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Structural Optimization for Non-Linear Behavior Using Equivalent Static Loads
by Proportional Transformation of Loads
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Abstract

Nonlinear response structural optimization using equivalent static loads (NROESL) has been proposed.
Nonlinear response optimization is solved by sequential linear response optimization with equivalent static
loads which are generated from the nonlinear responses and linear stiffness matrix. The linear stiffness
matrix should be obtained in NROESL, and this process can be fairly difficult for some applications.
Proportional transformation of loads (PTL) is proposed to overcome the difficulties. . Equivalent static loads
are obtained by PTL. 1t is the same as NROESL except for the process of calculating equivalent static loads.
PTL is developed for large-scale probems. First, linear and nonlinear responses are evaluated from linear
and nonlinear analyses, respectively. At a DOF of the finite element method, the ratio of the two responses
is calculated and an equivalent static load is made by multiplying the ratio and the loads for linear analysis.
Therefore, the mumber of the equivalent static loads is as many as that of DOF’s and an equivalent static load
is used with the reponse for the corresponding DOF in the optimization process. All the equivalent static
loads are used as multiple loading conditions during linear response optimization. The process iterates until
it converges. Examples are solved by using the proposed method and the results are compared with

conventional methods.
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subject to K(b,z)z-f =0 (1¢)
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Nonlinear & Linear FEM Analysis Software

Nonlinear response
and linear response
Calculating equivalent

static loads
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Design variable for optimization
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Linear Response Optimization Software

Fig. 3 Optimization process using commercial software
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Tabte 1  Optimum results for the ten bar plane truss
Conventional

)] method NROESL PTL
Al 995.15 935.45 954.09
A2 0.645 0.645 0.645
A3 736.54 746.47 892.71
A4 353.49 492.29 478.24
AS 0.645 0.645 0.645
A6 0.645 0.645 0.645
A7 637.97 642.87 629.08
A8 673.53 768.78 675.82
A9 729.58 637.73 675.80
Al0 0.645 0.648 0.645
2) 12.59 12.85 12.98
A3 14 11 8
4) 301 11 8
©) ‘160 - -
(6) - 42 32

(1) Design variables (Cross sectional area (x10¥ m%))

(2) Objective function (mass(kg))

(3) Number of iterations

(4) Number of nonlinear analyses

(5) Number of nonlinear analyses except for gradient calls
(6) Total number of iterations for linear response optimization
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Find cross section areas (bk ) (19a)
to minimize mass (19b)
subjectto  K(b,z)z-f=0 (19¢)
z; ~2.54<0, i=1---12 (19d)
-z, -2.54<0, i=1--12 (19¢)
0,;~1030.0<0, j=1--10 (199)
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Fig. 6 Schematic view of a spacer grid set
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Fig. 7 Spacer grid modeling
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Fig. 10 History of design variables for the spacer grid

Table2 Optimum results of the spacer grid

Dceyscii‘i“ t) t, t;,  Ob® MCVY
0 | 0457 0664 0920 0727 385
1 0636 0300 1010 0849 1638
2 0710 0300 1200 0948 34
3 10737 0300 1200 0976 0.0
4 10737 0300 1200 0976 0.0

a) Normalized objective function
b) Maximum constraint violation (%)
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Find plate thickness (¢, ¢;, #3) (20a)
to minimize mass (20b)
subjectto  K(b,z)z-f =0 (20c)

¢, ~0.3048<0, i=1--,16x16 (20d)
03<1,t, <10, 03, <12 (20€)
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