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Abstract : Automobile crash optimization is nonlinear dynamic response structural optimization that uses highly
nonlinear crash analysis in the time domain. The equivalent static loads (ESLs) method has been proposed to solve such
problems. The ESLs are the static load sets generating the same displacement field as that of nonlinear dynamic
analysis. Linear static response structural optimization is employed with the ESLs as multiple loading conditions.
Nonlinear dynamic analysis and linear static structural optimization are repeated until the convergence criteria are
satisfied. Nonlinear dynamic crash analysis for frontal analysis may not have boundary conditions, but boundary
conditions are required in linear static response optimization. This study proposes a method to use the inertia relief
method to overcome the mismatch. An optimization problem is formulated for the design of an automobile frontal
structure and solved by the proposed method.

Key words : Structural optimization(—7-Z=3 2“4 7)), Size optimization(X] >3] 24 A]), Inertia relief method(~d Al
71H), Equivalent static loads(s-7}7d 3}%°), Frontal structure(Z ¥+3 &)

Nomenclature z(s) : static displacement vector

. £(t) :dynamic load vector
: mass matrix

M

K . stiffniess matrix feq(s) : equivalent static loads vector
b

b,

: design variable vector R"  :design region of the nth dimension

: ith design variable g; : constraint function
B design variable vector at cycle number & by - lower bound of design variable at cycle
b**Y : design variable vector at cycle number k-+1 number k
z(t) :displacement vector by : upper bound of design variable at cycle
zy(t) : velocity vector number k&

E\I(t) - acceleration vector ML, :move limit at cycle number k

€ . convergence parameter

: . o F : static force
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: spring constant
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Fig. 9 Schematic view of optimum thickness

Table 2 Optimum values for design variables

Initiat | Fnal itiat | Fnal
(Optimum) (Optimum)
DV1 1.200 0.700 DVI15 | 1.600 0.700
DV2 | 1.200 0.700 DVI16 | 1.600 0.901
DV3 | 1.200 0.700 DV17 | 1.600 1.182
DV4 | 1.000 0.700 DVI18 | 1.600 1.589
DV5 | 1.200 0.700 DVI19 | 1.600 1.930
DV6 | 2.000 0.700 DV20 | 1.600 0.955
DV7 | 1.600 1.200 DV21 | 1.600 0.700
DV8 | 1.850 0.700 DV22 | 1.600 0.700
DV9 | 1.600 1.296 DV23 | 1.600 1.054
DV10 | 1.600 0.700 DV24 | 1.600 1.102
DVII1 | 1.600 1.102 DV25 | 1.600 0.860
DVI12 | 1.600 1.103 DV26 | 1.600 0.841
DVI13 | 1.600 0.748 DV27 | 1.600 1.581
DV14 | 1.600 0.700 DV28 | 1.600 0.700
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