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(57) ABSTRACT

A vehicle includes a transmission that performs a method of
operating a clutch of a vehicle. The vehicle includes the
clutch, an actuator device and a processor. The actuator
device includes a piston movable to operate the clutch. The
processor 1s configured to receive a pressure signal indica-
tive of a selected fluid pressure for operating the clutch,
determine a position for the piston in the actuator device
from the pressure signal, and move the piston to the position
to operate the clutch at the selected fluid pressure.

300
302 —

N 04 N6
L, , _ E
T T |
. SN s
308~_ |
AXy g
~310 |
ﬁxﬁ + |

FYRTRTI T

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr



May 16, 2024 Sheet 1 of 5 US 2024/0159280 Al

Patent Application Publication

LI B B B B B B B B B ]

-,
-
~—

L N B N B A A N N N NN NN NN NN EEEEEEEEEEIEEEEEEEIEEIEEEIENEEIENEEIEEEIEEIEIEIEIEIEIEIEIENNEIENNEENEEENEIEIEENIENENENNENEENNE NN

-

* FFEESFFEE S FEESFFEE S EE S ES T E S ESFEFESTEE S ESEESEEST
-

- .
L
+ ¥ £ F F £ FFFEFFESFTFESTT + ¥ £ FFFEFFEFFESFTFEFTFET
.iiiiii iiiii.
L] -
-

cul opL vl

#f F 4 5 8 F 4 F 458 f 5 44 FFFEFAF

L L N B B B B B B B B B O B B O O B O O B O O O O O B O B B O B B

LI I N B B B B B DL B B BN

4 & b ok h hh A hh A A

£ £ ¥ ¥ f F + T

4 bk kA



Patent Application Publication @ May 16, 2024 Sheet 2 of 5 US 2024/0159280 Al

‘‘‘‘‘‘‘‘‘‘

LA
-
-q-m

208

FIG. 2

210 202 206

204




May 16, 2024 Sheet 3 of S US 2024/0159280 A1l

Patent Application Publication

= kA d+ FF+d Pk dFdFd P YA kAP Y A+ EFd P+ A FEFd P A PEFd P A+ EFd P Y S A AP AT T A+ F S F ks d P A FF AP Y A A Fd P+ R T+ Fd P A A d A FF AP A Y A A PR T FdFd P A d A kA FPF A FdFd P A A AP PSS FF A PEFd PSS A AP+ F o d Y kP FAFFEA A+ YA AT TP+

A L PN - + AL PN P

+

F T T T L

*

Lt
|
L]
L
T
e
-
ot
r
-y

F = = r 2 wru r s r w " s r s rw Y rrres s rd T s T Er r = ru or S rwo T L]

L
-
i,
"
1

bk d Ay kA FE Y A Y kA F A A Py kA Ak Ay kY Fd Pl kY Ay Al Fd Y Ay Y kA

P P P

P P P P

+

* oh & & L 4

T I R

2 i =w 3w didwiw rdidecdids s s ndin

# d Ffd F Y F YT+ + by T Ty d by Fo T YTyl d Sy FAF oy b dFd o FF kS

-
L
T i.-_

Ly
.—... i -
.__Haiiﬁi-.—.-in.—..__H.-Hi‘..—..—-i-i.—-‘.iﬁi‘.i-i-it‘.iﬁ I.ii.‘nii.—..__.—..-_ﬁ.'-.-.
-

- A oA Al Fhrw kA dFd A d e bk dwmord e Addd e

L 4 o & b o b ok B b A b d 4 & B o B A b A b A b ] A A k&

-
w o h L h bk dd Fh L h Ak kd hFh L h kh L hd hh ke d Lk h o h ok kol h A b L h L h L d L E R hd A h kLA d b hh L d Fh L h A h b le L

L I O Y R N N BN N R RN B B BN N DL N RN L NN DN RN BN B

= i bk m bk riecisdissseiecse =

"~ 008



Patent Application Publication @ May 16, 2024 Sheet 4 of 5 US 2024/0159280 Al

E
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

106

********************

300

304

F10G. 4

412

o
S
<3

402

-
+*
-
o4
*
*
-
*
A~
*
r 2 & = = = a8 FE a8 a r & F 2 rararasLaraL.aa.a s F 2 B & F 2 L E F a2 B A E -2 & E g B F A F §FEF A F S LS Fa LA FSESS =S8 2B F R

408

404
408

400~y



Patent Application Publication

o000~

3075 -

3.9f7 =
3.379 -

May 16, 2024 Sheet 5 of 5

US 2024/0159280 Al

3.16¢ -

2.984 -
2187 =
2.989 =
2.391 =

e RN

- 514
AR

2.194 -

1.996 -
1.799 -
1.601 -
1.403 -
1.206 -

1.008

0.81 -
0.613 4
0.415 -
0.218 -

0.02 di=

-(0.178

§ RICURTTE AP

-----------------------------

.........................

-----------------------------

---------------------------------------------------------------------

L3
<




US 2024/0159280 Al

CLUTCH CONTROLS FOR ELECTRIC
VEHICLE TRANSMISSION WITH
MODULAR ACTUATION SYSTEM

INTRODUCTION

[0001] The subject disclosure relates to transmissions 1n
clectric vehicles and, 1n particular, to a system and method
for controlling an actuator device of a clutch of a transmis-
S101.

[0002] An electric vehicle includes an electric motor for
generating a motor torque and a transmission that converts
the motor torque for application at wheels of the vehicle. An
automatic transmission includes a clutch and a clutch actua-
tor that engages and disengages the clutch. Use of an electric
motor requires few gear states and therefore allows for
simplification of the clutch. Use of a position-based clutch
actuator generally leads to instabilities at the electric motor.
Accordingly, 1t 1s desirable to provide a method for control-
ling operation of the clutch actuator to reduce instabilities.

SUMMARY

[0003] In one exemplary embodiment, a method of oper-
ating a clutch of a vehicle 1s disclosed. A pressure signal 1s
received at a processor, the pressure signal indicative of a
selected fluid pressure for operating the clutch. A position
for a piston of an actuator for the clutch 1s determined from
the pressure signal at the processor. The piston 1s moved to
the position to operate the clutch at the selected fluid
pressure.

[0004] In addition to one or more of the features described
herein, the method further includes determining the position
from the pressure signal using a transfer function. The
transier function determines the position based on the pres-
sure signal and a temperature. The method further includes
determining the pressure signal based on a selected motor
speed parameter for a motor. The method further includes
determining the selected motor speed parameter based on a
gear shift signal, a current motor torque and an inertia of a
rotating component. The method further includes calculating,
at least one of a drag correction based on the position of the
piston and a previous position of the piston and a pressure
teedback correction based on a diflerence between a current
fluid pressure at the clutch and the pressure signal. The
method further includes determining the pressure signal
based on a selected motor speed parameter and a current
motor speed parameter.

[0005] In another exemplary embodiment, a transmission
of a vehicle 1s disclosed. The transmission includes an
actuator device and a processor. The actuator device oper-
ates a clutch of the transmission and includes a piston. The
processor 1s configured to receive a pressure signal indica-
tive of a selected fluid pressure for operating the clutch,
determine a position for the piston i1n the actuator device
from the pressure signal, and move the piston to the position
to operate the clutch at the selected tluid pressure.

[0006] In addition to one or more of the features described
herein, the processor 1s further configured to determine the
position from the pressure signal using a transier function.
The transier function determines the position based on the
pressure signal and a temperature. The processor 1s further
configured to determine the pressure signal based on a
selected motor speed parameter for a motor. The processor
1s further configured to determine the selected motor speed
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parameter based on a gear shift signal, a current motor
torque and an 1nertia of a rotating component. The processor
1s further configured to calculate at least one of a drag
correction based on the position of the piston and a previous
position of the piston and a pressure feedback correction
based on a difference between a current fluid pressure at the
clutch and the pressure signal. The processor 1s further
configured to determine the pressure signal based on a
selected motor speed parameter and a current motor speed
parameter of an electric motor.

[0007] In yet another exemplary embodiment, a vehicle 1s
disclosed. The vehicle includes a clutch, an actuator device
and a processor. The actuator device operates the clutch and
includes a piston. "

T'he processor 1s configured to receive a
pressure signal indicative of a selected fluid pressure for
operating the clutch, determine a position for the piston 1n
the actuator device from the pressure signal, and move the
piston to the position to operate the clutch at the selected
fluid pressure.

[0008] In addition to one or more of the features described
herein, the processor 1s further configured to determine the
position from the pressure signal using a transier function.
The transier function determines the position based on the
pressure signal and a temperature. The processor 1s further
configured to determine the pressure signal based on a
selected motor speed parameter for a motor. The processor
1s Turther configured to determine the selected motor speed
parameter based on a gear shift signal, a current motor
torque and an 1nertia of a rotating component. The processor
1s further configured to calculate at least one of a drag
correction based on the position of the piston and a previous
position of the piston and a pressure feedback correction
based on a difference between a current fluid pressure at the
clutch and the pressure signal.

[0009] The above features and advantages, and other fea-
tures and advantages of the disclosure are readily apparent
from the following detailed description when taken 1n con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Other features, advantages and details appear, by
way ol example only, in the following detailed description,
the detailed description referring to the drawings 1n which:

[0011] FIG. 1 shows an electric vehicle, 1n an exemplary
embodiment;
[0012] FIG. 2 schematically illustrates an actuator device

of the vehicle, 1n an illustrative embodiment:

[0013] FIG. 3 shows a block diagram illustrating a method
performed at a processor for operating the actuator device;

[0014] FIG. 4 shows a block diagram illustrating a method
performed at a processor for translating a driver’s mput to an
actuation of a clutch, 1n an illustrative embodiment; and

[0015] FIG. 5 shows a graph displaying various param-
cters 1involved 1n operation of a clutch and actuator device.

DETAILED DESCRIPTION

[0016] The following description 1s merely exemplary 1n
nature and 1s not intended to limit the present disclosure, its
application or uses. It should be understood that throughout
the drawings, corresponding reference numerals indicate
like or corresponding parts and features. As used herein, the
term module refers to processing circuitry that may include
an application specific integrated circuit (ASIC), an elec-



US 2024/0159280 Al

tronic circuit, a processor (shared, dedicated, or group) and
memory that executes one or more soitware or firmware
programs, a combinational logic circuit, and/or other suit-
able components that provide the described functionality.

[0017] In accordance with an exemplary embodiment,
FIG. 1 shows an electric vehicle 100. The electric vehicle
100 includes an electric motor 102, transmission 104 and
clutch 106. The electric motor 102 generates a torque that 1s
transferred to wheels of the electric vehicle 100 via the
transmission 104. The clutch 106 can engage and disengage
the electric motor 102 and the transmission 104 to allow for
shifting a gear state at the transmission. In various embodi-
ments, an actuator device 108, or clutch actuator, engages
and disengages the clutch 106.

[0018] The electric vehicle 100 further includes a control-
ler 110. The controller 110 may 1nclude processing circuitry
that may include an application specific integrated circuit
(ASIC), an electronic circuit, a processor 112 (shared, dedi-
cated, or group) and memory that executes one or more
soltware or firmware programs, a combinational logic cir-
cuit, and/or other suitable components that provide the
described functionality. The controller 110 may include a
non-transitory computer-readable medium 114 that stores
instructions 116 which, when processed by one or more
processors of the controller 110, implement a method of
operating the actuator device 108, according to one or more
embodiments detailed herein. The controller 110 can also be
in communication with various sensors (not shown) of the
clectric vehicle 100, including a sensor that detects a torque
of the electric motor 102, a sensor that detects a gear state
of the transmission 104, a sensor that detects a fluid pressure
at the clutch 106, a sensor that detects a position of a piston
of the actuator device 108, etc.

[0019] The electric vehicle 100 further includes a driver
interface 120 through which a driver can mput various driver
commands, such as a gear shift instruction. The controller
110 can receive the driver commands and perform calcula-
tions based on the driver commands and data from the
SEeNsors.

[0020] FIG. 2 schematically illustrates an actuator device
108, 1n an illustrative embodiment. The actuator device 108
1s a position-based actuator that includes a housing 202
forming a chamber 204. A piston 206 1s disposed in the
chamber 204 along a longitudinal axis “A” of the chamber
204. The piston 206 i1s attached to a piston head 208 at one
end and moves along the longitudinal axis of the chamber
204 to move the piston head. The piston head 208 is 1n
communication with the clutch 106 and the position of the
piston head 1n the chamber 204 afiects the fluid pressure
within the clutch. A solenoid 210 actuates the piston 206 to
move the piston head 208 to a selected position in the
chamber 204. The solenoid 210 can be controlled by a
command from the controller 110.

[0021] FIG. 3 shows a block diagram 300 illustrating a
method performed at a processor for operating the actuator
device 108, 1n an embodiment. In various embodiments, the
method can be performed at the processor 112 of the
controller 110. A pressure signal 302 indicating a desired
fluid pressure at the clutch 1s received at pressure limiter
304. The pressure limiter 304 ensures that the desired fluid
pressure 1s within an upper limit and lower limit for fluid
pressure at the clutch 106 and replaces desired fluid pressure
values that are outside of the limits with the appropriate limit

values. The pressure signal 1s then sent to a position lookup
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table 306, which 1s used to translate the pressure signal to a
position for the piston 206 of the actuator device 108. The
position lookup table 306 stores piston positions based on
pressure and/or temperature. In various embodiments, the
position lookup table 306 can be a table having rows
indicating pressure values and columns indicating tempera-
ture, wherein position values are field entries of the look up
table.

[0022] The position lookup table 306 outputs a position X.
The position 1s received at a hysteresis compensation mod-
ule 308, which calculates a drag correction AX , based on the
position X and a previous position of the piston 206 within
the chamber 204. In various embodiments, the position can
be determined by entering the pressure signal into a transier
function that 1s based on pressure and/or temperature.

[0023] A pressure feedback correction module 310 per-
forms calculations to output a pressure feedback correction
AX . The pressure signal 302 and a pressure feedback signal
320 are both provided as input to the pressure feedback
correction module 310. The pressure feedback signal 320
indicates a current fluid pressure at the clutch 106. The
pressure feedback correction module 310 determines a dif-
ference between the pressure signal 302 and the pressure
teedback signal 320 and determines a pressure feedback
correction AX  based on this difference.

[0024] The position X, the drag correction AX ; and the
pressure teedback correction AX  are summed together at
sum module 311 and the summation 1s provided to a position
actuator module 312. The position actuator module 312
sends a position actuation signal 314 to the solenoid 210 of
the actuator device 108 based on the summed positions to
move the piston 206 to the indicated position. The position
actuator module 312 receives a signal indicating the actual
fluid pressure at the clutch and sends this signal to the
pressure feedback correction module 310.

[0025] FIG. 4 shows a block diagram 400 illustrating a
method performed at a processor for translating driver’s
input at a dniver interface 120 to an actuation of the clutch
106, 1n an 1llustrative embodiment. A motor speed calculator
module 402 receives a gear shift signal 404, a current motor
torque 406 and a current component inertia 408 (1.e., inertia
of at least one rotating component of the clutch). The gear
shift signal 404 can be received from the driver interface
120, while the current motor torque 406 and the current
component inertia 408 can be received from various sensors.
The motor speed calculator module 402 calculates a desired
motor speed parameter for the electric motor 102 based on
the mput. The desired motor speed parameter can be a
desired motor speed or a desired motor speed trajectory. The
desired motor speed 1s sent to a clutch pressure determina-
tion module 410, which outputs a pressure P base on the
desired motor speed. In addition, the desired motor speed 1s
provided to a closed loop controller module 412. A differ-
ence circuit 411 determines a diflerence between the desired
motor speed and the current motor speed. The closed loop
controller module 412 calculates a pressure correction AP
based on the difference. The current motor speed 1s provided
from a sensor in the transmission 104 or transmission
gearbox. The pressure P from the clutch pressure determi-
nation module 410 and the pressure correction AP from the
closed loop controller module 412 are added together at a
summing circuit 413 to provide the pressure signal 302 that
1s fed to the pressure limiter 304.
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[0026] FIG. 5 shows a graph 300 displaying various
parameters mmvolved 1n operation of the clutch 106 and
actuator device 108, 1n an 1llustrative embodiment. Time 1s
shown along the abscissa 1n seconds. A first time domain T,
between about t=24 seconds to about t=41 seconds repre-
sents operation of the clutch 106 without use of the methods
disclosed heremn. A second time domain T, between about
t=41 seconds to about t-58 seconds represents operation of
the clutch using the closed-loop system disclosed herein.

[0027] In the first time domain T,, curve 502 represents
the fluid pressure at the clutch, curve 504 represents a
position of the piston 206, and curve 306 represents the
motor speed. A gear shift occurs at about t=33 seconds.
During the gear shiit, the piston 206 shifts to a second
position and maintains 1ts position throughout. As a result,
curve 506 shows that the motor speed exhibits a high level
ol fluctuation.

[0028] Inthe second time domain T,, curve 512 represents
the fluid pressure at the clutch, curve 514 represents a
position of the piston 206, and curve 316 represents the
motor speed. A gear shift occurs at about t=351 seconds.
During the gear shift, the piston 206 shifts to a second
position and shows adjustments 1n 1ts position over time to
achieve high pressure. As a result, curve 516 shows that the
motor speed 1s able to reach a lower speed and exhibits
lower fluctuation levels (in comparison to curve 506).

[0029] The terms “a” and “an” do not denote a limitation
ol quantity, but rather denote the presence of at least one of
the referenced i1tem. The term “or” means “and/or” unless
clearly indicated otherwise by context. Reference through-
out the specification to “an aspect”, means that a particular
clement (e.g., feature, structure, step, or characteristic)
described 1n connection with the aspect 1s included 1n at least
one aspect described herein, and may or may not be present
in other aspects. In addition, it 1s to be understood that the
described elements may be combined 1n any suitable manner
in the various aspects.

[0030] When an element such as a layer, film, region, or
substrate 1s referred to as being “on” another element, 1t can
be directly on the other element or intervenming elements may
also be present. In contrast, when an element 1s referred to
as being “directly on” another element, there are no inter-
vening elements present.

[0031] Unless specified to the contrary herein, all test
standards are the most recent standard in eflect as of the
filing date of this application, or, if priority 1s claimed, the
filing date of the earliest priority application 1n which the test
standard appears.

[0032] Unless defined otherwise, technical and scientific
terms used herein have the same meaning as 1s commonly
understood by one of skill in the art to which this disclosure
belongs.

[0033] While the above disclosure has been described with
reference to exemplary embodiments, it will be understood
by those skilled 1n the art that various changes may be made
and equivalents may be substituted for elements thereof
without departing from its scope. In addition, many modi-
fications may be made to adapt a particular situation or
material to the teachings of the disclosure without departing,
from the essential scope thereof. Therefore, 1t 1s intended
that the present disclosure not be limited to the particular
embodiments disclosed, but will include all embodiments
talling within the scope thereof.
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What 1s claimed 1s:

1. A method of operating a clutch of a vehicle, compris-
ng:

receiving, at a processor, a pressure signal indicative of a

selected fluid pressure for operating the clutch;
determining, at the processor, a position for a piston of an
actuator for the clutch, from the pressure signal; and
moving the piston to the position to operate the clutch at
the selected fluid pressure.

2. The method of claim 1, further comprising determining,
the position from the pressure signal using a transier func-
tion.

3. The method of claim 2, wherein the transfer function
determines the position based on the pressure signal and a
temperature.

4. The method of claim 1, further comprising determining,
the pressure signal based on a selected motor speed param-
cter for a motor.

5. The method of claim 4, further comprising determining,
the selected motor speed parameter based on a gear shiit
signal, a current motor torque and an 1nertia of a rotating
component.

6. The method of claim 1, further comprising calculating
at least one of: (1) a drag correction based on the position of
the piston and a previous position of the piston; and (11) a
pressure feedback correction based on a difference between
a current fluid pressure at the clutch and the pressure signal.

7. The method of claim 6, further comprising determining,
the pressure signal based on a selected motor speed param-
cter and a current motor speed parameter.

8. A transmission of a vehicle, comprising;:

an actuator device for operating a clutch of the transmis-

sion, the actuator device including a piston; and

a processor configured to:

receive a pressure signal indicative of a selected fluid
pressure for operating the clutch;

determine a position for the piston in the actuator
device from the pressure signal; and

move the piston to the position to operate the clutch at
the selected fluid pressure.

9. The transmission of claim 8, wherein the processor 1s
further configured to determine the position from the pres-
sure signal using a transfer function.

10. The transmission of claim 9, wherein the transfer
function determines the position based on the pressure signal
and a temperature.

11. The transmission of claim 8, wherein the processor 1s
turther configured to determine the pressure signal based on
a selected motor speed parameter for a motor.

12. The transmission of claim 11, wherein the processor
1s Turther configured to determine the selected motor speed
parameter based on a gear shift signal, a current motor
torque and an 1nertia of a rotating component.

13. The transmission of claim 8, wherein the processor 1s
further configured to calculate at least one of: (1) a drag
correction based on the position of the piston and a previous
position of the piston; and (11) a pressure feedback correction
based on a difference between a current fluid pressure at the
clutch and the pressure signal.

14. The transmission of claim 13, wherein the processor
1s further configured to determine the pressure signal based
on a selected motor speed parameter and a current motor
speed parameter of an electric motor.
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15. A vehicle, comprising:

a clutch; and

an actuator device for operating the clutch, the actuator
device including a piston; and

a processor configured to:

receive a pressure signal indicative of a selected fluid

pressure for operating the clutch;

determine a position for the piston in the actuator

device from the pressure signal; and

move the piston to the position to operate the clutch at
the selected fluid pressure.

16. The vehicle of claim 15, wherein the processor 1s
turther configured to determine the position from the pres-
sure signal using a transier function.

17. The vehicle of claim 16, wherein the transter function
determines the position based on the pressure signal and a
temperature.

18. The vehicle of claim 15, wherein the processor is
turther configured to determine the pressure signal based on
a selected motor speed parameter for a motor.

19. The vehicle of claim 18, wherein the processor is
turther configured to determine the selected motor speed
parameter based on a gear shift signal, a current motor
torque and an 1nertia of a rotating component.

20. The vehicle of claim 15, wherein the processor 1s
turther configured to calculate at least one of: (1) a drag
correction based on the position of the piston and a previous
position of the piston; and (11) a pressure feedback correction
based on a difference between a current tluid pressure at the
clutch and the pressure signal.
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