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A New Airbag Modeling Using a Sphere and a Torus
and the Occupant Analysis in the Out-of-position

d A EFAOF @¥u g g
J. M. Lim, C. H. Kim, G. J. Park

ABSTRACT

The airbag system is known to be extremely efficient for the protection in an automobile crash.
The performance of the airbag system is evaluated by real tests. However, the test is very difficult
and expensive. Therefore, the computational simulations are carried out with low cost. The airbag
analysis is included in the anlysis of the full-car crashworthiness. The behavior of the airbag can
be predicted by a thermodynamic analysis. The contact force between the occupant and the airbag
is calculated from the contact volume and the pressure in the airbag. The injury rate is evaluated
from the contact force and the acceleration of dummies. So far, the contact is defined after the
airbag is fully inflated. In many cases, the occupant is seated in the out-of-position and the con-
tact can happen during the inflation process. A new algorithm has been developed for the out-of-
position. To describe the inflation process precisely, the airbag is defined by a sphere and a torus.
The injury is evaluated for the contact happened at any time. The developed algorithm is coded
and interfaced with an existing software in the public domain, The full-car modeling is adopted
from the previous study which is tuned for the regular position and real tests. Numerical
experimentations have been carried out with a couple of dummies in the out-of-position and the

Injury processes are analyzed.

F 07|58 : Regular Position(A49)3]), Out-of-position(¥]7 A7), Inflation Force(338),
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o o] L. A2} (driver)$} %7 (passenger)
o] StHMES A83}T AP R (regular posi-
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Fig.1 An airbag model using a sphere & a
torus :

Air Bag Model T —~—_—Control Volume
' g S~ Air Bag

Fig.2 Schematic view of airbag inflation
process
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VauzVugl A%s Va=Vaolth 4714, Vi
2 7131849 AFHelL Vs 484 FHHE
AFelr, Cp B nd FAYo=ZRE AL
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Mow=Mn+m z (10)
2= Win— Wowt (11)

PB=
KR(Timu+T’ i 2— Tttt ) + KB[1+ CAB— BG4V
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Fig.3 Sphere-ellipsoid contact geometry
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B (Ellipsoid)

A
(Sphere)

Fig.4 Sphere-ellipsoid penetration geometry
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Fig.c Torus—ellipsoid contact geometry
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Fig.6 Torus-ellipsoid penetration geometry
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Table 1 The input data for airbag modeling

dojMol g U7 Holet
T ¥ 17(em]
Qade w4 2 Fu(tube)s] w4 | 17[om), 12.7(em]
S48 FAF F9 dof9e A 60 ¢
olojute] ) ' 1[kg]
A3}A) ZH(firing time) ) 29[ msec)
71 1.0075( kg /caf]
AEH XA 4 (strech factor) 0.0204{1/ (kg/cif) ]
NANE 3028.6[cn/Deg K]
B394 ¥ F394 36.0crd), 0.0[cnt]

ADesign Lab. HANYANG Univ.

Fig.7 Out-of-position I

ADesign Lab. HANYANG Univ.

Fig.8 OQut-of-position I
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Table 2 Out-of-position test result

Test Ty HIC. (%] Crest Accelaration (%)
Y Position [V » B owjp B ® /™ e

Table 3 HIC and CSI of occupant analysis in
the out-of-position

Position HIC CSI
Regular Position® 314.00 | 332.57
Out-of-Position I 261.79 | 792.08
Out-of-Position 1T 348.12 | 345.69
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Fig.9 Simulated occupant kinematics of out- of-position I
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Fig.10 Simulated occupant kinematics of out -of-position I
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