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TOM TAT

Nghién cieu nay sir dung phwong phdp phdn tir hitu han dé trinh bay nghién ciru vé én dinh
ciia tdm c6 co tinh bién thién (FGM) tiea trén nén dan hoi hai hé sé, tuy nhién sw phdn bé cia vit
liéu khong lién tuc tir mat nay dén mat kia cua tam. Cdc biéu thirc tinh todn dwoc thiét ldp twr Iy
thuyét bién dang cdt kiéu mdi, sau @6 dwa trén nguyén Iy cong kha di dé tim ra phwong trinh cdin
bc%ng cho tam chiu tdi trong nén, phdn ttr bon nut, méi nit sau béc tw do dwoc bai béo sir dung de
gidi quyét phwong trinh can bang vira tim dwege. S tin cdy cia phirong phdp tiép cdn dwoc kiém
chitng bang cdch so sanh véi cdac két qua di cong bé. Bai bdo ciing tién hanh khao sat dnh huwéng
ctia cdc tham sé hinh hoc, su phan bé vat lidu, diéu kién bién va do cung nén dén dap ung on dinh
ciia tam nay, ddy la tai liéu tham khdo cé gid tri dé tim ra cdc tham sé thiét ké phii hop cho tam
FGM dé kha nang chiu tdi ciia tam la tot nhat.

T khéa: On dinh cia tam; Khéng lién tuc; Phirong phdp phan tir hitu han.
ABSTRACT

This study uses the finite element method to present the study of the stability of a plate with
variable mechanical properties (FGM) resting on a two-factor elastic foundation, but the distribution
of the material is not continuous from one side to the other of the plate. The calculation expressions
are established from the new shear deformation theory, then based on the principle of possible work
to find the equilibrium equation for the plate under compressive load, the four-node element, each
node has six degrees of freedom, is used in the article to solve the equilibrium equation just found.
The reliability of the approach is verified by comparison with published results. The paper also
investigates the influence of geometric parameters, material distribution, boundary conditions and
foundation stiffness on the stability response of this plate, which is a valuable reference for finding
suitable design parameters for FGM plates to achieve the best load-bearing capacity of the plate.

Keywords: Stability of plates,; Discontinuous, Finite element method.
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1. PAT VAN PE

Su phat trién cta nhiéu nganh cong
nghiép hién dai doi hoi phai c6 nhiing vat li¢u
moi co6 kha nang dép tng lam viéc trong moi
truong khéc nghiét nhu nhiét d¢ cao, ma sat,
mai mon 16n, kha nang chéng tia birc xa hat
nhan,... Va mdt trong nhitng loai vat liéu méi
da dwoc tim ra 1a vat liéu co tinh bién thién (goi
tat theo tiéng Anh 1a FGM), day 1a loai vt liéu
pha tron giita gdm va kim loai, sy pha tron nay
theo mot quy luat nhat dinh, diéu nay dam bao
cho co tinh cta cac két cdu duge ché tao tir loai
vat liéu nay bién ddi lién tuc tir mat nay dén mit
kia ctia két cau. Nghién ciru dap Gmg co hoc ctia
cc két cAu lam bf?mg vat liéu c6 co tinh bién
thién da nhan duoc sy quan tdm, nghién ctu
cua dong dao cac nha khoa hoc trong nudc va
ngoai nude, dién hinh trong sé d6 14 cac cong
trinh khoa hoc [1]-[5], trong d6 101 gidi dang
giai tich va 10 giai phan tir hitu han d3 duoc cac
tac gia van dung linh hoat dé giai quyét bai toan
dat ra.

Nhung trong qué trinh tao ra loai vat
liéu nay, c6 thé do sai s6 trong qua trinh ché tao
hodc do ¢b ¥ cia nha khoa hoc, dé gia cuong
dang ké thém dic tinh cta loai vat liéu nao do,
nguoi ta co thé tao ra loai vat liéu FGM c6 vat
lidu phan bd khong lién tuc. Viéc nghién ciru
dé tim ra quy ludt Gmg xtr co hoc cua cac két
cu lam béng loai vat liéu nay la mot yéu cau
can thiét, giup cac nha khoa hoc hiéu hon kha
nang chiu luc cua ching, tir d6 van dung vao
ché tao san phdm cu thé dap Gmg cong viéc thuc
té. Xuat phat tir thuc té do, bai bao nay dé xuat
phuong phap phan tir hitu han dé nghién ciru
on dinh tinh cta tim FGM c6 vét liéu phan bd
khong lién tuc, tir d6 dua dén cai nhin mot cach
co hé théng va khoa hoc vé kha nang chiu tai
nén cua tim FGM nay.
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2. MO HINH BAI TOAN PHUONG PHAP
GIAI

Tam FGM tua trén nén dan hdi hai hé
s0, ¢6 chiéu dai cic canh lan lugt 1a a va b,
chiéu day tdm h duogc thé hién nhu trén Hinh
1. TAm duoc dat trong h¢ toa do DPé-cac Oxyz,
trong d6 truc Oz vudng goc voi mit phang tam.
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hl _________________ 4 b x
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Hinh 1. M6 hinh tam FGM va cdc théng sé hinh
hoc twa trén nén dan hoi hai hé so

Hinh 2. Vit liéu tam FGM phén bé khéng lién tuc
theo chiéu day tam

Tam FGM dugc tao ra tir hai thanh
phan chinh 1a gém va kim loai v&i ty 18 thé tich
twong tmg la V_va 'V _, sy phén bd cua hai loai
vat liéu nay tuan theo quy luat cia ham s6 mii
nhu sau:

VoAV =1 I/C:(Lrij (1)
2

Trong d6, n 1a s6 khong am, thé hién

quy luat phan b vat liéu, nguoi ta goi chi sd
mii thé tich vat liéu.
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Trong truong hop tim FGM c6 cic ow, ow.
thanh phan vat liéu phan b khong lién tuc, b= TR e
cac dac trung co tinlrl (Mo dl,,ln dél’} hoi E, hé so _ ow,, s ow,, 3)
Poisson v) la ham so cua bién chiéu day z theo HETE oy oy
quy luat: W, =W, W,
{Evi}={E,v,}+({E.v.}~{E,v,})V. —05h<z<0
(B} =B v} + (B} ~(E, vV 022k, (2) V6i, r, =—2/4 + 523,
{E,vi}={E.v.} hy <z<0.5h

Su khac biét cua 1y thuyét bién dang cit
& bai bao nay so véi ly thuyét bién dang cat
03 E | bc nhat cia Mindlin la thanh phan chuyén vi
: ' ' theo truc z 14 w duogc chia ra thanh hai phan,
mot phan ty 1& véi udn w, va mot phan ty 18 v6i

s thanh phan cat W
Trudng bién dang cua tim duogc viét &
dang:
a=ra, + kzak; ;= 8:Ma (4)
Trong do:
¥ H ¥ T T
05 02 04 06 08 1 R L S
T . . hw,
‘ . 0= =—8w, /& a, =——2;
Hinh 3. Su phén b6 ty I V. tém FGM khong lién N = Vool @ =0, /0, 5 °
tuc vat liéu trong truong hop h, = h/10 200w, w, Fw_ (5
a;_(p:_ BBy My == arl 3 a_tv:_ 8]('1 3
Biéu thiic (2) chimg 6 khi h, = h/2 thi g -2 Way Ma Dao b
vat liéu tdm bién ddi tron lién tuc theo chiéu Oxty & &

3 & < i vat liéu ta ién d61 kho . , L, . LA .1y .
d‘e:y, néu h) <h/2 thi vét li¢u tdm bién d6i khong Trudng tmg suit clia tm tai 16p thir i:
lién tuc.

Hinh 3 trinh bay su phan b ty 1& thé I A |
, O + A 4 . LA 6 r=—"-v 1 0 o, =H,a'
tich cua vat liéu gom V _doc chiéu day cua tam T e . /s ¥ 6

. ¢ 1o o0 (1-v _
FGM trong trudng hop h /h = 10. P (1-v) % ©)
rx: I _ Ei 1 0 ?}x; I _ H]: i

Pé giai quyét bai toan dit ra, bai bao r.]  201+v)|0 1|7, -5
xudt phat tir 1y thuyét bién dang cit kiéu moi,
theo d6 truong chuyén vi tai mot diém bat ky Trudng ndi luc ciia diém bat ky thudc
cua tam dugc viét ¢ dang sau: tam gdm céc thanh phan mé men, luc cit duoc

tim ra trén co so tich phan truong ung suat
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theo chiéu day tam, bai bao thu dugc biéu thirc
truong ndi luc nhu sau:

i

| [s, g

M, s, ZIH' [2k)d&=[4.B|a,+|B.D,]a,

M, (S, % (7

A A

=S [H{"! a@-.
{Q_x-} 2{ {fz} e
Voi:
L L

{4.B.D | =z IHLEZJJZk;ka}‘t)"i =z I Hlglds 3

Pé thiét 1ap phuong trinh can bang cho
tam, bai bao str dung nguyén Iy cong kha di nhu
sau:

8rItam + BHnen_ 81_Iluc - 0 (9)

Trong d6, 8IT,_, 8IT_, 8I1, 1an luot 1a
cong kha di cia tiam FGM do bién dang, cong
kha di do nén va cong kha di ciia ngoai lyc tac
dung 1én tdm FGM. Chung lan luot duoc xac
dinh nhu sau:

M o’ow,, S o*ow, o’ow,,

- -M
x 6X2 X ax 2 y ayZ

4 2 2
o, = J'Z I s, 0 §v2v “om, *ow,, a0 (10)
Qi ay Ox0y
o*ow, 00w, 00w,
- Xy = +sz = +Qyz =
0x0y ox Oy

Cong kha di lién quan dén nén dan hoi
nhu sau:

o, = | [kwwzéwz +k (8w PLUIA

ow, a‘SW] dQ(11)

UL S
5 o Ox Oy Oy

Trong do, k  va k_1a hai tham s6 cua
nén dan hoi.
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Cong kha di do ngoai lyc tac dung 1én
tam FGM dugc x4c dinh nhu sau:

62
i J.Pé( ox’

8w 12
e jdA (12)

Vi P la ngoai luc tac dung trong mat
phang cua tm FGM, day cting la lyc nén tac
dung trong mit phang cia tdim. Lic nay, két
hop gifta cac biéu thirc (9)-(12), bai bao rit ra
dugc phuong trinh can bang cho tim FGM ¢
dang rat gon nhu sau:

FM. FM, OM,
o’ T 6x6y ?
+P, [52\42,]7 + v, Z“ + azw{"” + azw;" j+kww: +k, (az‘? + azv‘;z ] =0
0ox 0ox oy oy 0ox oy 13)
&s, 08, 0, o, oF, (
e e e e

2 2 2 2 2
+P, aw;”+a ;‘+6W;”+awz“ +k,w, +k, auz)wamzj’ =0
ox ox oy oy : ox oy

ow,:

Dé giai quyét phuong trinh can bang
(13), bai bao s dung phuong phap phan tur
hitu han, theo d6 tim FGM dugc chia thanh cac
phén ttr chit nhat bon diém nat, mdi nat ¢6 bon
bac tu do:

_3 %) [%j 9wy | (9w (14
q. _;{Wzbi’wzﬂ’( o i’ B i’ ay ay ( )

Thong qua cac phép bién dbi, phuong
trinh can bang (13) duoc dua vé dang rat gon
nhu sau:

e

(Z(K6+KZ)+R,ZKJJZ%=0 (15)

Giai phuong trinh (15), ta thu duoc tai
to1 han gdy mat on dinh cho tam FGM tua trén
nén dan hoi hai hé so.



NGHIEN CUU - TRAO DOI

3.KET QUA TiNH TOAN VA THAO LUAN
3.1. Kiém chirng dd tin cly

Phéan na‘ly so sanh tai toi han cua tim
FGM hoan héo, tim duoc taora tr AL O, (gom)
Va Al (kim loai), cac thong sb hmh hoc clia tAm
gom a=b, h=al/l0, cac tham sb vat liéu E =
380 Gpa, E_=70 GPa, v_=v_=0.3. Tam chiu
lién két tua don trén tit ca cac canh, lyc nén
trén ca bdn canh, tai trong t6i han P* = P_a?
E b’ Su so sanh két qua tinh toan tai téi han
v6i cac két qua trong cac bai bao [4-5] duoc thé
hién nhu trén Bang 1, sai s6 16n nhit 1a 1.10%,
diéu nay chimg t6 phuong phap tinh toan cua
nghién ctru nay dam bao do tin cay can thiét.

Bang 1. Tai toi han P* cua tam FGM phu thuéc 56
mii n

(4] 9.28 4.66 3.63 2.72

[5] 9.28 4.66 3.63 2.72

Baibao | 9.24 4.67 3.65 2.75

Sai s0

(%) 0.43 0.21 0.55 1.10

3.2. Khao sat anh hwéng ciia mot s6 yéu td
den on dinh ctia tam FGM khong hoan hao
vé vat liéu

Tam FGM c6 vat liéu khong hoan hao
nhu trén hinh 3, cac tham s6 kich thude cta tim
gém a=b = Im, chiéu day h = a/10, cac tham
s6 vat lidu duge léy nhu & muc trén, tim chiu
nén trén ca bon canh. Bé thuan loi cho viée
biéu dién két qua tinh toan, nghién ctru nay dua
ra thong so tai trong khong thir nguyén P*=P
a’/E_h’.

- Khao sat anh huong cua diéu kién bién
va ty 1& thanh phan vat liéu: Thay ddi diéu kién
bién va chi sé mii thé tich vat liéu n tir 0 dén 10,
tai t6i han cta tim FGM khong hoan hao vé
vét liéu duoc thé hién trén cac hinh 4 va hinh 5.
Céc két qua tinh toan nay thé hién:

+ Khi chi s6 mii thé tich vat liéu n ting
1én, ty 1¢ thé tich vat liéu gdm trong tim giam
xuéng, tdm s& mém hon, vi vay tai té1 han cua
tam FGM giam xudng, diéu ndy chtng to chi sd
mil thé tich n tang 1én lam cho kha ning chiu tai
nén cua tim FGM giam xudng.

+ Khi tAm c6 cic diéu kién bién khac
nhau thi tai td1 han cling khac nhau, tai téi han
16n nhat dbi v6i tAm ngam bdén canh, va tai t6i
han nhé nhat dbi véi tim tua don bdn canh.
Diéu nay dong nghla v6i kha nang chiu tai nén
ctia tAim ngam tat ca cc canh 13 16n nhat va kha
nang chiu tai nén cla tAm tua don bdn canh 1a
kém nhét.

+ Khi tdm c6 tinh dén nén dan hoi, nén
dan hoi lam tam FGM tré 1én cting hon, do vy
tai to1 han tang lén.

k=
+a
=)
(= ¢}

0 10

Hinh 4. Tai téi han cia tam FGM khéng hodn hdo
thay doi phu thugc vao diéu kién bién, tam chiu
nén 4 canh, K =0 K =0, ho =h/10
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Hinh 5. Tdi t6i han ciia tam FGM khéng hoan hdo
thay doi phu thugc vao diéu kién bién, tam chiu
nén 4 canh, K = 40, K =4, ho =h/10

- Khao sat anh huong cia ty 1& chiéu
dai cic canh tAm b/a va ty 1€ thé tich vat liéu:
Thay ddi chiéu dai cac canh tdm sao cho ty 1€
chidu dai b/a tang tir 1 dén 4, két qua tinh toan
tai t6i han cta tim FGM dugc trinh bay trong
cac hinh 6 va hinh 7. Bai bdo rat ra mot sé nhan
xét nhu sau:

+ Khi tang ty 1¢ chidu dai cic canh tim
b/a thi tim FGM tré nén mém hon, do vay tai
t6i han cua tdm giam xudng, tirc 1a kha ning
chiu tai cua tim kém hon. Va khi ty 18 b/a 16n
hon 2 thi gia tri cua tai toi han cling khong bién
dong nhiéu.

+ Khi tang chi s6 mii thé tich n tir 0 dén
2 thi tai t&i han ctia tim thay d6i nhiéu, nhung
khi n c6 gia tri 16n hon 2 thi tai té1 han khong
thay d6i nhiéu.
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E —t—Th/a=1
; —— /2=

8 ' ——bla=

A —4—b/a=4

[ R R —

S 4

0 2 4 n 6 8 10

Hinh 6. Tai toi han cua tam FGM khéng hoan hdo
thay doi phu thugc vao ty lé b/a, tam chiu nén 4
canh, K =0, K =0, h, = h/10

Hinh 7. Tdi téi han ciia tam FGM khéng hoan hao
thay d(fiphu thuoc vao ty Ié b/a, tam chiu nén 4
canh, K =40, K =4, ho =h/10

4. KET LUAN

Bai bao st dung phuong phéap phan tir
hiru han dé tinh toan va phan tich 6n dinh tinh
cta tim duogc ché tao béng vat liéu co co tinh
bién ddi khong hoan hao vé su phan bd vat liéu,
tam tua trén nén dan hoi hai hé sd. Trén co s6
cac két qua tinh toan, bai bao dua ra mot s6 két
luan chinh nhu sau: Phwong phap phan tir hitu
han ma bai bédo 4ap dung dam bao do tin cay
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dé giai quyét bai toan 6n dinh cua tim FGM;
Khi chi s6 mii thé tich vat liéu ting 1én, ty 1&
chidu dai cac canh tdm ting 1én thi kha ning
chiu tai nén ctia tim giam xudng. Tam c6 diéu
kién bién ngam tat ca céc canh thi c¢o tai t&1 han
16n nhat, con tam c6 diéu kién bién twa don bon
canh thi 6 tai t&i han nho nhat. <
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