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Abstract: Aiming at the optimization of truss structures, the optimal model of improved simulated plant growth
algorithm GSL&PS-PGSA is given, and is used to analyze the section optimization problem of typical plan truss
and shape optimization problem of typical space truss. The results show that the optimization effect of the improved
GSL&PS-PGSA is remarkable, and the optimized structures are economical and efficient; for the section
optimization of plan truss, compared with the structures obtained by the two-level optimization method, relative

difference quotient method and continuous variable method, the steel consumption of the structure obtained by the
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improved GSL&PS-PGSA is reduced by 8% to 15%;

for the optimization of space truss, the total mass of the

optimized structure by section optimization is about 8.1% and 3.6% lighter than that of sequential two-level

algorithm and ant colony algorithm respectively, while the total mass of the optimized structure by shape

optimization of the same initial structure is about 31.2% and 22.4% lighter than that of sequential two-level

algorithm and ant colony algorithm respectively. Thus, the improved GSL&PS-PGSA has good applicability to the

optimization problem of truss structure.

Keywords: Plant growth simulation algorithm; Truss; Section optimization; Shape optimization

0 515

IR a5 AR ERTE . HEREBEIA,
Bz T . WE RS RE R, Ik
ok, RRMBAEGMEE TS, BASEE
U MTAREE R, [ N Ah 27 3 2y Gy XE AT AR 454 S I
PEALHIESE

Farajpour! Mt AL AR T B 12 1 FH T 2R 45 48 T AR
ot sk s AR P MSCRE B0 0 i L 35 S5 A0 R A 7
AU P TTs XRRBMs AL B H T R 4654
JEARAEAY s Ahrari 5 T 355 I 7 W)k Koot A% 802
PE T —Fh e % [ B Ak AT 42 25 44 J1 R AR T 1Y)
BT 5 Mortazavi® R FHZ5 Gk FESL % 7 VA X #T
IRGERGIEATORARAI Y 5 PG SBIOE T 2 R 43 Wi Xt
MR EEA R T IR 5 R T & 01k o

R AH DT IR S5 R LA T VR s RAF Y
WM, (HX S AR 2, S %
SR, RSUAE P 26 K (PGSA) BAT S 80%
R, RS REGERRT, ik, A3
B X AT 20 5 ke AR Ak ] 8, 3k F PGSA A 3k AR Ji
P, Rk JF GSL&PS-PGSA B %o Ho gk 47 i
TEAREAC S B, DA #f7 28 45 0 1 Ak 15 1 4t it
2%

1 2k GSL&PS-PGSA % 3k K HiH7 28
ZER A AL AR A

1.1 GSL&PS-PGSA &%

BT AR R E 5 I R R Ak
KB (GSL&PS-PGSA ) BUKHE PGSA 1Y HEAS [ 2 42
, HAEFR LR PGSA Bk EERE L5l T Al A KT
LA IRAE LK IFATHE RS S ]
AT RGIBRMLR, Bk BT PGSA A fkK
f#BE ST

1.2 %3t GSL&PS-PGSA &%

JL F PGSA My 36 A JR B, fE 42 o it
GSL&PS-PGSA B4, #H b T GSL&PS-PGSA .
e, HEAR B AT

(1) $& B AR SO T A K ALE, DT i
PGSA RANF LM RIS A R, WEEZ AL
T, 2 B3 A\ Jra il e {0 e 5 1) R

(2) & X PGSA B33k PR ) i ik A il J2 249 SR 2% 1
FHEME R R E B TR, 5] A B P
FIWTAILE ;

Q) TECAH ARG RILH 5L -, 5IAR
A NUTE Fifi AL 394 i 76 Bl AT 22 1) 3 AL, DT 45
BHIETHEZHMELUW BT R G, R T
MRS R, e TR SERE T .

1.3 MG B FEE

T PE GSL&PS-PGSA FUMTARZE# A4k By
FERIAT IR N -

TEIJ‘%{Z X =(x17x27“'9xrz)

min  f(x)

sk g(x)<0,i=(1,2,---,m) (1)
h(x)<0,i=(m+ 1,m+2,---,p)
Kipin <X, <X, 00l = (1,2,000m)

XD, OB ERES, « NRITER, o
B AR s f(x) A REG g(2).
hi(x) 73 B A A AR A SF AR EZM, m,
p=m N HX AR 5 a0 x,, 20 0 BTE
T, ER.

2 AT AR LA

EE A2 SRR S AP SPOE 1]
ALK —FEAN A R AT 34T



55 13]

AR T 25 T RLDURE ) A SRR AT

s

Fay S5 AR 7 A 25

21 BEXRSH

e OCCHR[8]H ) 22 A AT P AT 2R, XA
HBEATIEAL . AT TR S an &l 1 s, 3

A<=

6T i, 10MRATIF ATHERE . 78 T 00 AT HF
ARV FH AR 2 4 45 SCRIR (8] — 2

9144

v

4

@
9144
1 R

Fig.1 Ten-bar plan truss
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Fig.2 Section optimization process of 10-bar plan truss
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Table 1 Comparison of section optimization results
. HAb e PGSA ]
it H ARICT7 Ik - : YA AT 25 ke LR AR TR
SCHR[8] SCHR[10]
e KA A5/ (mm) -50.8 -50.7 -50.6 -50.2 -44.3 -50.7
KR S1/(N-mm™) 169.77 169.77 144.49 161.1 -123.57 -170.25
ZEt i/ (kg) 1949.6 1956.2 2020.4 2116.7 2244.9 2123.3
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Table 2 Numbering and grouping of members

BRI FF 4
A, 1-2

1-4.2-3.1-5.2-6
2-5.2-4.1-3.1-6
3-4.5-6
3-6.4-5
3-10.6-7.4-9.5-8
3-8.4-7.6-9.5-10
Aq 3-7.4-8.5-9.6-10
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Table 3 Shape design variables
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Fig.4 Section optimization process of 25-bar space truss
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Table 4 Comparison of section optimization results of 25-bar space truss

HFR Afem®  Afem? A /em? A Jem? Ajem? Afem? A,/em? Agfem®  ZERE T kg
Gy GErT 12671 12.671 12.671 12.671 12.671 12.671 12.671 12.671 294.893
SCiHk[6] 1355 12,671 21.483 1.355 1.355 6.542 14.581 14.581 282.143
SCik[2] 1355  10.839  21.483 0.774 0.774 3.348 12.671 21.483 268.969
ATy 0.774  10.839  21.483 0.774 0.774 6.542 12.671 14.581 259.183
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Fig.5 Shape optimization process of 25-bar space truss
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Fig.6 Structures before and after shape optimization
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Table 5 Comparison of optimization results of 25-bar space truss
ZpR X Y2 2 Xy Ya 2 SEH

LN GEEL ) 0.9525 0.0000 5.0800 0.9525 0.9525 2.5400 294.893
k6] 0.1851 0.0400 4.2837 1.3319 1.3010 2.1782 87.245
k(2] 0.0673 -0.0001 3.4200 1.2000 1.3900 1.7100 77.860
3L 0.0650 0.0200 3.5875 0.9575 0.9525 2.3825 59.999
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