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Abstract

All the loads in the real world are dynamic loads and it is well known that structural optimization under
dynamic loads is very difficult. Thus the dynamic loads are often transformed to the static loads using
dynamic factors. However, due to the difference of load characters, there can be considerable differences
between the results from static and dynamic analyses. When the natural frequency of a structure is high, the
dynamic analysis result is similar to that of static analysis due to the small inertia effect on the behavior of the
structure. However, if the natural frequency is low, the inertia effect should not be ignored. Then, the behavior
of the dynamic system is different from that of the static system. The difference of the two cases can be
explained from the relationship between the homogeneous and the particular solutions of the differential
equation that governs the behavior of the structure. Through various examples, the difference between the
dynamic analysis and the static analysis are shown. Also the optimization results considering dynamic loads
are compared with static loads.
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Fig. 5 An optimization technique using the equivalent
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Fig. 7 A five bar truss and the applied dynamic
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Weight Ay Ag A Ay As PH A8 A= Fig. 100 YERY Aok A
2 2 2 2 2
(kg) (mm?) | (mm?» | (mm? | (mm? | (mm? S5t 20 A= AAHAS S wel Ao
Initial | 2.796 | 400.0 | 400.0 | 400.0 | 400.0 | 400.0 . -
— ol A& ke Kol JY WA AR W
ynamic |y 958 | 831.2 | 40.0 | 473.1 | 40.0 | 40.0
factor
E.S.L | 1205 | 589.4 | 400 | 2203 | 400 | 400 =
Table 2 The optimum values of the five bar truss with -,
-
lower natural frequency g
Weight A Ay Ay A, As -
(kg) (mm?) | (mm? | (mm? | (mm? | (mm?
Initial | 2.796 | 400.0 | 400.0 | 400.0 | 400.0 | 400.0 1)
ny“imlc 1.968 | 831.2 | 400 |473.1 | 400 | 400 _ _
acor Fig. 8 A connecting rod and the applied
E.S.L | 2.670 | 3543 | 3516 |376.3 |231.1 | 3484

dynamic load
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Fig. 9 Design variables for the shape optimization
of the connecting rod

(b) Low natural frequency

Fig. 10  Optimum results of the connecting rod
using the equivalent static loads with the
correspondina natural frequency
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