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Tom tat

Bai béo tién hanh phan tich tinh tim chit nhat FGM c6 vi bot rdng dit trén nén dan hdi Winkler-Pasternak chiu
tai trong cd hoc, nhiét do va d6 4m. Bén loai vat liéu P-FGM dugc xét dén gdm tim FGM hoan hao, tim FGM
c6 vi bot réng phan bd déu, khong déu phan bb bac nhit va khong déu phan bd theo ham logarit. Dya trén
nguyén 1y chuyén vi kha di, hé phuong trinh cin bang dudc thiét 14p trén cd s6 Iy thuyét bién dang cit bac nhét
gdm c6 nam thanh phan chuyén vi, sau dé dugc giai bang cach sit dung dang nghiém Navier cho tAm chit nhat
lién két khép trén chu tuyén. Do tin cdy cta 16i gidi va chuong trinh tinh dudc kiém ching véi cac két qua da
cong bd ctia cdc tac gia uy tin. Anh hudng ctia cac tham sb vt liéu, kich thudc, nhiét do, dd 4m, va nén dan hoi
dén do vong va cic thanh phan dng suét ctia tim dudc khao sat qua cac vi du s6.

Tir khod: phan tich tinh; tim FGM; tim FGM c6 vi bot réng; bién dang cit bac nhit; 15i giai Navier; nén dan
hdi; tai trong co-nhiét-am.

STATIC ANALYSIS OF FUNCTIONALLY GRADED PLATES WITH POROSITIES RESTING ON
ELASTIC FOUNDATION UNDER MECHANICAL AND HYGRO-THERMAL LOADING WITHIN THE
FRAMEWORK OF FIRST-ORDER SHEAR DEFORMATION THEORY

Abstract

This paper conducts the static analysis of a rectangular functionally graded plate with porosities, resting on a
Winkler-Pasternak elastic foundation, subjected to mechanical and hygrothermal loading. Perfect and imper-
fect functionally graded materials (FGMs) with three porosity distribution patterns (even, uneven, and loga-
rithmic uneven) are considered. Based on the minimum potential energy principle, the equilibrium equations
are derived within the framework of first-order shear deformation theory, and then solved using the Navier
technique for simply supported rectangular plates. The reliability of the proposed solution and the self-written
MATLAB code is verified against existing, authorized results. The effects of material, geometric, mechanical-
hygrothermal, and elastic foundation parameters on deflection and stress components are investigated through
numerical examples.

Keywords: static analysis; FG plates; FG plates with porosities; first-order shear deformation theory; Navier
solution; elastic foundation; hygro-thermo-mechanical loading.
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1. M6 dau

Trong nhitng nim gan day, nhiing tién bd vugt bic clia khoa hoc va cong nghé da thiic diy cac
nghién ctiu vé& khoa hoc vat liéu trong viéc tim kiém céc loai vat liéu méi v6i nhiing tinh chét khac
*Téac gi dai dién. Dja chi e-mail: tatm@huce.edu.vn (Td, T. M.)
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biét so v6i cic loai vat liéu truyén théng. Vit liéu c6 co tinh bién thién (Functionally Graded Material
- FGM) dugc coi 1a mdt trong nhiing phat kién budc ngoit ctia khoa hoc vit lidu. Vat lieu FGM ngay
cang dudc phat trién va ing dung rong rii trong nhiéu linh vuc do s hitu nhiéu dic tinh vu viét so v6i
céc vat liéu composite thong thudng. Vi thé, phan tich v& ing xi co hoc ctia két cAu FGM 1a mot trong
nhitng hudng nghién ctiu dude nhidu nha khoa hoc quan tdm, chang han, Chi va Chung [1], Chen [2],
Zenkour [3],...

Trong qua trinh ché tao, do nhiét do dong két khac nhau clia c4c pha vt liéu thanh phan nén trong
chu triic vat liéu FGM thudng xuat hién cic vi bot rong. Su xuét hién ctia cdc vi bot réng nay lam anh
hudng dén co tinh clia vat liéu FGM. Da c6 nhiéu nghién ctiu vé ing xt co hoc ciia cic két ciu bang
vt liéu FGM c6 vi bot rdng dudc cong bb. Chang han nhu Merdaci [4] sit dung ly thuyét cat bic cao
dé phan tich tinh tAim FGM c6 vi bot réng. Bathini va Reddy [5] phan tich ting x{f uén ctia tim FGM
¢6 vi bot rdng bing céach sit dung ly thuyét biac cao méi. Trén co s6 1y thuyét tim bén 4n chuyén vi,
Demirhan va Taskin [6] phan tich ¢ng xif uén va dao dong riéng ctia tim FGM c6 vi bot rdng. Tii va
cs. [7] phan tich tinh tim FGM c6 vi bot réng trén nén dan hoi Kerr theo ly thuyét bién dang cit bac
nhit don gian. Anh hudng cta vi bot réng dén phan tich ubn cta cdc tim sandwich FGM khéc nhau
theo ly thuyét bién dang cit bac cao dudc nghién ctiu bdi Daikh [8]. Alghanmi [9] sit dung ly thuyét
bién dang cat véi bén an chuyén vi dé phan tich tinh tim sandwich FGM véi cdc dang phan b6 16 rdng
khac nhau.

Trong thuc té, két cAu tim thudng dudc mo phdng nhu 12 két ciu dit trén nén dan hdi hoic dugc
bao quanh bdi moi trudng dan hdi nhu mit dudng trén nén dat, dudng 6ng thodt nudc trong long dat,
bng din dau qua bién,. . . Nhiéu mo hinh nén khic nhau da dudc dé xuit nhung hai md hinh nén thong
dung nhit thudng dudc dé cip dén 1a md hinh nén Winkler, va md hinh nén Pasternak. Xia va cs. [10]
phén tich uén va dao dong riéng tAm nhiéu 16p dit trén nén dan hdi Winkler dua trén su két hop
gitta ly thuyét nhiéu 16p lién tiép bac cao va phuong phap khong ludi. Benyoucef [11] phan tich ting
xt udn tim FGM day trén nén dan hoi Winkler-Pasternak st dung 1y thuyét bién dang cat hyperbol.
Dao dong riéng ctia tim FGM c6 vi bot rong dit trén nén dan hdi Winkler-Pasternak dudgc Kumar va
cs. [12] khao sat theo ly thuyét bién dang cit bac nhit. Shahsavari va cs. [13] phan tich dao dong tu
do cho céc tim FGM c6 vi bot rdng dit trén nén dan hoi Winkler/Pasternak/Kerr theo ly thuyét tim
dang hyperbol tua 3D.

Khi 1am viéc trong moi trudng ¢ nhiét do, dd 4m thi anh hudng cia luc nhiét-Am can dudgc ké
dén. C4c nghién ctiu vé dnh hudng ctia nhiét do va do 4m ludn thu hiit dudc su quan tim clia nhiéu nha
khoa hoc trén thé gi6i. Sayyad va Ghugal [14] da phan tich anh hudng cta tai trong co-nhiét-Am phi
tuyén 1én ing x{ udn cla tim chit nhat FGM tya trén nén dan hoi hai tham sb sit dung ly thuyét tAm
v6i bdn 4n s6 chuyén vi. Ly thuyét tAm bac cao twa 3D dugc Mashat [15] st dung d€ phan tich tng xir
udn ctia tim FGM c6 vi bot rong dit trén nén dan hoi dudi tic dung ctia tai trong co-nhiét-am. Zidi va
cs. [16] phan tich udn cta tim FGM dit trén nén dan hoi, duéi tic dung clia tai trong co-nhiét-Am sir
dung 1y thuyét bdn 4n s6 chuyén vi cai tién. Zenkour [17] phan tich dnh hudng ctia luc cit ngang va
bién dang phép tuyén 1én tim FGM dit trén nén dan hoi Winkler-Pasternak duéi tac dung cia tai trong
cd-nhiét-am theo ly thuyét bién dang cit c6 ké dén bién dang phap tuyén v6i nim an s6 chuyén vi.

Qua nghién ctfu téng quan & trén, ¢ thé thiy rang cé rat nhiéu nghién ciiu vé dng xi tinh va dong
ctia tim FGM hoan hao (khong ¢6 vi bot réng), ciing nhu cia tim FGM c6 vi bot réng. Anh hudng
clia nhiét d6 va do 4m dén ting xi co hoc ctia két cAu FGM c6 vi bot réng 12 khong thé bd qua, tuy
nhién, cdc nghién ctiu vé thm FGM c6 vi bot rong dit trén nén dan hoi dudi tic dung cia tai trong
co-nhiét-4m con chua dudc khai thac day di. Chinh vi vy, muc tiéu ctia bai bdo nay 12 tién hanh phan
tich ¢ng xi udn tinh cta tim FGM c6 vi bot rong dit trén nén dan hdi Winkler/Pasternak chiu tic
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dung ctia t& hop cic tai trong cd, nhiét, am. Céac phuong trinh cin bing dudc thiét 1ap theo nguyén ly
chuyén vi kha di, trong khuon khd cia ly thuyét bién dang cét bac nhit. Vat liu FGM véi quy luat
bién thién ham 1dly thira ctia cac vat liéu thanh phan (power law), hoan hao (khdng c6 vi bot réng) va
khong hoan hao (3 dang phan b vi bot rdng) sé dugc khao sat. Anh hudng ctia cic tham sb vat liéu,
kich thude hinh hoc, nhiét do, dd 4m va nén dan hdi dén do vong va cdc thanh phan ting suit clia cic
loai tim bang vét liéu FGM khéc nhau sé dugc danh gia.
2. Co sé ly thuyét
2.1. Tdm FGM cé vi bot rong (FGMPo)

Xét tAm chit nhat P-FGMPo, chiu tai trong phan b6 g vudng géc v6i bé mit trén, véi chiéu day h,
kich thuéc cac canh a X b. TAim dit trén nén dan hoi Winkler-Pasternak (xem Hinh 1) véi hai hé s6
nén lan luot 1a: K, 12 hé s6 do cing ubn 16p dan hdi; K 1a hé s6 do cling cia 16p truct.

Kim loai

(a) Tam FGM dit trén nén dan hdi Winkler/Pasternak

16 rong phan bd khang déu

hoi n h.m 16 nmg phun bodéu 16 mna phén hn khing déu theo h*"“" |0k*“il
[ B S o ey A I o S
FGM FGMPo-1 FGMPo-2 FGMPo-3

(b) Bén dang vat liéu FGM
Hinh 1. M6 hinh tim FGM véi b6n dang phan bd vi bot rdng trén nén dan hdi

Vit liéu P-FGMPo gdm hai vit liéu thanh phan: ceramic va kim loai. TAm dit trong mdi trudng
nhiét-4m v6i trudng nhiét do 1a T (x,y,z) va trudng do 4m 1a C (x,y,z). Tinh chit vat liéu cta tAm
P-FGMPo, ching han nhu md dun dan hdi E, hé sd gian ng nhiét « va hé s ngdm 4m B dudc gia thiét
dudi dang [5]:

- Vat liéu FGM hoan hao (khong ¢6 vi bot rdng: FGM):

P
1) + Py 1)

P(2) = (P, Pm)(h 5

- Vat liéu FGM c6 vi bot réng phan b déu (FGMPo-1):

1y e
P(z) = (P, Pm)(h 5) +Pm_§(Pc+Pm) (2)

- Vit liéu FGM c6 vi bot réng phan b6 khong déu (FGMPo-2):

1\ 2
P@) = (P, Pm>(h 5) + P S, P@(l—%) 3)
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- Vat liéu FGM c6 vi bot réng phan bd khong déu theo ham logarit (FGMPo-3):

p
P(z) = (P - Pm>(§ + %) + Py - log(l N g)(pc ; pm)(1 _ %) @

trong d6 p > 01a chi s6 ty 1é thé tich cta cédc vat liéu thanh phan; e 13 hé s6 rong.
DE don gian, hé sb Poisson v dudc gia thiét 1 hang s theo chiéu day tim [18].
2.2. Truong chuyén vi va bién dang
Trudng chuyén vi theo ly thuyét bién dang cit bac nhit dugc gia thiét dusi dang [19]:

u(x,y,z) = uo(x,y) + z¢x(x, y)
V(X, Y, Z) = VO()C, }’) + Z‘Py(xa Y) (5)
w(x,y,2) = wo(x,y)

trong d6 ug, vo, wo 1a céc thanh phan chuyén vi ctia diém trén mit trung binh ciia tim theo cic phuong

X, Y, Va Z; @y, @y 12 géc xoay cuia phap tuyén mit trung binh quanh truc y, x.
Céc thanh phan bién dang dudc x4c dinh theo:

ou Ouy Opx
ax 9x Ox &)
(Zx — @ — % +z % = 80 +Z Ilix
’ Ay dy Ay 0 ‘.
Yy ou Ov dug  Ovg 0y dp Y o4
i) I e Pr oy 22 g (6)
dy Ox dy  Ox dy  Ox
dwo
{7xz} — {7%2} — aﬁx ‘px
Yyz Vyz 9wo
ay Ty

trong d6 cac thanh phan bién dang mang va cac thanh phian do cong dinh nghia béi:

ou ov Oug  Ov 0 Oy 0 0
0 0 0 0 0 0 0 Px Py Px Py
T B dy Yy dy  Ox e 0 dy o dy  Ox 7
2.3. Truong iing sudt va noi luc
Quan hé ting suét - bién dang c6 ké dén anh hudng nhiét-Am dudc viét dudi dang sau:

O xx Cii Cip O 0 0 | (ex —aAT — BAC &gx — aAT — BAC

Tyy Cy Cp O 0 0 gy — aAT - BAC gy — aAT - BAC

Oxy( = 0 0 Ce O 0 Yxy =[C] Yxy (8)

Oxg 0 0 0 Css 0 Yxz Yz

Oyz 0 0 0 0 Cu YVyz Vyz
trong do

E(z) vE(z) E(z)
Ci1=Cxp= 7 Cn=0Cy=——=; Cg=Cs55=Cyq= 9
n=Cn=7—75 n=Cn=7—73 6 = Cs5 = Cas = 57775 9
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AT =T — Tog va AC = C — Cy la chéch 1éch nhiét do va do 4m & thdi diém xem xét so v6i nhiét do

tham chiéu T va do 4m tham chiéu C, ban dau.

Ham phan b nhiét do T(x,y,z) va d6 4m C(x, y, z) dugc gia thiét bién thién theo quy luat hing

s6, tuyén tinh hay phi tuyén biéu dién duéi dang [20]:

z 1 . (nz
T(5,9,2) = Ti(x, )+ 2 Ta(x,9) + = sm(g) Ts(x,y)

(10)
Z 1 . (7mz
C(5.7.2) = C1(x ) + 2 Catx) + = sin (TF) €. y)
h n h
v6i T;(x,y) va Ci(x,y) 1a ham phan bd nhiét d6 va do 4m trén bé miit tAm.
Céc thanh phan ndi luc dudc dinh nghia bdi:
h/2 h/2
(N, Ny, ny) = f (O xxs Ty, U}cy)dz; (M, Mya Mxy) = f (T xxs Oyy, U_xy)ZdZ
—h/2 —h/2
W2 (11)
(O, Qy) =k f(o-xze O'yz)dz
)
v6i k 12 hé s hiéu chinh cit.
Thay quan hé (8) vao biéu thiic (11) ta dugc:
Nx A]] A12 0 82 B]] BIZ 0 1 Kx NT Ng
Ny = A12 A11 0 8(:: +|Biy B 0 Ky ¢ — N)T - Nyc
Nyy 0 0 Acsl |7y 0 0 Bes] \kny 0 0
Mx Bll BIZ 0 82 Dll D12 0 | Kx Mz; M}? (12)
My¢=|B By 0 gé? +|Diy Dii 0[Sy g — M) - MS
Mxy 0 0 Bgs Yy 0 0  Degg] Kxy 0 0
{Qx} _ [Ass 0 ]{721}
0, 0 Ay 781
trong do
h2
(A11,B11,D11) = (A, B, D) = f Ci1(1,2,2)dz; (A2, Bia, D12) = (A, B, D)
—h/2
h2 /2
1-v E®2)
Ags, Bes, Do) = —— (A, B,D); Ay =As5 =A° =k Cssdz =
(A6, Bos, Deo) 5 ( ) 44 = Ass f 55dz f2(1+v) z
—h/2 —h/2
h/2 h2 (13)
E E
NI =NT = f ﬁa(z)Asz; Ml =m! = f ﬁa(z)ATzdz
Y 1-v Y 1-v
~h/2 —h/2
h/2 h/2
E E
N¢ =Nf = f %ﬁ(z)ACdz; MS = M§ = f IL_Z)Vﬁ(z)Acmz

—h/2

—h/2
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2.4. Phuong trinh cdn bdng
Cic phuong trinh can bang dudc thiét 1ap theo nguyén 1y chuyén vi kha di, dugc thé hién nhu
sau [20]:

ON, ON, ON,
5Nx+ Y _ o AN

Ox dy  dx  dy (142)
00, 00y oM, OM,, oM., OM,
_— - f, = 0; -0, = 0; _ = =0
0x i ay ta=J 0x " oy Q 0x " ay O
trong d6 f, 1a phan luc nén Winkler-Pasternak cho bdi:
Pw  Pw

= Kw—- K| — + — 14b
Je = Ruw (8x2 3y? ) (14b)

Biéu dién ndi luc qua bién dang, roi bién dang qua chuyén vi nhd sy trg gidp cda (6), va (12)
hé phuong trinh (14a) trd thanh hé phuong trinh cin bing biéu dién theo cic thanh phin chuyén vi
MO’ VO’ WOa (;Dx’ (,Dy:

Puy 1-vduy 1+vdw Poy 1-vPp, 1+v&p,
A + + + B + + =pi
x? 2 0y? 2 9xdy 0x? 2 9y? 2 9xdy
2 1—vo? 1 2 P, 1-vd* 1 2
A6v0+ v6v0+ +v 0%ug - B <p)+ % <py+ + v Oy - 1)
dy? 2 Ox? 2 Oxdy 0y> 2 0x? 2 Oxdy
s (92W() + % + % + %
ox2  9y:  Ox Oy

)+q—fe=0

Puy 1-vdPuy 1+vd*vy Po, 1-vp, 1+vdy, s [Owo
B(ax2+ 2 a2 2 axay)JrD(a:;’L 2 a; T2 axa;]_A(E ‘Dx) P4
B(a2vo+ 1—v82v0+ 1+V52u0)+D(achy+ 1—V62¢y+ 1”52%)—AS(%+¢):,9

O 2 9x2 2 dxdy o 2 ax2 2 Oxdy gy )T

(15)
V6ip1:aNZ+%'p2:aNyT+6N’Vc'p4:6M§+6Mg'p5:6MyT+aMyC.
Ox ox ’ dy dy ° Ox ox "’ dy dy

3. Loi giai Navier
Trong trudng hop tAm chif nhat lién két khdp trén chu tuyén, diéu kién bién thé hién duéi dang

sau:
Taix=0,a: Ne=vo=wo=¢,=M,=0 (16)
Taiy=0,b: Ny=up=wo=¢,=M,=0

Céac thanh phan chuyén vi dugc gia thiét dudi dang chudi luong gidc kép, théa man diéu kién
bién (16) dudgc gia thiét dusi dang:

(o) (o) (o) (o) (o] (o)
ug = Uomn COS AX SInyy; vg = Vomn SIN AX COSYY;  Wq = WQmn SIN Ax sin
vy vy Yy
m=1 n=1 m=1 n=1 m=1 n=1
(o] o0 (o] o0
Oy = Z Z @oxmn COS Ax Sinyy; @, = Z Z @0ymn SIN AX COS Yy
m=1 n=1 m=1 n=1

(7)
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, < . A A A L s N mn nr

trong d6 uomn, Vomn> Womns P0xmn» Poymn 12 cac h€ s0 can dudc xac dinhval = —,y = 5
a

Tai trong cd hoc, nhiét dd va do 4m g, T;, C; cling c6 thé dugc khai trién theo chudi lugng giac kép:

Ms
Me

Gmn SIN AXx sinyy

3
l
3

=
I

s e
s L

timn SIN Ax Sinyy (18)
1

n

M2

C; = Cimn SIN Ax Sin yy

Il
—

m=1n

trong d6 T;, C; dudc dinh nghia trong phuong trinh (10) v6i i = 1,2,3. Véi tai trong phan bb déu:
16 16t [ 16C [ . P ~ P N .
qmn = _6102’ timn = _012, Cimn = O;- V6i tai trong Phan bo hinh sin: gun = qo, Limn = t0is
L mnrw mnmw
mn — e

Thé biéu thic (17) va (18) vao (15), ta dugc nhan dugc hé phuong trinh dai sb:

sitos12 00 sia sis| [ tomn Py
s21 822 0 s24  $25| | Vo P,
0 O 533 534 S35(3Womn ¢ = \Gmn (s> Vm,n (19)
S41  S42  S43  S44 45| | Q0xmn Py
§51 852 S53  Ss4 855] | @oymn Ps

trong d6 cdc hé sb s;; va P; duge xdc dinh bdi:

1-v 1+v
811=A/12+—2 Ay’ s = >

B

1+v
2

$15 = 8§51 = S24 = S40 = Ay

1 —
S14 = 841 = B(ﬂ.2 + TV’)/Z)

1- 1-
§20 = A( V/lz + 72); §25 = S50 = B( V/lz + 72) (20)
533 = A° (/12 + 72); s34 =853 =A°2
1 -
535 = 553 = A'y; s = AT+ D(/lz + Tv?’z)
1+ 1-
S45 = S54 = VD/l)/; S$55 = A’ + D(Tv/lz + 72)

Pi=A [(ATtl + Bth + B*Tl‘3) + (A c| + BC(,‘2 + B* C3)
‘)

|

] 1)
B"t; + D"ty + D' 13) + (BCct + DSy + D*Cs)|

)

|

(
Ps=vy [(BTtl + DTZ‘Q + D*Tl‘3) + (B c| + DC6‘2 + D*C(Jg

9@ = ~sin(T)

véiz = =
h b4 h

32



Hién, T. T., va cs. / Tap chi Khoa hoc Cong nghé Xay dung

h/2 h/2 h/2
M:fﬁ%mm;#:f%%mm;ﬂ=f§%mﬁk
—h/2 —h/2 -h/2
e e .
= [ FEpoan 5= [ [pemn 0= [ Fpora:
—h}f/zz —]‘1/2 h/2 _h/2 (22)
B”zf?%dﬁ@% mﬂif%%mmm&
—h/2 —h/2
h/2 h/2
E _ E _
MEIT%WWMzDWifé%W@M
—h/2 —h/2

Gidi hé phuong trinh (19) ta nhan dugc cac hé SO Ummns VOmns WObmmn POxmmns ©oymn» tU d6 xdc dinh
dugc cac thanh phan chuyén vi, bién dang, ting suét va noi luc tuong dng.
4. Két qua s6 va thao luin
Trong phan nay, trudc tién cac vi du kiém chiing dudc thuc hién cho tim FGM hoan héo. Tiép
theo d6, anh hudng ctia cdc tham s6 vat liéu, hinh hoc va nén dan hdi dén dd vong va cac thanh phan
ting suit cc vat liéu FGM sé dudc khio sit thong qua céc vi du s6. Céc vi du kiém chiing va cdc vi
Ty

A 2 , 2y 9. A g A A N . . X .
du so dugc khao sat vdi tai trong co-nhiét-am phin bo dang ham sin (q(x, y) = go Sin — sin ?)
a

Vit liéu P-FGM vé6i hai vat liéu thanh phan ZrO, va Ti-6Al-4V ¢6 céc dic trung co hoc nhu
sau [20]:

- Ceramic (ZrO»): E. = 117 GPa; v, = 0,33; a;, = 10,3 X 10_6/°C;ﬁm =0,33;

- Kim loai (Ti-6Al-4V): E,, = 66,2 GPa; v,, = 0,33; a. = 7,11 X 10_6/°C;/5’C =0.

Trong tit c4 c4c tinh toan kho sat va vi du kiém chiing, gid tri ctia hé s6 hiéu chinh cat dudgc 1ay
12 5/6. Nhiét do va do 4m quy chiéu dugc st dung: Ty = 25 °C (nhiét do phong), Cy = 0%. Sau khi
khéo st tinh hoi tu ctia nghiém Navier, s6 s6 hang trong khai trién chudi lugng gidc kép dbi véi tai
trong phan bd déu dudc 1dy v6i m = n = 20. Céc gid tri khong thii nguyén trong cic vi du kiém chiing
dudc tinh theo [16]:

_ 10011 (a b ) 1 abh ) 1 0.0 h
w = wWl=z,5]5 g =0 PRI I g = —0 s Uy T
atqo \2°2 T 100g0 T\272°2 ¥ 10g0 Y 3

1 b K,a* K,a? E.h3
o= ——e[0,2,0]; Ko= TS Jp= =i =
Tz 1qu‘7"1( 2 ) 0 0 12(1 -2

(23)

4.1. Vi du kiém ching

Do vong va ting suit khong thi nguyén ctia tim chit nhat FGM hoan hio (khong c6 vi bot rong)
dit trén nén dan hoi Pasternak chiu tic dung clia tai trong phan bd dang ham sin va trudng nhiét-Am
phan bd phi tuyén dudc trinh bay trong Bang 1. Két qua ctia bai bdo ciing dugc so sanh vé6i két qua
ctia Zidi [16] st dung ly thuyét 4 an s6 chuyén vi cai tién va dang nghiém Navier.

Vi du so sdnh thif hai trinh bay trong Bang 2 1a do vong va céc thanh phan dng suét khong thd
nguyén ctia tim vuéng FGM (hoan hio) chiu tai trong co phan bd déu. Két qua dudc so sanh véi két
qua ctia Thai va Choi [21] st dung ly thuyét bién dang cit bac nhit don gian va 16i giai Navier cho
tAm chit nhat lién két kh6p trén chu vi.
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Béng 1. Ung suét va do vong khong thi nguyén ciia tim chit nhat FGM hoan hao (b = 3a) dit trén nén dan
hdi chiu tai trong co phan b dang ham sin va trudng nhiét-Am phan bd phi tuyén (a/h = 10, g = 100, #; = 0,
th=13=10,c1 =0, ¢, = c3 = 100)

p KO JO NgUGn w O xx &xy
0 0 0 Zidi [16] 2,54076 0,52522 2,20374
Bai bao 2,54108 0,52260 2,20529
100 0 Zidi [16] 1,36682 —-0,17643 1,20877
Bai bao 1,36698 -0,17545 1,20806
0 100 Zidi [16] 0,26518 -0,83500 0,27507
Bai bdo 0,26520 -0,83051 0,27226
100 100 Zidi [16] 0,24336 -0,84804 0,25658
Bai bao 0,24338 —-0,84348 0,25373
1 100 100 Zidi [16] 0,26330 -0,86205 0,23762
Bai bao 0,26334 —-0,85552 0,23483
2 100 100 Zidi [16] 0,26396 —-0,84138 0,20133
Bai bao 0,26413 -0,83506 0,19728
5 100 100 Zidi [16] 0,26601 -0,81745 0,18459
Bai bao 0,26634 -0,81150 0,17896

Bang 2. D9 vong va cac thanh phan dng suit khong thit nguyén ciia tim vudng FGM hoan hio chiu tai trong
cO phan bb déu (a/h = 10)

A _ _ (h _ h _
p Nguén w O xx (5) T xy (—5) 7 x:(0)
0 Thai va Choi [21] 0,4666 2,8732 1,2990 0,4004
Bai bao 0,4666 2,8732 1,2992 0,4027
1 Thai va Choi [21] 0,9288 4,4407 1,1218 0,4004
Bai bao 0,9288 4,4407 1,1220 0,4027
2 Thai va Choi [21] 1,1909 5,1853 0,9998 0,3407
Bai bao 1,1909 5,1852 1,0000 0,3427
5 Thai va Choi [21] 1,4205 6,0857 1,0591 0,2622
Bai bao 1,4205 6,0856 1,0593 0,2638

Qua céc hai vi du kiém chiing trinh bay & trén, c6 thé thiy ring két qua ctia bai bao c6 sai léch it
so vdi cac két qua da cong bd ciia Zidi [16], Thai va Choi [21]. Vi vdy c6 thé két luan rang, nghiém
gidi tich thiét 1ap cling nhu code chuong trinh tinh bang Matlab cho phan tich tinh tim FGM chiu tic
dung ddng thdi ctia tai trong co hoc, nhiét dd va d6 4m trong bai bao c6 do tin cay.

4.2. Vidu khdo sdt
a. Khao st 4nh hudng ciia tai trong co, nhiét va 4m, dang phan bd vi bot réng, va hé sb réng e dén
dd vong

Xét cac tAm chif nhat FGM hoan hdo (FGM), va khong hoan hao (FGMPo-1, FGMPo-2, FGMPo-

3)v6ib/a =1, a/h = 10, p = 5 khong dit trén nén dan hdi (Ko = 0, Jo = 0). B6 vong 16n nhit khong
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Hinh 2. D6 vong khong thit nguyén 16n nhit Wy, clia cdc loai tim FGM chiu tai trong cd, co-nhiét, co-am,

cd-nhiét-4m bién thién theo hé sb rdng e (trudng nhiét do va d6 4m Ia hing sb theo chiéu day)

thit nguyén bién thién theo hé s6 rdng e vé6i cc dang phan b 16 rdng khéc nhau chiu tic dung clia cic
t6 hop tdi trong khac nhau trong moéi trudng nhiét do va do 4m 1a khong d6i (f, = 13 = ¢; = ¢3 = 0)
va thay ddi phi tuyén (t2, 13, ¢2, c3 # 0) theo chiéu day tam dudc thé hién trong Hinh 2 va 3. Quan sat

do thi trén Hinh 2 va Hinh 3 ta thiy:

- Nhiét do va d6 4m c6 anh hudng 16 rét dén do cting clia tAm, 1am cho d6 vong ctia tAm thay ddi

déng ké.

- D6i v6i ca bon loai tAm, khi chi chiu tdc dung clia tai cd, hoic tdi co-dm, hé sb rong ting lam do
cling clia tAm gidm, két qua 12 d6 vong clia tAm ting. Tuy nhién vdi tai co-nhiét, khi hé s6 rong e ting
thi d6 vong ctia tAm ting hay giam phu thudc vao quy luat bién thién clia trudng nhiét do. V6i trudng
nhiét do hing s6, hé s6 rong e ting lam cho do ciing ctia tAim gidm din dén do vong ting; tuy nhién
v6i trudng nhiét do phi tuyén, hé s6 rong e ting lam cho do ciing ctia tim ting dan dén d6 vong gidm.
Ung xti phiic tap nay ciing da dudc mot sd tac gia ghi nhan [22], su gia ting hé s6 do réng khong don
thuan 1Am gidm do6 cting co hoc nhu trong cdc trudng hop tii co don thuan, ma con anh hudng dén
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kha niing dan nhiét clia vat liéu. Su c6 mit cdc 16 rong 1am gidm khé ning dan nhiét cta vt liéu, gitp
phan b nhiét do dong déu hon va lam giam tng suit nhiét. Ngoai ra ¢ thé thiy ring anh hudng clia
nhiét d6 14n 4t 4nh hudng ctia do 4m, do vy dudi tic dung dong thdi clia tai co-nhiét-Am, trong mot
s6 truong hop, do vong giam khi hé sb d6 rdng ting 1én.

Ciing can nhin manh ring tim FGM vdi vi bot rdng phin bd déu (FGMPo-1) c6 4nh hudng dén
su thay d6i do cting ctia tAm nhiéu hon ca, trong khi hai quy luat phan bd vi bot réng con lai 1a gan
nhu nhau. Hé s6 rdng cang 16n, anh hudng ctia quy luat phan b vi bot réng cang ding ké.
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(d) Co-Nhiét-Am

Hinh 3. D6 vong khong thit nguyén 16n nhit Wy, clia cdc loai tim FGM chiu tai trong cd, co-nhiét, co-Am,
co-nhiét-am bién thién theo hé s6 réng e (trudng nhiét do va d6 4m 1a phi tuyén theo chiéu day)

Hinh 4 biéu dién su bién thién ctia do vong khong thi nguyén 16n nhit Wy, ctia tim FGMPo-1
theo hé s6 rong dudi tdc dung clia cc t6 hop tai trong khac nhau. R6 rang 1a su ¢ mit cla nhiét do
va d6 4m déu 1am cho do vong ctia tim ting 1én véi tAt ca cdc gid tri cia e. PO vong do dd 4m giy ra
ludén bé hon do nhiét do gy ra. Tuy nhién khi chiu tac dung clia céac t6 hop téi trong, &nh hudng cla
hé s6 rong 12 khac biét véi titng loai.
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Hinh 4. Do vong khong thi nguyén 16n nhét W, ca tim FGMPo-1 chiu tdi trong co; cd-nhiét; co-dm; co-
nhiét-4m bién thién theo hé sb rong e (trudng nhiét dd va do 4m la phi tuyén theo chiéu day)

b. Khéo sit anh hudng ctia chi s6 ty 1& thé tich p clia vat lieu FGM, ty s6 kich thu6c tAm a/h, va b/a
dén do vong

Xét thm chit nhat FGMPo-1 (vi bot rdng phan bd déu, e = 0,1), p = (0,1,2,5, c0) khong dit
trén nén dan hoi chiu tic dung clia tai trong co-nhiét-dm (go = 100, 1, = 0,10 = 13 = 10, ¢; = 0,
c2 = ¢3 = 100). V6i b/a = 1, su bién thién ctia d6 vong 16n nhét khong thd nguyén theo ty sb a/h, véi
cdc gid tri chi sd ty 1é thé tich p khac nhau ctia tim FGMPo-1 (e = 0,1) dudc biéu dién bing cac dd
thi trén Hinh 5(a). V6i a/h = 10, su bién thién clia d6 vong 16n nhat khong thi nguyén theo ty s6 b/a,
véi céc gid tri chi sd ty 1& thé tich p khac nhau ciia tim FGMPo-1 (e = 0,1) dudgc biéu dién bing cic
dd thi trén Hinh 5(b).

% -caramic
ik Ky = Iy =09, =100 Fed 3 ' ;
t,=t;=10,¢,=¢,= 100 *-p=3
= s o5 = -+ -matal

* metal

(a) Ty sba/h (b) Ty sb6 b/a
Hinh 5. D9 vong khong thid nguyén w ctia tim FGMPo-1 (e = 0,1) chiu tic dung dong thdi cta tai trong co-

nhiét-4m bién thién theo: (a) ty sb a/h; (b) ty sb b/a (trudng nhiét dd va dd 4m 1a phi tuyén theo chiéu day)
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Quan sét do thi ta thy ring chi s ty 18 thé tich p ting, ty phan thé tich ctia thanh phan kim loai
ting dan lam dd cing cta tim giam dan, din dén do vong clia tim ting. Ngoai ra, theo khi tAm cang
mong (ty sd a/h ting), dd vong 16n nhit khong thit nguyén ctia tim FGMPo-1 cang gidm. Trong khi
d6, d6 vong khong thit nguyén ctia tAm lai ting dan theo chiéu ting cia ty s6 b/a, khi tim chuyén dan
tlr 1am viéc hai chiéu sang mot chiéu.

c. Khao sit anh hudng ctia nén dan hoi dén do vong

Xét tAm chit nhat FGMPo-1 (vi bot réng phan bb déu, e = 0,1) véi b/a = 1, p = (0,1,2,5, c0)
dit trén nén dan hoi chiu tdc dung cia tai trong co-nhiét-Am (g = 100, t; = 0,1, = t3 = 10, ¢; = 0,
c2 = ¢3 = 100). Su bién thién ctia d6 vong 16n nhét khong thii nguyén theo chi s6 ty 1& thé tich p,
véi cic hé sb nén dan hdi khic nhau: Khong nén (Ko = Jo = 0), nén Winkler (Ko = 100, Jy = 0),
nén Pasternak (Ko = 100, Jo = 10) ctia tim FGMPo-1 (e = 0,1) dudc biéu dién bang cac do thi trén
Hinh 6.

15+ et E TS
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Hinh 6. D6 vong khong thif nguyén w ctia tim FGMPo-1 bién thién theo chi s6 ty 1¢ thé tich p
(trudng nhiét dd va do 4m 1a phi tuyén theo chiéu day)

Tir cac két qua nhan dudc ta c6 thé thy rang khi cé su c6 mit clia nén dan hdi thi do vong cia
tAm sé& giam dang ké. Theo chiéu ting chi s6 ty 1 thé tich thi do vong ctia tim FGMPo-1 khong dit
trén nén dan hoi hay dit trén nén Winkler hodc nén Pasternak déu ting dan. Su két hop cdia hai hé sb
nén (Ko va Jo) trong mo hinh nén dan hoi Winkler-Pasternak gép phan gia ting do cing tong thé clia
hé két cAu, din dén do vong nhd hon so véi khi chi xét nén Winkler thuan tiy (Jo = 0).

4.3. Anh huéng ciia cdc tham sé vt liéu, kich thudc hinh hoc va tdi trong co-nhiét-ém dén cdc thanh
phan iing sudt
a. Khao sit anh hudng ctia hé sb réng e dén cac thanh phan ting suét

Céc thanh phan ung sudt phap khong thi nguyén &y, Gy Va 0y, ctia tim FGMPo-1 (a/h = 10,
bjla=1,p =5, Ky = Jy = 0) chiu tdc dung cua tai trong co-nhiét-am (go = 100, 1, = t3 = 10,
¢ = c3 = 100), v6i cdc cdc gia tri hé s6 réng khac nhau bién thién theo toa do chiéu day dudc thé
hién béi dd thi trén Hinh 7.
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Hinh 7. Céc thanh phan ting suit khong thd nguyén &, 5. cla tim FGMPo-1 chiu ti trong co-nhiét-Am
(trudng nhiét dd va do 4m 1a phi tuyén theo chiéu day)

Ta thdy rang ting suét phap &, va ing suét cit ngang &, ctia tim FGMPo-1 khi chiu tai trong
co-nhiét-4m déu phan b phi tuyén theo toa do chiéu day tim. Khi hé s6 réng e ting dan thi ting sut
phdp 7, tai mit dudi clia tAm ting dan, tai mit trén ctia tim gidm dan con véi thanh phan ng suét
cit ngang G thi giam dan ¢ mit trén va ting dan & mit dudi.

b. Khao st anh hudng clia tai trong co-nhiét-Am dén cac thanh phin ting suit

Biéu db ting suit phap &, clia tAim vudong FGMPo-1 (b/a = 1,a/h =10, p =5, Ky = 0, Jy = 0)
chiu tdc dung lan ludt clia tai trong co, co-nhiét, co-dm, co-nhiét-Am (go = 100, = 0, 1, = 13 = 10,
c1 =0, ¢ = c3 = 100) dudc thé hién trén Hinh 8.

Quan sat do thi trén Hinh 8, mdt 1an nita c6 thé quan sat thiy anh huéng cta do am dén thanh
phan suét phap 7, 12 it hon nhiéu so v6i dnh hudng ctia nhiét d6 véi su thay ddi ctia hé sb rong.
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(¢) Co-Am (d) Co-Nhiét-Am

Hinh 8. Ung suét phap khong thii nguyén &, clia tim FGMPo-1 chiu tai trong (a) cd; (b) co-nhiét; (c) co-am;
(d) co-nhiét-dm véi cac hé s6 rong e khic nhau (trudng nhiét do va do 4m 1a phi tuyén theo chiéu day)

5. Két luan

Bai bdo da st dung ly thuyét bién dang cat bac nhéit dé phén tich tinh tim FGM c6 vi bot réng dit
trén nén dan hoi duéi tac dung clia tii trong co-nhiét-Am. Ba dang phan bd vi bot rdng, trudng nhiét
do va do 4m 1a hang s6, hay bién thién tuyén tinh va phi tuyén theo chiéu day dudc dudc xem xét. Sau
khi kiém ching d6 tin cy ctia 18i gidi va code Matlab tu viét, anh hudng ctia chi sb ty 1é thé tich vat
liéu FGM, dang phan bd va hé s6 rdng, nhiét do, d6 4m va cidc mo hinh nén dén ting xit tinh ctia tAm
FGM c6 vi bot réng dudc khao sit qua cac vi du sd. Mot s6 két qua dang chd y c6 thé tém tat nhu sau:

- Su c6 miit ctia vi bot réng 1am gidm ding ké do ciing ctia tAm, 1am cho d6 vong va céc thanh
phan ting suét ting 1én. TAm c6 vi bot réng phan b6 déu 13 mém hon so véi tAm c6 vi bot réng phan
bd khong déu. Chi s6 ty 1é thé tich clia cac thanh phan vat liéu FGM ting lam cho do cting ctia tim
giam.

- Su ¢6 mit ctia nhiét do va do 4m anh hudng dang ké do vong va céc thanh phan tGng suit. Anh
hudng ctia nhiét d manh hon anh hudng ctia 6 4m. Hé sb rong ting thi do vong clia tim c6 thé ting
hay gidm tuy thudc vao dang bién thién clia trudng nhiét do, do 4m, vé tuong quan do 16n giita ba
dang tai trong co-nhiét 4m.

- Su ¢6 mit clia nén dan hoi 1am gia ting do cing cia tim. Su két hop ctia hai hé s6 nén trong mo
hinh nén dan hdi Winkler-Pasternak gép phan gia ting do cting tng thé ctia hé két cAu, dan dén do
vong nhd hon so véi khi chi xét nén Winkler thuan tiy
Loi cam on

Nghién cifu nay dudgc tai tr¢ bdi Bo Gido duc va Dao tao trong dé tai ma sé6 B2024-XDA-11.
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