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TOM TAT: Bai bdo néu gidi thudt va trinh bay chi tiét phuong phdp xép xi 18i tudn tu
cho bai todn t6i uu véi ham muc tiéu va cdc rang budc la ham dn. Sau dé dp dung gidi
56 cho bai todn t6i uu hudng sgi ciia tdm composite nhiéu I6p & trang thdi ing sudt
phdng.

1. Gidi thiéu

Céc bai todn t8i uu trong cd hoc thudng 1a cdc bai todn 16n doi hdi qud trinh thanh 14p
va tinh todn s0 (nha't 1a phuong phdp phén tif hitu han) & mdi budc lip. Him muc tiéu va cdc
rang budc 12 cdc ham 4n (lién quan d&n do ciing, bi€n dang, dng sudt, chuyén vi hay trong
lugng cong trinh ..vv). Ta khong thé ding cdc phuong phip t6i wu héa truyén thdng nhu
phuong phdp ham phat ngoai, ham phat trong, phwong phép nhan tif Lagrange, ... d& gidi truc
ti€p dugc-vi nhitng phuong phdp nay doi hdi ham muc tidu va céc rang budc phai 1a cdc hAm
hién theo bi€n thi€t k€. Do d6 viéc 4p dung cdc phudng phép mdi d& c6 thé gidi quy&t mot
16p cdc bai todn t6i wu v6i him muc tiéu va cdc rang bude 1a cdc ham &n 1 mot nhu ciu cy
thé. Phuong phdp x&p xi 181 tudn ty 12 mot trong cdc phudng phap mdi d6.

2. Phuong phap xap xi 18i tudn tu

Bai todn t6i uu bao gom viéc cyc ti€u héa mot ham muyc tiéu gy(X) chiu céc rang
budc Wng xt gi(X) [2].

gj(X)Sg;‘_“" Jj=l..,m

(2.1)
X, <X, <X i=l..n

min g, (X ), {

Cic ham gy(X), j=0,..,m 1a cdc @ng xi¥ cdu tric (vi du tng suit, chuyén vi, do cing

tng thé) dudc bi€u dién dudi dang cdc ham £n theo cdc bién thi&t k& X, i=1,...n. Céc bién
thi€t k& nay c6 thé 1a chi€u day ctia mot vai phin t& cdu tric, cdc thong s§ hinh hoc, hay
hudng sgi ciia ciu triic composite. Cdc cin trén X, va dudi ¥ ; dinh nghia cdc gidi han k§
thuit clia cdc bién.

Hinh 1 : Mgt dai dién ciia bai todn (2.1)
va xdp xi 16i ciia né quanh diém hién thoi
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3. Cac phuong phap ‘xﬁ'p, xf clia ho MMA (Method of Movmg Asymptotes)
¢ 3.1 Céc xdp xi don diéu |

Phu’dng phap Conlin la-mgt: xap xi 101 du'a trén kha1 trien chu01 Taylor bac nhat theo

cdc blen truc tlep va tlrdng hd [3]. Xap xi ctia ham tmet ke gj(X) du’a tren gla trl ham va dao
him bac nhat d dlem thiét k& hlen thdl X("" !

'.1‘~ :"-1{1:;"\

;g’(X) gJ(Xm). ZM(X SR Z(X“") agj(X( )( :1.)' @ 1;‘)-::{

D) Ak ] 4R At ibBXGn X, ¢ X(”
ky h1¢u Z va Z chljt(’)?n;g'tré'r'i"czéchélséff éé.déo hambﬁcnhﬁtﬁm hoécdu'dng

Svanberg (1987) da tong qudt héa phuong phap Conlin bing viéc gidi thiéu hai tdp
hgp'cdc hé sé mdi, céc tlem cﬁn du‘dl Va uem cin trén, L("} ya U k), de di&u chinh tinh! 16i

cla x4p xi theo bai todn du’dc xem Xxét.

17 10g7 1 '1 28Y
g,(x)= g(X(k)) Zp(k{u.(") X, . U - (")J Zq(k)(X My x®- L‘”] 62

T:ong (3 2) ch1 co 1 trong 2 he so p( ) hoac q,( ) la khac O ta1 cung mot thdl dlem cho

‘‘‘‘‘

mot bién thlet ke
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Vi thé cho méi b1en thtet ke X,, ch1 c6 mét ti€m can hoidc LU‘) hoac U(") du’dc st
dung’ trong\bal t@an xap x1 tuy thso dau cua dao hambac nhat ag ( ”)/EX Vivay, xép xi

_la don dleu bat ke u’ng xi cia ham that la ddn dleu hay khong Xap xi MMA du’dc minh
‘Hloa W trong hinh 3‘ M B AL g oit) PebCal Y O 3

.J‘J I ,e I

Hmh 3" Xap xt cua nang luang bién dang
(r) cho, baz todn tim chiéu day téiuu |
wtrong mot tam nhiéu lép.don. Tanén .
'dung mot xdp xi don d'zeu "

. T P TIPS
- ! Gome paa

Sau mdi budc lép_, n tiém cin LE._") va U,.(") dugc cdp nhit theo quy luit (3.4) sau:

i (1) 5 B X Brsd XS0 N a o XE s U L) st © G4

- do'Svanberg dé nghi (1987), trong d6‘cdc hé s6's; duge tinhrtodn dia trén syithay ddi cac gis
tri ciia bié€n thi€t k€ twdng ng X; trong vong 3 budc lap lién ti€p [4].,
LI: o x _O S(Xm“ _ mm)

U¥ = xk +0.5(xm —xm)

7

\ RV

Cho hai budc lip ddu tién: . . 5, =0.5= { (3.5)

Trang 15
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0.7 khi (xf —x*" Yok —xf
tir budc lip thi 3 wd di: s, =412 khi (x" % Xx" T _xf?
1 khi (x ~xF Xx - fz)

X&p xi MMA st dung céc tiém cin gidng nhau cho tdt cd m+1 ham thi€t k& g;(X) ctia
bai todn t&i wu. Pinh nghia nay khong thé hién tinh uyén chuyén trong viéc di€u chinh xap
xi cia mdi ddp dng cau tric theo cdc dic tinh riéng clia né. T d6 cdc nha nghién cdu da
gidi thiéu phuong phdp ti€ém cin di chuyén tdng quiat (GMMA) (Generalized Method of
Moving Asymptotes) bing cdch gin thém mot tiém cdn di chuyén riéng trong méi ham thiét
k&, d6 1a L% va UP dugc sit dung thay thé ¥ va UY:

- 1
g,(x)=g,(x")+ zp{k{ W_x, U¥ (k)] qu( ) X,(")_L(’,‘)] G.7
i i

trong d6 cdc tiém cin cho mdi rang budc dugc tinh todn bdi:

)<0 |
)>0 (3.6)

0 =05, (K1) 5 U = XD 1, 0 x)

i i

v6i hé s6 s; duge didu chinh sao cho phit hop vdi gid tri cia ham & di€m thiét k€ trudc.

3.2 C4c x4p xi khong don diéu
Svanberg (1995) da duwa ra mot phién ban hoi tu tdng thé ciia phuong phép tiém cin
di chuyén (GCMMA) (Global Convergent version of the Method of Moving Asymptotes):

. 1
g_,-(X)=gj( (k)) zp(k)( O X U(k) X(k)) Zq ( —® X'(k)__.LEk)] (3.8)

Pay 1a sy md rong clia phudng phdp MMA (3.2), khi ma cd hai p¥ va q,&") déng thai
khac khong. Piéu d6 c6 nghia ring biy gid cd hai L(i ) va U,.(") dugc st dung ciing lic dé

phét sinh x&p xi (3.8). Piéu niy din dén dic tinh khong don diéu cla xap xi dugc minh hoa
trén hinh 4.

Strain Energy &
= Eamia !
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Hinh 4 : Xdp xi cia ndng lugng bién dang of b '
. . J 5 - H L
g(6) trong bai todn t8i uu hda theo hudng soi ::) E b
clia mét t&m nhiéu 16p don. Ta nén ding mot .5} ! a3
g ? A . 1 & ]
ké hoach xdp xi khong don diéu. ot 8 ]
105 } 'l 4
100 ELk 4_“______‘931%.::4 s UL i
- % of B edtania i

3 budc k clia qué trinh x&p xi, GCMMA dugc bi€u di&n bdi gid tri ham g, (x®), cac
hé s& p( ) va q(") dudc tinh todn dua trén dao ham bic nhit, cdc hé sd khong don diéu p( )

va ncip tiemecan L% va U® . Cy thé nhu sau:

Trang 16
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2%, (") np =t -xt} ELt -12)
Néu g.;T<O — T ; ag.(Xk) pk (3.9)
,. ) )
' 5g.(Xk) ot
ri =t -t} B Lo i)
Né&u %w s, k. = (3.10)
et )

Svanberg (1987) d tinh todn cdc hé s& khong don diéu va cdc tiém cin theo quy luit
sao cho ddm bao tinh hdi tu téng thé cta k& hoach xap xi. Cu thé:
P} phai>0

P e e e o _ 1< 1 Iag(xo)‘
Cho bugc 13p thi nhat: P = 5n§ | x| (3.11)
Cho buéc lap k pr=2p"" i g (x" )< gls') (3.12)
eF ot = p* khi gk—l(xk)zg(xk :

Khi p=0 talai c6 xdp xi MMA don diéu.
Svanberg (1995) da cdi ti€n dd cong cia x4p xi GCMMA bing cdch thay th& dao
ham béc hai (khdng phdi dao ham hdn hgp) cho hé s& khong don digu:
(k) 2 k)
p{k) & (Ur(k) —Xi(k))J ” 6g1(X )+ (X_(k) _L(k))a g (X( ) (3.13)
¢ T RlpW W) ex, ol ax?

3
(k) _ Xi(k) —L(ik) " _2agj(X(k))+(U(k) _X(k))azgj (X(_k)) (3.14)
U =5y _ W ox. i " ax?2 Lo

Ta goi x4p xi nay 12 GCMMAZ2.
Pé€ trdnh viéc st dung cdc hé s& khdng don diéu p}k) trong dinh nghia cda GCMMA

hay phdi tinh todn dao ham bédc hai trong GCMMA?2, M.Bruyneel va C.Fleury (2000) da
phét trién mot k€ hoach xdp xi MMA dya trén gradient GBMMA (Gradient Base version of
the Method of Moving Asymptotes) bing cdch s dung gi tri gradient ¢ hai budc lip lién
ti€p.

Trong x4p xi ddu tién c6 tén 1a GBMMAL, cdc tiém can L¥ va U™ vin dugc tinh

todn theo cong thitc ¢§ dién (3.4). Sau d6 céc he s8 pl va ¢ cda xdp xi GCMMA (3.8)

s& dudc tinh todn bing cdch gidi hé phuong trinh sau:

og,(x®)  p® g
X, - y® _ y®y 2 x W _ Y
agj(X(k—l)) ( ' p&(fk)’ ) ( , ql(jk')) (3.15)
X, U®-xEf (e - [OF

G day ta thdy phudng phap GBMMAL stt dung gid tri dao ham bic nhét & hai budc
lap lién ti&p, & diém thi€t k& hién thai X™ va di€m thiét k& trude do X™ .

Trang 17
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4. K&t qua sé [5]
* Pat bai toan

Ham muc tiéu cin cuc ti€u héa 13 ning lugng bi€n dang clia mot tAim composite
nhiéu 16p ddi xiing thuin nhit gdm 6 16p. Hudng sdi clia mot 16p s& 12 bién thi&t k&, (hai 16p
con lai da bi&t hudng sdi, cu thé 18p 1 ¢6 hudng sgi 6= 90, 16p 2 c6 hudng sdi G= 0, va
hudng sdi 1dp 3 65 12 bién thi€t k&€). Chiéu day clia mdi 16p dugc biét trude ¢ = I mm. TAm
nhiéu 1dp composie chi chiu tdc dung cla céc lyc trang thdi @ng sudt phdng [1] (Hinh 5). Bai
todn toi vu hda duge trinh bay nhu sau:

mﬂin-;wsTAg (N/mm) 0<6<180

* Dif liéu bai todn dugc trinh bay chi ti€t nhu sau:

: M6 dun dan hdi truc x

: M6 dun dan hdi truc y

: Hé s& Poisson

: M6 dun trugt

: Luc phédp theo phudng X
: Luc phédp theo phudng Y
: Luc ti€p theo phudng XY

: Hung sgi clia cac 1dp so vdi phuong X.

E,=1.8E5  (N/mm?
E,=0.8E4  (N/mm?)
Vxy= 0.3

Gip=0.6E4 (N/mm?)
Nx=3750 (N)
Ny=2500 (N)
Nxy= 5000 (N)
th=[90,0, 53,93,0,90] .

Hinh 5: Trang thdi
ung sudt phdng

* Nang lugng bién dang (N/mm) véi bién thi€t k& 1a huéng sgi 1dp thd 3 :

Hinh 6 : Ndng lugng bién dang ciia bai
todn vdi bién thiét ké la hudng sgi cia

16p thit 3

(Két qud nay cé dugc bang cdch tinh
ndng lugng bién dang tai 181 diém

0; =0,1,2...180 va sau dé vé thanh do
thi). Két qud nay ding dé kiém tra két
qud cia cdc phuong phdp xdp xi

* K&t qua cda phuong phap GCMMAL1

Gi4 tri ham muc tiéu = 109.3203 (N/mm)

G6c ban ddu 6; = 12
Gée toi vu &3 =43.9320
S8 1anlip=11

S& ddnh gid ham muc tiéu = 22

Hinh 7: Két qud ciia phuong
phdp GCMMAI

Gi4 tri clia him myc tiéu

400

g &

Ning lugng bién dang
nN
3

150

Trang 18
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* K&t qua ctia phuong phap GCMMA?2

Gid tri ham muc tiéu = 109.3279 (N/mm)
Gé6c ban ddu 6; = 12

Gdc toi uu 63 = 44.0

S6lanlip=5

S6 ddnh gi4 ham muc tiéu =15

* K&t qua clia phudng phap GBMMA1

Gia tri ham muc tiéu = 109.3172 (N/mm)
Géc ban ddu 65 = 12

Géc t6i wu 6;= 43.90

S6lanlap=5

S6 ddnh gid him muc tiéu = 15

5. K&t ludn

Evolution of the objective function

. - . - D
1 15 Z 25 3 35 4 4.5 5
Evolution of the angle

1 1:5 2 2:5 3 3:5 4 4:5 5
Hinh 8 : Két qud cia
phuong phdp GCMMA2

Evolution of the objective function

Hinh 9: Két qua cia
phuong phdp GBMMA 1

K&t qua ciia géc t6i uu va gid tri ham muc tiéu cla cdc phuong phap xap xi 1a chinh
xdc so vdi k&t qua cla hinh 6 (nidng Iugng bi€n dang cla bai todn).

Ta thdy uu diém ciia phuong phap xap xi 16i tudn tu 13 cho k&t qué t6i uu rat nhanh.
S6 1an ldp (GCMMAL : 11 ldn; GCMMAZ? : 5 1in ; GBMMAL : 5 14n) va s6 ddnh gid ham
muc tiéu (GCMMAL : 22 1dn ; GCMMAZ2 : 15 1an ; GBMMALI : 15 1an) la rat it.

Phuong phap x&p xi 161 tudn ty that sy 1a mot cong cy manh va hiéu qui dé gidi mot
18p cdc dang bai todn t8i vu v8i hAm muc tiéu va cdc ring budc 12 ham &n theo bi€n thi€t k€.

(Bai bdo nay dugc hoan thanh dudi su tai trg cla dé i trong diém Pai hoc Qudc gia Tp
HCM “Qui ludt tng x1 cia vAt liéu composite”)

Trang 19
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APPLYING THE SEQUENTIAL CONVEX APPROXIMATION
PROGRAMMING FOR COMPOSITE STRUCTURES OPTIMIZATION

_ Ngo Thanh Phong, Nguyen Thoi Trung
Department of Mathematics & Informatics, University of Natural Sciences — VNU-HCM

ABSTRACT: The paper presents the algorithm and steps in detail of the sequential
convex approximation programming for a optimization problem of which the objective function
and constrains are implicit functions. Then applying this method for the optimization problem
of the fiber orientation of the composite laminate which is in a state of plane stress.
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