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Parameters Value
Young’s modulus (MPa) 300
Poisson’s ratio 0.2
Density (kg-m ) 780
Porous rate 0
Thickness (mm) 0.3
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Design variables

Value range

Vent area, 4 (mm’) 300-900
Ignition time, 7" (ms) 5-20
Mass flow coefficient, X 0.4-1.0
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Dummy type Airbag type Mass flow coefficient HIC Chest G (g)
Sth percentile Tubular airbag 0.4 322.92 33.16
0.7 418.55 37.92
1.0 484.14 34.07
Ordinary airbag 1.0 764.40 4532
50th percentile Tubular airbag 0.4 1026.07 43.11
0.7 675.48 45.68
1.0 695.03 48.47
Ordinary airbag 1.0 1167.02 50.49
95th percentile Tubular airbag 0.4 924.81 44.94
0.7 767.44 45.32
1.0 726.34 44.58
Ordinary airbag 1.0 1310.10 48.50
B 20804 50.70F, 555 0 AR N FTHICH 748 73 ) .57 . v A
$9322.925418.55, M T 245 Fh BB B0 ) . =
W] 5 1.0 HIHICH . 6 T 8550 £ 40 A 15 58 N
OSTIARBATI R, LA LG RECN0ARS, g ST e . ]
TR S A 70, HICWE A BIE T - e
1026.0741924.81. Xt #4115, 4645 AT, . %}i%u;fﬁ:° .
ISR IES G VNI St e dUES S ES ik T e L
W, B A Chest GIf 2 B K, FLEY {9 8 2. e R0 aR I s i
627

Pk, B ST E R — 8.

MEPERUE B T S5 R AT VR . W T285 0
BEN, AR AR VERUS HIC S I HR 3 ms i 2 f i1 2EK
T ATRCRE R R AR 8N 60 %0 X T 5550 71 73
PABRN S 95 H BN, IS B (B 1 RBOR 2
T, FA DR AR AR 0 F B 820 30 %
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FH EARBR BP0 IR 61 15 B Paretofif 42 I 95 R AE HEA T 7
o MG R EIRP, o [H B NZ180.12, XF RS HIC

412 413 414 415 416 417 418 419 420 421
3 ms chest acceleration value (g)
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x4 EXTEMNAHET X

Vent area, A Ignition time, T’ Mass flow coefficient, X HIC Chest G P
Before 600.0 mm’ 10.0 ms 1.00 695.03 48.47¢g 0.16
After 816.6 mm’ 8.5 ms 0.68 671.10 42.33g 0.13
Reduction - - - 35% 13% 22%

AR T BERIGTA BOR . RR GBI TE b FE AR TR
PG 7t 7 SR R R T PR RE .
U HTE AR &7 AR B,
JETTRIG A B ORI R — B ARRM TR IR
THEE BN BT MR . TR, AR
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THAB WSR2 PR, &n, iEe ek
BT R — A BRSO AR R 3fe 51 2 8] R B 47
PERE, B, T AR SRk, BRATBCE Jek o
AR AT 3R B B B AN e R
Ko AERRI A b 75 ZHERI AT B

6. 4512
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R e B R R R . BRI T AR B A R R
vh PRI S B P REREAT VPG, FREEAT 1O A

FERLELT
(D WitEXTERZIE SR, EHRRAZRA
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TEEMRE MR REEN, FRAS R B @ S
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FAARR T Ji 3 A o A it e ) 95 1 IXURG:
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e Gt AT LYk 30 % SR R AEFIH &, JFIAFIH
R H R
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Compliance with ethics guidelines

Huajian Zhou, Zhihua Zhong, and Manjiang Hu declare
that they have no conflict of interest or financial conflicts to

disclose.

References

[1] Cummins ]S, Koval K], Cantu RV, Spratt KF. Do seat belts and air bags reduce
mortality and injury severity after car accidents? Am ] Orthop (Belle Mead
NJ) 2011;40(3):E26-9.

[2] Liu ZJ, Huang TZ, Zhang JH, Yang JK. Survey of research on airbag for occupant
injury prevention from vehicle impacts. ] Mech Eng 2001;37(5):12-7. Chi-
nese.

[3] Zhong ZH, Zhang WG, Cao LB, He W. Automotive crash safety technology. Bei-
jing: China Machine Press; 2003. Chinese.

[4] Mendenhall IV, Taylor RD, inventors. Burn rate enhancement via metal ami-
notetrazole hydroxides. United States patent US 20050098246. 2005 May 12.

[5] Halpin JW, Burns SP, inventors; Automotive Systems Laboratory Inc, assignee.
Gas generant. United States patent US 20070084531A1. 2007 Apr 12.

[6] Wu XL. Simulation research on dual stage inflator airbag [dissertation]. Jin-
zhou: Liaoning University of Technology; 2015. Chinese.

[7] Zhang TT, Wang DZ, Zhuo P, Liu JY, Zhuang X. Experiment research on passen-
ger airbag test to front row female occupant based on Euro NCAP full width
frontal impact case. ] Automot Saf Energy 2016;7(4):403-11. Chinese.

[8] Zhong ZH, He W, inventors; Hunan University State Key Laboratory of Ad-
vanced Design and Manufacture for Vehicle Body, assignee. Sandwiched tu-
bular airbags. United States patent US 7448644. 2008 Nov 11.

[9] Huang ], He W, Yang JK, Zhong ZH. Numerical and experimental investigations
on the behavior of the sandwiched tube-type airbag. Int ] Crashworthines
2009;14(5):437-47.

[10] Hu YZ, Liang YF, Jiang CY, Liu X, Liao GJ, Feng QF, et al. Application of the occu-
pant injury investigation in frontal crash based on THUMS model. ] Automot
Saf Energy 2015;6(4):379-83. Chinese.

[11] He W, Zhong ZH, Yang JK. Research on experimental validation of comput-
er simulation of working performance of automobile airbag. ] Mech Eng
2002;38 (4):126-9. Chinese.

[12] Liu DH, He W, Gao H, Zhong ZH. A simulation on the performance of tube-
type airbag and neck protection device for the occupant protection system
under special conditions. Automot Eng 2007;29(6):465-9. Chinese.

[13] Tanavde AS, Khandelwal H, Lasry D, Ni X, Haug E, Schlosser ], et al. Airbag
modeling using initial metric methodology. SAE Int ] Passeng Cars 1995;104
(6):1576-89.

[14] Lee SB, Hong SG. Parametric study on mid-mounted passenger airbag cushion
using design of experiments. SAE Int ] Passeng Cars 2003;112(6):604-8.

[15] Li L, Duan DW, Liu SL, Xiao L, Liu YB. A research on the optimization of
restraint system for the protection of occupants with different statures.
Automot Eng 2016;38(11):1312-8. Chinese.

[16] Jeong S, Murayama M, Yamamoto K. Efficient optimization design method
using kriging model. J Aircr 2005;42(2):413-20.

[17] Viano DC, Arepally S. Assessing the safety performance of occupant restraint
systems. SAE Int ] Passeng Cars 1990;99(6):1913-39.

[18] Cao LB, Ouyang ZG, Xu Z, Zhang GJ. Research on the optimization of reversible
restraint systems. ] Mech Eng 2016;52(10):133-41. Chinese.



