WtIRIR BRI | EMCA 2020,47 (5)

BT 4 B R0 MO S B B T 2 i B8R 0

T oA, ko, T o, Fg
(1. RAAFRKF AEL B IAAFR, HI KX 430065,
2. AL AE L GE TSR, £ 4410563)

. BHREERES KRR, Em TR SIS E AR EE RS R E T e, fx 4
JN A BB 2 R T — R LT U Rl i B E A48T AU B 22 s R AN T O v, R T R R R
BHRING . ZO7 L DS 6 BAR , 38 038 O TR 30y ) SC8 i H L8 BOR 208k T B L i B8 %
ik, MATLAB/Simulink {j BLE5 5 R BH 12007 AL H 22 3 4 il 25 LA sl ma R -0 AR SR tE R SRR A

XKiBIE: BWEHE,; BFEREHRSE; hEEHER,; BBE,; TR

MESHKS, U469.72  TEAREM: A XEHS: 1673-6540(2020)05- 0080- 05

doi: 10.12177/emea.2020.026

Design of New Electronic Differential Controller Based on
Synergetic Control Theory "

WANG Shuo', ZHANG Guangde', MA Qiang”, LI Huaxin'
(1. School of Automobile and Traffic Engineering, Wuhan University of Science and Technology,
Wuhan 430065, China;
2. School of Automotive and Traffic Engineering, Hubei University of Arts and Science, Xiangyang 441053, China)

Abstract: Traditional sliding mode control is prone to chattering, which affects the stability of the differential
control system of electric vehicle driven by in-wheel motor. A new electronic differential controller design method
based on synergetic control theory is proposed for the vehicle’s eight-degree-of-freedom dynamic model to solve the
chattering phenomenon in the control process. This method takes torque as the control target, and by constructing a
generalized variable about the slip ratio, the controller converges exponentially to the optimal slip ratio point. The
MATLAB/Simulink simulation results show that the new electronic differential controller has the advantages of fast
dynamic response, smoothness, and good steady-state characteristics.

Key words: in-wheel motor; electrical differential control system; synergetic control theory; slip ratio;
chattering-free

0 3z = BesiR A ARERPERFE , INSRAN I A AT R ), D0 e
LAk SR AR o 2 goR o Sk 2-4 11831

4 DR E RS TR AR OB AL BN E TR T IR AR S P S0 A H 2 A

T AR, alE AR A R BRI AR AR R A SR DL RS R AL M, B
MRS 2R H B (B TR ARG RA TR R 2R AR  BERE RAAERHR R T

Wk B 457 2020-03-05; deBMERCHS H 41 : 2020-04-07
w SEGITE  EA AR RIS T ARSI E (51307047) s W04 5 S5 A AL LT3 i AR RS QT BT BRI 5 E (T201815)
EEfIA: £ B(1995—) 58, WL AT T A B S J5 1 b e sl v R RS L R R
KOG (1964—) 55, Wi B, WA U BF Y7 I IRE T RE S H AR,
R (1981—) 53, b A A S RS 1) S ) e B HAE LR g AT CGEAR R






WIREIRIAEBIA | EMCA

2020,47 (5)

P o, AR R O B
T B o 28 i) DB R R, e A AR O ) £
Rk N

20 + tand

=arctan ————
2l -t - tand

1
= 20 - tans (1)

% - aretan 2l +1t,, - tand
Hor 8 S0y i G A, 2 650, A2 5 14 6<0,
TG 2 6=0, I EAT
BRI N
(wR —v,;)/w;R,0,R > v,
5, = (12)
{(”u’, - wR) /v, 0R <,

Burckhardt 25" 24 T 6 #1170 B4 [f] N 56 i
RS B R B2, Hod, RPN A
T R D0 7 65 T P 0 T T S R 5 B TR o o 2R 5l
RN 1 R,

1 RS BRI A S B T R IR T A R
St T A 2 it £

1.3 HRHAIRE

AR SR AN 5T Rl i H BLAE S S d
Blo 4 78T 53 Hr, 5 %6 2% v AL 1 BIK 3l 1 i
5 A A R Y e, PR B 0 B B R 2
Pk, =GR Y — 2, i O BE A7 0 72 Ak T 28
b, 25 AH B v B 3 5t BRAR B R i, B4 W =LK 3
R S EL AT AL A O O AR, D s 8 rl L 0 B
AR

N )
1]
]
h b i
H H
. 10
h-M 0 0 %(iajm [elL [
0 ~ C0 OO
0o 0 L-MO @0 @O
(13)

A u, vy, u, S =AHE TR R € T
By B A =AEE TR s LA E T HUEG M O E
T H e, e, e, H=AHE T A 3h#
WG T R
e, tey, +el,

T = (14)
w

AT, R ;0 N T EE,
Wtz sh 7 fE ok
Je_r _r g, (15)
dz

b N TR S B T s LSRR 1 2
s B AR FERE DR

Joi] EL I AL S At Sh AR R Rz L 4R R Y B
A LR, PRI AT R 4 A ek 3 o xR ALY
Hep RO EAT R ANy [ 4 . AR HLAC AL AT
TRTAL AL 338 R R, ek

T, 1
Y
KT, SR BB HLSEPREE A T 1 253
P i 0 A FE HARER L ¢ B2 L, S AL

WNIRSH K.
2 BT EHEESFRI
2.1 thEEHIEE

Ip ] 42 ) BRI 2 — P R R GE AR LA ) R Y
P LA R R AR G R A T
Tl AR LM RS . xS T RS AR Y
T SRR SRR T U R REAS I R ARG
IR AR e, e 2k B A H 10

& LARLAEIT T K

de(1)
dt _f(xyt,u> (17>

Sl (1) HRGARAS of WAL A 0 R
B

AT SCRECH

5

(16)

¥ =g(x) (18)
EEXTEZ M RGP G SN T R G A
w, A SCRRE o FREAEF I
E SO ) SRR =0 MBI RN

dy _
dt+T1//—O (19)

KT N FRES R R, H T>0, Z R EURE T



2020,47 (5)

WIREIRIAEBIA | EMCA

P SUA R RS

KA (19) 75

(1) =y(0)e™ (20)

AR 0 2 0 A B DB A, 2 e =
4/TW p(4/T) = 0.018 3xys(0) , [FIH % & ¥ 7
PR XA G — BT B g (0) ~ 0, [ I
Y(4/T) ~0, g 7 IR bRk, o LI 7
WERHORL L 0= 4/T 2 — A HBU MO
0, BSOS g (o) 6 B T PR s 5, b
W F ik R AT

SR U R ST ¢ 9 S ROk

dy _dy e o)
dt  dx di
Pear=0(17) X (19) (2 (21) 75
%%xJM)+ﬂp=O (22)

Wi (22) IF45 & R G A BARE A AR
fife R GEA P A o
2.2 BTFEEMBEEHIE

R FE LIRS AR s, SAH DL A SR LT A R
Sopa FIBRZE N SRR o, I

Y =80~ So (23)
.
dip;
— =3. 24
dt K (24)
X (12) 3K 315
R(l _55) -0, R
. > 0.
H a)LR ’a)L Xl
S, =[] ) (25)
(1 -s,) —oR
B0 2T ok <o,
|:I vti

BRaza(5) 3(19) (2 (24) (20(25) Ff R
P48 F BRI AR A P [R] 42 ol 1
. U

T e | + F.R,0R > v,
%: R P, tl/,) FUSICR Vi

T =

t

r [bxi(l - Si)+Ti Uy ° ‘//;)’L F,R,w,R <,
Nl

(26)
3 ERRE 2

T F R, 2k MATLAB/Simulink T 2
R A BB AL, ISR X 2 % i T 00 AT B
S TR 050 X0 [ 42 T BV 1000 28, 7 2 i 4

HEe 5 W T2 UL G SMC AERT AR, 7 20 424
M EESBANE 1 s, RASCERL ]
Wi ECA AL S Fe B AL, L) E RS H Nk
2 e BOENT EARIARAE 0 S m/s, J7 [ 2
¥ s 40°

x1 HEEBHNEESH

SRR e
B TR m/ kg 1350
B m kg 1100
B4 R/m 0.289
FEHEBUL T hy/m 0.55
T JFEEHE £, \f,/m 1.516.1.516
RS T,/ (kg-m?) 25
B 2 WS 1/ (kgom®) 1523
O ZEHT SRR B o b/m 1.157.,1.453
BT RS « BB 1,/ (kgom?) 606

77115
B 5 =205 A W EE K, K (N-m-rad™") 38 400 31 240

®2 BUBNEESH

SR B
FEFHBH R/Q 0.11
ETHLER L/mH 59.6
TR 1/ (kg-m?) 0.05
3.1 ERE

D BB E 0 10 s, B TO0 B0, 42450
FERSUP A7 B AT, 5 s B AR B

2 Pzl g T A0 U0 48 RS A L i 2k [T
K2~ &S o

MIE 2 &3 LA Y, H L  22 AL 4t
SMC., F, 22 4 I3 [a] 42 il o D 8 1 A% R0 B8 28 de
DCARL Y B SR ELF1 , TERHIRIESL

P2 Bip I i o O A 0 R 0 T 2%

L4 B S RTLLE Y B ] ] e 2 o eI
B, MifG 58 SMC 54 ik 2 B S, 8 B P[] 42 ol 2%
BA R rfa SRk
3.2 RHMtERE

D BRI E N 5 s, F T T 000 & A RS N A



WIREIRIAEBIA | EMCA

2020,47 (5)

B3 44 SMC Puks iR i 2k

P4 Bl g il s e A 2k

K5 4t SMC etk

P o
2 Fhas il T A0 12 A B RN ZE 51 T B Ll
M EmE 6 & 7 s,

6 R A h 25

K7 AT g
— 84 —

MIE 6 1T LA 143 A o B AR PRl B = AR
A, BLICHA R T 4 A 0 1) 6 sl e B 4 Y
DB AL T T LA Y A 22 8 (] 47 1 4 47
PR 1) 0 T B N A M T AR AT 3

4 % E

ARSCEE XL GE SMC e PHIR Y [R)T, JE 4%
KVANER:: )2 Mk Bt et B S E ket
HE 0T B L 2 o R A B O k.
MATLAB/Simulink T HAR 5 107 HARIF A
[Fi) T8 X 26 T A [l o LI BB PR P 1 2 4
il A S L T 22 AL 4L SMC i T LEikEe . 45
FW T D[R] 2 1 BRI A0 2 P 2 4 1 2
HA BB RR F1 BR SR R S50

(& % x K]

[ 1] 5k X0, BOCHE, 2. L8R4 2 UL SZ 3K
BFRIIFLER LT ] IR AR ,2015(10) ¢ 1.

[ 2] @k, R A B LIRS e SR 4 v 22
RG] RGeM HE ], 2008,20(18) ; 4767.

[ 3] Wit 2. S i pLIK SN HL sl iR 4 22 i B e s ]
WFFE[ D] E IR F RO, 2018.

[ 4] SR EFMG AN, 26 40 A SBK Bl HL 3liR 4 5
AT RE MR [ )] AR B R A2 (A
SRBLF AR ) ,2020,48(1) ; 60.

[5] SBAUEIRERMNS 122 B M ] R 5t VLR
B Hi At , 2011

[ 6] DUGOFF H,FANCHER P,SEGEL L.An analysis of
tire traction properties and their influence on vehicle
dynamic performance [ C ]//International Automobile
Safety Conference,1970.

[ 7] MITCHELL W C,STANIFORTH A,SCOTT I.Analysis
of Ackermann steering geometry [ C ]//Motorsports
Engineering Conference & Exposition,2006.

[ 8] BURCKHARDT M, REIMPELL J. Fahrwerktechnik
Radschlupf-Regelsysteme[ M |. Wrzburg; Vogel Verlag,
1993.

[ 9] TAHAMI F, KAZEMI R, FARHANGHI S. A novel
driver assist stability system for all-wheel-drive
electric vehicles[ J ].IEEE Transactions on Vehicular
Technology,2003,52(3) ; 683.

[10] KOLESNIKOV A A.Introduction of synergetic control
[ C]//2014 American Control Conference,2014.

[11] 5kF). PUsehe s B LIRS fe SR 4 5 1) T 0L AE
SrBETT RIS D] ORE  R I BT R 24, 2016.



