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Abstract

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. Some
researchers have utilized the idea on structural design with finite element method. The
approaches use the decomposition of the FEM equation or equality equations to obtain
homologous deformation. However, weight reduction and response constraints such as stress,

displacement or natural frequency cannot be considered by those theories. An optimization
method solving the above problems is suggested to gain homologous deformation. Homology
constraints can be considered under multiple loading conditions as well as a single loading
condition. Homology index is defined for the multiple loading conditions. Examples are solved to

present the performances of the method.
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Element No. Area (x107°m?) Node No. Displacements (x 107*m)
1 72.17
2 36.09 2 —3.06
3 24.06
4 24.06 3 —2.35
5 24.06
6 12.03 5 : - 1.25
7 24,06
Weight (kg) B 1.70
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Table 2 Design solutions of two methods {seven-bar truss)

Element No. Homology Area TechrTique Stress Optimization Area Technique Stress
(X 107%m?) {MPa) (X 107°m?) (MPa)
1 75.89 ~55.91 140.10 -30.29
2 39.83 53.28 70.06 30.29
3 25.17 —56.20 48.58 —29.12
4 29.91 —47.29 45.74 —30.92
5 43.45 32.55 103.58 13.66
6 5.31 133.16 12.02 58.80
7 13.51 —104.7 24 .05 58.80
Weight (kg) 1.830 3.486
Table 3 Vertical displacements of seven-bar truss {x 10 *m)
Node No. Homology technique Optimization technique
2 —7.785 —4.183
3 —7.785 —4.183
4 —7.785 --4.183

S AAMEE FAv asdsE EAQC,
dAmsel 2727 9 +Awsl &% Table 1o
2349l o 7]4], Z7|3e el EUAE
10 meo 2 shol ARtEdezd FHuNE ned
£ e Adaolch o4, HESAL Aol g
%oviel 235.2 MPao|ch, mE2x el o
Agaae 24 2,44 35 28 sl BUL
SAusirh wASEE aH Aolul, ¥EARz7
a7 el wAsE Sl 63
93 A o Aoleh o AGEAEE F4He
& EARR P83 2o
v

1[12%71

/zzzer—j‘Ll

Yy=0,—0qu, j=1 . 7 a7

A (17) ollA wiz FAbarel HSl HAE A

A, o 7 Aol sk $HE F48

el 6§52 o)k
Yol Ak A4 A8 ERA

AAst SARETEE

shofl ofgk shedx wl gaw e Tables 2, 3 o
b x]sleivy, Table 24= & A3 7wldl 93
& AAgt SAGERATFE olET ¥
AA el Azlg ejarg)t Aol HAH skl
%izl ‘—*74]‘&% Sl ek AgGEAE ub

- off 41

O}
e

U
i

o

412 OHEL} Bi-9) TxBA
Fig. 2% ]l oterho] whalabs =] =] & {_ .

FaEE Tdsa



2806

Noox Moz 2 ofk
Jododo g o px
e E'/_ ko lo
¥

el

22

of

oX
a2

F

F(x)=ax*o]1™,

L
8 Material : steel
E=205.8 Gpa

* ﬂ*lfi'# Flg SOHH Z/H i%*i‘” )
(XZ‘ZXZ)J

Az Hez Abr g -

ars T3k
g Atz

w2

FAZ AAg, sga
o] HAlslch, L

L

[e}
) o ZgajubaAle
fx)=atax’® FARE MY o714 g2 27
ZeAwAd ] 223 Al
ao, = ZEEA A
sbaoltt, Fig. 3ol 4 W& $ol 2%

HE S

el

74

A 2 F o]

F= 9.8 kN rly
Fy=9.8 kN

Node 1
fixed point)

y=a?
¢Before Deformation)

kg Y=Co+aax?
(After Deformation)

FR

r_

U;

Vi

Table 4 Initial states of back-up structure

vi= x—iﬁ ([2x, (yu—

Fig. 3 Configuration of parabola

)2’0:(/ )]

Zlk} +XJ2 <yk_ [y> —XI% (yj_ /y)

obx ol ghold + (= ye)) +7§;"73. /=2, 3 (18)
A 5lofol dh=
4o e o] 714, H=ps 7 A S F )5y
a2lie 2 o 4] 5] of Co=yn* ti+200 " x;+ ;4 s ui— 1wl
| Hdo] of SV UR2U, Akt Ut U unt v - Ul

Element Area Stress Node co(?)rridgii::tles clzzizj:;etceis
No. (X 107°m?) (MPa) No. (mm, mm) mm, mm)
1 774 129.33
2 564 118.78 1 1050, 100 1050, 100
3 774 —168.57
4 564 —31.28 2 2338.5, 496 2339.8, 493.6
) 774 69.43
6 564 67.32 3 3373.1, 1032 3376.2, 1026.9
7 774 —101.27
774 58.31 4 4167.1, 1575 4172.5, 1566.9
9 564 —21.62
10 774 —49.84
Weight (kg) 63.91
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Table 5 Comparisons of results in back-up structure (single loading)
Element Homology Technique Optimization ’I‘ef:hnique
No. Area Stress Area Stress
(X 107°m?) (MPa) (X107°m?) (MPa)
1 786.3 97.93 543.2 141.76
2 448.8 114.83 328.7 156.78
3 706.8 —141.99 640.1 —156.79
4 551.1 —24.63 86.6 —156.72
5 980.8 14 461.2 89.63
6 321.4 .87 186.3 156.77
7 798.2 —75.54 554.1 —108.82
982.2 .35 450.9 76.99
9 512.0 —18.32 59.8 —156.88
10 1071.9 —32.58 467.4 ~74.72
Weight (kg) 66.13 37.76
Fauation of 8.9940 X 1052 +0.8405 8.9629 % 10-*x?+1.1845
parabola
Error 2.45x107° 2.88x10°°
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Table 6 Vertical displacements of two-hundred-bar truss (x10~*m)
Node Initial value Hlym=5.0x10"2 Hlim=1.0x10"°
No. 1st loading 2nd loading 1st loading 2nd loading 1st loading 2nd loading
1 10.478 ~86.813 3.365 —35.804 0.039 —0.740
2 5.317 —86.228 1.766 —35.704 0.040 —0.687
3 0.190 —86.115 0.159 —35.698 4.7x107* —0.666
4 —4.944 —86.228 —1.460 —35.704 —0.031 —0.687
5 —10.144 —86.813 —3.135 —35.804 —0.047 —0.740
Weight (kg) 1597.08 1911.833 94280.76
Table 7 Initial values of back-up structure (multiple loading)
Loading condition Equation of parabola Error
1st loading y=8.9956 X 107°x2+1.0641 0.429
2nd loading y= 8.9733x107°x2+1.3815 0.556
Fodell o8 HHoz 2Eer) wioldt FEE 4.2.2 otEfL} wi-of FREMA ZH
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Table 8 Final solution of back-up structure (multiple loading)

Stress (MPa)
Element No. Area (Xx107*m?)
1st loading 2nd loading
1 634.8 120.61 156.80
2 1966.6 26.20 34.06
3 10000 -10.04 —13.05
4 158.0 —85.88 —111.65
5 10000 4.13 5.37
6 9967.5 2.93 3.81
7 9484 .2 -6.36 - 8.26
8 9347.5 3.71 4.83
9 4126.0 —2.27 —2.96
10 8830.3 —3.96 —5.14
Equation of parabola v=0 0446 X 107°x*+0.2610 | y=9.0395x10°x*+0.3390
Error 0.00087 0.00043
Weight (kg) 605.5
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