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Abstract: This paper suggests a dry dual clutch transmission actuator controller for simultaneous kissing point
identification by using multiple sliding surfaces, so that the actuator motor positions at the clutch kissing point of both
clutches can be estimated during the first launching after the car starts. Such maneuver can be especially advantageous
for the vehicles without ROM that keeps the recent kissing point estimations. Separate multiple sliding surface
controllers are designed for each actuator, and PI-type actuator motor model-based observers are designed to swiftly
identify the kissing point position relative to the initial motor position measured by incremental encoders attached to
each actuator motor. Also, methodologies to reduce the jerk that may arise from the simultaneous kissing point
identification are suggested. The controller and estimation performance is verified by taking the entire driveline with
the forward and reverse engine torque map, physical parameters of the transmission, and actuator model into
consideration, and simulations are conducted with the inclusion of sensor measurement noise and friction model to

reflect realistic vehicle driveline using MATLAB/Simulink.
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.+ T/M gear ratio for transfer shaft 1

i, T/M gear ratio for transfer shaft 2

i,  final reduction gear ratio for transfer shaft 1
i,, final reduction gear ratio for transfer shaft 2
a, throttle angle

Subscript e
Subscript  d

engine
external damper

Nomenclature clutch control algorithm has been considerably
0 increasing. Most of the electromechanical clutch
shaft angle .

. actuator controller algorithms already developed are
ke sp rmg constant ) based on the actuator position or clutch stroke to control
b damping coefficient the amount of torque transferred through the clutch.
J moment of inertia However, little attention is paid to the methods for
T torque kissing point estimation, which can significantly
o  angular velocity influence the launch or gear shift quality.

F, normal force For the vehicles without ROM, since the initial

actuator position is unknown when the car starts, the
initialization procedure is required. For this, the actuator
needs to retract backward, away from the clutch, to be
able to assign absolute position to the relative position
measured by the incremental encoder. However, such
process takes time, and may be a source of
inconvenience for impatient drivers.

Also, even if the absolute position can be provided
through such initialization of the actuators, the absolute

Subscript ¢/ clutch 1 speed (input shaft 1) distance between the clutch plates is still not available,
Subscript ¢2 clutch 2 speed (input shaft 2) since the clutch friction disk surface position is
Subscript ¢/ transfer shaft 1 unknown due to the degree of clutch wear. This
Subscript  £2 transfer shaft 2 information is crucial for the clutch actuator control,
Subscript o output shaft since controlling the clutch stroke without knowing at
Subscript  w wheel what position the clutch torque transfer begins — which
Subscript v vehicle is defined to be the clutch kissing point [1] — can lead to
Subscript m motor high amount of jerk and clutch life deterioration.
Subscript 1 actuator 1 Since  the majority of the conventional
Subscript 2 actuator 2 electromechanical clutch actuator controller makes use
Subscript dia diaphragm spring of the motor position for the application of feed-forward
controller, such aforementioned background implies that
1. INTRODUCTION performances obtained by previous works to control the

With the proliferation of the dual clutch transmissions
in production vehicles, the importance of the effective
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automated manual transmission [2-5] and dual clutch
transmission [6-10] especially during launching when
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the heat dissipation due to friction is maximal, can only
be guaranteed with the provision of accurate kissing
point information. However, most works overlook the
importance of the kissing point estimation, and assume
that it is already given [5, 10, 11].

Furthermore, the conventional kissing point
identification procedure is two-fold, which can lead to
degraded clutch control performance during the first
launch and first gear shift. With the carefully designed
launching controller, the kissing point of the first clutch
of the dual clutch transmission can be identified while
the vehicle launches at the cost of jerk in an acceptable
range. However, the vehicle must then undergo another
phase of degraded clutch control performance due to the
absence of kissing point information for the second
clutch, and this happens during the first gear shift when
the first gear shifts up to the second gear.

Hence, to prevent such issue, this paper suggests the
novel scheme of simultaneous control of both clutches
during the launch, so that by the first gear shift, the
kissing point positions for both clutches can be readily
utilized for the position-based controller.

The rest of the paper is structured as follows. Section
2 briefly describes the system and the driveline model
developed for the simulation. Section 3 deals with the
model reference PI observer which identifies the kissing
point. Section 4 focuses on the controller design for the
separate actuators which enable the simultaneous
kissing point estimation. Section 4 displays the results
of the validation conducted to show the controller states
and inputs related to the first launching which does not
make use of the kissing point information, and also
shows the estimated kissing points against the actual
values.

2. SYSTEM DESCRIPTION

2.1 Driveline

The driveline model with dual transfer shaft
compliance is used for simulation, whose structure is
shown in fig. 1.
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Fig. 1 Dual clutch transmission driveline model (J:
inertia, T: torque, @ : angular velocity)

The dynamics of each part starting from the engine to
the vehicle can be indicated in order as follows:

J, =T ~T, (1)

Jyo, =T, -T,-T, 2)
. T

Jao, =T, - 3)

~.

11

Output shaft 1 Wheels/

} vehicle
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. T
JEZCUCZ = c2 _._2 (4)
I
Jad)o = iﬁTtl + iﬁTrz - To (5)
Jva.)w = Tz‘;l.f - T;’ (6)

The above dynamics stated from (1) to (7) correspond
to the engine, external damper, clutches, output shaft,
and wheel dynamics, respectively.

For each dynamics, the related torque is modeled as
shown next.

T, = f(a,..) 7
Here, the net engine torque is defined as a function of
throttle input and engine speed as a map. The external

damper torque can be obtained using the known
torsional spring and damping constants of the damper.

T,=k,(0,-6,)+b,(0,-,) 8)
The clutch torque must be defined differently according
to their phases as shown next.

0 , when disengaged
T, =quC,F,sgn(w, —®,) , whenslipping )
T
L +J,a0, , when engaged
lll
0 , when disengaged
T, =quC,F, Sgn(wd - ch) , when slipping ~ (10)
i +J,0, , when engaged
Ly

Similar to (8), the transfer shaft and output shaft torques
are defined using the shaft compliance model.

T, =k, (&_iflgo]_’—btl (&_i/'la)o] (11)
L L

T, :kzz[a.cz _ifzaonl'b:z(a.)cz _if2a)n] (12)
Ip Ip

]:) :kz)(eo_ew’)+bo(a)o_a)w’) (13)

T =r,| mgsin(6,,,)+K,mgcos(6

road

) +%va2CdA (14)

road gradient rolling resistance

aerodynamic drag

2.2 Actuator

The actuator used for the simulation is operated with
the ball screw driven by a motor, which is able to push
the lever which is connected to the thrust bearing. The
thrust bearing then pushes against the clutch disk and
the diaphragm spring which provides normal force onto
the friction disk surface. The simplified model of the
actuator is shown in fig. 2.

Here, the lever angle 6, is assumed negligible, and
the clutch is designed to be normally open. The spring
constant of the coupling, ball screw, and lever are
combined together to give the equivalent spring



constant k,. Also, the ball screw ratio, which is the

quotient of 6, and x, is combined with the lever
gain, a function of / and /,, to give the equivalent

ratio N .

clutch disk &

dinphragmsi?g

T,

Fig. 2 Simplified diagram of the clutch actuator

Let us now focus on the side of the first clutch, CL1.
the subscripts 1 and 2 henceforth denote the variables of
CL1 side and those of CL2 side, respectively.

The following simplified driveline dynamics can be
used for the model-based controller to be designed.

. T
J, o, =

X (15)
iyl 11

Since the clutch torque is a function of normal reaction

force and friction coefficient, it can be expressed as

follows.

T, =F,C,usgn(w, —,) (16)

where

F, = k i ('xl _).Ckl)7 X 2 X, 17)
0, otherwise

Now, by making use of the equivalent actuator spring
constant and equivalent actuation ratio, the following
expression for clutch stroke is obtained.

X =NL[%+9»«1J
1

el

(18)

The mechanical part of the motor dynamics is given
next.

.. F
Jmleml = Tml _T/ml —— (19)
1
where
T, =ki (20)
The friction torque 7, is modeled using LuGre

friction model and the static Stribeck effect model.
Further details can be found in [3]. The electrical
dynamic model of the motor is shown as the following.

w=Ri+IL, d’l +V Q1)

emf

where
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=k,0

emf m~ ml (2’2)
After substitution of (16) to (18) into (15), and likewise
for the motor equations, the following dynamic

equations for the actuator can be obtained.

Je w kdmlc llu k kdmlc llu 9
Nk, N,
(23)
= ki Coypix, ———
lzllfl
0,1 = kg — Tfml _Fll 24
w=Ri+Li+k6 (25)
3. CLUTCH KISSING POINT
IDENTIFICATION

For the clutch kissing point identification, a simple
PI-type observer is developed based on the motor
dynamics. Since the PI-observer first requires the model
of the actuator without any load torque, equation (19)
simplifies to the following.

Tl =kiy =T, (26)

ml
Based on this, the PI-type observer can be designed in

shown next, where the ‘“hat” on variables indicate
estimation.

Tyl =iy =Ty + L, (0, = By) + L[ 0, = 63, (27)
Lmll - kmwml Rmil+u1 (28)

With zero or low correction feedback gains shown in
(27), the observer may give acceptable estimation of the
motor speed during the clutch disengaged phase.
However, since the modeling of the clutch normal force,
and thus the load torque, is omitted, the observer must
depend on the feedback terms in order to give the
accurate motor speed estimation. This inevitably leads
to the sudden increase in the magnitude of the feedback
term when the clutch begins to engage at the kissing
point, and the kissing point can be easily found by using
this phenomenon. In other words, the estimator logic
takes the motor position value at the moment the
feedback term exceeds a given threshold as the kissing
point. Here, the threshold value must be carefully
selected so that the algorithm does not mistakenly
respond to noise.

The PI-observer for the CL2 can be designed in the
similar manner. However, to reduce the amount of jerk
that can be produced by simultaneous kissing of the two
clutches, CL2 control for kissing point identification is
delayed intentionally.

4. CONTROLLER DESIGN

4.1 Multiple-Surface Sliding Mode Controller

The sliding mode controller is chosen as the
controller type, since it provides high tracking ability as
far as the actuator bandwidth allows, and effectively



cancels the modeled disturbances that are extraneous to
the desired state tracking control. Hence this type of
controller is considered apt for the clutch stroke control
without knowing the kissing point, since the kissing
point must be found as quickly as possible and the
clutch actuator must be able to suddenly retract in case
of CL2.

4.1.1 Controller Design for Clutch 1

For the design of clutch 1 actuator controller, the
CL1 dynamics obtained in (23) is used with the
electrical dynamic model of the motor stated in (25).

First the sliding surface is defined as the discrepancy
between the clutch speed and desired value, as shown
next.

Ay =0, —0,, (29)
By differentiation of (29) and substituting (23) gives the
following.

Ay =0, =0,

— ka’[alklccllu il + kd[alccllu Hml

J(Jllee'l J(JINI

_ kg Cartxy _ T,
J Jelitlifl

(30)

—W1q

el

Let ’111’111 =-nk, sgn(ﬂﬂ) - j‘n = _WSgn(’%ﬂ)
Then we obtain,
k k C kdialcrllu

dial "t cllul'

 + ; eml -
']elleel JelNl

= d)cld _K11 Sgn(’%l)
From (32), the following desired current can be
obtained.

(€2))

ki Camxy T,

"]el "]ellrllfl

(32)

i = _ kg 0 + Nk, x, + Nk, T,
1 ml ..
k, k, ltllflktkd[alccliu (33)
J Nk, J Nk, K
e gy - Zaifetn sgn(i”)
kik i Cott ki Cor

The second sliding surface is defined as the following.
hy =10 =1y (34)
With the similar steps exhibited for the first sliding
surface, the following equations can be obtained.

Jy =1 —1i, =—R: i —]]i 6, +Limul ~i, (35)
LJ,=-Ri—k@0 +u-Li, (36)
Let liy2yy = =ty sgn (%) = dy = =nsgn(4,) — (37)
u =R,i, +k,0,, +L,i, —K,sgn(4,) (38)

Finally, the control input is calculated in (38). Notice
how the current information is required to obtain the
control input. It is replaced by the current estimation
obtained by the motor current observer which is
explained in section 4.2.

Beyond the identified kissing point for CLI1, the
controller may further be modified or replaced by
another controller which now can utilize the estimated
kissing point information for improved performance.
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4.1.2. Controller Design for Clutch 2

The Controller for CL2 must be separately designed
from that of CL1, since CL1 must proceed to launching
control after the kissing point has been identified,
whereas CL2 must retract back immediately after the
kissing point has been found in order to reduce jerk and
prevent backward torque recirculation problem which
may take place within the internal structure of the
transmission.

Until the identification of the CL2 kissing point, a
controller that is similar to that for CL1 can be used, as
shown next.

l'Zd — keZ 97,,2 + N2ke2‘xk2 + — N2k327:)
k, k, ltllflktkdiaZCchu (39)
J,,N,k, J Nk, ,K
21VoKey oy~ 2 VoK By Sgn(iﬂ)
ktkd[aZCCZIu ktkd[aZCCZIu
U, = Rmiz + kmémz + Lml:2d — K, sgn (/122) (40)

When the CL2 kissing point is found, the desired
current is replaced by the following controller to quickly
retract CL2.

First, the motor position tracking error is defined.

S = 6m2 - 6m2d (41)
Now sliding surface is designed and the motor dynamic
model defined in (24) which corresponds to the CL2 is
substituted as follows.

2.'23 =5, +as, = ém2 =0, 9m2 - gmzzi
T . . . 42
:L.Z_ﬂ_i_enﬂd-i_gnﬂ_gnﬂd ( )
Jm2 Jm2 JmZNZ
Let 123/123 =—nA,; sgn (/123) - /1.23 =-n Sgn(/,ZQS) (43)
Then we obtain,
T, . .
Ll.z —— _L"' emz - 6m2d
JmZ JmZ JmZNZ (44)

=0,,, — K,;sgn (ﬂ%)
By isolating the current variable, the alternative desired
current is computed as shown next.

de:Tf”’z+ Fo  Ju g i
k. Nk k"
t J o :] J K (43)
+ ]:2 ‘9mzcz+kle 2a — 2 Sgn(ﬂﬁ)

t t t
The desired current obtained in (45) replaces that
obtained in (39) when the kissing point for CL2 is

identified.

4.2 Motor Current Estimation

By observing equation (38) and (40), it can be
noticed that the computation of the control input
requires the motor current information. Since the direct
measurement of the motor current is not available, it
must be estimated using an observer.

Here, an unknown input observer in proposed to



estimate the current based on the mechanical dynamic
model of the motor. Recall (24). By isolating the motor
acceleration, the following is reached.

k . Tm F
ml : 1 o - = (46)
J., ' J. J.N,

ml ml ml

Now, by considering the current as an unknown input,
the following observer can be designed.

A k, 2 ijl F1 A
=—114 - -———+, (o, — o 47
ml Jml 1 Jml JmlNl 11 ( ml ml) ( )
i’\l = llZ (wml - Cbml) (48)

The current observer for CL2 is designed in the similar
manner as well.

5. SIMULATION RESULT

The simulation is conducted to show the designed
controller performance, current estimation accuracy, and
clutch kissing point identification ability in an
integrated manner. In all cases, the engine remains at the
idle RPM for 1 second. Then the driver attempts to
launch the vehicle by the ramp input, increasing the
throttle to 20% during the next second, and the throttle
input remains at 20% from then on. Integration with the
active engine torque control to improve the launching
quality shall be included in the future works.

Here, sensor measurement noise and friction model
are deliberately included to maintain the simulation as
realistic as possible.

Shown in fig. 3 is the current estimation result
obtained by the unknown input observer discussed in
section 4.2. The errors in the current estimation that can
be seen between 1-1.5 seconds are caused by the
incomplete kissing point estimation. Since the unknown
input observer requires the normal force information
which is largely influenced by the kissing point as
indicated in (17), its estimation accuracy can
temporarily be degraded, but converges back to the
actual value immediately after the kissing point is
identified.

As discussed before, the kissing point identification
utilizes the phenomenon in which the correction
feedback term increases to correct the Pl-type observer
estimation value as the effect of clutch engagement
begins to disturb the system. This correction feedback
term is plotted and shown with the PI-type observer
estimated motor position and measured motor position
in fig. 4. It can be indeed seen that the feedback term
abruptly increases at the moment the motor position
pushes beyond the kissing point, for both cases of
actuator 1 and 2.

It can be also checked in fig. 4 (b) that the motor 2
controller effectively retracts the clutch back to 0, since
the desired motor position is set to 0 at the cue of
kissing point identification completion.

Fig. 5 shows the kissing point estimation accuracy.
When the estimated kissing points are compared against
the actual values, they almost coincide exactly when the
identification is completed. The steady state error is
shown to be less than 5%.
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The states related to clutch control for simultaneous
kissing point identification during launching are shown
in fig. 6 to fig. 8, where fig 6 displays the control input
voltage for each motor, fig. 7 shows the clutch torques

transferred through each clutch with other driveline
Current 1 estimation by UIO
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Fig. 3 Motor current estimation result by the unknown
input observer. (a): current estimation of motor for CL1,
(b): current estimation of motor for CL2

Actuator 1 Pl-type model-based state observer

observer states

m—simulated motor 1 position*10 [rad] H
----- estimated motor 1 position [rad]*10
correction feedback
1 1 1 1
5 2 25 3 3.5 4

(a)

Actuator 2 Pl-type model-based state observer

‘ ‘ T T T T
|| m— simulated motor 2 position [rad]*10
----- estimated motor 2 position [rad]*10
correction feedback n

40

observer states

Fig. 4 Motor position estimation by PI-type observer
and correction feedback magnitude for (a) CL1 actuator
and (b) CL2 actuator



Kissing point identification result
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Fig. 5 Kissing point estimation result for CL1 and CL2

Control efforts

0.005

-0.005

20 T T T T T T T
: : : : : - ctuator 1
15— — =l — — - - — L L~ actuator 2
| | | | | T T
| P S et ———=-, W | m—————-
10,,,,\,,,,@,,H{L,,,L,,,\t,,,\,7g’,\,,77
| [1 i | A 1,7 |
| E e | 1 i |
— N F T 17U . W 1 Y S
= 5 | ! [HE | \xhv"ﬂ, |
3 | 1 H | | | |
- - A',,Jﬂu,,,L, ————t————t———
5 | | i ) | | |
£ | | Hl | | | |
S B - -l
| | | | | |
| | | | | | |
0 - — -l — - AL
| | | | | | |
| | | | | | |
T T
| | | | | | |
| | | | | | |
20 I I I I I I I
0 0.5 1 1.5 2 25 3 3.5 4
time [s]

Fig. 6 Plot of control input for motors on CL1 and CL2

Plot of driveline torques before final reduction gear
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Fig. 7 Torques obtained by launching simulation during
the simultaneous kissing point identification process

torques, and fig. 8 shows the angular velocities of the
driveline. Although some jerk exists at the beginning of
the launching process due to unknown kissing point, the
sliding mode controller effectively manages to smoothly
regulate the clutch slip to zero from then on, as shown
in fig 8. Fig. 9 displays the same angular velocities as
those in fig. 8, but they are recorded during the single
kissing point identification where only the estimation of
the CL1 kissing point is conducted. No significant
increase in jerk can be found in the comparison of the
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two cases, which implies that the simultaneous
identification of the kissing point by operating two
clutch actuators during launch is possible with
acceptable jerk.

Angular velocities during dual kissing point search
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time [s]
Fig. 8 Plot of angular velocities during the simultaneous
kissing point identification process
Angular velocities during single kissing point search
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Fig. 9 Plot of angular velocities during the single kissing
point identification process

5. CONCLUSION

This study has proposed novel method to effectively
identify the kissing point of both clutches of the dual
clutch transmissions. Making use of only the available



set of data in the transmission controller of current
production vehicles, the proposed algorithm controls
two clutch actuators simultaneously to estimate the
clutch kissing point while the vehicle launches, so that
the kissing point of the second clutch can be readily
used for the first gear shift control. Summarizing the
paper, two noteworthy contributions of the work are the
following: ability for rapid and accurate engagement
and disengagement of the clutches enabled by the
multiple surface sliding mode controller, and
development of a method to estimate the clutch kissing
points of two clutches before launching ends. The work
shall be further extended to develop clutch control
algorithms that can be applied immediately after the
kissing point information is ready, to give smoother
control performance by directly making use of the
identified kissing points.
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