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ON SHAPE OPTIMIZATION OF TRUSS STRUCTURES USING SECOND ORDER INFORMATION

EAMZT  KEHE"
By Hiroyuki SUGIMOTO and Toshimasa OTSUKA

Approximation method using the second order information is studied.
Approximation method have been developed for the optimization of
large scaled structures. Usually, the approximation functions have
been created by using the first order information only. But there
seems to be a limit in applying the function to the more general
optimization problem. So, the second order approximation is studied
and proposed in this paper. The Hessian matrix in the approximation
function is restricted to its diagonal terms only. As the numerical
examples, the proposed method, first order approximation method and
the several mathematical programmings are applied to the shape opti-
mization of truss structures and the results are compared with each
other. It is concluded that the proposed method is superior to the
other methods in its generality, reliability and efficiency.
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£—5 4EMIIKL S 2AORR

stress approximation | force approximation direct method
optinization method R-R|{R-D|secod| R-R|{R-+D|second] GRG|SQP | SLP
number of designs 8 8 8 8 8 8 8 8 8
feasible | average objective (cm®) | 51334 | 51337 51314 | 51338 | 51335 | 51314 57261 | 51355 | 100152
design | average iteration number | 7.6 7.6 6.1 1.6 7.6 6.1 1.5 6.8 8.8
average CPU time (sec) 0.20f 0.19¢{ 0.15{ 0.20] 0.19} 0.15{ 0.07| 0.12{ o0.10
number of designs 8 8 8 8 8 8 7 8 0
usable |average objective {am®} | 51334 | 51337} 51314 ] 51338 51335 51314 51311 51355
design | average iteration number | 7.6 7.6 6.1 7.6 7.6 6.1 7.4 6.8
average CPU time (sec) 0.20f 0.19} 0.15{ 0.20| 0.19{ 0.15f 0.07] @6.12
£—-6 228MFELSAOKR (1 2FH)
optimization method stress approximation | force approximation direct method
R*R{R+D|second| R-R|R*D|[second] GRG|SQP|SLP
number of designs 2 3 8 2 4 8 8 6 8
feasible | average objective (am®) | 92056 | 91942 | 92035 92221 | 93608 | 93486 | 100663 | 121333 | 98329
design | average iteration number | 8.0 9.0 6.0 6.5 7.5 5.1 | 19.0 | 15.0 | 11.3
average CPU time (sec) 1.421 5.94| 1.19;7 1.20f 1.76] 0.88| 1.56| 3.47| 1.64
number of designs 2 3 8 2 4 8 7 4 6
usable |average objective (cw®) | 92056 | 91942 | 92035 92221 | 93608 | 93486 93919 ] 94893 | 96294
design | average iteration number | 8.0 3.0 6.0 6.5 7.5 5.1 | 20.4 | 13.5 | 10.5
average CPU time (sec) 1.42) 594} 1.19| 1.20| 1.76] 0.8 | 1.68| 2.82] 1.56
£-T7 228M¥EEFSAOKR (1 TEH)
stress approximation force approximation direct method
opLimization method R-R|R+Dj|second| R-R|[R-D|second| GRG| SQP | SLP
number of designs 2 2 8 2 1 8 8 3 8
feasible | average objective (cm®) | 88613 | 88696 | 89226 | 90406 | 90955 | 89473 | 103489 | 92897 | 94104
design | average iteration number | 7.0 | 16.0 6.8 | 18.0 | 31.0 6.0 | 24.3 | 13.3 | 12.9
average CPU time (sec) 2.22) 4.71) 1.84| 11.42( 8.66| 1.72} 2.5} 3.63| 2.30
number of designs 2 2 8 2 1 8 5 3 7
usable |average objective (cm®) | 88613 | 88696 | 89226 | 90406 | 90955 | 89473 | 89898 | 92897 | 92554
design | average iteration number | 7.0 | 16.0 6.8 | 18.0 | 31.0 6.0 | 26.6 | 13.3 | 12.6
average CPU time (sec) 2.22] 4.71| 1.84) 11.42{ 8.66} 1.72] 2.82}{ 3.63| 2.27
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£~ 8 2b0#MIKFS2ZOER (8FH)
stress approximation force approximation direct method
eptimization method R-R|R-D|second| R-R|R-D|second| GRG | SQP | SLP
number of designs 2 2 8 0 2 8 8 7 8
feasible | average objective (cm®) | 249044 | 246187 | 248241 246236 | 2561626 | 260096 | 258797 | 292338
design | average iteration number| 8.0 | 11.5 | 11.8 17.0 7.5 1 19.9 7.4 | 10.4
average CPU time (sec) 1.00 1.55} 1.90 3.24] 107} 1.14| 145§ 1.31
number of desiens 2 2 8 0 2 7 7 6 3
usable |average objective (cm®) | 249044 { 246187 [ 248241 246236 | 247888 | 250913 | 251714 | 251764
design | average iteration number | 8.0 [ 11.5 | 11.8 i7.0 7.7 1 18.0 7.5 | 10.0
average CPU time (sec) 1.06 | 1.5 1.90 3.2y 1.10( 1.04) 1.47¢ 1.36
R~9 258MIENZA0ER (1 3K
optinization method stress approximation force approximation direct method
R-R|R*Dj{second R-R|{R-D|second| GRG|SQP|SLP
number of designs 1 2 8 2 0 8 8 8 8
feasible | average objective (cm®) | 245697 | 246040 | 245168 | 244395 244502 | 279302 | 256929 | 289140
design | average iteration number | 18.0 8.0 | 11.6 | 13.0 3.6 | 16.0 8.3 9.5
average CPU time {sec) 3.51 1.53) 2.21| 2.96 2.20f 1.12% 1.90| 1.4
number of designs 1 2 8 2 0 8 5 7 3
usable [average objective (cm®) | 245697 | 246040 | 245168 | 244395 244502 | 249584 | 252281 | 258170
design | average iteration number | 18.0 8.0 [ 11.6 | 13.0 9.6 | 18.4 8.7 9.3
average CPU time (sec) 3.51| 1.53| 2.21{ 2.96 2,201 1.32¢ 2.04} 1.36
£-10 208MHYVKRN S AOHKER (2 0FK)
optimization nethod stress approximation | force approximation direct method
R R|{R*D|second| R-R|R-D|second| GRG|SQP | SLP
number of designs 0 3 8 1 2 8 8 1 8
feasible | average objective (om®) 229207 | 229410 | 244902 | 229203 | 231052 | 259214 | 309111 | 314672
design | average iteration nmumber 7.0 | 12.9 7.0 9.0 7.5 | 25.9 5.0 8.4
average CPU time (sec) 2,46 4.71) 2.13] 3.467 3.08} 2.16| 1.44] 1.50
number of designs 0 3 8 1 2 8 5 0 2
usable |average objective {(cm®) 229207 | 229410 | 244902 | 229203 | 231052 | 246090 260838
design | average iteration mumber 7.0 | 12.9 7.0 9.0 7.5 | 31.0 6.5
average CPU time (sec) 2.46| 4.71| 2.13{ 3.46| 3.08| 2.53 1.24
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. CORBEIRBELTHEGRGHENTVWEEEZONLZOT. 81O 2K E GRGOER% & 0 A
WL THS,

ZOFR, FRFEERHCINE T AT 2 EBO S < . WROEERE 2 KELHDF SR E
2ohb, —FH, HAEHRFTOBRERELE T2 L. BWBERIE 2RKEMUOFH 1 RSN, TR
GRGOHBDLRNENWIERICR > GRGIZKLBERIE. FRBEBRICEIEL W RZNEZ 26N
ADT. BEHEHRABEZEANWA L X2RZT2 LI, Bon-ER4+PEEE UTHETEL,. BB
D% 2 L L FERER U &Y
LBz HERAB, FOBREZ LD x—11 2WERE GRGOLEK
DOBE-1TH3. CDHA. B

. number of variables 8 13 20
BIZBTAADSONTA—F—DRE —
, optimization method second | GRG | second | GRG | second | GRG
- \
2325 —20N, BWhA%E->THE - oF dosigm 2 ’ 7 n 7 n

L®TH2, nLH. GRG %LE% average objective (cm®) | 247434 | 246649 | 244370 | 244345 | 229217 | 233863
AWT2REUOMRRE RBEORET [ iorage 07U time (seo) | 107 1.72] 1.53] 1.64| 2.79| 3.68

B2, 2WELOBE LV R
D& DHEREBLH LI EBOY > .
PEOEREE DAL, 2ALIZ L2 HEIE. 2HT6 4 -~ ADHEON. £TOHE THARE
WINEL., 954 — ATHHEARERGICINEL L2, WROEEEEIIFFIEnEEZE2Z SN2, —
FH. LKGERUC XA HETI. £HT1 925 - 2DFEDOHN. 6 Ty -2 (35%) LrHFERITHIVIT
TERATREREHICBEE ¥, IR OEEERENE VWA 2, B EELEERV2HTIE. GRGBRIFT
H-oto GRGIZELBEEIL. £HTA48 —2AH - 128, ETOEATHEERFICBEL. 367 —-2T
ERAREEREHCIBIR U 120 £, RO EMBEROFEIBEE - KE L, BHROEEMEIZ. 2
WEAHEEERTEFEDZEEION S, BNEROELREZECL LBOHERHOLEIC L5 L,
2UGERC L2 FMBGRG LD bR, BIROETL 2KAMR L2 HEERFRERARL 2.
5. HRBXUDHEBE
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Bi2izs, BEORBIBNTIE. B, BUEOREEOEURBLETH 2. +nSOELHRNIT. &
PoOBESEVE. RELOMBRR VI LELISNS,
ERESTHEEROS S, FORERCHET 2 1 REURAPRENZ L ZERNICLIEEI NS, Ll
R EROBEIC L - Tk, EEHOEIREZESS THEUROEREHL WHEIC 2 5. AEYELRE
Az e, RELOFTECEELECHESEL 0L, FHXOHEACLERDOOTVR. 2hoid. 1K
OB EFNLFEORA L LEXONADT. 2ROMBEEHANS 2ROGEAUXERAVW2 %
A D ABEMORRRBLIC B 2RAERCISHL 2,
KR L VBONLHREBEEELT 2L, UTOLDIZk2,
1) Ny 2R ORBEO 2 E2R WS 2UELEAREL 2. 2GAUROERERBEHTH Y. BBk
B2 ESTI2HEBLVOT, KO —BNIEBEEERL LB TE S,

2) 3HHED NI ABEWORREBEOHELAT 2V, 1 RELEE HEL 2. B2 ORBEO T TORE
FEORR., FAERHCBEET AR, 2RAMR L5 HETH 100%F > oML, 1 JGEELIZ
K B FETIEIBUBRETH - 2.
2EPEBVE LY. EHROEHEERRENICEELZEEX 5N 5,

3) 1RERE 2UGEM OB L. NEROEHEEICAEZEND > =0T, MFOWROLEIZERS 2
LEZOND, HiE BHEHEZEEBNAHEOFTIE. GRGHB2UGEL L AEEOINHEOEHELES
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