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Seungjin Kim, Hyoung-Gon Kim, Jongsoo Lee and Shinill Kang

Key Words: Approximate Optimization(z*A}# 2| 3}), Evolutionary Fuzzy Modeling(%]3}3 x| 2.

%), Neuro-Fuzzy Modeling, Automotive Interior Part, A-Pillar(%-&X-i4A), Head

Injury Criterion(5--/3 3l 2})
Abstract

The paper proposes the fuzzy logic based global approximate optimization strategies in optimal sizing
of automotive A-pillar trim with rib structures for occupant head protection. Two different strategies
referred to as evolutionary fuzzy modeling (EFM) and neuro-fuzzy modeling (NFM) are implemented in
the context of global approximate optimization. EFM and NFM are based on soft computing paradigms
utilizing fuzzy systems, neural networks and evolutionary computing techniques. Such approximation
methods may have their promising characteristics in a case where the inherent nonlinearity in analysis
model should be accommodated over the entire design space and the training data is not sufficiently
provided. The objective of structural design is to determine the dimensions of rib in A-pillar,
minimizing the equivalent head injury criterion HIC(d). The paper describes the head-form modeling
and head impact simulation using LS-DYNA3D, and the approximation procedures including fuzzy rule
generation, membership function selection and inference process for EFM and NFM, and subsequently
presents their generalization capabilities in terms of number of fuzzy rules and training data.
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A EdoldsaE 98] LS-DYNA3DE |83 ZAFAAH(CCD) 2 full factorial design(FFD)el 3
or, 919 rib FZo W& FHsNAM A 35t Table 29 T 33709 AdAdHCHE
Fig. 59 #th™ e =3
B om=goMe A8AIH o5t AlEHolA
AAdelgE A4t tEwed 9 A2aE Table 1 Design of experiment
9] rib 7+2 3 rib FA gt ;I% j]T% zkzt 4 3 1,
20.0mm, 20.0mm, 1.00mmE 33l o|E& F
47 0000 B1 Table 19 EAE FES -V3 11.3mm 11.3mm 0.74mm
-1 15.0mm 15.0mm 0.85mm
0 20.0mm 20.0mm 1.0mm
1 25.0mm 25.0mm 1.15mm
V3 28.7mm 28.7mm 1.26mm

Table 2 Design data using CCD and FFD

Case 4 1y ty HIC(d)
1 -1 -1 -1 834.4
2 -1 -1 0 888.2
3 -1 -1 1 1060.6
4 -1 0 -1 867.1
5 -1 0 0 813.2
6 -1 0 1 931.8
7 -1 1 -1 911.4
8 -1 I 0 860.4
9 -1 1 1 956.8
10 0 -1 -1 911.8
11 0 -1 0 $86.3
12 0 -1 1 961.2
13 0 0 -1 947.5
14 0 0 0 870.3

P 15 0 0 1 838.3

16 0 ] -1 1001.2
17 0 1 0 978.5
18 0 1 1 892.9
19 1 -1 -1 955.4
20 1 -1 0 899.7
21 1 -1 1 980.2
22 1 0 -1 901.9
23 1 0 0 866.1
24 1 0 1 $22.1
25 1 1 -1 1164.2
26 1 1 0 1060.1
27 1 1 1 989.2
28 V3 0 0 928.1
29 V3 0 0 981.2
30 0 V3 0 881.3
31 0 V3 0 1040.3
32 0 0 V3 867.0

Fig. 5 Headform modeling and deformed shape 33 0 0 -V3 1040.5
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Table 3 Generation of 33 fuzzy rules

Rule ID f t ty HIC(d) ID
1 L L L HIC3
2 L L M HIC6
3 L L H HICI9
4 L M L HIC4
5 L M M HIC!
6 L M H HIC}H
7 L H L HICY
8 L H M HIC4
9 L H H HIC13
10 M L L HICO
1 M L M HIC6
12 M L H HIC14
13 M M L HICI2
14 M M M HICS
15 M M H HIC3
16 M H L HIC}7
17 M H M HICI5
18 M H H HIC7
19 H L L HIC13
20 H L M HICT
21 H L H HIC16
22 H M L HICS
23 H M | M HIC4
24 H M H HIC2
25 H H L HIC20
26 H H M HIC19
27 H H H HIC16
28 VH M M RIC10
29 VL M M HIC16
30 M VH M HIC6
31 M VL M HICI8
3 M M VH HIC4
33 M M VL HIC!8

Table 4 Generalization of EFM using 33 rules

No t—l t_g —t; actual EFM
HIC(d) HIC(d)
1 -15 | -048 | -1.0 892.2 857.3
2 | -1.5 | -048 | -05 912.2 870.8
3 -1.5 | 048 | 0.0 964.6 989.3
4 | -10 | -048 | -1.0 924.1 914.5
5 -1.0 | -048 | -0.5 855.1 919.7
6 | -1.0 | -048 | 0.0 864.9 923.5
7 -0.5 | 048 | -0.1 930.7 957.7
8 | -05 | -048 | 0.5 8574 923.4
9 | -05 | -048 | 0.0 868.7 910.5
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Table 5 Design data using CCD
Case 4 ty ty HIC(d)
1 -1 -1 -1 8344
2 -1 -1 0 888.2
3 -1 -1 1 1060.6
4 -1 0 -1 867.1
5 -1 0 0 813.2
6 -1 0 931.8
7 -1 1 -1 911.4
8 -1 1 0 860.4
9 -1 1 1 956.8
10 0 -1 -1 911.8
11 0 -1 0 886.3
12 0 -1 1 961.2
13 0 -1 947.5
14 0 0 870.3
15 0 1 838.3
Table 6 Generation of 15 fuzzy rules
IF 4 1y 13 HIC(d) ID
1 L L L HIC3
2 L L M HIC1
3 L L H HICI1
4 L M L HICS
5 L M M HIC7
6 L M H HIC?
7 L H L HIC8
8 L H M HIC12
9 L H H HIC9
10 M L L HIC6
11 M L M HIC8
12 M L H HIC4
13 M M L HIC10
14 M M M HIC2
15 M M H HICI10

Mg doleE wige® 15719 A& ©E
I Table 69 AAISAT. dHHAHLF(VL,
L, M, H, VH)& 33719 #3& wtEds 5438
A A G FE AR Auld F4E MY
R, EYYWHTFHICI~HICI2)E A (6),(7)
I Ze At A dded AdEA g
F& Agqsdrh 1509 FEe2 7449 EFM
o o3 ZAZEde] HHEEE HAFEr] A3l
AAwolHel THEHA &S 9l MEE o

543

Table 7 Generalization of EFM using 15 rules

_ —_ — actual EFM
No £ ty 3
HIC(d) | HIC(d)
1 -1.5 | -048 | -1.0 892.2 968.9
2 -1.5 | -048 | -0.5 912.2 996.0
3 -1.5 | -048 1 0.0 964.6 1052.2
4 | -1.0 | -048 | -1.0 924.1 1010.1
5 -1.0 | -048 | -0.5 855.1 947.2
6 | -1.0 | -048 | 0.0 864.9 955.9
7 -0.5 | -0.48 | -0.1 930.7 1023.9
8 -0.5 | -048 | -0.5 857.4 945.1
9 | -05 |-048 1 0.0 868.7 969.9
Table 8 EFM based optimization results
# of rules tI t§ t; HIC
15 12.3mm | 12.3mm |0.747mm | 885.5
33 12.5mm | 11.7mm |0.746mm | 842.3
B olgsted HICY A Avy wIH
EFMe| 9% o 23S wjmstdol. Table 49 =
A5 vusged o A HFLA7 9.93%

ool ittt Table 49 74 HAWS
8ol full factorial designe] o3 &2
ojct.

olgdA wE A} EYUES 71 A-pillar
rim®] ¢ neEF7IN HH LA AHE 13
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Table 89 YJERAILE Table 814 Hi= wiep 7
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& & 7 Aok olM @ EFM2 139 Fef o
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W ol s HAe oy P4 ETE Fig 6
3 Fig. 791 JEAATH He F9 HAGAS
o] &g APQE s/ U ““JHHZ%*«% H
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A F7h 337090 Aol 4y A dde
Hogsol -17%08 gale AFE Hu Yok
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Table 9 Design data for 8 fuzzy rules

Case ID t] tg t3 ch(d)
1 1 0 1 822.1
2 -1 1 0 860.4
3 1 -1 0 899.7
4 0 0 -1 947.5
5 0 1 0 978.5
6 0 1 -1 1001.2
7 1 1 0 1060.1
8 1 1 -1 1164.2

Table 10 Generalization of NFM using 8 rules

. —_— —_ actual NFM
Noo 4y 2y ts HIC(d) | HIC(d)
1 | 15 | -048 | -1.0 8922 9719
2 | 15 | 048 | 05 912.2 998.6
3 | 15 | 048 | 00 964.6 1059.8
4 | -10 | 048 | -10 924.1 999.8
s | 10 | 048 | -05 855.1 9519
6 | -1.0 | 048 | 00 864.9 958.6
7 | 05 | 048 | -01 930.7 1024.5
8 | 05 | -048 | -05 857.4 949.6
9 | 05 | 048 | 00 868.7 9533

g AAdolHE vg oz we 3dA FAL X

aste A (9)sh o] YE & it}

Rule3 If £, is Hand ¢t is L and 45 is M,
then HIC= pyfy+ qoty+ 73f3+ 55 ®
A AT MHDES EFMelA 283

ot FA3A A 5 T2 Ak dd
Adstgth Be ube}l Fo] AR e
327)0l2 2 337) FHuolElE o] &3l A
71 Atk sMe FRez FAE NFMY

=
T=E
El&
ey

g 2Agrde FRES FFH7] A8 A
Adolee] EHHA @ olel A2 wole

£ ol&std HICWd)Y AA Atd whg@d
NFMel| 93k d&3t2 w233 th. Table 109
I ARE wusgdon o AS HFexvt

9.91% ¥ el gith Table 109 ZF AAWSE
AFALH full factorial designell o8] AR
dielEolty. o] 3379 HAoZ THE EFM
Boe A8 wrt gojxjAnt 15709 ez F#
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Table 11 Design data for4 fuzzy rules Table 12 Generalization of NFM using 4 rules
_ —_ J— actual EFM
Case ID 4 ty t3 HIC No 7 i i
1 -1 -1 -1 834.4 (HIC) (HIC)
5 R 1 1 056.8 1 | -15 | -048 | -10 892.2 1038.9
3 -1 -1 1 1060.6 2 | 15 | 048 | 05 912.2 1060.1
4 1 1 -] 1164.2 3 [ -15 | -048 | 00 964.6 1151.1
4 | <10 | -048 | -10 924.1 11359
NEMAHE Aol 59 zhart 2Atgudd I i HE L S S
3 < L mix|=x] mors S e e : : :
g8l Ez}:} FLE viAEA ersp] SAd 7 | 05 | -048 | 01 | 9307 | 11189
A gtEe £8 iz Z2ARG 287 95 8 | 05 | 048 | 05 | 8574 989.7
A Table 29141 AAlE MAGlE FolA HIC 9 [ .05 | -048 | 00 868.7 1008.2
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Table 13 NFM based optimization results

t’l t‘ * HIC
# of rules ! 2 s
4 12.3mm | 13.8mm | 0.803mm | 9384
8 11.5mm | 12.3mm | 0.747mm | 884.2
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Fig. 8 Optimized input membership functions of
¢, from 8 rules in NFM

Fig. 9 Optimized input membership functions of
t; from 4 rules in NFM
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Table 14 Number of tuning parameters
EFM NFM
15rules | 33rules { 4rules 8rules
Antecedent 15-G 15-G 2-G 3-G
9-TR 16-TR
Consequent 16-CPN | 32-CPN
3-TZ 4-TZ
Total 69 94 20 38
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