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Abstract: Structural optimization pursues improved performance of structures. Nowadays, structural optimization is
applied to the design of huge and complex structures such as an airplane. As the number of the finite elements is
increased, the analysis solution becomes more accurate. However, the design cost using the finite element model is
significantly increased. The component mode synthesis method that is using the substructure synthesis method is
frequently employed in order to keep the accuracy and reduce the cost. A new design method for structural optimization
is proposed to reduce the design cost and to consider the dynamic effect of the structure. The proposed method reduces
the design cost by applying the equivalent static loads on the design domain. An example of linear dynamic response
optimization is solved and the efficiency of the proposed method is demonstrated.
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Divide the design and non-design area
design area : parts for optimization
non-design area : other parts

|

Perform model reduction on non-design area

[K.]=[T] [K][T].[M.]=[T] [M][T]

|

Perform dvnamic analvsis
M(b*)2(c) + C(b")z(r) + K (b")2(r) = £(z) N
(E=#.4. ---.8)

l (3, —»3)

Calculate equivalent static loads
L =K®9z(s) (s=0,1 -,

1 =0

Solwve linear static response optimization
Find h*
to mimimize F(b*)

subject to K®d)z(s)=1_(s5)
gl(b*)<0 (w=12.m)
bi<hb =b7 (r=12.--, 5

Satisfv termination criteria?
B —h° <&

Fig. 2 Optimization process using the equivalent static
loads and substructure synthesis methods
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to minimize Weight[kg]
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Table 1 Results of a cantilever beam

Conventional Proposed
method method
Initial objective
J 7.8 ke 7.8 kg
function.
Optimum objective
P > 8.1 ke 8.0 kg
function.
Reduction time . Is.
Analysis time ls. Is.
Optimization time 6s. 5s.
Total cycle No. 7 3
Total time 49 s. 19 s.
Z-axis displacement
0
10 O 10 a0 a0 50 60
-20
g 30 |
E’ -40
g -50 = Original method
% -60 =—4—New methad
E <70 |
80
-90
-100
Time(ms)

Fig. 4 Displacement comparison of a cantilever beam
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Table 2 Results of the large-scale structure

A
o =

Conventional Proposed
method method
Imtglnzzj(i‘l’_twe 16.3 ke 16.3 kg
Optimum (?bjective 119 ke 119 ke
function.
Reduction time 9m27s.
Analysis time 3m.43s. Is.
Optimization time | 33 m. 57 s. 8s.
Total cycle No. 2 5
Total time 1 h.15m.20s. 10m. 12s.

@ ©
=} =}

N
=)

Displacement(mm)
4 ]
(=] (=}

Y
S

Z-axis displacement

-40

Time(s)

== Original method
~&—New method

Fig. 6 Displacement comparison of the large-scale

structure
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Total mass: 16.1 kg

Node#7278

762 mm

Fig. 7 Finite element model of an automobile frontal
structure

DVS: FR BPR rail 2
DV9: inner connector

DV2: FR BPR rail 1 right
I

DVé: FR BPR stay 2 RH

_—

DV1: FR BPR rail 1 mid

/

DV4: FR BPR rail reinforced

DV7: FR BPR stay 1 RH

N

DV3: FR BPR rail 1 left

DVS: connector

Fig. 8 Design variables of an automobile frontal structure

DV10: outer connector
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Table 3 Results of an automobile frontal structure

Conventional Proposed
method method
Initial objective
function. 16.1 kg 16.1 kg
Optimum objective
function. 17.8 kg 17.7 kg
Reduction time . 4s.
Analysis time 30m. 44 s. 9m. 48 s.
Optimization time Im. 22s. 48 s.
Total cycle No. 22 16
Total time 11h.46m.2s. | 2h.49m. 6.

X-axis displacement

8.00E+01
7.00E+01
6.00E+01
5.00E+01
4.00E+01

—— Original method
3.00E+01

Displacement(mim)

—4—New method

N
5]
=
T

&
]

1.00E+01
0.00E+00
0 2 4 6 8 10 12
Time(s)

Fig. 9 Displacement comparison of an automobile frontal
structure
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