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Tém tat

Bai bdo trinh bay md hinh ban gidi tich phan tich dao dong tu do va 6n dinh ciia tim vat liéu c6 ¢ tinh bién thién hai chiéu
(2D-FGM) ¢6 16 réng trén nén dan hoi Pasternak. M6 hinh két hgp Iy thuyét bién dang cit bac cao bén 4n (HSDT-4) véi
phuong phap pb2-Ritz. Co tinh vt liéu bién thién theo quy lut ham liiy thira theo hai phuong trong mit phang, trong khi
4nh hudng ctia 16 rdng dugc xét thong qua hai quy luat phan bd theo chiéu day. Do chinh x4c ctia md hinh dudc kiém chiing
thf)ng qua so sanh v6i cdc két qua da cong bd cho ca bai todn dao dong va 6n dinh. Cac khio sit 1am rd anh hudng cia hai
ch1 s6 ty 18 thé tich theo hai phuong trong mdt phang cua vat liéu 2D-FGM, hé s6 va quy luat phan b6 16 réng, cdc tham sb
nén Pasternak, ty sb hinh hoc va diéu kién bién dén tin s& dao dong riéng va tai trong t6i han ctia tAm.

Tir khod: tim 2D-FGM; vit liéu c6 16 rdng; nén dan hdi Pasternak; dao dong tu do; &n dinh; HSDT-4; phuong phéap pb2-Ritz.

FREE VIBRATION AND BUCKLING OF POROUS 2D-FGM PLATES RESTING ON PASTERNAK
FOUNDATIONS

Abstract

This paper presents a semi-analytical model for the free vibration and buckling analysis of porous two-dimensional func-
tionally graded material (2D-FGM) plates resting on Pasternak elastic foundations. The model combines a four-variable
higher-order shear deformation theory (HSDT-4) with the pb2-Ritz method. The material properties vary according to
power-law distributions along two in-plane directions, while the porosity effect is described by two thickness-wise dis-
tribution patterns. The accuracy of the model is verified by comparison with published results for both vibration and
buckling problems. The parametric studies clarify the effects of the two in-plane volume-fraction indices characterizing
the two-dimensional material gradation, the porosity coefficient and distribution pattern, Pasternak foundation parameters,
geometric ratios, and boundary conditions on the natural frequency and critical buckling load of the plate.

Keywords: 2D-FGM plate; porous material; Pasternak foundation; free vibration; buckling; HSDT-4; pb2-Ritz method.
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1. Gigi thiéu

Vit lidu c6 cd tinh bién thién (Functionally Graded Materials — FGM) dudc phét trién nham tao
ra su chuyén tiép lién tuc vé thanh phan va co tinh vt liéu, qua d6 han ché hién tuong tip trung ting
suit thuong xuat hién tai bé mit phan cich ctia composite 16p va nang cao hiéu qué lam viéc ctia két
chu [1-3]. Nho nhiing uu diém nay, FGM ngay cang dudc ting dung rong rii trong nhiéu dang két cAu,
dic biét 1a két cAu tAim.

Céc nghién ctfu ban dau chi yéu xét tim 1D-FGM. Javaheri va Eslami [1] nghién cttu &n dinh ctia
tdm chiu nén bf?lng CLPT, Lanhe [2] phan tich &n dinh nhiét b%”lng FSDT. Zenkour [3] khao sat dao
dong va 6n dinh ctia tim sandwich FGM, trong khi Shariat va Eslami [4] xdc dinh tai trong t6i han
duéi tai co va nhiét. Tt 1D-FGM, céc nghién ctiu mé rong sang vat liéu bién thién theo hai phuong
(2D-FGM). Vinh va cs. [5] nghién cttu ubn va &n dinh cda tim c6 16 réng; Van Do va cs. [6] két hop
TSDT véi phan ti hitu han; Lieu va cs. [7] dung phan tich dang hinh hoc. Chen va cs. [8] khdo sét
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dao dong cudng biic, con Karami va cs. [9] phan tich dao dong tu do bing ly thuyét quasi-3D. Cac két
qua cho thiy phan bd vat liéu va 16 réng anh hudng r6 dén dng x{ ctia tim.

Trong thuc té, tim FGM thudng tuong tic véi mdi trudng dan hoi; Winkler va Pasternak 12 hai
mo hinh nén phd bién [10-12]. Nén Pasternak bd sung tuong tc cit giita cac phin tit nén, va cic
tham s6 nén c6 thé lam thay d6i dang ké do vong, tan sd dao dong riéng va tai trong t6i han cla tim
FGM [10-12]. Nhiéu phuong phép da dudc st dung cho cic két chu FGM, gdm phuong phdp phan
ti hitu han, phan tich ding hinh hoc, céc 15i giai giai tich va phuong phép Ritz [6, 7, 13-19]. Phuong
phép pb2-Ritz két hop da thic hai chiéu v6i ham bién nén xi 1y linh hoat nhiéu diéu kién lién két va
dat do hoi tu tot [15-17]. Két hop v6i HSDT-4, mo hinh m ta bién dang cat ngang khong can hé s6
hiéu chinh va gidm sb 4n [15-17].

Ciéc cong bd gin day da xét tim 2D-FGM c6 16 rong [5], thm 2D-FGM khong rong [7], tim
sandwich 2D-FGM ba pha c6 16 rong [13] va dAm sandwich FGM c6 16i réng trén nén hai tham
s6 [19]. Tuy nhién, phan tich dong thdi dao dong tu do va &n dinh ctia tim 2D-FGM ba pha c6 16
rong trén nén Pasternak bing HSDT-4 két hgp pb2-Ritz van con han ché. Vi vdy, bai bdo xdy dung
mo hinh bén gidi tich dua trén HSDT-4 két hop pb2-Ritz d€ kiém chiing va phan tich dao dong tu do
va 6n dinh cla tim 2D-FGM c6 16 rdng trén nén Pasternak, qua d6 khéo sat c6 hé thdng 4nh hudng
ctia hai chi sb ty 18 thé tich theo hai phuong trong mit phang, hé sb va quy luat phan b 15 réng, cic
tham sb nén, ty s hinh hoc va diéu kién bién dén tan sb dao dong riéng va tai trong t6i han.

2. M6 hinh va phuong phap phan tich

Xét thm 2D-FGM kich thudc a x b X h dit trén nén dan hdi Pasternak nhu minh hoa trén Hinh 1.
Hé toa d6 Descartes (x, y, z) dudc thiét 1ap véi mit trung binh ctia tAm tai z = 0, hai mit ngoai tuong
ting v&i z = h/2 va z = —h/2. Nén Pasternak dugc dic trung bdi hé sé nén Winkler k,, va hé sb 16p cat
Pasternak k;.

Phin bb déu
(UPD)

T~ J, Phin b déi ximg
(SPD)

Hinh 1. M6 hinh tim 2D-FGM c6 16 réng trén nén dan hoi Pasternak va céc quy lut phan b 16 rong

TAm dugc ciu tao tif ba pha vat liéu gdm kim loai M va hai loai gbm Cj, C,, véi ty phan thé tich
bién thién lién tuc theo hai phuong x va y. Anh hudng ctia 16 réng dugc xét theo chiéu day thong qua
hai dang phan bd: phan b6 déu (UPD) va phan bd d6i xiing (SPD), nhu thé hién trén Hinh 1.

Céc tinh chit co hoc ciia vat lidu nén chua xét dén 16 réng dudc xic dinh theo quy tic hén hop
Voigt [20, 21]:

Po(x,y) = Pc, Ve, (x,y) + Pc,Ve,(x,y) + PuVu(x,y) (D)

trong d6 Py bi€u dién tinh chat vat liéu chua xét dén anh hudng cta 16 rong; trong nghién cidu nay,
quy tac hdn hop Voigt dudc sit dung dé xac dinh md dun dan hodi E, khdi ludng riéng pg va hé sb
Poisson v tli ty phan thé tich ctia cdc pha vat liéu; Pc,, Pc, va Py 1an lugt 1a céc tinh chét co hoc cla
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hai pha gbm C;, C, va pha kim loai M. Ty phan thé tich ctia cdc pha vat liéu dudc gia thiét bién thién
theo quy luat ham Iy thua nhu sau [20, 21]:

o= -
=2
Vutey =1- ()" (4)

Ve, (6 9) + Ve, (x,y) + Vi(x,y) = 1 )

trong do p, va py la cdc chi s6 ty 1& thé tich theo hai phuong x va y. Véi p, > 0, tai canh x = 0 vat liéu
hoan toan 13 kim loai M; tai géc (x = a, y = 0) vat liéu hoan toan 12 gbm C; va tai géc (x = a, y = b)
vét liéu hoan toan 1a gébm C,. Khi p, = 0 hoiic py = 0 trong tinh todn quy uéc tuong ung (x/a)’ = 1
hodc (y/b)"” =1 trén toan mién. Theo d6, p, = 0 cho Vj; = 0, con py =0cho V¢ =0.

Pé xét anh hudng cta 16 rdng trong vit lidu, cic tinh chit co hoc hiéu dung cia tAim dudc hiéu
chinh thong qua hé s6 16 rong ej.

V6i phan bb déu (UPD), céc tinh chit cd hoc hiéu dung dugc xac dinh nhu sau:

P(x,y,2) = (1 = e0)Po(x,y) (6)
V6i phan bd dbi xing (SPD), cac tinh chit co hoc hiéu dung dugc xac dinh theo biéu thiic:

2|z
P(x,y,z) = [1 — € (1 - 7)] Po(x,y) (7

trong d6 eq 12 hé s6 16 rdng; P va Py 1an lugt 1a tinh chit co hoc ctia vat liéu c6 va khong xét dén anh
hudng ctia 16 réng. Trong nghién cifu nay, cic biéu thic (6) va (7) dudc ap dung truc tiép cho mo dun
dan hdi E va khéi lugng riéng p. Hé s6 Poisson khong bi hiéu chinh bdi hé s6 16 réng, v = vo, con md
dun trugt dugc xac dinh theo G = E/[2(1 + v)].
3. Quan hé vat liéu va phuong trinh cha dao
3.1. Truong chuyén vi

D& xét dén anh hudng clia bién dang cit ngang ma khong can st dung hé s hiéu chinh cit, nghién
ctfu nay 4p dung ly thuyét HSDT-4. Theo ly thuyét nay, trudng chuyén vi tai mot diém bat ky clia tAm
dugc bi€u dién thong qua cdc chuyén vi trén mit trung binh va hai thanh phan chuyén vi ngang do
u6n va bién dang cat nhu sau [15-17]:

3 owy, owy 3 owy, owy
U=y =2 f(z)ax, V=1 zay f@) oy ®

w=wp + Wy

trong d6 ug va vy 1a cac thanh phan chuyén vi trong mit phang ciia mit trung binh; wy, va wy 1an lugt
1a cdc thanh phan chuyén vi ngang do bién dang udn va bién dang cit; f(z) 1a ham phan b bién dang
cat theo chiéu day, dugc xac dinh nhu sau [15-17]:

1 3 2 d
‘§+§(%)]; =1 ®
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3.2. Quan hé bién dang — chuyén vi
Tit trudng chuyén vi trong cong thiic (8), cac thanh phan bién dang trong mit phing va bién dang
cat ngang dugc biéu dién duéi dang:

e=¢gy+ 2K+ f(Dks; ¥ =8y, (10)

trong do:
T T
€= {8xx, Eyy, yxy} s Y= {yxza 7yz}
T T
&) = {MO,x’ Vo,y, Uo,y t VO,x} > Kp=-— {Wb,xm Wh,yys 2Wb,xy} (1D

T T
Ks = — {Ws,xx’ Ws.yys 2Ws,xy} s Vs = {Ws,x, Ws,y}

O day, ddu phéy trong chi sé dudi biéu thi dao ham riéng theo toa do tucng dng.
Quan hé ting suit — bién dang ctia tAm dugc viét dusi dang:

oc=Qs T1=Qyy

T T (12)
o= {O—xxa Tyy, Txy} s T= {sz, Tyz}
Céc ma tran hé sd dan hoi dudc xdc dinh nhu sau:
On O O
0
Q=01 0» 0] Qs= [QOSS Q44]

0 0 O (13)

3 _E(x,y,2) _VE(x,3,2) 3 _ _ E(x,y,2)

Qu=0n=——""7 Qn=—_—75" Q44—Q55—Q66—2(1+v)

trong d6, E(x,y,z) 1a mo dun dan hoi clia vat liéu c6 xét dén anh hudng ctia 16 rdng, dudc xic dinh
theo cic cong thiic (1), (6) va (7); hé sb Poisson v dudc gia thiét khong thay ddi khi xét anh hudng
ctia 10 rong.

Cic hop luc ting suit, md men udn, mdé men bic cao va hop luc cit ngang dudc dinh nghia nhu

sau.:
h/2 h/2
N = f odz; MP = f z0dz
—h/2 —h/2

h/2 h/2
M = f(odz; Q' = f g(x)rdz

—h/2 h/2

(14)

véi:
N = Agj + Bk, + Bk,
M? = Bgy + Dk, + D'k
M’ = B'gj + Dk, + H'kg
Q' =A'y,
Cic hé s6 do cing trong cong thic (15) dude xac dinh bdi:

(15)

h/2
(Aij. Bij. Dij. B, D}, HS,) = f on 2 (1.2.2% £(2).2f(2), f(2)) dz
/2

A= 0i¢*(2)dz
’ —h/2

(16)

trong d6 i, j = 1, 2, 6 d6i v6i cac ma trin A, B, D, B*, D* va H®; i, j = 4, 5 d6i v6i ma trin A®.
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3.3. Phiém ham ncng luong
Thé niing bién dang clia tAm dudc xdc dinh theo biéu thic [22]:

1 h/2
- _ f f (o7& +1"y)dzdA (17)
2 Jadon

St dung cic ndi luc tdng quat trong cong thiic (14), biéu thic (17) dudc viét lai dusi dang:

1
U=5f( IN+ M+ kIM* + 57 Q") dA (18)
A

Thay cic quan hé trong cong thiic (15) vao cong thiic (18), thé ning bién dang ctia tim dugc biéu
dién nhu sau:

f [85A80 + 280 Bk, + 280B Ks
(19)
+ K, DKh + 2K]7 D'k, + KTHSKS + 7 ASYV] dA

Cong ctia tai trong nén trong mit phang va phén luc ciia nén dan hodi Pasternak dudc xéc dinh theo
biéu thiic [22]:
1 o[Ow o[Ow o Owow
W= N + N, + 2N
zf[(w) @J 2 9x dy

-t -2 + (2

trong d6 w = wj, + w; 12 chuyén vi ngang ctia tim; NB,NS va Ngy 1a cic tai trong trong mat phang;

(20)
dA

k,, va k; 1an lugt 12 hé s6 nén Winkler va hé s 16p cat Pasternak ctia nén Pasternak. Cac thanh phan
tai dugc biéu dién dudi dang N0 Ay1 Ny, N = /1)/2No, N = Ay3Np, trong d6 Ny la tai trong tham
chiéu, y1,y> va y3 1a cac hé s6 ty 1é tai, con /l 1a hé sb tai. Trong nghlen clfu ndy, cic thanh phan tii
trong khong thay d6i doc 1ap ma dudgc ting dong thoi theo cling hé sb tai A; vy, y> va y3 quy dinh ty
1¢ cb dinh giita c4c thanh phan tai.

DPong niing clia tim dudc x4c dinh nhu sau [22]:

/2
ff p(x, y,z) WP+ W )dsz (21)

h/2
Thay trudng chuyén vi trong cong thiic (8) vao cong thiic (21), dong ning dudc viét dusi dang:
1
T = EL{IO(uE) + V2 W2+ Qi +w§)

=21y (itgWop,x + V0Why) — 21 (03 + Posy) 22)

1y (W + Wp, ) + 202 (Whs.x + WpyWsy ) + Ko (W2, +902 )} dA

Céc md men quan tinh khéi lugng trong cong thiic (22) dude xac dinh bdi:

h/2
Iu(x,y) =f o(x,v,2)7'dz; n=0,1,2
—h/2

h/2

h/2
Ji(x,y) = f h/zp(x,y,z)f(z)dz; Jo(x,y) = f 2/O(x,y,z)zf(z)a'z; (23)

h/2

&mw=f Py, fA(2)dz
—h/2
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Ham Lagrange ctia hé dugc biéu dién duéi dang [22]:
n=r-uv+w (24)

Ham Lagrange trong cong thiic (24) dudc sit dung dé thiét 1ap hé phuong trinh ciia bai toan bang
phuong phap pb2-Ritz.
3.4. Phuong phdp pb2-Ritz

Dé thuén tién cho qua trinh tinh todn, hé toa d6 khong thi nguyén (£, ) dudc thiét 1ap tir hé toa
do Descartes (x, y) nhu sau:

£=2 p=2 o0<én<t (25)
a b

Theo phuong phéap pb2-Ritz, cic thanh phan chuyén vi trén mit trung binh ctia tAm dugc xip xi

bing cdc da thiic hai bién két hop v6i cac ham bién nhu sau [23]:

M

uo(&,m) = Z Zu,,xf s Zu,(f nd, = U'd"

p=0 s=0

vo(é.7) = Z Zv,,s@ nd, Z vi€md; = V'd*
p=0 s=0 (26)

wy(€m) = Z Z Wops(€, ) Z whj(& md; = Wyd®

p=0 s=0 j=1

Mgp p MR
W& = D Y wouEmdy, = > wyé,md; = Wi

p=0 5s=0 J=1

My 1a bac clia da thifc Ritz; p = 0, 1, ..., Mg va s = 0, 1, ..., p. Chi s6 j va tdng s6 s6 hang trong mdi
khai trién dugc xac dinh theo céc bi€u thiic:

_(p+D(p+2)
B 2
(Mg + 1)(Mg +2)

My, = . (28)

Cac ham xAp xi trong cong thiic (26) dudc xiy dung bang cach két hgp da thic hai bién véi cic
ham bién, c6 dang:

(27)

uj(&,m = Bu(&, mer—n’; vi€,m = By(&, nEP—n';

—5.8 -5, 8 (29)
wpj (€, 1) = By mEPT s wyi(€,m) = Bu(€,mEP™n

trong d6 B, B, va B,, 1a cic ham bién, dugc xay dung dé cidc ham xAp xi tu dong thda min cac diéu
kién bién hinh hoc ctia tim. C4c ham nay dudc xac dinh nhu sau:

Bu(&,m) =" (L =& (1 —my&™; Bu(&,m) = (1 = &F(1 -y &

30
B (&, m =1 — &y — gt 0
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trong d6 cac sd mii y; dude Iua chon theo loai diéu kién bién tai tiing canh. Chang han, d6i véi canh
x = 0, néu canh ngam (C) thi s6 mii ctia cdc chuyén vi trong mit phing bang 1, con chuyén vi ngang
bing 2; néu canh twa don (S) thi cac s6 mii tuong dng lan lugt bang 0 va 1; dbi véi canh tu do (F), tat
ca cac s6 mil déu bang 0. Céc canh con lai dugc xdc dinh tuong tu.

Trong mbi ham bién, bén sd mi dudc sép theo thi ty ciccanhy = 0, x=a,y=b vax = 0; cu
th€, (11, 2, 3, ta) ing Vi By, (us, fe, pi7, g) Ung v6i B, va (uo, fi10, (11, (12) Ung v6i B,,. Trong vi
du ki€ém chiing & Bang 3, diéu kién SFSF dudc quy udc véi hai canh x = 0 v x = a tua don, con hai
canhy =0vay=>btudo.

Thay céc biéu thiic x4p xi trong cong thiic (26) vao ham Lagrange (24) va 4p dung phuong trinh
Lagrange dbi v6i véc to cac hé sb Ritz, ta co:

d (oI1\ oIl
d (om) _om _ 31
dt (ad) od G
trong d6 d 12 véc to chifa cac hé sd chua biét cia phép xap xi Ritz, dugc viét dudi dang:
d={aa.da) (32)

Sau khi thay cdc ham x4p xi Ritz vao cdc biéu thic ning lugng, cong clia tii trong va nén trong
cong thiic (20) dugc tach dudi dang W = AW, — Uy, trong d6 W, la cong tuong ting vdi hé tai trong
tham chiéu va Uy la thé ning bién dang ctia nén dan hoi. Khi d6, cdc ma trin ctia hé dugc xdc dinh
thong qua cac dang toan phuong:

1 1o, . 1
U+Us= EdTKcl; T = 5dTMd; W, = 5dTKgd (33)
Tuong ting, cic phan tif ma tran dudc xic dinh bdi:
(U +Uy) T &> Wy
Kij = ——— ij= o (Kij= =0 34
77 0didd; 1 8diod, Kei 9d;0d oY

trong d6 d; 12 phén t th i cla véc to hé s6 Ritz d. Céc phan ti ctia K, M va K, dugc xdc dinh tif cc
tich phan trén mién tim clia cdc ham Ritz va cac dao ham tuong tng thong qua céc biéu thic ning
lugng néu trén.

Tir c4c biéu thic trén, phuong trinh dao dong tu do dudc thiét 1ap duéi dang:

(K - sz) d=0 (35)

trong d6 K va M lan lugt 12 ma trin do cling va ma trin khéi luong cia két ciu.
Diéu kién dé hé phuong trinh (35) c¢6 nghiém khac khong dudc xac dinh bdi:

det (K — ’M) = 0 (36)
Dbi véi bai toan 6n dinh, khi xét tai trong nén trong mit phang, hé phuong trinh can bang c6 dang:
(K-1K,)d =0 (37)

trong d6 K, 1a ma tran d6 cting hinh hoc ting vdi tdi trong tham chiéu Ny va cic hé sb ty 1é tai
¥1,72,v3; A 1a hé s6 tai.
Piéu kién xdc dinh tai trong t6i han dudc viét nhu sau:

det (K - 1K) =0 (38)

Gi4 tri riéng duong nhé nhét 1., 12 hé s6 tai t6i han, tir d6 tai trong téi han dudc xac dinh bdi
Ncr = /lcrNO-

172



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

4. Kiém chitng mé hinh va két qua tinh

Chuong trinh MATLAB dudc xay dung tif md hinh trén. Céc vi du ki€ém chiing ding thong s va
cach chudn héa cta tai liéu gbe; & Muc 4.2 chi tham sb dang xét dugc thay d6i. Cac dai lugng khong
thit nguyén dugc xac dinh nhu sau:

_ a® oM — N‘.,aZ. — kwa4. - kea?

w = ’ = ; = ) s =
h \VEy T Eyhd " Eyh? Y Euh3

(39)

4.1. Cdc vi du kiém chiing

O Bang 1 va Bang 2, mé hinh ba pha dudc quy vé hai pha bing cich gdn C; va M cung tinh chét
SUS304, con C, 1a SisNy. Khi d6, Vsi,y, = Ver = (f)l’x(%)l’r va Vsusaon = Ve, + Var = 1 = Vsion,.
Tinh chét vat liéu iy theo [24]; khong xét 16 rong Véanén dan hoi.

a. Khdo sat hoi tu

Khéo sat hoi tu dung tAm vudng c6 b/a = 1, a/h = 20, p, = py = 1 v6i hai diéu kién bién SSSS
va CCCC. Bic Ritz My thay d6i tir 1 dén 10; s6 hé s6 ctia mdi bién 1a m = (Mg + 1)(Mg + 2)/2 va
tong s6 bac tu do 1a 4m. Bang 1 cho thiy nghiém hdi tu nhanh; véi SSSS gan nhu hoi tu tit Mg = 6,
con v6i CCCC sai khac tai Mg = 6 nho hon 0,05%. Do d6, Mg = 10 dudc chon cho cac khao sat tiép
theo (66 hé s6 cho méi bién, tdng cong 264 bac tu do Npor). Hai cot phan trim trong Bang 1 biéu thi
muc thay ddi so vé6i bac Ritz lién trudc.

Bang 1. Kho sit hoi tu clia tin s6 dao dong riéng @ co ban khong thii nguyén ctia tim 2D-FGM

Mg m Npor @ (SSSS) A (%) w CCCC A (%)
1 3 12 1,042388 - 1,769137 -
2 6 24 0,986401 5,675910 1,765953 0,180300
4 15 60 0,983779 0,020776 1,764065 0,098443
6 28 112 0,983750 0,000110 1,763311 0,040964
8 45 180 0,983749 0,000000 1,762936 0,020642
10 66 264 0,983749 0,000000 1,762732 0,011291

b. Kiém chitng m6 hinh dao dong tu do

Kiém chiing dao dong tu do dung tAim vuodng c6 b/a = 1, a/h = 20, bién SSSS va céc t6 hop p,
va py, so sanh vdi két qué phan td hitu han ctia Tran va cs. [24]. Béng 2 cho sai s6 16n nhit 0,3210%,
xac nhéin do6 chinh xac ctia mo hinh.

Bang 2. So sanh tan sb dao dong riéng cd ban khong thi nguyén @ clia tim 2D-FGM

Py Nguén px=0 Px =05 px=1 pPx=2 px =10
0 Tran va cs. [24] 1,9893 1,3896 1,1794 1,0151 0,8611
Bai bao 1,9832 1,3852 1,1756 1,0119 0,8586

1 Tran va cs. [24] 1,1794 1,0533 0,9868 0,9220 0,8484
Bai bao 1,1756 1,0501 0,9837 0,9192 0,8459

10 Tran va cs. [24] 0,8611 0,8525 0,8484 0,8445 0,8383
Bai bao 0,8586 0,8500 0,8459 0,8420 0,8358
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c. Kiém ching bai toan 6n dinh

Kiém chiing 6n dinh dung tim 1D-FGM Al/Al,O3 khong 16 réng va khong nén dan hdi. Quy luat
hai phuong x va y dugc dua vé E(z) = Ea; + (Eanbo;, — EaD(z/h + 1/2)P:, v6i Eq; = 70 GPa, Eap0, =
380 GPavav = 0,30. TAam c6 a = b = 1 m, a/h = 100, chiu nén véi (y1,y2) = (1,0),(0, 1), (1, 1),
y3 = 0. Hai diéu kién bién SSSS, SFSF dudc xét v6i p. = 0, 1, 2. Bang 3 cho két qua rit gan Li va
cs. [25], sai s6 16n nhit 0,4033%, tiép tuc xac nhan do chinh xdc ctia HSDT-4/pb2-Ritz cho bai todn
on dinh.

Bang 3. So sanh tai trong t6i han N, (MN/m) ctia tim 1D-FGM

Diéu kién bien  p, Nguon iy =10 (2 =0, Gy =01

SSSS 0  Livacs. [25] 1,3731 1,3731 0,6866
Bai bao 1,3730 1,3730 0,6865

1 Li vacs. [25] 0,6845 0,6845 0,3423

Bai bao 0,6844 0,6844 0,3422

2 Livacs. [25] 0,5341 0,5341 0,2665

Bai bao 0,5341 0,5341 0,2670

SESF 0  Livacs. [25] 0,6986 0,3271 0,3201
Bai bao 0,7014 0,3270 0,3201

1 Li va cs. [25] 0,3485 0,1630 0,1594

Bai bao 0,3496 0,1630 0,1596

2 Livacs. [25] 0,2719 0,1272 0,1245

Bai bao 0,2728 0,1272 0,1245

4.2. Két qud va thdo ludn

Trong Muc 4.2, bo thong s6 co s6 gdm tAm vudng c6 a/b = 1 va a/h = 20; vat liéu Al,03 (C1),
ZrO, (C2) va Al (M), véi dit liéu theo Duong va cs. [13], gdm Al,O3 ¢ E = 380 GPa, v = 0,30
va p = 3800 kg/m>; ZrO, ¢6 E = 200 GPa, v = 0,30 va p = 5700 kg/m>; Al ¢6 E = 70 GPa,
v = 0,30 va p = 2707 kg/m>. Chon p, = p, = 1, hé s6 16 réng ¢y = 0,1 theo SPD; bién SSSS; nén
Pasternak k,, = 50 va k; = 5; bac Ritz Mg = 10. Bai todn 6n dinh xét nén hai phuong bang nhau véi
y1 = 1,92 = 1 vd y3 = 0. Trong tling khéo sat, chi tham s dang xét dugc thay ddi.
a. Anh hudng ctia cdc chi sb ty 18 thé tich p, va Dy

Anh huéng ctia cic chi s6 ty 1& thé tich p, va p, dén tan sb co ban va tii trong t6i han dugc trinh

bay trong Bang 4; hai chi sb thay d6i tit 0 dén 10, cdc tham s6 con lai gill theo bd co sé.

Bang 4. Anh huéng ctia cic chi s6 vat lidu p, va p, dén tan s6 dao dong riéng co ban khong thi nguyén @ va
tdi trong t6i han khong thd nguyén N,,

Dy DPailugng p,=0 px =105 px=1 px=2 Px=5 px=10

0 w 11,0668 11,5635 12,0313 12,7305 13,5981 13,8625
Ner 12,4956 11,3098 10,6132 9,9828 9,5528 9,4242

0,5 w 12,2841 12,5450 12,8410 13,3021 13,8355 13,9569
N, 13,8267 12,1349 11,1256 10,2235 9,6381 9.,4728

1 w 13,0664 13,1680 13,3406 13,6334 13,9565 13,9998
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Py bailugng p,=0  p, =05  py=1 px=2 px=73 px=10
N, 14,5450 12,5857 11,4007 10,3426  9,6729 9,4906
2 @ 14,0404 13,9246 13,9295 14,0034 14,0803 14,0409
N, 15,3580 13,0961 11,7072 10,4678  9,7050 9,5057
5 @ 15,1506 14,7534 14,5517 14,3751 14,2003 14,0818
N, 16,2490 13,6471 12,0321 10,5969  9,7383 9,5217
10 @ 15,5559 15,0459 14,7677 14,5044 14,2475 14,1018
N, 16,6209 13,8683 12,1612 10,6514  9,7562 9,5318

Béng 4 cho thy céc chi sd p, va p, dnh hudng rd dén dao dong va Sn dinh. Tan sb ting theo py;
tai p, = 0, @ tang tu 11,0668 1é€n 15,5559 (40,6%) khi p, ting tu O dén 10. Anh hudng cta p, phu
thudc py: véi py < 1, tin sd ting theo p,; con khi py > 5, tan s6 gidm theo p,. Tai trong t6i han gidm
theo py nhung ting theo py. Tai p, = 1, N, gidm khoang 34,8% khi p, ting tit 0 dén 10; tai py = 0,
N,, ting khodng 33,0% khi py ting tir 0 dén 10; vi vy p, cai thién 6n dinh, con p, 1am gidm tdi trong
t6i han.

b. Anh hudng ctia 16 rdng

Hinh 2 trinh bay 4nh hudng clia hé s6 16 rdng eq va quy luat phan bd; khi e ting, tin sb ting con
tai trong t6i han giam. VGi UPD, e ting, @ tang t 13,0652 tai eg = 0 1én 14,7303 tai ¢p = 0,3 (tang
12,74%); v6i SPD, @ chi ting 6,90%. V6i UPD, mo dun dan hoi va khéi lugng riéng cuing gidm theo
(1 - ep); trong khi nén giif nguyén, nén dong gép tuong ddi ctia nén lam tan sb ting. SPD béo toan
t6t hon vat liéu gan hai bé mit nén bién thién nhoé hon, phit hdp xu huéng ghi nhan béi Ebrahimi va

cs. [26].
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(a) Tan s6 dao dong riéng @ (b) Tai trong t&i han N,
Hinh 2. Anh hudng ctia hé s6 15 rong ey va quy luat phan bd 16 réng
Tai trong t6i han gidm khi e ting. Vi UPD, N,, gidm tir 11,5081 xudng 10,2493 khi ¢ ting tii 0

dén 0,3 (giam 10,94%); v6i SPD chi giam 2,81%. SPD bao toan tot hon vat liéu xa mat trung hoa nén
duy tri d6 cting udn tot hon.

c. Anh hudng ctia nén dan hdi Pasternak

Hinh 3 khdo sat hé s6 nén Winkler k,,; khi k,, ting tit 0 1én 200 v6i ky = 5, tan s6 ting 44,52% va
tai trong t6i han ting 89,48%; nén Winkler anh hudng manh hon dén 6n dinh.
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Hinh 3. Anh hudng ctia hé s6 nén Winkler ,,

Hinh 4 cho théy khi k; ting tir 0 1én 20 (k,, = 50), tan s6 ting 99,13% va tai trong t6i han ting
312,46%, cho thiy hiéu tng gia ciing rd ctia 16p cit Pasternak.
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(a) Tan s6 dao dong riéng @ (b) Tai trong t&i han N,

Hinh 4. Anh hudng ciia hé s6 16p cit Pasternak

d. Anh hudng cta diu kién bién

Bang 5 cho thiy khi chuyén tit SSSS sang CCCC, @1, @, va @3 ting khoang 36,17%; 31,33% va
31,67%; téi trong t6i han ting 50,06%. Lién két bién chit hon lam ting do ciing ctia tAm va nang cao
khé nidng &n dinh.

Bang 5. Anh hudng ctia didu kién bién dén ba tan sé dao dong riéng du tién va tai trong tSi han

biéu kién bién w1 0y w3 N,
SSSS 13,3406 24,5634 25,0177 11,4007
CCcCcC 18,1653 32,2587 32,9399 17,1079
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e. Anh hudng ctia ty sb kich thuéc

Hinh 5 trinh bay 4nh hudng ctia ty s kich thude véi a/h = 10, 20, 30, 50, 100. Khi a/h ting tir 10
hon (a/h nhd) va tién t6i hoi tu khi a/h 16n; tai trong t6i han nhay hon véi ty s kich thudc so vé6i tin

1én 100, tin s6 va tai trong téi han ting 1an lugt 1,77% va 2,70%. Bién dang cit giam khi tim mong

s co ban.
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Hinh 5. Anh hudng ctia ty sb kich thudc a/h

Hinh 6 khéo sit ty sb canh b/a = 0,5; 0,75; 1; 1,25; 1,5; 2. Khi b/a ting tir 0,5 dén 2, tan sb va tai

f. Anh hudng ctia ty sb canh
trong t6i han giam 1an ludt 57,8% va 26,6%; dao dong nhay hon 6n dinh.
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Hinh 6. Anh hudng ctia ty s canh b/a

5. Két luan
Mo hinh ban gidi tich dua trén 1y thuyét HSDT-4 két hgp phuong phap pb2-Ritz da dugc xay dung
dé phan tich dao dong tu do va 6n dinh ctia tim 2D-FGM c6 16 réng trén nén dan hdi Pasternak. Do
chinh x4c ctia md hinh dugc danh gia thong qua khao sit hdi tu va so sdnh véi cdc két qui da cong bd
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cho ca bai toan dao dong va dn dinh. Trén co s cac khao sat tham s, mot sd két luan chinh dugce rit
ra nhu sau:

- Hai chi s6 ty 1é thé tich theo hai phuong trong mit phang anh hudng ro rét dén tng xit ctia tAm.
Khi p, ting, tin sd dao dong riéng va tai trong t6i han déu ting; trong khi p, 1am giam tai trong tGi
han, 4nh hudng dén tan s6 phu thudc vio gia tri clia Dy-

- Hé sb va quy luat phan b 16 rong tac dong khac nhau dén dic trung dao dong va on dinh. Trong
pham vi khéo sét, khi hé s 16 rong ting, tan s6 dao dong riéng co ban ting nhung tai trong tdi han
giam; phan bd déu UPD gay anh hudng rd hon so v6i phan bd dbi xting SPD.

- Su gia ting cdc tham s6 nén Pasternak 1am ting ca tan s6 dao dong riéng co ban va tai trong t6i
han, cho thiy vai trd ctia nén dan hoi trong viéc niang cao do cing tdng thé va kha ning 6n dinh ctia
tAm.

- Diéu kién bién c6 anh hudng dang ké dén ca hai dic trung co hoc. TAm CCCC cho tan s6 dao
dong riéng co ban va tai trong t6i han 16n hon rd rét so v6i tim SSSS do mic dd han ché chuyén vi va
do cing bién cao hon.

- Khi ty sb kich thudc a/h ting, anh hudng ctia bién dang cit ngang giam dan; tin sd dao dong
riéng co ban va tai trong tGi han ting nhe va tién t6i gid tri hoi tu khi tAm tré nén moéng hon.

- Khi ty s6 canh b/a ting, ca tan s6 dao dong riéng co ban va tii trong t6i han déu giam. Trong
pham vi khao sat, dic trung dao dong thé hién do nhay véi ty sb canh 16n hon so véi dic trung 6n
dinh.

Ldi cam on
Nghién ctiu nay dudc tai trg bdi Bd Gido duc va Pao tao trong dé tai ma sé6 B2025-XDA-06.
Tuyén bo vé viéc st dung tri tué nhén tao tao sinh va cong nghé hé trg boi AI

Céc tac gia xac nhan khong sit dung bat ky cong cu tri tué nhan tao tao sinh hoic cong nghé hd
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