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Abstract : The passenger airbag(PAB) designed for standard sized adults may induce unexpected results to children in
out-of-position(OOP) postures. In this work, using MADYMO software, simulations of the OOP injury of children
have been performed with respect to PAB design parameters and child dummy positions. The attention is focused on
some details with respect to the injury of 3 and 6 year old children in two OOP postures. Among the various design
parameters of the passenger airbag systems, four parameters are selected for the sensitivity analysis of the injury with
the Taguchi method: bag folding pattern, vent hole size, position of the cover tear seam and the type of door tear seam.
An optimal combination of the parameters is suggested.
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Nomenclature I} ofojuo] HFH-E Altetr g A7} glrh Lo
L o] o] 7} Aol ghof 9ls wi= Aol =
o} v T2EQHHS(NHTSA, National Highway
Traffic Safety Administration)> Z=<=%7 ol ] 1}(PAB,
Passenger airbag) &= <13+ o] ¥l o] o] A3} A&
971 218 m AW A=) b 71 E(FMV'SS, Federal
Motor-Vehicle Safety Standard) 2081 3¢ 4

HICys : head injury criterion

Nij : neck injury criterion

N  : neck tension-extension criterion

Ny : neck tension-flexion criterion

Nee  : neck compression-extension criterion

Ne¢  : neck compression-flexion criterion _ )
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Where, t, -t; is not more than15ms
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Fig. 1 OOP postures of children for the LRD test
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Where, F, = axial force, My = bending moment
Fint, Mint = critical intercept values
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Table 1 Injury assessment reference values (IARV)

Injury 6yearold | 3yearold
Head HICys 700 570
Njj 1.0 1.0
Neck Peak tension (N) 1490 1130
Peak compression (N) 1820 1380
Chest Accel eralion (9) 60 55
Deflection (mm) 40 34
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Table 2 PAB design parameters

Folding | Vent hole Cover tear Door tear
pattern (A) [size(B), mm| seam ling(C) |seam type(D)
1 Zigzag 55 Near dummy U-type

Level

Sigma @60  |Near windshield|  H-type
N
(a) Zigzag folding pattern (b) Sigmafolding pattern

Fig. 4 PAB folding patterns
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Table 3 L8(2*) orthogonal array

3 5 6
Run j\ é AxB é AxB | AxB ;
CxD CxD | CxD
1 1 1 1 1 1 1 1
2 1 1 1 2 2 2 2
3 1 2 2 1 1 2 2
4 1 2 2 2 2 1 1
5 2 1 2 1 2 1 2
6 2 1 2 2 1 2 1
7 2 2 1 1 2 2 1
8 2 2 1 2 1 1 2
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Table 4 PAB design parameters for minimal child injury

Folding Vent hole Cover tear  |Door tear seam
pattern (A2) size(B2) |seamline(Cl)| type(D1)
Sigma 60 Near dummy U-type

‘ A
(d) 6yr OOP2 for 7"

L
(c) 6yr OOP2 for 1%

Fig. 5 Deployment for 6yr OOP at 17ms
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Fig. 6 Deployment for 3yr OOP at 19ms
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Appendix

Table A1l Analysisresultsfor 6yr OOP1 Table A2 Analysisresultsfor 6yr OOP2
R | Combination | HICis | Ne | Ne | Ne | Ne tpeena: ;en?sl gg %geft Run| Combination | HICss | Ne | Ny | Nee | Ne fg‘f’s‘ ;en% ;ﬁ %gels"
Limit 700 1.0 1490 | 1820 | 60 | 40 Limit 700 1.0 1490 | 1820 | 60 | 40
1 | A1BICID1 |5853|0.73(0.10| 0.0 |0.56|977.43 | 28496 | 10.80 | 21.26 | | 1 | A1B1C1D1 |324.55|0.80(0.06]|0.56 |0.34 |1446.50| 705.27 | 12.87 | 14.46
2 | A1B1C2D2 | 64.15 {0.88(0.13| 0.0 {0.56|1171.80| 284.96 | 15.32 | 23.32 2 | A1B1C2D2 |374.73]0.64|0.06|0.86|0.34|1172.70|1157.60| 11.32 | 857
3 | A1B2C1D2 | 5854 0.84|0.11| 0.0 |0.56{1097.30| 284.96 | 1350 | 21.93 | | 3 | A1B2C1D2 |316.29|0.50|0.06|0.83|0.34 | 718.23 | 984.34 | 8.63 | 3.89
4 | A1B2C2A1 | 56.07 [0.73(0.12| 0.0 [0.56 | 961.18 | 284.96 | 11.57 | 21.36 4 | A1B2C2A1 |426.60(0.77{0.06 | 0.76 | 0.34 |1435.70| 891.72 | 11.75 | 11.63
5 | A2B1C1D2 |110.73|0.46|0.03|0.26|0.56 | 467.12 | 991.27 | 13.30 | 7.10 5 | A2BIC1D2 | 26.24 | 0.0 |0.06/0.36|0.34| 92.66 | 793.30 | 7.10 | 0.67
6 | A2B1C2D1 |111.74{0.53|0.04{0.33|0.56 | 550.81 |1048.60| 12.97 | 5.14 6 | A2B1C2D1 | 14.04 [0.02{0.06{0.37|0.34| 92.66 | 664.98 | 7.99 | 0.66
7 | A2B2C1D1 | 16.63 | 0.0 {0.06| 0.0 |0.56 | 49.78 |1067.50| 11.66 | 0.71 7 | A2B2C1D1 | 17.97 | 0.0 {0.06|0.26]0.34 | 92.66 | 610.58 | 7.65 | 0.67
8 | A2B2C2D2 |102.09(0.45|0.04|0.17|0.56 | 510.08 |1017.50| 1356 | 6.62 8 | A2B2C2D2 | 842 |0.01|0.06/0.33]|0.34| 92.66 | 660.74 | 857 | 0.67

Table A3 Analysisresultsfor 3yr OOP1 Table A4 Analysisresultsfor 3yr OOP2
Run| Combination | HICss | Ne | Ny | Nee | N feenaé‘ czerﬁl; ;hg %&? Run| Combination | HICs | Ne | Ny | Nee | N fefé‘ Oienf; g‘g %Z?
Limit 570 1.0 1130|1380 | 55 | 34 Limit 570 1.0 1130|1380 | 55 | 34
1 | A1BICID1 | 94.14|115(0.45]0.05(0.03| 964.46 | 10.13 | 2355|2795 | | 1 | A1BICID1 | 244 |0.02(003|018(0.31| 1911 |168.07 | 344 | 0.19
2 | A1B1C2D2 |141.13{1.93(0.55(0.05{0.03|1694.30| 10.13 | 2161 | 3353 2 | A1B1C2D2 | 157 [0.02{002{007(031| 1911 | 106.35| 3.12 | 0.18
3 | A1B2C1D2 |12757|153|049(0.05]0.03(1352.10| 10.13 | 2095|2899 | | 3 | A1B2C1D2 | 143 (0.02|0.02|0.11|0.31| 19.11 | 11893 | 207 | 017
4 | A1B2C2A1 |118.79(1.24|054|0.05]|0.03(1063.90| 10.13 | 2197 | 27.84 | | 4 | A1B2C2A1 | 181 (0.02|0.02|0.18|0.3L| 19.11 | 12357 | 266 | 0.19
5 | A2B1C1D2 |312.76(0.71|0.17|0.05]|0.56 | 956.95 | 742.90 | 20.36 | 5.80 5 | A2BIC1D2 | 114 (0.02|002(0.09]|031| 19.11 | 106.35| 4.17 | 0.28
6 | A2B1C2D1 |276.88(0.82|0.22|0.05]|0.55 | 83166 | 805.18 | 1650 | 2.98 6 | A2B1C2D1 | 1.78 (0.02|0.02(0.08|031| 19.11 | 106.35| 393 | 0.25
7| A2B2C1D1 | 3269 {0.16{0.22{0.05|0.55| 67.65 | 862.33 | 13.32 | 251 7| A2B2C1D1 | 213 {0.02{0.02{0.05(0.31| 19.11 | 106.35 | 431 | 0.28
8 | A2B2C2D2 |270.03(0.69|0.05|0.05]|0.51 | 834.67 | 600.26 | 16.72 | 541 8 | A2B2C2D2 | 093 (0.02{0.02(0.08]|0.31| 19.11 | 106.35| 392 | 0.27
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