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Motion decoupling and variable structure control of
dual-motor electric drive tracked vehicle
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Abstract: The motion of dual-motor electric drive tracked vehicle is strong nonlinear, coupled and uncertain. To control
this motion, we propose a decoupling control structure, and design controller for each subsystem. Firstly, the whole control
system is resolved into two independent subsystems — the velocity control subsystem and the yaw rate control subsystem
to eliminate the strong coupling existing in the traditional differential velocity control system. Secondly, by applying the
integral sliding-mode control method and introducing the nonlinear integral sliding-mode surface, we develop a velocity
controller to reduce the integration saturation and effectively reject the disturbances from the unsmooth road surface, thus
realizing the velocity tracking with non-overshoot and non-steady state error. By considering motor saturation constrains,
we combine the fuzzy adaptive control low and the sliding-mode control algorithm was to design the yaw rate control
law which can adapt the nonlinear variation of resistive coefficient, reject disturbance and decrease chattering. Simulation
result demonstrate that both longitudinal and steer motions can be controlled rapidly and precisely by this control strategy,
realizing vehicle smooth motion in various conditions.
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Fig. 2 Diagram of kinematics and dynamics
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Fig. 3 Equivalent structure of system
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Fig. 4 Structure of electric differential control
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Fig. 5 Equivalent structure of the system after decoupling
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Fig. 6 Structure of the motion control strategy after decoupling
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AR A R O DA S f (R 2 A B 22 4l T
T, SR S PRAIE 224047 B haZe () A e, BIVARE 55 Ff T
() PR ER AR R SR R e ) B T B, 06 2N mT 4
AT Db R P i PERE, (AR i IR 0% HETH ELZRAT
Qs R AR, T BREh 2R GE B s e Hh TR B 2,
SEIR R 1), B

2r mgLA

Ba = By + ( 1

ey ann Emmamwﬁ B, 9T By k05 K i
J% F GE N VR B RLIR S, 7 X S50 4T 29 T 52
I PR 301

i 0, 0 > Onin, 0 < 050 < Opax, 0 > 0

0, HAt.
5 {EMFF(Simulation research)

T SRR ] S AT A, BASE A8 XU HE K
BB AN %, T Matlab/Simulink #7147 B
R K ENUERES AL p, = 6, J = 0.021 kg - m?,
R=45mQ, Ly, = 047 mH, L, = 1.45 mH, i € V)
100 kW, 4 5 #%3#3200 r/min, 4 5E 46300 Nm, #x
KIFEHI625 Nm, F7 I IEAE 45825 Nm, Wi 1 3 22
TE % [r) B A5 . 45 1) 88 2 80 Wl 45 1 88e = 0.7,
b =15,k = 0.36, B, = 625; i £ fi 1 JF = ) 2%
e = 0.1, v = 200, Oax = 750, B = 700. ¥ [
B K e R B T f = 0.05, fmax = 0.6; HHL 2% THI:
f = 0.05, fimax = 0.85. FESLFRNEAF T A7 AERE S,
T S A5 E S IR 0.15, 50 Hz R FEHLIE 5, a‘%%z
FRIE S R E SR INIEE 0.005, 50 HzFIFEAHLEE

+ My). (41)

'(42)
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5.1 HE £ . ko 47 3 T BL(Accelerating and
brake)

VI8 Z- A 7 Tt ekt 5 42 i 2, IO Ao R o) 2%
2 1) &= il 2k, a0 & 8P i, 0s i 3 B2 3 30 kmv/h,
10s I A B2 3 5 | T 950 km/h, 20 s S B8 368 J3F 08k
10 km/h, 37 i BB I8 RE E 2940 km/h, Fo A ERIA
4% THT My 7K R T B T, 68 s P Sy it 4% T, A0 B85 1T /)N
P15 L B T3 AR BR M N0°, 28-32 s N A120°,
LR TR HES).

N E o HENLISMC 8 vk 2, 5 o4l
SMC, SCHR[20]142 H FI I FINLISMC 2 1| Bk 34T T
XTEG. FHOT B ATE Y, 3R RIS R SR o Y PR R
Hil, T 5 R R E — 8 & B R TR E — A
{HSMCH V2 75 $L 2 B X LLVH B Ao 25 BRER R 22, 18
FAINLISMCH % BRI W R IR R R 22, MBI HA —

R, (H PR R IR R R A R A TR B
HENLISMCH VBRI A L =, JLF- 50 8 I, (7] B
K MBI SRR LT

60 T T T T T T T T
50+ - -
= 40 12—
E 30 L 10 4
< 20l 828 2 |
:x 3
10 L "5:‘_‘_:: 7
0 1 1 Il 1 1
0 20 25 30 35 40 45
t/s
- MR SMC ----#IFINILSMC — giNILSMC
P 8 it o i 2
Fig. 8 Velocity of vehicle
600
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g 200
<
S 2200
—-400 | '
_600 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45
t/s
------ SMC  ----#IFINILISMC — SGENILISMC

K9 e ae A

Fig. 9 Control input of velocity controller

52 AFEZEET £ ¥ 2%\ L HMulti-radius

steer under various velocity)

P10 - R i 2, PRI 1 2 A0t 4 A S o 2K,
P T2 AF 0 2 ) 2= A 450 B3 it 2, P11 3% ) 4 ) = il 4.
W E10-11F7 7R, 0-10 sif & 242.5 km/hif #F 17 B/2%%
], 1020 si# FF 415 k,/hisf 3F 475B 2 42 #% ], 20—
30 s3% & 430 km/hif #EAT 10B 24284 7], 30-50 i J&

N45km/hi; 3E 4720B2F 12 B ), 50-75 s FE N
60 km/hift1T40B 4245 [n], For 14-16 s TH FH/K I %
AR, R A R R R TSN

60 - 7

50 - B
40 - q
30 B
20 7
10 1

0 1 1 1 1 1 1
0 10 20 30 40 50 60 70

t/s
- SMC
K10 AT R 2k
Fig. 10 Velocity of vehicle

0./ (km - h)

—FASMC

043
) L™ oo .

40l 41N .
21416 18 i T h
_/\ _9/{9 L A30—}\£ﬁﬁ— 0.2 171
GRS 2223 240'2‘, L[ 0.20)| m a
¢~

30 40 50 60 70
t/s
-—=SMC WIE{E - SMC ----FASMCHI:E{ —FASMC
B 11 AR A 2k

Fig. 11 Yaw rate of vehicle

10F a T T T T T L—
0.8 - _
0.6 L O =TT 1) 0.06 T T T 0-030————— 00150 ——7 _|
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04} 009 g 00—k o 00100 ﬁis =
0.2 E
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Fig. 12 Reciprocal of comparative steering radius
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Fig. 13 Control input of yaw rate controller
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32 4%

L5 B ali SMCHzE Il 0 LU AT B3R BH, P A SRR R s
AR 050 B2 A SR () R A, %o % T 4R A
B, M2 N FASMCH VL ER RS 1 o =, RERSVH R
PRERRZE, HizhERHRE ).

53 A . A2 | T HL(Various-radius steer
under changing velocity)

Pl 148 203k R s o o 2, PRI 1 ST A Tl P i 28,
Bl 16 AT [ A2 B th 28 i 1416577, BHEEE
JE £ 10-20 s 2940 km/h, 20-35 s2) 8% 410 km/h, 35—
45 sfRFF10 km/h, 45-50 =1 J115E 430 km/h, 55-70 sfx
F:30km/h, 15 sTT 46 LA20B2: 42 # [A), 25 st JT 4510B
Fe iR ), 35 sBFFF UGS B 42 4% ], 40 sBf FF4620B
B ], 50 BT AR 10B -2 111, 60 sif 5 B 425 1E
HE1h), 65 siN (A IE.

50 T T T T T
40 -~ HBE
< 30
£ %
= 10
0 1 1 1 1 1
10 20 30 40 50 60 70
t/s
14 A7 B 2
Fig. 14 Velocity of vehicle
081 —mEE K]
> o6) — RHE L
g
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Fig. 15 Yaw rate of vehicle
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Fig. 16 Reciprocal of comparative steering radius
7 LT, R A ok o ) B e [ AR AT B
FEARATI AR AL, F2 8] AN B 05 1013k 2 AR A X 2 £y

TR R BB FEA T 2R I I YR (R, S
DA AR, R WS T
Db L BT PR AT D055 00 R I BE L AT B2 fy w45 k.
2160~65 sty BX Bl HLATL VAN, A543 A T RS 4% il e 8 4K
VH o R 2 ) B RIS, T AR 08 e 2, SIS AT
Fab s ).
6 %51 (Conclusions)

1) 08 I R R e, g XU N XU HH () 224z Bh 4%
il RG89 TE R AR AT R4, THIR R
SRS AR B 12 AR R

2) $EtH — Aot SR LR AR VAR VR RO &
JSE A R SRS, 0 o0 PR T 2 00 P s o R R 4 A ok
Bz, HEAT TR WS T

3) {7 HL Rz shd% i S s RE % S 4R 22 b T
DUARE M ELZR. B AT 3, AH LU G s i Bk, A
SCEEI B R BR RS FE A ERHRAD,
Prtae o,
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