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TOM TAT

Trén co s& ctia phuong phap phén ti hitu han, bai bdo nay trinh bay nghién ciu dap (ng udn ctia tdm composite ¢ ca tinh bién thién (FGM) chiu tai trong
tinh tua trén nén dan hoi hai hé s6. Diéu thd vi clia nghién ciiu nay 1 tdm dugc tao ra tir hai loai vat liéu [a gdm va kim loai, nhung thanh phén cac vat liéu nay
khong phan bd lién tuc theo chiéu day tam, diéu nay lam cho ca tinh bién d6i theo chiéu day tdm ciing khong lién tuc. Cac bi€u thic tinh toan dugc xdy dung
trén co s6 Iy thuyét bién dang cat kiéu mdi, nguyén Iy cong kha di duoc ap dung dé tim ra cac phuong trinh can béng cho tam FGM. Bai bao tién hanh so sanh véi
cac két qua da c6, tir dd chiing minh su'tin cdy ctia Iy thuyét tinh todn, sau d6 bai bao khao sét dnh clia mdt s6 tham sd hinh hoc, vat liéu, diéu kién bién, nén dan
hoi d&n chuyén vi udn cla tam FGM, cac két qua thu dugc tir nghién cu nay Ia tai liéu khoa hoc tham chiéu d6i véi cac ky su thiét ké, ché tao két cdu dang tam
FGM trong thuc té.

Tirkhéa: Udn cia tdm composite, co tinh bién thién, nén dan hdi, phuong phdp phdn ti hitu han.

ABSTRACT

Based on the finite element method, this paper presents a study on the flexural response of a composite plate with variable mechanical properties (FGM)
subjected to static loading on a two-factor elastic foundation. The interesting thing about this study is that the plate is made of two types of materials, ceramic
and metal, but the composition of these materials is not distributed continuously along the plate thickness, which makes the mechanical properties change
discontinuously along the plate thickness. The calculation expressions are built on the basis of the new shear deformation theory, the principle of possible work
is applied to find the equilibrium equations for the FGM plate. The paper compares with existing results, thereby proving the reliability of the calculation theory.
Then, the paper examines images of some geometric parameters, materials, boundary conditions, elastic foundations to the bending displacement of FGM
plates. The results obtained from this study are scientific reference documents for engineers designing and manufacturing FGM plate structures in practice.

Keywords: Bending of composite plates, mechanical properties of variations, elastic foundations, finite element method.
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1.DAT VAN PE cac tia buc xa, nhat |3 buc xa hat nhan. Dé dat duoc kha

Ngay nay, vat liéu c6 co tinh bién thién (FGM) ngay nang dac biét nay, vat liéu ca tinh bién thién cé thanh
cang dugc cac nha khoa hoc sif dung rong rai trong thye ~ Phan chi yéula gém va kim loai, hai thanh phan nay dugc
t& ky thuat, ngudi ta c6 thé tim thdy vat liéu co tinh bign ~ Pha tron theo mét quy luat nhat dinh, diéu nay dam bao
vat liéu FGM vua ¢6 nhiing tinh nang ddac biét cda gém,

thién trong cac loa phut clla ddng co tén Itra, chan vit cla ’
vUa déo va dam bao tao hinh tot cGia kim loai. Lam cho

nganh déng tau, hay vach ngdn trong cac 16 phan tng hat ) i
nhan,... Day déu la nhiing két cau chiu dugc nhiét d6 cao, vat liéu FGM c6 ca uu diém cda hai vat liéu thanh phan.
chiu dugc ma s&t va mai mon I8n, c6 kha nang chéng lai Dé giup cho cong viéc thiét k&, ché tao cac san pham thuc
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té tur vat liéu FGM, can phai c6 nghién ctu toan dién trén
tat ca cac linh vuc cla loai vat liéu nay nhu vé phuong
phap ché tao, ty 1é vat liéu téi uu, téi uu hoéa vé mat hinh
hoc clia két cdu,... Trong do6, nghién ctu dé chi ra dap
(ng co hoc clia cac két cau lam tir vat liéu FGM la mét yéu
cau cap thiét, va su cap thiét nay da thu hat déng dao su
quan tam cla cac nha khoa hoc tinh toan, nghién cuu,
phan tich dap Ung tinh va dong dudi nhiéu phuang dién,
nhiéu cach tiép can va nhiéu phuong phap tinh khac
nhau, ngudi doc c6 thé xem cac két qua da cong bé trong
cac cong trinh [1-7].

Trong trudng hop ly tudng, cac thanh phan vat liéu
gom va kim loai bién d&i theo ham sé nao do, diéu nay
dam bao co tinh vat liéu bién thién lién tuc tU mat nay
dén mat kia ctia két cau. Tuy nhién, do sai s6 ché tao hoac
do mudn tang cudng thanh phan cda loai vat liéu nao do,
cac nha khoa hoc c6 thé tao ra loai vat liéu FGM c6 ty |é
thanh phan khoéng lién tuc, diéu nay lam cho co tinh cua
vat liéu FGM gay khuc, va lic nay dap Uing co hoc cuia két
cdu FGM ciing khong giéng cac két qua thong thuong.
Do vay, nghién ctiu nay quyét dinh st dung phuong phéap
mé phdng sé dé giai quyét bai toan udn clia tdm FGM tua
trén nén dan hoi hai hé s6, vat liéu bat lién tuc theo chiéu
day tam.

2. MO HINH BAI TOAN VA LOI GIAI

y
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Hinh 1. M6 hinh tdm FGM ddt trong hé truc toa do

h/2

_ ;hu

Kim loai

Hinh 2. Su phan b6 vat liéu tm FGM theo chiéu day

Mo hinh tdm FGM tua trén nén dan héi hai hé sé duoc
cho nhu trén hinh 1, hé toa d6 Oxyz dugc dat vao tdm dé
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thuan lgi biéu dién, cac tham s hinh hoc ctia tdm FGM
gbém cac canh a va b, chiéu day tdm h.

Tam FGM chiu tac dung cla luc vudng goc véi mat
phang tdm, diéu nay lam cho tdm chiu uén, va nhiém vu
dat ra cho nghién ctiu nay la giai quyét bai toan uén cla
tdm c6 mé hinh nhu trén hinh 1.

Tam FGM dugc tao ra bsi gém va kim loai vai ty 1& thé
tich tuong tng la V. va Vi, lién hé gilra hai thanh phan nay
c6 dang:

V, +V =1 (M

" ]

| —0—n=0.5 —»—n=1 ——n=2 ¢ n=5|

z/h

' 0.2 0.4 0.6 08 1
Hinh 3. Su phu thudc clia V. theo chiéu day tdm trong truong hgp
hy=h/10
Cac dac trung co tinh cha vat liéu tdm FGM (gom mo
dun dan hoi E, hé s6 Poisson v) bién thién theo chiéu day
tdm nhu sau:
{E,vy ) ={Ep Vo } +({Ecve ) —{E Vi })V. —0,5h<z<0

{3V} ={En Vo } +({Ecve ) —{En Vi Ve
{E; vy} ={E.v. } h, <z
Vi V. {%%) . Tham s6 ho thé hién muc d6 khong
lién tuc clia vat liéu theo chiéu day, trudng hop ho=0,5h
thi co tinh clia vat liéu tam bién déi lién tuc tr mat nay
dén mat kia chia tam.
Hinh 3 trinh bay su phu thudc cla ty 1& thé tich V. theo
chiéu day tam trong trudng hgp ho =h/10.
Bai bao nay st dung ly thuyét bién dang cét kiéu méi,
theo d6, ba thanh phan chuyén vi cla tdm theo ba
phuaong cua truc toa dé dugc biéu dién nhu sau:

{{u,v} (x,y,2)=—-z0u, / {ox,0y} —f,0u, /{ox,0y} 3)
u,(x,y,z) =u, (X,y) +u,(x,y)

vGif,=z- (h/ 7 )sin(z 7 /h). Viéc st dung ly thuyét bién
dang cat theo biéu thuic (3) c6 nhiéu uu diém, trong d6 c6
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ké dén anh hudng cla bién dang cat, thé hién dung su
phan bé cuta tng suat ti€p theo chiéu day, va khong can
dén hé s6 hiéu chinh cét, nhung van mé ta dung déap tng
co hoc clia tdm. Sau day bai bao sé xay dung cac biéu thuc
tinh toan dya trén trudng chuyén vi nay.

Véc ta bién dang clia tam gom hai thanh phan la véc
to bién dang udn va véc to bién dang cat:

e=z¢,+f€; v, =9,Y, (4)

Vv3i cac biéu thuc cu thé:
T
Ez {sz’ezy’E } ;sf :{sfx’sfy’sfxy} ;

Yoo :{vsxz’vsyz} £, =—0°u, / Ox*;€, =—0"u, / dy*;

2

szxyz—zazub/axay;sfxz—%-s —otu, /eyt O
X

205y T
€qy = —20°u, / 0xdy;y,,, = 0u, / 0x;

' =ow, /0y;g, =1-df, /dz

Ung suéat ctia I6p thiti lién hé véi cac thanh phan bién
dang nhu sau:

« £ 1 v, 0 £,
V17T v, 1 0 g, + =G,€
_Vi
T, 0 0 (1-v,)/2]|v, (6)

)] B [t o]fv.)] . .
= =Gy,
bt -ele el

Cac thanh phan mé men va luc cit ctia mot diém bat
ky thudc tdm FGM thu dugc sau khi tich phan cac biéu
thuic iing suat theo chiéu day nhu sau:

M s |
M 15 ZJ.GD [2.,]dz=[A, B ]¢, +[B..D/ ¢,
M<y Sxy XY (7)
Q| <} {vﬂ}i
=[G} dz=Ay,
BSILNE
VGi
{A,.B.D,} jG'zszZdzA sz' dz (8

Bai bao ap dung nguyén ly cong kha di dé thiét lap
phuong trinh can bang cho tam FGM tua trén nén dan hoi
chiu tdc dung cda ngoai luc tinh nhu sau:

811, +68I1,, —8I, =0 9)

tam luc

véi OI1,,_, 6I1
FGM, céng kha di ctia nén va céng kha di ctia luc ngoai tac
dung vudng goc vai tam.

wmr O, 81T, lan lugtla cong kha di clia tam
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Cong kha di ctia tam FGM do bién dang dugc xac dinh:

[(e)s(e) (o, )8(c,)
6Htam = J.z J. +(TXV )I G(YXV )I + (TXZ )i 6(sz )i dzdQ
Qi i i
+(1,) 8(v,.)
) R 56 (10)
T
h o%6u, o*8u
- £ z hf _syv—zmxy 6x6yb dzdQ
2
25, zx‘;‘;s va, 62::5 ra, 82;15

Cong kha di ctia nén dan héi tac dung lén tam FGM c6
dang:

oIl = J.{kwuzéuZ +k, { aaxuz

Q

v, | 2, aéuzj]d() ()
o

trong dd, kw va ks la hai tham s6 dé cling ctia nén dan
hoi.

Ngoai luc tdc dung vudng goc véi mat phang tdm FGM
sinh cong kha di nhu sau:

I, = Iqéu dA = Iqé u, +u,)dQ (12)

vdi q 1a ngoai luc vudng goc véi mat phdng tam. Cac
bi€u thuic (10) - (12) dugc thé vao phuong trinh (9), bai
béo thu dugc cac phuong trinh can bang ctia tdm FGM c6
dang sau:

2 oM, M
6ub:aM2*+2 > —7
ox oxoy oy
2 2
+kWuZ+ks[a u22+a ]+q 0
o' oy (13)
2 0’s,, 0°S oF
6u5:as;+2 A 2y+aFXZ+—yZ
ox oxoy oy ox  OXx

2 2
+k,u, +k, au;+6 +q=0
ox oy’

C6 nhiéu cach dé€ gidi quyét phuang trinh (13), & day
bai bao stt dung phuong phéap phan t& hiru han, uu diém
cla phuong phap nay la gidi quyét déi vai tam cé nhiéu
diéu kién bién khac nhau. Tdm FGM dugc chia ra cac phan
t& ch nhat bén nat, méi nat gém sau bac tu do:

v S 2 GHEIEN o0

Théng qua cac phép bién ddi, phuang trinh can bang
(13) dugc dua vé dang rat gon nhu sau:
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(15)

> (K +K! )Zu = ze:Pe

e

Giai phuang trinh (15), ta thu dugc chuyén vi uén tinh
cla tdm FGM tua trén nén dan hoi hai hé s6.
3. TiNH TOAN SO VA THAO LUAN
3.1. Kiém tra su ding dan cia ly thuyét tinh toan

Tam FGM ¢06 co tinh bién thién lién tuc, cac tham s6
hinh hoc va vat liéu cda tdm tuong Ung la tdm vudng
canh a, h =a/10, E= 380GPa, Er = 70GPa, vc = v, = 0,3,
tam chiu tai trong phan b6 déu va tai trong phan bo hinh
sin. Tham s6 tinh toan va so sanh la chuyén vi I6n nhat
khéng thi nguyén w* = 10wmaxh3E/Pa*. Bang 1 trinh bay
cac két qua tinh toan cta nghién ctu nay va két qua
trong tai liéu [5], dé dang thdy rang cac két qua cla hai
phuong phap tiép can nay la tuong déi gan nhau, sai
léch 16n nhat 1a 2,19%.

Bang 1. Két qua chuyén vi I6n nhét ca tdm FGM dugc tinh bang hai
phuang phdp khac nhau

n=0 | n=1 n=2 n=>5
Tai trong phén bo déu
Két qua giai tich [5] 0,46 0,92 1,19 1,43
Bai bdo 0,46 0,92 1,18 1,41
Sai s6 (%) 0 0 08 1,39
Téi trong hinh sin
Két qua giai tich [5] 0,29 0,58 0,75 0,91
Bai bdo 0,29 0,58 0,75 0,89
Sai s6 (%) 0 0 0 2,19

3.2.Khao sat anh huéng ciia mét sé tham sé

Tam FGM dugc ché tao tlr gbm va kim loai véi cac
tham s6 vat liéu nhu & phan trén, su bat lién tuc ca vat
liéu dugc m6 ta nhu biéu thiic (2), cac tham sé hinh hoc
clatama=b = 1m, chiéu day h. Két qua tinh toan va khao
sat la chuyén vi tai vi tri y = b/2 dugc chudn héa nhu sau
w* = 100w,h3E./Pa*.

- Khdo sat anh hudng cla diéu kién bién: Xét tam &
bén diéu kién bién la tua don bén canh (SSSS), hai canh
dé dién ngam va hai canh con lai tu do (CFCF), hai canh
doi dién tua don va hai canh con lai ngam (CSCS), bon
canh déu ngam (CCCC), két qua tinh toan chuyén vi cla
tam dugc thé hién trén cac hinh 4, 5 tuang ting vdi trudng
hgp khong c6 nén dan hoi va cd nén dan hoi, bai bao rat
ra mot s6 nhan xét nhu sau:

+ Tam & diéu kién bién ngam tat cad cac canh co
chuyén vi nhé nhat, tdm c6 diéu kién bién tua don bén

Vol. 61 -No. 5A (May 2025)

canh c6 chuyén vi I6n nhat. Diéu kién bién khéng nhimng
anh hudng dén gia tri I6n nhat cta chuyén vi tdim FGM ma
con anh hudng dén dudng dé vong cla tam.

+ Khi tinh dén nén dan hoi, nang lugng cta tdm FGM
tang lén, do vay tdm FGM ciing haon, diéu nay dan dén
chuyén vi clia tdm gidm xuéng.

0.8
——SSSS
—4¢CFCF P ama™
0.6 —®—SCSC / ™~
s |[==ccce!
2 /ot~
0.4 / P g \
m\
0.2 e

4

e

0 0.2

N

0.4 x/a 0.6 0.8 1

Hinh 4. Su bién di cta do vong tai vi tri y = b/2 tuong (ing v6i gia tri
Kw=0,K=0,ho=h/10,n=0,5
0.5

——SSSS P e\

—<4— CFCF \\
0.41 —e—sCsc [

——CCCC A

d A

TN
" N

0 0.2 0.4 x/a 0.6 0.8 1

oW *

Hinh 5. Su bién di cGa d6 vong tai vi tri y = b/2 tuong (ing v6i gia tri
Kw=40,K =4,ho=h/10,n=0,5

- Khao sat anh huéng cla ty [é thanh phan vat liéu tam
FGM: Thay d&i s6 m thé tich n sao cho né nhan gia tri tu
0 dén 5, két qua tinh toan dudng do vong tai vi triy = b/2
thé hién trén cac hinh 6, 7, mét s6 nhan xét dugc rat ra
nhu sau:

+ Khi tang chi s6 ma thé tich n, chuyén vi I6n nhat cta
tdm FGM tang Ién, diéu nay la do ty 1& thanh phan kim loai
trong tam FGM tang lén, do vay tdm FGM mém hon, nén
chuyén vi tang lén.

+ Khi n bién d6i tir 0 dén 2 thi chuyén vi ctia tdm FGM
thay d&i nhiéu, nhung khi n > 2 thi chuyén vi ctia tam it
thay dé&i, diéu nay la do co tinh vat liéu bién déi manh
trong khoang gia tri cGia n la tur 0 dén 2.
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Hinh 6. Su bién doi ctia d6 vong tai vi tri y = b/2 tuong (ng vdi gia tri
Kw =0, K;=0, hg=h/10, SSSS

0.7 m
0.6 2SN
PR 2\
S SRR
03 7&/ AT
O'Z// :_—E:g.s \\Q
0.1 —€—n=2
——1n=5
0 0.2 0.‘4 x/a 016 0.8 1

Hinh 7. Su bién doi ctia d6 vong tai vi tri y = b/2 tuong (ng vdi gia tri
Ky=40,K=4, hy=h/10,555S
- Khdo sat anh hudng cua ty lé chiéu dai cac canh tam
FGM: thay dé&i chiéu dai b ctia tam sao cho ty 1& b/a tang
tur 1 dén 4, két qua tinh toan dudng dé vong tai vi triy =
b/a dugc cho nhu trén cac hinh 8, 9, bai bdo nhan thay
mot s6 diém can trao d6i nhu sau:
2.5

A

0.4 x/a 0.6 0.8 1

1.5 &\
\
N

0.5 sl

T

0 0.2

Hinh 8. Su bién doi ctia d6 vong tai vi tri y = b/2 tuong (ing vdi gia tri
Kv=0,K=0,hy=h/10,n=0,5, SSSS
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Hinh 9. Su bién di cla d6 vong tai vi tri y = b/2 tuong (ing véi gia tri
Kw =40, Ks=4,hy=h/10,n=0,5, SSSS

+ Khi tang ty 1é cac canh tdm b/a thi tdam FGM tr& 1én
mém hon, do vay chuyén vi cla tam tang Ién, tuy nhién
su tang 1én cua ty 1é b/a trong khodng tur 1-3 thi chuyén
vi tang 1én rd rét, nhung khi b/a 16n hon 3 thi chuyén vi
tang Ién khong nhiéu.

+ V6i moi gid tri clia ty 1é b/a thi d6 ciing clia tam déu
tang Ién khi c6 tinh dén nén dan hoi.
4. KET LUAN CHUNG

Bai bao st dung phuong phap mé phéng hiu han dé
gidi quyét bai toan uon tinh clia tdm FGM tya trén nén
dan hoi hai hé s, trong do vat liéu tdm FGM phan bé
khong lién tuc theo chiéu day tdm. Cac céng thic dugc
tinh toan trén co s& ly thuyét bién dang cat ki€éu méi. Tu
cac két qua tinh toan va phan tich, bai bao rat ra mot sé
nhan xét quan trong sau day: Diéu kién bién c6 anh
huéng dang ké dén gia tri I6n nhat cla chuyén vi, dong
thai diéu kién bién ciing anh hudng dang ké dén dang
diéu clia dudng dé vong tai gitta tdm. Ty lé thé tich vat
lieu lam thay d6i ca tinh ctia tdm, nhat 1a khi chi s6 ma thé
tich vat liéu n bién déi tir 0 dén 2. Nén dan héi lam do
cling téng thé clia tdm tang Ién, do vay chuyén vi cdia tdm
giam xuéng. Cac két qua clia nghién ctu nay giup dinh
hudng hiéu qua cho cac ky su khi thiét ké tdm FGM trong
thuc tién.
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