pulleys for example. Push bell pulleys are
variators that consist of two pulley halves for which either one puliey half or both puiley
halves are moved axially in order to change the pulley’s transmission diameter. For

these CVT's a “maximum axial position changing rpm valug” of a push belt pulley refers
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to the maximum rpm at which the axial position of one or both pulley halves of the push
belt pulley is/are changed.

Although the description of the "Maximum Axial Position Changing RPM Metheds”
Section is a for a CVT that uses one or several variators on both the input shaft and the
output shaft (such as a CVT 4, CVT 8, or any other CVT where one or several variators
on the input shaff is/are coupled to one or several varialors on the cutput shaff), the
methods of this disclosure can also be applied to CVT's for which “a variator” or “several
variator(s)” are only mounted on either the input shaft or the output shaft (such a CVT 3,
a CVT where a variator is coupled to a transmission pulley, or any other CVT that uses
only one shaft on which variator(s) is/are mounted). Since only the shafts on which
variator(s) are mounted have a "maximum axial position changing rpm valug”, for these
CVT’s only one shaft has a "maximum axial position changing rpm value”.

Furthermore, the description of the "Maximum Axial Position Changing RPM
Methods” Section also applies to CVT's that use splines instead of shafts. For the
methods of this disclosure the parts spline, shaft, or any other means for rotatably
mounting a variator, can be used interchangeably, since for said methods, these parts
serve the same function, and said methods can be applied to a CVT in the same manner
regardless whether said CVT uses splines, shafts, or any other means for rolatably
mounting a variator.

The “Maximum Axial Position Changing RPM Methods” Section contains the following
sentence: For the *“Maximum Axial Position Changing RPM Method”, “the maximum
speed of the input shaft at which the axial position of a cone mounted on it is changed”
and “the maximum speed of the cutput shaft at which the axial position of a cone
mountad on it is changed” are each limited to their *'maximum axial position changing
rpm value”. This sentence can be rewritten as: For the "Maximum Axial Position
Changing RPM Method”, the maximum shaft/spline rpm (speed) at which axial position
changing of a variator mounted on it is performed is limited 10 "mandmum axial position
changing rpm value” for all variator mounted shafts/splines of a CVT. The rewriiten
senience applies to CVT s with two variator mounted shafts/splines, such as a CVT §,
and CVT's with only one variator mounted shaft/spline. The same sentence can also be
rewritten in the same manner for the "Alternate Maximum Axial Position Changing RPM
Method” and the "Alternate Maximum Axial Position Changing RPM Method 27

The "Maximum Axial Position Changing RPM Methods™ Section contains the following
sentence: For this transmission ratio range of the “Normal Driving Conditions” mode, “the

maximum rpm of the input shaft” and “the maximum rpm of the output shaft” are limited
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to their *maximum axial position changing rpm value” regardiess of the input {(gas pedal
depression) of the driver. This sentence can be rewritten as: For this transmission ratio
range of the “Normal Driving Conditions” mode, the maximum rpm of all variator
mounted shafts/splines is/are limited to their "maximum axial position changing rpm
value” regardiess of the input (gas pedal depression) of the driver. The rewriiten
sentence appiies to CVT's with two variator mounted shafts/spiines, such as a CVT §,
and CVT's with only one variator mounted shaft/spline. All corresponding sentences of
the "Maximum Axial Position Changing RPM Methods” Section can also be rewriiten in
the same manner.

The preferred embodiment of the invention is the "Alternate Maximum Axial Position
Changing RPM Method 2" described in the "Maximum Axial Position Changing RPM
Methods” Section. As a claim, this invention can be described as: A method that can be
used o “limit the maximum shaft/spline rpm (speed) ai which axial position changing of a
variator mounted on it is performed to a "meaximum axial position changing rpm value” for
all variator mounted shafts/splines of a CVT, while still aliowing a safe driving experience
and aiso aliowing the driver to use the full power of the engine when needed, by:
ajy assigning a said “maximum axial position changing rpm value” to each variator
mountad shaft/spline; b) only changing the axial position of a variator when the
“maximum axial position changing rpm value” of the shafl/spline of said variator is not
exceedead; and ¢) providing indication when a said “maximum axial position changing
rom value” s exceeded, so that the driver of said CVT knows that he/she needs to
reduce the rpm of the engine in order to allow for continuous/uninterrupted transmission
ratio changes in said CVT.

Anocther claim for the "Alternate Maximum Axial FPosition Changing RPM Method 27 is
as foliows: A method that can be used to “limit the maximum shaft/spline rpm (speed) al
which axial position changing of a variator mounted on it is performed to a “maximum
axial position changing rpm value” for all variator mounted shafis/splines of a CVT, while
still allowing a safe driving experience and also allowing the driver {0 use the full power
of the engine when needed, by a) assigning a said “maximum axial position changing
rpm value” 1o each variator mounted shafi/spline; b) only changing the axial position of g
variator when the "maximum axial position changing rpm valug” of the shaft/spline of said
variator is not exceeded, and ¢) labeling the rpm dial indicator {o show the maximum
engine rpm at which a *maximum axial position changing rpm value” will not be
exceeded, so that the user of said CVT knows when transmission ratio changing cannot

be continuously performed because at least one said “maxdmum axial position changing
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rpm value” is exceeded; and knows how much he/she needs to reduce the engine rpm
when at least one said “maximum axial position changing rpm value” is exceeded in
order {o aliow for continuous/uninterrupted transmission ratio changes in said CVT.
While my above description contains many specificities, these should not be
construed as limitations on the scope, but rather as an exemplification of one or several
embodiment(s) thereof. Many other variations are possible.
Accordingly, the scope should be determined not by the embeodiment(s) illustrated,

but by the appended claims and their legal equivalenis.
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CLAIMS

| claim:

1. A method that can be used o “limit the maximum shaf/spline rpm (speed) at which
axial position changing of a variator mounted on it is performed to a "maximum axial
position changing rpm value” for all variator mounted shafts/splines of a CVT, while
still aliowing a safe driving experience and also allowing the driver {0 use the full
power of the engine when needed, by:

a) assigning a said "maximum axial position changing rpm value” to each variator
mounted shafi/spline;

by only changing the axial position of a variator when the “maximum axial position
changing rpm value” of the shaft/spline of said varialor is not exceeded;

¢} providing indication when a said "maximum axial position changing rpm value” is
exceeded, so that the driver of said CVT knows that he/she needs to reduce the
rpm of the engine in order {o allow for continuous/uninterrupted transmission ratio

changes in said CVT.

2. A method that can be used {o “limit the maximum shaft/spiine rpm (speed) at which
axial position changing of a variator mounted on it is performed to a “maximum
axial position changing rpm vaiue” for all variator mounted shafts/splines of a CVT,
while still allowing a safe driving experience and also allowing the driver o use the
full power of the engine when needed, by:

a) assigning a said "maximum axial position changing rpm valug” to each variator
mounted shaft/spline;

b} only changing the axial position of a variator when the “maximum axial position
changing rpm value” of the shaft/spline of said variator is not exceeded;

c) providing indication when a said "maximum axial position changing rpm value” is
exceeded, so that the driver of said CVT knows that he/she needs 1o reduce the
rpm of the engine in order to allow for continuous/uninterrupted transmission ratio

changes in said CVT.
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