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Abstract : The airbag is an important safety performance part for reducing passenger injury in the event of a collision. The
purpose of curtain airbags is to protect the heads of the occupants in the Ist and 2nd row seats during a side crash test. The
ambient temperature shall be in accordance with the side crash regulation. However, vehicles are driven at different user
environments, such as hot and cold temperatures. An automobile company set up an in-house test of airbag static deployment
in order to meet user environment conditions of hot(85 °C) and cold(-30 °C). Simulation was used to verify the performance
of current airbag static deployment, but the test results are different even with the same vehicle. In order to fix these issues, |
focused on identifying the factors and tolerance in airbag-related parts that are affecting the difference between the
simulation and the test. The purpose of this study is to understand the varying factors for curtain airbag and trim parts. A
variation predicted model is built, and the upper/lower limits of variable combination are determined in order to achieve
airbag deployment in position. A variation predicted model is composed of generated DOE table, NDF, and RSM. The NDF
number corresponds to the airbag target deployment time. This result will serve as a design guide for future vehicle
development.

Key words : Variation(¥] &), Curtain airbag(7] £l ©1 ¥), DOE (Design Of Experiments 23 7] 21 ), NDF(Normalized
Drop Function, ¥ =% 7] F21¢] &), RSM(Response Surface Method, WF-8- 3 )
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Table 1 Selection metrix of tolerance variation

Level Caontrol | Effective | Choice Remark
Temperature -30°C/23°C /85| Uncontrel =] Sedect
Mass flow rate of Airbag Inflate 10%-10% |Uncontrol| & Sclect
Material variation for Airbag cushion  [-10%-10% Uncomtrod & Unsdect
Fire time variation for Airbag A%~ 10% Uncontrod o Unsedoct (Mot need static
Thickness variation for Airbag cushion |-10%-10% Uncentrel a Unselect
Material variation for Trim Parts -10%-10% Uncontrel =] Select
Fig. 1 Explosion view for curtain airbag static test system O variation for Headiner _|-1.5mm-~1.5m] 9 | s
D variation for A/B/C trim | -0.5mm~0.5mn o Sedect
Di wvariation for Body panel  |-0.5mm-0.5mn o Unsedect |As Trim build
7_1% Oﬂoﬂ‘iﬂ% ?—/‘\ijll— Z:;l_x] /‘\ﬂ}\‘]% xﬂglé‘_]_’ oﬂollﬁ—q .?_ Build variation for Trim Parts -2mm~-2mm  |Uncontrol =] Select
}‘d, ?_]_%Eﬂ O] E1 9]_ 7]_01 E‘—%Ei _?_}\é Q 01 2)\]:}_ ﬂ% Oﬂ Notes) ©:Very Effective, O:Effective, A:A little Effective
\l oz A % A& O 2= = Bl 37 )
o) Ag= AN lnhxhﬂﬂlf'tollﬂﬁ#A/B/caa} 4 B O up
=95} dl=dol g 42e F ojolu A7k BE A =S
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Table 2 L8 Orthogonal during curtain airbag static deployment

Overlap btw | Headliner Garnish Inflator

H.L & Gar. Stiffness Stiffness Scale
1 -4mm -10% -10% -10%
2 -4mm -10% 10% 109
3 -4mm 10% -10% 109
4 -4mm 10% 10% -10%
] +4mm -10% -10% 10%
] +4mm -10% 10% -10%
T +4mm 10% -10% -10%
2 +4mm 10% 10% 109
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where
Zi(t;) is the Z displacement of ith node on the

bottom edge at time step t;

Zijdea(ty) 1s the Z displacement of ith node on the bottom
edge of the unrestricted airbag at time step t;

n is the number of selected nodes on the bottom edge of
the airbag

m is the number of time steps
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Table 3 Variation factor of airbag, trim parts and temperature

Test variations Lower | Upper
DV1 Headliner material(E, Y, Etan) -10% 10%
DV2 A-Pillar gamish/headliner overlap | 4mm | 4mm
DV3 B-Pillar gamish/headliner overlap | 4mm 4mm
DV4 C-Pillar gamish/headliner overlap | <4mm | 4mm
DV5 Temperature Cold Hot
DV6 A-Pillar gamish material(E, Y, Curve)| -10% 10%
DV7 B-Pillar gamish material(E, Y, Curve) | -10% 10%
DV8 C-Pillar gamish material(E, Y, Curve)| -10% 10%
Dv9 Airbag inflator massflow -10% 10%
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Table 4 Combination effective factors of airbag deployment

Test variations Value
DV1 Headliner material(E, ¥, Etan) 1056
Dv2 A-Pillar garnish/headliner overlap Amm
DV3 B-Pillar garnish/headliner overlap | 4mm
DvV4 C-Pillar garnish/headliner overlap | <mm
DV5 Temperature Cold

DVe A-Pillar garnish material (E, ¥, Curve)| -10%
DV7T B-Pillar garnish material(E, ¥, Curve)| -10%
Dve C-Fillar garnish material (E, ¥, Curve)| -10%
Dva Airbag inflator massflow -10%
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Fig. 14 Installed curtain airbag at body
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