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Abstract : The severe frontal crash tests are NCAP with belted occupant at 35mph and FMVSS 208 with unbelted
occupant at 25mph. This paper describes the design process of occupant protection systems, airbag and seat belt, under
the two tests. In this study, NCAP simulations are performed by Monte Carlo search method and cluster analysis. The
Monte Carlo search method is a global optimization technique and requires execution of a series of deterministic
analyses. The procedure is as follows. 1) Define the region of interest 2) Perform Monte Carlo simulation with uniform
distribution 3) Transform output to obtain points grouped around the local minima 4) Perform cluster analysis to obtain
groups that are close to each other 5) Define the several feasible design ranges. The several feasible designs are
acquired and checked under FMVSS 208 simulation with unbelted occupant at 25mph.

Key words : Occupant analysis( %2 # & 3 27), NCAP(New Car Assessment Program), FMVSS 208, Monte Carlo
search method(3 ¥)) 2+ ¥ 20 ¥), Cluster analysis(7 7 #49)
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(FMVSS, Federal Motor Vehicle Safety Standard)
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Fig. 1 FMVSS 208 : 50%sile and 5%ile dummy (Phase 1)

Table 1 Summary of injury criteria
criteria 50%ile male | 5%ile female
HIC15 700 700
chest acceleration (g) 60 60
chest deflection (mm) 63 52
neck injury (Nj) 1.0 1.0
neck peak tension (N) 4170 2620
neck peak compression (N) 4000 2520
 femur load (kN) 10.0 6.8
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P combined™ P head +P chest (P head < P chext) (2)
where,

P heaa=[1+ exp( 5.02—0.00351 x HIC36 ) ] -
chest [1 + eXD( 5 55 0 0693 X CheStG ) ]

Table 2 NCAP star rating
star rating criteria

* 46% or greater chance of serious injury

* K 36% to 45% chance of serious injury

* kK 21% to 35% chance of serious injury
* % %k 11% to 20% chance of serious injury
* %k kK 10% or less chance of serious injury
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Table 3 Stochastic variables and design ranges

Variables Ranges Distribution
Cushion diameter 670 - 730 mm Uniform
Vent hole diameter 20 - 40 mm Uniform
Load limiter force 3000 - 6000 N Uniform
Load limiter time 60 - 110 msec Uniform
NCAP Star Rating

PAgxeie

700

Q
o
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400
300
30 35 40 45 50 55 &0
ChestG

Fig. 4 Response clouds generated by Monte Carlo Simula-
tion using MADYMO
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Table 4 Cluster analysis results

cluster design points No. of points

cluster | 1,8,17 3

cluster 2 2,3,5,6,7,10 6

cluster 3 4,9,11,12,13,14,15,18,20 9

cluster 4 16,19 2
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Table 5 Average of design region and analysis results

Variables Cluster 1| Cluster 2 | Cluster 3 { Cluster 4
Cushion diameter | 724.0 712.8 694.9 723.6
Vent hole diameter| 32.9 373 31.2 374
Load limiter force | 3153 3083 3185 3659
Load limiter time 73 90 90 82
HIC36 352 423 375 433.1
Chest G 414 41.1 40.8 39.6
Prombined 8.4 8.9 8.4 84

4.3 FMVSS 208 (25mph unbelted) ljAd
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Fig. 6 FMVSS 208 injury (25mph unbelted) of cluster 1
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