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Control Strategies of Handling Improvement of
Distributed Drive Electric Vehicle
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(1. College of Automotive Studies, Tongji University, Shanghai
201804, China; 2. Clean Energy Automotive Engineering Center,
Shanghai 201804, China)

Abstract: A control strategy of Handling improvement was
proposed for the distributed drive electric vehicle with electric
motored wheels which featured the independent and accurate
driving/braking of individual wheel. Considering the ideal
assistant power character curve under different vehicle
velocities, a control strategy of differential drive assist
steering was developed, as well as the torque vectoring
control strategy according to the optimized reference model of
yaw rate. A joint control strategy which was a combination of
the differential drive assisted steering strategy and torque
vectoring control strategy was presented based on a
longitudinal force distribution algorithm. The results of

vehicle tests indicate that on the premise to guarantee the
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road feeling, with the joint control strategy the steering
torque and angle are decreased markedly, which means the
workload of driver is lowered. The yaw rate response is
enhanced obviously, the accelerating understeer is restrained
effectively and the handling of the distributed drive electric

vehicle is improved significantly.

Key words: distributed drive electric vehicle; handling

improvement; differential drive assist steering; torque

vectoring control

KT R F R Z 42w 3l IR & (Electric
Vehicle, EV) AN AR A RE TR A 35 () 8 B 58
MEDLEEAHENIERZ —. 2 HIRKS 3
KA 2 LS 3RSl , B WL e R N
PR, TR LR B N & LR A T L &
Fe A5 43 PE » BE 28— 3K B — M B, HER S5 R
B AR R /A K B B SR G AR
RARTHIRER R EE M.

M RAE IR R M R IR R R R
PP TR B AR AR, R GIRE LE R A
B 1% 5] 2 4t (Electric Power Steering, EPS) 3¢
B H MR % R G i B ) B L R SR R 1
Bl 3. PITs/IN3e 1e) B 3. HCOK, SR FRE AR 2R
BB %] (Torque Vectoring Control, TVC) J7 ¥
Fet BRI R Wk, %05 vE o PRI 2 AR R AR
&R A R RE A I, (R G PR A — A B I R R
S b R A s 4 e O DA T A A R R AP RR. A
T FEAR GE IR 2 N2 3% 1a) By g W LA B i 2 T 2%
SERGLE LR AIE .

T HARR I 3 ) FEHDE X, 4 7 N EK gl i
IREEBRIEITHARA BENY. i AL 8]
2580 1 5 43 BE AT LA 7R AR §e 1) B ) (Differential

EEWH . ER L =785 EmM R LR (2011CB711200) ; R H AR5 4 (51105278)
B—EH: KRETA61—) . B, 4T B LR, T¥EL, FEMARF IR ERS S 1= XEH]. Email: yuzhuoping@fcv-sh. com
WIRSEE: B BE(1978—), B, RIS E, T¥ L, FEMRF M IR ER S 12 5% H. Email: xiong lu@tongji. edu. cn



EH

RET, 4 S RS L BVR T BRSO 1 SR 1089

Assisted Steering, DAS) , S PR 8 2 4% a2 @ 15 )5
WA AR 223 AR S FO ] LUAR R B A R A
ey 7 o SEBRAE ZEBR A R A IR Aok E N A B R U
WAET KEM 5T, B RE T 230 B 1 5% 71
N EEAR | WS, Russell James Thacher™ &8 T
— M TFAE A B Z YR AN ES R B R 5,
BRGHE T LW MR, =B T EHATH
HHE&BEJ). Feng Kung Wu $2 H T —Fit il F 55 1] 2
Gt e R I TE TO 05 56 18 A 5% 1 v B T 48 20 7 3K
31 % . Lorenzo Pinto 51 S48 XS %6 ML 81K
B b I AR O B A O AR R O VR IR 4 A 5 T AR
AT T RESY. Kaoru SAWASE 59 557 T i 48
RESEER TR EWN L T EEE,
AR A FIRARSE TR TR B I E R BRI
IEREERI RS AT IR TR
TR 5 22 5 B ) % 1) B AR R R AT IE AR L (2
LB I S AR SR,
T3 W48 ] A 2 X 8 B B T (o) S T A A R T
B FiA AT RS B SR ER A2 3h B h %
e ARV R O B TG 42 T Y TR 5 95 1 SR s A 5 B Rl
RELZERAT AR RTT
ASCEIT T A A BB L SR E RN Pk B
TSR . T JCAR S A (R ZE 3R N AR 09 B O e iR
T 2B Bl B ) 45 0 RN A B [ R (A 5 HOUR,
T B Tz g BRER (1 S 55 B o0 O 428 1 SR s i 4
PREME; RIER A 1 BB R W E S S
B 22BN B e ) /R A R B AT B B AR I RS S
TR ) 45 7% AR B BROFN OSURS £ %5 T E A7 58 R
B RIS S5 R BIE T 1K A 5 I SR A R .

1 EZhE A EFHE B 2L T

2B B 3G e P 2 R B R S e e
PR R TR G R AN DA 22 3 Bl 0 1) e
SRt A5 4 r B B 7 G 1 R R U RE T 8
PR R — R MR B B g th £k 1R 2 B B
B R R I T LA A AR SR«

(D ZBBY TR RN AT | BEFE 1) # % 58
| Tow | FRIE A4 5 B 22 F 38 T 9B ).

(2) Sy 3k Sk [e) 458 B) 57 L % ) o T R L
U B 3 B T e | Towo [ =1 N e m,

(3) Z BN Bk 5 A FR A& ) A9 BRI 15 B e )
TR B % 1) S0 | Tswms | =7 N o m,

W) RPN 0 B I 226 R Iy i 2

| AT | E phy e 1 B By B R B D a2k 7%

Gt

TPK:‘gi P

gb)
| AT |max% = T — Tswi

w

s Tox 9 R () BHL T 55 f D %6 1 -5 B T 1] 9
TSR IN S, AR SCHL 0. 8; Gy N &R MBSl P o
MR, S8 M R RAR IR ; . ARG IR B
Besi J¥ein RGAEBLL.

(5) B JLAH B A A3 T B9 B D4R )R, Koy
D N HEAT 2R AR {E AR

B A E B B DR 2R 1 .

500

ZEFER /N - m)

1 BEEZE A EFE L
Fig.1 Ideal characteristic curve of DAS

N T SR AZE Bl Bl 7 1) 3 ) SR AR % 18] [B] IE
WA PG RGEATEZ BB KRR R H S
F¥ 1 T 3 Al o 258 1 ) oo

2 BEXRBHEEHIERET

FRE O R Sy B AR LA % e TR A
FE RS B Am DU B R A B AR g iR A
B A ERER S BB BE , S5 Fh AT A S At
B PIR 58 BB SR e
2.1 SEHEEREENHE

BIEME TR EAS BT i B2 —
H R A\ AR B [ B A T 4 5 R AT
WEH AR - MR EM A SR TS B
AR, R RIAA A (2.

gt = Gt (98 = G, () — L2 5 ()
14264 Lo
wn Wn
8f - é\s—w (3)

1
KD OH: o ABHB BB ; G () HEH
BRI 18 bR A5 G, (0) AR ZSIE A T, W 1B 3 455 ¢
HBLIE L s w5 B AL A 33 5 0 BT A 7 115



1090 Rl ¥ k2 2 WE KRB 2B B42%
Osw NER M B MM ARG, ARSCE i= MIBEEEA AT LI T A3k1E .
17. M, e = M& a2

ik 2 AT, 2B MERL I R G (o) B AR
AR R W R . FE S5 R BB B R
oA GRS L F o AT B BT, G, (ORI
I BT R 8 % 180 A AT 2 A A 15 R S i i K

7.

— Py - v
GO = (D = ;0T o7 4)

R o AR ABE ; v A HH; L B
K hZEife e AL
m(L:Ci —I,C,

— %{C) (5)
K om HEFHTE; G, Co 477 RSB ERK
IRKIEE 5 Le s 2. 5350 R ZE3 BT BB MR R E.

A 2 (2) BT DA% 338 o 450 1% Wk 45 g o7 8 43+ R PR A
— B BT — A AR R RS
HAPIANR S M —DE G HA T, A w,
R R G EIR IR,

K=

7’)’llf7)

I, = slC, (6
w, = 2L G AR N
v mIZ

. I, R 458 7 iR R SR &,

R T B R A T L R 27 AR B [ A A
R w, =1 5w,.
2.2 HIRIEHIREE

AR AT Ay R R S0k 1 VR 4 BN B B AR
.25 ) SR A R A AN R R R B A B AR AR
G HEET A MR, AT A5 B A R
BEOR AW T, —2 TR e ) A0 R AR R
B EE R G A X TN T AR g
o A L It ELA H BB AE My, rec » AR 15 08
B 51 GOR H(s).
¢ = G()d + H()Mz e =
G, (O A+ Tq,s)af n Gu0) (A + Tus)

Mz mre ¢
14284 Lo 142 e
Wy Wy wWa Wn
Gy (0) EFR S 2E 5 Tw 28] H &L
oG+ C)
Gu(®) = ZEC AT Ko )
. mu
Ty = 20+ (10

EEAONCIE =
Bt — & = G(8) st — G()d — H() My, e
an

H(s)

2.3 RIR¥EHIRE

e B B S | s o R S 28 B 4 A TR e
SEPRBE A @ ENHTAAE R S @rer 5 o [A] I 22
(B AR A A R0 E I 0 2 I B 4R B 4, 2 (H I IE
ARG T HBERE R, BB A R T R
K. B (15 B 3 HLAT LGE o 0 Bk —
HRROR & 75 R AW M.

Mz e = ‘(Dr;il—_(s‘fa—CT (13
Hp
(Gt — ) 1+ 25+ Lyt
Mz e = GO (L Tos) (14
BB (TR SR R IR R Al M, e » HL
Mz, g = Mz, rrc + Mz e (15)

3 EFBABRA/FREXESEKS
122 1 R et

3.1 BXAIEHIERIESR

N T LB [a) Bl B AR R AR A R i A
A B B a4 SRS A BT AR e e i 2
BhE R SC B 1) BY D i B s, M HR AR %+
S A2 B R R S L B R A 42 1 A B W 7 2 1
i, EBR S HIHEZR AN 2 Brs.

WEh/Hizh .
P B e P
5 Vo dse IR =
Pl X o | 5 T Wz ?r IR

yvyYyYvy

S 5 [T, | 8
ol ] Mo | G [T, | 1

ol By e

¢act V{J)

B2 =HBhER/BERESTEESETIESR

Fig.2 Joint control structure of DAS and TVC

BT Pl a5 o WA TR Y, —HR A R Z BB A
P hipsR, o5 — R R R R o Bl da hI R
ARG T B0 25 Bk 17 A5 A8 2 i o 3 o) L R 5 O
2/ BB E . Z3hBh MR R AR
PR o P 1E H I o, M ] AL R SE PR AR
T, Hoiy AR BN AT He 22 380 B F 5 AT, Bei ok
B BRI AE B e m 5 A oo O
B o A ) IR a, JFOMMR A B FISERARTES M
G o L HH AL O B A2 5K A0 B0 B R B 4R

~

=




EH

RET, 4 S RS L BVR T BRSO 1 SR

1091

My, req. SRS A ECAE SR B M0 AR BN AT 48 22 30 B
IR AT, FEEFRI R IIBTRFEIE My, LA 4
MERIHE o, SRR 4 DRI, RS
B L B 1) TP L R A P R A A A
W EA5. 2.
3.2 HESsrERRE
TEZ SN B 1 ) /R R B o LR G R B
A1) 3 o3 BE A S B, 22 Bl Bl g o 1) i S E 3R AR
B EM LR m A2 S, 1 MR =5
B kit B B 22 s B B4 AT, IF AR R
KA BRI A TN ZEREE Tofl T,
Ty = Toaps/2— AT7/2
T = Tompr/2+ AT2/2 (16)
s T ML BITREEHE s po TN G405 50
Ptz iioNaa iR
S | HR S A AR AR A ) ) 0 R AL e A
FREEA Mz, B
b

szf - ATZ ?

an
X0 R,
JERh A A I 2 B G 7 A I R R R A

MZ,r 9H
b

Mg, = Mz — Mz, = AT, o

M, B FRRBE B AT, AR 2= sh i,
WSS Ae A e e ] i T A58 3.
To=Twa(l—p/2+AT,/2
Ty = Tl —p/2—AT./2 av
ARG ERR, Oh T k5 S W s LEE h A
G ISR B — e HIL A 7R SRR AR A T SR A
BT SR 26 I BR 1y 2417 7 A O e BIL AT 7= AR BR 2
B 1 3l %% 5 ) 28 XHE Y R /ME AR5 K Sl Fe AL
LT REAS S A Ay B R BR Bl ) B A TR SR R 3 1 R
S S ETRI A B T R IR AKX B B ), e LIRS
i 5% fm R o PR 1 3 ] B AR 7 B AR 5 B LG R R oK
X3 ) & BB B HLE A R IKSh A 3h ) 7R b
2 AT SE B ei AR IB R AR T2 oK, IR IR AR Fe,
PLEE T R T T2 225 Bk 53 5ok 8 XL ) 4 P SR s

4 KEIRXWIIE

4.1 HIWig&E

AR F = E o A KB L Bl & (3
TSR, A 25K 1 PR,
4.2 HEEHBHEBWALFRR

B BT e 1) B Rt 2R AT 0 R ZE R T 4%

(18)

®1 RBRERBNSH

Tab.1 Electric motor and test vehicle parameters

BESH Hh HALEE Hh
BERE/ kg 941 B TR/ kW 2.2
BEFLEE/mm 380 IEE T/ kW 7.5
MMBIOIR i e/ New 167
& ??g/fig 1198 BEERG s min1) 750
HhiE/mm 2 400 BAHERE(r e min 1) 1250
BIEE/B)/mm 1 364/1 364 BEHRBIE/V 320

H3

BESHNENBNEES
Fig.3 High performance distributed drive

electric vehicle

[6] B F R RCRE I SO B 20 km « h T AEECR
e T R 5G F Y BR B BB AR B R B 1/
FERRN B IO TR A 1 ) SR X DA B AR e ) B (S
A R, KB E,  AA E B AR AR A, iR T
FN SR I SRS - 2 5k R DU AR PR A R B sl %
) 25 3 A 1) 25 £ (10O FFH AR IR I Z 3k
BTSRRI 7E 1000 L. K
BERNE 4~T PR,

B =

E’ZO T~ gzo _______________

g —mpm B el

=3 10 1 1 1 | l 10 ) | | I

% 0 2 4 6 8 % 0o 2 4 6 s
1)/ AL/

B4 BEREEAMBKEGAIRLTHAREEIILL
Fig.4 Comparison of longitudinal speeds in

step steer input test

& 150 & 150
= =

g 100 g 100 m—
< =

® 50 m 50

# ¥

E , E

£ &

Bt R /s
b EREHAMKBANILTEREREATLL

Fig.5 Comparison of steering wheel angles in step

B H) /s

steer input test



1092

Gl ¥ 1=y el )

LRV

F P&T 4,5 BT, A 4 R TG4 o 2 B g A i 22
HEEAAMF, R HEERAE 20 ~21 km « h ™' 22
[A]. [5) B, 4% 1 38 9 1 /Nl B A ) LA RE 7R
101°Ze 7. Xt 2 Jm S o) 2 [v) L SR R A0S 18 A T JE
AEAL o AT A et

T2 12

z 3 z spy

@ A @ . ,."I - o

gé gfé /\IIW‘MM\MJI

z ° z T

jﬁ:_“ ﬁ_“ TN N TN T Y N N
1234567829

I IE/ s

6 BRRBEFEANKGATIATEREFEEITL
Fig.6 Comparison of steering wheel torques in step

steer input test

ST T, 15

10 10 I.'-WWMWMMMWM
< < '

B3 IR Tt
=, ook

&' '

ﬂfg_S Eﬂ%_s ||||||||
¥, 123456789 #E 123456789

I ial/s IR/
T HOEEANKEATRTHRERRE

Fig.7 Comparison of yaw rates in step steer input test

I 6,7 7] 0L, RSB AT i A5
S B RERCGR 2) 858 T 2850 5 W . s,
B/ TAEHIR A R A, R R TR G
b F M X, AT BN LR RRE 5SS %5
PEA U Z AR,

*2 FH/EEHREREEEILL
Tab.2 Comparison of steering wheel torques

with/without control

B/ (N - m)

I

U {F REE
b et 9.4 2.3~2.7
A 7.9 0.9~1.8

4.3 BEEEREHRAMNEFTLEFAR

AR EEHEREWARNREET ., 28 H
5 1) 5 B K A R T SR I X TR s T B
PSR i T R T A AU, L 15 km -
h™ RS AT, PR S A E 120°, {745
AR IS , BB TR, R AR5
L 20 km « h ' FFARICFEBIE, FEE] L 50 km -
TR B e, R . R R A 8~13
iR
& 8 B UL, 7E 50 o0 2 v A 2 o 0 T4 i 42
WA I 20 km « h 1 395738 inE] 50 km -

—~ ~

= 50 4': 50

E40 £40

30 i I LU

20 I I v W20 L )
E 2 5 10 15 4% 2 5 10 15
= /s N Il /s

8 IniEHEE TR TN EEREI L
Fig.8 Comparison of longitudinal speeds in the

acceleration while cornering test

g . —fmwE § g - Tkl
€ 6 €6 "
g4 M"‘ B 4P e
2 w2 '
H;'ﬂ 1 1 J % 1 1 J
E 0 5 10 15 § 0 5 10 15
A a] /s BF A /s
9 MEFETITRTEREFEITLE
Fig.9 Comparison of steering wheel torques in the
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