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Fig. 1 Test principle of tire side slip angle
FRAT R R PR B DU AT o M w, SRR
T ce" TAVER S A, THA N
a=a; - (D)

AP a—F5e R M, B G5 ik B

BRI, P J L 1.2 5
w, YN X FRP- 1 [ F) S A G
i C R4 B AR s s R R
Gl

Bl L2zt B SR C i 22 57, H LA G
Z, Al

(&3]

A =Yy =Y. (2)
H v, =arctan(l,/1ly,)
Xy, ——BC B IR 1) %) B i a] S £
CD F1 BD By JE Loy T Ly, W 3 GPS
I 28 S w2 D XA 2, o kS BE A
F0.5cm
y.——BC HEL 5KV u, [8] R A
v, =arctan(u!/u.)
u' =u,sin(y -B) +w,b (3)
u, =u,cos(y -B)

K w— KV u, fETE T BC J7 ) L
w/—/KP-3 L u, £ BC J I EHEY

o, —{VERHR MR, ih & SR AL
PTG
B—B w1

b——B mi Ml C mifE] KB, d1 GPS i

B WG
R A B TR
B=v-¢ (4)
L v——FFfum A, RV ZE X B 16 5 1E
6751 0, Y, Hlila] i) Je f , 8 2 DR 2k
GPS i R GevT LA B0 15 2
o—w, FIEJL W 0,Y, HliE W) Je M, i

GPS 3 2 58 H A%

1.2 #RatEm At REE

Yl i) 2P o RV 1) 8 A R A% 2 U AN R
{6, FERRAER R T 00T, BAE 1 585 1 B I A A 2
AT B ) 41 R0 26 B MR i) £y o eI, BT 1
LG A S SR AR IDURIT A 1) 8 56 A0 A7 AE — E 1 %
2%, HA G HER BT R o A SCHIFTE — Fh B T HLds
PUBE G 1) S8 A ELH DN R T3, BRI TEL 2 o o

Bt e B ARSI AN B 2a Pl i e B R
JN6 SHeHG IR M 12, OF th iR A 4 K8, ka1
ARG £ 2 W4T, Al i e 2 0 A ) 4 R Y e R
S FEAORUEAGIN B 2 F0AE fif e e o T OR -1 o
AR G AR IBORE I 4 2 iy 2% 3 iR, 3 %% 3 0t
JEAHX L A B R AL T F e se 5k A o BR5Sk K
i 525 B4 b ORI ANIE 2b FrR

B2 JETEBI L e 5% M ke i
Fig.2 Image method test bracket for steer wheel angle
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Fig.3  Structure scheme of roadway test system
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Fig.4 Test curves of hand-wheel steering angle
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Fig.6 Part of road way test curves
(a) 7B (b) AFCTIEEemnE (o) HIfEmAsemartbme:  (d) Bl fins s ih £
(e) BUEAMERMBIEML (O RIGMMMAIML (o) k2 (h) BuoMmmmhge (1) Wm0 m A i

WA, BRI A A A A Af , 5 B IR AT RS B AR IR N Bl S P Rk
BOEE AL R I BE, AR OB SR st 7RI

2 % x #t

1 Van Zanten A T. Bosch ESP system: 5 years of experience[ C]. SAE Paper 2000 —01 — 1633, 2000.

2 Marino R, Scalzi S. Asymptotic sideslip angle and yaw rate decoupling control in four-wheel steering vehicles [ J]. Vehicle System
Dynamics, 2010, 48(9) :999 - 1019.

3 Zhang Xiaolong, Li Liang, Pan Deng, et al. Experimental model and analytic solution for real-time observation of vehicle’ s
additional steer angle [ J]. Chinese Journal of Mechanical Engineering, 2014, 27(2) ; 340 - 347.

4 JitiA W], Lupker H, Bremmer P, &5, JFEFROBIZ B9 40000 i A A 1T D741 ]. 384 LA, 2005, 27(4) : 426 - 430.

Shi Shuming, Lupker H, Bremmer P, et al. Estimation of vehicle side slip angle based on fuzzy logic [ J]. Automotive
Engineering, 2005, 27(4) : 426 —430. (in Chinese)

5 Venhovens P J T, Naad K. Vehicle dynamics estimation using kalman filters [ J]. Vehicle System Dynamics, 1999, 32(2 -3) .
171 - 184.

6 kH, BoksE, sAE. RO O R SEAG T A LT ] LB AR AR, 2008, 44(2) 1219 -222.

Zhang Yong, Yin Chengliang, Zhang Jianwu. Real-time estimation algorithm of vehicle lateral speed [ J]. Chinese Journal of
Mechanical Engineering, 2008, 44(2) :219 —222. (in Chinese)

7 oskoNe, AsE, BLE, L ORERENEEE T RGN A BRI R S )] RAIMCER, 2010, 41(10) ¢ 1 -
Zhang Xiaolong, Li Liang, Li Hongzhi, et al. Roadwaytest system for vehicle stability control [ J]. Transactions of the Chinese
Society for Agricultural Machinery, 2010, 41(10) : 1 =5. (in Chinese)

8 s/, s, ALK, A JETUOE RBE RIBRAEMI A At r s mtse [ ). UM ORI, 2010, 46(22) 105 - 110.
Zhang Xiaolong, Li Liang, Li Hongzhi, et al. Experimental research on vehicle sideslip angle estimation basd on improved RBF
neural networks [ J]. Chinese Journal of Mechanical Engineering, 2010, 46(22): 105 —110. (in Chinese)

9 Kistler Group AG Correvit® SFII sensors non-contact optical sensors CSF2A_000 —812e —01. 12[ M]. Kistler Group AG, 2010.

100 RRRT, SRRE, HURMS, 48 ST BUARAL ) 12 8 L PR s e m i 3k [ ] 35 MOR 2224 D24 R, 2007, 37



36

ok BB R 20144

11
12
13
14
15

(6): 1229 - 1235.

Zheng Hongyu, Zong Changfu, Tian Chengwei, et al. Control algorithm for steer-by-wire system with ideal steering ratio [ J].
Journal of Jinlin University: Engineering and Technology Edition, 2007, 37(6) : 1229 —1235. (in Chinese)

Trimble Navigation Limited. Trimble BD982 datasheet [ M ]. Trimble Navigation Limited,2014.

National Instruments Corporation. NI CVS —1450 series user manual [ M]. National Instruments Corporation, 2003.

Racelogic Limited. IMUO2 & YAWO3 inertial sensors user guide [ M]. Racelogic Limited, 2009.

NovAtel Inc. OEMV family installation and operation user manual (OM —20000093) [M]. NovAtel Inc. , 2007.

SN, At WU, S BT CAN PR AARRR I A E PRI R ST [T]. AR, 2012,43(8) .7 - 12.
Zhang Xiaolong, Li Liang,Cao Chengmao, et al. Vehicle stability control test system applied on low friction road based on CAN
technology [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(8) ;7 —12. (in Chinese)

Test Method Research on Vehicle’ s Tire Side Slip Angle in
Extreme Driving Conditions

Zhang Xiaolong' Chen Bin' Song Jian> Wang Qiyong'
(1. School of Engineering, Anhui Agricultural University, Hefei 230036, China
2. State Key Laboratory of Automotive Safety and Energy, Tsinghua University, Beijing 100084, China)

Abstract; Identification of tire cornering properties is the base of vehicle dynamics stability control,
however, tire side slip angle estimation accuracy based on dynamic model goes worse because of the
effects of roll steering and compliance steer under the extreme driving conditions. In order to provide
technical means for research on steering wheel angle and wheel side slip angle observation model under
the extreme conditions, this paper presents a test method for tire side slip angle based on the direct vision
measurement of steering wheel angle and the vehicle body attitude. The test principle of the side slip
angle was firstly analyzed, then the roadway test system was established based on the high-precision,
double antenna differential GPS and the real-time image processing device CVS 1456. On the basis of the
calibration of the test vehicle steering system gear ratio, both the pivot steering test and the small lateral
acceleration test showed the good consistency of the results of the steering wheel angle based on image
acquisition with the hand-wheel angle. In addition, the circular acceleration-deceleration tests showed
that the test vehicle reached the extreme conditions while the lateral acceleration was more than 0.8 g,
and at this time the steering wheel angle curve with image acquisition method fluctuates and reflects the
effects of roll steering and compliance steer, so comprehensively the test vehicle has understeer
characteristics. The roadway tests indicate that the method proposed is effective and practicable.

Key words: Motor vehicle Extreme conditions Tire side slip angle Test method



