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Application of a Multidisciplinary Design Optimization Algorithm to
Design of a Belt Integrated Seat Considering Crashworthiness

o~
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Abstract

Recently Multidisciplinary Design Optimization Based on Independent Subspaces (MDOIS), an MDO
(multidisciplinary design optimization) algorithm, has been proposed. In this research, an MDO problem is
defined for design of a belt integrated seat considering crashworthiness, and MDOIS is applied to solve the
problem. The crash model consists of an airbag, a belt integrated seat (BIS), an energy absorbing steering
system, and a safety belt. It is found that the current design problem has two disciplines - structural nonlin-
ear analysis and occupant analysis. The interdisciplinary relationship between the disciplines is identified
and is addressed in the system analysis step in MDOIS. Interdisciplinary variables are belt load and stiffness
of the seat, which are determined in system analysis step. The belt load is passed to the structural analysis
subspace and stiffness of the seat back frame to the occupant analysis subspace. Determined design vari-
ables in each subspace are passed to the system analysis step. In this way, the design process iterates until
the convergence criterion is satisfied. ~As a result of the design, the weight of the BIS and Head Injury Crite-
rion (HIC) of an occupant are reduced with specified constraints satisfied at the same time. Since the system
analysis cannot be formulated in an explicit form in the current example, an optimization problem is formu-
lated to solve the system analysis. The results from MDOIS are discussed.
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Fig. 2 Belt integrated seat that has an attached belt
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Fig. 4 Dependency diagram of a BIS design consider-
ing crashworthiness
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Table 1 Details of the design variables in structure sub-
space and occupant subspace

Structure subspace Occupant subspace

Scale factor for the force-
displacement curve profile
of a shear capsule

DV1  Thickness of lower
right recliner

DV2  Thickness of upper
right recliner

Scale factor for the force-
displacement curve profile
of a ball sleeve
Scale factor for the force-
displacement curve profile
of an energy absorbing
steering column
Scale factor for the mass-
flow rate of an airbag

DV3  Thickness of upper
left recliner

DV4  Thickness of lower
left recliner

DVS5 Thickness of left
back frame

Scale factor for the force-
displacement curve profile
of a seat belt
DV6  Thickness of right

back frame

=Ad chor <200mm

subject to & (5¢)
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< EAE ¥ Aolth

Find X0 for a given force-displacement

curve profile of the seat back frame

(6a)

to minimize HIC (6b)

subjectto g, =Ad <120mm (6¢)

steering —~

g, = HIC < HIC®

(6d)
83 = Gchest = Gchest (66)
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