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Abstract

This paper presents a quasi-static optimization technique for elastic structures under dynamic loads. An
equivalent static load (ESL) set is defined as a static load set which generates the same displacement field as
that from a dynamic load at a certain time. Multiple ESL sets calculated at every time step are employed to
represent the various states of the structure under the dynamic load. They can cover every critical state that
might happen at an arbitrary time.
discontinuous ones of static loads.
the optimization process.
a design domain.

Continuous characteristics of dynamic load are simulated by multiple
The calculated sets of ESLs are applied as a multiple loading condition in
A design cycle is defined as a circulated process between an analysis domain and
Design cycles are repeated until a design converges. The analysis domain gives a
loading condition necessary for the design domain. The design domain gives a new updated design to be
verified by the analysis domain in the next design cycle. This iterative process is quite similar to that of the

multidisciplinary optimization technique.

applicability, flexibility, and reliability.
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Even though the global convergence cannot be guaranteed, the
proposed technique makes it possible to optimize the structures under dynamic load s.

It has also
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Applied Dynamic Load

Fig. 1 The structure under dynamic load at a certain
time
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A diagram for the proposed quasi-static
optimization technique
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Fig. 7 A three bar truss and the applied dynamic load
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Fig. 8 The equivalent static loads vs. time

Table 1 The initial values and the optimum results for the cantilever beam (mm, MPa, Hz, kg)

t D O max 8 max fi No. :}t:g:mgn Mass

Initial value 2.794 35.30 217.3 -9.081 67.05 1.975
Case 0 2.540 31.38 306.9 -14.09 59.71 3 1.598
Case 1 2.540 29.97 333.2 -15.73 57.29 3 1.537
Case 2 2.540 30.83 314.6 -14.64 58.79 3 1.573
Case 3 2.540 31.12 309.4 -14.28 59.29 2 1.586
Ref. [19] 2.540 32.59 282.2 -12.72 61.84 17 1.655
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Table 2 The initial values and the optimum results for the three bar truss (mm”, MPa, mm)

A A, As o G2 o3 Uy uy Mass
Initial -118.1(1) -49.7(1) -114.1(1) -0.813(1) -0.199(1)
Design 645 1290 643 123.5(1) 54.01) 121.0(1) 0.811(1) 0.183(1) 2.144
Optimum -101.8(2) -82.1(1) -101.9(1) -0.499(1) -0.311(1)
Design 1136 258 1215 106.8(2) 84.5(1) 107.2(1) 0.491(2) 0.303(1) 2.466

(1) means that the maximum properties happen under the first dynamic load.
(2) means that the maximum properties happen under the second dynamic load.
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Table 3 The changes and the results of the design variables (cmz, kg, cm, MPa)

Szrsi;gg’les Initial 1 3 4 Optimum
Area(top) 64.52 113.34 129.03 129.03 129.03 129.03
Area(bottom) 139.68 121.22 149.16 152.60 168.74 * 143.08
Area(vertical) 80.65 29.21 40.22 3491 27.72 44.35
.Area(diagona]) 45.61 53.11 64.51 64.01 62.97 64.52
X3 0.00 -4.00 -3.89 -3.90 -3.55 -3.94
Y3 0.00 1.61 1.46 1.48 1.97 1.09
X5 0.00 -2.95 -2.32 -2.25 -1.83 -2.39
Y5 0.00 0.80 0.59 0.81 1.38 0.42
X7 0.00 -1.75 -1.72 -1.66 0.07 -2.00
Y7 0.00 0.19 0.02 0.16 0.67 -0.10
X9 0.00 -1.53 -1.74 -1.49 -0.84 -1.78
Y9 0.00 -0.24 -0.18 -0.26 -0.18 -0.22
Mass 2916.78 2688.72 3260.07 3241.71 3313.62 3260.90
Displacement -274 -24.7 -20.3 -20.4 -20.3 -203
Stress -156.5(16)  -133.1(15)  -111.7(15)  -112.7(15)  -113.2(15) -106.5(8)

(#) means the maximum stress happens in element #.

Table 4 The optimum value for the cantilevered plate

(mm, kg)
Design Cycle Initial Design ~ Optimum Design
Mass 304 123
Bl 4.00 1.00
B2 4.00 2.24

—

Fig. 15 A cantilevered plate and the applied dynamic
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