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Slip Control of Automatic Transmission Based
on Discrete-time Sliding Mode Controller
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201804, China; 2. Institute of Industrial Science, the University of
Tokyo, Tokyo 153 — 8505, Japan)

Abstract: A discrete-time sliding mode controller is designed
to adjust the slip of torque converter lock-up clutch so as to
improve vehicle fuel economy and avoid the vibration of
vehicle transmission system which is caused by engine torque
fluctuation. Control variable is filtered by Filtfilt filter to
smoothen vibration phenomenon of sliding mode control
system. The simulation model of transmission system is built
to verify this control method and to compare with the
traditional proportional-integral-derivative (PID) control. For
further testing the influence of slip control on vehicle fuel
consumption in economic commission for Europe (ECE) cycle

condition, actual transmission control unit (TCU) is involved
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in the hardware-in-the-loop experiments. The results of the
simulation and experiment show that the slip control
effectively absorbs transmission system shock and its
transmission efficiency is far better than the torque converter
working condition, so it can reduce the fuel consumption. In
addition, the discrete-time sliding controller with filter has a
better response speed and trace command signal ability with

control law changes smoothly.

Key words: slip control; sliding mode controller; discrete-

time system; Filtfilt filter; hardware-in-the-loop
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Schematic diagram of vehicle power driveline
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Fig.2 Schematic diagram of slip control
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Fig.3 The sliding mode controller with filter

SR FHAE 2 1) 220 0 507 6 % #5 (Fltfilt filter)
HZEr T BRI
y(n) =b(Ma(n) + b(2)x(n —1) + - +

b(nb + Dx(n — nb) (15
b b HuE P REL
B R A SR A IE T D8 K T AR A R S IS

PP - PR P A5 SR 005 i i 1 5 PR R BT S

AT 16 5B U RS TR (AR
3 (FEMEHFERRIE

SR Bl R GV ARG By ) 2 BT

RIS AR RS HON B om =1 600 kg, &
Pl MO AR e gt 1. = 0. 18 kg » m”, IR40 4%
i 1, =0.06 kg » m*, ZahHLlilifH e R C. =
0.05 Nm « rad ', —$4f& 3l 1L i, = 3. 44, Ty as %
I io = 4. LEJAEZ »=2.89 m, 1 g PEE 25K
f:=0.019, BRI 0 =0, WKEHH A=2.2 m?,
MBHZEEL Co = 0.3, 3l T a # &l 4 i 4221k
FE45 K S AL A U AR 315 5 DLK 30 i 22 4%

14500
10 EIIUBHAR oo 4 000 —~
100r 120t N 13500 £
2 Lawmaer” 13000 i
. £ 100 | EEELH =
RS - -2500§

>~ b
$ ® 80 12000 ¥
i = -4
= 60r = ot  HAIIITE 11500
g R | =
&l 1000 5
a0t 1500 *®

20

e 0
0 2 4 6 8 10 12 14 16 18 20
AfE] /s

B4 FEEH

Fig.4 The simulation conditions
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Fig.5 The jerk of vehicles with or without

slip control
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Fig.6 The results of sliding mode and PID controller
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Fig.7 Comparison between the controllers
with and without filter
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Fig.8 The transmission efficiency of slip control

and torque converter operating condition
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Fig.9 The specific fuel consumption
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