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Abstract

The concept of homology design has been devised for the application to large telescope
structure by S.V. Hoerner. It is defined that the deformation of a structure shall be called
homologous, if a given geometrical relation holds, for a given number of structural points, before,
during, and after the deformation. Recently, the need of homology design in the structural design
has been increased due to the required precision in the structure. Some researchers have utilized
the theory on the structural design with finite element method in the late 1980s. In the present
investigation, a simple method using geometrical equality constraints is suggested to gain
homologous deformation. The previous method is improved in that the decomposition of FEM
equation, which is very expensive, is not necessary. The basic formulations of the homology
design with the optimization concept are described and several practical examples are solved to
verify the usefulness and validity. Especially, a back-up structure of a satellite antenna is designed
by the suggested method. The results are compared with those of existing researches.
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Table 1 Initial areas and vertical displacements of the 7-bar problem
Element No. 1 2 3 4 5 ! 6 7
Area(x107¢m? 100 100 100 100 100 T 160 100
Node No. 2 3 4
Ver. disp.(x 10-° m) -6.15 —4.76 —2.58
Table 2 Design variables of the 7-bar problem (Ny=1, unit: x10-¢m?
Element No. l 1 l 2 3 4 5 6 7
Present study 2207 | 137.3 | 9.9 | 1000 | 147.9 | 844 | 339
Existing study 157.2 115.2 102.2 100.0 102.2 84.9 23.7
Table 3 Vertical displacements of the 7-bar problem (Ny=1, unit: x10~°m)
Node No. 2 3
Present study —4.48 —4.88 —4.48
Existing study ] -6.01 | —6.41 ~6.01
Table 4 Design variables of the 7—bar problem (Ny=2, unit: x10-°m?
Element No. { 1 T 2 ‘ 3 4 5 6 7
Present study } 224.1 W 138.2 ' 105.2 125.1 181.5 83.8 32.4
Existing study et [ 16 | 700 | w68 | 919 | se0 | 212
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Table 5 Vertical displacements of the 7-bar problem (N,=2, unit: x107°m)
Node No. 2 ] 3 4
Present study —4.50 ~-4.50 —4.50
Existing study J —6.24 —6.24 —6.24

Table 6 Design variables of the 7-bar problem (specified displacement, unit: x10~¢ m?)

Element No. 1 2 3 j 4 W 5 6 7
Present study 346.6 218.5 146.8 183 .4 244 .8 81.3 50.2
Existing study 489.6 183.4 ] 115.2 194.5 163.6 59.8 48.0
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Table 7 Design variables of the back —up structure (unit: x107°m?
Element No. 1 2 3 4 5 6 7 8 9 10
Initial value 774 | 564 | 774 | 564 | 774 | 564 | 774 | 774 | 564 774
Present study 786 | 449 | 707 | 551 | 981 | 321 | 798 | 982 | 512 | 1072
Existing study 794 | 422 | 709 | 547 | 881 | 279 | 805 | 894 | 476 946
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Table 8 Coordinates of the back-up structure(unit: x 10~% m)

-
Node No. 1 2 3 4(x,y)
Initial value (1050, 100) (2338.5,496) (3373.1,1032) (4167.1,1575)
Present study (1050, 100) (2368.5,442) (3440.6,916) (4274.1,1407)
Existing study (1050, 100) (2368.9,440) (3442.3,913) T (4277.1,1402)

Table 9 Numerical performance of two methods
Problem type Design type Iteration Norm
7~bar(Ny=1) Present study 10 161
L _
Existing study 6 98
—

7—bar(Ng=2) Present study 12 170

Existing study J 7 117
7 —bar(specified disp.) Present study l 13 328

Existing study 39 420
Back —up structure Present study 6 505

Existing study J 6 413
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