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TOM TAT

Trong bai bao nay, phwong phap phan tie hitu han dwoc tlch hop voi ly thuyen bién
dang cat béc cao logi C° a”e phan tich 6n dinh co va nhiét ciia tam vit liéu bién doi chirc
néng (tam FGM). Trong tam FGM, thudc tinh vit liéu dwoc gia dinh phan bé khdc nhau
doc theo chiéu day boi mét ludt phdan phoi don gian cdc thanh phan thé tich. On dinh
ciia tam FGM chiu tac dong cua tai co va nhiét sé duoc phdn tich 6 chi tiét. Do chinh
X4c va tin cdy ctia phwong phap hién tai duoc kiém ching bang cach so sanh véi két qua
ctia nhitng 101 giai khac dd cong bd trude day.

Tir khoa: Tam FGM, 1y thuyét bién dang cit bac cao (HSDT), phén tich 6n dinh.

ABSTRACT

In this paper, the finite element method is intergated with the C’-type higher-order
shear deformation theory (HSDT) for mechanical and thermal buckling analyses of
functionally graded material plates (FGM). In the FGM, the material properties are
assumed to vary through the thickness by a simple power rule of the volume fractions of
the constituents. The buckling behavior of FGM plates under mechanical and thermal
loads is numerically analyzed in detail. The accuracy and reliability of the present
method is verified by comparing with those of other published solutions in the literature.
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TONG QUAN

Nam 1984, mdt nhom nha khoa hoc
Nhat Ban [1] da tim ra mot mo hinh vat
liéu mdi voi nhitng thudc tinh vuot trdi so
voi cac vat liéu trude day va duoc goi la
vat liéu bién d6i chirc ning (functionally
graded material - FGM). Mat trén FGM
thuong duoce lam tir gdbm va mat dudi 1a
kim loai. Gém cach nhiét rat tot va chiu
dugc nhiét do cao, trong khi dé kim loai

chiu dugc tac dong co hoc kha tt. Vi vay
FGM c6 thé lam viéc trong moi truong
nhiét d6 cao va rat phu hop cho cac céu
tric trong hang khong vii try, nha may dién
hat nhan hay cong nghiép ban dan, v.v.
Véi nhitng thudc tinh vu viét cua
FGM trong nhiéu Gng dung thyc tién,
FGM d3 duoc cic nha khoa hoc trén thé
gidi quan tim va nghién ctru bing nhiéu
phuong phap khac nhau. Huang va Shen

1 Truong Pai hoc Khoa hoc tw nhién, Dai hoc Quéc gia Tp. HCM.
2 Truong Pai hoc Khoa hoc tw nhién, Dai hoc Qudc gia Tp. HCM.

3 Truong Dai hoc Mo Tp. HCM.
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[2] da nghién ctu dap ung dao dong phi
tuyén cua tim FGM trong moi truong
nhi¢t. Yang va Shen [3] da phan tich dao
dong tu do tim FGM trong méi truong
nhiét. Najafizadeh [4] d4 phan tich 6n dinh
tam tron FGM dua trén 1y thuyét bién dang
cit bac cao. Vel va Batra [5] da sir dung 10i
giai 3D dé phan tich dap ng lyc cua tim
FGM bang nhiéu 1y thuyét tim khac nhau.
Matsunaga [6,7] da sir dung 1y thuyét bac
cao va mo hinh 2D dé phan tich dao dong
tw do va 6n dinh cta tim FGM. Thém
vao d6, mot sd phuong phap phéan tir hitu
han [8-26] hoac phuong phap khong ludi
(meshfree methods) [27-29] cling da dugc
nghién ctru dé giai cho tm va tim FGM.

Tuy nhién phan 16n cac nghién ciru
trén déu str dung 1y thuyét bién dang cit
béac cao lién tuc C' (xdp xi phan tir hiru
han bac cao). Bén canh do, hau hét cac
ly thuyét tim déu bat budc phan tir lién
tuc C' vi phuong trinh vi phan cua tim 1a
phuong trinh vi phan bac bon. Vi vay, viéc
chia lui va x4p xi truong chuyén vi s& kha
phuec tap, doi hdi chi phi tinh toan kha cao.
Dé khic phuc van dé trén, 1y thuyét bién
dang cit bac cao loai C’ (C°-HSDT) [30,
28] dd duoc dé xuit. Tuy nhién, phan tir
tam giac tuyén tinh két hop C°-HSDT cho
phan tich on dinh co nhiét ctia tim FGM
van con han ché.

Trong bai bao nay, chung toi da ap
dung phuong phap trén (phan tur tam giac
ba nit két hop Iy thuyét bién dang cat bac
cao loai C) dé phan tich 16p bai toan vé 6n

dinh co nhiét cia tim FGM. Anh huong
clia tai co va tai nhiét dén d6 6n dinh cua
tam FGM s& duoc khao sat sb chi tiét va so
sanh v6i két qua cua cac phuong phap khéc
da duoc cong b trude day dé danh gia do
chinh xac va tin cdy cua phuong phap. Cac
thudc tinh vat liéu doc theo chiéu day tam
s& phu thudc vao ludt phan phdi ti 18 thé
tich ciia céc thanh phan ciu tao nén tim FGM.
2. PHUONG TRINH DANG YEU
VA CONG THUC PHAN TU HUU HAN
2.1. Vit liéu FGM

Vat ligu FGM thuong duogc hinh
thanh tur hai hay nhiéu loai vat liéu khéc
nhau va duoc phan bd doc theo chiéu day
clia tim theo mot ti 1& nhat dinh nhu thé
hién trong Hinh la. Thudc tinh vat li¢u
FGM s& phu thudc vao ti 1¢ phan phdi gitta
céc vat licu va dugc cho boi cong thurc sau [31]

2)" (n20)

)
trong d6 m va c 1a ky hi€éu cho kim loai
(metal) va gom (ceramic); Pla thugc tinh
vét liéu bao gom mé dun dan héi Young
E, khéi lugng riéng p, hé s6 Poisson v, hé
s6 din nhiét £ va hé s6 gidn né nhiét o;
P_va P _la ky hi¢u thudc tinh cia gom
va kim loal, Viatilg thé tich ciia gom,
la toa d¢ doc theo chiéu day ciia tAm va
nam trong khoang tir -#/2 dén #/2; n 13 hé
s0 ti 18 thé tich. Hé s6 ti 1& thé tich phan
b6 doc theo chiéu day duoc thé hién trong
Hinh 1b.

P(z)=(P-P)V.+P, ; V,=(4+
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Khi n =0, tam s€ hoan toan lam bang
gom va khi n — oo, tam s€ hoan toan la vat
liéu kim loai.

ctiia tim doi hoi phai xép, xi, phan tir bac
cao (lién tyc C"). Nhu the rat kho khi ap
dung phan tir hiru han thong ‘thuong dé

Xap xi trudng chuyén vi clia tim vi phan
tor hitu han thong thuong chi lién tuc C°.
Pé khic phuc kho khan nay gido su Reddy
[30,31] d& xay duyng md hinh lién tuc C°
cho phan tir tam va truong chuyén vi cla
tam s& duoc dinh nghia theo cong thic sau

473 47° 47° 47°
u= u0+(z——]ﬂ -—d.; v=v0+(z——2J,By——2¢y; w=w, (2)

2.2. Phuong trinh dang yeu va cong
thire phan tir hitu han cho tim FGM

Trong 1y thuyét tim, phuong trinh vi
phén cua tam la phuong trinh vi phan bac
bon. Do vay dé xap xi truong chuyén vi

3’ 3 3t 3t
trong d6 ¢ 1a chiéu day tdm, u, ={u, v,}' va w, la chuyén vi mang va d6 vong tai mat

3 \ \ T 4\ r \
phang trung hoa; va B = { B. ﬂy} la gbc xoay xung quanh truc y va x.

Trong phuong trinh (2) gido su Reddy da cong thém hai bién goc xoay ¢ = {¢x ¢y}T
dé chuyén vector chuyén vi ¢ 5 bac tu do tai nit cho phan tir lién tuc C' thanh vector
chuyén vi ¢6 7 bac tw do mdi nat cho phan tir lién tuc C° phu hop véi 1y thuyét phan tir
B. B, ¢ 8T

Bién dang trong mit phang cho tim Mindlin cho bai cong thire sau

htru han u=[u, v, w,

3)

T 3a
e, &, yxy] =g, +zK, +z7€,

trong d6 bién dang mang duogc tinh boi

4)

va bién dang uén dugc tinh theo cong thirc sau

)

=%{VB+(VB)T}; K =%{(V¢+(V¢)T)+(VB+(VB)T)} voi z:_tiz

va bién dang cat duge tinh boi
(6)

v6i V=[0/dx 8/ov]

Quan hé Uing suét va bién dang tir dinh luat Hook

la toan tir dao ham.
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voi E(z) 1a m6 dun dan hoi Young; v(z) 1a h¢ s6 Poisson phu thudc luat phan phéi
cho boi phuong trinh (1).

Phuong trinh dang yéu cho phan tich 6n dinh tim FGM duoc cho bai
FTDe,dQ+ [ &' DydQ+ [ VoW, VwdQ [ [V7u, V76w, ] 6o 0 Vi ey
[ iwe,00e vy, vio, voaa o [vian, vion B 2%
. . 8)
ts T T 0, V:B T T 0, 0 V¢ (
+EL>[V 5B, V §,By]{0 }{Vﬁ dQ+ j[v 5p, V', | ; v, dQ=0
voi g, a co dang
A A T ~ A~ T
g,={g, & @&,} ,a={g &} 9)
va ma tran hang s6 vat liéu D va D} dugc cho boi
=[ABE;B D F;E F H], D;=[A’ B; B’ D’] (10)
trong do

(A B.,.D..E. F H) J.hf (1,2,22,23,24,26)dez i,j=12,6

[/t R Ry R

o _ (11)
(A;.B;D))=[" (L7.2')0,dz i,j=45
va
GO TO
6 — X Xy
0 L?y 53:| (12)
Dudi tac dong cua tai co, cac Gng suat co dang
0 N} N,
e (13)
Yot t Yot
Dudi tac dong cua tai nhiét thi
0 _ a0 _ ["? E(z) . o _
N'=N’= Im L5 F@ATE 5 N, =0 (14)

trong d6, k(z) 14 hé s6 dan nhiét cta tam.

Trong phuong Rhap phan tir hiru han, mién bai toan Q s& duoc rdi rac thanh N,
phan tir sao cho Q= UQ VA QNQ; D, i# . Truong chuyén vi cho tam FGM dugc
chobdi v’ =[u, v, W, A B, ¢. 4,1 va duoc xap xi theo cong thirc sau

Nn
uh:Zdiag(]vialvia]vi,zvi,]viazviaN[)di:Nd (15)

v6i N, 1a tong s6 mit trong mién bai toan dwoge réi rac; N, 1a ham dang tuyén
di = [ui Vi W /Bxi ﬁyi ¢xi ¢yi]T

tinh cia phan tir tam giac ba nut tai nut thw ;;
vector chuyén vi tai nat /™.
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Thé phuong trinh (15) vao (3), (6), bién dang trong cong thirc (9) c6 thé dyoc viét
lai nhy sau

a=[a, i = > B4, (16)

vGi B; 1a ma trin bién dang chuyén vi dugc cho boi

B =|(B) (80)' (1) (BY) (B1)') an

trong do
N, 0 00000 000N, 0 0
B'=| 0 N, 0000O,B'=[000 0 N,
N, N, 0000 000N, N, O
Bo — 00 N, N 0 00O B 000N O N 0 (18)
f‘oozv,.,yozvl.oo’_oooozvozv,.
000N, O N, 0
B>={0 00 0 N, 0 N,
i 3 Ly Ly
0 0 0 Nl By Ni,x Ni,y Ni,x

VOl N,, va N, la cac dao ham cua ham dang theo hudng x va y.

Phuong trinh roi rac cho phéan tich 6n dinh cua tim FGM c6 dang

(K-2,K,)d=0 (19)

trong d6 A, 1a tai t6i han co hodc nhiét ciia tim va K . lama tran dg cirng hinh hoc
dwgc tinh béi

K, =[ BmB,dQ (20)
vo1 m dugc cho boi
(6, 0 0 0 0 0 0 |
6, 0 0 0 0 0
6, 0 0 0 0
m = £é6, 0 0 0 1)
£6, 0 0
6, 0
| sym 26,

va K 12 ma tran d6 ctmg toan cuc duogc lip ghép tir cdc ma tran do cing phan tir K, co
dang sau

N,
K=K, = ( B/D'B,dQ+ STDSdQ)
K=Y, I -

K,
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trong d6 B, va S, dugc xac dinh boi

B,-|(87) (B)) (B) ]
s.=| () (B |

ViDU SO

Trong phan niy, chiing t6i khao sat
dd chinh xac va tinh hiéu qua cua phuong
phap hién tai cho phan tich 6n dinh tim
FGM. Tam c6 diéu kién bién gobi tua
(simply supported — S) va ngam (clamped
- C). Ky hiéu CCCC va SSSS 1a diéu kién
ngam va goi tua doc theo 4 canh cua tam
chir nhat.

3.1. On dinh co

Chung t01 xét tim vuong Al/ZrO,-2

c¢6 chiéu dai mdi canh L = 0.2, chiéu day
¢ = 0.01 chiu mot tai nén trong mit phang

(23)

24

Oxy. Hinh 2 thé hién tai t6i han cia tim
FGM véi diéu kién bién CCCC va SSSS.
Két qua cho thay rang, nghiém cua phuong
phap dé xuat rat tring khép véi nghiém kp-
R1tz [28] (st dung phuong phap Meshfree,
Xap xi truong chuyen vi bac cao) cho céc
gia tri phan ph01 thé tichn=0, 0.2, 0.5, 1,
2, 5. Ngoai ra, ching ta c6 thé thay rang,
tai t6i han sé giam khi ti 18 thé tich n ting
1én boi vi khi » ting thi d6 cimg cla tim
s& giam. Ngoai ra, bén dang dao dong 6n
dinh dau tién cua tim cling duoc thé hién
¢ Hinh 3.

Hinh 2. Tai t6i han 6n dinh cua tAim vudng.

(1]
=

[ #]
L]

|
L]

PP hien tai (3353)
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Hinh 3. Bon dang dao dong on dinh dau tién clia tim FGM.

(c) Dang 3

3.2. On dinh nhiét

Trong vi du nay, chung t6i xét mot
tam hinh vudng AVALO, véi ti 1§ L/t =10
chiu tdc dong bdi nhiét do phan bo déu doc
theo chiéu day cua tim. Hinh 4 thé hién
nhiét d6 t6i han ciia tim FGM ung voin =

BTy
Sy,

-f
AT,
ST
e St

(d) Dang 4

0, 1, 5. Tir két qua ta thiy rang nghiém ctia
phuong phép hién tai rt tring khép véi
nghiém dya trén 1y thuyét bién dang cat
bac nhat (FSDT) va ly thuyét c6 dién duoc
nghién ctru boi Lanhe [32] (trudng chuyén
vi duge xdp xi lién tuc C")

Hinh 4. Nhiét d9 téi han ciia tim FGM
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4. KET LUAN theo luat phan b ham sé mii. Anh hudng
sO mil cua ham phan bo, tadc dong cua tai

Bai bao thé hién mot ti€p can s6 don @ e ! et s ;
co va tai nhiét dén do on dinh cua tam

gian va hiéu qua, dua trén su két hop gitta )
phan tir tam gidc ba nat va 1y thuyét bién FGM da dugc khao sat va so sanh voi két
dang cét bac cao loai C° dé phan tich én quacac phuong phap khac da dugc nghién
dinh co nhiét cia tim FGM. Thuoc tinh ciu trude day. Cac két qua dat duoc cho
thay do tin cay cao cua phuong phap hién

vat liéu FGM phu thudc vao ti 1€ cac thanh ay ne :
tai 61 vai 16p bai toan nay.

phan thé tich ctia gom va kim loai va tuan
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