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An Airbag Design for the Safety of an Occupant
using the Orthogonal Array

o A oo F 9w B A
Y. S. Park, J. Y. Lee, G. ]. Park

ABSTRACT

The safety analysis becomes very essential in the crash environment with the growth of automobile

industry. Recently, an airbag system is required to protect the occupant. The effects of an airbag can

be evaluated exactly from the barmer or sled test which i1s quite expensive. The airbag system in a passenger

car 1s analyzed with the occupant analysis program. The modeling of the passenger car including an airbag

. 18 established and the results are veniffied by comparisons with real crash tests. However, the solution

of an arbag design can not be obtained easily with the conventional method such as an optimization

due to the nonlinearity and complexaty of the problem. An iterative design algorithm using the orthogonal

array is proposed to overcome the difficulties. The design trend of an airbag 1s recommended to minimize

the injury of an occupant with the proposed design algonthm and the results are discussed.
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Fig.1 Computer simulation model
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Fig.2 Airbag tank test model

Table 1 Final results for the simulation model with airbag

HIC CSI | LFL | RFL
Test | | 3089 304.5 HEE NG
Simulaticrn 314.0 | 332.57 L 533.13 519.60
Error( % ) 2.6 9.2 101 R
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tion view
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Table 2 Selected design variables

imtial value \
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design _\{_ariabl-é. !

mass flow rate

gas temperature 644. 37K | |
Dbag volume l 60 liter ]
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| array of x° with space n
| from the database
I N
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2. OBJ* < 1000
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exit

Fig.4 Flow chart for the iterative design method using orthogonal array
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Table 3 Orthogonal array at the 1st iteration with five variables

| Flow Rate Temp. Volume - Time Area
1 0.1 3004 30 20 20
| 9 | 0.5 500.4 50 25 30 |
3 | 1.0 644.4 60 29 36
4 2.0 8004 70 35 42 |
5 r 3.0 12004 90 2 50 |
| Jes. Var. . ) 5 1 . : l Response |
LEﬂ_ND. N ; ] (IC)
1 1| o1 1| 3004 [1] 30 [1] 20 [1] 20 33613 |
2 1 0.1 2 5004 |2 50 2 25 2 30 | 33613
3 1| 01 [3| 644 3| 60 |3 20 [3] 36 | 34546
4 1| 01 J4] 8004 (4 70 [4]| 35 |4 4 336.25
i 5 1| 01 |5] 12004 |5 90 |5 42 |5]| 50 336.25
6 2| 05 1] 3004 [2] 50 3] 29 l4a| ao 33275
7 2 2 3 4 5| 50 | 33539 |
8 2 | 3 4| 3 1] 20 380.65
9 | 2 4 5 1 2| 30 | 95912 |
10 9 | 5 1 2 3 36 314.74
11 3 1 3 5 2] 30 | 43276
12 3 2 | 4 1 3| 36 | 29862
13 3 3 4 |5 4| 42 327.80
14 3 0 |4 4 |1 51 50 420.38
15 3] 10 |5| 12004 2| 50 1| 20 | 75006
6 (4] 2 4 |4 | | 50 68346 |
17 4| 5 20 | 45091
18 4 1 30 818.92
19 4 2 3% | 67653 |
20 4 3 42 725.30
21 5 5 36 61348 |
09 5 1 42 1020.64
23 |5 2 50 74271
24 5 3 20 | 130530 |
25 5 . 4| 30 545.91
— e E— i —
OBJ" o 2 . 5 36 318.90
_ fmal OB] |2 g 50 | 25912
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Table 4 Orthogonal array at the 2nd iteration with five varables

Mass - Gas Bag Finng Vent
Flow Rate Temp. Volume Time Area
I_ T 0.1 644 4 70 20 20 |
2 | 0.3 7004 75 21 25
3 05 800.4 80 29 30
4 0.7 10004 85 23 33
5 1200.4 90 25 - 36 |
Response
| 1© |
1| 644 |1 70 1| 20 [1]| 20 33613 |
o| 7004 |2] 7 2| 20 |2| 25 39275
3| s004 |3] 8 3] 2 |3| 30 399,75
a| 10004 |4] 8 |4 23 4| 3 322,75
5| 12004 |5 90 |5| 2 |5| 36 322,75
11T 6ma |2 B [3] 2 |4 33 33275
ol 7004 |3) 80 [4] 28 {5| 36 393.49
3| 8004 4| 8 [5| 25 1| 20 33591 |
4| 10004 |5 90 |1]| 20 [2]| 25 288,88
5| 12004 1] 70 2| .22 [3] 30 252,55
1| 644 |3] 8 |5{ 25 [2] 25 301.48
9| 7004 4] 8 1| 20 [3| 30 98547
3 31 8004 [5] 90 2| 21 :4 33 248.78
3 l . 4| 10004 (1| 70 3| 22 |5| 36 249 63
15 3! 15 |5 12004 2| 75 |4| 23 [1]| 20 924148
| 16 " 1 2 5 24023
2 3 1 | 312,17
3 9 986.11
n 950.39
5 | 99944
1 242.36
349,15
332,15
501.35
507.15
927721
240.23




Table 5 Orthogonal array at the 3nd iteration with five variables

- Mass (zas Bag Firing Vent
Flow Rate Temp. Yolume ‘Time Area
1 0.6
2

L G0 =3 | U s B

p—i
=
=
oF

11 | 0.6
12 1] 06
13 2| 07
14 2| 07
| 15 21 07
16 3| 08
17 3| 08
18 3! 08
0.7

final OB] |3 2 . ._ 14

Table 6 Final results from ex.1

31307 250.12 240.23 233.14
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Table 7 Qrthogonal array at the 1st iteration
with two variables

1 16
2 21 26
3 29 36 l
4 37 46
5 45 56
Des. Var. 4 | - Re?pnnse
e |
1 1| 13 [1] 16 205.72
2 2| 21 |2]| 2 384.65
3 31 29 |3]| 36 313.07
4 4| 37 |4 46 | 40016
5 5| 45 |5 l 56 | 50259
6 1] 13 [2]| 2 20572 |
7 21 21 |3]| 36 252,69
8 3| 20 4| 46 286.14
9 4| 37 |5 56 31391
10 5| 45 | 1| 16 1432.52
11 1| 13 3| 36 | 28165 |
12 2| 21 4| 46 219.22
13 3| 29 |5/ 56 24241
14 4| 37 | 1| 16 488.40
15 50 45 | 2| 26 53145
16 1| 4
17 2 5
18 3 1
19 4 2
20 5 3
21 1| 13 |5 56 202.58
22 2| 21 |1 16 431.28
23 3] 29 |2 26 316.91
o4 |4 37 |3]| 36 303.99
25 5| 45 |4| 46 | 52879
ST s | woss
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Table 8 Orthogonal array at the 2nd iteration
with two variables

Firing Vent
Tim, Area
1| 1 56
2 7 86 |
13 116
. 5 I Response i
. (1C)
1 1| 1 |1| %6 20520
2 121 7 2] 86 i 235.17
3 3| 13 [3] 116 | 25252
| > |~ |
4 1] 1 |2] 86 252.32
5 |2 7 |3]| 116 266.59
6 3] 13 |1] 56 l 20258
7 1| 1 |3] 116 27862 |
| 8- |2 7 |1] 56 199.93
9 3| 13 2| 86 21835
| finadl OBJ |2| 7 | 1] 8 | 10993 |

Table 9 Orthogonal array at the 3nd iteration
with two variables

Vent
Area

ol
56

10 61

. , l esponse

(IC)
19647
199.93

214.26
203.07
219.55

21482 |
996.05
208,67
201.17
196.47

Firing

Time

ol
o6

4
7

—

m}ed Al - o] 5]

IC

|r;4|
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20.00 50.00

30.G0
X1 mean

Fig.5 Injury criterion with respect to the firing
time
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Injury criterion with respect to the vent

hole area

ol g AZ el A 857 AAe ¢ B
A7 Hadhd o] dAe Aew FH=zo wl
YA ZXFe] FA2EY g0 YA
2% 133, L76EY #AEA & 5458 e

ot

Jz‘_"

X+ W =

St 57

, ARGAAN 27NE AAde d¥
A EE] 8ol +5E AL

A7

T

= Table 1037 2}



AN ERE o] &3

Table 10 Final results from ex.2

iteration
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