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AP DUNG GIAI THUAT DI TRUYEN CHO BAI TOAN
TOI UU CAU TRUC COMPOSITE

Ngd Thanh Phong, Nguyén Thdi Trung
Khoa Todn Tin, Trudng PH Khoa hoc Ty nhién — PHQG-HCM
(Bai nhdn ngay 17 thdng 05 nam 2003)

TOM TAT: Bai bdo néu gidi thudt va trinh bay cdc budc chinh ciia gidi thudt di truyén
cho mét bai todn t6i uu vdi ham muc tiéu va cdc rang budc la ham dn. Sau dé dp dung
gidi s&' cho bai todn t6i uu hudng sgi ciia tdm composite nhiéu I6p & trang thdi ving
sudt phang.

1. Gidi thiéu

Céc bai todn t6i wu trong cd hoc thudng 1a céc bai todn 16n doi hdi qué trinh thanh l4ap
va tinh todn s6 (nhdt 12 phudng phdp phin tf hitu han) & mdi budc lip. Him muc tiéu va céc
rang budc 12 cdc ham 4n (lién quan dén do cing, bign dang, tng suit, chuyén vi hay trong
lugng cong trinh ..vv). Ta khong thé dung cdc phuong phdp t8i wu héa truyén théng nhu
phuong phdp ham phat ngoai, ham phat trong, phuong phdp nhan t¥ Lagrange, ... dé gidi truc
ti€p dugc vi nhitng phudng phdp nay doi hdi him muc tiéu va cdc rang budc phai 1a cdc ham
hién theo bién thi&t k€. Do d6 viéc dp dung cdc phudng phap mdi dé c6 thé gidi quy&t mot
18p cdc bai todn t8i wu v4i hAm muc tiéu va cdc ring budc 12 cdc ham 4n 1a mot nhu cdu cu
thé. Giai thuat di truyén chinh 12 mdt trong cdc phudng phap mdi dé.

2. Gidi thuit di truyén (GTDT)

Gidi thuat di truyén 12 phuong phdp tim ki€m ngiu nhién mé phdng su ti€n hda sinh
hoc tu nhién. Phuong phdp ndy md td sy ti€n héa clia quin thé ma cic c4 thé manh hon véi
mdi trudng clia chiing sé& c6 x4c suit ton tai cao hon. |

Liic bt diu, cdc c4 thé dudc tao ra mdt cdch ngiu nhién. Sau d6 ta tién hanh danh
gid hAm muc tiéu cla cdc c4 thé nay. Th&€ hé ban diu dugc tao ra. N&u th&€ hé ban dau
khong ddp tng dugc tiéu chuin hdi tu i wu, ta ti€n hianh chon Iya cdc c4 thé dyva trén do
thich nghi ctia ching. T cdc c4 thé nay ta ti€n hanh lai ghép d€ tao ra th€ hé con. Thé hé
con s& chiu mdt sy dot bi€n theo mét ti 18 cho trudce. Sau d6 ta tinh todn dd thich nghi cta thé
hé con. Th€ hé con s& dugc chén vao quin thé cii thay thé thé hé cha me va tao ra mot the
hé mdi. Chu trinh nay s& dugc thuc hién mii cho dén khi dat dudc tiu chudn t8i wu.

M6t GTDT quén thé don nhu vay 12 mot cdng cu manh va duge 4p dung c6 hidu qui
trong nhiéu linh vuc khdc nhau. Tuy nhién, d€ dat dugc k&t qua 5t hon, ta ¢6 thé tao ra nhidu
quin thé, dugc goi 1a cdc quﬁn thé con. M3i quin thé con ti€n héa trong mot vai thé hé tich
biét (gi6ng nhu GTDT quan thé ddn) trudc khi mot hodc nhidu c4 thé dlIdc trao ddi giita céc
quén thé con.

TU cdc thdo ludn & trén, ta c6 thé thdy ring GTDT khac vé chdt$o véi cdc phudng
phdp tim ki€m va t6i uu héa truyén théng. Cac sy khdc nhau chinh la:

- GTDT tim ki€m mot tdp hgp cdc di€ém mot cdch song song, khong phai tim ki€m mot
di€m don. -

- GTDT khéng yéu ciu thong tin dao ham hay cdc ki€n thitc b6 trg khéc, chi yéu cdu
ham muc ti€u va cdc dd thich nghi dnh hudng vio qud trinh tim ki€m.
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- GTDT $& dung caé guyhidt phian boi xde sust, khorg phai ed¢ quy ludttién dinh.

- GTDT 4p dung truc qnaq hon sovdicde phu’dngsphap timy klcm khéc.

- GTDT c6 thé cung cép mot s& nghzém kh3 thi d6i vdi mot van dé da cho. Su lua chon
cudi ciing 12 do ngu'dl st dung
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4.Ly thuy€t dng x cia tAm composite trong bai todn ing suﬁ't phiing
4.1 Phuong trmh dan hﬁl trong trang thal lrng suéit phing [1]

Tai mdi diém M clia vat lleu khio sat trang thai ting suat hai chiéu dudc déc trung
bdi tenxd ng suit co dang

oy o O

(S = EL RN | BN S PO N N (1)
T o 8l .
Hay viét dudi dang ma trarr N 7
[.:r1 o0 0 0 aﬁ] —[0'” 0'22 000 a,z]’" (4.2)
Céc thanh phan bi€n dang dugc xdc dinh bdi cong thic &'= S' '
5 T8y S 5 0000 8 TEl
&'| |82 Sn Sy 0 0 S || O
&' e Si3 Su Sy 0 0 Sy || 0 @.3)
&' 0o 0 0 S, Ss 00
&s' 0 50=ii0 S_:t's Ss 00
o) Isy 850 0 sla
Tt dé suayra : ‘
(51 = Slllo.; +8,,0, +SII66;5
&, =81,0, 5,0, +850%
&3 =830, + 85,0, + 8505 _(4.4) -,
£, =0 '
' ="0 Y legirio ond
S0 mibiy il 05 Oz 164 Swa.+Sﬁ% +Sﬁsds j
Quan he glu‘a ng suat v bi€n dang du’dc biéu dién bdi:
-4 e P
L Cy C; C; 0 0 Cys 51-‘
25 Cp Cp Cy #0700 Cyille,
0| [Cy Cy Cy 0 4.0 Cylle |
b Ca L 0 =, g s 4.5)
ol {0 0 0 C, Cs 0]0
0 P g G G 00
196] |Cis | Cza__A~_:C;e : 0 0 Ce'a_ﬁ__\_g:s_
Hay !
o, =Cp6 +Cyy8, +Cpy8, +C1‘6£I6_
0y = Cpp6 + 063+ Cpy6y + 08¢ (4.6)

0= C{JE; + C‘zag; + C;35; +C;55:5, ;
0 =Cie81 +Cos8y +Cye83 +Coe8s
Tit (4.6) ta riit ra: 3=

Tohy ibub 18iv obub
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£y = —F(C”g' +C 58, +C36£6) “4.7)
33

Thay (4.7) vao (4.6) ta biéu dién ung sudt 0,,0,,0 qua &,,&,,&

s & C _C|_3CL3. £ + C;z_C;3¢I23 £+ C;6~C;3(,:‘;6 .
Cas Cs

&
0.'2 _ (C;z _ CIS‘C’B ]81 +(C"22 _ Czs_czs }.2 +(C;6 _ Czs‘css }3;
Ci Cis Cy

o, = [C;e _ Cu?m )gi ® (Céﬁ N Css‘cza }92 +(C'66 _ Caalcss JE;
- C33 C33 C33
Viét lai dudi dang ma trin:
0'; Qn Qu Qtlﬁ S{ '
o 1=|Cn On Ox|&| (4.8)
0'; QI‘G Qze les Etls

trong d6
- S T T ,
C33
Céc hé s8 Q; dugc goi 1a céc hing s6 d6 cing thu gon. Ma «4n:
O G Qi
0=\0, 9»n O (4.10)
Qlﬁ QZG Qﬁﬁ

12 ma trdn 49 cting thu gon
4.2 Ma tran d citng thu gon trong hé truc chinh [1]
‘Trong hé truc chinh clia vét liéu composit tric hudng, cdc hiing s6 do citng gdm c6:
G, =Gy Cp=C,  Cy=Cy
Cumlly Cu=ly o £y
Ces = Ces C;s = C;G = C;5 =
Tit (4.9) ta tim dugc cic hiing 56 thu gon trong hé truc chinh
. S 98

=C, -2 =Cj, = =0
Qll 11 C33 QIZ 12 ‘ C33 Qlﬁ
' (4.11)
CyC,
On =Cyp - e O =0 Ogs = Ces
C33
Vi composite ding hudng ngang thi:
| G, =Gy Cy=Cy

Khi 4y ma trin dg cing thu gon dudc vi€t dudi dang:
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Oy On 0
Q= le sz 0
0 0 Qg

Cubi cting ching ta biéu dién cdc hiing s§ dd cing thu gon qua cdc md dun dan hbi
trong hé truc chinh nhu sau:

E! Ei Ez E2 . E‘2
= —] Q = = —_ _Q
Oy 1—v,v,, l_ﬁ ; 2 1=v,vy, 1 ,&VZ E, 1
g e 12
1 1
vpE
Oy =—r1—=v,0yp Oss =Gy (4.12)
1-v,vy
4.3 Mdi lién hé giita cdc hiing s6 @) ciing thu gon 1éch truc va ding truc

Q' =0, cos' 8+Q,,sin’ G+ 2(0,, +20,,)sin? @ cos’ @
Q', =(Q,, + 0, — 40 )sin” Gcos® 6 + Qn(cos4 6 +sin* 9)
0. =(0,, -0, 20, )sin Ocos® 6+ (0, — 0;, + 20, )sin’ O cos & A1)

Q',, =0, sin’ 0+2(0,, +20,)sin’ @ cos® 6 + Q,, cos* 4
Q= (Qn -0, - 2Q66)Sin3 fcosf + (Q12 — Oy +20 )Sin9 cos’ 6

0'6s=[011+ @ 20 + Qi )Jsin® O cos™ -+ Oy sin* 0+ cos* 6)
Trong dé :
Q, : Céc hiing s6 do cing thu gon 1éch truc (phuong X (hinh 2))

Q, : Cac hiing s& do cting thu gon ding truc (phudng x (hinh 2))
8 : Gdc léch giita phudng cia sgi (phudng x) vdi phuong X (hinh 2)
4.4 Quan hé din hdi va niing lugng bi&€n dang clia t&m composite 2n 18p

T (4.13) ta c6 cdng thifc tinh ma trdn cdc hiing s6 do cing thu gon clia tAim composite
2n 16p nhu sau:

4y Ay A n gn Ohn O
A=|4y 4y Ay|= Zh,. * Q'zt Qtzz les (4.14)
i=1 1 t 1
Ag Ay Ags O 0% D' i

Trong dé :
h; : Chiéu day cia 16p thit i

Hinh 2 : Trang thdi ing sudt phdng ciia tdm composite 2n ldp
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Vay quan hé dan hdi ciia tfm composite 2n 16p trongbai todn ting sudt phing:

Nel [4y Ay g | 5 f =0
Ny |=|4y Ay Ay | & Lot U v 4 (4.15)
N ClAR0S Asg 2 g 8] it Sib uBid 51 gninds grio B

Trong dé :
& Vectd blen dang cia, tam composne 2nlép

N;: Vectd hrc trang thal Lfng suat phéng clia t3m composne 2n lé‘p (h‘inh 2)

Ex Nyl L o= |
=>| & |=dA7| Ny | ok (4.16)
Exy Ny
Ning llf(jrig bién dang cﬁa t;’a:'m-éompd;si't'e 2n1(3p . | g 54 1di
E == —;-STAE T A -“:,‘;' ® '.: 207 2 ‘) ,“f i ; . (__"f (4.17)

5. Ket qui 56 (4] 02090 12(, 05 + (O (0)+ 9 2000 ke, 00 - (0 -1 Q) =, ©

5.1 Bai todn 1 bién thlé't ke —

Ham muyc tiéu cin clxc tleu hoa la ning lu'dng bxen dang cla mpt tam composite

nhiéu 16p d6i xing thun nhat gom 6 Ic’!p Hudng Sdl cia mot ldp s& Ia bién thi&t k€, (hai 18p
con lai da biét huéng sdi, cu the ldp 1 cc‘) hlré‘ng sdi 491 90 ldp 2c6 hu'dng, sdl 6'2 0, va
huéng sgi 16p 3 6; 1a- b:en thiet ke) Chleu déy cua mdi ldp dtrdc biet tru’dc t = I'mm. TAm

composite nhidu 18p chi chltt téc dung cla edc e trang 'that ng suat phﬁng [ 1] (Hinh 3). Bai
todn t8i uu héa dudc’trinh bay nhusaur (x o) 0 gnourlg sUIg (10

mm%g Agy: (N/mm) » 3r0xk @ Hd8P1oul gnBn &v fod

‘..rT;-L.E

* Du’ heu bal toan dlIdc trmh bay Chl tlet nhu sau:

E,=1.8E5 (N/mm?) ;M6 dun dan hdi truc x !
E,=08E4  (N/mm’ Mo dun dan hdi true v
Vyy=0.3 * Heé 6 Poisson
Gi=0.6E4 (N/mm?) - M6 ‘dun trifgt - :
Nx=3750 (N) : Luc phap theo phudng X Hinh 3 : Trang thdi g '*"
Ny=2500 (N) : Luc phdp theo phuong Y’ 1" 502 Vibsud¥ phdng
Nxy=5000 (N) : Lyc ti€p thee phuong XY
th=[90,0, 8;,8;,0,90] : Hudng sdi cua cdc 1dp so vdi phuong X.
* K&t qua s cta giai thuat di truyén [3}
S& lugng 'quanrthe con 5 2
S6 c4 thé trong mét qh‘é‘in'thé COIE. | 10
S& lugng phép tinh todn gid tri hAm muc tiéu * 906
Hudng sdi t&i : 65 =43.5352
- Ning lugng bi€n dang (N/mm). ¢« .0 oo f < 109:3001
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* Niing lifghg bi€h/dang (Nlnim) ¥8i bigt) thigv kel h’a’;?pg sy el ldpithd 331

(AL -

‘- "*.‘. s ‘?a ahg LET ErET
Hinh 4 : Ning lugng bign dang cia ba i o
todn vdi bi€n thi€t k& 1a hudng sdiela. 1681/
thit 3;4 — 2aon9122 InwisW 1o viiewaviall
(Két qua nay c6 dugc bing cdch tinh nan
Iugng bi€n dang tai 181 diém

. 63 =0, 1 2o 180 va sgu dq vg t}lanh do thl}I

S.‘m’\ jq,cﬁa him myc tiéu

v
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nhiéu 16p 501 xu’ng thuan nhﬁf gom 2n ldp Hm:’mg sdl cua m01 16p SE la blen thlé'f ké (n
bién). Chiéu' déy clia mai Idp du‘dc bidt trudc t = 1 mm. Tam nhleu ldp chl chiu tac dung clia

YI0: 1) i V.
céc lyc trang thdi @ng suit phang Ba1 toan t01 u‘u hoa du’dc trmh bay nhu sap o0

D 1B 161}

ey
L-1
]

anuT] 16dT 15y

mmieﬂi& (Nlmm} 0<9 <180 ls\zsm kgr.-',._‘a

"Dt heu bai' toén du‘dc trinh ﬁay tli’dng tu’ nhﬂ' ba1 toan 1 blen ﬂne_t k g -
200€ \MOH gT ndidn

* K&t qua s6 clia gidi thudt di truyén [3]

Bai todn 2 bién 3 bién
S6 ludng quin thé con 2 2
S6 cé thé trong m6t quan thé con 10 10
S6 lugng phép tinh todn gid tri hAm muc tiéu 922 1690

Huéng sgi tdi vu 6, = 41.4336 6,=41.5711
& =131.4476 & =-41.2242
0;=131.7926

Ning lugng bi€n dang (N/mm) 94.2449 50.5662

6. K&t luin

- K&t qud ciia géc t61 vu va gid tri ham muc tiéu clia gidi thuét di truyén trong bai todn mot
bi€n thi€t k& 12 chinh x4c so vdi k&t qua ciia hinh 4. Tuy nhién s 14n ddnh gid haim muc tiéu
dé tim ra k€t qua t81 vu 1a qué 1dn : 906. N&u gidi cdc bai todn phic tap, ddi hdi viéc thanh
lap va gidi phan ti¥ hitu han ¢ mbi bude 1ap dé ddnh gid ham muc ti€u thi phuong phdp di
truyén s& gidi rat 1au. V4i bai todn nhiéu bi€n ciing vay.

- Phudng phép di truyén tuy vdy c6 tinh wu viét 1a cho ta mot phuong phép tdng quat, tric
quan gidi quyét dugc cdc bai todn t8i wu trong mdt pham vi 16n cdc lanh vuc khdc nhau, dic
biét cdc bai todn t§i wu c6 ham muyc tiéu va cdc rang bude 12 cdc ham 4n ma cdc phuong
phédp truyén thdng nht phudng phdp ham phat ngoai, ham phat trong, phuong phdp nhan t&
Lagrange vv... khong thé gidi truc tiép dugc.

(Bai bdo nay dudc hoan thinh dudi sy tai trg cla dé tai trong diém Pai hoc Quéc gia Tp
HCM “Qui luit @ng xtt clia vat liéu composite )
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APPLYING THE GENETIC ALGORITHM 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 of the genetic algorithm 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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