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(54) Title: METHOD OF CALIBRATING A HYDRAULICALLY OPERATED CLUTCH OF A CONTINUOUSLY VARIABLE
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(57) Abstract: A method of calibrating a hydraulically operated clutch in a continuously variable transmission of a vehicle, includes
steps of filling the clutch as if for a shift, using a control signal value for achieving a test pressure, and determining a resulting
change in a pressure condition in a hydrostatic power unit of the transmission. If the change indicates initial engagement, then a
value representative of the signal value used is recorded. If greater than initial engagement is indicated, or the vehicle moved, then
the clutch is emptied and tested using a lower test pressure. If initial engagement is not indicated, the clutch is emptied and refilled
to a greater test pressure. An exemplary pressure condition is a difference in pressure in lines between a pump and motor of the
power unit. During the calibration, the vehicle can be held stationary with a parking brake or the like.
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Description

METHOD OF CALTBRATING A HYDRAULICALLY OPERATED CLUTCH
OF A CONTINUOUSLY VARTIABLE TRANSMISSTON USING PRESSURE
BETWEEN A HYDROSTATIC PUMP AND MOTOR

[0001] This application claims the benefit of U.S.
Provisional Application No. 61/527,523, filed August 25,
2011.

Technical Field

[0002] This invention relates generally to
calibration of a hydraulically actuated clutch of a CVT,
and more particularly to calibration by monitoring
pressure changes between a hydrostatic pump and motor of
the transmission to determine initial engagement of the
clutch.

Background Art

[0003] The disclosure of U.S. Provisional Application
No. 61/527,523, filed August 25, 2011, is hereby
incorporated herein in its entirety by reference.

[0004] Transmissions with hydraulically operated
clutches need to consistently operate such that the
timing of clutch engagement can be controlled precisely.
This can be difficult, since the clutches control
multiple plates, and there is variation between springs
and other component tolerances, such that the pressure
needed to move the piston out to the point at which the
plates touch and the clutch starts to transmit torque
can vary quite a bit.

[0005] Most transmissions up to now in tractors have
been power shift. Continuously variable transmissions
or CVTs are becoming more popular and have significantly
different architectures, often using a hydrostatic pump

and motor. The pressure between the pump and motor is a
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direct indication of the torque through the hydrostatic
unit, and in turn an indication of the torque through
the clutch. In some designs, the hydraulic pump and
motor can be in separate housings, connected with tubes
or hoses, but they may be in the same housing (a
hydrostatic unit or HSU), which typically increases
efficiency.

[0006] Typically, known electronically controlled
transmissions with such clutches use a calibration
routine. Clutches are engaged to create driveline torque
to work against the parking brake. A searching method
is used to determine the currents needed to provide the
pressure to just start to engage the clutch. This point
is usually determined by when the engine speed reduces
or engine torque increases, indicating that the clutch
is transmitting torque. However, a shortcoming with
this approach is that engine speed can vary as a result
of other reasons, such as when other loads on the engine
change, such as hydraulic or PTO loads, and wvarious
drags on the engine vary and such. Also, tractor
engines have a governor that is quite complex, and may
change engine speeds due to complex algorithms to manage
emissions, efficiency and other factors. As a result,
how much the engine speed dips cannot always be a direct
indication of the level of torque on a clutch, which can
result in different calibration values. Clutch
calibration done using engine torque has similar
shortcomings. A torgque sensor in connection with a
clutch has also been used for calibration, but such
torque sensors are expensive and add complexity.
Optionally, adding another torque sensor might be one
costly option. Also, engine torque could be estimated
from fuel, but this would be a slower signal, and again

subject to other loads on the engine.
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[0007] Thus, what is sought is a manner of hydraulic
clutch calibration that does not rely on engine speed,
torque or separate torque sensors, and overcomes one or

more of the shortcomings set forth above.

Summary Of The Invention

[0008] What 1is disclosed is a manner of hydraulic
clutch calibration that does not rely on engine speed or
engine torque, and overcomes one or more of the

10 shortcomings set forth above.
[0009] According to a preferred aspect of the
invention, the clutch under calibration is held filled
in a manner similar to how the clutch is used during a
shift. The pressure in the clutch is commanded using a

15 control signal command, e.g., in the form of an
electrical current value, translated to a pressure in a
pressure reducing valve. This valve is then connected
to a rotating clutch which is pressure applied, spring
released. It is held at this test current value, and a

20 determination made as to whether the clutch current is
too high or too low. This determination is made by
checking the pressure in the hydraulic connection
between the pump and the motor, or within the HSU. The
test is repeated with different control signal values,

25 e.g., test currents, either high or lower, depending on
the result. Typically the algorithm starts with a
default control signal value, and it is low, so as to
not aggressively engage the clutch by accident. Once
the pressure is sensed, the clutch is commanded to

30 empty, so the engine does not lug down too much. This
is also done to reduce the chance of driving through the
parking brake. A separate check is done on the output
speed, so the calibration is stopped if the vehicle
moves. A baseline pressure is recorded before

35 calibration or before each time the clutch is engaged,
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since the pressure in the HSU will not be zero when the
clutch is not engaged, due to drag, but also the charge
pressure in the HSU that keeps the HSU cool.

[0010] According to another preferred aspect of the
invention, clutch engagement is detected using the
difference of the pressure transducers in the HSU as an
indication of driveline torgque. Rather than actually
calculate the clutch pressure or driveline torque, the
clutch calibration looks at the HSU pressure signals
directly, since at the ideal kiss point, both the
driveline torque and clutch torque should be zero. It
is expected that there will be noise on the pressure
transducers, or other issues with pressure fluctuations.
So that this is not a problem or does not result in a
false detection, the calibration preferably looks for a
change in the difference between the pressures, rather
than a set level of the difference.

[0011] Use of HSU pressure for clutch calibration is
advantageous as it does not depend on other factors, and
it is a more direct measure of torque. As noted above,
engine speed can vary as other loads on the engine
change, such as hydraulic or PTO loads, wvarious drags on
the engine that may vary and such. Also, the engine
governor is quite complex, and may change engine speeds
due to complex algorithms to manage emissions,
efficiency and other factors. How much the engine dips
cannot always be a direct indication of the level of
torque, which can result in different calibration values
[0012] Additional sensors may be needed on the HSU
(typically two are needed, since the direction of torque
through the HSU may change depending on the range), but
these are typically present for other reasons. If a
separate torque sensor already exists on a vehicle, it
may be advantageous to use it, especially if it is used

on a powershift (non-CVT version of a transmission).
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[0013] As alternative embodiments of the invention,
the method works with wvarious CVT architectures, any
time such clutches are used and the HSU indicates the
torque through them. As another alternative, rather
than using separate pressure sensors or transducers in
the fluid lines, a single differential pressure
transducer configured to determine a pressure

differential between two ports could be used.

Brief Description of the Drawings

[0014] FIG. 1 is a simplified schematic
representation of a CVT for use with the method of the
invention;

[0015] FIG. 2 is a diagrammatic representation of
clutch pressure versus time for a clutch engagement;
[0016] FIG. 3 is another diagrammatic representation
of clutch pressure versus time, for clutch
disengagement;

[0017] FIG. 4 is a diagrammatic representation of
hydrostatic reciprocal ratio versus transmission ratio
for shifts of the transmission of FIG. 1;

[0018] FIG. 5 is a diagrammatic representation of
transmission ratio versus swash plate angle for a
representative shift of the transmission;

[0019] FIG. 6 is a simplified side view of a vehicle
for use with the method of the invention; and

[0020] FIG. 7 is a simplified schematic view of a

clutch for use with the method of the invention.

Detailed Description Of The Invention

[0021] Referring now to the drawings, apparatus for
use with the method of the invention and illustrations
of aspects of the invention are shown. In FIG. 6 a
representative vehicle which is a work machine 1 is

shown, which is a tractor representative of those that
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can be used for a variety of uses, including, but not
limited to, agriculture, construction, earth moving and
forestry. Work machine 1 includes a power source 4
which will be, for instance, an internal combustion
engine, and is mechanically coupled to a continuously
variable hydro-mechanical transmission, a representative
embodiment 10 of which is shown schematically in FIG. 1.
[0022] Referring to FIG. 1, transmission 10 is
contained in a transmission housing 11 and includes a
hydrostatic power unit 12, also referred to as an HSU,
and a planetary power unit 30 which are coupled to a
driveline including a range gear set 58 mounted within
transmission housing 11 and coupled to a load L which
here is the drive wheels of machine 1 as shown in FIG.
1. It should be understood that machine 1 can
alternatively include a load L that comprises a track
drive, or an operating system of the machine such as but
not limited to, a power take off (PTO).

[0023] Hydrostatic power unit 12 of transmission 10
includes a fluid pump 16 coupled by fluid conduits 17 in
a closed loop to a fluid motor 18. Motor 18 is coupled
to power source 4 via an input gear N6 and having an
output gear N10. The power to the hydrostatic power
unit 12 is provided by a driven gear N4 mounted on the
forward shaft and engaged with gear N6. Output gear N10
is connected to ring gear NR of planetary power unit 30
via gears N11 and N12.

[0024] Machine 1 includes a processor based
controller 100 in connection with an input device 102
located preferably in operator cab 104 of machine 1, via
a suitable communications path 108, to adjust the angle
of a swash plate of pump 16, denoted by the term *“SPA”,
for controlling operation of the transmission. As an

exemplary embodiment, pump 16 can be an electronically
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controlled variable displacement hydraulic pump of well
known construction.

[0025] Planetary power unit 30 includes a primary sun
gear NS1 on a planetary input shaft 32 connectable with
power source 4 via a forward directional clutch 54 or a
reverse directional clutch 52. Power unit 30 is
selectively coupled to the load L, coupled to the
hydrostatic power unit 12 and selectively coupled to the
power source 4, under automatic control of controller
100. For connection to the load L, the hydro-mechanical
transmission 10 includes an output shaft 60 coupled to
the load L which carries an input gear N18 engaged with
an output gear N17 on a range 1/2 shaft of range gear
set 58, and a gear N22 engaged with a gear N19 on a
range 3/4 shaft. The range 1/2 shaft can be coupled to
planetary power unit 30 via automatic operation of range
selectors or clutches R1 and R2 for power flow through
gears N13 and N14, or N15 and N16, respectively. The
range 3/4 shaft can be coupled to unit 30 via range
selectors or clutches R3 and R4 for power flow via gears
N13 and N20, or N15 and N21. Range 1/2 shaft and range
3/4 shaft can also be simultaneously coupled to power
unit 30, to provide dual power flow.

[0026] The control of the various clutches will be
automatically controlled by controller 100, using
actuators 106 connected to controller 100 via suitable
conductive paths 108. Transmission 10 also includes
appropriate sensors, including pressure sensors 110 for
sensing pressure conditions in conduits 17 connecting
pump 16 and motor 18, and speed sensors 112 for sensing
speeds of load shaft 60, all connected to controller 100
via conductive paths 108. Controller 100 is also
connected to engine 4 for receiving speed and other

information therefrom.
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[0027] In operation, the continuously variable hydro-
mechanical transmission 10 can be operated to have a
combined hydrostatic and mechanical power flow by
engaging the reverse clutch 52 to power planetary power
unit 30 via gears N1, N3, N5 and N7, or engaging forward
clutch 54 to power it via gears N1, N8, and N2. It is
also possible to operate transmission 10 for a pure
hydrostatic power flow by disengaging both clutches 52
and 54, and engaging two range clutches. Typically, the
R1 and RZ range clutches, and the Rl and R4 clutches.
[0028] As a result, with transmission 10, there is no
selection for a work range or road range per se.
However, the transmission provides a seamless transition
between ranges to provide work/road configurations as
desired. Speed change from zero to maximum speed 1is
achieved in a smooth and continuous manner by changing
the SPA of the pump 16 under control of controller 100.
For each speed range, substantially the full range of
travel of the swash plate is used. That is, the swash
plate will be at one end of the range its travel for
minimum speed within the range, it will be at the other
end for maximum speed in that range, and the zero tilt
or neutral position of the swash plate will be an
intermediate position for the speed range, not the zero
speed position as it is for some other transmissions.
This presents a challenge for execution of some
transmission commands that require a change of state
wherein the swash plate will have to be tilted to a
position significantly different from the present
position. And, the direction of power flow through the
hydrostatic power unit will often reverse during these
range changes.

[0029] Transmission 10 includes a parking brake 114
in connection with load shaft 60, which is utilized

according to the invention for enabling shuttle shifts
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and other operations. Parking brake 114 is connected to
controller 100 via a suitable conductive path 108 for
automatic operative control thereby, including to
proportionally or gradually engage, and release or

5 disengage, under certain conditions. To achieve this
latter capability, as a non-limiting example, parking
brake 114 can be controlled using a proportional
pressure reducing valve operated by an electrical signal
from controller 100. For operation when machine 1 is

10 not operating, parking brake 114 can be engaged by a
spring or other biasing element or elements, or by
mechanical means.
[0030] Note the two paths through the transmission,
one through the hydrostatic unit and one through the

15 directional clutches. The planetary unit is driven by
both paths, effectively allowing the hydrostatic unit to
vary the ground speed in a continuous range. In ranges
1 and 3, increasing the swash plate angle results in a
higher TRR. In ranges, 2 and 4, this is reversed, and

20 decreasing the swash plate angle results in higher TRR.

Clutch Engagement
[0031] An example of a clutch engagement is
illustrated in FIG. 2. This is used for both the range
25 clutches R1-R4 and direction clutches 52 and 54.
Different parameters may be used in different
situations. In all cases the pressure is limited to the
regulated system pressure, it cannot be higher. The
first phase is the “Additional Filling” stage, where the
30 clutch is filled, but the pressure is held just at the
point at which the clutch starts to engage. It is
termed *“additional” since the clutch is always quick
filled prior to this state. The decision to gquick fill
is done by logic downstream. The next phase is the

35 “Ramping” stage, where the pressure in the clutch is
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ramped up so that the engagement can be done in a
controlled way. The ramp is started at the “Fill
Pressure” (which is calibrated and may change at run
time) and ended at the “Engaged Pressure’”. The total
time of the ramp is “Ramp Time”.

[0032] There is an optional last stage, called
“Engaged” where the pressure is maintained at the
Engaged Pressure. Although this could be viewed as not
part of the clutch modulation, it is included as a state
to represent times when this particular clutch may be
engaged, but another clutch may not have finished the
shift. The shift will generally be considered over when
the pressure modulation is done in both the engaging the

on-coming and disengaging the off-going clutches.

Clutch Disengagement

[0033] An example of clutch disengagement (dumping)
is shown in FIG. 3. This is used for both the range and
direction clutches. Different parameters may be used in
different situations. Dumping a clutch due to operator
commands from the clutch pedal may be done in a
different manner.

[0034] The first phase of the dumping is simply a
delay in dumping. This is often needed, since a clutch
will be filling at the same time, and the ramping needs
to be delayed so engaging and disengaging clutches can
be timed such that the shift is smooth.

[0035] The second phase i1s the dump ramp. The ramp
is controlled by a look up table, so that any shape may
be used. The ramp is started at the “Engaged Pressure”
and ended at the zero pressure. The total time of the
ramp is “Dump Ramp Time”.

[0036] At the end of the second phase, the clutch
still may be partially engaged, due to errors in the

pressure control and tolerance. After the pressure is
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ramped to zero, a full negative pressure is commanded to
fully empty the clutch. Zero actual pressure is also
maintained the whole while the clutch is disengaged, to
avoid any chance of even slight engagement or drag.

This is represented by a full negative pressure, since
zero pressure is defined as the kiss pressure.

[0037] FIG. 5 is a diagrammatic representation of
transmission ratio versus swash plate angle for a
representative shuttle shift of the transmission,
illustrating points at which precise clutch operation is

required.

Conversion from Pressure to Current

[0038] The pressures up to this point have been in
terms of the *“kiss point” of the clutch, such that =zero
pressure represents the pressure needed to overcome the
spring force and for the plates to begin to make
contact. Pressure higher than zero will engage the
clutch.

[0039] The print for wvalve includes a graph of the
pressure vs. control signal value (current in amps) for
a typical transmission. From this graph, the points in
Table 1 were estimated (this is example data and may not
be the exact wvalues used). Note that the nominal
electrical current value of a control signal required to
command any pressure is subtracted off (this is a value
of 0.130Aa).

Pressure (bar) Current (A)

0 0

2.1 0.07

6 0.17

13.3 0.32

18 0.405

22 0.47

23 0.52

24 0.75 - 0.13 =
0.62

Table 1 - Pressure Reducing Valve Pressure vs. Current
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Application of Calibration Data
[0040] The calibration data is represented as an
offset on the clutch current. This offset is the

5 current required to produce the pressure in the clutch
that just overcomes the clutch springs and plates just

begin to touch.

[0041] Note that the calibration will account for
variations such as
10 1. Clutch spring constant.
2. Clutch spring preload.
3. Clutch piston travel required for kiss point,

including clutch plate and separator plate
thicknesses, piston dimensions, clutch can
15 dimensions and more.
4. Variations in the pressure reducing valve

current to pressure relationship.

5. Inaccuracies in ECU measuring and controlling
current.
20 [0042] The calibration algorithm will result in a

current offset that accounts for this wvariation. The
offset will be used until the calibration is performed

again.

25 Terms

CVT - Continuously Variable Transmission

HSU - Hydrostatic Unit

SPA - Swash plate Angle

TRR - Transmission Reciprocal Ratio (Transmission Output
30 Shaft Speed / Engine Speed)

[0043] As noted above, a representative vehicle with
which the invention can be used is illustrated in FIG.
6. A schematic of a hydraulically operated clutch

35 representative of directional clutches 52 and 54, and



WO 2013/029058 PCT/US2012/052573

10

15

20

25

30

35

13-

range clutches R1-R4, is shown in FIG. 7. Hydrostatic
power unit 12 or HSU with pressure transducers 110 used
for clutch calibration is shown in FIG. 1.
Alternatively, pressure differential can be determined
using a differential pressure transducer between two
ports containing the pressures to be monitored. A more
detailed description of representative transmission and
vehicle with which the present invention can be used,
are described and disclosed in Dix. et al, U.S. Patent
Application Serial No. 12/652490, filed January 5, 2010,
the disclosure of which is hereby incorporated herein by
reference in its entirety.

[0044] Referring more particularly to FIG. 7, each of
clutches 52, 54, and R1-R4 is contained in an enclosure
or can 116, and includes plates 118 in connection with
an output shaft 120 and plates 122 in connection with an
input shaft 124. A clutch spring or springs 126 holds
plates 118 and 122 apart, in a fluid operated clutch
piston 128 is used to press them together for engaging
the clutch. Pressurized fluid is supplied via fluid
lines 17 by a proportional solenoid pressure reducing
valve 130, which receives the pressurized fluid from a
pump P of the vehicle, and is also in connection with a
tank 132 of the vehicle. Pressure reducing valve 130 is
controlled by a control signal received via conductive
path 108 (FIG. 1) from controller 100, which control
signal here is an electrical current having a value
controlled by the controller.

[0045] According to the method of the invention, the
vehicle is held stationary, preferably by application of
parking brake 114. The clutch under calibration is
filled in a manner similar to or the same as how the
clutch is used during a shift. The pressure in the
clutch is commanded using a control signal which is a

current command having a value, translated to a pressure
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in pressure reducing valve 130, as explained above. The
valve 130 is held at this test current (representative
of the test pressure), and a determination made as to
whether the clutch current (test pressure) is too high
or too low.

[0046] This determination is made by checking the
pressure in the hydraulic connection, e.g., lines 17
between the pump and the motor of power unit 12, using
sensors 110, or a differential pressure transducer in
connection with ports providing the required pressure
information. The test is repeated in a test loop with
one or more different test currents, either high or
lower, depending on the result of the previous test
pressure. In particular, if a previous test pressure
failed to engage the clutch the next test pressure used
will be incrementally higher. Conversely, if the
previous test pressure more than just initially engaged
the clutch, the next test pressure will be lower.
Typically the algorithm starts with a default value, and
it is a low pressure, so as to not aggressively engage
the clutch by accident. As a representative definition,
aggressively is defined generally as sufficient to cause
movement of the vehicle were the parking brake not
engaged.

[0047] Once a pressure or pressure condition in the
power unit 12 indicative of initial engagement of the
tested clutch is sensed, the clutch is commanded to
empty, so the engine does not lug down too much. This
is also done to reduce the chance of driving through the
parking brake, resulting in vehicle movement. A
separate check is done on the output speed, so the
calibration is stopped if the vehicle moves. The value
of the clutch current for achieving the pressure or
pressure condition indicative of the initial engagement

is recorded.
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[0048] It should also be noted that a baseline
pressure value for power unit 12 is recorded at the
beginning of the calibration or before the clutch is
filled, since the pressure in the power unit 12 will not
be zero when the clutch is not engaged, due to drag, and
there will be a charge pressure in the unit to keep it
cool. As non-limiting examples, representative pressure
or pressure conditions that can be used as indicative of
initial engagement can be a change in a difference
between pressure values outputted by the sensors 110,
and a minimum or threshold change in the difference can

be reguired such that signal noise is not a factor.

Conditions for Clutch Calibration

[0049] If calibration is entered and the vehicle is
moving, parking brake state is not changed (if it is off
when entering calibration mode, it will remain off, if
it was on when calibration mode is entered, it will
remain on). Vehicle moving message is displayed.
Operator must move the FNRP selector to P (Park) before

and re-entering calibration mode.

Clutch Calibration Search Technique

[0050] Each calibration “step” will consist of the
gquickfill pulse and additional fill time. The
additional fill may be extended slightly to give time to
detect whether the clutch engaged or not. Ramping is
not performed.

[0051] After each setup, the clutch will be fully
dumped, and the next step will not proceed until a set
time has elapsed that is long enough to ensure the
clutch is fully empty.

[0052] The calibration will use a search technique to
find the clutch £ill current that results in any level

of clutch engagement. The preferred search technique
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uses a “divide and conquer” type approach (depending on
the tuning, the step size is limited an may not always
“divide” on the second trial). First, a guess is made
at the f£ill current and the test is performed to see if

5 the pressure is too high or too low after this fill.
Next the f£ill current is adjusted by an increment,
either up or down, depending on whether it was too high
or too low. For the next guess, if the fill current
indicated in the opposite direction, the increment is

10 cut in half (otherwise it is not).
[0053] During each calibration step, the Clutch
Current under test will we displayed to the operator.
[0054] In order to detect clutch engagement, the
remainder of the driveline must be completely engaged.

15 Since it is desired to perform the calibration in a
controlled, repeatable way, vehicle movement is not
desirable, so the parking brake is on during
calibration, and the driveline will work against it. To
complete the torque path in this transmission, two

20 clutches need to be engaged. The table below indicates
the second clutch to be engaged for the given clutch
under test.
[0055] In addition to engaging a second clutch, the
SPA needs to be adjusted so the clutch under test will

25 have a set speed difference across it. If the SPA were
adjusted for zero speed across it (as if engaging
powered zero), either no or little torque would develop.
Illustrative values for SPA for each clutch is shown in
the table below, and picked to create a large speed

30 difference across the clutch.
[0056] If the engine speed falls too low during the
calibration step, the clutch is immediately dumped to
prevent engine stall. The minimum fill pressure shall

be reduced for the next step.

35
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Clutch Being | Clutch to Engage Approximate Expected HSU Diff
Calibrated Before Clutch Swashplate Angle Pressure
Calibration Position during
Calibration
R1 Forward +85 Positive
R2 Forward -85 Negative
R3 Forward +85 Positive
R4 Forward -85 Negative
Forward R4 -85 Negative
Reverse R4 +85 Negative
Table 1 - Clutch Cal Pairings and SPA
Detecting Clutch Engagement
[0057] Clutch engagement is preferably detected by

sensing rise of the difference between the wvalues
outputted by the pressure sensors 110 in the HSU.
Generally, the pressure difference will start near zero
when the clutches are not engaged, and rise in a linear
fashion as the clutch torque increases. This is
advantageous as it provides a very direct measure of
only driveline torque, and does not vary with other
factors such as other loads on the engine.

[0058] Rather than actually calculate the clutch
pressure or driveline torque, the clutch calibration
looks at the HSU pressure signals directly, since at the
ideal kiss point, both the driveline torque and clutch
torque should be zero. It is expected that there will
be noise on the outputted signals of pressure sensors
110 and/or other issues with pressure fluctuations. The
calibration looks for a change in the difference between
the outputted pressure values of sensors 110, rather
than a set level of the difference.

[0059] As noted above, the HSU pressure difference

will not be zero when the driveline is completely
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disengaged, so the baseline pressure must be recorded
prior to the guickfill pulse.

[0060] Use of hydrostatic power unit pressure for
clutch calibration is advantageous as it does not depend
on other factors, and it is a more direct measure of
torque. As noted above, engine speed can vary as other
loads on the engine change, such as hydraulic or PTO
loads, various drags on the engine that may vary and
such. Also, the engine governor is gquite complex, and
may change engine speeds due to complex algorithms to
manage emissions, efficiency and other factors. How
much the engine dips cannot always be a direct
indication of the level of torque, which can result in
different calibration values.

[0061] In light of all the foregoing, it should thus
be apparent to those skilled in the art that there has
been shown and described a novel METHOD OF CALIBRATING A
HYDRAULICALLY OPERATED CLUTCH OF A CONTINUOUSLY VARIABLE
TRANSMISSION USING PRESSURE BETWEEN A HYDROSTATIC PUMP
AND MOTOR. However, it should also be apparent that,
within the principles and scope of the invention, many
changes are possible and contemplated, including in the
details, materials, and arrangements of parts which have
been described and illustrated to explain the nature of
the invention. Thus, while the foregoing description
and discussion addresses certain preferred embodiments
or elements of the invention, it should further be
understood that concepts of the invention, as based upon
the foregoing description and discussion, may be readily
incorporated into or employed in other embodiments and
constructions without departing from the scope of the
invention. Accordingly, the following claims are
intended to protect the invention broadly as well as in
the specific form shown, and all changes, modifications,

variations, and other uses and applications which do not
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depart from the spirit and scope of the invention are
deemed to be covered by the invention, which is limited

only by the claims which follow.
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Claims
What is claimed is:
1. A method of calibrating a hydraulically

operated clutch in a continuously variable transmission,
characterized by steps of:
filling the clutch in a like manner as for a
shift, using a control signal having a predetermined
test value for achieving a test pressure in the clutch;
while the clutch is filled, determining a

resulting change in a pressure difference in a
hydrostatic power unit of the transmission, and:

if the resulting change in the pressure
difference in the hydrostatic power unit is more than a
first predetermined value, then emptying the clutch and
refilling the clutch, using a control signal having a
different predetermined test value for achieving a test
pressure in the clutch less than the previous test
pressure; and

if the resulting change in the pressure
difference in the hydrostatic power unit is less than a
second predetermined value, then emptying the clutch and
refilling the clutch using a control signal having a
different predetermined test value for achieving a test
pressure in the clutch greater than the previous test
pressure; and

if the resulting change in the pressure
difference in the hydrostatic power unit is between the
first predetermined value and the second predetermined
value, then recording the control signal value used to

achieve the resulting change as a calibration value.
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2. The method of claim 1, further
characterized by,

while the clutch is filled, determining
whether an output speed of the transmission has changed,
and if yes, then emptying the clutch and refilling the
clutch using a control signal value to achieve a test

pressure in the clutch less than the previous test

O Ok W N

pressure.

3. The method of claim 1, wherein the step
of determining a resulting change in the pressure
difference in the hydrostatic power unit of the
transmission includes determining a change in a pressure

difference in at least two fluid lines between a pump

N O W N

and motor of the hydrostatic power unit.

=

4, The method of claim 1, wherein the

control signal value comprises an electrical current

w

value.

5. A method of calibrating a hydraulically
operated clutch in a continuously variable transmission
of a vehicle, characterized by steps of:

preventing movement of the vehicle;

controlling the clutch in a like manner as for
a shift, using a predetermined control signal value and

determining a change in a pressure difference condition

0 ~J O Uk W N

in a hydrostatic power unit of the transmission

9 resulting from the control signal value; and:

10 if the determined change is indicative of

11 initial engagement of the clutch, then recording a value
12 representative of the control signal value;

13 if the determined change is indicative of

14 engagement of the clutch sufficiently to cause movement
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of the vehicle or the determined change is greater than
a predetermined value, then emptying the clutch and
refilling the clutch using another control signal value,
to a test pressure less than the previous test pressure;
and

if the determined change is indicative of lack
of engagement of the clutch, then emptying the clutch
and refilling the clutch using another control signal
value, to a test pressure greater than the previous test

pressure.

6. The method of claim 5, wherein the step
of preventing movement of the vehicle comprises engaging

a parking brake of the wvehicle.

7. The method of claim 5, further
characterized by,

while the clutch is filled, determining
whether an output speed of the transmission has changed,
and if yes, then emptying the clutch and refilling the
clutch using another control signal value, to a lower

test pressure.

8. The method of claim 5, wherein the step
of determining a change in a pressure difference
condition in a hydrostatic power unit of the
transmission resulting from the test pressure includes
determining pressures in at least two fluid line between

a pump and motor of the hydrostatic power unit.

9. The method of claim 8, wherein the step
of determining pressures in at least two fluid lines
comprises determining a change in a pressures difference

between the two fluid lines.
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10. The method of claim 9, wherein the step
of determining a change in a pressures difference

between the two fluid lines includes determining whether

=W NN

the change exceeds a predetermined threshold wvalue.

[

11. The method of claim 10, wherein the

threshold value is selected to factor out noise in the

w

pressure value.

12. A method of calibrating a hydraulically
operated clutch in a continuously variable transmission
of a vehicle, characterized by steps of:

preventing movement of the vehicle;

filling the clutch in a like manner as for a
shift, to a test pressure and determining a resulting

change in pressure conditions in fluid lines between a

w O Ok W N

fluid pump and a motor of a hydrostatic system of the

9 transmission; and:

10 if the determined change is indicative of

11 initial engagement of the clutch, then recording a value
12 representative of the test pressure;

13 if the determined change is indicative of

14 engagement of the clutch sufficiently to cause movement
15 of the vehicle or is greater than a predetermined value,
16 then emptying the clutch and refilling the clutch to a
17 test pressure less than the previous test pressure; and
18 if the determined change is indicative of lack
19 of engagement of the clutch, then emptying the clutch
20 and refilling the clutch to a test pressure greater than

21 the previous test pressure.

13. The method of claim 12, wherein the step
of preventing movement of the vehicle comprises engaging

a parking brake of the wvehicle.
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14, The method of claim 12, further
characterized by,

while the clutch is filled, determining
whether an output speed of the transmission has changed,

and if yes, then emptying the clutch and refilling the

O W N

clutch to a lower test pressure.

15. The method of claim 12, wherein the step
of determining a resulting change in pressure conditions
in fluid lines comprises determining a difference

between pressures in two fluid lines between the pump

O W N

and the motor.

16. The method of claim 15, wherein the step
of determining a difference between pressures in two

fluid lines between the pump and the motor includes

=W N

determining whether a change exists in the difference.

17. The method of claim 16, wherein the step
of determining whether a change exists in the difference

comprises determining if the change exceeds a threshold

= W NN

value.
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