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TTR warning and anti-rollover control for semi-trailer

OU Jian*, WANG Yongsheng* . YANG Echuan® , FU Lijuan®, LIU Guangming®
(a. School of Vehicle Engineering; b. School of Mechanical Engineering, Chongqing University
of Technology,Chongqging 400054 ,P.R.China)

Abstract: In order to warn drivers of rollover threat states of semi-trailer and control the states in time, the
current motion states of semi-trailer were estimated in real time by using Kalman filtering technique.
Meanwhile, we treated semi-trailer in TruckSim as a real vehicle and took the process noise and
measurement noise into consideration. Then a TTR(time-to rollover) rollover warning algorithm associated
with model prediction was established by determining vehicle lateral load transfer rate as the rollover threat
index. In addition, through combining with optimal control algorithm, anti-rollover control strategy was
developed based on TTR rollover warning algorithm. Simulations show the proposed control strategy can
warn drivers effectively of the dangerous situation, and control rollover threat states of semi-trailer to
prevent rollover.

Keywords: automotive engineering;semi-trailer; TTR warning;anti-rollover control; optimal control

UTAF R B 380 B B DR Sl DL R W O M 9 A WO R TR R R A T B L R
J& o AR HR A T TR R T (0 B A X B L A B K R A X T A B R R A — R
ol ARG E 250 22 7 e 25 ol s 1) ol o v AR B A A MR 9 L 725 B BA X L G I A 5 45 Iltl:,ﬂnﬁ
L2 5 2 Bk O3 TR Az A IR I X A 4 1 B AR B0 AT T 114 2 ) o S e R 9 D0 A Y O

s BHE:.2017-01-18

ESWE P & 5 oF s 1R H (este2015jeyjA60010) 5 B PRl Z B H AR B 583 H (KJ1600911D)
Supported by Basic and Advanced Research Projects in Chongqing (cstc2015jcyjA60010) and Scientific and
Technological Research Program of Chongqing Municipal Education Commission (KJ1600911).

PEE T A W (1969-) . 95 R LR Hi% . FEMNF LRG3 I 2 LA UFF . (E-maiD oyjian@cqut.edu.cn,



68 TR KX FFR % 40 %

A A R 2 B0 e T A ) S0 B L 0 B U B B 00 84 ) 1 B 58 Chen 451V JE T TTR )
A0 B T LR L 38 IR 22 I 28 R B 8 T TR AR RS B L B — S B S s R A SR I R T A
AT 7 A T Ay TTR 00 00 0 05 5 2R TR 45 ) 5% T 3l 2 M 1) 80 6 % 3 A S (0 B 0 T BRI, 45 15 R R &2
TEPCHOAR AR T R TTR U B BUE G005 o SRR o 22 190 28 11 o S e 22 5 %8 Ak 32 9/ 24 1t ) ft
AR g 0 A+ DR S [) 26405 17 10 AN ) o 307 35 P AN S o 00 TR0 T 3 S o 4 AR AR SR VR S A
R AR PEVE A R AR B R O T 90 S I e 0 2 00 R E 5 Kenan 550 SR FTZR M 1 42 4 8l ) 2 AL L 5T
K T FEmy TTR 5 B 8RO 75 PRSP » R T 533k 1 R 107 T 280 5 0 000 38 0 AR 4 » HL R PR R acd ] 2 FR I
TR AR TR AR . Yim G55SR 32 3l By DU URF VG 28 4 B AR A5 £ B By O A O ik L
2 Bl B AT P T 2 1V A U 21 TG 28 8 s o 482 e 00 MRS 7 A 1 () IR i 2 0 T SR A L
Tl Fe a2 B Bl 2 i B b IR g F TSl B AR T A % AR B L R T 3 Bl B 0 ABUAT 0 R AR T
PAEA R . Z5 E I 3 T RN S 458 1) 2l S0 5 AR 45 A ARG T 9 05 15 BoA JLA e . 2 57 3 Jg 24 B L
SIS TN 50 00 R A IR 7 RE TP 45 72 Sk B3 2 ) B L I ]

£ L TruckSim w47 9 42 0005 B9 Sy 0S4 00 25 R4 aa A7 o i v 0 e AR P O IR 7 R
Kalman J§HHOR ST R 09 Y RTa 17 RS O @5z 156 TROBY A TTR 0% 55 35 A By 0 e 4% o] 55
5 ST 0BG I AR 2 Y S A S AR X e A O 1 A 3 S A

1 WMERBET

W 1) (b) BRI K AL bR R XOYZ L BERARAR FR 2’0y =" BE5 T 4 5 by DAZE 30 500 1 45
L8 0 28 9 52 A DR o ARSI R O] SRy oAl R 1) O O 5 P AT T T 48 1 2 B R A e
o ST BT 0 =l T R O IE

Xb OB AT RRE R 1) Sy 5 B F o B ML, FREEE T3/ M. . TETE 45 T 4 B i Ae bp R ()
T 2 o R R AN AL 220 3 [ MREA 32 3l D 3 1) — MBE TS AR O

F,=m(o, +v.¢), (D
M, =1.¢+1.¢, (2)
M.=1.¢+1.¢, (3)
K D—)Hm LG5 50, YNNG 50, K1) A3 5 1 g MSURE Sl 16t 45 1, g MRS S22 48T 1 AR5 1 .

N ERFE B
WP 4 B (0 OS2 0 23 B a1 i s AR AT B 43 Sl RS Y o 3l A 57 2 5| 4 4 e A

Y
<p:'
mg
h,,
o' |r | F,
0 l
(a) X-Y'FHRER (b) ZF A EE (c) ZI15HHrE

Bl LRRARRZNSHREE

Fig.1 Coordinate system and force analysis schematic
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Fig.2 Kalman filter algorithm and its filtering equation schematic
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Table 1 Main parameters of semi trailers model
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