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TOM TAT: Téi wu héa hinh thal (topology optlmlzanon) la mot k¥ thuat tinh toan nham tim ra phan bd
tbi wu cua Vat lidu trong mot mién thiét ké cho trude nhim dat hiéu qua vé mat chiu luc véi cac diéu kién
rang budc vé thé tich, tai trong, diéu kién bién. Bai bdo nham muc dich trinh bay va 4p dung phuong phap
SIMP (Solid Isotropic Material with Penalization) dua trén nén tang phuong phép phan tir hitu han (FEM)
dé t6i uru hoa hinh hoc ciia cac cau kién dam chiu luc. Két qua mo phong cho thay phuong phép nay mang
lai hiéu qua cao trong viéc thiét ké hinh dang t6i wu cho cac cau kién dam, gop phin ning cao hiéu suat sir
dung vat li¢u.

TU KHOA: Téi uu hoa két ciu, phuong phap SIMP, phan tir hiru han

ABSTRACT: Topology optimization is a computational technique used to determine the optimal material
distribution within a given design domain in order to achieve structural efficiency under constraints such
as volume, loading, and boundary conditions. This paper aims to present and apply the SIMP (Solid
Isotropic Material with Penalization) method, based on the finite element method (FEM), to perform
topology optimization of load-bearing beam components. The simulation results demonstrate that this
method is highly effective in designing optimal geometries for beam structures, thereby enhancing
material utilization efficiency.
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Penalization). Y tudng chinh cia SIMP 1a lam
mém bai toan rdi rac dya trén phuong phap phan
tir hiru han béng cach cho phép mat d¢ vat liéu p
clia timg phan tir thay doi lién tuc trong khoang
[0,1], trong d6 p = 0 g v&i phan rdng, p = 1 tng
v6i ving ¢6 vat liéu. Cho dén nay, day 1a phuong
phap duogc sir dung rong rii nhit nho tinh don gian,
d& dang trién khai va c6 hiéu qua tinh toan cao.

1. GIOI THIEU

Téi wu héa hinh thai (Topology optimization-
TO) la mdt cong cu toan hoc manh mé nham bé tri
vat liéu mot cach toi wu trén mot mién thiét ké cho
truge, dudi cac didu kién vé tai trong, didu kién
bién va cac rang budc vé hiéu nang nhét dinh [1,2].
T&i wu hoa hinh thai cho phép tao ra nhidu dang
két cdu moi o tinh nang co hoc vuot troi, tiét kiém

R B L R I Tai Viét Nam, nghién ctru vé t6i uu hda hinh
vat liéu. Pén thoi diém hién tai, to1 vu hda hinh

thai da dan nhan dugc sy quan tim trong khoang
mot thap ky tro lai day, chi yéu trong cac linh vuc
xay dung va co khi. Mot s6 cong trinh da khao sat
mg dung t6i wu hoa hinh thai cho cac bo phan két
céu nhu gian, khung va ban moéng, cho thiy tiém

thai da cho thdy kha ning Gmg dung rong rii trong
nhiéu linh vic nhu thiét ké két cdu [3,4], tdi wu hoa
kha nang truyén nhiét [5,6], ché tao cac thiét bi
dién tir c6 hi€u nang 16n [7,8].

Co s6 ly thuyét cia t6i wu hoa hinh thai duoc
dit nén mong boi Bendsee va Kikuchi (1988) [9],
nhitng ngudi dau tién gisi thiéu phuong phap dua
trén ki thuat dong nhit hoa. Sau d6, Bendsoe va
Sigmund [10,11] da phat trién va phd bién phuong
phap SIMP (Solid Isotropic Material with

ning giam dang ké luong vat liéu st dung trong
khi vin dam bdo an toan va khi ning lam viéc.
Tuy nhién, da sb cic nghién ctru hién cé trong
nudec moi chi dimg & mic sir dung phdn mém
thuong mai hodc cac cong thirc ly thuyét, trong khi
viéc phat trién va minh hoa cic ma ngudn don
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gian, mang tinh chit gido duc va thyc hanh con
han ché. Nhiéu phin mém ma ngudén mé da duogc
phd bién nhu chuong trinh tdi wu héa hinh thai
duoc phat trién boi Liu va céc cong su [12] cho
Femlab, chuong trinh t6i wu héa hinh thai phat
trién boi Hunter [13] trén Python, chuong trinh t6i
uu héa cho két ciu dang gian Michell phat trién
bdi Sokol [14] trén Mathematica.

Trong nghién ctru nay, ching t6i trinh bay méot
sb6 vi du dam duogc trién khai t6i wu hoéa hinh thai
3D bing chuong trinh top3d viét trén nén ting
Matlab. DAy la chuong trinh md nguén mé dugc
phat trién boi Liu va Tovar [15]. Viéc lua chon
Matlab xudt phat tir tinh don gian, kha nang phd
bién rong rai trong mdi trudng hoc thuat, cling nhu
kha ning truc quan héa két qua tdi uu hoa.

Bai bao dugc bd cuc nhu sau: phﬁn 2 danh cho
viéc tém tat ly thuyét cia phuong phap SIMP,
phan 3 1a cac vi du 4p dung phuong phap nay cho
viéc thiét k& dam chiu cac tai trong khac nhau, cudi
cting 12 két luan va kién nghi.

2. NGHIEN CUU THUC NGHIEM

2.1 Tém tit Iy thuyét ciia phwong phap SIMP

Phuong phap SIMP duoc dé xuat boi Bendsoe
va Sigmund [10,11] duoc sir dung phd bién trong
t6i wu hoa hinh thai. Y tuéng chinh ciia SIMP 1a
lam mém bai toan rdi rac cta phuong phap phan tir
hiru han b?ing cach cho phép mat d6 vat li¢u x; cta
ting phan tir thay ddi lién tuc trong khoang [0,1].
Trong d6 x; = 0 Gng v6i phan rong, x; = 1 tng voi
vung ¢ vat ligu. Theo d6, m6 dun dan hdi cua
phan tir thir i duge dinh nghia nhu sau:

Ei :Ei(xi):Emin +X? (EO _Emin)’ X 6[0’1] (1)

Trong phuong trinh (1), Emix 1 md dun dan hoi
clia vat liéu rong, Eminnhan gia tri rt nho dé tranh
cho ma trén d ctmg bi suy bién. x; €[0,1] mat do
vat liéu ctia phan tir. p hé sé mii phat (penalization
power), p > 1.

Pé tranh cac van dé khi giai s6 nhu két qua phu
thudc ludi ph?m ti hitu han, hién tugng xuét hién
céc 6 dic - rong xen k& giéng ban cd trong két qua
tdi wu, dan dén khong thuc té v& mat co hoc va
thiéu on dinh s6, mat do vat liéu dugc chuan héa
thong qua bd loc mat d¢ dugc dinh nghia nhu sau:

- ZjeNj Hijvjxj
X; =—z oo, (2)
jeN; Y]

Trong phuong trinh (2), N;j 1a vung 1an can cua
phin tir i v6i thé tich vj, ham trong 56 Hj. Vung lan
can dugc dinh nghia nhu sau:

N, ={j:dist(i,j) <R} 3)

voi toan tir dist(i,j) 1a khoang cach giita tam
phin tir i va tm phan tir j, con R 13 ban kinh viing
lan can hay kich thudc bd loc. Hé sb trong sb Hj;
¢ thé duoc xac dinh nhu mot ham theo khoang

céch gitra cac phan tir 14n can, vi du:
H; =R —dist(i,]), jeN; 4)

M6 dun dan hdi cta phan tir tha i duge dinh
nghia sau khi da dugc chuan héa dugc vict lai
nhu sau:

Ei(%;) = Epin + X (Eg ~Epyip ), X€[0.1] (5)

2.2. Roi rac héa bang phwong phap phan tir
hiru han

Dua trén phuong phap SIMP dugc chuan hoa
dua theo phuong trinh (5) va dinh luat Hooke dang
tong quat, tenxo do cing dang hudng cho phan tir
thir i dwoc tinh cho phan tir réng va ddc nhu sau:

C(%)=E,&)C}, %, €[0,1] (6)

Trong do: C? la tenxo d9 cing ung voi mo dun
dan hdi don vi, dugc dinh nghia nhu sau:
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Vi v 1a hé s Poisson

Trong phwong phap phin tir hitu han, d6 cimg
ctia phan thir thir i, dwoc tinh tir tich phan khdi cia
tenxo do cung C;(X;) va dao ham ctia ham dang B

theo cong thirc sau:

111
ki(X;) = J J jBTCi(ii)d§1d§2d§3 ®)
—1-1-1
E (e =1, 2, 3) la toa d6 tu nhién cua phén to
khéi 8 ntit. Him dang B thé hién mdi quan hé gitra
bién dang va chuyén vi theo phwong trinh sau,
e=Bu. Trong phuong phap SIMP, d6 cling cua
phin tir i c6 thé dwoc ndi suy tir tenxo do climg don
vi nhu sau:

111
K= [ [ [BTCIBdEdeyde;  (9)
—-1-1-1

Ma tran do cing téng thé K thu dugc tr do
ciing cua tung phan tur theo cong thic sau:
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K(F) =Y k()= E;(X)k, (10)

i=1 i=1
Str dung khai ni¢m ma tran d§ cing téng thé
don vi, phuong trinh (10) c6 thé dugc viét lai
nhu sau:

n n
K(X) =Y k(%) =2 E(XDk, (11)
i=1 i=1
Két hop véi phuong trinh (5), ta thu dugc ma
tran do cung téng thé nhu sau:

n .
K®) =Y (Epin + X0 (Eg ~Epin ) Ko (12)
i=1
Véc to chuyén vi 1a nghiém ciia phuong trinh sau:
K(X)U(X)=F (13)
Trong do, F 1a véc to luc
2.3. T6i thiéu héa d6 mém déo
Muc tiéu cua bai toan téi uu héa hinh thai la
tim ham phéan bd vat lidu X, dé téi thiéu hoa bién
dang cua két cdu voi diéu kién bién va tai trong

cho trgé’c. Noi céch khac, muc tiéu cﬁa} bai toan la
toi thieu hda do mém déo c(X), hay toi da héa do
cung dugc dinh nghia nhu sau:

¢(X)=F'U~X) (14)

Két hop voi diéu kién rang budc vé thé tich,
bai toan toi thiéu héa dd mém déo co thé duoc dinh
nghia nhu sau:

. ~ T z. 4.2 . A~
Tim x =[x1,x2,...,xe,...,xn] toi thieu hoa do
mém déo ¢(X)=F"U(X) théa man diéu kién
o\ ~T . =_N.
v(X)=X v=-v=0;
xey,x={xel":0<x<1}
. T c 2 s
Trong d6 v=[v},v,..,v,] , véc to the tich
clia ting phan tir.

3. Vi DU AP DUNG

1) (HF bﬂﬁf
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Hinh 1: Mé hinh hinh hoc va diéu kién bién ciia
madu dam 3D sir dung dé toi wu hoa hinh thdi

Trong muc nay, hai vi du dam duoc tién hanh
toi uu hoa hinh thai dé cho thay hiéu qua cua mo
hinh t6i wu héa hinh thai. Vi du thir nhét 13 dAm
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chiu udn ba diém (hinh 1a), vi du thir hai 1a dim
cong son chiu tai trong ¢ dau ty do (hinh 1b). O
trang thdi ban dau, cac mau dam duoc gia thiét 1a
cac dAm dic. Hé s6 Poisson cua vat liéu dam duge
léy béng 0,3. M6 dun dan hoi va gia tri luc tac
dung dugc léy bfmg don vi. Pé tranh ma tran do
ctng bi suy bién, mé dun dan hdi cua vat liéu rong
dugc 1y bang Emin=10".

3.1. Dam chiu uon ba diem

Mau dam chiu uén ba diém dugc roi rac héa
bing cac phan tir 1ap phuong 8 nut, v6i sé luong
phan tir thé hién phuong x, y, z 1an luot 1a 60 x 10
x 2. Hinh 2 a, b, ¢ thé hién két qua t6i wu hoa hinh
thai ciia dim chiu udn 3 diém véi ty 1& thé tich lan
luot 14 30%, 50% va 70%. Mic du c6 ty 1& thé
tich khac nhau nhung c6 thé nhan thiy riang cac
mau dim dwoc t&i wu héa hinh thai vé két cau
gian, voi tinh chdt d6i xung. Tai diém dat luc
nhin chung hinh thanh cac thanh chéo nham muc
dich truyén luc vé hai géi. Tai vi tri cha géi tua
cac mau dam dugc bo géc nham giam hién tuong
tap trung ting suét.

L NSl 2B )

Hinh 2: Téi wu héa hinh thdi ciia dim chju uén
3 diém véi 1y I¢ thé tich a) 30% b) 50%, c) 70%

3.2 Dim cdng son

a)

b)

c)

Hinh 3: Téi wu héa hinh thdi ciia dim céng son
voi ty I¢ thé tich a) 30% b) 50% c) 70%
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Mau dam cong son chiu tai trong tip trung
dugc roi rac hoa bang cic phan tir lap phuong 8
nut, véi so lwong phan tir theo 3 phuong x, y, z lan
luot 14 30 x 10 x 2. Két qua t6i vu hoa hinh thai
ctia dim cong son chiu tai trong tip trung véi ty 18
thé tich 30%, 50% va 70% lan luot dugc thé hién
trén hinh 3. Méc du ty 1€ thé tich khac nhau nhung
quan sat thdy rang cac mau dam c6 mot sé diém
chung nhu: (i) Cac mau dam déu c6 xu hudng hinh
thanh hé thanh xién chinh tir vi tri dat tai dén gbi
twa, tao ra duong truyén luc truc tiép nhét, (ii)
Vung dat tai va gbi tua dugc gia cudng bang cac
thanh day hodc goc bo tron.

4. KET LUAN

Nghién ciru trinh bay mé hinh t6i wu héa hinh
thai 3D dya trén phdn mém ma ngudn mé top3D
dugc phat trién boi Lui va Tovar [15]. Hai mau
dam duogc tdi vu héa hinh thai bao gf“)m dam chiu
udn 3 diém va dam cong son chiu luc & dau tu do
v6i ty 16 thé tich khac nhau 30% -50%-70%. Nhin
chung cac két qua thu duoc tir toi uu héa hinh thai
phit hop v6i co ché truyén luc trong cic mau dam.
Pay la co so dau tién dé chung toi tiép tuc phat
trién mo hinh téi wu hoa hinh thai cho cac bai toan
khac nhu t6i wu hoa hinh théi trong cac cdu kién
dugc cdu tao tir nhiéu vat lidu thanh phan chiu cac
tai trong phuc tap, két hop t6i wu hoa hinh thai voi
phuong phép truong pha nhim mé phong sy lan
truyén vét nit, danh gia kha nang lam viéc cla cac
cu kién duoc toi uu hoa hinh thai.
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