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Adaptive Lateral Stability Control of Electric Vehicle Based on FNN

YUAN Xiaofang'", CHEN Qiuyi', HUANG Guoming',SHI Ke'
(College of Electrical and Information Engineering, Hunan University ,Changsha 410082, China)

Abstract: An adaptive lateral stability control system based on Fuzzy Neural Network (FNN) is proposed to
solve the uncertain stability problems of Distributed Drive Electric Vehicles (DDEV) such as insufficient steering
and lateral instability. The system consists of an upper direct yaw moment controller and a lower torque distribution
controller. The upper direct yaw moment controller can get the desired direct yaw torque according to the error of
side slip angle caused by uncertain factors. The lower torque allocation controller distributes the output of the upper
controller to each hub motor according to the tire’s load, which can adjust the vehicle attitude efficiently and improve
the steering ability and lateral stability of the vehicle. Simulation results show that the proposed control system can si
gnificantly improve the lateral stability of DDEV ,and show the better control effect than the traditional fuzzy control.
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Fig.1 Dynamic model of vehicle with 2 degrees of freedom
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Fig.2 Dynamic model of vehicle with 7 degrees of freedom
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distribution controller

A B R BT A
M, |

_Fa . |” .
Tﬂ_p% B d + asino R (36)
z 2coso




102 ARG R 2A 4 (A AR BRA AR ) 2019 4F
To= oMy ‘R (37) | -
F d + asino y
4f
2coso /
74
_ Fa . _& . a2t/
Ti=-te (=57 | R (38) £ 7/
va e MZ . s_% 0" \ ]
To= =g R (39) z /

A Fo Fy B F SRR 2R ATHT 2R AR
%Hﬁﬂ‘]ﬁfﬁjj} s Ta T6 Ty T, ﬁ%ﬂi‘%ﬁ?fnﬁﬁ\ﬁﬁﬁjj
Ja ARG B B A

PR AR AT I 300 25 BE LA L e Y
_EBRAEL, 53 A Ly g Rt A2 21 e v B RS

3 4 5 6 7 8 9 10
s []/s
B6 FwfmAtiAlzs

AU Fig.6 The front wheel angle signal of steering wheel input

R N -
3 HESH i
2| BHAH{Y .
. * OB N
ASCTE MATLAB H454 T DDEV 256255 5E o 1o FNN il
PRSI0 05 B 5, RYGUEAR SC FNN-ASCS (4% E» 0t
ALV VRS BAE IR 1 s, Eap N
*1 BEEHESH =g
Tab.1 Vehicle simulation parameters | \\\ /
S8 LA Bl 4
0 1 2 3 4 5 6 7 8 9 10
KN milkg 1 100 o
TG 7 i 17/ (kg m?) 1249 Ca) T Co 0 v 7 e 7 11 2
2500 —
FL ORI R R a/m 1.256 2000f JeE i
1 500 ——FNN 54
FLOE R R bim 1.368 E 1000
A dfm 1.65 E 508
AL 1 i 0.7 % -s00] \
~1 000 \ 7
AL Rim 031 ~1500 N\ /
~2000 SN
e e A v 0 i 13 C./(N*m-rad™) 40 000 2 500 ‘
0 1 2 3 4 5 6 7 8 910
RIS D0 i 0 i O 2 C,/(N-m-rad™) 50 000 it il s
(bl Fymi i i 2%
100
3.1 {REIR %
WK TR REL 1 = 0.65 WL v = 15 m/s, J7 ; 60
AR AR RS A5 5 LR (5 (TR 6), B0 S w
FETEARER TO0 T M S B HIACR , 18 7 425 £ 200
F 5 250 D 2 0 A 9 2 0 i g .
A 1] TIARI , el e 4505 AR A E A8 51, B ®
BRIRZERL 100%, MABSERISE B KR 60

2ZMWEIEF] 10%LA L, MmA FNN I 3 o £ ) Y T s
J& B IRZEETE 5% LN, ERa T TAE , B Ol O £ R
s ST

?; 4 5 6 7
Fif[a]/s
() PUFEHK S 26

8§ 9 10



%8 TN BT FNN 1Y HL VRS B 38 A e R P 103
20 100
1.5 /// \\\\ /-E\ 50}
JUUVIVYISIN \ o
W10 2 ok
& % A
05 %
0 e =0
05 * ol
19 20 40 60 80 100 120 140 160 10T, «T, T,
Pl T 2 3 4 s 6 7 8 9 10
(d)iz gl thzk st i) /s
B7 24%3&a8WE(=15m/s) (o) PUHE IR By 40 i 2
Fig.7 The trace curve of system response 10 i o~
2 HUEET O |~ K
32 H.EETR . - RIER T |
[ A A, HBCE% T ZR 40 =0.65 , J7 [vi) 8 g AT 0 FNN ]| \
TN . s . 7t
RGN IERE S (B 6), Bk 4 TE rhk | ol
R T R I PR P 8 Tk 2.
v=25 m/s T00 R I RGBSRk , B 9 4240 .l
P 0=40 m/s T00 N YRGS L, 7EiX ™ 3t
FTAUT AR A0 B OO £ 2 288508 00, 75 2t
S S e e 1f
Of | — s fif / 0 50 100 150 200 250
Jf| * PO / - -
0 PN Ff) s Reeesan i L5502 (d)iz Sl 2k

Lo A ()
! (=]

5600053,

0 1 2 3 4 5 6

A e /s
Ca) JSECoM0R # M 17l 2
3000 —
TetE il
2000t —FNN 4| |
Z, 1000 ¢ /:jj\
R /" \“x_‘
E o/ \
=
& -1 000 \
—2000}
-3 000 : :
0 1 2 3 4 5 6 7 8 9 10
RN
(b ) ) oy 7 ph 24

A8 A4z md&(v=25m/s)

Fig.8 The trace curve of system response

TR ) f 7S I T O A e R R 2
200% , ISR il 4% e , S IR 2R T 40%,
MIAA FNN 3 i a8, BR2ZEREARE] 5% LN,
TRUE T A AIAEE 3175 o3 Ah ORI il 7 R 4 Jon
(TBLARAE) I, i T 1 N RE 5022 , 2 ke i
R BEE A B 2, AR RO, FNN H i
JOZAE ] SRR B /N ot O i R BB SSCR AR TE A

15 .
- JagE -
10} |[— HAE(E KRN
* BRI / \

o || o FNNEH ; \
&
E
=
)
=S

0 1 2 3 4 5 6 7 8 9 10
A a] /s
Ca ) JET/Co ) i A i 7 i 2



104 R R AR (A AR BE R

2019 4F

3 000 :
JetEl
2000 — FNN &4l
<
R 1000} —
E f"‘ “‘,
£ \
ot \
-1000 ‘ B
~2000} L_J
B0 3 4 5 6 7 8 9 10
A a] /s
(b)) i) w7 i 2
100
50
g
z 0
2
50}
E
=100}
o
#® —T1,
-150} o T,
* 7‘|]
-200 ‘ < L
01 2 3 4 5 6 7 8 9 10
A a] /s
(c) DUFEIR S LA £k
25 ‘ ‘ ‘ ‘ '
|
207 e N *ORBOR R |
0 v | 0 FNN il

160 150 260 2‘50 360 35IO 400
A []/s
(d)isZhpumh
B9 Z%shswEi&(v=40ms)

Fig.9 The trace curve of system response

0 50

£i b, FNN [ 35 WA E PR i R SRR P
PR 0 X2 RS B i i FAE T Co D00 i £ ,
G T AR A, B BB A TR B fE IR, 7S
TRERE it T H AR, 1 AR 2.

4 B2 %

ARSCERS DDEV 5 G055 5 I 3000 AN 2 1k
FE R, B T — ML T FNN B9 3 AR A

il RS, WP R G S e B i, il Pl
M #A , PRUE AR E 18 17 07 HA R R, i il
g T RO 2R B 5 A AN s ) B e 1 s 28K
I H AR, 42 R b

S 30k

[1] WANG R,WANG J. Stability control of electric vehicles with four
independently actuated wheels [ C ]//Proceedings of the IEEE Con—
ference on Decision and Control and European Control Conference.
2011:2511—2516.

(2] BRMpE. o ERTREIRVR G BOR BT [ ] ¥R Tl 5T ,2012,8
(3):14—21.

CHEN L Q. China new energy vehicle policy inventory [J ].Auto
Industry Research,2012,8(3):14—21. (In Chinese)

(3] RISk BT R 1) Y 3 AR T S N P PR 7 LA 5T

[D]. Biat: MRt aE iR K%, 2015.
TAN Y S. Study of dynamic stability control of driver —vehicle
closed loop system for in —wheel motor electric vehicle steering
[D]. Nanjing :Nanjing University of Aeronautics and Astronau—
tics,2015. (In Chinese )

(4] k&AE, sk, M. SRR E PERY MR Iy AE R ).
HLL ] 244, 2012, 16(6) : 75—80.

ZHANG J Z,ZHANG H T,ZHANG Y T. The direct yaw control of
electric vehicle stability [J].Control Electric Machines and Con—
trol,2012,16(6): 75—80. (In Chinese )

[5] SKZBLE, 1M ZE% , ol BT R sE Py DA ah vy 3K B i B 2
BRI ) ] A BRI RL K, 2016,33(5) : 141—146.
ZHANG H H,XIANG X A, YE K B. Research of torque allocation
strategy of four—wheel independent driving electric vehicle based
on stability [J]. Journal of Highway and Transportation Research
and Development,2016,33(5):141—146. (In Chinese)

(6] ERFFEI. 44 UK L B 4 M ) S 1 5 e S 40 IO AIT 50
[D KA FHARA:, 2015,

QIAN D J. Study on yaw moment control and torque distribution for
distributed drive electric vehicle [D]. Changchun: Jilin Universi—
ty,2015. (In Chinese)

(7] Z=WI, Sl 22, POSEHR a8 i AL HL B 4 RS O SEASOHYT 2 AT 50
LTI AUbREBE S, 2016(3) :26—29.

LI G,HAN H L. Study on yaw moment control for electric vehicle
with four—wheel in—wheel motor based on fuzzy control [J]. Ma—
chinery Design & Manufacture,2016 (3):26—29. (In Chinese )

[8] 2=, w2, BAFEMH. MR E L LH SR JERH

PLEERIBTFELT ). AL Sl 2015(7) : 103—107.
LI G,HAN HL,ZHAO D Y. Study on yaw moment control for elec—
tric vehicle with four-wheel in—wheel motor based on fuzzy PI con—
trol [J]. Machinery Design & Manufacture,2015 (7):103—107.
(In Chinese)

(9] Wrfgd, SIZRPR, A9, 55 . JE TR g s ] 69 R S 2 A )
FEPERTFELT ] MUl , 2016(4) - 182—185.

OU J,HU J Q,YANG E C, et al. Research on electric vehicle han—
dling stability based on yaw moment control [ J ]. Machinery Design
& Manufacture,2016(4): 182—185. (In Chinese)

[10] ARH0F, 220, 5K 37 22, DU 50 38 HLSK 2 SR ZE T AP
HILILIRIBE R (A SRR ) , 2008, 36 (8) : 1115—1119.
YU Z P,JIANG W,ZHANG L J. Torque distribution control for four
wheel in—wheel-motor electric vehicle [J]. Journal of Tongji Uni—

versity( Natural Science ),2008,36 (8):1115—1119.(In Chinese )



