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Evaluation and Testing of out of Position for Airbag Design
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Abstract : Development of advanced restraint system challenges both restraint and automobile manufacturers to come
up with proper airbag design to reduce occupant out-of-position related injury. The important component of the
advanced restraint system is the multi stage inflator. The multi stage inflator can independently control two or more
airbag inflation stages to maximize occupant protection. The objective of this research is to develop relationship
between airbag inflation characteristics, the occupant positions and the airbag design variables. The tests are conducted
using five kinds of inflators, two kinds of airbag cushion folding methods and two kinds of tear lines. In the case of
inflator, the out-of-position tests are performed with a traditional inflator, a depowered inflator and a dual stage inflator.
And the efficiency and injury mechanism are evaluated by analyzing the injury pulses and values. Using this
relationship, airbag design guideline is established for airbag aggressivity thresholds and the risk of injury is identified
according to occupant positions.
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Fig. 2 Test repuirements to minimize the risk caused by airbags
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Where, F ,= axial force
M o= occipital condyle bending moment

F .., M .= critical values

Table 1 Injury criteria of out-of-position

Dummy size | 5094 ile| 5%-ile AFD gE& é;{i;& CRABI
Injury criteria AMP T T oop | oop | oop | oop
HIC(15msec) 700 700 700 | 570 | 390
N 1 1 1 1 1
T peak tension() 4170 | 2620 [ 2070 | 1490 | 1130 | 780
T Peak compression() | 4000 | 2520 | 2520 | 1820 | 1380 | 960
Chest acceleration(G's) 60 60 60 55 50
Chest deflection(mm) 64 52 40 34 | NA
Femur load(kN) 10 7 NA | NA | NA
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Fig. 5§ Typical pressure curves of single and dual stage
inflators in the tank test

ololl o)Al itk Fig 4, 53 0] % 7h2487] (dual
stage inflator) 2] T2 Q1 29} 60 SEle] A 2
Aol AN AR Arsle) GEe SRa B
2 HaE g F4olt |

3. JIAMAI7Io] st AlE

u)7gog A o] Aol et daA FohE 9)st
o AF Hitel 2E BA A TN o} 5%
o1 QA =Pl i AS1Y HN AR A o
gtk Mg AL Fig. 2004 9 o] £-7d4]
3} 25400 ubet QAL A9 wo) T,
SN B vimA A4 BF) o) Ho
o A8 AawezE Aol sbsste] & Aol
A FANEE DAHD. AR AN o
WO 2 Q5 kel dlolul g olofule Hi
9, AAAse ASE B ARA Az

112 siRRfExl2sts| =2 HUA Hes, 2003

ARG & Rpol] o3 FFgo] ul-¢ At o]#
oo} e W F Tkt ady) o) FE et Th
T8 AR 2Hgek
A% 011*1% }i 871«1 7HE ltﬁ}%*c}%ﬂ
Be 4 7k

B 7(single stage 1nﬂator) <} ]—? b

#37)(dual stage inflator) S A A3} A @353 eh.
9l ZEARATE 7] dlo] Mo A A& 3tel A
THA 7FRAT)(F 230kPa o) e} aE ks
4} A7) (depowered inflator, 180~200kPa)E A}-4-514
t} 0] % 7k A7) (dual stage inflator)= & A gto)
Table 28} Zro] M7kA] F-579] 7k AYr & ALE-
3ttt o714 4EAr5-8(Pressure Rise Rate)= 3
71 43S Hrlste R824 27 10msecol] 4] 9]
YW SE-S HEP L Qo

r

Table 2 Inflator data

] Max —T Pressure N
Inflator pressure rise rate
(kPa) (kPa/msec)

Single inflator 231 5.8
Depowered inflator 191 46
Max. dual inflator-low 154 43
Mid. dual inflator-tow 132 3.5

Min. dual inflator-low 118 30 |
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Fig. 6 Setup of unbelted with chin on the module
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Fig. 16 Neck compression
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Table 3 Influence of positions
Ttem Position 1 Position 2
Airbag .
d
deployment Right and left Top and bottom
Head More or less More or less
Chest G Low High
Chest .
displacement Low High
Neck High Low
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