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Tom tat: Bai bao trinh bay mé hinh t6i uu héa hinh thai két
cau dugc tao tlr cac phan ti dac trung c6 dang tuan hoan.
M6 hinh t6i uu st dung trong bai bao la phuong phéap dang
huéng véi rang budc phat (SIMP). M6 hinh dugc ap dung trén
bai toan 2D dam gian don chiu luc tap trung & chinh gida.
Bon truong hop dugc tién hanh mé phong bao gém mét
trudng hop khdng dugc t6i uu hda tuan hoan, ba trudng hop
dam duoc t6i uu héa thanh bén 6 co s& dugc sap xép theo
cac cach khac nhau. Két qua cho thdy rang két cdu khong
dugc t6i uu hoa dang tuan hoan cho do ciing 16n nhat. Viéc
xoay hudng clia cac 6 co's& sé dem lai hiéu qua khac nhau vé
mat d6 cling.

Tirkhéa: T6i uu hoa hinh thai, cdu tric tuan hoan, dang hudng
vét ran véi rang budc phat.

1. Gidi thiéu

To6i uu héa hinh thai (Topology Optimization-
TO) 1a mdt phuong phap thiét ké t6i vu d€ phan
bé vat liéu c6 hiéu qua nhdt trong mot mién thiét
ké cho trudc, véi cac rang bu¢c vé diéu kién bién,
tai trong, thé tich cia mién thiét ké. Y tudng cta
phuong phap nay la loai bo cac phan vat liéu it/
khong tham gia vao chiu luc, ti d6 x4y dung dugc
cac dang két cdu méi c6 khoéi lugng nhe nhung van
dam bao cac yéu ciu vé do cting, vé kha nang chiu
luc. Do d6, phuong phap nay dugc st dung nhiéu
trong nhiéu linh vyc nhu thiét ké két cau, cac cau
kién co khi (Bendsee & Sigmund, 2003; Sigmund &
Maute, 2013). Bén canh kha nang chiu luc, thiét ké
toi uu hoa hinh thai con cho phép t6i uu kha ning
truyén nhiét, t6i uu kha nang chiu tac dong cua khi
dong hoc...

Nhiéu thuat toan dugc st dung trong t6i uu
héa hinh thai, tuy nhién, ba phuong phap dugc
st dung chinh gém cé: phuong phap vét ran déng
huéng véi rang budc phat (SIMP-Solid isotropic
material with penalization) (Bendsge & Sigmund,
1999; Sigmund, 2001), t6i vu hda cdu tric tién
héa hai chiéu (BESO - Bi-directional Evolutionary
Structural Optimization) (Huang & Xie, 2007;
Huang & Xie, 2010), phuong phap ham dong mtic
(LS-Level set) (van Dijk et al., 2013)...

Abstract: The paper presents a topology optimization
model for structures composed of periodically repeated
unit cells. The optimization approach employed is the
isotropic penalization method (SIMP). The model is applied
to a two-dimensional simply supported beam subjected to
a concentrated load at midspan. Four simulation cases are
considered, including one non-periodic optimization case
and three cases in which the beam is optimized using four
unit cells arranged in different configurations. The results
show that the non-periodic optimized structure achieves the
highest stiffness. Additionally, the orientation of the unit cells
leads to different stiffness performances.

Keyword: Topology optimization, periodic unit cell, SIMP.

Mic dur c6 nhiéu uu diém trong thiét ké két cau,
tuy nhién, trong nhiéu truong hop, phuong phap
nay lai dua ra nhiéu dang ciu kién c6 hinh dang
phtic tap. Diéu nay dan t6i kho khan trong qua trinh
ché tao, lap rap, xay dung cac cdu kién trong thuc té.
biéu nay lam giam t6c d¢ thi cong cong trinh, ddc
biét v6i cac cong trinh nha st dung cac vat liéu duc
san. D€ khac phuc nhugc diém nay, phuong phap
toi uu hoa cdu truc cé dang tudn hoan la mot giai
phép phu hgp. Khi stt dung phuong phép nay, két
cdu sé dugc tao ra tli cdc phan tl dai dién - unit cell.
Noi cach khac, két cau dugc ghép tii cac phan tu c6
dang hinh hoc giéng hét nhau (Huang & Xie, 2008).
Day la giai phap dem lai kha nang chiu luc cao, khoi
lugng nhe dong thai dam bao kha ndng san xuat dai
tra, giam thiéu gid thanh thi cdng (Osanov & Guest,
2016; Wu et al., 2021). Bén canh d6, ciu tric tuan
hoan cling dugc mo rong trong thiét ké cac cau kién
dam bao kha nang truyén nhiét (Chen et al., 2010).

C6 nhiéu cach ghép noi cac phan ti dic trung:
tinh tién, d6i xting, xoay... Hinh 1 thé hién mét s6
dang t6ng hgp cta cac phan tt dic trung: Hinh la,
bén phan ti ddc trung c6 dang tinh tién, hinh 1b
dugc két hop tu tinh tién - xoay 90° - tinh tién -
xoay 90°, hinh 1c xoay 270° - tinh tién - xoay 270°
- tinh tién, hinh 1d dugc két hgp ti tinh tién - tinh
tién - xoay 90° - xoay 90°. TS hgp cic phan tu dic
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trung lam cho cac két cau c6 kha nang chiu luc
khac nhau va thdm my khac nhau. Nhdm giai quyét
van dé nay, bai bao nay ting dung mé hinh t6i uu
héa céu tric c¢6 dang tudn hoan dugc dé xuét bsi
Thomas va cac cong su (Thomas et al,, 2021). M6
hinh cho phép lya chon s6 lugng phén tti dac trung
cuia két cau, hudng xoay ctia cac phan tu, tii d6 dua
ra dugc dang thiét ké t6i uu ctia két cau. Két qua thu
dugc trén moéi mo hinh la d6 mém nho nhat, tuong
duong v6i do cing 16n nhét, la co s6 d€ danh gia
dang két ciu c6 kha nang chiu luc toi uu.

Z Phan tit dic trung

T NN
NZNZ NN

Hinh 1. Mt 56 dang t6 hop ctia phan ti déc trung

B6 cuc bai bao ¢6 b cuc nhu sau: phén 2 gigi
thiéu co s& ly thuyét ctia phuong phap SIMP va
ki thuat xay dung trudng lay trung binh d¢ nhay
nhdm x4c dinh dugc dang phin ti dic tring. Ung
dung ctia ly thuyét nay thé hién trong phan 3 trén
co s6 mo phong toi uu hoa hinh théi ctia dam chiu
luc tap trung & chinh gitia, dugc cdu tao tli 4 phan
tt dic trung, cdc phan tt c6 hudng xoay khac nhau.
Cac két luan thu dugc thé hién trong phan 4.

2. Ly thuyét SIMP

2.1 Phuong phap SIMP dinh mc vat liéu

Trong bai toan t6i uu hda hinh thai chiu tac
dong ctia luc, phuong phap SIMP (Solid Isotropic
Material with Penalization) dugc st dung khd rong
rai, do c6 uu diém la bién bai toan thiét ké hinh hoc
r0i rac thanh bai todn t&i vu hoa tham s6 lién tuc.
Trong d6, méi phén tu hiiu han dugc gan bién mat
do vat liéu x, c6 gia tri lién tuc nam trong khoang
tit 0 (tuong duong véi 16 hong rong) dén 1 (tuong
duong véi vét liéu ddc nguyén ven). Gia tri cia bién
mat do nay dugc ndi suy phi tuyén thong qua mot
ham s6 ma mang tinh chit phat (penalization).
Muc dich ctia ham phat 1a lam sut gidm do cling
mot cach bat lgi cho cac phén tl ¢d ty trong trung
gian (vi du x=0.5, d¢ cling chi con khodng 12.5%
khi dung hé s6 bac 3), tii d6 ép thuét toan t6i uu dan
phén cuc cac bién thiét ké vé cac trang thai roi rac la
0 hodc 1 & cudi vong lap. Su phu thudc ctia mé dun
dan hai (Young’s modulus) tai phan tu thu i vao ty
trong vat liéu dugc biéu dién bing phuong trinh:

E(x)=E,,+x'(E,~E

min

) W

Trong dé, E 1a mo dun dan hoi cua vat liéu goc
§ trang théi hoan toan dac. E_. 1a mot do cling vi
mo rét nhd, d€ ddm bao diéu kién 6n dinh khi phan
tich phan tt hitu han (FEA).

Gid tri E_. 1a mot do cing vi mo rat nho dugc
gan vao cac vi tri “16 héng” nham rao 16i xudt hién
ma tran thudn Iy hoac bi ky di trong phan tich phan
tt hitu han (FEA). Hé s6 p la hé s6 phat (penalty
power), thudng dugc thiét lap véi gia tri dé mang
lai hiéu qua phat vat liéu nhén cac gia tri trung gian
tot nhat.

Dua trén gia dinh nay, thay vi xay dung ma tran
do cting truc tiép, ma tran do cling ctia moéi phan
tl, k, cling sé ty I¢ tuyén tinh v6i m6 dun dan hoi
noi suy:

k, (xi) = x/k, (2)

Vé6ik 1a ma trdn d6 cting phan tti co ban khi vét
liéu hoan toan dac (x=1), lugc bé yéu t6 vi phin
E . dé don gian hoa qud trinh dao ham).

2.2 Bai toan t6i thiéu héa do dan hoi

Muc tiéu phé bién nhat trong t6i uu hda két cau
chiu tai trong tinh 1a t6i da héa do ciing tong thé
cua hé thong dudi tac dung cuia cac tai trong cho
trudc. Diéu nay tuong duong véi viée t6i thi€u hoa
d6 mém (compliance). Bai toan t6i thiéu hoa do
mém dugc phat biéu toan hoc nhu sau:

Ham muc tiéu (Objective Function) can dugc
t6i thi€u hoa la téng ning lugng bién dang C, dugc
tinh thong qua phan tich phén t hitu han:

N,

C(x)=U'KU =3 x/uk,u, (3)

i=1

Trong d6, U va K lan lugt la véc-to chuyén vi
tong thé va ma tran do cing téng thé cua két cau.
Dai lugng u. 1a véc-to chuyén vi tai cic nit ctia phan
ti thi i va N_1a tong s6 phan ti chia luéi trong
mién thiét ké.

Tuy nhién, néu khong c6 rang budc khoi lugng,
thuét toan téi uu sé giti lai toan b vat liéu dé€ dat do
cting cao nhat. Do viy, cdu truc can tuan tha mot
gi6i han vé thé tich vat liéu cho phép:

Ne
le.vl. -7 <0 (4)
i=1

O day, v, 1a thé tich ctia phan t thd i va V* Ia
giGi han thé tich muc tiéu t6i da cta vat liéu & két
qua cudi cung.

Dé giai quyét bai toan t6i uu trén béing cic
thudt toan cap nhat gradient nhu Tiéu chi T6i uu
(Optimality Criteria - OC), ta can xac dinh dao ham,
hay con goi la phéan tich d¢ nhay (sensitivity analysis),
ctia ham muc tiéu theo tiing bién ty trong x.:
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c
ox;

1

= _Pxip_lukaoui (5)

Viéc do luong gia tri dd nhay am nay cho ta biét
muc do dong gép ctia tling phén tii vao do cling ctia
két cau. Yéu t6 nao cd gia tri tuyét doi cua dé nhay
cang 16n chiing té tdm quan trong ctia nd trong viéc
chiu luc va sé dugc thuat toan “vu tién” giti lai. D
liéu do nhay nguyén ban nay sé la di liéu dau vao
khong thé thiéu cho cac bai toan rang budc tuin
hoan & muc tiép theo.

2.3. Quy trinh phén tich va toi uu hoa két cau tuan hoan

Khac véi thiét ké nguyén khéi (monolithic) noi
thuét todn ty do phan bé vét liéu trén toan bo dam,
v6i két cau tudn hoan, mo hinh can dugc tinh chinh
dé ap dat rang budc hinh hoc nham dam bao cic
phan tt ddc trung (unit cells) trén toan by dam
ludn giong hét nhau sau méi chu ky giai bai toan.
Quy trinh t6i uu hoa moét két cdu tudn hoan dinh
huéng (oriented periodic topology optimization)
dugc tién hanh theo cac vong lap nhu sau:

- Khdi tao ban mau chung (Representative Unit-
Cell - RUC): Thay vi t6i uu doc lap toan bo dam,
mot khong gian thiét ké ao goc goi la RUC dugc
thiét 1ap. Ludi phan tt cia RUC c6 hinh hoc, kich
thudc hoan toan khép véibatky 6 co sa thanh phin
nao trong dam (vi du luéi ddm dugc chia lam 4). O
vong lap dau tién, RUC nay thuong 1a mét khéi vat
liéu dic hoan toan.

- RUC nay dugc nhéan ban va ghép lai véi nhau
U lan (vi du 4 l1an) dé kién tao ldp day cdu trac dam
4x1. Trong mo hinh t6i uu héa tuin hoan dinh
hudng, hé thong tai budc nay dugce cung cdp thém
mot so d6 ma tran dé phép tinh tién c6 thé xoay
hodc lat khoi RUC goc theo cac huéng da dinh san.

- Panh gia t6ng thé d6 mém: Thuat todn ap
dung tai trong tap trung P va cac diéu kién goi tua
1én toan bo ciu trac dam 4x1 viia dugc ghép lai dé
giai bai toan Phan t hitu han (FEA). Trinh ty nay
tinh todn gid tri d6 mém cua ca dam (Compliance),
dong thoi quét do nhay (sensitivity) dinh gid phan
tt chiu luc 16n hay nho theo phuong trinh (5) trén
trai dai toan bo hé.

- Phan hdi, chiéu trung binh héa do nhay
(Mapping): Thay vi st dung riéng biét di liéu do
nhay ctia phan nao dé€ loai bé phéan nay trén thiét
ké tong thé, moi phén tt trén dam sé dugc gom lai,
chia d¢ nhay thanh nhiéu b tuong ting véi 4 6 r6i
tinh trung binh cong d€ don vé lai cho ban RUC géc
theo thuat todn:

— 1 U
@ =1 2 ©

Trong d6 U = 4 1a t6ng s6 6 tudn hoan, va a,

la d6 nhay phén tt thi j thudc 6 co s& u trén dam
thuc. Néu trong mét so d6 tuan hoan cé xudt hién 6
xo0ay goc chéo, thuét toan noi suy anh xa vi tri phan
tif tuong tng o, thong qua cdc ma tran chuyén déi
toa do sé dugc ap dat ngugc lai goc d€ tinh ding vi
tri hinh hoc ctia yéu t6 j. &, la 46 nhay trung binh
cta phén tu j dugc tinh ra cho RUC.

- Cap nhat hinh dang ban thu nho Unit Cell: Cac
thuat toan cap nhat nhu Tiéu chi t6i uu (OC/BESO)
sé dung di liéu trung binh thu dugc «; 1 nay dé
loai bé cac phan tu thiia (do nhay thap) va giti lai ty
trong ctia phan t dong vai tro chong trugt nén (do
nhay cao), qua dé dua ra dang phtt hgp nhat cho
phén tu dac trung & vong ldp hién tai.

Sau khi ban RUC dugc hoan tat, vong lap lai
quay tré lai budc ghép chung thanh dam 4x1, va
tién hanh tinh toan ldp lai cho t6i khi RUC hoi tu
thanh dang hoan chinh c¢6 d¢ cting nhét.

3.Viduap dung

Dé€ chiing minh hiéu quéa cta phuong phép t6i
uvu hoa két ciu co ciu trac tuan hoan. Mot vi du
dam gian don 2D, chiju luc tap trung P = 1000 N &
chinh gitta dugc tién hanh moé phong (hinh 2). Mau
dam chiu lyc tép trung. Mau dam dugc ciu tao ti
4 cdu trac ddc trung, danh s6 lan lugt 1a 1, 2, 3, 4.
Gié thiét bai toan ting sudt phang. M6 dun dan hoi
cuia vt liéu dugc 14y bang 204 GPa, hé s6 Poisson
dugc 14y bang 0,29, khdi lugng riéng dugc ldy
bang 7850kg/m?>. Méi phén tt dic trung dugc chia
thanh 100x100 phén ti, téng s6 phan ti cua ddm la
400x100 phén tu. Thé tich cta két ciu dugc t6i vu
dugc ldy bang V*=0,5. V€ mit diéu kién bién, diém
nat bén dudi ctia 6 s6 1 dugc khong ché chuyén vi
theo phuong x va phuong y, tuong duong véi goi cd
dinh, diém nut bén phai ctia 6 s6 4 dugc khong ché
chuyén vi theo phuong y. Bon truong hop dugc tién
hanh m6 phong:

- Truong hgp 1: két cau dugc t6i uu hoa dang
nguyén khoi, khong cé cdu tric tudn hoan.

- Trudng hop 2: ghép 4 cdu truc déc trung cling
chiéu, tinh tién cac phan tt.

- Trudng hop 3: cac cdu triac dic trung dugc
xoay theo 4 g(’)c: 09, 900, 1809, 270°

- Truong hop 4: két cau dang ddi xting, 6 s6 2
dugc tao ra bang cach tinh tién 6 s6 1, 6 s6 3, 4 dugc
tao ra bang cach 14y d6i xing v6i 6 1 va 2.

Cac hinh dang t6i uu cta két cdu dam dugc
thé hién trén hinh 3, 4, 5, 6. Két qua xac dinh do
mém cuing véi s6 vong lap tuong ting dugc thé hién
trén hinh 7. Két qua cho thdy ring truong hop 1
c6 d0 mém nho nhat, véi gia tri la 21,72, cho thay
day la dang t6i uu hiéu qua nhéit vé mit do cing.
Tuy nhién dang két cau nay khong mang tinh tuan
hoan, giy kho khén cho viéc lap dit. DO mém lan
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P

Hinh 2. So dé thiét lap diéu kién bién cho dam tuan hoan dugc ciu tao
tir4 phan tk dac trung

lugt cua ba truong hop 2, 3, 4 lan lugt 1a 32,91;
30,45; 31,04. Nhu vay, trong truong hop t6i uu hoa
két cau dang tuan hoan, truong hgp 3 cho gia tri do
mém nho nhdt, tuong tGing v6i do cling cao nhat.
Tuy nhién, lugng vat liéu & bién chiu kéo nho, dan
t6i giam kha nang chiu kéo ctia vét liéu. Trudng hop
2 ¢6 do mém 16n nhat, nhung lai dam bao tinh déu
dan vé mit thim my.

Hinh 3. T6i uu héa hinh théi trén toan b dam

Hinh 4. T6i uu héa hinh thai ting véi truong hgp 2

Hinh 5. T6i uu héa hinh théi ting véi truong hgp 3

Hinh 6. Tdi wu héa hinh thai ting véi trutng hop 4

—— Mau 1: Nguyén kndi {Monolithic) (C=21.72)

M&u 2: Tudn hoan tinh bén (0, 0, 0, 0) (C=32.91)
~— Mau 3: Tudn hodn ng&u nhién (0, 1, 2, 3] {C=30.45}
—— Méu 4: Tudn hoin déi xing t8i wu (0, 0, 4, 4) (C=11.04)

170

b
=]
s

£& mém (Compliance)

20

0 20 40 0 80 100 120
S6 1an 1ap

Hinh 7. Tueng quan giita &6 mém véi sd lan 1ap ctia 4 trudng hop

Kétluan

Bai bdo da trinh bay phuong phap t6i uu hoa
két cdu c6 dang tuan hoan, trén co s clia phuong
phap SIMP. Phuong phap nay dugc ap dung trén
dam gian don 2D chiu uén ba diém. Két qua cho
théy rang ciu tric khéng dugc t6i uu hoa dang tuin
hoan cho d¢ cling 16n nhét. Tuy nhién, nhugc diém
la khong tuan hoan sé gay nhiéu kho khan cho san
xudt dai tra. Viéc xoay hudng ctia cac 6 co s sé dem
lai hiéu qua khac nhau vé mat d6 mém. Bén canh
do, ciu truc tudn hoan ¢4 tinh thdm my cao.

Nghién ctiu nay méi diing lai ¢ gia thiét dam
duoc tao tii 4 6 co sd. Viéc chia dam thanh cic t8
hop gdm m hang va n cot sé dan dén s6 lugng l6n
cdc hinh thdi t6i vu co thé tao ra. Viéc xdc dinh dugc
hinh dang t6i uu trong truong hop nhiéu m xn 6 co
s& sé 1a hudng nghién ctu trién vong tiép theo.
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