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ABSTRACT

In this study we performed optimal design for the vehicle mechanical component which satisfies both a

sufficient stiffness and a lightweight using topology optimization technique. The FEA for the initial model before
optimal design is performed by ABAQUS/Standard. And, we suggest optimization model using the topology
optimal design program Altair Optisturuct 3.6. The FEA of optimal design is performed under the same condition
as the initial model. We performed the FEA for the topology optimal design model and verified the validity of the

present method.
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W; = Weighting for subcase i

C; = Compliance for subcase i
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W, = Weighting for subcase i

C; = Compliance for subcase i

W; = Weighting for mode j

Aj = Eigenvalue for mode j

NF = Normalization factor

7 = Total number of load cases of interest
m = Total number of Eigenvalues of interest

d, ¢ : Design Variables

g(d) : Constraints

Z} 7 9-(subcase)?l] W3 FAZato|A2E 2] (5)
g} o] dojxr}f

C: = %‘ UTK.U; = _%_FiTUi (5
4714

U; = Displacement vector for subcase i

K, = Stiffness matrix related to subcase i

F; = Load vector for subcase i
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Fig. 2 The initial model

Table 1 The description of the initial mode

Mass 111.47 kg
Volume 4.19x10" mm’
Material AL 5083-H321

Max. Load 90,314 N

Table 2 Loading conditions

Load Step Angle Fy, N) F, (N)
Case 1 0 45,157 0.000
Case 2 15 43,619 -11,688
Case 3 30 39,107 -22,578
Case 4 50 29,012 -34,593
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Fig. 3 Loading and boundary conditions

Table 3 Material properties

Material AL5083-H321
Young's Modules 71 GPa
Poisson's Ratio 0.33
Density 2,660 kg/m’
Yield Strength 228 MPa
Allowable Strength 134.2 MPa
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Table 4 The displacement constraints and results of
FEA for initial model
(a) Angle 0°

Displacement | Displacement (mm)
. Max. Stress
Constraints(mm)|Node53723|Node53725
U2 3.50x10* 1.63x10™ | 1.70x10*
” » — 10.39MPa
U3 5.00x10 2.37x107 | 2.66x10
(b) Angle 15°
Displacement | Displacement (mm)
R Max. Stress
Constraints(mm)|Node53723 |Node53725
u2 3.50x10* 1.51x10%| 1.57x10™
» S —1 11.37MPa
U3 -7.00x10 -3.34x107 | -3.35x10
(c) Angle 30°
Displacement Displacement (mm)
. Max. Stress
Constraints(mm)| Node53723 | Node53725
U2 2.50x10 1.29x10” ] 1.34x10™
13.05MPa
U3| -1.50x10” | -8.83x10” | -9.13x10”
(d) Angle 50°
Displacement | Displacement (mm}) Max. Stress
Constraints(mm) | Node53723 | Node53725 :
U2 1.80x10™ 8.65x10° | 8.88x10”
- ~ — 16.09MPa
U3} -2.50x10 -1.52x10™ | -1.58x10

(a) Angle 0° (b) Angle 15°
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Fig. 4 The results of FEA for initial mode
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Fig. 7 The results of topology optimization
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Table 6 Total mass and volume of optimization

model
Value of Total Volume
Total Mass 3 Remark
Isosurface (mm’)
Initial
1.47 4 -
Model 11 kg 4.19x10
25.55%
= .99 7
=03 | 829%g | 3.12x10 Reduction
27.89%
= .38 ? .
o =05 | 8038kg | 3.00x10 Reduction
28.949%
= 79.21 7
0=106 kg | 2.98x10 Reduction
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Fig. 8 The results of FEA for topology optimization

model

Table 7 The results of FEA for topology optimization

model
(a) p=0.3
Constraints | Displacement (mm) | Max,
Load angle
(mm) ! Node7654 | Node7655 | Stress
U2 3.50x10% | 2.80x10° | 2.77x10?

Angle 0 18.3MPa
U3|5.00x10™ | 3.54x10° | 3.85x107
U2|3.00x10% | 2.62x107 | 2.57x10?

Angle 15 19.0MPa
U3/|-7.00x10°| -4.36x10” | 4.16x10"

U2 2.50x10% | 2.25x107 | 2.20x102

Angle 30 22.7MPa
U3|-1.50x10"] -1.20x10™ | -1.18x10™
U2| 1.80x10™ | 1.53x107 | 1.48x107

Angle 50 - 25.3MPa
U31-2.50x10%| -2.09x10™ | -2.06x10™
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(b) p=0.5
Load angle | Constmeints Displacement (mm) | Max.
8 | (mm) | Node7506 | Node7507 | Stress
U2{3.50x10% | 3.09x10% | 3.09x10™
Angle 0 20.1MPa
U3|5.00x10” | 3.16x10” | 3.41x10”
U2|3.00x10% | 2.93x10% | 2.90x10™
Angle 15 19.6MPa
U3 [-7.00x107| -5.36x10™ | -5.09%10*
U2|2.50x107 | 2.52x10™ | 2.51x10™
Angle 30 23.9MPa
U3 [-1.50x10%| -1.36x10™* | -1.33x10*
U2} 1.80x107 | 1.74x10 | 1.72x10™
Angle 50 27.3MPa
U3 |-2.50x10| -2.31x10™ | -2.28x10™
(c) p=0.6
Load anel Constraints | Displacement (mm) Max.
0ad angle | (mm) | Node7404 | Node7405 | Stress
U2]3.50x10™ | 3.21x10™ | 3.27x10™
Angle 0 21.4MPa
U3 | 5.00x107 | 3.24x10” | 3.46x10°
U2]3.00x10* | 3.02x10™ | 3.07x10™
Angle 15 19.8MPa
U3 [-7.00x10°| -5.61x10” | -5.51x10™
U21{2.50x10™ | 2.62x10™ | 2.66x10™
Angle 30 24.6MPa
U3[-1.50x107| -1.41x10™ | -1.41x10™
U2|1.80x10™ | 1.82x10™ | 1.83x10™
Angle 50 28.5MPa
U3 |-2.50x10| -2.37x10 | -2.40x10*
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