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Bai nghién ciiu

Nghién ciu phén tich iing x{r két cdu dang tam vat liéu phéan Iép
chiic ndng véi tam dan ap dién bang phan tich dang hinh hoc
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TOM TAT

Bai bdo nghién clu nay trinh bay dung phan tich dang hinh hoc (Isogeometric analysis - IGA) dé
phan tich tng xt ctia mét s6 két cau dang tam lam bang vat liéu phan I6p chic nang (Functionally
graded material - FGM) vai cac tam vat liéu dp dién (Piezoelectric). Nghién cliu nay khdo sat anh
hudng clia phan tir ap dién 1én két cdu dang tdm lam bang vat liéu FGM dudi dang mé hinh khoi.
Do IGA dugc xay dung dua trén ham xap xi NURBS (Non-uniform rational basis spline) nén phuong
phap nay mo ta hinh hoc chinh xac cling vai viéc xap xi ham bac cao mét cach hiéu qua. Tinh hiéu
qua clia phuong phép do la dung it bac tu do ctia ham xdp xi bac cao gilta cac phan t& van dam
bao tinh chinh xac ctia két qua, diéu nay gidp gidm thoi gian tinh toan cling nhu tiét kiem bo nhé
can thiét dé tinh toan. Bong thai, hinh hoc NURBS cling da dugc chimg minh [a hudng tiép can
kha thi do sy linh hoat trong viéc xay dung lugi nhu lam min va lién tuc bac cao gilp cho bai toan
dugc xdp xi mot cach chinh xac. Dua va nhimg uu diém ma IGA cé dugc cing da dugc chiing
minh qua nhiéu cong bé trudc dé, nhom tac gia xay dung mé hinh ba chiéu cho két cau dang tam
gém Iép trén va I6p dudi dugc dan tam ap dién, |dp gita dugc lam tir vat liéu FGM. Cac két qua
dugc kiém chiing va so sanh vai phan mém thuong mai Comsol dé chiing minh tinh hiéu qua cta
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phuong phap cho loai bai todn nay.

Tur khoa: Phan tich ddng hinh hoc, vat liéu phan I6p chiic nang, phan ti ép dién

GIGI THIEU

Phan tich déng hinh hoc (Isogeometric Analysis -
IGA) la sy két hgp gitia thiét ké véi ho trg méy tinh
(Computer Aided Design-CAD) va phén tich phan
tt htiu han (Finite Element Analysis-FEA) dugc dé
xudt bdi Hughes!. Phuong phap ding hinh hoc (IGA)
sti dung ham co s& Non-Uniform Rational B-Splines
(NURBS) do d6 phuong phép nay c6 thé st dung truc
tiép dit liéu tit CAD d€ mo ta chinh xdc hinh hoc va
cho 16i gidi sap xi. Ngoai cac lgi thé trén, Phan tich
déng hinh hoc (IGA) con c6 thé ting hay gidm béc ctia
ludi rdt hiéu qua va kiém soat d¢ lién tuc cta phén ti
mot cach linh hoat.

Vat liéu phén 16p chiic ning (Functionally Graded
Materials - FGM) 1an d4u tién dugc tim ra bsi mot
nhém nha khoa hoc ngudi Nhat Ban nam 19842, vat
liéu phén 16p chiic ning dugc két hgp ti kim loai va
st nén co tinh cua vt liéu thay déi lién tuc gitia cac
16p va uu diém ctia FGM thé hién 6 tinh déo cta kim
loai va tinh cach nhiét cach dién ctia st. Su két hgp
vat liéu phén 16p chiic ning véi vat liéu ap dién sé tao
ra vat liéu thong minh c6 thé ting dung vao cac nganh
cdng nghiép nhu: san xuft cdc cam bién cho 6 t6, cac
thiét bi gidm x6c cha dong...

Hién tai da c6 nhi€u nhém tac gia st dung cac phuong
phép s khac nhau dé€ nghién ctiu vé két cdu lam béng

vatliéu phan 16p chiic nang c6 phan ti ap dién. Nhém
tac gid X.Q.He va cong su da st dung phuong phap
phén td hiiu han (Finite Element Method-FEM) dua
trén ly thuyét tdm c6 dién (Classical Plate Theory -
CPT) dé phén tich diéu khién dao dong cht ddng cho
md hinh tdm vat liéu phan 16p chiic ndng c6 phan tu
ap dién dong vai tro lan luot 16p kich dong (Actua-
tor) va 16p cam bién (Sensor) >, nhom tc gi Sushanta
Kundu, Harshal B. Nemadngee nghién ctiu mé hinh
va md phong nang lugng thu dugc cua vét liéu dién
&p*, téc gia Alibeigloo di sti dung phuong phap phin
tt hitu han d€ phén tich tinh cho m6 hinh tdm tron
lam bang vat liéu phéin 16p chiic ning c6 phan tu
4p dién®, nhém tac gia K. Nguyen-Quang, H. Dang-
Trung, V. Ho-Huu, H. Luong-Van, T. Nguyen-Thoi da
sti phuiong phap Cell-based Smoothed Discrete Shear
Gap Method - CSDSG d€ phén tich diéu khién cha
dong cho tdm vét liéu phan 16p chiic nang co tich hgp
16p cam bién va kich dong®.

Bai bao nay tap trung nghién ctiu phén tich Gng xu
két cau dang tdm vat liéu phéan 16p chiic nang véi tdm
ddn 4p dién bing phan tich déng hinh hoc. Bai bdo
nay trinh bay nhu sau: phan tiép theo mo ta chi tiét
hon vé vat liéu phan 16p chiic nidng va vat liéu ap dién
cting nhu phuong phép ddng hinh hoc, két qua s6 thé
hién & phan tiép sau va cudi cling 1 phan két luin.

Trich dan bai bao nay: Tién N M, Pat N B, Khuong N D, Hda V C. Nghién ctru phan tich ing xtr két cau
dang tam vat liéu phan I6p chiic ning véi tam dan ap dién bang phan tich déang hinh hoc. Sci. Tech.

Dev. J. - Eng. Tech.; 2(S12):S195-SI104.
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CO SO LY THUYET VA PHUONG
PHAP NGHIEN CcUU

Vat liéu phan I6p chiic nang

Vatliéu 16p chiic nang (FGM) la vat liéu composite cd
vi cdu truc khong dong nhat ma thay ddi lién tuc vé co
tinh gitia cac 16p vat liéu. Vat liéu FGM dugc két hgp
ti kim loai va st nén n6 cé vu diém 1a két hgp dugce ca
tinh déo ctia kim loai va tinh cach nhiét cach dién ctia
sti. FGM dugc st dung trong cac nganh cong nhiép
hién dai nhu: hang khong v try, cong nghé hat nhan,
truyén thong, ning lugng, co khi...

Ham thuoc tinh vat liéu dugc biéu dién nhu sau:

P(Z):(Pm_Pc)XVf(Z)+PC (1)

Trong d6: P, Py, la thudc tinh vat liéu cta st va kim
loai 1an luot & mat dudi 1a su va mét trén 1a kim loai.
V6i V¢ (z) 1a ham vi tri theo bé day tdm.

n
v =(3+5) @
Trong d6: z la bé day lop vét liéu dugc thé hién
nhuHinh 1; £ 14 chiéu day tdm; n 13 s6 ma clia ham
Vi(z).
Ma tran dan héi ctia tim FGM duya trén méi quan hé
gili ing suét va bién dang dugc biéu dién nhu sau:

Cii Syms
Cp Cx»
Ci3 Cy3 C33
C|= 3
(€] 0 0 0 Cu 3)
0 0 0 0 Gss
0 0 0 0 0 Cg
Trong do:
E(1-v)
Clil=Cp=Cp=—n
11 =Cn =0C33 (1+v)b£1—2v)

v
Cp=C3=Cn3=-"————""— 4
12=C =08 = Gy (4)

E
Cay =Cs5 =Co6 = 57—

2(1+v)

V6i E = E(z) 14 mo-dun dan hoéi ctia vat liéu va v 1a
hé s6 Poisson ctia vat liéu.

Vat liéu ap dién

Vat liéu 4p dién la vat liéu c6 kha nang bién dai tu
nédng lugng co hoc sang nang lugng dién va ngugc
lai. Diéu nay dugc thé hién khi tdc dung luc lén vat
liéu 4p dién sé sinh ra dong dién va ngugc lai khi tac
dong mot hiéu dién thé1én vat liéu ap dién sé lam cho
vat liéu bi bién dang. Vit liéu 4p dién dugc ting dung
nhiéu trong cac linh vic nhu: co khi, y t¢, cong nghiép
6 16, cong nghé hang khong...
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Phuong trinh md td chuyén dong ctia vét liéu dp dién
dugc biéu dién nhu sau:

0ij, j + foi — Cstti = pii;

D=0 5)

Trong dé ;i j, fpi» Cs, P, Di ;i lan lugt la thanh
phén ctia tensor tng suit, ngoai luc, hé s6 gidm chidn
Rayleigh, khéi lugng riéng, nhiing thanh phan thay
d6i cta vécto dich chuyén dién theo cic hudng.
Phuong trinh lién tuc cta vat liéu ép dién dugc biéu
dién nhu sau:

0ij = Cijri€ — eijkEx

Dy = €jjk€ij+ 8/§jE1

(6)

Trong d6 &j, Cijur, €ijis & 14n lugt thanh phén cta
tensor bién dang, hang s6 dan hoi, hing s tGing suét
ap dién, hé s6 dién moig;;, Ciju, eijk, E,fj

Phuong trinh bién dang va trudng dién ti dugc biéu
dién nhu sau:

1
&ij = 5 (i j+uji) o
Ei=—¢;i
biéu kién bién chuyén vi trén mién I', va T,
uj=u;onl, )
ojjnj= fsionT)p
biéu kién bién chuyén vi trén mién Iy va T,
0i = ¢ion F¢ 9)
Dinj = —qonTy

Trudng chuyén vi va trudng dién trong phan tich ding
hinh hoc dugc biéu dién nhu sau:
u—= Z?:I Riu;
¢ =Y Ri¢i
Trong do R; 1a ham dang NURBS.

(10)

Phuong phap déng hinh hoc
Cac cdng thiic trong phan nay dugc tham khao tu tai
liéu”.

Knot vécto

Vécto  knot la thuc khong
gidm trong khong gian tham s6 dugc viét
kn = {&, &, .., &ypi1}, trong d6 & € O Ia
knot thti i, i = 1,2, ..., n+p+1 la chi s6 ctia vécto knot,
p 1a bac ctia B-Spline, 7 1a s6 ham co s& st dung dé

mét tdp s6

x4y dung B-Spline. Ham co s B-Spline lién tuc C*
trong khoang knot [£;, & 1) va lién tuc CP~! trong
knot riéng biét. Mot gia tri knot c6 thé xuit hién
nhiéu hon mot 14n va s6 lan gid tri knot xuét hién
trong knot vector dugc goi 1a boi ctia knot d6. Cu thé
tai mot knot c6 boi 1a k thi d6 lién tuc CP*.
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Ham co'sé

Ham co s¢ B-spline N , (&) dugc dinh nghia cong
thic dé quy Cox-de Boor dugc biéu dién nhu sau:

Nio= { (1)i)];hé.eirvgvifeS i (11)
Ni-,p(&) = %Niﬁ p_l(g)
+ Gipri ¢ N (12)
ipr1—SGin i1, p-1(8)

Dudng cong B-Spline va NURBS

DPudng cong B-Spline va NURBS bac p 14n lugt dugc
biéu dién nhu sau:

Cp(&) =X N p(€)B; (13)

Cy (&) =X R (§)B (14)

Trong d6

N;. plé ham co s§ B-Spline v6ii=1,2, ..., n

B;la cic diém diéu khién.

R? 1a ham co s6 NURBS va R” dugc biéu dién nhu
sau:

Khéi B-Spline va Khéi NURBS
Khi B-Spline va NURBS 14n lugt dugc biéu dién nhu

sau:

SB(§> n, g)
= Z?:] ZT:] 22:1Ni,p(§)Mj.q(n)Lk, r(é)Bi, J.k

Sv(&, m, §) (17)
): 1):,/ 1Zk 1Rf)7,q7k (&, n, g)Bi,j.k
Trong do:
N;, p(E)M; 4(M)Ly, (£) 1a ham co s6 B-Spline.

B; j i latoa do cac di€m diéu khién.
R 7/ 1aham co s6 NURBS va R} " dugc biéu dién
nhu sau:

RIGI(E , §) =

N;, p(é)M‘ (ML (Ewijk

n m
(ML (Ewijk

5 Y m©

i=1j=1k=1

(18)

Dang yéu ciia bai todn
Dang yéu ctia phuong trinh (5) dugc biéu dién trén
mién Q dugc trinh bay nhu sau
I fo (03, + foi + sty — piiy) SudQdt = 0
Jit [o(Dii)8¢dQdt =0
Trong d6 t 1a mién thoi gian dugc tinh tu thoi diém ty
dén thoi diém t;.
Tu phuong trinh dang yéu theo cong thtic (19), hé
phuong trinh tuyén tinh dugc bién d6i nhu sau:

(M) {it} +[Cs] {it} + [Ku] {u} + [Kug | {9} = {Fn}
[Kou] {u} = [Kgo] {0} = — {Fy} (20)
Trong truong hgp bai toan tinh, hé phuong trinh
tuyén tinh (20) dugc rat gon thanh
(K] {u} + [Kug | {#} = {Fn}
[Kou] {u} = [Koo] {0} = = {Fy}
Trong do, cac ma tran do cting la
Lon ffg[ u]T[ ][ 4] dQ
[Kup) = Ja[Bul” [e]" [Bo] d2
[Kou] = fg [BM le] [Bu]dQ
[Koo] = Jo [Bo]" [°] [Bo] a2
Véc-to tai dugc biu dién nhu sau
{Fn} = Jy INI" {fp}aV + fr, IN]" {fs}dT
{Fy} = r, V" {q}ar

Cac ma trdn ham dang va ma trdn dao ham ham dang
dugc biéu dién nhu sau:

19)

@1

(22)

(23)

(V] ([N Vo] [M]]
[BM] = [[Bul] [BMZ] [Bui” (24)
[Bs] = [[Bs1] [By2] [Byil]
Véi
N, 0 O
M]=|0 N Of,
0O 0 N
w0 oo oo g
Bal=]0 § o oo,
0 0 F 0 §F 5
2o o0
Bol={0 & 0],
0 o g

trong d6 i1a chi s6 diém diéu khién ctia phan tu.
Ma tran vat liéu ép dién va ma tran hing s6 dién moi
1an lugt dugc biéu dién nhu sau:

0 0 0 0 0 €16
[e} = 0 0 0 0 ens 0
0 0 0
€31 €32 €33 (25)
g 0 0
[€]=10 €, 0
0 &,
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KET QUA sO

Phén tich (ing x& tdm vuéng FGM

Mo hinh bai todn tdm vuoéng FGM dén tdm ap dién
c6 kich thuéc 0,4x0,4 m. Bé day 16p FGM Ti-6Al-
4V/Al, O3 1a 0,005m va bé day 16p ap dién PZT-4 1a
0,0001 m. Tam &p dién trén dugc ap dién phan cuc
thudn va tdm dp dién dudi dugc ap dién phan cuc
ngugc véi dién ap 40V. FGM c6 quy luit phéan bo vat
liéu theo phuong bé day z (1) v6i s6 mi n lan lugt
0 (Ti-6Al-4V); 0,5; 1; 5; o (Al;O3) va thong s6 vat
liéu dugc biéu dién ¢ Bang 1. Diéu kién bién khio
sat trong bai toan bao gom: CFFE, SCSC, SSSS, CFCF
(trong d6 C-Clamp: ngam, F-Free: tu do, S-Simply:
tua don) va chiju tai phan b déu 100 N/m?2. Két qua
tai n = 1 ing vé6i cac diéu kién bién CFFE, SCSC, SSSS,
CFCF dugc so sanh véi 16i giai phan mém thuong
mai COMSOL st dung m6 hinh luéi ¢6 s6 béac tu do
296940. M6 hinh hinh hoc dugc thé hién & Hinh 1.

Piezoelectric

y
/

FGM

Piezoelectric

Hinh 1: M6 hinh hinh hoc cuta bai toan.

Két qua chuyén vi theo phuong z ctia tim vuéng FGM
& céac diéu kién bién CFFFE, SCSC, SSSS, CFCF tai n
= 1 khi st phan tich ding hinh hoc c6 mo hinh luéi
12x12x1 phén t& dugc biéu dién trong Hinh 3 va d6
thi két qua ting v6i s6 mi n 14n lugt 0 (Ti-6Al-4V);
0,5; 1; 5; o (Al O3) dugc biéu dién & Hinh 4.

Chung t6i ti€p tuc tién hanh khéo sat chuyén vi theo
phuong z tai diém diém (0,4; 0,2; 0,0026) cho diéu
kién bién CFFE, tai diém diém (0,2; 0,2; 0,0026) cho
diéu kién SCSC, SSSS va tai diém (0,2; 0; 0,0026) cho
diéu kién bién CFCF trong trudng hgp dién ap thay
d6i tit 0 dén 60V ma khong co sy tdc dong ctia tai phan
bd déu. Bang 2 mo ta gid tri chuyén vi theo phuong z &
dién 4p 10V va sai s8 gitta phén tich ding hinh hoc so
v6i phdn mém COMSOL ting véi cac di€u kién bién
CFFE SCSC, SSSS, CECEF tai n =1. Hinh 5 a mo6 ta két
qua chuyén vi theo phuong z tai n = 0 (Ti-6Al-4V);
0,5; 1; 5; 0 (Al O3) ctia diém (0,4; 0,2; 0,0026) Ging véi
diéu kién bién CFFE, diém (0,2; 0,2; 0,0026) ting véi
diéukién bién SCSC, SSSS va diém (0,2; 0; 0,0026) ing
diéu kién bién CFCF dugc biéu dién 1an lugt 6 hinh
Hinh 5 b,c,d. Qua nhiing két qua trén ching minh

Si198

dugc tinh chinh x4c clia phan tich ding hinh hoc so
v6i phan mém COMSOL duing phuong phép phan tu
hitu han.

Phan tich (ng x{ tdm tron FGM

MO hinh bai todn tdm tron FGM dén tdm ap dién cd
ban kinh R = 0,5 m. Bé day 16p FGM Ti/ZrO,-1 la
0,005 m va bé day 16p ap dién PZT-4120,0001 m. TAm
ap dién trén dugc dp dién phan cuc thudn va tdim dap
dién dudi dugc ap dién phan cuc ngugc véi dién ap
40V. FGM c6 quy luat phan b6 vét liéu theo phuong
bé day z (1) v6i s6 mi n lan lugt 0 (Ti); 0,5 I; 5 oo
(ZrO;-1). biéu kién bién bai toan: ngam vién xung
quanh tdm tron va chiu tai phan b8 déu 100 N/m?.
Cac két qua thu dugc & n = 1 sé dugc so sanh véi két
qué ctia phan mém thuong mai COMSOL sti dung md
hinh 1uéi c6 s6 bac tu do 340060. M6 hinh hinh hoc
dugc thé hién ¢ Hinh 6.

Piezoelectric

/ FGM
//
X

" Piezoelectric

Hinh 6: M6 hinh hinh hoc ctia tdm tron FGM

Dé chon dugc mtic ludi phtthgp cho bai todn tim tron
FGM, chung t6i tién hanh khao sat gia tri chuyén vi
theo phuong z tai diém c6 toa do x = 0,25m, y = 0,25
mvaz=0,0035m & cic muc ludi nhu nhau va c6 bac
1uéi 1an lugt 1a bic 2, bAc 3 vabac 4 tain = 1. Hinh 7
mo ta tdc do hoi tu cta lui IGA bac 2, bac 3, bac 4 so
v6i két quéa chuyén vi theo phuong z ctia phadn mém
COMSOL c6 gia tri U, = -4,3720x10 7> m. Bang 3 md
ta két qua ctia chuyén vi theo phuong z (U;) va sai s6
(%) tai cac vi tri khao sat ting v6i nhiéu mo6 hinh luéi
khéc nhau. Qua két qua nay c6 thé chi ra ring, luéi
béc 4 cho t6c d6 hoi tu t6t nhat vi véi cling mot miic
ludi thi16i giai dung ludi bac 4 sé t6t hon so véi bac 2
va 3. Tuy nhién khi phan tich két qua ta thdy ring sai
s6 gitta mo hinh ludi bac 3 so véi COMSOL nho. Do
do dé tiét kiém thoi gian tinh todn moé hinh ludi béc
3 12x12x1 dudgc st dung trong phén tich cac két qua
ctia bai todn tdm tron FGM & cac phan sau ma van cho
dugc 1oi giai x4p xi tot.

Két quéa chuyén vi theo phuong z tain =1 cta tdm
tron FGM khi st phan tich ddng hinh hoc dugc biéu
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Bang 1: Théng S8 Vat Liéu FGM Cua Bai Toan

Thong s6 Vat liéu Ti-6AL-4V Al,O3 Ti Zr0;-1
E (Gpa) 105,7 320,24 110,25 278,41
» 0,2981 0,26 0,288 0,288
13,8999 7,78366 7,42836 0 0 0
13,8999 7.42836 0 0 0
[e]- 11,5412 0 0 L
3 30581 0 0 (F2)
2,5641 0
syms 2,5641
0 0 0 0 0 12,7179
[e]=] o 0 0 0127179 0 |(TU/m)
-5,20279 -5,20279 15,0804 0 0 0
762,5 0 0
[£7]-] o 7625 0
0 0 663,2

Hinh 2: Thong sé vat liéu p dién PZT-4 dugc tham khao tir thu vién vat liéu ctia phan mém COMSOL

10000242 0000215 0000191 0000170 -0,000145 00121 -9.700005 -7.270-005 450.005 2420005 0000 0.000 _1.95¢-007 _3.91e-007 _5.56e-007 7.81¢-007 55325507 1170005 1.570005 1550005 1760005 L9%e 008
gana et tos L oe o T s oe oo o 00 T35 ks 05 6576.006 7.666.006 5.760-006_9.85¢.006 1.096-005 -1.01e-005 9.036-006 -5.07e-606 -7.06¢-006 - GDJ¢0045 5 (005 1026005 -3.010:005 -2006:005 9900007 211005
(c) (d)

Hinh 3: K&t qua chuyén vi theo phuang z clia tdm vuéng FGM tng vdi diéu kién bién (a) CFFF; (b) SCSC; (c) SSSS;
(d) CFCFvéihé s miin=1
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oy
WOE0 I 6
30E6
T L0E4 E iss
£ g
H Z 2086
= e
z 0E-4 &
= T ise
B H
5 6 1GA (CFFF, T16A14V) B s
1064 § [ 16A €HFR0 =09 e
+ 1GA(CFFF.u=1) IGA (SCSC, 1 = 0.5)
—COMSOL (CFFF,n - 1) S0E7 * IGA (SCSCo - 1)
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Hinh 4: D6 thj chuyén vi theo phuong z cia tdm vuéng FGM tai n = 0; 0,5; 1, 5; e ting vdi cdc diéu kién bién cta tdm
(a) CFFF; (b) SCSC; (c) SSSS; (d) CFCF

Bang 2: Gia Tri Chuyén Vi Theo Phuong z Va Sai S6 & Dién Ap 10V Tain =1 (Dv: 1x10~" m)

Diéu kién bién CFFF SCSC CFCF CFCF
COMSOL 220,30 8,40 38,51 17,96
IGA 218,31 8,71 38,55 17,35
Sai s6 (%) 0,90 3,68 0,09 3,38

dién trong Hinh 8 va két qua chuyén vi theo phuong
z clia tAm tron Ging véi gid tri cta lay thita n thay d6i
lan lugt 0 (Ti); 0,5; 1; 5; «o(ZrO5-1) dugc biéu dién &
Hinh 9.

KET LUAN

Phan tich ding hinh hoc dya vio ham co s NURBS
la cong cu tinh todn hiéu qua cho viéc phan tich tinh
cho mo6 hinh vat liéu phan 16p chtic nang (FGM) cé
phén td 4p dién (Piezoelectric). Qua phan tich bai

vz

4320005 3896005 3466005 -3.036-003 -2.506-005 2.100:005 1730005 1300005 -$.64e-006 432006 0.000

todn tdm vudng va tdm tron FGM, ta thdy ring khi st [ .

dung phan tich ding hinh hoc ting v6i ham x4p xi bac
Hinh 8: K&t qua chuyén vi theo phuong z clia tdm

cao sé gitip cho s6 bac tu do cin thiét stt dung thap ma .
tron FGM tain =1

van c6 dugc 16i gidi hoi tu so véi phuong phép phan ti
hiiu han st dung trong phdn mém thuong mai COM-
SOL, diéu nay gitp gidm dang k& khéi lugng va chi

S1100
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Hinh 5: K&t qua chuyén vi theo phuong z (ing véi diéu kién bién (a) CFFF tai diém (0,4;0,2; 0,0026); (b) SCSC tai
diém (0,2; 0,2; 0,0026); (c) SSSS tai diém (0,2; 0,2; 0,0026); (d) CFCF tai diém (0,2; 0; 0,0026)

20E-5

25E-5

J0E-5

3.5E-5

Chuyén vi theo phuong z (m)

4.0E-5

4.5E-5

3000 120040

= = COMSOL
—B—1GA (p=2)

—&—IGA (p=3)

—8—1GA (p=4)

21000 30000

Bic trr do

39000 48000 7000

Hinh 7: T6c¢ d6 hoi tu chuyén vi theo phuong z clia bai toan tam tron FGM ting véi cac mé hinh ludi khac nhau.
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Bang 3: Két qua chuyén vi theo phuong z tuong (ing véi titng muc Iuéi tai diém (0,25; 0,25; 0,0035)

Phuong phap

Bac2 - IGA

Bac3-IGA

Bac4 - IGA

Mat d6 luéi
3x3x1
5x5x1
7x7x1
9x9x1
12x12x1
18x18x1
3x3x1
5x5x1
7x7x1
9x9x1
12x12x1
3x3x1
5x5x1
7x7x1
9x9x1

12x12x1

Bac tu do

3060

6300

10692

16236

26712

55440

6048

11136

17760

25920

41040

10500

17820

27060

38220

58560

Uz (x10-5 m) Sai 6 (%)
-18,906 567,570
-29,008 336,510
-36,986 154,036
-40,209 80,308
-41,964 40,170
-43,020 16,022
-40,639 70,409
-41,774 44,511
-42,442 29,235
-42,850 19,910
-423,214 16,022
-41,503 50,701
-42,509 27,707
-43,003 16,411
-43,289 0,9857
-43,542 0,4036

Si102

2.0E-5

3.0E SE

4.0E-5 1

Chuyén vi theo phuong z (m)

5.0E-5 1

6.0E-5 1

X (m)

—B-1GA (Ti)

+—IGA (n= 0.5)

=——COMSOL (n = 1)
—2—IGA (n=5)

* IGAm=1)

1GA (ZrO2-1)

0.4 0.5

Hinh 9: D6 thi so sanh chuyén vi theo phuong z ctia tdm tron FGM tai n = 0; 0,5;1; 5; co.
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phi tinh toan.

LO1 CAM ON

Nghién ctiu dugc tai trg bdi Truong Pai hoc Bach
Khoa, PHQG-HCM trong khuén khé Dé tai ma s§
T-KHUD-2018-20

DANH MUC TU VIET TAT

IGA: Phan tich ddng hinh hoc - Isogeometric analysis
FGM: Vit liéu phan 16p chiic niang - Functionally
graded material

NURBS: Ham co s6 Spline ti 1é khong dong nhat -
Non-uniform rational basis spline

CAD: thiét ké v6i ho trg mdy tinh - Computer Aided
Design

FEA: phan tich phén t htiu han - Finite Element
Analysis

FEM: phuong phép phén ti hitu han - Finite Element
Method

CPT: Ly thuyét tdm c8 dién - Classical Plate Theory
CSDSG: phuong phap ham tron rd&i rac dya trén ¢ -
Cell-based Smoothed Discrete Shear Gap

CFFF: ngam 1 canh va 3 canh ty do

SCSC: ngam 2 canh va 2 canh tya don

SSSS: tya don trén 4 canh

CFCF: ngam 2 canh va 2 canh tu do

XUNG POT LOI iCH

Nhom téc gia xin cam doan ring khong c6 bat ky xung
dot loi ich nao trong cong bo bai bao.

PONG GOP CUA TAC GIA

Nguyén Manh Tién viét ban thio va phan tich két qua.
Nguyén Ba Dat x4y dung di liéu va chay két qué tinh
todn.

Nguyén Duy Khuong déng gép y tudng khoa hoc cho
bai bao.

Vit Cong Hoa kiém tra lai bai bao.
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Analyse the behavior of the functionally graded material plate
structures with piezoelectric patches by using isogeometric
analysis

Nguyen Manh Tien, Nguyen Ba Dat, Nguyen Duy Khuong”, Vu Cong Hoa

R =
M-+ ABSTRACT . . _ _

et G This article presents the use of isogeometric analysis (IGA) to analyse the behaviour of the func-
gl tionally graded material (FGM) plate structures with piezoelectric patches. This study investigates
Use your smartphone to scan this the effect of piezoelectric patches on the plate structure made of FGM material as a solid model.
QR code and download this article Because IGA is based on the NURBS (Non-uniform rational basis spline) approximation, this method
describes the exact geometry with the higher-order functions approach. The effectiveness of the
present method is to use the few degrees of freedom combining a high-order approximation func-
tion between elements to ensure the accuracy of the result, which reduces the computational time
and saves the required memory. In addition, NURBS geometry has also been shown to be a viable
approach due to the flexibility in mesh construction such as refinement and high-order continu-
ity that warranty correctly the results of the problem. Based on the advantages that IGA has been
proved by many previous studies, we built a three-dimensional model for plate structure consisting
of upper and lower layers with piezoelectric patches, middle layer with FGM material. The results
are verified and compared to the commercial Comsol software to prove the effectiveness of the
method for this problem.
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