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Optimization of Side Airbag System
Using MADYMO Simulations
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Summary

This paper describes the optimization of the side airbag system to improve injury and optimization
approach using a MADYMO model for side impact. This study simulated a side impact with an ES-2
was simulated as follows[]

First, MADYMO model has been established and correlated with a crash simulator. After the
correlation, door intrusion and airbag vent hole size were used as main parameters to evaluate the
sensitivity. As a result, it was demonstrated that this model has a reasonable response and good
correlation. Second, the side airbag was optimized using genetic algorithm and quality engineering

for the Euro NCAP mode. Then, results from those two approaches are discussed.
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Table 1 Side Impact Test Mode Table 2 EuroNCAP Evaluation Items
Current Tests 214 Proposal PARTS |TEMS
FMVSS214 | LINCAP | IIHS ngfé“ N;WDZ;“ N;gfé“ N;WDZ;“ HEAD e
| o (Bt (BB | R (B | B Head_3ms
Mode _ CHEST Deflection
Velocity 55kph 61.9kph 50kph 32kph 55kph 32kph 55kph - - -
5\7;;; 1367kg | 1360kg | 1500kg - 1367kg - 1367kg VISCOU.S Criterion
Name | DOT-SID | DOT-SID| SIDils _|EuroSID-2re|EuroSID-2re| _SIDlls | SIDIis ABDOMEN _ |Abdominal Force
; f PELVIS Pubic Force
BACKPLATE |Load
Dummy View o i T12 Load
Moment
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Fig.1 Side Impact Crash Simulator
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Fig.2 Comparison of Door Velocity between Actual
Vehicle Test and Crash Simulator
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Fig.4 Factors for Chest Deflection
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Fig.5 ES-2 MADYMO Model
Time
Fig.8 Upper Rib Deflection Criterion Pulse
Table 3 MADYMO Specifications
ITEMS SPECIFICATIONS
Version 6.2.1 Test
Computational Environment Windows XP MADYMO
Dummy Multi Body
Seat Multi Body
c
Door Multi Body 2
(5]
Side Air Bag FEM 2
Computational Time 280s 8
== Test 7T|me
- —#—-MADYMO Fig.9 Middle Rib Deflection Criterion Pulse
o
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E ==Test
o MADYMO
Fast < » Slow
c
Velocity 2
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——Test
Time
< . . . . .
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Fig.7 Sensitivity Response of Vent Hole Size E
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A00000000000000000 Table 6 Optimization Results with GA
PARTS|PARAMETERS VARIABLE RANGE|Current |Optimum with GA
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Table 4 Baseline of Parametric Studies

INTERIOR PARTS BASELINE

Side Airbag Shape Thorax
Inflator Conventional
Coating Without
Vent Hole Diameter|35mm

Seat Characteristics Conventional

Door Characteristics Conventional

Table 5 Parameter Matrix for GA

PARTS|PARAMETERS VARIABLE RANGE

Airbag|Coating With / Without
Vent Hole Diameter 20mm to 50mm
Inflator -15% to +15%
Time to Fire 6ms to 10ms

Vertical Position from Basic Set

-15mmto +15mm

Door

Chest Portion

-10% to +10%

Abdomen Portion

-10% to +10%

Pelvis Portion

-10% to +10%

Fig.12 Improvement Ratio of ES-2 Average Chest
Deflection for MADYMO
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Table 7 Parameter Matrix for QE

LEVEL

PARAMETERS

=N

Airbag Coating w/o

Vent Hole

Inflator

Time to Fire

Airbag Vertical Position

Chest Part of Door Characteristic

Abdomen Part of Door Characteristic
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Fig.14 Signal to Noise Ratio of Parameters
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Fig.15 Sensitivities of Parameters
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Table 8 Optimization Results of GA and QE

0%

Current

Optimum with  Optimum with
GA QE

Fig.16 Improvement Ratio of ES-2 Average Chest
Deflection for MADYMO

Part Parameter Current |Optimum with GA  |Optimum with QE
Airbag |Coating Without |With With

Vent Hole Diameter 35mm _ [20mm 20mm

Inflator Normal [Normal Normal

Time to Fire 10ms _ |8ms 6ms

Vertical Position from Basic Set |[0mm Omm Omm
Door |Chest Portion Normal [-10% -10%

Abdomen Portion Normal [Normal -5%

Pelvis Portion Normal [+10% +5%

Table 9 Summary of Three Viewpoints

Application Range Calculation Efficiency Robustness

GA Unlimited 77.8H Not Quantitative

QE 8 Parameters 78H

“using L18 2.64 dB Improvement
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Fig.17 Spine Displacement of ES-2

e 0D

gooobooboobooobOoboooboMAbYMOD O
Jo0O0000000000OEUrONCAPO DO OOODOOO
goEs200000000000DO0DOO0OO0OO

O 0DO000O00000000000000000000
ES20 0000000000000 0400000000
@ 000000000000000000000000
goTTrFRO O OOoOoLobbooooboooobobooo
gobooobooboobobooobg

® 00000000000000000000000
BpOoooooog

@® 000000000000 000000000000
gogboobobooboobboobobuoobboooboobg
gogboobobuoobooboboobooo

® 000000000000000000000000
gogbodoboboobooboboooboo

agoog

goobobooooboomADYMOU OOOODOOO
ggbobooboobobooboobboboboobooo
ggbobooboobobooboobboboboobooo
ggbobooboobobooboobboboboobooo
ggbobooboobobooboobboboboobooo
ggbobooboobobooboobboboboobooo
goboboooboobooooboon

goog

(1) Ogawa et al.0 A Test Methodology of Side Impact
Simulation with Hydraulically Powered Crash
Simulator, FISITA paper, F2004F1870 20040

(2) DODODOODOO0OOOOOOOOOOOOOOOOO0
000000000000 No.220 p.108-1130 20040

(3) Yan FuO An Integrated Robust Design Method for
Occupant Restraint System, IMCE paper, 2004-6179

[0 20040

(4) D0D0DO0O0D0OO0OO0O0OO0OO0DDOOOOODOOOOOOOO0

0 0 0O 020000

m000m

gooo

— 123 —

oooo

oooo



