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Application Problem of Basis Vector Method in Shape Optimization
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Applying the basis vector method to complicated shape optimization problem is examined that it is effective things. But, when
actually calculating shape optimization problem or in real optimization system development, many application problems exist yet. In
this paper, a flexible basis vector method is applied to the optimization of 3D structure. And examined some problems such as: how to
control inside substructures when the boundary shape is changed; how to check the independence of basis vector to each other; and
the re-meshing problem when the shape variable is changed. Then proposed calculation algorithm, respectively. In the numerical
example, an optimization problem of structure is calculated, the result verify out validity of present methods.
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(b) Basis Shape 1

(a) Original Shape

(c) Basis Shape 2 (d) Basis Shape 3
Fig.1 An example of original and basis shapes



(2) N=2ARICEVFRETERER T HX—v 27
VTR I N ERBRICENENEAREE 2 THRA
BHZEICEY
A=Wy + W 0 +Waly + Wity e (1)
Kea i IRE R T2 2 ENTED, 2L, H—v
AT MV TOR UL S DE RIS L TAR S LT
HRBEIE DR CAE 2 & DBESRITHE Y, A BRI IR
W +w +w, +wy=1 L (2)
DEFETRETHD, X (2) 2R (1) IRALT, FEEE
WIIREBIE DN D HERAD G ND .
a=ay+w (0 —ay)+wy (e, — o)+ wy(a; —ay) .. (3)
ZIZTIE, a 3RS DRETR O SR R L,
a1 IAV CFVIBRART b L, 13— AT R L TH
%o w iZHAN—T ZARY M TN B EAMEETH Y , D
BT FEIRITERETAR O IR 2 EATAIR O£ He
Thd, BT, BLw =0, w,=0, wy=0, 7205
FN— Y AT B VORHLAITT ST 0% THIUL, R
A (3 ) ITRY a=a, BESIL, BRETRIZHHITENR &
—%T5, bLw =0, wy,=1, w;=0, ThbbH—
AR [V 2 OBRALERIT 100%, MoORALES 0% ThH
U, BREHEAX (3) 12X a=a, MFEN, ZHEHERIX
FEARZ2 E—ET 2. 6L w =05,w,=-1,w;=015,
FThbbER—V AR NLVOFALFRIIZNETI 50%, —
100%, 15% CohivE, BIRAHA (3 ) 12& 0, Thisst
ST HRFIRNPFHHETE D, 2720, FHRPTOZ/ER—
AR Mveay , o, 0y, o ITGIRETIAEL U CHIZE
R TR B,
(3) ElRRE RO D TOREHK (3) ITEENDE
R=U ARG N JVIZHNT T BRI w, & ERCERF A L
LT, HOEREEER & OREbFEE Ay, HoiRE %
BT D &0 TR BAREROMAEEZ RO T, 2hnbd
Fl 7R AR A (3 ) ICRAL T, Falileikakd %
Ny /N
PLEICBR L 72— AR VS & A IR E 2
B L OTAREIITHEITR— 27 S L% L BfR 7 <
WHTED E , BEMEEw, ITEREEHTHLOT,A(3)
TR SNDIROFUIRIBICH L Z LB BE2 N,

Fig.2 The new basis shape with leaner relationship of other

3. RN—=T AR N LONIPERRA

TRZEH (3) VIR EZRD 5 & X2, (FED
TEALRE w, OFATITRE LT, HE L RO TR~ 2 b i
KER— AR NVOBIEREG EBEZ DD,

K1 OFITIE, 320_R— AR N L& FWEIGR R
b T 2BECTIEL < Gadfiii=kdobhnd, L, K21
RIIBREFHT L NAR— AT Mg, ELTGENMLT, 4
DDOR—Y AR MWL E T 5 5581E, K
BALHBEIIIR LIZ <720, J{AICE Y KEfgEs kD Hin
ZRVNTATRRMES T D,

ZOHMAELTE, K1 E@DRI—V AR Mg, &
o FERLEDE T, Hr I ERSOIRARY Moy 18725,
B, R7 Moy (FDOR—V 2T Moy | oy oy D
BIREATRIND , TIUTEKR L T, A OMIZHE
FEABEMRAELT-0T, BEVWICEART %% b Db
ek Haie <, R ERR TN OME—MERFEIEL 2 <72 5,
oWz, B LEAERIEIIRZERIEIC/R Y |, FHE EolR
BHBENEZ 720, IR L o720 T2 ENRECAD
nsd, LhrL, =2 AT N LOMNIEN K- 12855,
VPRER AR L 220 SR ST, FHRT— 212X v il
R AEDPPNRCEX 23 EHIL H DY, 72720, ZOR
DFETIRIILIEATLREE A LR O R AR 72 5 AT HE
HRH 5,

ZORBEERNT 5728, FRNES> TRWZA—T AN
I MIVOBENIAFET DM ERET 2LERNDH D,

N AR R VITEMIZR R EEN 7 RV THDHDT,
Gauss WJELHETRY MVFEILEOMSIMETF = 735
TENTED, ET, X (2) 2E®T5

wi (e — &)+ wy (0 — o) +ws(o — o) = — o

wiz, FRXoAn 0L, ~ N v 7V ABICEXET

Wi
[ler, - et (2 — ). (et — et )]y, =0 . (3)
w3

ToTE, BB R Y v 2 ATk LT, Gauss WA ZS AT
U, XATERN 0 TRUVMESE , RET DNV AT b L
L T, b LGOS —ETIUIRET 51—
ARY R VT —RMSLL TS DY, TR ARSI
BFISTESIFIEL 7200,

M 3R ABICK LT, EROFETER— AR
7 NVOMSIHEERET S .

FP, RNV AT M, Lo, PERDEE~ N vy
A% LT Gauss IS AT o T fE R

0 20

[(IX]—OKO),(OJZ—D(O)]: 10 10
20 0

l
(=
[ S S —



YA YA 30

' %) D)

A
»

X X
10 10

(a) Original o, ={10,10,10}  (b) Basis 1 «, ={10,20,30}"

YA 10 Y A
1 1
2 [ %)
3 3
] Ox ——f X
30 20

(0) Basis 2 a, ={30,20,10}"  (d) Basis 3 a; ={20,20,20}"

Fig.3 An example for independence of basis vectors
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Fig.4 A 3D plate assembly structure

1_
.

i

1 I':':Ii'll L
H
1l
R
SLvIRERIrRRTarr
TRinsiemTE,

nmEE
"

IR AT

LLLLL

ImEEE
1

?

T

o]

T,

EIR1]

"
il |
LA |

REE
T
Y

HHHHH
]

(d) Basis vector 10,11,12 at plate D

Fig. 5 Basis vectors of 3D plate assembly structure
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