Anh huéng nhiét d6-d6 4m dén ting xtr tinh

clia tam FGM ¢é vi bot rong

The hygro-thermal effect on static behavior of functionally graded plate with porosities
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Tom tat

Vit liéu c6 co tinh bién thién (functionally graded materials — FGMs)
1a loai composite thé hé mdi c6 co tinh bién ddi tron va lién tuc theo
mét phuong nhat dinh trong ciu tric, vi thé tranh dugc su bong tach,
ciing nhu su tap trung iing sudt tai bé mat tiép xic, diéu thudng

xay ra ¢ vat liéu composite truyén thong. Bai bao tién hanh phan

tich tinh tam FGM ¢6 vi bot rong theo Iy thuyét bién dang cat bicbha
(TSDT), chiu tai trong cg-nhiét-am. Cac dang tdm FGM duoc xét dén

la FGM hoan hao (khdng ¢ vi bot rong), FGM ¢6 vi bot rong phéan bé
déu (FGMPo-1) va FGM ¢6 vi bot réng phan bd khdng déu (FGMPo-2).
Hé phuong trinh cdn bang dugc thiét 1ap theo theo nguyén ly cuc tiéu
thé nang toan phan va gii bang cach sir dung nghiém Navier cho
tam chii nhat lién két khdp trén chu vi. Anh hudng ciia vi bot rong va
tai trong co-nhiét-am dén dd vong, va cac thanh phan iing sudt duoc
khao sat.

.....

Navier, TSDT

Abstract

Functionally graded materials (FGMs) are advanced composites with
continuously varying mechanical properties along specified directions within
the material structure. This eliminates the debonding and stress concentration
commonly observed at the interfaces of traditional composite materials. This
paper presents a static analysis of functionally graded material (FGM) plates
with porosity under hygro-thermo-mechanical loading using the third-order
shear deformation theory (TSDT). Three types of plates are considered: Perfect
FGM plates (without porosity), FGM plates with uniform porosity distribution
FGMPo-1) and FGM plates with non-uniform porosity distribution (FGMPo-2).
The equilibrium equations are established by using the principle of minimum
total potential energy and are solved with the Navier solution for simply
supported plates. The influence of porosity and hygro-thermo-mechanical
loading on the deflection and stress of the plates is investigated.

Key words: static analysis, FGM plate with porosity, hygro-thermo-mechanical
loading, Navier solution, TSDT
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1. M& dau

Vat liu co tinh bién thién (Functionally grade material —
FGM) 14 loai vat liéu composite tién tién, khéng thuan nhat &
mdrc d6 vi md, cdu thanh tir hai hodc nhiéu hon hai pha vat
liéu v&i cac dac trung vat liéu bién ddi tron va lién tuc. Nho
vao dac diém nay, FGM c6 kha ndng han ché téi da sw tap
trung (rng suét, didu thwong gép & cac vat liéu composite
I&p truyén théng. FGM thwéng dwoc (rng dung trong céc linh
vire cdng nghé cao nhw hang khéng vi tru, giao thong, xay
dung, y t& ...[1]. Nhiéu nghién ctru v& (rng xt tinh va dong
cta két cdu FGM da dwoc thuc hién [2-4].

Tuy nhién, cac nghién ciru trén méi chi dé cap dén vat
liéu FGM hoan h&o. Trong thuc té, trong qua trinh ché tao,
do cac han ché vé& céng nghé, vat liéu FGM thudng xuét hién
cac khuyét tat dudi dang bot réng vi mé, gay &nh hudng dén
tinh chét co hoc clia vat liéu. Sy xuat hién cla vi bot réng cé
thé lam vat liéu FGM gidm do bén, dé ctvng, nhung ddng thoi
cling lam gidm trong lwong, tdng kha nang cach am, cach
nhiét... Nghién ctru v& vi bot rdng trong vat liéu FGM vi thé 1a
can thiét, da co nhiéu céng bd vé chi d& nay trong thdi gian
gan day. M6 hinh ddm Timoshenko da dwoc Phuong va cs.
[5] str dung dé& phan tich (ng xt udn ctia ddm FGM c6 vi bot
réng, co xét dén vi tri thwe clia mat trung hoa. Dwa vao dang
nghiém Navier, Merdaci va Belghoul [6] khdo sat trng X uén
ctia tAm day FGM co vi bot réng theo ly thuyét bién dang cét
bac cao. Rezaei va cs. [7] phan tich dao déng tw do clia tAm
FGM c6 vi bot rdng theo Iy thuyét tAm bac nhat don gian, str
dung dang nghiém Levy.

Do c4u thanh tir thanh phan gdm c6 kha nang chiu nhiét
cao va kim loai c6 d6 bén déo, két cAu FGM thwéng dwoc st
dung cho cac méi trwérng lam viéc khéc nghiét c6 nhiét do,
dd &m cao. Do vay, cac nghién cru vé trng xr co hoc clia két
clu FGM c6 k& dén anh hudng clta nhiét do6-do6 &m ciing la
mét hwéng nghién clru nhan dwoc nhidu sy quan tam. Tuy
nhién cac nghién ctru nay cling mai tap trung chd yéu vao
két cAu FGM hoan hao, chéng han Zidi cac cong su [8] phan
tich rng xt ubn clia tAm FGM dat trén nén dan hdi, nhém tac
gi& Boukhelf [9] phan tich tinh tAm FGM dwéi &nh huéng cua
tai co hoc-nhiét-am.

Céac nghién clru v& &ng x tinh ctia tAm FGM khéng
hoan h&o (cé vi bot rdng) con thuc sy khiém tén. Vi thé, muc
dich ctia bai bao la khao sat tng x tinh ctia tAm FGM khéng
hoan hado duéi tac dung cla tai trong co-nhiét-Am, s dung
nghiém Navier. Ly thuyét bién dang cat bac ba cia Reddy
(TSDT) dwoc lwa chon do khong can dén hé sé hiéu chinh
cét, phu hop cho phan tich tAm day. Sau khi kiém chirng 16i
gidi va chwong trinh Matlab tw viét véi cac céng bd uy tin,
cac khao sat v& &nh hudng cua tai trong co-nhiét-am ciing
nhw vi bot rdng dén d6 véng va tng suét sé duoc thuc hién.

2. Co s& ly thuyét va mé hinh tinh
2.1. Truong chuyén vj va bién dang theo Iy thuyét bién dang
cat béc ba (TSDT)

Trwéng chuyén vi dwoc gia thiét duwéi dang [10]:
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(a) TAm FGM trén nén dan héi Winkler/Pasternak

-

FGM FGMPo-1 FGMPo-2

(b) Cac dang phan bé cta vat lieu FGM

Hinh 1. Md hinh tdm FGM véi ba dang phan bé vi bot rong trén nén dan hoi

u(x,y,z)=uUg + z2¢y — c1z3(¢x +0wq [ 0x);
v(x,y,z)=vq + 24, - c1z3(¢y +0owq 1 0y);
w(X,y,z)=w,
(x.y,2) 0 (1)
trong @6, “0°Y0:"0 |3 cac thanh phan chuyén vi cia

diém béat é(‘l trén mat trung binh clia tAm theo cac phuwong
=(4/3h .
( la géc xoay cla phap tuyén mat trung binh
¢ = (4/3/72)
quanh truc y,x;
Cac thanh phan bién dang duoc suy ra tiy trudng chuyén
vi theo quan hé chuyén vi - bién dang:

0 1 3
Q) (4] [

Exx 7(0) },(2)
_ 1.0 (1) 3) .3 vz _ )" 2 v
Eyy Eyy (+ZVEyy (+Z1Epy ’{hz} }/(0) +Zz 7(2)
ng (0) 5(1) 8(3) Xz Xz
Exy xy xy
(2)
2.2. Céc phuong trinh vét ly

Xét tAm chi» nhat P-FGMPo kich thuéc (axbxh), bbn
bién twa khép, chiu tai trong vudng goc véi mat trén, mat
dudi tiép xdc voi nén dan hdi Winkler/Pasternak (Hinh 1).
Cac hé so nén kw,k 1&n lwot 1a hé sb clrng udn I&p dan hoi
va hé sb d6 clirng I(yp trwot.

T4m FGM bao gdm hai vat liéu thanh phan: kim loai va
ceramic, dwgc dat trong méi trwong nhiét-Am véi truwdng
nhiét dd 13 C(x,y,z) va trwong d6 d&m C(x,y,z). Céc tinh
chat vat liéu cla tAm dwoc xac dinh dwdi dang [11]

Vat liéu FGM hoan hao (khéng c6 vi bot réng) :

P(z)—(PC—Pm)(%+%jp+Pm

3)
Vat liéu FGM co vi bot réng phan bd déu (FGMPo-1) :
z 1Y e
P(Z)Z(PC_Pm) —t= +Pm__(Pc+Pm)
h 2 2 )

Vat lieu FGM cé vi bot réng phan bd khéng déu
(FGMPo-2) :

Ple)- (-l 203 P (emn)1-2] @

trong d6, p >0 1a chisb ty 1& thé tich cha cac vat lieu thanh
phan FGM; v 1a hé s6 réng. Hé s6 Poisson v dugc gia
thiét Ia hang s6 theo chiéu day tam [12].

Quan hé (ng suét-bién dang cla tim FGM trong moi
trwéng nhiét-dm co dang [13]:

ox| [Cyy Cp O 0 0 ||éx—aAT-pAC

Oy Cy Cp O 0 0 ||& —aAT - pBAC
Oxyr=| 0 0 Cg O 0 7xy (6)
Oyy 0 0 0 Gs O xz

oy, 0 0 0 0 Cyy Yyz

trong do C,-j la cac hé sb trong ma tran dd cing vat liéu
dwoc tinh theo [13] ; AC=C-C, va AC =C-Cqy la chénh
l&ch nhiét dd va d6 dm & thoi diém khao sat so vai T, va Cy
la nhiét d6 tham chiéu va do 4m tham chiéu ban dau.

Ham phan bd cha nhiét dd T(x,y,z) va dd dm C(x,y,z)
dwoc gia thiét [14] :

T(xy.z)=Ty(x y)+;T2(x y)+ —sm[ p JT3(X y);C(x.y.z)

:C1(x,y)+%C2(X,y)+lS|n( JC3(X y) (7)

trong do, Ti(x,y,) va Ci(x,y,) la ham phan bb nhiét 6 va do
&m trén bé mét tAm.

2.3. Céc thanh phéan néi luc

Cac thanh phan noéi lwc ciia tAm FGM duoc xac dinh theo
dinh nghia [15] :

N TIAL B [EED [T e
Myt =[B] [D] [F][3{M} -7 =M€
P LE] Fl H | |7 | |P)C "
{{Q}}:[[Al [D]} %
{(RY 101 [F1)|1,@)
trong do6 :
h/2
(AJ,B,J,D,J,EU,F,J,H ) f C,-j-(z)(1,z,z2 28 74, 26)d
—h/2

hil2

woys)- T cyofrzs s
/12

hi2

hi2
E(z
ML =] = [ EQoryrzaz, ML =M = | E@) 2)T2dz;
y 1-v 1-v
—h/2 -h/2
hi2
PI = PyT = j —aE(z) (z)Tz3dz;
i 1V
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2.4. Céc phuong trinh cén bang

Hé phuong trinh can bang tinh dwoc thiét Iap theo
nguyén ly cuc tidu thé nang toan phan va cé dang sau [15] :

AN, . ON,, o ON,y, . oN,, _
ox oy " ox oy ’
Q. °Q
oQ y 0 N, oW Ny owg
ox oy 0ox ox oy
+i ny% yy%
oy oX oy
2 o°P, %P, )
+C4 0P Xy W \tq-f,=0
x> oxay  oy?
M,, M, _X _o. oM, . oM,, _y _o.
ox oy ox oy
trong d6 :
2 2
fo =K,w-K 9 V;+ ow
oX ay
My = Myy = Py My, = My, —CiP,y i My, = My, —ciPy,

Q, =Q, 301 X,Qy :Q -3¢ciR,;

Tir hé phuong trinh , biéu dién cac thanh phan Gng luc
theo rng suat, roi rng suat qua bién dang va cudi cung la
bifén dang qua chuyén vi, ta nhan dwgc hé phuwong trinh can
béng theo cac thanh phan chuyén vi.

=0

x:O,a:NXX=v0:w0:0y=M .
’ (10)

XX

Tai

y=0b:Ny, =uy=wg=6,=M,, =0

tai

Cac thanh phan chuyén vi duoc gia thiét dwéi dang chudi
lwong giac kép, thda man diéu kién bién dwoc gia thiét dwéi
dang:

o0 0
Ugmn COSaxsinBy; vo = > > Vom, Sinaxcos By;
—1n=1
% o

Womn Sinaxsin By; 6, = > 3" Gyymn COS axsin By;
1 m=1n=1
(11)

M

U0:

3>
o

S
D83 [\ll48iM8
M3 s

\<Qb
Il

Goymn Sinax cos By

3
IN
B)
IN

trong do, Uomn-Yomn>Womn» Boxmn:Boymn & cac hé s6 can

m;z _nz
dwoc xac dinhva a=—;f = s
a

Tai trong co hoc, nhiét, va dm dwoc khai trién :

g=> Y qupsinaxsinpy;T; = > Y tim, sinaxsin fy;

m=1n=1 m=1n=1
o0 0

Ci=Y. Y CimpsinaxsinBy
m=1n=1

(12)
Véi tai phan bé déu :

16q0 16ty; . 16¢,;
Amn = imn = 5 Cimn = 2

mnz? mnz mnx
va tai phan bd hinh sin q,,, = 4o;timn = toi; Cimn = Coi VO

i=1,2,3

Thay céc biéu thirc va vao hé phwong trinh can bang
theo chuyén vi, ta nhan dwoc hé phuwong trinh :

3. Loi giai Navier

T4m FGM chi nhat, lién két khép & chu vi, diéu kién bién

cédang:
p K Jy Ngudn w Oxy Exy Oxz
0 0 Zidi [16] 2,54076 0,52522 2,20374 -0,42454
Bai bao 2,51149 0,52224 217795 -0,36363
100 0 Zidi [16] 1,36682 -0,17643 1,20877 0,16257
Bai bao 1,35392 -0,16427 1,19721 0,13488
0
100 Zidi [16] 0,26518 -0,83500 0,27507 0,71354
0
Bai bao 0,26319 -0,81114 0,27311 0,60461
100 100 Zidi [16] 0,24336 -0,84804 0,25658 0,72442
Bai bao 0,24154 -0,82397 0,25477 0,61393
Zidi [16] 0,26330 -0,86205 0,23762 0,82148
1 100 100
Bai bao 0,26131 -0,83424 0,23499 0,69643
Zidi [16] 0,26396 -0,84138 0,20133 0,80652
2 100 100
Bai bao 0,26204 -0,81255 0,19879 0,67968
Zidi [16] 0,26601 -0,81745 0,18459 0,80297
5 100 100
Bai bao 0,26416 -0,78754 0,18215 0,67309
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4. Két qua s6 va thao luan

Tr,ong phan nay, cac vi d)u k,iém chirng duwoc thye hién
cho tam FGM hoan hdo c6 ké dén anh hwéng ctia cac tham
s0 vat liéu, hinh hoc va nén dan hoi Ién d6 vong va cac thanh
phan (g suét. Sau d6 cac vi du sb s& duoc tién hanh dé
khao sat véi tai trong co-nhiét-Am phan bd dang ham sin.

Vat ligu P-FGM (Al/Al,O5) cé cac thdng sb vat liéu nhw
sau [14]:

Ceramic (ZrO,): E. = 117 GPa; v = 0,33;

a; = 7,11x(10-6/°C); B, = 0;

Kim loai (Ti-6Al-4V): E,, = 66,2 GPa; v, = 0,33;

am = 10,3x(10-6/°C); B, = 0,33.

Céc dai lwvgng khao sat khong thir nguyén tinh theo :

_1000 fab) - 1 _fabh)
atq, \2'2) ™ 100q, *\2'2°2)

=l

4 2
5XZ :LGXZ(O’O’_QJ; KO _ Kua ,JO _ Ksa :
10qq 3 D D
E h® (14)
C
D=—"C6_
12(1—1/2)

4.1. Vi du kiém ching

Bang 1 thé hién do véng va tng suét khong tht nguyén
clia tdm chir nhat FGM hoan hdo (khéng c6 vi bot réng)
d&t trén nén dan hdi Pasternak chiu tac dung cla tai trong
phan bé dang ham sin, va tai trong co-nhiét-Am phan bé phi
tuyén. Két qua cla bai bdo dugc so sanh véi két qua gidi
tich (nghiém Navier) clia Zidi [16] st dung ly thuyét 4 an sb
chuyén vij cai tién.

Qua vi du kiém chirng trinh bay & trén, c6 thé thay rang
két qua clia bai bao cé sai léch it so v&i cac két qua da cong
bb clia Zidi (trr trwdng hop ng suét cat ngang do Zidi st
dung ly thuyét 4 &n sb chuyén vj cai tién v&i ham phan bb
&ng suét cat ngang dang khac v&i Reddy).

4.1.1. Khdo sat anh huwéng cla tai trong co-nhiét-dm
dén do véng

1.05

Tai co hoc

‘S — O —FGM
. —Q@— FGMPo-1
wesedeess FGMPO-2
075 |
.......... A
. At A 1
....... WU
s A
06 ‘ ‘ | | |
0 0.05 0.1 0.15 0.2 0.25 03
e
(a)
w

N

Hinh 2 thé hién d6 véng I&n nhat khong tht nguyén cla
tdm FGMPo-1 véi cac loai tai trong khac nhau: tai co hoc,
co-nhiét, co-am va co-nhiét dm (tai phan bd déu: q0=100,
t1 =0, t2 = t3 = 10, c1 =0, c2 = c3 = 100) ddi v&i cac hé sb
rdng e khac nhau. Cac théng sb: b/a = 1, a/h=10, p=5, K0=0,
J0=0.

Do véng khéng thir nguyén cla cac tAm vudng FGM,
FGMPo-1 va FGMPo-2 (b/a=1; a/h=10, p=5) khong dét trén
nén dan hdi (K0=0, J0=0) chiu tai trong co hoc, co-nhiét, co-
4m va co nhiét &m tai phan bd déu: q0=100, t1 =0, t2 = t3 =
10, ¢1 =0, ¢2 = ¢3 = 100) bién thién theo hé sb réng e dwoc
thé hién & Hinh 3.

C6 thé thay rang vai vat lieu FGMPo-1, cac vi bot rdng
phan bb déu theo chiéu day tm, lam cho d6 véng tdm tang
nhiéu nhét trong trwéng hop tAm chiu tai co hoc va co-am.
Tuy nhién, khi cé anh hwédng cla nhiét dg, xu huwéng nay
dao nguoc lai: tAm FGMPo-1 lai gidm dan dd véng khi hé
sb réng e tang
4.2. Khdo sét énh hudng cua tai trong co-nhiét-4m dén ting
suét

Hinh 4 biéu dién &ng suét khdng thir nguyén &,, va tng

suét cat ngang khong thir nguyén Gy, clia tim FGMPo-1 (vi
bot rdng phan bb déu, e = 0,1 v&i b/a = 1, ath = 10, p = 5).

T4m chiu tai trong co’ hoc, co-nhiét, co-dm va co nhiét 4m tai

o [ " Taico-nhiétdm [ i

w

52 TAP CHi KHOA HOC KIEN TRUC & XAY DUNG



ak e |
=7
k o i 4
. ]
B r W = 1
F o
] l.p" i
¥
5 i - |
20} - 1
| Ll
=k Haos 4
wd f LI S
EE e #
"
(a)

phan bb déu: q;=100, t; =0, t, = t = 10, ¢4 =0, ¢, = c3 = 100)
va nén dan hdi cé tham s (K,=0, Jo,=0). C6 thé thay ring
tai trong co-nhiét-dm anh hwéng nhidu hon dén (rng suét
phap khéng thtr nguyén so v&i tng suét cit ngang khong
th& nguyén. Trong trwdng hop cu thé nay, tai mét dusi (kim
loai thudn nhét), khi c6 mat cta tai trong nhiét hay am, déu
lam cho gia tri clia rng suét phap ting thém. Trong khi d6
tai b& mat trén (gidu gém), anh huwéng cia tai co-nhiét-am
khong tuan theo mot quy luat nhét dinh.
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5. Két luan

Bai bao da st dung ly thuyét bién dang cét bac ba cla
Reddy d& phan tich &nh huéng cla tai trong co hoc, nhiét
do, d6 dm dén (ng x& tinh cGa tAm FGM cé vi bot rédng. C6
thé thay réng tai trong nhiét 8, d6 &m c6 anh huéng dang ké&
dén do véng, va sw phan bd (rng suét theo chiéu day tAm. Sy
c6 mét clia vi bot réng l1am gidm dang ké d6 cirng cla tam,
lam cho d8 véng tang. TAm FGM c6 vi bot réng phan bd déu
¢6 dd clirng bé hon tAm c6 vi bot réng phan bd khong déu./.

9. Boukhelf, F, et al., Hygro-thermo-mechanical bending analysis of
FGM plates using a new HSDT. 2018. 21(1): p. 75-97.

10. Reddy, J., Theory and analysis of laminated composite plates, in
Mechanics of Composite Materials and Structures. 1999, Springer.
p. 1-79.

11. Bathini, S. and K.J.J.0.C.A.M. Vijaya Kumar Reddy, Flexural

behavior of porous functionally graded plates using a novel higher
order theory. 2020. 51(2): p. 361-373.

12. Zenkour, A.M.J.A.M.M., Generalized shear deformation theory
for bending analysis of functionally graded plates. 2006. 30(1): p.
67-84.

13. Sayyad, A.S. and Y.M.J.J.0.T.S. Ghugal, Effects of nonlinear
hygrothermomechanical loading on bending of FGM rectangular
plates resting on two-parameter elastic foundation using four-
unknown plate theory. 2019. 42(2): p. 213-232.

14. Bouderba, B., et al., Thermomechanical bending response of FGM
thick plates resting on Winkler-Pasternak elastic foundations.
2013. 14(1): p. 85-104.

15. Reddy, J.N., Mechanics of laminated composite plates and shells:
theory and analysis. 2003: CRC press.

16. Zidi, M., et al., Bending analysis of FGM plates under hygro-
thermo-mechanical loading using a four variable refined plate
theory. Aerospace Science and Technology, 2014. 34: p. 24-34.



	2024 #56_for web

