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Tém tit

Bai bao tién hanh phan tich tlnh tam FGM ¢6 vi bot rdng dat trén nén dan hoi Kerr theo 1y thuyét bién dang cét
bac nhét don gian. Khong gidng nhu 1y thuyet bién dang cit bac nhét Relssner Mindlin, ly thuyét blen dang ct
béc nhét dorn gian quan niém d¢ vong gom hai thanh phan do blen dang uon va do bién dang cat ngang gay
nén, vi thé s6 thanh phan chuyén vi giam tir nim xudng bon an sd. Ba loai tim dugc xét dén gdm tam hoan hao,
tam c6 vi bot rong phan b déu va khong déu. Duya trén nguyén 1y thé ning cuc tiéu, hé phuong trinh cin bang
dugc thiét 1ap va giai bang cach sir dung dang nghiém Navier cho tim chir nhat lién két khop trén chu tuyén.
Anh huong ciia cac tham s vat liéu, kich thudc va nén dan hoi dén do vong va cac thanh phan tng suat cia
thm duoc khéo sat qua cac vi du $6.

Tir khod: phan tich tinh; tim FGM; tim FGM c6 vi bot rdng; bién dang cit bac nhat don gian; 10 giai Navier;
nén dan hoi Kerr.

STATIC ANALYSIS OF FUNCTIONALLY GRADED PLATES WITH POROSITIES RESTING ON KERR’S
ELASTIC FOUNDATION WITHIN THE FRAMEWORK OF SIMPLE FIRST-ORDER SHEAR DEFORMA-
TION THEORY

Abstract

This paper conducted the static analysis of a functionally graded plate with porosities resting on Kerr’s elas-
tic foundation based on the simple first-order shear deformation theory (FSDT). Unlike the Reissner-Mindlin
FSDT, the simple FSDT has been proposed based on the idea of partitioning the transverse displacements into
the bending and shear components, thus the number of unknowns reduce from five to four. Three patterns of FG
plates including perfect and imperfect (even and uneven porosity distribution) are considered. The equilibrium
equations are derived from the minimum potential principle and then are solved by using the Navier technique
for simply supported rectangular plates. The effect of material, geometric, and elastic foundation parameters on
deflection and stress components is investigated through numerical examples.

Keywords: static analysis; FG plates; FG plates with porosities; simple first-order shear deformation theory;
Navier solution; Kerr’s elastic foundation.
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1. Mé dau

Vat liéu c6 co tinh bién thién (Functionally graded material-FGM) 1a mot loai vat liéu composite
theé hé moi, c6 tinh chat vat li€u thay doi tron va lién tuc tir bé mat nay sang bé mit khac cta két cau,
do d6 tranh duoc sy tap trung rng suat, di€u thuong gap ¢ vat li€éu composite 16p. Vat liéu FGM dién
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hinh thuong dugc tao thanh tir hai vat liéu thanh phan la gém va kim loai. Pay 14 loai vat liéu dang
hudng, khong ddng nhét. Do két hop dugc kha nang chiu nhiét cao cia gdm, dd bén déo cua kim loai
nén FGM thudng dugc sir dung dé ché tao nhiing bd phén co khi, cAu kién coOng trinh 1am viéc trong
moi trudng nhiét d6 cao. Su gia ting cac tng dung cia vat liéu FGM doi hoi phai phat trién cac mo
hinh va phuong phap tinh phil hop dé phén tich g xir co hoc cac két cAu FGM. Tdng quan vé cic
mo hinh tinh ap dung cho két ciu tim va voé FGM dugc Thai va Kim trinh bay trong [1]. Nhiéu nghién
clru vé tmg xir tinh va dong cia két cAu FGM da duoc thuc hién va cong bd bai Reddy [2], Talha va
Singh [3], Swaminathan va cs. [4], Hebbar va cs. [5], Thai va Vo [6], Chen va cs. [7], ...

C6 nhiéu mé hinh tim d4 dugc sir dung trong phén tich két cau tim FGM, ching déu xuét phat tir
cac 1y thuyét ap dung cho vat liéu dang hudng, sau d6 mé rong tng dung cho vat liéu composite, vat
lidu FGM. Ly thuyét tim c6 dién 1a 1y thuyét tim don gian nhét, di dwoc nhiéu tac gia sir dung trong
phan tich tim FGM [8—11]. Do chip nhén gia thiét Kirchhoff nén Iy thuyét nay cho két qua sai léch
nhiéu vé6i thue nghiém cho tAm day. Xuét phat tir thuce té nay, Iy thuyét tim bac nhét da duoc phat trién
boi Reissner va Mindlin cho tim day va dugc sir dung rong rii trong phan tich tim FGM [12—-14]. Do
gia thiét bién dang cit ngang 1a hing sb theo toa d6 chiéu day, nén Iy thuyét tim bac nhat khong phan
anh dung sy phan b parabol cta (mg suét tiép theo chiéu day tim, do vay can phai dwra vao hé sb higu
chinh cit. Viéc xac dinh hé sé nay 1a khong don gian, do véy cac Iy thuyét bién dang cit bac cao dugc
dé xuat [15, 16] Ngoai cac Iy thuyét théng dung da néu trén, nhiéu Iy thuyét tim don gian da va dang
dugc phat trién boi nhidu tac g1a khac, 1am phong phu thém cac md hinh va phuorng phap tinh, phuc
vu cong tac tinh toan, thiét ké cac két cAu FGM. Dé giam sb 4n chuyén vi xubng con 4 an so voi ly
thuyét bién dang cét thong thuong (5 4n), ¥ tuong chia do vong thanh hai thanh phan udn va cat lan
dau tién dugc dé xuat boi Huffington [17], sau d6 duoc phat trién boi Murty [18], Senthilnathan va cs.
[19], Shimpi [20], va gan day dugc Thai va cs. [21, 22] 4p dung dé tinh toan cho tim composite 16p
va tim FGM hoan hao. Ly thuyét bon 4n s chuyén vi va dang nghiém Navier dugc Van-Loi Nguyen
va cs. [23] str dung trong phan tich tinh tim FGM dat trén nén dan hdi Winkler-Pasternak co xét dén
vi tri thyc ciia mat trung hoa.

Céc nghién ctru ké trén chi d& cap dén vat liéu FGM hoan héo. Tuy nhién, trong qua trinh ché tao,
trong cAu tric vat lieu FGM thuong xuét hién céac vi bot rong, lam thay ddi tinh chét co hoc cua ching.
Vi thé can thiét phai tim hiéu anh hudng cua cac vi bot rong dén tinh chat co hoc ctia chiing. Phuong
va cs. [24] su dung mo hinh dim Timoshenko 6 xét dén vi tri thuc ciia mit trung hoa dé phan tich
g xtr ubn ctia dam FGM c6 vi bot rong. Merda01 va Belghoul [25] su dung dang nghiém Navier dé
khao sat img xtr uén cua tim day FGM c6 vi bot rdng theo 1y thuyét bién dang cit bac cao. Rezaei va
cs. [26] phan tich dao dong tu do ctia tim FGM c6 vi bot rdng theo 1y thuyét tim bac nhat don gian, sir
dung dang nghiém Levy. Trén co s& 1y thuyét tim bac nhat, Akbas [27] sir dung nghiém Navier trong
phan tich tinh va dao dong tu do cia tim FGM c6 vi bot rdng. Benferhat va cs. [28] phan tich tinh
tam FGM theo 1y thuyét bién dang cét bac cao bon 4n chuyén vi, sir dung nghiém Navier cho lién két
khép trén chu vi. Dhuria va cs. [29] khao sat anh hudng cua vi bot rong dén tng xt tinh va 6n dinh
ctia tim FGM c¢6 vi bot rdng theo 1y thuyét bién dang cit bac cao voi ham chuyén vi dang hyperbol.
Yin va cs. [30] phan tich udn va dao dong tu do cta tim FGM c6 vi bot rdng theo 1y thuyét dan hoi
3D va phuong phap phan tir bién. Demirhan va Taskin [31] phén tich (mg xir udn va dao dong tu do
ctia tim FGM c6 vi bot rdng, st dung dang nghiém Levy va Iy thuyét tim bén an chuyén vi. Tran va
cs. [32] phan tich dao dong tu do bién do 16n ctia tAm sandwich FGM c6 vi bot rdng theo 1y thuyét
tam bAc nhat.

Trong thuc té két cu tAm thudng dat trén nén dan hoi, cho nén cac nghién ciru v& timg xtr co hoc
clia tim FGM dit trén cac mo hinh nén dan hoi khac nhau 1a huéng nghién ctru duogc nhiéu ngudi
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quan tam. Trong k¥ thuat, ba mo hinh nén thong dung thuong dugc s dung 1a Winkler, Pasternak va
Kerr. M6 hinh nén Winkler 1a don gian nhét dic trung bdi mot hé s6 nén (hé sb6 do cung uén), khi
d6 nén duoc gia thiét 1a moi truong dan hdi tuyén tinh v6i mot hé cac 10 xo dan hdi doc 1ap, dat sat
canh nhau, phan lyc cua nén tai mdi diém ty 1€ thuédn voi @6 lun cia nén tai diém d6. V&i mod hinh nén
Pasternak, ngoai hé s6 do cing udn, anh hudng cua bién dang truot da dugc ké dén thong qua hé )
d6 cimg truot. Vao nhimg nam 60 cua thé ky 19, Archibald Merriman Kerr [33] di dé xudt mot mo
hinh v6i ba hé s nén, ngoai hai h¢ s6 nén cua nén Pasternak con c6 thém mot hé sb nén thir ba dic
trung cho do cimg 16p 16 xo phia trén 16p chiu cit. Zenkour [34] sir dung dang nghiém Navier va Iy
thuyét tim bién dang cit voi dang ham sin dé phan tich tinh tim FGM dit trén nén dan hdi Pasternak.
Van va cs. [35] str dung phuong phap khong ludi va 1y thuyét tua dan hoi (quasi-3D) dé phan tich tinh
va dao dong riéng tim FGM c6 vi bot rong dit trén nén dan hdi Pasternak. Huang va cs. [36] sir dung
ly thuyét dan hoi 3D va phuong phap khong gian trang thai dé phan tich tmg xtr udn ciia tim FGM
day, dat trén nén dan hoi Winker-Pasternak. Benyoucef [37] tinh toan d6 véng va cac thanh phan tmg
sudt cua tim day FGM chiu tai trong phan bd déu hodc tai trong phan bd hinh sin dat trén nén dan
hdi Winkler- Pasternak theo 1y thuyét chuyén vi dang ham hyperbol. Kumar va Harsha [38] phan tich
tinh ctia tim sandwich c6 16p 161 bﬁng vat liéu FGM c6 vi bot rong va 16p bé mat bé“mg vat liu ap dién
dat trén nén dan hdi Winkler/ Pasternak/ Kerr dudi tac dung cua tai trong co-nhiét-dién theo ly thuyét
bién dang cit bac nhét (FSDT). Shahsavari [39] sir dung 1y thuyét tim tira dan hdi 3D (quasi-3D) véi
ham chuyén vi dang hypebol trong phan tich dao dong ty do ciia tim FGM c6 vi bot rdng dit trén nén
dan hoi Winkler/Pasternak/Kerr.

Tir céc phan tich trén, c6 thé thiy rang cac nghién ctru vé ing xt tinh ctia tim FGM ¢6 vi bot rong
dat trén nén dan hoi ba hé s nén (Kerr foundation) theo 1y thuyét bién dang cit bac nhét don gian
con chua duge dé cép dén. Nén dan hdi ba hé sb nén dugc Kerr dé xuét, khi téng quat h6a mo hinh
nén Pasternak bang cach thém vao mét 16p 16 xo phia trén 16p chiu cit. M6 hinh nay duoc cho 1a st
dung don gian va phan anh sat thyuc t& hon (mg xtr ctia nén 1én két cdu cong trinh. Bai bao nay sé tién
hanh tinh toan d6 vdng va cac thanh phan tmg sudt, sir dung dang nghiém Navier cho tim FGM c6 vi
bot rdng trén nén dan hdi Kerr, lién két khop trén chu vi str dung 1y thuyét bién dang cit bac nhat don
gian. Sau khi kiém chimg d¢ tin cdy cua 10 giai va chuong trinh tinh, cac khao sat s6 s& duoc thuc
hién nhim d4nh gia anh huong ciia sy phan bé 16 rdng, ty phan thé tich cac vét liéu thanh phan, kich
thude hinh hoc ciing nhu cac tham sé nén dén do vong va cac thanh phan Gng suat.

2. Co so Iy thuyét
2.1. Tam FGM c¢6 vi bot rong

Xét tm chit nhat béng vat liéu P-FGM c6 vi bot rong, chiu udn, véi chidu day h, kich thudc cac
canh a X b, chiu tai trong vudng goc voi bé mit tim. Tam dit trén nén dan hoi Kerr (xem Hinh 1) véi
ba hé s6 nén l1an luot 13: K 1a hé sé d6 cimg udn 16p dan hoi trén; K, 1a hé sb do cing cat 16p giita;
K3 12 hé s6 d6 cing uén 16p dan hoi dudi.

Vat liéu P-FGM gém hai vat liéu thanh ph?in: ceramic va kim loai. M6 dun dan hdi cua ba mé
hinh vt liéu dugc khao sat biéu dién boi:

- Vat liéu FGM hoan hao (khong c6 vi bot rong: FGM-1):

z 1\
E(z) = (E. - En») f_l + 5 +Ey, (D
- Vit liéu FGM c6 vi bot rdng phan b déu (FGM-2):
_ Z 1 P €o
E(Z) - (Ec - Em)(z + z) + Em - E (Ec + Em) (2)
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- Vat liéu FGM ¢ vi bot rdng phan bd khong déu (FGM-3):

p
5@ = e En 3+ 3]+ B L s 5 1-28) (3)

trong d6 p > 0: chi sb ty 16 thé tich; 0 < ¢y < 1: hé s rong.

Kim loai
V\ X
S ——=
Y.~
g
Kie—sz zlz s Ceramic
Kz G—
Koz 2 2 2 22 22 i)
“b
q. ______________________________
. ¥
(a) TAm chit nhat FGM dat trén nén dan hdi Kerr
hoan hao 16 rdng phan bd déu 16 rdng phén bb khéng déu

FGM-1 FGM-2 FGM-3
(b) Ba dang phan bd cua vat liéu FGM
Hinh 1. M6 hinh tim FGM véi ba dang phan b cua vat liéu trén nén dan hdi Kerr
Dé don gian, hé sb Poisson duoc gia thiét 1a hing s theo chiéu day tm [40].
2.2. Truong chuyén vi

Ly thuyét bién dang cat bac nhat chip nhan gia thiét Reissner-Mindlin, trudng chuyén vi duoc
bicu dién duéi dang:

u(x, y, 2) =up(x,y) +z¢x (x,y);  v(x, ¥, 2) =vo(x, ¥) + 20, (x,); @
W(X, Y, Z) = WO(X’ }’)

trong do: ug, vo, wo 1a cac thanh phan chuyén vi cua diém trén mat trung binh cua tim theo cac phuong
X,¥,2; ¢x, @y la goc xoay clia phap tuyén mit trung binh quanh truc y, x. D€ gidm s6 an chuyén vi, tiet
ki€m thoi gian tinh toan, thanh phan d6 vong w dugc dé xuat phan tich thanh hai thanh phan: thanh
) <X 4 A -4 Lo A a RETOTRT ow
phan do bién dang uon va thanh phan do bién dang cat gay nén (w = wy, + wy) voi gia thiét ¢, = — b

0x
ow, R ot o1 £, 1.4 Lo1A A . - X 0
va gy = —a—yb. Tur day truong chuyen vi cta ly thuyét bien dang cat bac nhat don gian dugc viet dudi

dang [21]:

wp
ox’
wi(x, ¥, 2) =wp(x, y) +ws(x, y)
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RS rang, truong chuyén vi cua 1y thuyét bién dang cit bac nhit don gian chi chira bbn an s6

Up, vo, Wp, Ws.
2.3. Truwong bién dang
Céc thanh phan bién dang mang gdm:

ou dug _Fwp
0x Ox 0x? &0
Ex dv dvy 0wy, 0 K
g b= — = - +Z9 =5 (=14 8& [ +24 Ky
¥ Ay Ay 9y2 8 K)
Yxy ou v oug O 5wy, Vxy v
dy Ox dy  Ox dx0y
Céc thanh phan bién dang cit ngang:
Owy
{42
'sz aws ’)/yz
dy
2.4. Truong img sudt
Quan h¢ ung suét - bién dang cé thé duogc viét dudi dang sau:
&0
T xx Ci Ci2 0 0 0 Ex Ex 3 Kx
Tyy C21 C22 0 0 0 &y Ey 8}’ Ky
Tor=[0 0 Ces 0 0 |{ynp=IClyu=I[CI{¥%¢+2[C] Ky
Oxz 0 0 0 GCss O Yxz Yz 'ygz 0
Tyz 0 0 0 0 Caul |7y Vyz 0 0
7}'2
. E(z) HE(2) E(z)
t d6C11 =Crpp=—=;C1p=Cy = —=;C66 =Cs5 =Cgg = ————.
rong do C g 2= — 2 12 20=7 — 2 66 55 44 21+ )

2.5. Cdc thanh phan néi luc

(6)

(7

®)

Tich phan cac thanh phan tng suat doc theo chiéu day tm ta duoc cac thanh phan noi luc trong

tAm FGM:

h/2

h/2

(N Ny, M) = f (e Ty o )dzs (Mo My, M) = f (00 Ty el

—h/2

h/2

(0r.0) =k f (0se0 0y )z

~h/2
trong do k 1a hé s6 hiéu chinh cat.
Thay quan hé (8) vao biéu thirc (9) ta duoc:
0
Ny Ay Ap 0%
Ny = A12 A]l 0 8;)
Ny 0 0 Ags ng

—h/2
Bii Bz 0 |k
+ (B2 Bjj 0 Ky
0 0 Bes| kxy

)
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0 ]
M, By B 0 ]|% Dyt Dip O |k«
]\4y =|Bj2» By 0 88 + D12 Dy 0 Ky (10)
M, 0 0  Bgs 7’2y | O 0 Des| \kxy
1 (0
{Qx} — [ASS 0 )/XZ
Oy 0 Ay ygz
/2
v6i: (A11, Bi1,D11) =(A,B,D) = f Cn (l,z, Zz)dZ; (A12, B12,D12) = u (A, B, D) ; (Aes, Bes» Des) =
—h)2
h/2
1 —H s
— (A,B,D);Ays =Ass =A" =k | Cssdz.
—h2

2.6. Hé phwong trinh chu dao
St dung nguyén Iy thé ning cuc tiéu, hé phuong trinh can bing cho tim FGM c6 vi bot rdng nhén
duoc dudi dang sau [21]:

ON, 0Ny 0N,
N +—2=0; R
" 0x ay 0x ady a1
PM, _0*M,, M, 00, 00,
L= 0; = g-£=0
a2 X axay o T4 ax Ty T4

Phan lyc nén f,, theo mé hinh nén dan hoi cua Kerr [41] dé xuit biéu dién boi:

K K; K K> )
= + - \% + 12
fe (K1 " K3)(Wh wy) (K1 " K3) (wp + wy) (12)
02 o2
trong d6 V2 = + — la toan tir Laplace trong hé toa do Cartesian cho bai toan 2 chiéu.
g 2 ay? p g

Bang cach thé cac phuong trinh (6), (7) va (1 0) vao (11), hé phuong trinh chu dao biéu dién theo
cac thanh phan chuyen vi ug, vo, wp, ws dugc viét nhu sau:

Puy 1 - Puy 1 +u 9%vy 2 OWp
A Y AL
(ax2 T2 92 T T2 oxdy ox
Pvy 1 - Pvy 1 +u 0uy zawb
_ v 2% _, 13
(ay T2 82 T T2 ooy By (13)

duy 9
BVZ(@T’LaVO) DV*wp+q—f,=0; AVPw,+q—f, =0

3. Loi gidi Navier
Trong truong hop tam chit nhét lién két khép trén chu tuyén, diéu kién bién thé hién duéi dang sau:

Taix=0,a:Ny=vo=wp=wy =M, =0

. (14)
Taiy=0,b:Ny=up=wp =wy =M, =0
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Céc thanh phan chuyén vi dugc gia thiét dudi dang chudi lwong giac kép, thoa man diéu kién

bién (14):
(o) (o) [ee) (o)
Uy = Z Z UQmn COS @x sinBy; v = Z Z Vomn SN ax cos By;
m=1 n=1 m=1 n=1
(o) o0
wp = Z Z Wopmn SIN@x sin By;  wy Z Z WQsmn SIN @X sin By;
m=1 n=1 m=1 n=
. 1A A A ;g \ mr nr
trong d6 ugmmn, Vomn> Wobmn» Wosmn 1 cac hé so can dugc xac dinhvaa = —,8 = >
a

Tai trong g(x, y) cling c6 thé dugc khai trién theo chudi lugng giac kép:

q(x,y) = Z Z Gmn SIn@xsinfBy;  Gun = f f q(x,y) sin ax sin Bydxdy

m=1 n=

Khi tai trong phéan bd déu, ¢ = go:
16go

mnm?

qmn =

Thé biéu thic (15) va (16) vao (13), ta duge nhan duge hé phuong trinh dai so:

sitos12 o513 O | [ uomn 0
s12 82 523 O ) vomn | _ ) O |, v
- 2 m’ n
s13 823 s33 0 WObmn qmn
0 0 0 s44] (Wosmn qmn

trong do cac hé so s;; dugc xac dinh boi:

- 1+
HAB? 512 = T#Aaﬁ; s13 = —Ba (o +ﬁz);

1
11 = Aozz +
1—
s20 = TﬂAaz +AB; 523 = —BB (0/2 +,32);

833 = D(a’z +ﬁ2)2; s44 = A° (a2 +,82)

(15)

(16)

(amn

(18)

Giai hé phuong trinh (18) ta nhan dugc cac hé SO ugmun, Vomns Wobmn> Wosmn, t 46 xac dinh dugc

cac thanh phan chuyén vi, bién dang, g suit va noi luc twong tmg.

4. Két qua s6 va thao luin

Trong phén nay, trude tién cac vi dy kiém chirng dugc thyc hién cho: a) tam FGM hoan hao (FGM-
1); b) tim FGM c6 vi bot rong (FGM-2, FGM-3). Tiép theo d6, anh huong ciia cac tham so vat liéu,
hinh hoc va nén dan hdi dén d6 vong va cac thanh phin tng suit s& dugc khao sat thong qua cac vi

du sd.
Vit liéu P-FGM (Al/A1,03) véi tinh chét cac vat liéu thanh phan nhu sau:
Ceramic (Al,O3): E. =380 GPa; u. =0,3;
Kim loai (Al): E,, = 70 GPa; u,, = 0,3.
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Trong tat ca céc tinh toan khao sat va vi du kiém ching, gi tri cta hé s6 hiéu chinh cét dugc lay
l1a 5/6. Céac gia tri khong thr nguyén sau day duoc st dung [21, 39]:

_ 10W’E. [a b _ h a b h _ h ab h
w = wl=,=1; g = —0 ~s =] Oy = —0- Sl IS
atqp  \2°2 Y agy T\2°2°2 Y agy \272°2
i h h _ h b h _ h a h
Oxy = %ny (0, 0, 5)’ Oxz = a_qoo—xz (O’ 5, 5), Oy; = %‘Tyz (E’ 0, 5), (19)
K,a* K»a? Ksa*
ki = 1 ; k= 2 s k3= <
D D D

4.1. Vidu kiém chirng

Do vdng va tng suét phap khong thir nguyén ciia tim vuong FGM-1 (FGM hoan hao) duoc tinh
todn va thé hién trén Bang 1. Két qua cia bai bao dugc so sanh vdi két qua gidi tich ciia Zenkour [40]
sir dung ly thuyét bién dang cat tong quat voi dang ham sin trong trudng chuyén vi.

Bang 1. Ung suét va do vong khong thtr nguyén cta tim vudong FGM-1 chiu tai trong phan b6 déu (a/h = 10)

p Nguén w O xx

1 Zenkour [40] 0,9287 4,4745
Bai bao 0,9288 4,4407

5 Zenkour [40] 1,4356 6,1504
Bai bao 1,4205 6,0856

Do vong va tng suat phap khong thir nguyén ciia tim chir nhat ¢ vi bot rong phan bd déu (FGM-
2) dugc tinh toan va the hién trén Bang 2. Két qua dugc so sanh véi két qua tinh theo 1y thuyét bién
dang cat bac cao bon an chuyén vi ciia Benferhat va cs. [28].
Bang 2. Ung suét va do vong khong thtr nguyén dudi tai trong phan bé déu cua tAm chir nhat FGM-2
(b=3a,alh=10,p=2)

) Nguén w O xx

0,1 Benferhat va cs. [28] 4,3921 14,2925
Bai bao 4,3834 14,1531

0,2 Benferhat va cs. [28] 5,9992 16,6660
Bai bao 5,9749 16,4774

Qua 2 vi du kiém chimg & trén, c6 thé thay rang, nghiém giai tich thu dugc theo mé hinh 1y thuyét
bién dang cat bac nhat don gian trong bai bao la c6 d¢ tin cdy.
4.2. Anh hwong cua cdc tham s6 vat lieu, kich thwoc hinh hoc va nén dan hoi dén do vong va cdc

thanh phan vng suat

a. Anh huéng cua chi sé ty 18 thé tich p

Xét tim chir nhat FGM véi b/a = 2;a/h = 10 khong dat trén nén dan hoi. D6 véng va cac thanh
phan ng suat véi cac chi so ty 1€ thé tich khac nhau p cua ba loai tam FGM-1, FGM-2 va FGM-3 the
hién trong Bang 3 va biéu dién bang db thi trén Hinh 2.

Tur cac két qua nhan dugc cho thay voi ca 3 mo hinh vat liéu FGM duogc xem xét, khi chi so ty 1€
thé tich p tang, ham lugng kim loai tang, dong thdi ham luong ceramic gidm, lam cho d6 cung cua
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(f) Bién thién cua ing suit &,

Hinh 2. D¢ vdng va cac thanh phan ting suat khong thir nguyén cua cic tim FGM-1, FGM-2, FGM-3 bién thién
theo chi s6 ty 1€ the tich p
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tam giam. Diéu nay dan dén d6 vong ting ddi véi ca 3 loai vat lieu FGM. Céc thanh phan tng sut
cling c6 quy luat bién thién twong tw d6 vong, khi ting p, tri s6 cta ching ciing tiang theo.

Su c6 mit cua vi bot réng 1am cho d6 cimg ciia tAm giam, chinh vi vy ma d6 vong va cac thanh
phan tng suat khong thir nguyén cuia tim hoan hao (FGM-1) 1a bé nhat. V&i tim FGM c6 vi bot rdng
thi phan b6 16 rdng déu FGM-2 c6 do vdng va g suat 16n hon tim c6 vi bot rdng phan b khong déu
(FGM-3).

Bang 3. D vong va cdc thanh phan tng suat khéng thi nguyén cia tam chit nhat FGM-1, FGM-2, FGM-3
véi cac chi so ty 1€ thé tich p khac nhau

p Tam W T xx Tyy Ty Tz Ty

1 FGM-1 2,2790 9,4278 4,2951 -4,2791 0,9205 0,7080
FGM-2  2,8216 10,2273 4,6593 -4,6419  0,9805 0,7541
FGM-3 24121 9,7547 44440  -44274 09886  0,7603

5 FGM-1 3,4736 12,9202 5,8861 -5,8641 1,7023 1,3092
FGM-2 5,2430 15,300 6,9703 —-6,9443 2,0980 1,6136
FGM-3 3,8686 13,4616  6,1328 —6,1099 1,9508 1,5004

10 FGM-1 3,8292 15,4903 70570  -7,0307  2,1095 1,6224
FGM-2 5,7996 18,4452 8,4031 -8,3718 2,8314 2,1776
FGM-3 42463 16,1222 7,3449 -7,3175 2,5050 1,9265

b. Khao sat anh hudong ciia ty sb kich thuée a/h, b/a
Xét tim chit nhat FGM (Al/A1203) véi b/a = 2, p = 5 khong dat trén nén dan hoi. D6 vong va cac
thanh phan tng sudt v6i cac ty sb a/h khac nhau ctia ba loai tim FGM-1 (e = 0); FGM-2 va FGM-3
(e = 0,2) thé hién trong Bang 4 va biéu dién bang do thi trén Hinh 3.
Béng 4. D6 vong va cac thanh phén &pg suat khong thir nguyén cua tim FGM
v6i sy thay ddi ty s a/h (b/a =2, p = 5)

alh Tam W Fax Tyy Ty T sz Ty
10  FGM-1 34736 12,9202 5,886l -5,8641 1,7023 11,3092
FGM-2 52430 153000  6,9703 -6,9443  2,0980  1,6136
FGM-3 38686 134616  6,1328 -6,1099 1,9508 11,5004
20  FGM-1  3,3904 258403 11,7722 —11,7283  1,7023  1,3092
FGM-2 5,1313 30,5999 13,9405 —-13,8885 2,0980 1,6136
FGM-3 37732 269232 122655  —12,2198  1,9508  1,5004
50  FGM-1 33671 64,6008 29,4304  -29,3207  1,7023  1,3092
FGM-2 51001 76,4998 34,8513  -34,7213  2,0980  1,6136
FGM-3  3,7465 67,3081 30,6638  -30,5495  1,9508  1,5004

Do vong va cac thanh phan tng suét ciia tim FGM (a/h = 10; p = 5), khong dat trén nén dan hdi
Vi cac ty s6 b/a khac nhau cia ba loai tim FGM-1 (e = 0); FGM-2 va FGM-3 (e = 0,2) thé hién qua
Bang 5 va d6 thi trén Hinh 4.

Két qua trén Bang 4 va Hinh 3 phan anh dung goc nhin ki thuat vé tng xir co hoc cua tam, khi
tam cang rnong (ty s6 a/h 16n), v6i ca ba loai tam FGM thi d6 vong tai tim cta tim cang giam, tri sO
clia cac (mg sut mang ting, trong khi tmg suat cit ngang khong thay doi.
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(c) Bién thién cia (g suit Oy (d) Bién thién cua ung sut &,
Hinh 3. Céc gia tri khong thr nguyén w, Gy, 0y, 0 x; cUa tAm FGM-1, FGM-2, FGM-3
bién thién theo ty sé a/h
Béng 5. P9 vong va cac thanh phan tng suat khong thir nguyén cia tim FGM-1, FGM-2, FGM-3
theo ty s6 b/a (a/h = 10,p = 5)
bla Tim W Frx Ty Ty Tz Ty
1 FGM-1 1,4205 6,0843 6,0843 —4,1222 1,2266 1,2266
FGM-2 2,1394 7,2050 7,2050 —4,8814 1,5118 1,5118
FGM-3 1,5829 6,3393 6,3393 —4,2949 1,4057 1,4057
2 FGM-1 3,4736 12,9202 5,8861 -5,8641 1,7023 1,3092
FGM-2 5,2430 15,3000 6,9703 —6,9443 2,0980 1,6136
FGM-3 3,8686 13,4616 6,1328 —6,1099 1,9508 1,5004
3 FGM-1 4,1807 15,1016 5,1536 -5,9926 1,8042 1,2769
FGM-2 6,3126 17,8832 6,1029 —7,0963 2,2236 1,5737
FGM-3 4,6556 15,7345 5,3696 -6,2437 2,0677 1,4633
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Hinh 4. Céc gia tri khong thir nguyén w, &y, 0y, 0 x; cUa tAm FGM-1, FGM-2, FGM-3
bién thién theo ty s6 b/a

Tir cac két qua nhan dugc trén Bang 5 va Hinh 4, ta thiy rang khi ty s6 b/a cang 16n thi do cling
cua tam gidm lam cho d¢ vong w va cac ung suat 0y, 0y, 0y, tdng dan.

c¢. Anh hudng cia cac mé hinh nén

Xét tim chit nhat FGM (AVALO3) véi a/h = 10,b/a = 2,p = 5, dit trén nén dan hdi Win-
kler/Pasternak/Kerr twong tng véi cac cap tham sd nén ky = 0,k3 = 100;k, = 100, k3 = 100;k; =
100, k, = 100, k3 = 100. Luu y rang, phan luc nén f,, theo mé hinh nén dan hoi cua Winkler/Pasternak
fe = K3 (wp + wy) — KaVZ (wp + wy). Do vong va cac thanh phﬁn ung sut ctia tAm véi cac hé s6 nén
cta ba loai tim FGM-1, FGM-2 va FGM-3 dit trén cac loai nén khac nhau duoc thé hién b?mg cac dd
thi trén Hinh 5.

Tir d6 thi trén Hinh 5 ta thay rang, theo chiéu tang chi sb ty 16 thé tich thi d6 vong cua cac tim
dat trén ca ba loai nén déu tang dan. Nén Winkler c¢6 do vong 16n nhét, nén Pasternak c6 do vong nho
nhét; tim FGM dat trén nén Kerr c6 do vong 16n hon dat trén nén Pasternak va nho hon dit trén nén
Winkler.
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(c) TAm FGM-3

Hinh 5. D6 vong 16n nhét khong thir nguyén w bién thién theo céc gia tri p khac nhau
voi tung loai nén cta tam FGM-1, FGM-2, FGM-3

5. Két ludn
Bai bao da sir dung 1y thuyét bién dang cit bac nhit don gian dé phan tich tinh tim FGM c6 va

khoéng c6 vi bot rong. Két qua tinh toan cho do vong va cac thanh phan tng suit mang cho sai sb
khong dang ké so vai 1y thuyét bién dang cit bac cao cho thdy hiéu qua cua viée sir dung 1y thuyét
nay da lam giam duogc sé an chuyén vi so véi 1y thuyét bién dang cit bac nhit Reissner-Mindlin tuy
van phai sir dung hé s6 hiéu chinh cét trong tinh toan. Sy c6 mat cta vi bot r6ng lam giam dang ké do
cling cua tdm, tim FGM c6 vi bot rdng phan bd déu c6 do cimg bé hon tim co vi bot rdng phan bd
khong déu. Thém vao d6 tim dat trén nén dan hdi Kerr s& ¢ d6 vong 16n hon so véi truong hop tim
trén nén dan hoi Pasternak.
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