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Accident Reconstruction Research on Occupant Injury with
Stiffness Based Impact Model
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Abstract: Accident reconstruction research on occupant injury mainly includes the vehicle movement and
the human body biomechanical response during collision. In this paper, PC-Crash is used for reconstructing
kinetic and kinematic process and obtaining acceleration pulse by utilizing stiffness based impact model.
Coupling calculation with MADYMO is done to stimulate the occupant biomechanical response along with
the interior, belt, airbag and dummy model built in MADYMO. Results shows that acceleration pulse
obtained by method of stiffness based impact model is more accurate and reliable. And coupling simulation
using PC-Crash and MADYMO is capable of reconstructing both in vehicle movement and occupant
response. This paper can provide valuable reference for accident reconstruction and occupant injury analysis.
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Figure 1. C-NCAP frontal 100% rigid barrier test
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Figure 1. PC-Crash reconstruction
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Figure 3. \ehicle acceleration waveform
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Figure 4. MADYMO touch model
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Figure 5. The dummy head acceleration curve
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Figure 7. Dummy pelvis acceleration curve
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Figure 6. Dummy chest acceleration curve
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Table 1. Main damage index

*® 1 EEGHEBR

itk fatr HELE PC-Crash 5 i 1K P8 R A T
HIC 36 864.7 1123.0(+29%) 372.7(-57%)
3ms max m/s? 4733 541.1(+14%) 357.8(-24%)
VC mis 0.234 0.240(+4%) 0.230(-2%)

2.2 FRANRAGIRBIFEN
AFIFH MADYMO #5713 AR RGAERY, EEAHE: 2T 40 KRG TR AT =547,
IR ALK RG @R B, SHMRAG T EM (B 1), SHEAEInE Y, #HT5E.
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Figure 8. Vehicle model Figure 9. Restraint system model
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Figure 10. Dummy scaling model Figure 11. The dummy position
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Table 2. Excelle driver's injuries description and AlS score

R2 YBBYRGE

4 il 5 PN E

XX 54 5 S B B
2T JRESIRR, BT 3 4R
AISM AISM k3 AISM T AISM i AISM Hig
3 0 0 0 3
R AISM JIg %5 AISM #H: AISM - Ji AISM T AISM (/A
0 0 0 0 0

3.2 &M PC-Crash #{TE W EZNHIN

WRIEF AR RATMSEEE, WA P BN BN, X RS EOM R s AT 1220,
fEAFpT RS E (K 12) RS ASLFi LS5

© Vehide Geometry . —
‘ 1 Vii-Polo 1. v Type: Automobile "Vehide Geometry | 2 Buick-Cent v Type: Automobile
Suspension Properties N .
WW-Polo 1.6 Weight: 1030.0 kg  Suspension Properties Buick-Century | Weight: 1250.0 kg
Occupants & Cargo Drriver Distance of C.G. from front axle: Occupants & Carge Driver Distance of C.G. from front axle:
Rear Brake Force No. of axles: 2 1232 'm Rear Brake Force No. of axles: 2 1385 |m
Trailer Length 3915 'm | CG. height: 0.500 'm Traier Length 4520 |m | C.G. height: 0500 |m
Vehicke Shape Width: 1850 'm | Moments of Inertia: Vebide Shape Width: 1730 m | Moments of Inertia:
iaht: 6 . 126 ~ -
Impact parameters Height: 1465 |m Yaw: [1961.4 |kgm~2 Impact parameters Height: 1450 m Yam: 18542  kgm~2
) Roll: 3734  kgm~2 . ~
Stability control Stabilty control Roll: 552.2  kgm~2
Frontoverhang:  0.783 m Pitch: 12614  kgm~2 Frontoverhang:  |0.988 |m Pitch: 1864.2  kam~2
Steeringratio: 20 | ABS 0.1 sec Steeringratio: 20 | aBs 0.1 sec
Track - Axle 1: 1.430 m - Track - Axle 1: 1.475 m
Wheebase 1-2: 2465 m Wheelbase 1-2: 2600  m
Track - Axle 2: 1.430 m Track - Axle 2: 1.475 m

Figure 12. Parameter setting of vehicle model in PC-Crash
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HtEm Gl 13 i) WA

Figure 13. Actual vehicle damage
13. F4HEFMRER

R A E L A SRR . RS — RIS, B A B S
BRI AAIE, W, 5EEM PC-Crash 1 B2 K& 16 s,
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Figure 15. Site final location

Figure 14. PC-Crash reproduction results
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Figure 16. PC-Crash accident simulation process diagram
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Figure 17. Vehicle speed time curve Figure 18. Driving seat at X direction Excelle acceleration time curve
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Figure 19. The driver collision dynamic response process
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Figure20. Driver head acceleration time curve Figure 21. Relationship curve between AlS and HIC
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Figure22. Chest accelaration
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Figure 23. Chest compression
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Figure 24. Chest compression vs AIS3+ injury

24, BIEBELEE vs AISIHREGER

B 25 B 573 638 A RS S P - T il 2R G P 22 i, SRS 3ms BRI FE (N 46.5g, /T A AR
2 PR 60q « 535 i 4 -] 8] ih 28 1] 23 B, i 5 KR 4 58 50mm, K- 48mm, AR #E Patrick[7]41 Kroell[8]
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RYEREFRAE 1.3; /NBEIEZE /19 4KN, /T C-NCAP K AEFR1H 8KN. R4 Morgan 25 A\ [9] I 7045 R, 20 5
KHE AIS2+455 FE HIHEZR N 6%, X 520 57N AR 24 BISLhatits (AISO) ELEWI A IX 15728 B 53 JBE A 52495 f Sz
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EeA—H.
R 1 8% A EEHAGERIFRLRG AIS X
Tiif 2 A% B /C-NCAP FIT S2bR
e AL A Pid b i B4 TP RE PRI AIS P4y AIS P4y
KA HIC36 308 1000 <1 0
3ms RBMELE (Fhr: g) 46.5 60
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KERESE ST (AL kND 6 9
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PN A I Iy I

I T I FERE AR (1 55773k, PC-Crash BEWS 3 AR AR AL R P AODNER BE TR, e I0iE, 1207 i)
B HH R AR R I PR T A R, BB A DR 5 AT ST B B A\ B8l
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