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Abstract : This paper presents an ASF (Aluminum Space Frame) BIW optimal design, which minimizes the weight
and satisfies multi-disciplinary constraints such as the static stiffness, vibration characteristics, low-speed crash,
high-speed crash and occupant protection. As only one cycle CPU time for all the analyses is 12 hours, the ASF design
having 11-design variable is a large scaled problem. In this study, ISCD-II and conservative least square fitting method
is used for efficient RSM modeling. Then, ALM method is used to solve the approximate optimization problem. The
approximate optimum is sequentially added to remodel the RSM. The proposed optimization method used only 20
analyses to solve the 11-design variable design problem. Also, the optimal design can reduce the 15% of total weight
while satisfying all of the multi-disciplinary design constraints.
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Fig. 1 Load and boundary conditions for static stiffness
analysis of ASF base model

(a) Bending stiffness analysis (b) Torsion stiffness analysis

Fig. 2 Results of static stiffness analysis of ASF base model
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Fig. 4 Initial velocity and boundary condition
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Fig. 5 Results of high speed crash analysis
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Fig. 6 Occupant behavior during the sled analysis
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Fig. 7 Head and chest acceleration results

Transactions of the Korean Society of Automotive Engineers, Vol. 14, No. 1, 2006 3



Bum-Jin Kim - Min-Soo Kim - Seung-Jin Heo

o 7o) Aball= 3msec ] AlgF T-7kol o Bl A
7539 A VMEEE FEHVME R dighH| &
A £@3HL ), 58.95¢2 LRI o] FMVSS 208

T =]
2 25 R

2.5
HIC—‘““‘{ ! j’za(z)dt} -1 M

233 NS == s

ASF 713 mdl o] SMPH T4 A &35 A2
CMVSS 215 ¥ 7fol w2} PAM-CRASHE ©] &3}
seiatoint sfA] A7k AE] ALV 2.8 GHz CPUC|
A ¢k 3476 ] 225 o )4 ZI}E Fig. 8
3} Fig. 9ol 4 o] wl-l o] g o 3 9l v i
) - AIZF A EZ Ve Ad He HE A
9= 30.9mm = ehA 1T

e T eI

0 msec 30 msec

Fig. 8 Bumper back beam deformation behavior during the
low speed crash analysis

35

30

25 }

a2 -
[T}

Disp. of bumper back beam
[mm]
th Q

0 10 20 30 40
Time [msec]

Fig. 9 Bumper back beam displacement

3. ASF BLW DEo| Ch=o} Mof =AS
st FEHMA

3.1 & e Y e ME

B oo as o dol A At 2 7} Hopd Al eF &
=S 1#3 ASF BILWe HAAAE £33
th Mz o7 Fig. 10014 K alef Zo] ASF
B.LW T-& Hubo] A 117 AA HFE 12
A AA s A Wes FE2AQ] B-Lat T
2 A9t BF &FvE dEA FAR 4 E
4 IRXESAZES=2F M14B FH)1S, 2006

, 1. Bumpsr back bear
+7 2, Bumper stay
3. Front side member outer
\(/ 4. Frant side member inne
L 5. & pilta uppar tram
6. A pitiar fower frama
7,8 pittar
8. Side sill frame
Y \ 9. Root side tail
7 10. Root cross rail
~./ Y 41, Roar wpper trame

Fig. 10 Design variables for ASF B.L.W optimization

Table 1 Design variables and their limits *

Design Component [Lower bound|Middle value | Upper value
variable name [mm] [mm] fmm]
DV1 Bumper 1.0 1.5 2.0 o
DV2 Bumper stay 1.0 1.5 20
Dv3 FRISM outer 1.0 1.5 2.0
Dv4 FR/SM inner 1.0 1.5 2.0
DVS§ A pillar upper 2.0 2.5 3.0
DVé A pillar lower 2.0 2.5 3.0
Dv?7 B pillar 5.0 6.0 7.0 o
DVs Side sill 2 3 4 ]
Dv9 Roof side rail 2 3 4 o
DV10 Roof cross 2 25 3
member
DV11 Qtr upper 1 2 3
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Table 2 Basic analysis for the ISCD-11 DOE table

Bend. | Torsi. | Freq. Crash Bump. .
D]V D2V %V [lv I)5V %V [’7" %V %v []); ?‘1’ Disp. | Disp. { Model| Energy HIC | Chest G| intru, “{i'g]ht
(mml | [mm] | H2) | [0 fmm] | ™9
Model1 [2]2]|1]|2[3)3|6|2]|2|3|1({0.317]|1,251(27.49(18519.47| 458.08| 57,95 | 21,35 40.08
Model2 [1|2|2|1|3|3|7[2]|2]|2]3]0306]|1243]28.85(16967.81|476.96| 60.03 | 47.73| 44.18
Model3 2| 1| 2|2|2(3|7|4]2])2(1]0.223]|1,253(22,91(17630,02| 502,03| 61.65 | 32,562 50,99
Modeld |1f2]1f2]3f2(7|a|a]|2]|1]0221]1307| 28.6 |16865.71| 460,83 | 59.66 | 48.65 | 52,91
Modet5 |1l 1]2]113]3sis]ala]s]i]o218]1.254]02827)]16562.65)|586.78)| 61,58 | 48,25 | 50.61
Model6 1|1 [1|2]2]|3]|7[2]4]3]3]0.288|1.29127.863]|16096.37] 468.26| 62,26 | 47.55 | 49.49
Model 7 [2| 1[1[1[3]|2]|7|a]2]|3]|3]|0.229]|1.959]22.32|16069.76| 464.17| 58.87 | 30.71| 53.63
Model8 2|2 1] 1[2]|3|5[4|4]2]3]0219( 1,21 | 27.9 |17283.47| 451,39 57,79 | 22,28| 51,58
Model9 |2f2]|2|1]2f2)7|2]a]|3|1] 03 |1.338]|2593[17968.92]|522.21| 60.78 | 20,67 | 48.64
Model 10 | 1| 2] 2|2 2|5|al2|3]|3]|06239]1.336|27.61|13972.03| 44511 | 59.95 | 48,36 | 47.07
Modet 11 | 2| 1| 2|2|3|2|5|2]|4a]2]3]|0306]|1.393]|2232|16903.45] 473,68 | 59.96 | 32.64 | 43.89
Modet 12 [ 1111 1]2)2fsj{2]2]2]1]0332]1.431] 26,6 | 12904,50| 468.15 | 60.92 | 46,42 | 34,95
BaseDesign| 2| 2| 2|23 |3|6]|3|3]|3;2(0.266(1,289( 27,6 | 17382,7 | 464.69| 58.95 | 30.9 | 47.34
18 - 00 L
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Table 3 Convergence history of design variables

DV1 {DV2 | DV3 | DV4 | DV5 | DV6 | DV7 | DV8 | DV9 | DV10)DV11

d‘:::g“ﬂ 15|15 15| 15|25 25| 6 | 3 3 |25 2
SAO 1 {1.370 | 1.574 11.294 | 1.207 | 2.033 | 3.000 | 5.000 | 2.482 | 2.000 | 2.000 | 1 448
SAO 2 1.418|1.797 | 1.000 | 1.270 | 2.378 | 2.236 | 5.000 | 2.421 | 2.038 | 2.000 | 1 831
SAO 3 [[1.434 [ 2.0060 {1.027 | 1.221 | 2.243 | 2.570 | 5.000 | 2.609 | 2.010 | 2.000 | 2.072
SAO 4 |1.725]2.000 | 1.000 | 1.325 | 2.150 | 2.396 | 5.000 | 2.360 | 2.038 | 2.000 | 2.379
SAO 5/1.481 {2.000 [1.001 | 1.176 | 2.452 | 2.451 | 5.000 | 2.568 | 2.107 | 2.077 | 2.052
SAO 6 [1.363 | 2.000 | 1.000 | 2.000 | 2.416 | 2.478 | 5.226 | 2.534 | 2.065 | 2.079 | 1.881
SAQ 7 [1.412 |2.000 | 1.000 | 1.870 | 2.212 | 2.405 | 5.024 | 2.634 | 2.000 | 2.002 | 1.888

Table 4 Convergence history of performance indexes

]?‘;n: Z?:;.l' (ol:sli. Crash HIC Chest Bdﬁ( Mass

{mm] | (mm] | freqHz) energy [J] acc.[g] {mm} kg]
dﬁ:i:n 0.255 1.289 27.60 17382.70 | 464.69 | 58.95 3090 | 47.34
‘It SAO 1| 0.289 1.269 27.85 17419.60 | 48530 | 62.40 33.70 | 39.03
SAO 2 | 0299 | 1339 | 2715 | 1682815 | 46182 | 59.42 | 30.65 | 38.66
SAO 3| 0286 | 1.287 | 28.00 |17017.84 | 48521 | 60.99 | 30.64 | 3738
SAQ 4| 0300 1.312 26.77 17337.90 | 460.95 | 60.88 2685 | 37.21
SAO 5| 0.288 1.300 27.73 16793.43 | 497.04 | 62.36 29.85 | 40.08
SAO 6 || 0.289 1.293 27.700 17021.16 | 471.22 | 59.35 32.15 | 4023
SAO 7] 0288 | 1299 | 27.550 | 1706321 | 47113 | 59.89 | 32.35 | 39.92

Table 5 Comparisons of initial and final designs

System Aftribute Baseline Target Final Design Result
static Bendra-DP oass $02 0.289
Stifiness Torsion. Disp. 1.289 €13 1.209
[mm)
Vibraton T ToroMede  a1s Mt e28 2755
Low Speed Bumper Intrusion
e o] 30.9 $35 3235
Crash Energy [J] 17382.7 > 17000 17063.21
High Speed HIC 464,69 <480 4713
Crash
Chest Acc. [g] 58.95 <60 59.89
Weight [kg] 47.34 Minimize 39.92
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