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A Vehicle Handling Stability Control Method Considering Motor

Response Differences
Wu Shuai, Jin Hao, Yang Yuhang, Li Jianpeng, Zhao Chengkang
(Sichuan University of Science & Engineering, Yibin 644000)

[Abstract] Aiming at the stability issues of disributed drive electric vehicles attributed to the response discrepancies of
in—wheel motors, such as loss of control, understeer and oversteer, the paper proposes a hierarchical vehicle stability control
framework. The upper layer incorporates an additional yaw moment controller designed using Model Predictive Control (MPC),
which computes the required corrective yaw moment online to track both the desired yaw rate and the sideslip angle at the
vehicle’ s center of mass. The lower layer performs optimal four—wheel torque allocation while coordinating vehicle stability
and energy efficiency. A co—simulation platform combining Simulink and CarSim is developed, and straight-line driving and
double-lane—change maneuvers are selected for validation. To assess the effectiveness of the MPC-based controller,
comparative simulations are conducted against a reference upper—layer controller based on Sliding Mode Control (SMC). The
results indicate that the proposed hierarchical strategy effectively compensates for motor response discrepancies, enhances
vehicle stability, and improves overall driving economy. The simulation results demonstrate that under the straight-line driving
scenario, the proposed MPC strategy reduces the lateral deviation from 13.01 m to 1.71 m, achieving a control efficiency of
86.9%, while simultaneously decreasing motor energy consumption by approximately 6.8%. In the double lane change
maneuver, the strategy effectively suppresses the oscillations of both yaw rate and sideslip angle. These results validate that the
proposed hierarchical control strategy can effectively compensate for the impact of hub motor response discrepancies, thereby
significantly enhancing driving stability and improving overall vehicle energy efficiency.

Key words: Model Predictive Control (MPC), Distributed drive, Motor response difference
(1A RIb, &5, T, 5. 5 B HRALIR 25 53 19 B SR A BRERE PEFE 7 k0], 9304 AR U, 2026(6): 1-8

S, JIN H, YANG Y H, et al. A Vehicle Handling Stability Control Method Considering Motor Response
Differences[J]. Automotive Engineer, 2026(6): 1-8

*FLATHH DU e TR ad L5 HpuO L 450 H (GK202207)
2026 £ # 6 4 |

1



S, 45 - 25 R H AL 1 2 S ) R Bl R RS E M 1 O ik

1 e e

[l

i

HL BRI R R RR ARG IE 3, ©k
R Tl & J ) BT 1) o 43 A1 2K 3l L 394
BN — B e A F SR A Bl e F ALK B0
B 5 BUH TSP s &, B
A SRR Bl R PR S A F R R AR
D3, TR Bt Sk A2 3 A PR 5 T R T 408 i Bk
LA

B 5%k A 28K Bl L B VRS B A T Bl AR PR A
[, O A KEMFIE AR . Huang S X &2 4% 1 i
M N R BB A AR A L T —
T3 T i 203k PID WY 42 45 FR 4 il &%, R F
WL FEOI A S5 SR AE SC P0G IR) R, A o i 00
ARE T BRI TAT AR EPE . Tian
ST XoT DU A A Sy 8K 2l L Bl 9K A AR ) AR 1k )
R, Rb T — R0y JE IR Bl B S R A e, )2
KB AR AR 2 01 46, R R DR MEese
6 IR B bR 73K 8h J A e, B iR T T
AL A e M. Jin Y PE— 5T T S B4y
A =B Bl L Bl R 4 7R P R B S R AR T ) Y
PRJE TR, B2 T — i 22 A5 RS 285 i Ok o 4 i HE
B b 23 OB AY B 4% il (Model Predictive
Control , MPC ) 532 [] If >R fiff BT 8 5% £ 5 B A 422 )
M, R TR A H R T 3RS )5 4y
BCoR NS o T, Wu S0 3 W MPC 5 B HEE M1 T
FERE AR GE A g 2R AR MPC ¥l 2551 A
A 1 T s 35 5 A R R, JF T R B R R
Ay ST v KO R S R R RE

JSAE 43 A =K B L B VR A AT B AR e A 4 1
O WS 1% Z Wi J AR AR e T OB Pk iR
fifg e, o VRIS AR T 5075 LR AL ] 25 S
XA B Sy 2R e VR SE R . 7RSSR T o0, AL
S TE T2 IR R AR e 2 e 2 R, S B
TR A A A 25, S N A B S R
[i) R ash JBE 2tz ) RUBSE"O " SR I, AR SC 28 T EL AL ) i
25 5 X L G RS2 W TR T AR DL A R L LA R
SARA I T W ) 12 S RN S K o i T S

2 BEIEFIREE

AR SC LN 2 R R A3 0 R AR 0 g £ A Sk DG
SR Al R Y A A RS RS I ) 25 R A
R A REE . FE ELZRAT IR, a8 e v f
2 | REIRIF

A2 S 2 AR R A BT 5 A 1k AR T, o e E
5 S I R 2 ) LA 42 £ S B 5 T O I A A, S B
W ST HE R S SR E TS . B RE
il SR ) SRR AN 1R R F B BRIE
B AR 2 5 o B i s 2 A

RIS e
G pRIEA PR

]

|

| 1

| |

— |
|

i N

I

! 5 76
e ks
|

|

]

|

|

|

i
T 2

|
s | —
.

] o I
IEE |
I ]

BT By 24 s

FE R P o, B PID s il 28 0 22 4 301 22 42
HPEAT R ER , DUAE RS SR o [R5 R T 47
il e 2 AT BRI SR Sh I A, AR B A 122 A0 L T
0 s £ 19 52 P -5 PHUAELL 22 ] ) O 22 , S T H5R
SRS E s AT T B IR R R . AR
B RN S BR B R S IR TS R R
1l i 1 A2 A RS P SR A ] P SR S o 4 iy
B ) 545 A LR ) 22 F A e o o P 4 o o
W, TR A IR R A, S8 4 AR s L
TR A BRI ), ARl 553 5 28 P AL N7 22 S X 2
TR PE AR

3 EESEER

T A R 5 I ) A £ 2 R AIE L A 1) A
FE MR OGRS . ASCR SN — A R B
VBN AR S 2R F S S w0 00 T () 3
REVRE 12y 3 0 O 0l 1, AR SR s ol R 4 11 R
B H AR, DT 2R S 5 0 5 780 3000 422 o] O s i 41k i
fill o AR BRI 2 ik . Hodr, XOY Ok 24
ABRER LA XSO Y 3R L B A G O
T F8 v YN SR B A ) SR,y SR R A R
a b B R AR 0 AT R A EE S, 8 N R fE Bk
L L R

y &Y

AN
r §
u B S Fr
0 v
F X
F, A_ b a ‘ \ "
< T >

K2 R e



S, 45 - 25 R H AL 1 2 S ) R Bl R RS E M 1 O ik

ST A, T s 2 R
T

e c[+crﬁ+(acf—fc,, _1) N
muv muv muv
(1)
. aC=bC, a’C,+b°C, _aC;
L A A

K € C A BT 5 FE G 0N W EE S m b 24
JE LN A ST E A s I
A B RS B, A B=0.y=0, # H AT A
(1), AT 4351175 381 BRAEURS 422 £ 380 E R AR Co (01
i
v L(1+vaz)6[
(2)

. b ma v?
oA K =m/L(alC-bIC ) HFEE T

AT B e AR v R A A R 5 B ) A £
AN R A Aok R 2 B BRI 3 A e R, ELAS R Y
WA N E BRI E R . 7ERE RECh 1
A 66 TET ., 00 o A AR A2 A 3 5 e A S )
53 00H -
Mg

VY el =
(3)
B =Mg(fz + ZMZ)
Kb g HE SN E ,y,, KB A B, N
e KT £ o
Zi b ABIE I Y B SRR A B ) R R
M 5 B, 73550 A <

yi=min{|y'[.| .|} - sen(8))
Bi=min{|B"].| B,..|} -sen(8))
4 FRIiEhETI=

BT 225 R Y R 1) A R4 R 2 iz
TS S e R 0 I SCRRT12 R B 2%
T A7 1 5 9 , 3 o s PR AR 1] 02 B 2
S B A A e 402 A T R T 0 O 7 1 A R 9
32 BIAWESTIR K, ASSCRRESR T = i B A ogY
VENBRAR S AR AL A b B 5E T it
I 4 _E = sh P 45 o

5

(4)

4.1 AERBIFE F 2
411 FEGIES AL

A5 I S0 47 1) X B2 A A RN ey, A
W AR SR 235 40 7 PR LA 5 — PR R 2 A A
B R TOUINASE AR, 125 780 B 0% 77 BRI B 432 7 R g A 2%
P A AL T A2 ) AR B SR A o FE AT SCT
TR A R R 5 T 0 A R R 2 ] 1 R
TP SC 2R BEH b3k 2 A28 B R R A AR B
IR 2 0 e SO A o B A B R 42 ) 4
RS 2 [ A T
. [ (c+c) bC.—aC;
[B:| _ my mv’ |:,8] N
y bC.—aC, (aC+bC) (LY

- Ly (5)

e 0
1 |Am,

I,

aC,
_Iz
AP AM g SR B IS 422 0 0

ST T S A O NS T R e
2y, AR AT R o i B ARES =S [AJE

S, +

2=Ax+Bu+B.d (6)
y=Cx
C+C,  bC —-aC,
- 2 -1 0
muv muv
SLopA= B=|1|8-
bC,—aC,  @’Ci+1C, T
I, I ﬂ
G
m ,C=[1 0} ,xX= p ,u=AM_,d=6,,y= p bl
aCy 0 1 Y Y
[Z
S 1o

SRy Tl R SR TN A T ) RS SR, SR R
FEJR T R AR A 28 (8] 7 R AT B AL A 3,
ZHME AR BN B BB AL N T

‘xMﬁI)ZGxMJ+HuM)+Bﬂ
y (k) =Cx(k)

T, T,
Xk :G:e"‘T~,H=BJ eA\’dT,BfBJ " dr,x (k) =
0 0

(7)

[B(k) (k)] e HES AL R p AR 538 i
2 (7) AL W B 3 RB R A,
TS, BB B MR SR B 48 1, L TR s
A B IR S 23 R 7 R 1] R
2026 F H6#H | 3



SR, A5 < 2% e AL R 2 5 ) PR S A R R S A i O i

£(k+1) =A¢(k) +BAu(k) +B,d
y (k) =Cé (k)

‘ - [ ¢ H] 5 [H] 5 [B] A
SRR N T P S P TS
(L 0., ] E(k) =[x (k)u(k-
B IE T % e
4.1.2 TRy LR O AR

R A AR ) 458 o ) A B R > e
20| kAT AR A D 1 A8 A 5 T 0 AR Y | BB 8 Xt I Sk
[k, k+PIIN 1) 2 50 8 25 R 1 A7 0™, o, p oy
T Bt 5k o K BSE220 04 P 2B R ] e T O R AT R
NN

(8)

Y(k+1lk)=S.&(k) +S,AU (k) +S,d ~ (9)
T AU(k) 7 kB 220428 i sk Ry 42 ot 448 471 [ i
[ ¢B, |
[ CA CAB ,+CB,
Au(k) CA> :
Aulk+1) : Ml
AU(k) S s g C~/iM Sl_ ;C Bd ’
Auwk+M-1) : :
| CA” | Py
> CA'B,
L i=0
[ CR 0 0
CAB CB 0
S =| fin-1p ~/IM—2§ SD ,Mﬁﬂ%ﬂ?ﬂﬁﬂ‘
CA"B  CA"'B CAB
|CA*""'B CA" B CA"™ "B
W, H M<pP.

4.1.3 RS RS

AR TR ) s o 140 A% 0 SR KBS A X 4 AT 55 4
R RETE AR REI, I3 2o o L SR AR AR R 0 e e 4
il . A SC RS H bR B E AR WA I — 2l
DA S o A A A R 5 OO 00 00 o R oA R L
FUEFRE ; IR AR R AT S IEH TAEZR AT
T /M TE A Aw BB S BE L AR R AN
T
min](k):||Yk+1Ik)—

At s Q=diaglg g5,
4 | REITRIE

R(k+ D] +|aum)], (10)
p) R R ZE AR [, M=

Jmy ) AR NIAUERE ¢ ,.9,, g, HERZE
IIALREL, mymy, - my, HIG AR EL, R(k+1) =
(r(k+1)cer(k+P)) or (k) = (B, )y, (k) ki %1
A AR B e A7 5 AR R 422 AR S
S XZAELAR AR 4 3K (9) PR BB
LB %k
(k)

dmg(”h U PR

=(G+S,AU (k))'Q(G+S,AU(k)) +

AU (k) MAU (k)
=AU (k)'(STQS,+M)AU (k) +

(267QS,)AU (k) +G"QG
Xf.6=8.£(k) +S,d-R (k).

%L1 H g — 300k & B, AN 5% T e £ 7

H SR il , PR S0 o E O T R Ay
TR ) RS ) R R A T 3R A

min J (k) =¢'x+ %xTHx (12)

XA x=AU (k),c=25"QG,H=2(S'QS,+M ).

MR8 X, #5 H R ~F 1F 8 5, W3 n) 8 n] %
A ™ R B ), A7 o — S A, B AR A
i8N AUK)=( Aulk), Au(k + 1), ..., Au(k+ P) ), F& T H5
TR 45 0 60 R 0 SR LA I 9 HR B 0 B 0 &
Au(k)VEF T80 4, DT S5 B 42 4 R 43 A e 1k 1Y)
ZiEZSnie
4.2 FEERIFEGIEE

CarSim H 1] Fi A 2 7 1) £y A 5
il Ty B 1 25 3 5L B R (R = Py el R
B, AR SCHE o Simulink [1] CarSim #2444 0] £ %% £
55, R F PID F il % 52 B0 H br 4 5 1) Fa 2 IR
5« 3E I A S B A e A G 25
THEE AR 2 S BZ H AR 4 307 75 10 L3R sh 55 06 i
IS AR N R R WA AR S . HREE
SRR 3 frs , b VO A B LV O A
S BR 2E, Ao Ry 3R 2 5 S B G 1 220

V Av
AL R P AT

. PIDFH 2 & [
V\ |

(€13 G i BRI A
HR 4 PID 4 il B, 2455 il e %) w10 B 6 T, 1
AT
T(,=kp(Au)+kiJ(Av)dt+kd¥ (13)
Arprek, k k300 Ry PID 5 il 25 0 o ) R 80 AR 2R

(11)




SR, A5 < 2% e AL R 2 5 ) PR S A R R S A i O i

5 TEEESEEH R

51 SHEAREHE
I RE I WO ) A T AR ) A OC &R
Xf PURS K S R BE AT o0 I, AR AL LRz sh il 4%
AR 2 S 1w 35 T 5 B £ 56 M
r=T,+T,+T,+T,
1

M. = ':(—§0055[+asin8[)Tﬂ+

R, (14)

2 2 2

(dcos&-+asin8,)Tﬁ— iTr,+ dT"}

K T84 458 Y IK B 5 46, =11 fr,rlre 3 391 3R
AR AR AR AR R R A RUR
P S

F =X (14) TR FE BRI 2, v A5

T=A,u,
(15)
M.=A,u,
KXhiw=[r, 7, 7, 7.1, 4,=[1 1 1 1],
1 d d d .

d
X,= 50055[+asin5[0

LS PRy R AZ LA MR BR ], OF-32 i T
W RE TSN o DR FHAR SN BCHE I LT 20 A5

T,<T; (w,)
i i i (16)

“uF R <T,<uF R,
K Tw,) 045 He LR RS HE M AT T 0, T 1Y IR
R F A BRI AT
52 M BREREEL
521 REAERJHEERER I ),

FELRUED 1) 25 e i ZE s e M w42
VU A8 HH AR 7 6 2 )2z i A 00 30 22 B A 42
J1HE AM ESR . HEReRELANT -

Ji=(Ayu,~AM.)'W, (A,u ~AM.)  (17)

Ao W RS A BR AR R B
522 BB R,

KRG B R 30w SOR R BT 5 AR
A ] 2 fr T S BR A G B A 0 d ok T RE R 0 1Y
FOf, R AE T Emioe M s . AR E I
Rl R, 22RO 4 30T B G R, b B R X AR
Yeahmd, af FHB A 152 B, 2388 0 42 0 A A R T 00

TRTRMNES . ez, 25 5 iR B A A A AR, DU
VLR A AR 800 A A C T 36 BE 7, 473 B A 50 2 1 Bf

FH G DAL AN o, N H - 4o . 4%
BRI G R R FRR R -
FL+F}
n;= z (PLF B (18)

VL ARV AN AN ol SR N N IR U [ Rt s

%Fiiﬂmﬁjﬁﬁﬁ =N EPARSE N )]
2 2R G C R DL Gl J) 1 S o — i) AR
i, kA 0 B AR ROk -

(T IR, )2
J.= Z(MF Z =

u'Wu, (19)

(uRF5) ]
L DNEE ) I Y CIR R Y €rp) R VS Ve o
523 HIHLAEFEILJ,

%i%i?ﬁﬂv%ﬁ%ﬂﬁiﬁ?ﬁﬁa‘,Eﬁ%%iﬁ‘é’u
KERGETNE  AEARF 0 AR T4 T
ﬁﬂ??&@mmﬁéiﬂﬁﬁxﬁ%o KA LA A L)
R E AN

T w.

p=—40"r 20
YonTw;) (20)

S (T, 0,) 0 HUILRR | 5 0L BLBG i Hh 5 A
Ve, 3 e I R 4 %

AH W =diag

sE ARSIV R AR,

/ v 0.90
1000 e 0.85
0.80
500 0.75
; Z/q ‘ —— | 10.70
& 0 g 0g8=| 1065 ES
i :
~1000 o s 0.50
\/(\ | | 0.45
0 500 1000 1500 2000
FE 3 /v e min”!
B4 R HLSCR B S AMREE 2R
HAReRELANT -
= zPi ZuIWl,uC (21)
Krp W, = diag| | .
I P ag n (Ty'vwi/))4x4
524 ZRGHBRRES
25 L prid 3T 2 B AR Y 06 o B4 ) ok
W B AR S 25 B AR BRERCRT 3ROR R
J=a ) tay ), +a, ), (22)

) AR R R R RS TR B 2 R
2026 £ E6# | 5

Ao, o, 50



S, 45 - 25 R H AL 1 2 S ) R Bl R RS E M 1 O ik

UL N ALRERE B br sR A R AL
R R G R E AR 2 TR S AL, SIS
B8 0,=0.2, a,~a, Y E SLATF -
a,=a,+(1 - o),
a,=a, (23)
a;=1-a,
o el 0,11 A RS E RS AR I 19 R AL
AR R TR F T 8D o, LA
TR A PR bR AASCER 5 24 A AP Ak AR s RS LB T
B A5 RAF I, AT 3 K o, , AT R T 42505 0 22
Ttk
HILEG FHbR R B TR B0 u o6, H5E
Wil m] L2200, PR e 2445 3 1Y faf 4 B AR eRECAE
J=u'Hu +f"u, (24)
= P H=a,A, W, A, +a,W +a,W,, ['=
20, (AM,)'W A,
53 RAULKER
BT LA Bhr Rl L& DR AF SR,
RRE BRI R 73 T TR Al DA s o — R ) A i
PR o BT HTSCRYARSCE SR AR TR A5 -
min J = %u? QQH ), +f"u,

2
{Aru<-=Td (25)
s.i.

U, Su Su,,
A w, e, S TR R A5 BR ] 4
w, B EAASE SCINTT
{ u,,;=max(=T; (w;),~uwF R,)

o (26)
Ui = mln(Tij (mij )»/'LFzg/Rw )

6 FERIESSH

SRy B BT 4 A A SR A R, A SO
T3 125 CarSim #5817 38 72 ()5 ELBRL Jf:
TE MATLAB i85t Bkl as , SCBR G0 5. 7F
UL IRl b, X LR AT I T 0 R 1) T 00 F B Re e
R BRI T T B, eah , B SE PR 425
AR a8 H LA AE B N — B O, AR A2 AR B
Ko Z 5] 10% (AR 25 e 107 O 22 K 3 2 e g 25 5
FWSHNFR IR

SRR LA AR I 45 1 K 22 B bR AR A 23 e i
AR | SR TR 2042 Tl 5w 6 A 7 0 FL IR -

a. SMC-RU: I J22 2k F 1 B 2 il (Sliding Mode
Control , SMC) .15, F 2 5K FH 3L F B i) iy J %l ~F-
BB (RU) B
6 | REI R

b. SMC-MT: FJZ2RHI SMCHE L, T2 R AT
Z HErEAL I 156 0 il (MT) 553
¢. MPC-RU: )2 R MPC & 5, F)Z2RH RU
(= R7
d. MPC-MT: b 2R MPC#3:, F 2K HMT
(=R7
1 BEESH

S Jig(E)

# L i kg 1700

R /m 0.35

ZE AR S i kg e m? 2200

JoT 0 B /m 0.54

T B F A FE B /m 1.035

JoT B Bl FE B /m 1.655
A i K BE/N = rad ™ -70 847
Ji B MR I EE /N « rad ™ -71 120

6.1 EHETHREMHERIE

TE 25 B B R 8 (n=0.8) i 6 1T L R AT B 2R A7 50
D5 B . 440 H R L 2 90 km/h IO EF H bR
AT Y AN AT B0 TR B 350 m B A AL

BT R B SRR S R . M F
BILAETE MR 0 25 57 FLAC S it A2 e il I, G2 FE L
A7 58 350 m (9 3k B2 H 7 AR 13.01 m A [ A %
A E M 5 , SMC 31k Al MPC 33 L BE S A
S R ) R S DR RS 4 51 R 3.12 m R 1.71 mo
Horfr MPC 303 i s il A5 R B o 0 38 MR AT JE %
il T2, XA 1] i A% B4 41 ) 3255 86.9% .

------- Tetzhl
12 MPC-MT
—— SMC-
ol C-MT
£
E 6t
=
4 L
2 |-

0 50 100 150 200 250 300 350
735 /m

Bl5  EATT 004 AT Bl i JAh 2R

19 4232 A1 38058 A0 T 0 i 7 05 45 SR A & 6 e
71N, e B LR R 2 S 2 S BG4 A R R
Jo o 000 s £ £ BRI A 0 2 o it e MR RS
TR A2 A AR RE S LB TR E IR AU AR R
NI RG22 , JoC 0 £ A A5 2T 28 A, R
S B2 MR BRI . A4 T SMC B8 %, MPC FvE 1
) 25 0 RS R AR A M SO RE 5 T 44 R B AL




SR, A5 < 2% e AL R 2 5 ) PR S A R R S A i O i

o T T
- - = -MPC-MT
——SMC-MT
T E =l
=
g
S
X
=
)
&
B
K
_5 L
0 2 4 6 8 10 12
5} []/s
(a) B4 AR
2.0 .
¢ e Jetil
~ L5 - =~ - MPC-MT
! — SMC-MT
S Lo e
&
&
=

I [ /s
(b) BL.Co i £
6 ELZAT I T 005 O G £ RS2 A o 0 B0 SR

F ML BB 40 FE g8 T 45 SR R W . T O R mE
RS T AL EBEFE N 757.1 k5 51 A4 2 45 il 3
W& 5, SMC-MT 5 MPC-MT % W& F A4 i HIL BE #E 2>
R B 712.4 kJ A1 705.6 kJ o H1 AT WL, A
W AE R UE 4 55 £8P 1) [R) B X BB 5 BB FE SR
B, Ho MPC-MT 58 I 1) 15 BB A0SR B O 3%, A
BT IR R B Y, LR S B FE R AR 2 6.8% .
6.2 FHEBRNREMEMERIE

SRy it — 20 e UE A i A% 7E A2 A RS E PR O
B A R A SCHEAR B E R (n=0.5) 1Y B 1 | i
1T AR £ T 000 H K o 42 50 ) 4R 25 ol 1
85 km/h, {/j ELRFELIH] Ry 12 s

AN T 48 ) SR T 2 0 A AR A R e 0 A
ZERANE TR . HET MPC B LY b2 s g
RE 08 0T ME A M B % 2 28, R Fr 42 A T RE R
Ao £ EEERISHAHFEATIE T R Z HirGe
PR B B T2 AR 3400 T R T 0 A i
ISR

JT O i A AR A Hh 26 4N 1] 8 TR, 3T MPC
SRV T A 1) S S B 408 00 5 s 4 0 1% 000 v 7 il 7
WIF IR ER S 2 E , H T2 R H 2 Bistifbsr ik
IR v P RS B S AR

021

R o frad - 57!

s 1) /s
(a)SMC BB

02r

-02 : : : ‘ g
2 4 6 8 10 12
I /s
(b)MPC &3
7 RS L T 0L f TR () L5
0.02¢ : —— MPC-MT
;”‘\.\ MPC-RU

=== SMC-MT

=
(=}
=

Jo O R £ /rad
=)

-0.01}

-0.02

0 2 4 6 8 1I0 1I2
Bl
8 WUESLR T Lol £ 5 L 45
Jo 000 i £ — S50l 7 35K 2 A P11 9 Ffes
7 MPC-MT 45 il KW T, 4= 40 S5 0 0] s £ — 001 fivs £
TS AH P 1) 2% Ak 3 BB R /DN U B ZE 0 0 A T R R

TEVERS B — 2R T

05 £ 9 S frad - 57!

]
e
<}
s}

-0.04 |

S LR £ /rad
19 XU L 1L 5O 0 s A — I3 00 v 4 32 32 A I

2026 £ Eo6H | 7



S, 45 - 25 R H AL 1 2 S ) R Bl R RS E M 1 O ik

7 ZEFRIE

A SCEE X 43 A AKX B HL B4 L AL e A —

B ln) @, 3 T — P2 LR 2 S Y R A )

R PR i SR m I J2 A ) 45 5 AR AR 4% o 1

T 208 5[] e R S R A3 A 5 o I i 5

AF 35 5 B IIR 428 0 065 T 2 AR g R 2 B AR

SRR Y C T, TR A A2 RS o M SR i [] o SHfe st

R NGB E FH A 5 FALROR , SR 3h ) FE Y 5 B

ISR

FEEATI SRS L 00 N {5 LA SRR B,

MRS AT AR AL B A 5 AR A 0 N 2

I, i it 6% 4 i SR et AT FT A A8 o A 45 A R R AR

P S5O 71 R A%, 58 42 IR A i Sz S R

BT MPC 1) 53 J2 42 I HE SR 70 e MR e S 4 &

T T Y R I AL AR e, B R R

5y I

KRN — 2T R SRR, I 45 A FH ad

il B iR A 2 2] SR R DI AL T vk R T ] SR A A

H JH p R A K ML TG T 1 3 ) B T R

PERE

& £ X o

(1] A, T, Rk, oA UK Bl L B IR 4 4 ) ) 245

BT R L], HLAC T AR 22412, 2013, 49(8): 105-114.
YU Z P, FENG Y, XIONG L. Review on the Development
of Dynamic Control for Distributed Drive Electric Vehicles
[J1. Journal of Mechanical Engineering, 2013, 49(8): 105~
114.

(2] FHEEAE . 43 2R 3l i 2 7R e R PR T SR W B R [D ).
KA HHORE, 2023.

TIAN Z X. Study on Stability Control Strategy for
Distributed Drive Electric Vehicles[D]. Changchun: Jilin
University, 2023.

(3] SRR, 433 U DU SRl SR A R e e M S R B R gk
B HIWEFEID). BUM: WL, 2023.

KUANG C Y. Research on Yaw Stability and Drive System
Failure Control for Distributed Four-Wheel-Drive Electric
Vehicles[D]. Hangzhou: Zhejiang University, 2023.

(4] TAE, BT, 3% . 35T UniTire 5 Ja A5 A1 19 40 5o e

PEFEHIT]. 75 MK F 22 (T 220, 2025, 55(9): 2864—
2873.
WANG F, LU H H, LU D. Vehicle Stability Control Based
on UniTire Tire Model[J]. Journal of Jilin University
(Engineering and Technology Edition), 2025, 55(9): 2864
2873.

8 | RE T &S

[5] ZHAO H Y, REN B T, CHEN H, et al. Model Predictive
Control Allocation for Stability Improvement of Four—
Wheel Drive Electric Vehicles in Critical Driving
Conditions[J]. TET Control Theory & Applications, 2015, 9
(18): 2688-2696.

[6] HUANG G M, YUAN X F, SHI K, et al. A BP-PID
Controller—Based Multi-Model Control System for Lateral
Stability of Distributed Drive Electric Vehicle[J]. Journal of
the Franklin Institute, 2019, 356(13): 7290-7311.

[7] TIAN Y T, CAO X H, WANG X Y, et al. Four Wheel
Independent Drive Electric Vehicle Lateral Stability
Control Strategy[J]. TEEE/CAA Journal of Automatica
Sinica, 2020, 7(6): 1542-1554.

[8] JINLS,ZHOU H P, XIE X Y, et al. A Direct Yaw Moment
Control ~ Frame through Model Predictive  Control
Considering Vehicle Trajectory Tracking Performance and
Handling Stability for Autonomous Driving[J]. Control
Engineering Practice, 2024, 148.

[9] WU D M, GUAN Y Y, XIA X, et al. Coordinated Control of
Path Tracking and Yaw Stability for Distributed Drive
Electric Vehicle Based on AMPC and DYC[J]. Proceedings
of the Institution of Mechanical Engineers, Part D: Journal
of Automobile Engineering, 2025, 239(5): 1745-1762.

[10] KT, 4[] K, 2= BH, 55 . 2eds oA L aK sl v 3l v 4

TS P )45 SRR IR 2R 3R D). LA LR 24, 2023, 59(20):
261-280.
ZHANG L, XU T L, LI S Y, et al. Review of Chassis
Coordination Control for Full-by—Wire Distributed Drive
Electric Vehicles[J]. Journal of Mechanical Engineering,
2023, 59(20): 261-280.

(11] R} T8 28 A ML) 17 22 S B e 1) 22 S 2 i 0 2
FERIBESEID]. KA AR, 2023.

WANG K. Research on Multi-Axle Vehicle Dynamics
Control Based on Hub Motor Response Differences and
Faults[D]. Changchun: Jilin University, 2023.

[12] AHMADIAN N, KHOSRAVI A, SARHADI P. Integrated
Model Reference Adaptive Control to Coordinate Active
Front Steering and Direct Yaw Moment Control[J]. ISA
Transactions, 2020, 106: 85-96.

[13] 5 . 434 AKX S) i 334 19 BR AR R B 5 R A
F5ED]. L : VT K7, 2024,

WEI B X. Research on Path Tracking and Stability Control
for Distributed Drive FElectric Vehicles[D]. Hangzhou:
Zhejiang University, 2024.

(TTiEdmft f BE)
e Hchm i 1 2025 4F 12 A 18 H .



