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TOI UU HOA KET CAU BANG PHUGNG PHAP XAP Xi TUYEN TINH

Nguyén Tam Hiing
Trudng PH Giao thong vin tdi TP. HCM
(Bai nhdn ngay 06 thdng 10 ndm 2003)

TOM TAT: Bai bdo nay mé td phuong phdp t6i wu todn hoc ma cé thé gidi mét lop
Ion cdc bai todn vé t6i uu hod két cdu. Phuong phdp nay sit dung cdc bién nghich ddo dé xdp
xi bdc nhdt ham muc tiéu va cdc ham rang bugc.

Béing cdch tiép can nay, bai todn ban ddu dugc thay thé bdng mot chudi cdc bai todn
con tuong minh. Méi bai todn con la bai todn 16i va tdch biét nén c6 thé gidi mét cdch hiéu
qud bdng vig¢c sit dung dang déi ngdu.

: Trong pham vi bai viét, phuong phdp nay dugc dp dung vao viéc t6i uu héa tiét dién
thanh ciia hé dan véi hinh hoc c6 dinh va dugc téng qudt héa cho truong hop t6i wu hod tiét
di¢n thanh, tog dj niit dan vdi hinh hoc khéng duoc cé dinh.

1. GiGi thiéu

Thi€t k€ t8i uu héa k&t c&u 12 bai todn tim k&t cdu t6t nhit chiu dudc céc tdi trong cho
trude. PE gidi quy€t van dé nay theo phuong phép todn hoc, ching ta c6 thé tim 15i gidi trong
ba nhém két cau sau: ‘

Nhém 1 S : 1a tp hgp tat cd cdc két cdu thda man yéu ciu ban dau
Nhém2 ~ S;:la tdp hgp cdc k€t cdu c6 cdch két ndi giita cdc nit va vt lidu cho trude.

Nghia 12 vdi k&t cdu nay, ching ta tim toa d cdc niit va dién tich mit cdt ngang c4c phin tf
sao cho t8ng khdi Iugng k&t cau nhd nhat.
Nhém 3 S : 12 tdp hgp cdc két cdu c6 cdch két ndi gilra cdc niit, toa do nit va vit li¢u
cho trudc. Nghia 1a ching ta chi tim dién tich mit c4t ngang cdc phin tlf sao cho t6ng khdi
Iwgng k&t cau nhd nhat '
Chiing ta nhdn thdy ring S, oS, ©S,va mic d6 khé cida bai todn theo thit ty gidm
ddn. & day ching ta chi xem xét nhém 2, tifc 12 bai todn i wu hod t8ng khéi lugng két cau
chiu nhitng gidi han dinh trudc trén chuyén vi va @ng sudt dudi nhiéu trudng hgp tii trong,
v6i cdch k&t ndi gitra cdc mit phin tif va vat liéu cho trude
Y tudng chinh trong cdch gidi quyé&t cla chiing ta 12 tuy&n tinh hod 16i ham muc tiéu
va cdc rang budc, sau d6 4p dung ly thuy&t d6i ngiu cho bai todn t5i wu 16i.
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2. Phdt bi€u bai todn t&i uu
Chiing ta xem xét bai todn t3i wu tong khdi lugng ciia hé dan chiu :
- Rang budc chuyén vi
- Rang budc tng suit
- Rang budc 6n dinh
du6i nhidu trudng hgp tai trong. C6 hai loai bi€n trong bai todn nay
- Dién tich mit cdt ngang cia phdn tif
- Toa dd cdc nut
K&t ciu c6 thé ddi xing theo phuong nao d6, do d6 trong trudng hop tong quét cic
bi€n khong thé doc 1ap vdi nhitng bi€n khdc. Mot s8 bi€n (bi€n dién tich mat cdt ngang hay
bi€n toa d6 nit) ¢6 thé bi ¢ dinh ngay tir diu. Nhitng gidi han nay c6 thé dugc biéu dién
biing cdc quan hé tuy€n tinh giira cac bi€n.
Bai todn t8i vu c6 thé duge phat bi€u dudi dang todn hoc nhu sau:

P: min w(x,c)
Chiju cdc rang budc: d;(x,¢) <d; i=b 5.8
o,(x,c) <o, L8100
b,(x,c) <0 T
A*=h
X S X ST j=1,...,kelem
¢ <c; <cf™” j =1, . vy 3 *mede
Trong do:
X=(X;5Xq000 X poiem) : vector cdc bién dién tich
kelem : t8ng cdc phadn ¥
Xi : dién tich mit cdt ngang thi j
€ 2 (s, Casrons Cintam )| : vector cdc bi€n toa dd
knode : tdng cdc niit, mbi miit c6 3 toa do
w(X,C) : tng khoi lugng cla két cau
di(x,c) : chuyén vi clia nit theo hudng cho trudc dudi tdi trong cho
trudc hay t8 hdp tuyén tinh nhitng chuyén vi d6
o,(x,c) : ing suit trong phin t& dusi tdi trong cho trude(kéo hodc nén)
bi(x,c) : rang budc 8n dinh cda phan tl dudi tdi trong cho trudc
AX=h : rAng budc tuy€n tinh ddm bdo két cdu d6i xing hay cac niit ¢6

toa do cho trrée, . . . (A 12 ma trdn va h 1a vector cho trudc)

min _ max _min _ max

Sty g : can dudi va cén trén clia cdc bién
™ - gié tri cho phép cia chuyén vi di(x,c)
o : gi4 tri cho phép clia Wng sudt o,(x,c)

P 1a bai todn t8i wu phi tuy€n. Cdc ham s o,(x,c) , d;(x,¢) , b;(x,c) khong cho
trudc mot cdch tudng minh. Vi cdc gid tri cho trude cla cdc bién x va ¢, chiing ta c6 thé tinh
dugc céc gid tri cla ham s8 trén theo phuong phdp phan tif hitu han (FEM). Cdc tinh todn
theo FEM thuong mt rit nhiéu thdi gian, dac biét khi gap bai todn 16n, do d6 phii tim
phuong phép t6i uu sif dung cang it cdc tinh todn nay cang tot.
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3. Gradient cia cdc ham rang bujc

Tinh chat quan trong cia cdc hAim rang budc o,(x,c),d;(x,c),b;(x,c) 12 cdc gradient
clia ching dugc xdc dinh ma khong mat thém qud nhiéu cong sitc mot khi gid tri cia chiing
dugc xdc dinh bing FEM. Trudc khi tinh cdc gradient ciia cdc rang budc, ching ta ¢6 thé

biéu dién ham muc tiéu nhu sau:
kelem
£

w(x,c)=p Zxc

trong dé
£ : khdi lugng riéng ciia vit liéu cho trude
X, :dién tich mit cdt ngang clia phdn tf thit e

¢, :1avectorlién két hai nit cla phin t¥ thte 7T o

le.| : chiéu dai phin t the e Pinh nghia £.
3.1 Gradient ciia ham rang budc chuyén vj ]

Xem xét rang budc chuyén vi d,(x,c) <d™ tai diém cho trude (x,c). Ching ta cAn mot s&

dinh nghia

p : 12 vector chifa cdc ngoai luc ing véi trudng hop tai trong cho trude p < R

u : 1a vector chuyén vi nit theo huéng cho trude ng v&i trudng hdp tdi trong cho trude

uc R3‘tn0dc

K : ma trin d§ citng clia k€t cdu — ma trdn d6i xitng va x4c dinh duong

Theo FEM chiing ta ¢c6 quan hé: Ku=p (1)

D3i bi€n & dai dién cho cdc biénxvac, £=x hay £=c¢

Lay dao ham phuong trinh (1) d6i véi &

oK % ou _op

Uu—+K—= 2)
o¢ o5 08¢
ou [ op oK
e BT ] s My i 3
o (65 g a:] =
Gid sit riing p 1a doc 14p v6i x; va ¢;,vi the g? ()
Ou oK
Phuong trinh (3) ¢6 thé rit gon:  —=-K"'|u— 4
g 3) g¢ oF (H 3 é’) 4)
Ma trdn d§ ciing clia phén ti¥ thanh trong hé toa dd toan cuc :
K¢ =[ K: "fﬂ : véi K, =E’5§-e,e'£ (5)
_ K. K, le.|
trong d6 E 12 module dan hdi cla vat liéu 12 hing s8 cho truoé
Tit (5) ching ta c6: e = L g n€uj=e ©6)
ox, X, :
=[0] néu j#e , [0] 1a ma trén zero

oK =396, . 180 1 61.’"'}
gropie 55 o e L =t ()
% [nfeu“ac,- e 8, e o,
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€

- aK 9 ar . A T~ ~ . - 2 A 7
Nhén thdy ring 2 # 0 chi néu c; dai dién cho toa d) clia mét trong hai nit cia phan tlf thit

i

e. Tidc 12 aaIC(c =0 d6i vdi phin 16n céc chi j
j
3.2 Gradient ciia ham rang budc ¥ng suit

Ung suat c6 thé dudc tinh tryc tiép tir : oc=S8u (8)
v 5] ou
Pao ham 8—9: theo cédc bién x; 9 _ S— 9)
i an axj
trong d6 S 1a ma trdn ddc 1ap vdi x;, vi th€ dao ham S d&i vdi x; bing [0]
a P
Tuong ty chiing ta ¢6 thé dao ham 92 \theo céc bién Cj L] = §£~L~l—+ Eg—_q (10)
oc, ac oc, dc

J i J |

trong do % khong béng [0]
j

Tix 1y thuyét FEM , ching ta c6
s=Is.s, 8T v s=7[ -TTba

8s, 85, 8,
acj aCJ o &

]

vivly —= [
J
Do b; va a, 12 cdc ma trin bing s§
3.3 Gradient ctia ham rang budc vé dn dinh
Gi4 st o, 1a @ng sudt nén trong phin tf thif e dudi trudng hop tai trong cho trudc. Rang

a . = ] o
budc 6n dinh ¢6 thé vi€tnhusau: b, = E"‘ "
. ec

-k X=|2 <0

trong d6 k 1a hiing s6 phu thudc vao hinh dang mit cit (né€u mit cit 1a hinh tron thi k= %:—)

ot
Chung ta c6: &, 100, - Kk ?fe,.;.g_:b_ce,_.l_f_

5 Ea |ofo |f o
19, dlrc}c tinh theo cdng thifc trén
E 0&

———kT oy khong bing 0 chi néu & =x_ va liic d6 o =1
el o5 %
2k, 9fe.|
le. o¢
3.4 Cac rang budc doc lap _
Trong phdn nay chiing ta xem xét rang budc A(c,x) = h. Chiing ta khong xét dén trudng hop
tdng quét va chi xét trudng hop cdc bi€n c6 thé chia thinh cdc nhém riéng biét sao cho tt
cé céc bi€n trong nhém c¢6 thé biéu di&n tuyén tinh d6i véi mot bi€n thudc nhém d6. Gia st
J,={1,...kelem} 12 nhém chi s3 céc bi&n dién tich
J, ={1,...3*knode } 12 nh6m chi s6 c4c bi€n toa do nit

: ol
kh6ng bing 0 chi néu & = ¢, va hic d6 —% dé xdc dinh
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J_(j)= 12 nhém chi s6 clia nhém thit j ca cdc bi€n dién tich j=0, 1, ..., ng
J.(j)= 12 nhém chi s& clia nhém thif j clia cdc bién toa dd nit j=0, 1, ..., n,
Ching th6a min
L.ONIT DN T (n,)=],
JONI DN (n)=],
J,G)NJ, ()=0 néui#j
J.WNI.()H=0 néui#j

Béy gid chiing ta gid s¥ring x., , X, , €., » C,, 12 hiings8 chotdtcd ecJ, va vcl,

X = véi ec ], (0) (11)
A véi ec). () ,j=1,..,ng (12)
6. =0, véi vl (0) (13)
€, =Cp+¥,Cp voi vl .j=1, el (14)

trong d6 «; va y; la nhiing bién ddc 14p méi

Bai todn t8i wu khdi lugng by gid duge thidt 14p theo cc bién a = (o, @, ... @,,) va

y=(7, 7,...7,.) thay vi cdc bi€n x, c. Vi th€ cdc rang budc tuyén tinh A(c,x)=h bi€n mét.
Gradient hAm muc tiéu vi c4dc ham rang budc ddi véi cdc bién a va y dugce xdc dinh dudi

day véi f dai dién cho cdc ham s6 w , d;, o, vab

F _ ¢ ¥ o, F

—_— -=1,...,n 16
da, S, 0x, 0a, ,,C;,) ax, 8 ’ (1)
3 of oc, ok .
—f— 9 %, if«:, j=1, .0 17)

ayj vl (j) aC 67_; ved, (j) acv j
Tir bdy gid, ching ta xem xét bai todn P theo dang dudi day

P: min w(a,y)

Chiu cdc rang buéc d,(a,y)<d™ & T
o(a,y)so™ il m,
b,(a,y)<0 i=1,.,mp
ay” S, sa i=1,..n
7.“‘“‘ <4 <r™ i=1,..,0

trong dé cdc rang budc {a“‘“‘ gon },-1 va {cj‘““ . ;"“} d& dang tinh dugc ti¥ cdc hing s8 da

biét
{xmm m - - }ke!em v {Cmm max o }Sbmde
j ;0 ’ _;1 g ;0 » ‘,1 -

4. Phuong phédp gidi bai todn tdi uu

Nhur di trinh bay trong phin trudc, gradient clia hAm muc tiéu va cdc ham rang budc
ddi v6i cdc bi€n a va y d& dang dugc tinh todn mot khi cdc ham nay dudc tinh bing FEM.
Chiing ta mong mudn fim dugc @ va y gin véi 13i gidi t8i wu cang nhiéu cang tGt sau mdi
sau mdi tinh toin FEM. Céch ti€p cén ty nhién 12 gidi cdc bai todn con sau mdi tinh todn

_ FEM. M&i bai todn con 12 s x4p xi clia bai todn ban ddu dya trén céc thong tin gradient ma
chiing ta c6 thé tinh n6 d& dang.
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Chiing ta c6 thé xap xi tuyén tinh ¢4 hai ham muc tiéu va cdc ham rang budc, sau dé
gidi bai todn t6i wu hod tuyén tinh. Tuy nhién néu hinh hoc dugc cd dinh hay y ¢d dinh thi
chiing ta ¢6 thé dat dugc sy xap xi t6t hon néu xap xi tuyén tinh cdc ham rang budc theo cdc
bi€n nghich ddo ai , trong khi xap xi ham muc tiéu theo bi€n ;. Mic du bai todn con twong

J
ng khong tuyén tinh nhung c6 thé gidi ching mdt cdch hiéu qud bing phuong phip ddi
ngiu cla t8i vu 15i.

Chiing ta c6 thé t8ng quat héa nhén xét trén v6i mot it thay ddi khi hinh hoc khdng bj
¢8 dinh tifc 13 y thay ddi.

4.1 Ti€p cén bai todn tdng quét
Bai todn P c6 thé viét lai

- min w(a,y) )

Chiu cdc rang buéc g,(a,7)<0 véii=1,.., m=mg+m_+my
aj'“i“Sa.Sa."“" vdij=1,.., 0
S I véij=1,..,n

Céch ti€p c4n tdng quét ciia bai todn nay dudc thé hién qua sd dd dudi (4.1)
Muc dich ciia viéc dua ra thong s6 h{® 1a d€ 6n dinh thudt todn bling viéc ddm bdo ring

y**" nim trong khodng dinh tru6c xung quanh y”. Piéu nay ciing tha man

% a¥ <a" <2a. h{" duge chon sao cho h{” — 0 khi k — oo, nhung h{® khong dugc

ti€n qud nhanh dén zero, nghla 1a {a”‘) ""} tiém cén dén 15i gidi khong t6i wu cita P. Vi

. .
thé& chiing ta cin ¢6 §:h§"’ = . St chon Iyta don gidn 1a h{ =ﬁ , trong 46 C; va D; 1a
+

i j

nhitng hiing s8.

Bay gid ching ta x4p x{ hAm muc tiéu nhu sau

wa,n)=w®(a,y)=wa®,y*)+ Z a)+ Z 50T 7)) (18)
- y

trong d6 cdc dao ham dugc tinh theo j(.-:r"" 7.

W 12 ham tuyén tinh theo « : wa,y)=wy(y)+ iuj (e, (19)

i1

W, (») 12 khéi lugng cdc phin t& ¢6 dién tich mit cdt khong thay d6i

Tir (19) chiing ta thiy v, (y”")— &y , vith€ w@®,y®)=w +-§——w—-a}"’
da, @

trong d6 w = w,(»")
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Chon diém bit ddu (@”,7®) , k=1

)

- Tinh w(a]f“,y;k)) va gi(aj(k),)";“)

- Tinh Vw(a®,7®) va Vg, [@®,7®)

Chon cdc gid tri théng s6
h® ,j=1,..n, k=k+l

Xap xi w va g biang cdc ham don gidn hon

w® va g taildncin (aj”‘),yj“")

l, khong

Gidi bai todn con dudi day :
po minw®(z,7)
Chiu cdc rang budc gi(a: . 7)5 0 i=1,..m
1 (k) ., min : (k) . max
max{-iaj & rLa; Smm{Zaj 2 }
(k) _ (k) ,,min oL k) (k) max
max{yj =R }S A Smm{yj +h;", 7 }

Ta cé (af"”) : },j(kﬂ)) 12 15 gidi t5i wu cia PY

Sd db gidi bai todn t61 wu hod 4.1

Phuong trinh (18) c6 thé viét lai

nx aw ne aw
W@, )=w +) —a,+> —( ) (20)
pEeled i 0Y;
6h®  néu a—w—ZO tai (@™ ,y™)
. ® _ 0y
vai 8= =
-Bhgk’ néu —<0 tai (@®,y®)
8}/}.

trong d6 & 13 hiing s6 16n hon 1. Chiing ta ¢6 thé 18y 6 =3
Chiing ta c¢6 thé dua ra cdc bi€n mdi y va z

a® o
y;= e a;=—— (21)
a; : ¥
I W w8
Z; ) _ < i . T S (22)

]

g )
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Chiing ta c6 thé bi€u dién w"" theo cc bién mdi

w®(y,2) = w“"+2 % f i i LI (23)
i 0 YJ 1\ 07 Z

z A ~ = a7 1 % .
Céc cén trén bién a;: Ea}"’ <a;<2a va a™<a;sa™
a“" ®)
Sau khi chuyén sang bi€n y; bdi (22), ching ta co? E <y;<2 va <Y S—
a” a

i e a®
hay max{—,——t<y, Sminy2,—m
2 a Q;

Ciccanténbién 7,:  max{y™,y® -hP}<y, < minfy™,7® +h(®|

Khi chuyén chiing sang bi€n z; : 955; £2,5 9:—96;
Trong d6 s = min{l max{ﬁ"““ ™ }} &)= max{ 1 min{b‘min o }}
St bt

oo Sl gt®)
i J

Pé€ ¥ riing ij‘"&j“‘“ <0,nén & 20 va &; <0

S

aw® (k)
>0, aw—s?" >0 nén dva vio
oq; 07;
phuong trinh (23) chiing ta nhén thdy w® la ham 13i theo cdc bi€n y va z.
Biy gid ching ta s€ tuyén tinh h6a cdc ham rang budc g;(=d, hay o, hay b, )tron
g y g
khong gian (y-z), ngudc lai v6i ham muc tiéu w la tuyén tinh hod trong khong gian (& ( J y)
nx a . nc a A
ER. D=8y, 200+ Yy, -y )+ )| 22 ey -zP)
=0y 1 92
Gid st g = (y“",z“") ( ®) ?ck))
Tit (21) va (22) chiing ta thdy riing @, =a® wong dng v6i y; =1 va y,=y"® wong dng
z;=1.Vivay y¥ =1va 2z =1.

Viy,;20, z;20 trong mién khd di cda y; , z va

; . Oa, .
Mat khic agl = ag: a.l = agn (_a;k)) (26)
Oy; Oa;0y; Oa
agi = 6g| ayl = agi (_S(k)) (27)
]

0z, Oy, 0z; Oy

J
Bai to4n con P® ¢6 thé viét lai nhu sau:

(k) nc
P® . min wf,"’+z Z ow 2 i-l
y im0\ Yy ) A9 %

Chiu cdc rang buoe g - z Zi‘ (y ! 1) - i[%‘—](z - l)sg"’ <0
=1

i j=1 i

max : a]“‘) <y; Sminy2, aj(k)
" (. v
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® g 2l
0+6; ' 0+6]
Trong d6 tat ¢4 cdc dao ham dugc tinh tai (a("’ ,y“‘))

Viéc dua ra cdc bi€n mdi yjva z; c6 mot vai thudn 1gi. Thd nhét, cdc bai todn con bay
gi0 & dang hoan toan thich hgp cho viéc 4p dung t5i wu héa d6i ngiu 16i. Thit hai, néu chiing
ta chon dang bai todn P“ ma c4 hai ham muc tiéu va ham rang budc 1a tuyén tinh thi 13
gidi t6i wu cda P® 1a s& & trén bién cdc ving gi6i han clia bi€n, vi vay rat khé khin quyét
dinh khi nao sy hdi tu xdy ra. By gid vdi ham muc tiéu 15i nghiém ngit céc vang gidi han
trén bién hau nhu khong con cén thiét nita trong cdc vong lip cudi va qué trinh hdi tu dugc
thi€t 14p dua theo b3 dé dudi day
Bodé1
NEu bai todn con ¢6 15i gidi t6i wu y; v6ij=1,.,n,va 7 v6ij=1,.., n thi (a“" . y‘*’) 1a
di€ém Kuhn-Tucker (hdu nhu 1a diém cic tri dia phuong) cla bai todn P ban diu

4.2 St dung sy doi ngiu d€ gidi cdc bai todn con

: b R et S i . ow S A
Bai todn con P 12 bai todn t6i wu 18i. N&u ching ta bd qua céc 6_=0 véi mot vai j thi
i
chiing ta c6 thé phét biéu bai todn con P® 1a bai to4n t6i wu 16i nghiém ngat, vi ham muc
tiéu 12 16i nghiém ngat trén (y, z) va cdc ham rang budc 12 tuyé&n tinh.
Sau khi loai bd cédc hiing s& tif hAm muc tiéu , bai todn con P® ¢6 thé viét lai :

n
C:
p® . min Z—’
X £ x_
jmb 2§
i n
Chiu cdc rang budc D a,x; <b, i=1,.,m
i
X CXE{xcR“ x;“i“ <X :Sx;““}

trong d6 n =ny +n, va m=mg+m_+m
¢, ajj, by, X", x™*1a nhitng hiing s& da biét
AL

C;,=—a ] & Lt
J aal i ’
ow . :
c; =—s j =n+1, ... ,n=netn,
6}@
=4 J
a;=a,; a,; .2,
Og. ' .
aij =a_gl'aj(k) 1= ];-'-;m ; J = 1’ A Y
.
1
og. ’ .
’ =is?" i=1,.m ; j =n.tl,...,n=n4+n,
0y

b=(b, b,...b)

nx a ) n a : .
begt s S B, $ B iy
o Oa 3 joans1 OF i
Xy =z iy )
xj = y, _] = ls ’nx
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X =Z; j =ngH], Lo n=ngtne

Ap dung 1y thuy&t d6i ngiu cho bai todn t6i wu 13i, chiing ta c6 ham myc tiéu ddi ngau

= be o _ T 1..atf
®(A) = L(x(4),4) ;[w) +x,(A)A a,J Ao
vei  A=(4 4.4
, :
- néu Afa, >—
’ il
C, C. C;
™ x5A)=1. |5 néu ——<A'a, <—
Y S (o A e
e néa ATa, —2
’ )

C6 thé d& dang tinh dao ham cdia ham @ theo A
o0
—é-;i-' = Zauxj(i)— bi
i ]

Thay vi giai bai todn P® , chiing ta gidi bai todn d&i ngiu D®
p® max od(A)
Chiu rang budc A 20 12 L wendid
Néu A 1a 18i gidi 101 wu cia D® thi ching ta c6 18i gidi t6i wu x; =x,(4), trong d6
x,(4) dugc x4c dinh theo (*) '
Giai bai todan D® dé& hon P® bdi hai Iy do :

- Cécrang budc don gidn (Chi c6 cdc rang budc khdng 4m trén cdc bi€n)

- it bi€n hon (thudng m<<n)
P® ¢6 n bi€n , m rang budc tuyén tinh, 2n cin don gidn trén bi€n
D® ¢6 m bién , khong c6 rang budc tuyén tinh , m cdn don gidn trén bién
Vi @ 12 ham 16m (- @ s& 12 ham 13i), lién tuc va c6 gradient dugc tinh d& dang nén bai todn
D® ¢6 thé gidi bing moét s& phuong phap nhu : phuong phdp gradient tuy ¥ (arbitrary
gradient method) , phuong phdp dudng doc nhat (steepest ascent method), .. .0 day chiing ta
sit dung phuong phdp dudng ddc nhat.

5 Ap dung cho mét s& bai todn
5.1 Bai todn thdp phing 47-thanh :
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a. DI li¢u thi€t k& cia thdp phiing 47-thanh

Modul dan hdi =3 x10% ksi

Kh6i lugng riéng =3 x10™* Ib/in®

Ung suit gi6i han =[-15, 20] ksi

Can dudi cia dién tich mat cdt = 10%in®

Hé s6 6n dinh Euler k, = Lo p ('a,, =k, E—fJ
8 ¢

S8 trudng hop tdi =3

1ksi =6.8904 MN/m? ; 11b=4.448 N
b. Dit liéu tai trong

.| Trudng | Nt T4i trong
hgp tdi X y
i | 17 6 -14
22 0 0
2 17 0 0
22 6 -14
3 17 6 -14
: 22 6 _ -14
NS ®m8: L7>f>z® R e P gidi cia Uri Kirsch c6 tdng kh6i lugng 1a 2.306

Lai gidi trong bai bdo c6 tng khdi lugng 12 2.308

Qua trinh hdi tu cla bai todn thdp 47-thanh
65 % -chiu rang budc ¥ng suit va dn dinh

Khéi lugng

B 2

- 4 ¢
o 4 @
v 4 ¢
=
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5.2 Bai todan cau dan 25-thanh

a. Dif liéu thi€t k& ctia cAu dan phing 25-thanh b, Di¥ li¢u tdi trong:

Modul dan hdi =2.1x10"' N/m* Trudng | Nit | Tai trong(N)
Khéi Iugng riéng =7850 kg/m’ hop tai X y
Ung suit gi6i han = [-1.04x10%, 1.3x10%] N/m’ 1 2 0 | 3x10°
Chuyén vi gidi han trén tdt cd mit =0.01 m 3 o | 3x10°
S6 trudng hop tai =5 3 4 0 3%10°

Ldi gidi cta Uri Kirsch c6 t6ng khdi lugng 1a 29110 kg 4 g 0 3x10°

L&i gidi trong bai bdo ¢6 tdng khéi lugng 12 29052 kg 5 6 0 | 3x10°

Qui4 trinh hdi tu cla cdu dan 25-thanh

36000 - chiu rang budc iing sudt va chuyén vij v8i hinh hoc thay dgi

;‘.\:D

g.

3

>

1 6 11 16 21 26 31
$6 1dn lip
6. K&t luan

Bai bdo nay trinh bay phuong phép t8i wu héa bing todn hoc dé gidi hé dan chiu cic
rang budc vé tng sudt, chuyén vi, 8n dinh dudi nhi€u trudng hdp tdi trong cho trudc. Ham
muc tiéu 12 khdi lugng ciia hé dan va céc bién thi€t k& hoc 12 dién tich mat cdt ngang cla
thanh dan trong trudng hop hinh hoc bi ¢§ dinh trude hodc 1a cd hai dién tich mat cdt ngang
thanh dan va toa d6 miit dan khi hinh hoc thay ddi.

Mbt kh6 khiin chung cla cdc bai todn t8i wu 12 qué trinh héi ty cda né. Phu’dng phdp
trinh bay c¢6 qud trinh hdi tu tuong ddi t6t , 8n dinh nhung hoi tu gin dén diém t6i uu con
chim. Pic biét phuong phép thich hgp t6t v4i nhitng bai todn c6 nhiéu loai rang budc. Vai
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bai todn c6 hinh hoc ¢8 dinh chi cin mét & it cdc vong lip cé thé dat dén gin 15i gidi t8i wu.
Dai v6i bai todn c¢6 hinh hoc thay ddi thi cdn nhiéu vong lip hon rat nhiéu va qué trinh hoi
ty chwa that sy 6n dinh. Do bai todn ban diu dugc thay thé bing mdt chudi cdc bai todn con
181 va tdch biét nén ching c6 thé duge gidi hiéu qua bling viéc sit dung dang ddi ngiu.

Téc gid dugc 1ap trinh dya trén phuong phdp nay va ki€m tra thanh céng trén mot s6
bai todn tiéu bi€u. Tuy nhién cdn c6 rdt nhi€u diéu phai lam ti€p theo nita dé tang toc do
hdi tu cling nhy tinh 6n dinh ciia thudt todn nhw 12 tim kich ¢3 t3t hon ciia cdc cin trén bién
trong khi gidi bai todn con t6i wu.

STRUCTURAL OPTIMIZATION USING LINEAR
APPROXIMATION METHOD

Nguyen Tam Hung

ABSTRACT: In this report, the mathematical programming method is described, which
is capable of solving a broad class of structural optimization problem. The method employs
reciprocal design variables in order to get first-order approximations to the object function
and to the constrains.

By this approach, the primary problem is replaced with a sequences of explicit
subproblems. Each subproblem which is convex and separable could be efficiently solved by
using a dual formulation.

Within this report, the method is applied on sizing optimization of trusses for a fixed,
geometry and it is generalized to the case where the geometry is not fixed
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