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Harmonic Vibration of Structure
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Abstact

Sizing design sensitivity analysis of structures subjected to the harmonic vibration is
performed using adjoint variable method. Constraint is the stress and sizing design
variables are thickness, bending moment of inertia, and cross-sectional area of
structures. Accurate sensitivities are computed and plotted sensitivity can be used as a
design guidance tool. The accuracy of sensitivites is verified by the finite difference
values. Also, optimal design of three-bar structure is performed using the computed
sensitivity and feasible direction method while satisfying constraints and obtaining the
minimum weight.
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Fig. 1 Three-bar truss structure
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Fig. 2 Simple beam structure

EL1
Fx1

SAVAAVAVAVA VAV WAY
Fx2
‘\\\\\\\\\\J\y
[P »l
| o .
1210 \[ 7
X

Fig. 3 Membrane structure
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Fig. 4 Plot of stress design sensitivity of
membrane

Table 1 Design sensitivity of stress of
three-bar

EL ¢
Hz Pu—auf Plu+du a9 ¢’ a¥

No (%)

50| 1 | 0.150E+5 | 0.147E+5 | -.148E+3 | -.148E+3( 100.1

60| 1 | 0.151E+5 | 0.147E+5 | - 148E+3 | -.148E+3| 100.1

Table 2 Design sensitivity of stress of
simple beam

Hz] | Wu—d| Pu+s) 4¥ ¢ 4%
No %)

50| 1 | 0.106E+5 | 0.104E+5 | ~.110E+3 | -.109E+3| 996

601 1 | 0.106E+5 | 0.104E+5 | - 110E+31 ~109E+3[ 99.6
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Table 3 Design sensitivity of stress of
membrane

¢
Iz Pu—du| Hu+duf 4% ¢’ a4%
(%)

50| 1 |[0225E+3 | 0.229E+3 | -223E+1(-.223E+1| 996

601 1 [0225E+3 | 0.221E+3 | -223E+1|-223E+1] 999
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Table 4 Design Variable and Object
Function History

Design variable 1.D. |Initial value} 1 2 3
1 1.0 0.7513 | 0.8472 | 0.8368
2 1.0 0.6573 10.3220 { 0.1938
3 1.0 0.7513 | 0.8472 | 0.8868
Object function 38284 | 27825 | 2.7185 | 27021
(weight)
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