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Review on Research Methods of Rollover Safety
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ABSTRACT: Firstly, the classification and scene characteristics of rollover accident were summarized. Then, the development
of the rollover safety study was introduced in various aspects, such as the rollover safety test methods, the relevance between
rollover safety tests and rollover accident scenes, and the rollover safety numerical simulation methods. The current conclusions
were that trip-over, flip-over and fall-over were the dominant rollover accidents, and Curb-trip, Soil-trip, Corkscrew and Em-
bankment rollover test methods could reflect most of the rollover accident scenes. Lastly, the current problems of rollover safety
were analyzed, and and there is a need to strengthen the research in establishing a complete and detailed rollover accident date-
base, forming a scientific and reasonable rollover test method and specification, and realizing the refined numerical simulation
capability of the whole process of rollover in the future.
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Tab.1 The definition and percentage of various rollover accidents
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Fig.1 Cumulative probability statistics of the number of 90°
rollover
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Fig.2 FMVSS 208 rollover test method
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Fig.3 Corkscrew rollover test method
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Fig.5 Soil-Trip rollover test method
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Fig.6 Embankment rollover test method
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Fig.7 ECE R66 rollover test method for buses

3 MRS ERUFRAIKEHE

FURT 9 Bk MR 2 (R R i —
ISR B AR ESGE ML . O T — R AT SRR,
WA EE R, L AUT R BRI SR 5 BR i 5t
A SCIRPERIE T, R BATR I 26 1 e 75 B A ol 245 AT
INADEE S 1 €7D WL e e DB i Ko o S S RPN
Wi 975 LSS R TR 26

FE SIS ATALERE T 1 3 JEfE] | I |
TEIE A 30 F MR, X2 FMOIT 7 ) B A bl
et SRR R T AT, s T

Hb VR 1 50( Soil-Trip MU 1 3T 42 919 2K 93% )
) 24 B0 B AR FH 42 10096 52 100% A4 s B =
W RI3RE 4 56.9% (§2F 57.3%) AUBHIRI M %
2EFALS (Curb-Trip) fRE TR % 8% (2K 6%)
) 24 B = BRI T 4 35% (R 31% ) By S EHEE i,
W4 7.5% (%F 5.5% ) MEIRE S, 120E H
IAE ( Corkscrew ) 103 T3 F % 83% (4% 74% )
R EH i, RIS A4 9.6% (42K 5.4% ) KIBIR
ik, I EE R ( Embankment) 83 TR %
100% (4% 100% ) HyEAFI i, R 12.9%
(K 15.4%) W RHR S ; FMVSS 208 5 4 BlR X
AR TAE] 1% BIR S50

AL AT L, ARG AR S o a5 5, 2Rl
Jiik (ALHG S 2 B0 5 V0 b BRI G ). SR E R
BRI LR RS R T R G R R
80%LL I A BRI, PR JLAMR IRy e e e 2R
Tk, 5B O S SR v 0 BRI IR k.

B A AT e 2 1B MBE g T 3 A S R
ERE MR RN EEARE, IR A IR E 0 TR
B, BT E T IR ) BRIk MO S
ik HE

1) M 2RI S R T R A g RN L
— et K434k 80 kmvh, AR TR BHVR S g8
P s, SRR MR KON 33.8°. Hhvly 4.2°,
2EPALR 42 kmvh R [ BE T AR RV EAE
80 km/h, LAZAZiELR AL 32°vhv i A B A L, 1R 46
IR S ISR L

2) G MENFE R TG AGIRN, £
KRR 2N B 5 S N B b T R I e 2%
DL 150 mm fieH 0L, SFGLN IR TR E Y 120 mm,
IR ] 42 kmvh (R BE . 150 mm DL A9 B % g B A
AT DA S IS PR S

3) MEUE AR R TR TR vh L R g R
HRTATE Y o FEFIRE B g Bk, wh s R
KT 800 mm, RN KT 15.1°, BB R6 & 1)
5 7 =X A 3R Y SEPRAE O

4) R B R AR A PR B B R
Wik B, FRIE R UL BB PR E AR SRR
BB 11 (45°) LI L, BSREE25mUIT;



¥ 18% 5

PR BRE VTR ELE R -39-

Wik 1.2 (126.6°), B L 4.5m LT, HiL% &
FE A Sbr, BPEREE;, RN i E o FE /D 45,
WEA/NT 25m,

4 HERBEZEIR

R T R 92 56 25 52 B i) Jy U e TR & e PR
FELIAN, BEE TR AR B &, B A AR
WFoE IR L Ve EEFB . BT, U7 HARA
BLor R 2 PR Z WIARAR A S A FROGEIAY,

ZWAR R R ] ADAMS, MADYMO %4
Rgh Sy, EE =R ERE g, Dk
PR L FEAH 5 B 1 2= S B A AR RRAE . Bilan, VET]
Tox F R R R ] ADAMS.MADY MO X i 24 81
U2 B | MRERIR | YRR IR T TS,
W TR ERERN SRR McCoy % N5z
MADYMO #5377 RE MR Z WIHABIRL, BT 44
LERLS | EUNE BRI 0 A A0 4 BRI IR, B R
FRRIE W) A 5o HJE, 22 WA 1Y I3 v ff A5 401 36H
AR A S AR R S R, HE e
B, DRI X VR 28 A P PR A 0 S A B .

AR CA R £ R LA LS-DYNA £
M BRIC BT R A, SR AR BB VR Al 4 3 2 v 2 AR 2
¥ RN DB S AR IE 5 sh A R AE B . il
A SCHR O T2k B 6 A B0 25 8 i AF 52 LA
T T T il A ) s 2 HIOKT 2 A R 3R 5 A i 1 19 5 T
e A Ead I (2 P b 8 S U S IUE S i ] o/ i
AT AR BRI, o T PRUETT RS B, A BRoCE
T — JBE AN T4 BT 4 0 5 e T T 4 42 i — 6t B (1)
DA ZE AR 5 4 B4 28 T 45 0 R 155 A

A S BN BB AR, G325 BRI 330K 1
)ik B BHVR i RS B 2R R AR | S5 AR TE Fn B
AN 1 A5 45 SR AR P ) A BRI, PRI, R A
JER H 2 MR A 5 BROCE R A . BCA (5 L4
AR, BISR 22 W AR 0 o 80 R ik, 3R A9 B TR Tl i
i 2 W) iz SRS S HL, ARG DL SLAE A BR TR A
FI LA, THEAS RS T AR 5 sh 2
Mo 4N, Parent’?? yan'?® | Jiang!®%: A $45% H
MADYMO 5 LS-DYNA Bc& R B =, Kbt 55 &
VR A R v L 235 ) 1) B 2 e 7 K TR 15 S 3B A 40 AL
B, DA KA [ 40) U l4E 2 5000 5% 1 2 #

5 H%iE

A R SCHR A TR AT A, R A AT ER
FE RN SRR T — 2R, B
ZAERR I, FE T 545 T B S B R i 0 LAY
R I EHAUTE , BUEAIEOR BT TR
AR o T 6 FCRAR Ay T VR I fik 4 A PRI ST Y i e

FARAKRHESIE N, (AARZ AR

B, SZ R R BRSO s . EAk
F A T B S dR g 50 R B A R IR,
FEEAMFAE SRR, R L2 R4
o P9 R R S E S eI AN AR
R, X T R FMAREA R WL A8, S
IIRTEE R T 22075

Hk, ez BRI J7 55 SO SR SRR B
SFPROHLEL . FRT, X T ERIER DTk S E S S
KRN, AR Z 4598 IR T 1) B A% A 5
2y, BOUESLRNEE = o X B HESE N T BRI T %
MRS RO £ 09 5 B, Wn] RS2 H AT 94 o5 XS
B A B A BRI R R PRI LA I N 2 — o e, K
ERLBE DA 2 o BUE BRI T Ak, S A e i 2
AN, REIE i R U B AE A R, X T R
WA TP LT R BIRA

AR, et LR X IR B SEBRAE O, dES
20 5¢ B 00 BRSO B, IR A M TT R
Aty DAARAS 38 P T3 [ 14 58 S0 HEAfG 14 VR 3 i Sy
fik o HR, @ or BRI J5 5 5 O S e kY
BRa PP AL, T ORE 22 A 25 i BRI 7 1 5
o BUHBUTT T, 5 L2 WA 5 A5 BROT RS
O FEA S, ST BORS AR AL AR O FURORL, R
TRRR, SCIUBITR 2 R RORE 0 1 ELRE

S -

[1] GRZEBIETA R H, MCINTOSH A S, BAMBACH M.
How stronger roofs prevent diving injuries rollover
crasheq[C]// International crashworthiness conference.
Washington DC: [s. n.], 2010.

[2] FRIMBERGER M, WOLF F, SCHOLPP G, et a. Influ-
ences of parameters at vehicle rollover[C]// International
body engineering conference & exposition. United States:
[s. n.], 2000.

[3] STRASHNY A. An analysis of motor vehicle rollover
crashes and injury outcomes[R]. United States: National
Highway Traffic Safety Administration, 2007.

[4] BEDEWI P, GODRICK D, DIGGES K, et a. An in-
vesti-gation of occupant injury in rollover:nasscds analy-
sis of injury severity and source by rollover attributes[C]//
18th international technical conference on the enhanced
safety of vehicles. [s. I.]: National Highway Traffic Safety
Administration, 2003.

(51  ENRAEHEARBITE L. KA BRI 5
FE[R]. Kt EPRAEH ARSI TG, 2016,

China Automotive Technology Research Center. Re-
search on vehicle rollover safety test method[R]. Tianjin:
China Automotive Technology Research Center, 2016

(6] ALEASEERR. EHEACE G HAERK]. Jeat

NSRS PR, 2014,



- 40 -

202145 A

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

[15]

[16]

(17]

(18]

Traffic Administration of the Ministry of Public Security.
Annual report on road traffic accidentK]. Beijing: Traf-
fic Administration of the Ministry of Public Security,
2014

DOT, NHTSA. National automotive sampling sys
tem—Crashworthiness data system coding and editing
manual department of transportation[Z]. National High-
way Traffic Safety Administration, 2009.

WHATT. R4 PRSI SO A SR [D)]. Hif:
[F) % K, 2009.

XIE Bo-yuan. Research on the construction and test
method of vehicle rollover accident[D]. Shanghai: Tongji
University, 2009.

B, BN R RR R Ve SRS ).
R4 T HE2EHR,2012(7):20-25.

CAO Li-bo, YAN Ling-bo. Overview of rollover associ-
ated safety studies and testqJ]. Chinese journal of auto-
motive engineering, 2012(7): 20-25.

. TR 2 1 T VR Al A A 1 % By B Bt F 52 [ D).
Kb WIm K, 2012,

YAN Ling-bo. The research on therollover characteristics
of passenger vehicle and the countermeasures in rollover
crasheg[D]. Changsha: Hunan University, 2012.
PARENTEAU C S, VIANO D C, SHAH M. Field rele-
vance of a suite of rollover tests to real-world crashes and
injuriegJ]. Accident analysis & prevention, 2003, 35(1):
103-110.

fif . SUV PR gy 1HAT[D]. =K EIR
HTR, 2017.

HE En-ze. Simulation research of a suv rollover dolly
test[D]. Chongging: Chongding University of Technol-
ogy, 2017.

MORRIS L M. Characteristics of fatal rollover crashes[J].
Annals of emergency medicine, 2003, 41(2): 271-272.
WHMATT, RV, AREE. KRR T IENTE[CIY
SN IE A 2R 25, JE 7], 2008.

XIE Bo-yuan, ZHU Xi-chan, DIAO Zeng-xiang. Study on
vehicle rollover test[C]// The 6" int forum of automotive
traffic safety. Xiamen: [s. n.], 2008.

MGV T A5 TR 1k R B i Jy i SR (D). K HE:
KHEAR ¥, 2015.

ZHU Hai-tan. Passenger vehicle rollover characteristics
and test method research[D]. Tianjin: Tianjin University,
2015.

FHit. HEVR A BRI T S e o3 B[]
K544, 2018(4): 96-101.

WANG Wei-nan. Research on the car’s rollover test and
impact analysig[J]. Auto & safety, 2018(4): 96-101.
SKEELS P C. Automotive safety at GM[J]. Automotive
industries, 1969(1): 62-66.

TEMISE. VR4 BRI A Ko 0 3 R4 i F 52 (D). i
B BRI T K2, 2013.

WANG Ming-yao. Research on car rollover and occupant

(19]

(20]

[21]

[22]

(23]

[24]

[29]

[26]

[27]

(28]

[29]

injury[D]. Wuhan: Wuhan University of Technology,
2013.

TR, R 5 AR 5 B ESE[D]. B ER
K2, 2007.

HE Huan. The simulation technique of application re-
search of vehicle rollover[D]. Chongging: Chongging
University, 2007

X, BT Z WK FITA BROCHE & ARV 4 BR O
HHFSE[D]. HEK: HRIT R, 2018.

LIU Zhan-sheng. Vehicle rollover research based on
multi-body and finite element coupling simulation[D].
Chongging: Chongaing University of Technology, 2018.
B, S5 MADYMO ZWIABR i8R 42 FHTR
PERERFFE S HAR[D]. BB BT R, 2018.
LIANG Yong-hin. Research and optimization on rollover
performance of minivan based on madymo multi-rigid
body model[D]. Wuhan: Wuhan University of Technol-
ogy, 2018.

PR, KB A R fi 2 4 S 3 A A iE 52 [ D]
BT JELITIR, 2015.

HONG Han-chi. Research on rollover crash safety and
occupant injury of large busegD]. Xiamen: Xiamen Uni-
versity, 2015

LINSTROMBERG M, SCHOLPP G, SCHERF O. Test
and simulation tools in arollover protection development
procesy R]. Washington DC: ESV, 2005.

MCCOY R, CHOU C, VAN DE VELDER, et d. Vehicle
rollover sensor test modeling[C]// SAE world congress &
exhibition. Detroit M1, United States: Society of Automo-
bile Engineers, 2007.

HU Jing-wen. Neck injury mechanism in rollover crashes
- a systematic approach of improving rollover neck pro-
tection[D]. Detroit, MI, USA: Wayne State University,
2007.

PARENT D P, KERRIGAN J R, CRANDALL J R.
Comprehensive computational rollover sensitivity study
part I: Influence of vehicle pre-crash parameters on crash
kinematics and roof-crush[C]// International crashworthi-
ness conference. Washington, DC: [s. n.], 2010.

PARENT D P, KERRIGAN J, CRANDALL J. Compre-
hensive Computational Rollover Sensitivity Study Partll:
Influence of Vehicle, Crash and Occupant Parameters on
Head, Neck, and Thorax Response[C]// SAE 2011 World
Congress and Exhibition, Detroit M|, United States: Soci-
ety of Automobile Engineers, 2011.

YAN Ling-bo, CAO Li-bo, KAN C D. Comparison of
Vehicle Kinematics and Occupant Responses between
Jordan Rollover System and an Over-the-road Roll-
over[J. International journa of crashworthiness, 2012,
17(2): 173-194.

JANG C, STURGESS C E N. A study of the simulation
of a front-crash-induced rollover crash[J]. Journal of
automobile engineering, 2007, 221(2): 1487-1497.



