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TOM TAT

Bai bao nay trinh bay Iy thuyét tigp can 3 chiéu dé phan tich t&m phan lap chic nang dudi tac dung cia tai trong do nhigt do. Day & ly
thuy&t bién dang cét bac cao co ké dén thanh phan bign dang theo chiéu day tdm. Phrong trinh can béng coa tém dugc thigt [ap theo
nguyén Iy bign phan Hamilton. Livi giai Navier duge dp dung cho tdm twa don va tinh chinh xéc cia mé hinh phén tich dugc danh gia va so
sanh vai cac |oi gidi trude da. Ket qua sd trong phan tich t&m phén lap chirc ndng twa don dung dé danh gia dn dinh tai han cia tdm do
higu tng thay ddi dac trung vat ligu, tf s canh trén chiu day tAm, ti si hai canh va quy luat truyén nhigt theo chiéu day tam.

Tir khéa: Tam phan lap chirc ndng, phan tich dn dinh.

ABSTRACT

This paper presents a quasi-3D theory for the buckling analysis of functionally graded plates under thermal loads. This theory accounts
for both shear deformation and thickness stretching effects by an inverse trigopnometric variation of all displacements through the
thickness. Equations of motion are derived from Hamilton's principle. The Navier-type solutions are obtained for simply-supported
boundary conditions, and exact formulas are proposed and compared with other solutions and those predicted by higher-order shear
deformation theories. Numerical results are obtained for simply-supported functionally graded plates to investigate the effects of the

power-law index, side-to-thickness, side-to-side ratio and the different temperature changes on the buckling responses.

Keywaords: Functionally graded plates, buckling analysis

1. Giéithiéu

Vat liéu phan I6p chdc nang (Functionally Graded Material
(FGM)) la loai vat liéu composite dac biét c6 cac dac trung co ly
thay déi lién tuc theo yéu cadu mong mudn [1]. Chinh vi vy, chung
dugc st dung rat rong rai trong nhiéu linh vuc nhu: Xay dung, Cg
khi, Hang khong v try, O t6, Tau thiy... Do yéu ciu Ung dung
FGM trong ky thuat ngay cang tang nén doi hoi phai co6 nhiéu
nghién clu, nhat 1a cac mé hinh ly thuyét tinh toan cho cac phan
tich ¢ng x& cla loai vat liéu nay. Cé rat nhiéu nghién ctu vé FGM
da dugc cac nha nghién ctu bang céc ly thuyét khac nhau, trong
d6 phan tich (ng xtr tdm FGM theo ly thuyét ti€p can 3 chiéu la
mot trong nhiing ly thuyét phan tich hiéu qua vé két cau tam. Mot
s6 ly thuyét tinh toan khac nhu: Ly thuyét ¢ dién (CPT) ([2]) bd qua

anh hudéng cla bién dang cét, ly thuyét bién dang cit bac nhat
(FSDT) ([3-5]) c6 k& dén thanh phan bién dang cét nhung can hé s6
hiéu chinh cat, ly thuyét bién dang cat bac cao (HSDT) ([6-10])
khong can hé sé hiéu chinh cat nhung bd qua thanh phan bién
dang theo chiéu day tdm. D& khac phuc cac nhugc diém trén ly
thuyét ti€p can 3 chiéu dugc phat trién duya trén ly thuyét bién
dang cat bac cao nhung dong thai xét dén trudng bién dang theo
chiéu day tam, diéu nay rat c6 y nghia khi phan tich cho bai toan
tam day.

Muc tiéu ctia nghién cdiu nay la phat trién ly thuyét tiép can 3
chiéu cho phan tich &n dinh t&i han cta tdm FGM dudi tac dung
cla tai trong do nhiét d6. Trudng chuyén vi clia tdm dugc xap xi
dua trén cac thanh phan chuyén vi chua biét tai mat trung binh

ISSN 2734-9888 | 03.2021

47



NGHIEN CUU KHDA HOC

cUa tam, trong d6 ham bién dang cat dugc lva chon déng vai trd
quan trong trong phan tich két qua bai toan. L&i gii giai tich dugc
st dung dé phan tich én dinh cho tdm hinh chit nhat c6 lién két
tua don. Cac vi du s6 dugc ap dung dé ki€ém chiing muc do chinh
xac cGa nghién ctu bai bao so vai cac két qua da dugc cong bé.

2. Co'sély thuyét

Xét tam hinh ch nhat nhu Hinh 1 c6 canh dai la a, canh ngan
la b, chiéu cao la & dugc ché tao tir gém va kim loai véi cac dac
trung hiru hiéu thay déi lién tuc theo chiéu day tam va theo quy
luat ham mét do thé tich.

Hinh 1. M hinh t&m FGM.

Cac dac trung hiru hiéu dugc xac dinh:

P(z)=(P.-P,)V.(2)+ P, (M

Trong d6 P. va P, la mdé dun dan héi Young (E), hé s6
Poisson (V) clia thanh phan gém (ceramic) va kim loai (metal) tai
mat trén va mat dudi cta tdm. Ham mat do gém (V) dugc xac
dinh theo quy luat ham lay thua:

p
Vc(z):(zzz;l_h] Vi ze[%,ﬂ )

Véi p la hé s6 dac trung vat liéu. Su phan bo vat liéu ctia V,
theo chiéu day tdm dugc thé hién nhu Hinh 2.
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Hinh 2. Sur phén b vat ligu theo chiéu day tam.
2.1. Trudng chuyén vi va bién dang
Trudng chuyén vi clia tdm theo ly thuyét tiép can 3 chiéu:

0,03, 2) = y)-zaw(" D)4 (2)0, )

3W(x .,

U, (x,3,2) =v(x,y)z—=+ f(2)6,(x.) (3

Uy (x,3,2) = w(x, y) + g(Z)Bz ()
Trong d6 f(z) 1a ham bién dang cat ([11]):
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u, v, w, 0., Hy va 6, la cac thanh phan chuyén vj tai mat trung
binh clia tdm; g(z)=/"(z).
Trudng bién dang clia tdm dugc xac dinh:

g=£ 1z 4 fs(z) + g'£(3) (5a)
r=gv° (5b)
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2.2. Phuong trinh ndang luong
Nguyén ly bién phan Hamilton ctia mét hé dugc xac dinh:

O:j(5U+§V)dt )

Trong d6 SU, 5V la bién phan nang lugng bién dang, bién

phan thé nang cda tdm. Thanh phan bién phan nang lugng bién
dang dugc xac dinh:

hi2
6U=[ [ (Cudot0,de, 000, +0,b,
A-h/2
0 0) s + O'yzé';/yz )dAdz
2
J‘N 6§u_M 85W+Pxxa&9 N 0ov
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Trong dé d4 =dxdy; N,M, P, R va Q la cac thanh phan noi
lyc trong tam:

hi/2
(NeorNyyo Ny ) = J' (000050 )2 (9a)
—h/2
hl2
(MMM, ) = .[ 2(000 0,50 ) d2 (9b)
—h/2
hi/2
(PuarPy-Py ) = J' S (000,20 )dz (9¢)
—h/2
hi2
R, = _[ o,8'd (9d)
—h/2
h/2
(Qx,Qy)= j g(axz,ayz)dz (9e)
—h/2
Thanh phan bién phan thé nang:
5V:—I]V5(w+g92)dA (10)
A

Trongdé N la thanh phén luc mang:
2 2 2
oo 2w +2N§3y—‘9 i +Nf,y—a i
o2 0Ox0y o2
Thay thé sU va 6V tu (8) va (10) vao (7). Phuang trinh can
bang clia hé dugc xac dinh:

(m

aN
ou: N, Do (12a)
Ox oy
. 6Nﬂ, 8Nyy B
ov: + =0 (12b)
Ox oy
2 oM, o*M, —
Sw:2 szx +2—= 4+ ——2 4+ N(w)=0 (120)
Oox 6x6y 6)}
OP,
59X:ai+ 2 _0,=0 (12d)
ox oy
oP, OP.
60, —2+— 2 _0 =0 12e
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00, 00 —
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Phuong trinh Uing x& cGia tdm FGM:
Oxx _Cll C12 C13 0 Exx — axAT
T | _|G2 Cn Gz 0 |8y~ a,AT (13a)
O Cs Cp Gz 0 ||&,—aAT
O-xy L 0 0 0 C66 }/xy —deAT
Oxz | _ _C55 0 Vxz (13b)
O'yz L 0 C44 ;/yz
Trong doé
1-v(2))E(z
C=Cp=Cx= (L-v() EG) (14a)

(1-2v(2))(1+(v))

V(2)E(z)

Cir=Cin=Coa= (14b)
ORI o av(2))(1+v(2))
E(z)
Cy4 =Cs5=Cgg “2v() (14¢)
Q. a,, a, va a,, lacaché sO gian nd nhiét; Thanh phan
bién dang nhiét do theo chiéu day tam:
AT=T(x,y,z)—T0 (15)

Trong d6 T, la nhiét d6 ban dau; T (x,,z) la nhiét do khao
sat [12]:

T(x.2.2)=Ti(x.0) + =5 (x.3) + ‘/'f:) Ty(x.) (16)

Trong d6 T}, 7, va T3 la nhiét d6 sau cung.
Thay thé (6a) va (6b) vao (13a) va két hgp véi (9a), (9b), (9¢),
(9d) thu dugc méi quan hé gitia luc va bién dang:

A B B X &) N7

N
M| [B b b Y[ |m¥ -
Pl b W Y] |p¥
R X YT v oz |].06) R

€
Trongdé A,B,D,B°,D°, H*, X, Y, Y’, Z la cac thanh phan dé

cling clia tdm FGM dugc xac dinh:
h/2

(A,B,D,BS,DS,HS): I (l,z,zz,f,zf,fz)C(z)dz (18a)

—h/2
(X,Y,YS,Z): hf (g',zg',g'f,g'z)C(z)dz (18b)
—h/2

Tuong ty cho cac thanh phan N M pH RY .
Cll CIZ Cl3 O a"AT

NY
NX’j "G, Cy Gy 0 ||a,AT (19a)
. = a
Ny,j ) C, Gy G 0 a AT
Xy 0 0 0 C66 aXyA T
M ¢, C, C, 07|aAT
xx hi2 C C C O a‘,AT
M‘Ij = vy ’ zdz (19b)
M'H |Gy Gy Gy 0 | AT
xy 0 0 0 C66 axyAT
p ¢, ¢, C; 0 a AT
| oele, ¢, €, 0 ||aAT
Py[j _ J‘ 12 22 23 ) f(Z)dZ (190
pi “h/2 C|3 Cz3 C;; 0 a AT
xy 0 0 0 Céé aXyAT
a AT
. hi2 a}_AT '
R :7;7[/2[C13 C23 33 OCZAT g (z)dz (19d)
a AT

Thanh phan luc cat dugc xac dinh bang cach st dung cac
phuong trinh (6¢), (13b) va (9e):
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Trong d6 A,,, A; la cac thanh phan d6 ciing cét cla tam:
hi2 hi2
Ajy = A3s = J g7Cas(2)dz = .[ g°Css(2)dz (21)
-h/2 —h/2

Thay thé (17) va (20) vao (12) thu dugc hé phuong trinh dé giai
cho bai toan tam FGM.

3. Lei giai gidi tich

L&i gidi Navier cho tdm FGM nhu Hinh 1 c6 bén bién tua don
véi cac thanh phan chuyén vi dugc xap xi bdng cac chuéi lugng
giac kép:

|I
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Trongdd A=mx/a, u=nm/b; m,n laséséng dao dong
v.w. .X..Y .Z,

clia séng. Thay thé (22) vao phuong trinh chuyén dong thu dugc
phuong trinh dang ma tran:
KU=0
Trong do6
ki = 4 112 + A“qu’ ky, = (Alz + A“)ﬂ,u
by =—B, A’ _(BIZ +2366)/1/U2» kiy = BYA” + By’
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theo phuong x, y; U . la cac bién do
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4. Loi giai 6n dinh téi han ctia tam FGM do nhiét do

Dé phan tich én dinh t6i han cla tdm can gidi phuong trinh
|K[.j| =0 tU cong thuc (23) tuong Ung cho ting trudng hgp nhiét
do thay d&i theo chiéu day tam.

4.1. Trudng hop nhiét dé thay déi déu

Xét trudng hgp nhiét dé thay déi déu theo chiéu day cda tdm.
Gia tri nhiét do tai thoi di€ém tdm bi mat 6n dinh 1a T tuang Uing
véi nhiét d6 ban dau la T, . Su thay d6i nhiét do AT, =T —T, tu
|K,.j| =0 dugc goi la gia tri nhiét dé 6n dinh t&i han cda tam.

4.2. Trudng hop nhiét dé thay déi khéng déu

Trong trudng hgp nay, gia st nhiét do ban dau tai mat dudi cta tdm
la 7, , nhiét do thay ddi theo chiéu day tdm tuan theo quy luat ham sé
[0y thira ham mi (25). Mat 6n dinh xay ra khi nhiét d6 mat trén ctia tim
la 7, . Cong thiic gia dinh nhiét d6 phan bé theo chiéu day tam:

k
T(z)=Tb+AT(%+%j

Trong d6 AT =T, -T,; k>0 la hé s6 dic trung thay d6i
nhiét dé. Tir cong thic (25) dé dang thdy rang nhiét d6 tang tuyén
tinh theo chiéu day tdm khi k =1 va thay déi phi tuyén cho cac
trudng hap khac. Tuong tu nhu trudng hgp nhiét do thay déi déu,
gidtri AT, tu |K,~,-| =0 cling dugc goi la gia tri nhiét d6 én dinh

(25)

t6i han clia tam.

Bang 1 Gid tri nhiét d6 Sn dinh téi han AT, x10° cho tdm
hinh vuéng cho trudng hgp hé s6 dac trung vat lieu p va quy luat
truyén nhiét k& khac nhau

p Tham khao k
2 5 10

0 Baibdo (¢, #0) 5.1183  10.2366 18.7672
Baibdo (e, =0) 48411  9.6821 17.7506
SPT[13] 48414  9.6829 17.7520
HPT [13] 48410 9.6821 17.7505
FPT[13] 48408 9.6817 17.7498

1 Baibéo (¢, #0) 22751  4.6633 8.8450
Baibdo (e, =0) 2.1066 43180 8.1901
SPT[13] 2.1068 43182 8.1906
HPT [13] 21066  4.3179 8.1900
FPT[13] 21065 43178 8.1898

2 Baibdo (¢, #0) 1.8437  3.6000 6.7335
Baibao (&, =0) 16766  3.2738 6.1234
SPT[13] 1.6765 3.2736 6.1232
HPT [13] 16766  3.2738 6.1235
FPT[13] 16812  3.2828 6.1404

5 Baibao (&, #0) 1.7739  3.1670 5.5578
Baibdo (&, =0) 1.5962  2.8497 5.0011
SPT[13] 1.5955  2.8485 4.9990
HPT [13] 1.5964  2.8500 5.0017
FPT[13] 16141  2.8816 5.0571

10 Baibao (&, #0) 1.8478  3.1788 5.2587
Baibdo (e, =0) 1.6769  2.8849 47725
SPT[13] 16766  2.8844 47717
HPT[13] 1.6770  2.8851 47728
FPT [13] 1.6974  2.9202 4.8310




5. Kétquasé

Trong phan nay, mét sé vi du dugc khao sat dé phan tich nhiét
d6 6n dinh t6i han cho tdm phan 16p chic ndng tua don c6 kich
thudc hinh chir nhat. Tam dugc ché tao tir vat liéu gém va kim loai
nhu Hinh 1, véi cac ddc trung vat liéu nhu sau: Mat duéi la nhém

(A): E, =70 GPa, v, =0.3, a, =23x107%/K; Mét trén la

gém (AL,Os): E, =380 GPa, v, =0.3, a, =7.4x107°/K. Nhiét
d6 ban dau tai mat dudi la 5 K va thay ddi theo chiéu day tdm tuan
theo quy luat phan b6 déu va quy luat Idy thira ham ma. Cac hiéu
Ung vé dac trung vat liéu, ti sé kich thudc hai canh, ti s6 canh trén
chiéu day va quy luat truyén nhiét anh huéng déi véi én dinh téi
han cta tam dugc khado sat mét cach chi tiét.

Bang 1 trinh bay gia tri nhiét d6 6n dinh t&i han clia tdm FGM tua
don dugc khao sat véi su thay déi gia tri dac trung vat liéu va quy
luat truyén nhiét theo chiéu day tam. Cac két qua tinh toan dugc so
sanh véi nghién ctu clia A. M. Zenkour va cong su [13] s dung ly
thuyét bién dang cat bac cao (trong d6 ham bién dang cat c6 dang
ham s6 lugng giac (SPT) va ham sé da thiic bac ba (HPT)) va ly thuyét
bién dang cat bac nhat (FPT). Tir bang két qua cho thdy co su sai s6
rat nhé clia nghién ctu bai bao so véi nghién ctu nay khi ap dung
cung ly thuyét bién dang cit bac cao, diéu d6 khdng dinh chinh xac
cla két qua nghién ctru bai bao. Bén canh dé, két qua phan tich theo
ly thuyét ti€p can 3 chiéu cla bai bao I6n han so véi cac két qua tinh
toan theo ly thuyét bién dang cat bac cao, diéu nay khang dinh tinh
t6i uu cda ly thuyét nghién ctu bai béo so vai cac nghién ctiu trudc
khi st dung ly thuyét bién dang cét bac cao.
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Hinh 3. Gia trj nhigt da dn dinh t6i han AT, cho t&m hinh vugng tua don trugng

hop nhiet d thay ddi déu (UT), tuygn tinh (LT) va phi tuyén (NLT) va ti sd canh trén chigu
day a/h=50
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Hinh 4. Gi trj nhigt da dn dinh tai han A7, cho t&m hinh chir nhat tua don trudng
hop nhigt da thay ddi déu va he s dac trung vat lisu p =1

Hinh 3 trinh bay hiéu Ung cda ddc trung vat liéu va céc quy luat
truyén nhiét qua chiéu day cia tam vuéng trong trudng hop ti s6
canh trén chiéu day la a/h =50 . Tu hinh vé cho thdy nhiét dé én
dinh t&i han trong tdm la bé nhat trong trudng hgp nhiét lugng
truyén qua tdm cé dang phan bé déu (UT). Gia tri nhiét do &n dinh
téi han trong tdm AT, tilé nghich véi hé s6 dic trung vat liéu p.

Diéu d6 ching to rang kha nang chiu nhiét d6 cda tdm phu thudc
vao ham mat d6 ham lugng vat liéu gém V, .

Tuong ty, Hinh 4 trinh bay hiéu Ung ti |é hai canh va ti I1é canh
trén chiéu day clia tam trong trudng hgp nhiét lugng truyén qua
tdm c6 dang phan bé déu va hé sé dac trung vat lieu p=1.Tu
hinh vé cho thay tam day c6 kha nang chiu dugc nhiét d6 téi han
I6n hon tdm moéng va kha nang chiu dugc nhiét d6 én dinh téi han
cla tdm con phu thuéc vao ti & cac kich thudce chia ching.

6. Kétluan

Bai bao trinh bay phan tich 8n cla tdm phan Ip chic ning dudi
tac dung clia tai trong do nhiét dé theo ly thuyét tiép can 3 chiéu.
Phuong trinh can bang ndng lugng dugc xdy dung tir cac thanh
phan chuyén dong cla tam. L&i gidi Navier dugc st dung cho bai
toan tam tua don co kich thudc hinh chir nhat. Két qua bai bao cho
thay khi ké dén bién dang theo chiéu day tdm thi nhiét dé én dinh
t6i han cda tdm 16n hon so vdéi trudng hop khong ké dén, diéu do
chiing t6 tinh t&i uu clia phuong phap nghién ctiu bai bao so véi cac
nghién ctiu trudc day. Cac danh gia hiéu ng vé thay déi kich thudc,
chiéu day cling nhu cac quy luat truyén nhiét trong tdm déu dugc
khao sat va phan tich mét cach chi tiét. M6 hinh nghién cdu clia bai
bao 1a phu hgp va 6 gia tri cho phan tich 8n dinh tdi han cla tdm
phan 16p chiic nang khi chiu tai trong do nhiét d6.

Acknowledgement: This work belongs to the project in 2021
funded by Ho Chi Minh City University of Technology and
Education, Vietnam.

TAILIEU THAM KHAD

. Kaizumi, M. /M Activities in Japan Composites Part B: Engineering, ZA(1-4), 1997,

2. MNbrate, S. Functionslly graded plates behave like homogeneous plates,
Composites Part B: Engineering, Z4151-158), 2008.

3. Singha, M., Prakash, T. and Ganapathi, M. Ainite element analysis of functionaly
graded plates under transverse fad Finite Elements in Analysis and Design, 444a3-460), 2011,

4. Nguyen, T. K., Sab, K. and Bonnet, G.. Arst-order shear deformation plate
madels for functionally graded materials, Composite Structures, £525-36), 2008.

9. Thai, H.T.and Vo, T. P. 4 new sinusoidal shear defarmation theory for bending,
buckling, and vibration of functionally graded plates, Applied Mathematical Madelling,
FA3268-3281), 2013.

B. Ferreira, A. J. M., Batra, R. C.. Roque, C. M., Qian, L. F. and Martins, P. A. L. S.
Static analysis of functionally graded plates using third-order shear defarmation theory
and 8 meshless method, Compasite Structures, £4443-457), 2005.

1. Reddy, J. N. 4 general nonlinear third-order theory of functionally graded
plates, \nternational Journal of Aerospace and Lightweight Structures, AI-21), 2011,

8. Mantari, J. L. Oktem, J. L. A. S. and Soares. 0. G. Hending response of
functionally graded plates by using a new higher order shear deformation theary,
Composite Structures, #4714-723), 2012.

9. Talha, M. and Singh. B. N. Static response and free vibration analysis of FGM
plates using higher order shear deformation theory, Applied Mathematical Modelling,
F43991-4011), 2010.

I0. Mantari, J. L. and Soares, [. G. Aending analysis of thick exponentially graded
plates using & new triganometric higher order shear deformation theory, Composite
Structure, Z41991-2000), 2012.

Il Nguyen, V. H. Nguyen, T.K. Thai H.T. and Vo, T. P. 4 new inverse trigonometric
shear deformation theory for isotropic and functionally graded sandwich plates,
Composites Part B: Engineering, £4233-246), 2014.

12. Houari, M. §., Tounsi, A. and Beg, 0. A. 7hermoelastic bending analysis of
functionally graded sandwich plates using a new higher order shear and normal
defarmation theory, International Journal of Mechanical Sciences, Z&102-111), 2013.

13. Zenkour, A. M. and Mashat, D. 8. 7hermal buckling analysis of ceramic-metal
functionally graded plates. Natural sscience, A968-978), 2010.

ISSN 2734-9888 | 03.2021 51



