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Abstract : MDO (multidisciplinary design optimization) technology has been proposed and applied to solve large and
complex optimization problems where multiple disciplinaries are involved. In this research, an MDO problem is
defined for automobile design which has crashworthiness analyses. Crash model which are consisted of airbag, belt
integrated seat (BIS), energy absorbing steering system ,and safety belt is selected as a practical example for MDO
application to vehicle system. Through disciplinary analysis, vehicle system is decomposed into structure subspace and
occupant subspace, and coupling variables are identified. Before subspace optimization, values of coupling variables at
given design point must be determined with system analysis. The system analysis in MDO is very important in that the
coupling between disciplines can be temporary disconnected through the system analysis. As a result of system
analysis, subspace optimizations are independently conducted. However, in vehicle crash, system analysis methods
such as Newton method and fixed-point iteration can not be applied to one. Therefore, new system analysis algorithm is
developed to apply to crashworthiness. It is conducted for system analysis to determine values of coupling variables.
MDOQ algorithm which is applied to vehicle crash is MDOIS (Multidisciplinary Design Optimization Based on
Independent Subspaces). Then, structure and occupant subspaces are independently optimized by using MDOIS.

Key words : Multidisciplinary design optimization(Th-oF %3 # 2] 4 A)), Global sensitivity equation(Zd < w17}
= 841, Optimum sensitivity analysis(Z % W17} 3]41), Subspace optimization(s}5 A] =&l Z A 3}), System
analysis(A] 2% 8] 4]), MDOIS(35 %] sl Alzzle] )3k thilol %3 # =4 7)), Concurrent subspace

optimization(5A] A} 2~ 8] 2 2 3}

Nomenclature Ad ey - anchor point max. displacemet
S . obiecti ion -
@), @, : weighting factors F objective function, load in F-d curve
. . . . F* : objective function in kth-subspace
ad : steering column in/out tube relative dis-
— ; : inequality constraints
placement shown in Fig. 6. £ quality
g%, :inequality constraints in kth-subspace
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HIC  :head injury criterion

HIC = [ 1 fl"a(t)dt 2>5( t— 1)
fh—H Ju
: number of equality constraints

p : number of inequality constraints
» :number of inequality constraints in kth

-subspace
T : total analysis time
W : seat weight in structure optimization
Y; : coupling variables, i=1,4

v : behavior variables in qth-subspace,
k# q, qg=1,nss

X : design variables in kth-subspace

Xx*,  :lower limits for design variables in kth
-subspace

X*, :upper limits for design variables in kth

-subspace
X; : design variables, i=1,4
X, : lower limits for design variables
X, : upper limits for design variables
X : structure thickness
X, : scale factor of F-d curve for belt, airbag

mass flow rate, EA steering column
& " given displacement

S “" : approximated displacement
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Vehicle Crash
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Fig. 4 Multidisciplinary analysis for vehicle crash
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Fig. 8 Modeling of BIS for system analysis
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