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Abstract : A vehicle rollover refers to a type of vehicle crash in which a vehicle rotates at least 90 degrees on the basis
of its driving direction. Rollovers in South Korea are found to have a fatality rate 3.5 times higher than front collisions.
This study analyzed the movements of a vehicle using PC-Crash and a passenger's movements using MADYMO in
order to analyze a passenger's movements in the event of a vehicle rollover. Results of a test conducted under the dolly
test conditions of FMVSS 208 after placing dummies on the driver's seat and the front passenger seat were compared
with simulation. Regarding movements of the vehicle, data acquired by a sensor installed on the outside of the vehicle
were compared with the results of simulation. As for the passenger's movements, a video footage of the vehicle interior
were compared with the results of simulation. PC-Crash and MADYMO use different coordinate systems. Owing to this
issue, only two-dimensional passenger movements in a car crash can be analyzed. This study investigated methods for
simulating the three-dimensional movements of a vehicle by linking the two programs. Results showed that when one
free joint element was applied to D, , D, and D, for translation motion and 2, 2, and 2, were applied in sequence to

three revolute joint elements for rotational motion, as methods for linking the dynamic behavior of PC-Crash to
MADYMO, the movements of the two vehicles corresponded exactly with each other and the passenger's movements
also showed very similar forms.

Key words : Traffic accident(1l-8-A}3), Rollover crash(? & %), PC-Crash(F] A ZL | A]), MADYMO(F}H &),
Passenger behavior(% 72 7-5), Dolly test(Z & A] &)

LME A SEAFIL AFE AR OF 5 Yol] BT SLA| vE LA
- - =2 H NS JHZ=EA PRSI NN I DA E
37 AR ol ek 2015 -2l A N ]:L? qu;o f h:] ; 1}) i 1
= 7 ) %

WA A D AR ALme) A g ow A Dot o 35U S SLe Serasit A
Holeh el ARG F2 /| FOR 90 o]
A part of this paper was presented at the KSAE 2017 Spring 5140l o‘:'—]oiq—l‘f -5 T Akl s 2
Conference At 9 40E 27EE, ESA, APER 9 7

*Corresponding author, E-mail: jkyoon@gachon.ac.kr

758


https://crossmark.crossref.org/dialog/?doi=10.7467/KSAE.2017.25.6.758&domain=journal.ksae.org&uri_scheme=http:&cm_version=v1.5

A2 M=AIROIM EHSAL HE0| CiE SH M@y oip

3 oI, 53] Akl Lk eSS 5]
Aat7) & Aoz gelgnt? o]} o] xpko)
& w2 Sl A] doju], AFe] sHow

FReAel §2900] 2] Wiel At ek 7]

3 AT JIPAME Z 51| &2 7
oA olGEtA o e gES
Rpatel A ApaLe] s|aAs A
o we} 7tel] 2k RBALR R
oo e A Sl e e
A% o el n
e 5ol Al A wAE o @ B
obUet A Abae] 3ol niel WA Helo]

= 4 LT A £ AAES AUE T317] 919

u}
A gEAE SR HEE F9E ST
o}
7

:L

1

w2
=
(=]
f=
o.
g
B
{1
AC)
J}% tlo
o
b
3
o
=
&
e}
g
h
-
I

stiL glem® A= AEo] /) Should-belt7}

A =W, RE2A geate] A9 Q8% o7t

Should-beltdl] 27 o}, olw] A7) wA)shd

Aol o8 EAAFe] Fo] o' i MES} g

FALe] o] 7o) mpzto] o] EA o] FAL

AA ] S FA HE A7 Bt A
]

£ WY S vk EG BAVES B 2n

A7 BB B A AREol Aoyt
HoAhs B3l ofs) s ke s Woles 4

off ofsf AbF Whi-e] =t 58t Ak ol
WA Q1Ale] S AR Ui e &Y
& vaske] gdAet EAbE Tt ¢ Sl 9
ARk o] dojup= Aol A PR ES S
8 thare] HoArE A4 B Abgell A o st
of Abdehs 79 2AAE e A2 - o |k
A Aol BAY AT EFeR o2y TV =
7hE A=A AgE ARk dEARaLTE A
AEARALE] OF 15 %5 APA| Sk W AFEE2 35
%ol &ohi= A& geletela, A dmAalglol A
A AEARILE 2 BARSR=A] A =Skl ar, B3k W
AEH o] EVe A A A8 &3k SUV

2FeFe] Roll AEa|4] & vHEA Tt A z2
A o) g3 Fastgon, 1 Az HA7PER 9}
Efolof o] uhzto] A A s malwl®l A5 A EH o]
48 2T ARIIE 43S + ek AE H
L2 ol B3hol ARA LA 5 §719)
S A AT} v B Esle] 2}k E}O]oi
A7), A sk W Abole] whaAIG T} A B AL
3] A&l glo} vl T3 e ik AL Fel
LA G 2

=

o
Seto), @ﬂ% W A% 2 e
“1399) MADYMOY9ll 4-8-3ke] oAt 752
Akl

HNEA

2. MFA

o

HA{ ke

+ Dolly test, Inverted

o]}

I;Lcl

ahere] B4 AHAF ]
drop test, CRIS(Controlled rollover impact system),
JRS(Jordan rollover system)'s¢] TF&3h HI =~ E WY
o] Qlt}. B4 HEAPL 25 o] B Aol o
o b1 Bokely] 9le) alE L glom, 7} =
7hel Wit 2 Ak AzAbe) B ol mrek ke
Moz #asm ek et A A5 A
7150 wel =2 = A2 A|HS ALl 9ot
A@el goly R MRy o] BAZ JYNYL
ke 49 FAAYL AT ek A
AANG BPEo] Al AEALE A s
A7} gleks A7 a7k AlAIE 3 gl g ol

1 Aol A = Tl o] FMVSS 208 Foll 2§ A
Ay F el Dolly test A2 o] &3kt
Dolly tests= thx} 9ol A xS &7 §-48.3 km/h

¢

Transactions of the Korean Society of Automotive Engineers, Vol. 25, No. 6, 2017 759



o SRR A
ek,

2.1 MEAEY

E o Lo A} OPEL VECTRA =}¢]

Bzl S A2
Ao 2 Al s} Th Fig. 13} Table 1 A

A e 23

@ 203 Aere] A9

Seryong Baek < Cheonho Kim - Jeongkwon Cho - Jonghan Lim - Junkyu Yoon

OJEAA ABL

111 ol

l‘

A
g 2 g3

< vrebdl Zlol ) A1

2 2] A il 2@ dlolE XA

s enbetz Tslolgleh e el HH

FH e} S Ea) x5 2 gu| o AES -G

Aol AL del | £ B

H.2] Roll, Pitch, Yaw AHE

O

L%

s CIERE

bl kg gt

Fig. 1 Rollover test condition

Table 1 The specification of test vehicle

Maker Length | Width | Height Wheel Weigh
model (mm) (mm) (mm) base (ke
(mm)
OPEL
VECTRA | 4495 | L710 | 1420 | 2,635 | 1215

Fig. 2 Rest position of dummy
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Vehicle Geometry
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Rear Brake Force
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a
b
c
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e:
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Impact parameters : 0.030 0.350

Stability control : 0.200 0.650

333 3 3 3 3

Engine Drivetrain : 0.900

m
m

m
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Tire model 0200
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Trailer Steering

Air resistance

Fig. 4 The coordinate systems of PC-Crash

Fig. 5 The ellipsoid contact
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Fig. 7 MADYMO model
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Table 2 The solving time for simulation

MADYMO PC-CRASH + MADYMO
L . Under 1 minute
Solving time | 370 minutes -
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Table 3 The dynamics of passenger

Experiment contact Simulation contact Match
@) : : :
Driver head Driver head
o
®) - Roof - Roof
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O
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@ Driver left shoulder Driver left shoulder o
- Left door - Roof
© Driver head Driver head o
- Roof - Roof
® Driver head Driver head o
- Passenger head - Passenger head
© Driver head Driver head o
& - Passenger head - Passenger head
) Driver left shoulder Driver right shoulder «
- Roof - Passenger head
) Driver torso Driver torso o
- Passenger torso - Passenger torso
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