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TOM TAT

Hién nay, viéc t0i wu trong thiét ké dang dwoc nhiéu nha nghién ciru quan tdm nham ndang
cao chat lwong va giam gid thanh san pham. Trong nghién cieu nay, trén co s thudt todn di truyén
va phirong phdp phan tir hitu han, thudt todn toi wu dwoc xdy dung va ting dung dé t6i vu khoi
liong va tinh tham my ciia gian khéng gian nhwng van dam bdo dwoc nhitng rang budc co hoc ciia
két cau. Chwong trinh toi wu véi thudt todn di truyén dwoe xdy dung dwa trén ngon ngiv ldp trinh
MATLAB véi cdc bién dau vao la tiét dién cdc thanh trong gian, ham muc tiéu la trong lirong két
cau, tinh tham my. Céc rang budc la d¢ bén va dé cimng vitng ciia két cau. Hé gian thong dung véi
72 phdn tir dwoc lya chon dé minh chirng cho tinh kha thi va do chinh xdc cua thudt toan. Déng thoi,
dé bén va do ciing vitng ciia két cau sau toi wu ciing dwoc kiém tra lai bang phan mém ANSYS.

Tir khoa: Thudt todn di truyén; Phiong phdp phan tir hitu han; Thudt todn toi wu; Gian
khong gian.

ABSTRACT

Recently, the optimization in design is being interested by many researchers to improve
quality and reduce product costs. In this research, based on genetic algorithm and finite element
method, the optimization algorithm was built and applied to reduce the total weight and enhance
aesthetics of the truss structure, but the mechanical constraints of the truss structure were still
ensured. The optimization program with genetic algorithm was built based on the MATLAB
programming language. The input variables of the optimization program were the cross section of
the trusses, the objective function was the weight of the structure, the aesthetics. The constraints
were the strength and the rigidity of truss structure. The common truss structure with 72 elements
was selected to demonstrate the feasibility and accuracy of the algorithm. Besides, the strength and
the rigidity of truss structure were also tested by using ANSYS software.
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1. TONG QUAN

T6i wu hoa két ciu 1a muyc tiéu co ¥
nghia kinh té - k¥ thuit ma nhitng nguoi thiét
ké luon mong mudn dat dugc [1]. Cung véi sy
phat trién nhanh cua k¥ thuét tinh toan, may
tinh dién tir tbc d6 cao, cac phan mém phan tich
két ciu da ning va chuyén dung, t6i wu hoa két
céu ngay cang dugc nhiéu ngudi quan tam, ing
dung dé giai quyet cac bai toan thyc té ma trudc
day chua c6 diéu kién thuan loi dé thyuc hién.
Két cu gian 1a mot két cau chiu luc trong két
ciu trong co khi, cong trinh x4y dung duoc to
hop bai cac phan tir két cau dang thanh, thuong
duoc 1am bang thép. Gian khong gian 1a hé két
cau dan ma cac phan tir két cau ctia nd chiu
luc theo nhiéu chiéu trong khong gian. Hé gian
khong gian ¢6 vu diém vuot tri 1a ¢ két cau
virng chic, kién trac dep, doc dao. Két ciu
gian khong gian dugc st dung ngdy cang nhidu
trong vi¢c xay dung cac cong trinh cong cong
trén thé gidi, do tan dung tdi da kha nang lam
viéc cua cac phén tr thanh (chiu luc doc) dan
dén tiét kiém vat liéu va an toan trong st dung.
Vi vay, myc ti€u tiét kiém vat liéu, giam gia
thanh ma van dat tiéu chuan vé chat lugng ludn
duoc dat Ién hang dau va viéc phan tich tdi wu
12 mot nhu cau tat yéu.

Bai toan tdi uu duoc xem 1a bai toan
tim kiém giai phap tot nhat trong khong gian vo
cung 16n cta cac giai phap co thé. Khi khong
gian tim kiém cta bai toan 13 16n, nguoi ta sir
dung k¥ thuat tri tué¢ nhan tao dac bi¢t. Thuat
toan di truyén la mot trong k¥ thuat d6. Thuat
toan di truyén hinh thanh duwa trén quan niém
cho rang qua trinh tién hoa ty nhién 14 qua trinh
hoan hao nhat, hop 1y nhéit va ty né di mang
tinh t6i wu. Thudt toan di truyén mo phong cac
hién tuong ty nhién: K& thira va dau tranh sinh
ton dé cai tién giai phap trong khong gian giai
phap. Thuat toan di truyén duoc thu:a nhan la
mot cong cu rat hiéu qua trong tdi wu héa két
ciu, bao goém tbi wu kich thuéc hinh dang va

cAu trac, [2].

Trong nghién clru nay, thuat toan di
truyén cing voi ‘phuong phap phan tir htru han
duoc sur dung dé xay dung chuong trinh t6i wu
tiét dién thanh trong két cau gian khong gian
v6i muc tiéu giam ti da trong lugng két cau
nhung van dam bao duoc nhiing rang budc co
hoc cua két cau va tinh tham my cia két cau.
Chuong trinh dugc xay dung trén ngdn ngtr 1ap
trinh MATLAB — Mot ngon ngir 1ap trinh dang
duoc tmg dung rat rong rii trong cic nganh tinh
toan co hoc.

Trong nghién ctru nay, trén co s¢ thuat
toan di tmyén va phuong phap phan tir hitu han,
thuat toan t6i wu dugc xay dung va tng dung
dé t6i wu khoi lugng va tinh thim my ciia gian
khong gian nhung van dam bio dugc nhing
rang budc co hoc cia két ciu. Chuong trinh tdi
uu voi thuat toan di truyén duoc xay dung dua
trén ngon ngtr 1ap trinh MATLAB — Mgt ngon
ngit 1ap trinh dang duoc tmg dung rat rong rai
trong cac nganh tinh toan co hoc.

2. THIET LAP BAI TOAN TOI UU

Bai toan toi wu tiét dién két cdu gian
khong gian vé ban cht 1a bai toan t&i wu voi bién
11 rac. Céc bién chinh 13 tiét dién cta céc thanh
duoc chon tir mdt danh sach céc tiét dién co sin
(cac thanh tiét dién c6 sin ctia nha san xuat). Bai
toan t6i wu dugc phat biéu nhu sau: Tim trong
lwong bé nhit ciia két ciu dan khong gian thoa
cac diéu kién vé bén, 6n dinh, chuyén vi.

Bai toan t6i uu c6 rang budc dugc biéu
dién nhu sau:

Cuc tiéu hoa:

F:iLi.pi.Ai (1)

i=1

Thoéa man cac rang budc:
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G,
—= 1< 0Vie[l,M]

o]

Yim 1< 0vie[l,N]

[u]

Trong do:

A, — Dign tich tiét dién ngang ctia phan
tu thu i;

L - Chiéu dai ctia phén tir thi i;

p,— Trong luong ri€ng vt li¢u cua phan
tu thu 1

c,- Ung suat ctia phan tir thir i (g sudt
kéo hoac ng suét nén);

[6] - Ung suét cho phép cua phan tir thir i;

u - Chuyen vi cta nut thir i;

[u] Chuyen vi cho phép cua nut thu i;

M — S6 luong phan tu;

N — S lugng nut.

Thuat toan di truyén 1a mot thuat toan
t6i uvu khong rang budc [2], do d6, viéc giai
tryc tiép cac bai toan tbi uu co rang budc 1a
khong thé. Vi vay, chung ta phai bién d6i bai
toan tdi uu rang budc trd thanh mot bai toan tdi
uu khong rang budc.

C6 hai phuong phap bién ddi thuong
dung la: Phuong phidp ham phat (penalty
function), phuong phadp nhan tor Lagrange.
Phuong phép dugc chon trong nghién clru nay
1a phuong phap ham phat vi tinh chat phd bién
cta no. Trong phuong phap ham phat, cac rang
budc cua bai toan s€ dugc dua vao ham muc
tiéu theo cong thirc toan hoc sau:

q)(x)zF(x).[1+P(x)] (2)

Trong do:

F(x) 1a ham muc ti€u cua bai toan rang
budc;

P(x) 1a cac rang budc.

Tt biéu thie (2), bai toan tdi uvu khong
rang budc duoc bi¢u dién nhu sau:

Cuc tiéu hoa ham thich nghi:
M M+N
= (ZLi,pl,_Ai jx(l+ z kj.C/
i=1 =1
Trong do:

max[O 1- ""“XJV] e[L,M]

[o]

u,
max[O,l— Jmax JVJ e[M+1,N]

J 3)

=

[u]

k He¢ s6 phat (hay hé sb khuéch dai),
theo kinh nghiém lay k.= 10°[3].

Binh nghia ham muc tiéu (Ham thich
nghi). xdc dinh cdc bién thiét ké (tiée

dién), chon chidu d& chudi nhidm sic thé

Khdi tao quan thé:
Sé lwgng c4 thé; $& 13n sinh san;
Gi4 tri ban du cia ham thich nghi

— FEM

v

) Ce ché chon loc ty nhién: _
Ly cdc cathétdt; Loai bo caccd thé xim
M3 héa cdc bién diu vio thanh
chudi nhi phan (chudi nhiém sic thé)
T TR
‘ Co ché dbt bién + T4i sinh ‘

v

‘ Giai m3 cdc chudi nhi phan ‘

So sanh v6i gid tri
ham muc tiéu ban d&n

Hinh 1. So do thudt todn di truyén trong toi weu két
cdu gian khong gian
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So d6 thuat toan di truyén trong tbi uu
két cAu gian khong gian duoc mé ta nhu trén
Hinh 1. Chuong trinh dugc xay dung trén ngén
nglt 1ap trinh MATLAB va giao dién chuong
trinh dugc mo ta nhu trén, Hinh 2.

GA-FER: TERLAL 195 1L roees AN 30

-

»
]

Hinh 2. Giao dién chuong trinh
3. MO HINH HE GIAN 72 THANH

Mo hinh h¢ gian 72 thanh 1a hé gian
kha dién hinh va c6 nhiéu tng dung trong thuc
té. M6 hinh nay da duogc Aslani va cong su
str dung dé minh chimg cho thuat toan cua t6i
uu cua ho [4]. Trong bai bdo, cac tac gia cling
st dung thuat toan di truyén dé t6i wu hé gian
nay, nhung c6 mot didu khac 1a tac gia chi chi
trong dén viéc giam t6i da trong lugng gian ma
khong quan tam dén tinh thim my ciia két cau
cho nén két qua 1a mdi phan tir trong hé gian c6
mot gid tri tiét dién khac nhau. Piéu nay khong
kha thi trong viéc ché tao va img dung vao thuc
té. Trong nghlen clru nay, hé gian dugc tdi vu
dé giam t6i da vé khdi lugng va tinh tham my
van luén duoc quan tdm dé pha hop voi thuc
té ché tao. Hé gian dugc mo hinh héa theo mod
hinh phan tir hitu han bao gdm 72 phan tir thanh
va 20 nut nhu trén Hinh 3 [4]. Tiét dién ban dau
cua 16 thanh ding, 08 thanh ngang, 08 thanh
doc va 40 thanh xién 1an lugt 1 2, 0.05, 0.05 va
0.05 (in?) va duoc mo ta chi tiét trong Bang 1.
H¢ luc tac dung 1én h¢ gian tai cac nat 1, 2, 3
va 4 bang nhau va c6 do 1on F = 20 kips. Diéu

kién bién tai bén nat 17, 18, 19 va 20 xem nhu
ngam cung.

Bdng 1. Tiét dién ban dau cdc thanh cia gian 72

phan tik:
] Gia tri tiét
Loai thanh Phan tir (¢) | dién ban dau

[in’]

Thanh dung (A) | (1) +(16) 2
Thanh ngang (A)) | (17) +(24) 0.05
Thanh doc (A)) | (25) ~(32) 0.05
Thanh xién (A, | (33) +(72) 0.05

Céc thong s0 co hoc cua vat liéu va yéu
cau khi toi uu:

- Ung suét cho phép: [o] = +25 ksi;

- Hé sb dan hoi: E = 10*ksi;

- Khéi luong riéng: d = 0.1 Ib/in%;

- Tiét dién nho nhit cho phép: 0.01 in?;
- Chuyén vi cho phép: [u] = £0.25 in.

Hinh 3. M6 hinh hé gian 72 thanh
4. KET QUA
4.1. Két qua tinh toan t6i wu
Chon d6 16n quan thé khai tao 1a 500,

s6 1an di truyén 1a 500, xac suat lai ghép 0.5,
xac suat dot bién 0.03, so Bits nhi phan biéu
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dién mdi gia tri bién (ca thé) ldy 1a 30. Sau 500
lan sinh san, hé gian 72 thanh sau khi tdi wu
c6 trong luong giam dugc khoang 16.55% so
v6i két cdu chua duge tdi wu. Trong khi do,
g suét 16n nhat xuit hién trong gian c_ va
chuyén vi 16n nhat u_ cua gian van dam bao
du diéu kién bén va cimg virng. Két qua chi tiét
duogc néu trong Bang 2.

Bdng 2. Két qua toi wu hé gian 72 thanh:

" P Chwa Sau
Thong so toi wu t0i wu
Ungsuato,, | g 9769 10.023
(ksi)
Chuyén viv,,. (23935 0.24053
(in)
Cac tiét
dién (in?):
A 2.00 1.919
A, 0.05 0.010
A, 0.05 0.010
A, 0.05 0.010
Téng trong lugng 191.8141
(Ib) 2298595 | Giam 16.55%)

4.2. Kiém tra két qua phan tich ing suit va
chuyén vi trén phan mém ANSYS

H¢ gian 72 thanh dugc xay dung trén
phén mém ANSYS véi cac s6 lidu tiét dién cac
thanh 1a tiét dién sau t6i wu. Két qua phén tich
chuyén vi va Gmg suat thé hién nhu trén Hinh 4.

Nhu vay, chuyén vi 16n nhat phan tich
bang chuong trinh ti vu (u_ = 0.23935 in) sai
khac khoang 4.22% so véi két qua phan tich
trén phan mém ANSYS (u, = 0.249902 in).
Két qua phan tich Gng suat trén phan mém
ANSYS cho thay, ndi luc 16n nhat xuét hién
trong phan tir thir 10, twong tng véi tiét dién 1a
1.919 in% Do d6, tng suat 16n nhat 13 tng suét
trong phan tir thtr 10 (o, = [-19.989]/1.919 =
10.4163 ksi). Nhu vy, ing suat 16n nhat phan

tich bing chuong trinh t0i wu (o, = 10.023
ksi) sai khac khoang 3.77% so véi két qua phan
tich trén phan mém ANSYS.

AN

Hinh 4. Két qua phan tich chuyén vi va iing sudt
hé gian 72 thanh

5. KET LUAN

Trong nghién clru nay, tinh wu viét
ctia thuét toan di truyén da dugc két hop véi
phuong phap phan tir hitu han dé xay dung
chuong trinh t6i uu hoa tong khéi luong cua
gian khong gian. Tinh kha thi va d chinh xéc
cua thuat toan da dugc minh ching qua viéc
phan tich hé gian 72 thanh. Két qua phan tich
mg sudt va chuyén vi ciing da duoc kiém tra
lai trén phan mém ANSYS. Hé gian sau t6i uu
c6 tong khéi luong giam so voi két cdu ban dau
ma van dam bao dugc yéu cau vé my thuat va
cac diéu kién bén, d6 cung vimg cua két ciu. <
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