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Nghién ctiu ting dung phan tich dang hinh hoc cho bai toan diéu
khién chi déng két cau tam vét liéu phan I6p chiic ndng véi tam
kich dién lam tu vat liéu ap dién
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TOM TAT

Bai b4do nghién clu nay 4p dung phan tich dang hinh hoc (Isogeometric analysis - IGA) dé mo
phong diéu khién chti déng cho két cdu dang tam lam tirvat liéu phan ép chie nang (Functionally
graded material - FGM) bang cac tam vat liéu ap dién (Piezoelectric). Viéc diéu khién nay gitip lam
gidm do vong clia tdm khi chiu tac dung cla tai tinh giup két cau cé kha nang chiu tai cao hon.
Phuong phép IGA dugc xay dung trén nén tdng ham NURBS (Non-uniform rational basis spline) cé
nhiéu uu diém nhu: mé ta hinh hoc chinh xac bang cach xap xi bang cach ham bac cao va dung
truc tiép ham dang nay cho cong doan tinh toan. Hon nia, hinh hoc NURBS ¢6 su linh hoat cta
ludi va su lién tuc bac cao gilia cac phan ti lam cho bai toan c6 két qua chinh xac cao. M6 hinh ba
chiéu cho két cau dang tdm gém Idp trén va Iép dudi dugc lam tir vat liéu dp dién, I6p gitia dugc
lam tir vat liéu phan I6p chiic ndng. Cac két qua dugc sé kiém chiing véi nhimg cong bé trudc do
dé chiing minh tinh hiéu qua ctia phuong phéap cho loai bai toan nay. Qua cac két qua thu dugc
cho théy réng, IGA st dung hiéu qua cho loai bai toan diéu khién chi dong bang cac tam &p dién
nham gidm chuyén vi clia tdm vat liéu phan I6p chic nang. Viéc hiéu qua thé hién khi dung sé
lugng bac tu do it nhung van dam bao duoc 16i giai cd két qua chinh xac khi so sanh vdi loi giai
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Tukhoa: Phan tich ddng hinh hoc, vat liéu phan I6p chic nang, phan t dp dién

GIGI THIEU

Phan tich dédng 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
td htiu han (Finite Element Analysis-FEA) dugc dé
xuét boi Hughes!. Phuong phap ding hinh hoc (IGA)
st dung ham co s& Non-Uniform Rational B-Splines
(NURBS) do d6 phuong phép nay c6 thé st dung truc
tiép di liéu tt CAD d€ mo ta chinh xac hinh hoc va
cho 16i gidi sdp xi. Ngoai céc lgi thé trén, Phan tich
déng hinh hoc (IGA) con c6 thé ting hay gidm bac
cta luéi rdt hiéu qua va kiém soat dugc do lién tuc
ctia phén t& mot cach linh hoat.

Vit liéu phén 16p chiic ndng (Functionally Graded
Materials - FGM) lan dau tién dugc tim ra bsi mot
nhém nha khoa hoc ngui Nhat Ban nam 19842, vat
liéu phén 16p chiic ning dugc két hgp ti kim loai va
sti nén co tinh cua vat liéu thay déi lién tuc gitia cac
16p va vu diém ctia FGM thé hién 6 tinh déo ctia kim
loai va tinh cach nhiét cdch dién cta st. Sy két hgp
vat liéu phan 16p chtic ning véi vat liéu ap dién sé tao
ra vat liéu thong minh c6 thé iing dung vao cac nganh
cong nghiép nhu: san xuit cdc cam bién cho 6 t0, cic
thiét bi giam x6c¢ cha dong...

Hién tai da c6 nhiéu nhom téc gia st dung cac phuong
phép s6 khac nhau dé€ nghién ctiu vé két cdu lam béng
vatliéu phan 16p chiic nang ¢ phan ti ap dién. Nhom
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 cd dién (Classical Plate Theory -
CPT) d€ phan tich diéu khién dao dong chu dong
cho mé hinh tdm vat liéu phén 16p chiic nang cé
phén t ap dién dong vai tro 14n lugt 16p kich dong
(Actuator) va 16p cam bién (Sensor)?, Nhém tac gid
K. Nguyen-Quang, H. Dang-Trung, V. Ho-Huu, H.
Luong-Van, T. Nguyen-Thoi da st phuong phap Cell-
based Smoothed Discrete Shear Gap Method - CS-
DSG d€ phan tich diéu khién cht dong cho tdm vét
liéu phan 16p chiic ning c6 tich hgp 16p cam bién va
kich dong*, Tic gia Alibeigloo di st dung phuong
phdp phén tt hitu han dé€ phan tich tinh cho mé hinh
tdm tron lam béng vat liéu phén 16p chic ning co
phén ti ap dién”.

Bai bao nay tap trung nghién ctiu ting dung phan tich
dang hinh hoc cho cdc bai toan diéu khién cht dong
ctia cac két cdu dang tdm dung vat liéu phén 16p chiic
ndng v6i tAm ap dién. Bai bao nay trinh bay nhu sau:
phén tiép theo mo ta chi tiét hon vé vat liéu phan 16p

Trich dan bai bao nay: Khuang N D, Tién N M, Hung N X, Hoa V C. Nghién cttu iing dung phan tich
dang hinh hoc cho bai toan diéu khién chi déng két cau tim vat liéu phan I6p chiic nang véi tam
kich dién lam tir vat liéu ap dién. Sci. Tech. Dev. J. - Eng. Tech.; 2(S12):S163-S173.
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chtic ndng va vét liéu 4p dién ciing nhu phuong phap
déng hinh hoc, két qua s6 thé hién & phin ké tiép va
cudi cung sé 1 phan két luin.

CO SO LY THUYET VA PHUONG
PHAP NGHIEN CUU

Phuong phap dang hinh hoc

Cac cong thic trong phin nay dugc tham khao tii tai

liéu®.
Knot vécto
Vécto knot 1a moét tip s6 thuc khong

gidm trong khdéng gian tham s6 dugc viét
knot = {51752,...§nﬂ,+1 }, trong d6 & € Rla
knot thiti,i= 1,2, ..., n+p+11a chi s6 cta vécto knot,
p 1a bac ctia B-Spline, n 1a s6 ham co s& stt dung dé
xay dung B-Spline. Ham co s& B-Spline lién tuc C*
trong khoang knot [&;, & 1) va lién tuc CP~! trong
knot riéng biét. Mot gid tri knot c6 thé xuét hién
nhiéu hon mot lan va s6 lan gid tri knot xuét hién
trong knot vector dugc goi la bdi ctia knot d6. Cu thé
tai mot knot c6 boi 1a k thi do lién tuc CP—F.

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(6) = { g)ifh%rvgvife< W W
Niv[’ (é) = éé 7_§é.Ni7p71 (g)
+MN- (&) @
Eiprt — G TP

Dudng cong B-Spline va NURBS
Puong cong B-Spline va NURBS béc p 14n lugt dugc
biéu dién nhu sau:

Cp(8) =X Nip(S)Bi (3)

Cn(§)=X! RV (§)B; (4)

Trong dé

N; plaham co's6 B-Spline véii=1, 2, ..., n.

B;la cic diém diéu khién.

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

Ni p(&)wi

Ry (€)=~
;Ni,p(g)wi ®)

Sle4

Khéi B-Spline va Khéi NURBS
Khéi B-Spline va NURBS 1an lugt dugc biéu dién nhu
sau:

SB (év n, C) =
?:1 Zmzl Z/l(:l Ni,p (f)Mj.q (n)Lk.r (C) Bi,j,k
SN 5777’ C) =
Y X L RO (&M, ) Biji

Trong d6
Nip(E)M; 4 (M) Ly, (§) 1a ham co s6 B-Spline.
B;, j i latoa do cac diém diéu khién m x n x 1.
R/{ 1a ham co s6 NURBS va R}"/}" dugc biéu dién
nhu sau:
R (&,1,0) =
Nip(E)M;jg (1) Lir (§) wijk
n o m I (8)

Y XY Y Nip(EIMjg () Licy (§)wijk

i=1j=1k=1

(6)

(7)

Vat liéu phan I16p chiic nang (FGM)

Vatliéu 16p chiic nang (FGM) la vat liéu composite co
vi ciu truc khong dong nhat ma thay ddi lién tuc vé co
tinh gitia cac 16p vét liéu. Vat liéu FGM dugc két hop
ti kim loai va st nén n6 c6 uu diém la két hop dugce ca
tinh déo ctia kim loai va tinh cich nhiét cich dién ctia
st. FGM dugc st dung trong cac nganh cong nhiép
hién dai nhu: hang khong vi try, cong nghé hat nhén,
truyén thong, niang lugng, co khi...

Ham thudc tinh vat liéu dugc biéu dién nhu sau:

P(z) = (Pn—Fe) x Vy (2) + P )
Trong d6: P, By, la thudc tinh vat liéu cta st va kim

loai 1an lugt ¢ mit dudi va mit trén. V6i Vy (z) 1a ham
vi tri theo bé day tdm.

(10)

Trong d6: z 1a chiéu sau phan 16p vét liéu; h 1a chiéu
day tdm; » 12 s6 md ca ham Vy (z).

Ma trdn dan hoi ctia tim FGM duya trén méi quan hé
giti ing suét va bién dang dugc biéu dién nhu sau:

Ci Syms
Cin C»
Ciz Gz Cs3
Cl= 11
(€] 0 0 0 Cu (11)
0 0 0 0 GCss
0 0 0 0 0 Cg
Trong do:
Ex(1—v)
C1=Cp=Cp=—n-_ "7
11 =Cn =0C33 (l+v)E(l—2xv)
XV
—C3=Cpp= — " 12
Co=Ci3=0Cxp T (1 —2x) (12)
E
Caq = Cs5 = Cep =

2(1+v)
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V6i E 1a m6-dun dan hoi ctia vat liéu va v 1a hé s6 Pois-
son cua vat liéu.

Vat liéu ap dién (Piezoelectric)

Vat liéu 4p dién la vat liéu c6 kha nang bién ddi tu
nang luogng co hoc sang nang lugng dién va ngugc
lai. Diéu nay dugc thé hién khi tdc dung luc 1én vat
liéu 4p dién sé sinh ra dong dién va ngugc lai khi tac
dong mot hiéu dién thélén vat liéu ap dién sé lam cho
vat liéu bi bién dang. Vat liéu 4p dién dugc ting dung
nhiéu trong cac linh viic nhu: co khi, y t€, cong nghiép
0 t0, cong nghé hang khong...

Phuong trinh mo ta chuyén dong ctia vat liéu ép dién
duoc biéu dién nhu sau:

Gij.j+ foi — Cstti =

Di,i =0

pi; (13)

Trong d6 Gijis Jris Cs, P, D;; lan lugt 1a thanh
phén cta tensor ting sudt, ngoai luc, hé s6 gidm chin
Rayleigh, khoi lugng riéng, nhiing thanh phéin cta
vécto tii thong. Phuong trinh lién tuc ctia vat liéu ap
dién duoc biéu dién nhu sau:

0ij = Cijri€r — eijkEx

(14)
Dk = el‘jk«gl‘j + Slijl

Trong d6 &5, Cijus eijk, elfj lan lugt thanh phan cta
tensor bién dang, hang s6 dan hdi, hing s6 tGng suit
ap dién, hé s6 dién mai.

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

1
&j = 5 (wij+uj) (15)
=—0;
biéu kién bién chuyén vi trén mién I', va T,
ui=u;jonl, (16)
Ojjnj = fyi on Fp
Diéu kién bién chuyén vi trén mién 'y va T,
6i=¢;only (17)

Din;j =—qonly

Trudng chuyén vi va trudng dién trong phan tich ding
hinh hoc dugc biéu dién nhu sau:
u=Y; | Riuj
¢ =Y Rioi
Trong d6 R; 1a ham dang NURBS.
Dang yéu ctia phuong trinh (13) dugc biéu dién trén
mién Q dugc trinh bay nhu sau

(18)

ffi)] fQ (Gij.j ~+ fpi — Cstt; — pu,) Su;dQdt =0

ti)l Jo (Dij) 8¢dQdt =0 (19)

Tu phuong trinh dang yéu theo cong thtic (19), hé
phuong trinh tuyén tinh dugc bién ddi nhu sau:

(My] {ii} + [Cs] {it} + [Kuu] {u} + [Kug | {9} = {Fin}
[Kou] {u} = [Koo | {0} = — {Fy} (20)

Trong truong hop bai toan tinh, hé phuong trinh
tuyén tinh (20) dugc rat gon thanh

[ uu}{u}+[ u¢]{¢} {F}
[Kou] {u} = [Kgg ] {0} = — {Fy}

Trong d6, cdc ma tran d¢ cling 1a

1)

J,BJ" [Cl[B]aV
[ =/ BM}T[e] [By]dV
[Kou] = fv Bo]" [e][Bu)dV
[Kgo) =/, [Bo]" [€]° [By]av

Véc-to tai dugc biéu dién nhu sau

(K] =

{Fu} = Jy IN" {fp}aV + J, IN]" {fs}dT
{F,} = Jr. IN]" {g}dr

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

[N] = [[M1] [V2] ..
[Bu} = H ul] [Buz]

(23)

[Ni]]

[Bui” (24)

[Bs] = [[Bo1] [Bg2] - [Byil]
Véi
N, 0 O
[]Vl] - 0 Ni 0 )
0o 0 N
IN; IN; N T
KON 0 B a(z)v o
[B"‘i] = 0 sz! 0 ax; 8)(; 0 ’
0o 0 M o N 9N
3x3 (;Xg 3)(3
JdN;
o a(z)v 0
[BW} =10 szl 01,
0 BN,‘
8)(3

trong d6 ila 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 (205 0
e e e 0 O 0
3ls 32 33 (25)
g 0 0
©=]0 & o
0 0 e,
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KET QUA sO

Trong phan nay ching t6i tién hanh khao sat mé hinh
tdm chinh lam bang vat liéu phan 16p chic ning két
hgp véi hai tdim déan ap dién & hai phia ctia tdm chinh.
Gia dinh cac tdm nay dugc lién két v6i nhau la ly
tudng bang cich rang budc bac tu do chuyén vi véi
gid tri bdng nhau tai vi tri lién két. Trong bai béo
nay, 16p vét liéu ap dién sé dugc phén tich cdp doi ctia
trudng chuyén vi va trudng dién, con déi véi 16p vat
liéu phén 16p chiic ning chi phan tich trudng chuyén
vi ma khong ké dén sy anh hudng cta trudng dién
thé. Cac bai toan dugc phén tich sy anh hudng ctia
dién thé1én chuyén vi ctia tdim c6 dén cic tdm 4p dién
bao gébm: TAm vudng dudi tdc dong cta ap luc phan
bd déu khi chua 4p dién (0V); TAm vuodng dudi tac
dong cta dp luc phan b déu khi ap dién véi dién dp
20V va 40V; Tam vudng dudi tac dong cta dién ap
thay ddi tit 0 dén 60V ma khong chiu téc dung cta
tai trong phan bd. Tuong ty nhu phuong phap phin
t hitu han, phuong phép ding hinh hoc ctng ép dit
diéu kién bién Dirichlet trén u, v, w va ¢ lan lugt la
chuyén vi theo x, chuyén vi theo y, chuyén vi theo z va
dién thé. Diéu kién bién thuong dugc st dung trong
bai bdo nay la ngam va tya don:

Piéu kién bién ngam (C-Clamp)

u=v=w=20 (26)
biéu kién bién tya don (S-Simply)
v=w=0atx=0,a 27)

u=w=0ary=0,a

Mo hinh bai todn tdm vuéng FGM c¢6 phan tii ap dién
400x400 mm cdu tao 16p trén, 16p dudi lam tu vét liéu
ap dién PZT-G1995N va I6p gitia lam ti vat liéu phan
16p chiic ning (FGM) Ti-6A1-4V/Al,O3. Bé day 16p
gitia 13 5mm, 16p trén va 16p duéi la 0,1 mm. FGM
c6 quy luét phén bé vat liéu theo phuong bé day z véi
s6 ma n 14an lugt 0 (Ti-6Al-4V); 0,2; 0,5; 1; 5; 15; o
(Al,03) va thong s6 vatliéu* dugc biéu dién & Bang 1.
Diéu kién bién bai toan: CFFF va chiju tdi phin b déu
100 N/m?. M6 hinh hinh hoc va diéu kién bién dugc
thé hién ¢ Hinh 1.

Tuy nhién, khac vé6i cdch phan tich bai toan 4 dya trén
ly thuyét tdim FSDT két hgp phuong phap CSDSG,
trong bai bao nay chung tdi thuc hién phén tich bai
toan dang ba chiéu véi cac thong s6 vét liéu tii Bang 1

dugc mo ta cy thé thong qua cdc ma tran vét liéu [C],

Sl66

Piezoelectric

FGM

Piezoelectric

o

Hinh 1: M6 hinh hinh hoc va diéu kién bién bai toan

Bang 1: Théng S Vat Liéu Bai Toan

Thong s6 Ti-6AL- AL, O3 PZT-

Vit liéu 4V G1995N
E(Gpa) 105,7 320,24 63

v 0,2981 0,26 0,3
G(Gpa) - - 24,2

ds1 (m/V) - - 254x10~ 12
dsp(m/V) - - 254x10~ 12
Py (F/m) - - 15,3x10~°
Py (F/m) = = 15,3x107?
P33(F/m) - - 15x107Y

le], [&‘S} tl biéu thiic (11) va (25) nhu sau:

[C] =
13,57 syms
36,35 13,57
36,35 36,35 13,57
0 0 0 24,2
0 0 0 0 24,2
0 0 0 0 0 242

0 0 0 0 0 254
J=|0 0 0 0 254 0
254 254 254 0 0 0
0
0

153 0
[83]: 0 15,3
o 0 15

x 1072 (F /m)

Dé chon dugc miic ludi phit hgp cho bai todn, ching
toi tién hanh khao sét gia tri chuyén vi theo phuong z
tai difm cotoa do x=0,4m, y=0,2mvaz=0,0026 m
& cac muc lugi nhu nhau va c6 bac luéi lan lugt 1a bac
2, bac 3 va bic 4 tai n = 0. Hinh 2 md ta téc d6 hoi tu
cta ludi IGA béc 2, bic 3, bac 4 so v6i két qua chuyén
vi theo phuong z ctia bai bao?. Bang 2 mé ta két qua
ctia chuyén vi theo phuong z (U;) va sai s6 (%) tai vi
tri khao sat ting v6i nhiéu mo hinh luéi khéc nhau so
v6i gid tri U, = -2,560x10~* m dugc tham khao trong
tai liéu®. TU Hinh 2 cho ta thiy ring, lusi bic 4 c6

x 10° (Pa)

x 10712 (m/V)
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toc do hoi tu tot nhat vi véi mot s6 lugng bac tu do
nhu nhau nhung van cho dugc két qua gan nghiém
tham khéo hon réat nhiéu so véi lugi bac 2 va 3. Véi
s6 lugng béc tu do va béc xdp xi phi hgp, khdi lugng
tinh todn ctia bai todn sé gidm di dang ké. Day 1a uu
diém ctia IGA mang lai, viia linh dong trong viéc diing
bac x4p xi, viia linh dong trong viéc kiém soat do min
ctia lugi nham thu dugc 16i giai x4p xi tét. Vi thé, &
nhiing phén tich sau, m6 hinh IGA béc 4 véi muic ludi
12x12x2 sé dugc stt dung d€ ddm béo dugc 161 gidi xap
xi chinh xdc v6i muc luéi phu hgp.

Két qué phan bd chuyén vi theo phuong z tng véi n
= 0,5 khi st phan tich ding hinh hoc dugc biéu dién
trong Hinh 3. Hinh 4 la két qua so sanh véi 16i giai
tham khao tit bai bao* ting v6i cic s6 mii n khac nhau
ctia ham phan b6 vét liéu FGM lan lugtla 0 (Ti-6Al-
4V); 0,2; 0,5; 1; 5; 15; o0 (Al O3). Qua két quéa Hinh 4
cho ta thdy ring, két qua thu dugc tli phan tich ding
hinh hoc cho két qua chinh xac khi so sanh véi két
qué tham khéo tif bai bao*. O két qua nay, dién thé
chua dugc ap dit 1én phan ti 4p dién. Vi thé, & phan
tiép theo ctia bai todn, dién thé sé dugc ap dit 1én cc
tdm 4p dién nhdm khao sét dnh hudng ctia phén tt ap
dién 1én bién dang ctia két cdu.

Tiép theo két qua trén, chung toi tién hanh khao sat
trudng hop cac 16p vat liéu ap dién dugc xem nhu co
cu chdp hanh (actuator) bing cdch ap dién 1én tdm 4p
dién. M6 hinh hinh hoc ctia bai toan dugc st dung lai
véi quy luat phin bé ham ma n = 0; 0,5; 5;00. Tdm van
chiu tai trong phan b6 déu 100 N/ m? va 16p trén dugc
ap dién phan cuc thuén, 16p dudi dugc ap dién phan
cuc ngugc trong hai truong hop dién ap khac nhau la
20V va 40V dé khao sat anh hudng cta dién dp dén
d¢ vong ctia tim. Tam 4p dién trén dugc ap dién thé
phén cyc thuin bang cach dit tryc tiép 1én béc tu do
dién thé tai cic diém diéu khién & mit tiép xuc véi
16p gitta la OV va mdt trén ngoai cling 1a 20V va 40V.
Nguoc lai, tdim ap dién dudi dugc ap dién thé phan cuc
ngugc bing cach dit truc tiép 1én bac ty do dién thé
tai cdc diém diéu khién & mit tiép xtc véi l6p gitia la
0V va mdt trén ngoai cung 1a 20V va 40V. Hinh 5 m6
ta chuyén vi theo phuong z v6i nhiéu quy luit phan
bd vat liéu khac nhau tuén theo quy luit ham liy thiia
lan lugt 1a n = 0; 0,5; 5; ting véi cac trudng hgp clia
dién thé dugc 4p vao 1a 0V, 20V va 40V. Bang 3 mo
ta két qua ctia chuyén vi theo phuong z tai diém (0,4;
0,2; 0,0026) cing vdi sai s6 gita phan tich déng hinh
hoc (IGA) so véi két qua tii tai liéu®. Két qua Hinh 5
cho thdy rang, tdim FGM ting véi cac quy ludt phan b
vat liéu khac nhau véi cic tdim dan dp dién dugc ép
dat dién ap cang cao thi chuyén vi ctia tdm cang giam
dang ké. Diéu nay ching to tdim dang ap dién c6 thé
lam gidm chuyén vi ctia két cdu dang tdm. K&t qua nay

htta hen cho viéc ting dung ctia cac tdm ap dién trong
cac linh vuc cong nghiép nhim han ché d6 vong caa
cac két cau.

Bang 3: K&t qua chuyén vi theo phuong z (ingvéi dién
ap Ov, 20v tai diém (0,4; 0,2; 0,0026) (dv: 1x10~* m)

S6 mii n ov 20V

n=0 -2,54604 -1,33464

-2,4974 [IGA] -1,3163 [IGA]

Sai s6 (%) 1,9088 1,3923

n=0,5 -1,61994 -0,84404

-1,5977 [IGA] -0,8328 [IGA]

Sai 6 (%) 1,3716 1,3495

n=>5 -1,12664 -0,58204

-1,1133 [IGA] -0,5745 [IGA]

Sai s6 (%) 1,1843 1,2990

-0,89474 -0,46094

71 =00

-0,8870 [IGA] -0,4552 [IGA]

Sai s6 (%) 0,8566 1,2461

Sau cting, ching tdi tién hanh khao sat d6 vong theo
phuong z tai diém (0,4; 0,2; 0,0026) ting vé6i diéu kién
bién CFFF va diém (0,2; 0,2; 0,0026) ing véi diéu kién
SCSC trong cac trudng hop dién dp thay d6i tii 0 dén
60V dugc ap datlén cac tdm dp dién ma khong ké dén
anh hudng ctia luc phan b6 1én két cdu. Cac két qua
d6 vong dugc trinh bay 6 Hinh 6 ting véi hai loai diéu
kién bién khac nhau 1a CFFF va SCSC véi quy luét
phan bo vat liéu n = 2. Két qua nay ciing dugc tién
hanh so sanh va cho ra két qua tét so véi két qua tham
khao tii bai bao*. Hinh 7 1a két qua phin bs d6 vong
theo phuong z tng véi céc loai diéu kién bién nhu
CFFF va SCSC véi dién dp 60V dugc dat 1én cac tdim
ap dién ting v6i quy luat phan bo vét liéu n = 2. Két
qué do vong theo phuong z ting v6i nhiéu gia tri n =
0; 0,5; 5;00 ctia diém (0,4 0,2; 0,0026) dugc biéu dién
& Hinh 8 a va diém (0,2; 0,2; 0,0026) dugc biéu dién &
Hinh 8 b. Qua cdc két qué & Hinh 8 a va Hinh 8 b chi
ra ring, d¢ vong cta tdim phu cé quan hé tuyén tinh
v6i dién dp dugc ap dit vao cac tdm ap dién phu hop
v6i cac két luan tir bai béo*.

KET LUAN

Phan tich ding hinh hoc dya vao ham co s NURBS
1a cong cu tinh todn hiéu qua cho viéc phan tich tinh
cho mo6 hinh vat liéu phan 16p chiic nang (FGM) c6
phén tl 4p dién. Qua nhiing két qua dugc trinh bay
& phén trudc, nhém tdc gia nhén thdy rang IGA 1a
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Bang 2: Két qua chuyén vi theo phuong z tuong (rng véi titng muc luéi tai diém (0,4; 0,2; 0,0026)

Phuong phap Mat do ludi Bac tu do U, Sai s6 (%)
(x10~* m)
Bac2 - IGA 3x3x2 1200 -1,8463 27,5
5x5x2 2352 -2,1500 15,6
7X7x2 3888 -2,3469 7,8
9x9x2 5808 -2,4223 4,9
12x12x2 9408 -2,4516 3,7
18x18x2 14400 -2,4810 2,6
25x25x2 22500 -2,4928 2,1
Bac3 - IGA 3x3x2 2160 -2,4100 53
5x5x2 3840 -2,4400 4,2
7X7x2 6000 -2,4611 33
9x9x2 8640 -2,4741 2,8
12x12x2 13500 -2,4920 2,1
Bac4 - IGA 3x3x2 3528 -2,4208 4,9
5x5x2 5832 -2,4711 2,9
7X7x2 8712 -2,5057 1,6
9x9x2 12168 -2,5253 0,8
12x12x2 15360 -2,4974 1,9
-1.8E-4 + t + + + t + t + + + + + + + + + t + + + {
= = CSDSG [4]
-1.9E-4 4 —a—1GA (p=2)
—&—1IGA (p=3)
-2.0E-4 1
—o—IGA (p=4)
B
— -2.1E-4 A
L]
o0
S
= -2.2E-4 4
=
-9
e
2 2.3E-4 -
o
& -2.4E-4 -
:.
=
~ 25E4 =
-2.6E-4

1000 3000 5000 7000 9000 11000 13000 15000 17000 19000 21000 23000
Bic tu do

Hinh 2: T6c d6 hoi tu chuyén vi theo phuang z ctia bai toan (ing véi cdc mé hinh ludi khac nhau.
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-0.000160 -0.000144 -0.000128 -0.000112 -9.59¢-005 -7. 99e 0035 -6.39e-005 -4.79-005 -3.19¢-005 -1.60e-005 7.46e-009

2.50E-5

~-7-50E-5

Chuyén v

theo phuong z (m

1.25E-4

-1.75E-4

-2.25E-4

-2.75E-4

Hinh 3: K&t qua chuyén vj theo phuong z tain=0,5

o

O CSDSG [4] ( Ti-6AL-4V) g S _
—IGA (Ti-6AL-4V) 3
© CSDSG [4] (n=0.2) N
—IGA (n=02) s
CSDSG [4] (n = 0.5) .
IGA (n=0.5)
% CSDSG [4] (n = 1) S S )
—IGAMm=1)
X CSDSG [4] (n = 5) i
—IGA(m=5)
O CSDSG [4] (n = 15) )
—IGA (n=15)
i CSDSG [4] (A1203) ul
—IGA (A203)
0.05 0.1 0.15 0.2 0.25 03 0.35 04
x (m)

Hinh 4: D6 thi so sanh chuyén vi theo phuong z tai n = 0; 0,2, 0,5; 1,5; 15; o
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O CSDSG [4] (Ti-6AI4Y, V =0)

IGA (Ti-6AF4Y, V =0)

© CSDSG [4] (Ti-6AL-4Y, V =20)

—IG. V=20

CSDSG [4] (THGAI4Y, V = 40)

750E-5

0 CSDSG [4] (n = 0.5,V =0)

CSDSG [4] (n= 0.5,V =40)

IGA (Ti-6AH4V, V = 40) o IGA (n =05,V =40)
E-4
0 0.05 0.1 015 0.2 025 03 033 04 E-4 . o0 o1 o 3 o 93 b3z 5
x (m) h ' o ’ o )
@ ®
2.50E-5 SOE-
— A e +
2.50E-5 250k \\\Q\\\H
~L
~ -T.50E-5 750k \
g s S
= -
g )
£ -125E-4 g
E g
& O CSDSG [4] (0 =5,V =0) - O CSDSG [4] (A1203, V = 0)
g
2 o
£ —IGA (n=5,V=0) 3 —1IG. =
£ s 2 e IGA (A203,V =0)
£ © CSDSG [4] (n=5,V=20) > © CSDSG [4] (A1203, V = 20)
= g — 2 r =2
B 2 IGA (AR03, V =20)
© -2.25E-4 5 22564 CSDSG [4] (A1203, V = 40)
3 IGA (ARO3, V = 40)
TSE-4 -2.75E-4

0.15 02 025
x(m)

0.3 0.35 04

0 0.05 0.1 0.15 02 025

x (m)

o

Hinh 5: K&t qua chuyén vi theo phuang z tuong (ing vdi (a) n = 0 (vat liéu hoan toan 1a Ti-6Al-4V); (b) n=0,5; (<) n

= 5; (d) n == (vat liéu hoan toan la Al,03)

phuong phép hiéu qua dung dé x4p xi bai todn c6 tdm
ap dién. Do IGA dung hinh hoc NURBS lam ham co
s& nén sy lién tuc gitia cac phén ti la bac cao gitup
bai todn ¢ nghiém xdp xi t6t véi muc ludi phu hgp.
Diéu nay gidp tiét kiém tai nguyén tinh toan va tang
do chinh xdc cta 16i gidi khi so v6i nhiing phuong
phép s6 truyén théng khac. Qua phén tich tinh cho
mod hinh vét liéu phan 16p chiic nidng c6é phén ti ap
dién sé tao tién dé dé giai quyét bai toan diéu khién
cht dong cho cic két cdu lam tu vét liéu phan 16p
chtic ning c6 tich hgp phén tu ép dién bang cdch dinh
nghia cac 16p vat liéu ap dién 14n lugt la actuator va

sensor.

LO1 CAM ON

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

DANH MUC TU VIET TAT

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

Si170

NURBS: Ham co s& Spline ti 1é khong dong nhait -
Non-uniform rational basis spline
CAD: thiét ké v6i ho trg may tinh - Computer Aided

Design
FEA: phén tich phdn t& hiiu han - Finite Element
Analysis

FEM: phuong phap phén t hiiu han - Finite Element
Method

CPT: Ly thuyét tdim c§ dién - Classical Plate Theory
CSDSG: phuong phép ham tron rdi rac dua trén 6 -
Cell-based Smoothed Discrete Shear Gap

FSDT: ly thuyét cat bac nhat - First-Order Shear De-
formation Theory

CFFF: ngam 1 canh va 3 canh tu do

SCSC: ngam 2 canh va 2 canh tua don

XUNG POT LOI iCH

Nhoém tac gia xin cam doan rang khong c6 bat ky xung
dot loi ich nao trong cong bé bai bao.

DONG GOP CUA TACGIA

Nguyén Duy Khuong xay dung dit liéu va chay két qua
tinh toan.
Nguyén Manh Tién viét ban thao va phén tich két qua.
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0.00E+0

_5.00E-5
E
b3
=11
:
Z -1.00E-4
=5
=]
=
= 0 CSDSG [4] (CFFF)
=
= ——IGA (CFFF)
E -1.50E-4 1 A CSDSG [4] (SCSC)
o —IGA (SCSC)
2.00E-4 4
0 10 20 30 40 50 60
Dién thé (V)
Hinh 6: D6 thi chuyén vi theo phuong z tain=2
-0.00022] -0.000199 -0.000177 -0.000155 -0.000]32 -0. %ﬂﬂ _8.836-005 -6.62¢-005 4.416-005 -2.21¢-005 1.99¢-009 -6.78e-006 -6.10e-006 -5.436-006 -4.756-006 -4,07¢-006 J,xygzaaa -2.71e-006 -2.03e-006 -1.36e-006 -6.78¢-007 1.10e-010
@ : ®

Hinh 7: K&t qua chuyén vi theo phuong z clia (a) CFFF va (b) SCSC ting vdi dién ap 60V van=2.

SI71



Tap chi Phdt trién Khoa hoc va Céng nghé - Ki thudt va Céng nghé, 2(512):5163-S173

0.0E+0

-5.0E-5

-LOE-4 ~

wong z (m)

-2.0E-4

= -5 CFFF (Ti-6AL4V)
3 ~&-CFFF (n =0.5)
,E CFFF (n =§)
~ 35E4
=&~ CFFF (AL203)
-4.0E-4
0 10 20 30 40 50 60
Dién thé (V)
(@)

Chuyén vj theo phwong z (m)

0.0E+0
2.0E-6
sy i
e
-4.0E-6 s
S _
~.
6.0E-6 o
S
n\;
-8.0E-6 \n‘,,
-8-SCSC (Ti-6AL-4V)
-LOE-5 -6-SCSC (n=0.5)
SCSC (n=5)
12E-§ —&-SCSC (AL203)
-14E-5
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Dién the (V)

)

Hinh 8: K&t qua chuyén vi theo phuong z clia tdm chiu diéu kién bién (a) CFFF tai diém (0,4; 0,2; 0,0026) (m); (b)

SCSC tai diém (0,2; 0,2; 0,0026) (m)

Nguyén Xuin Hung d6ng gép y tudng khoa hoc cho
bai bao.
Vit Cong Hoa kiém tra lai bai bao.
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An application of isogeometric analysis for active control the solid
functionally graded material plates with actuator patches using
piezoelectric material

Nguyen Duy Khuong'"*, Nguyen Manh Tien', Nguyen Xuan Hung?, Vu Cong Hoa'

Bl

e ABSTRACT

peb This paper applies isogeometric analysis (IGA) to simulate active control of the functionally graded

EAER material (FGM) plates by using piezoelectric material patches. This control helps to reduce the de-
Use your smartphone to scan this flection of the plate under the effect of static load, which makes the structure more resistant to load-
QR code and download this article ing. IGA is built on the non-uniform rational basis spline (NURBS) basic function with many advan-

tages such as: describing geometry exactly by approximating by higher order function and directly
using this function to approach procedure. Furthermore, NURBS geometry has mesh flexibility
and high continuity between elements, making the problem highly accurate. Three-dimensional
model for plate-like structure consists of upper and lower layers made of piezoelectric materials,
the middle layer is FGM. The obtained results will be verified with the published results to prove
the efficiency of the proposed method for this problem. Through the obtained results, it is shown
that IGA is used effectively for the active control problem by piezoelectric patches to reduce the dis-
placement of FGM plates. The efficiency shown when using a small number of degrees of freedom
but still ensuring the solution has accurate results when compared with the reference solution.
Key words: Isogeometric analysis, functionally graded material, piezoelectric
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	Kết Luận
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