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Bai bao nghién ctru 6n dinh phi tuyén va trang thai sau 6n dinh ciia tim E-FGM khong hoan hio cé gin
gia cwrong dwéi tac dung ciia nhiét dd va dit trén nén dan hoi, trong d6 md dun dan hdi caa vt liéu dwoc
bién doi lién tuc theo chiéu day va dwoc gia thiét phan bo theo quy luit ham siéu viét (ham e mii). Ca tAm
E-FGM va gan déu bi bién dang dwéi tac dung ciia tai nhiét. Sir dung 1y thuyét tAim cb dién, trong dé c6
ké dén yéu to phi tuyén vé hinh hoc, khong hoan hio vé hinh diang ban diu, tinh chit phu thugc vao nhiét
dd va ky thuat san gan Lekhnitsky véi mé hinh nén dan héi Pasternak. Bai bao sit dung phwong phap
Galerkin va ham g suit dé phan tich anh hwéng ciia yéu to hinh hoc, nhiét d9, nén dan hdi va gn gia
cuong Ién trang thai vong va sau vong ciia tim E-FGM c6 gin gia cwdng trong trudong nhiét dj.

Tir khéa: gan gia cwong, Iy thuyét tim cé dién, méi truong nhi¢t dp, nén dan hoi, quy ludt ham siéu viét (ham
e mii), vdt liéu chvrc nang (vt liéu co co tinh bién doi).

Chi s6 phén logi 2.2

Nonlinear buckling and postbuckling analysis of
an eccentrically stiffened E-FGM plate on elastic
foundation in the thermal environment

Summary

This paper presents the nonlinear buckling and postbuckling
analysis of imperfect eccentrically stiffened FGM plates under
the effect of temperature and resting on elastic foundation
using a exponential distribution law (E-FGM). Both the
E-FGM plate and stiffeners are deformed under thermal loads.
The formulations are based on the classical plate theory taking
into account geometrical nonlinearity, initial geometrical
imperfection, temperature-dependent properties and the
Lekhnitsky’s smeared stiffeners technique with the Pasternak
type elastic foundation. By applying Galerkin method and
using stress function, the effects of geometrical properties,
temperature, elastic foundation and eccentrically stiffeners
on the buckling and postbuckling loading capacity of the
eccentrically stiffened E-FGM plate in the thermal environment
are analysed and discussed.

Keywords: eccentrically stiffened, elastic foundation, exponential
distribution law, functionally graded materials (FGM), the
classical plate theory, thermal environment.
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Vit liéu composite 1a loai vat liéu
duoc ché tao tir hai hay nhiéu loai vat
lidu thanh phan khac nhau. Mdi thanh
phan lai ¢6 nhitng dic trung co - 1y -
hoa riéng biét va khi téng hop chung
lai s& tao ra mot vat liéu moi nham dat
dugc cac tinh chit wu viét nhu khdi
luong nhe, do ciing va d bén cao, kha
ning khang nhiét, chéng an mon hoa
hoc tot... Tuy nhién, tai bé mit tiép
xuc gitra hai 16p vat liéu c6 sy khong
lién tuc vé mg suat. Pic biét, trong
truong nhiét do cao, sy chénh 1éch 16n
giita cac hang s6 gidn nd nhiét cua vat
lidu s& gy ra g suat 16n; s& xuat hién
vét nut, su bong tach. Vat liéu c6 co
tinh bién thién con goi 13 vat liéu bién
ddi chirc nang (Functionally graded
materials - FGM) dugc mot nhom cac
nha khoa hoc Nhat Ban phat minh lan
dau tién vao nam 1984 d¢ khic phuc
nhimg han ché d6.

Ngay nay, nghién ciru vé 6n dinh
tinh nhu phan tich trang thai vong va
sau vong ctia két cau FGM rét can dugc
quan tam va la mdi quan tAm chinh vi
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su an toan trong st dung va toi wu két cdu. Javaheri
va Eslami [1-3], Shariat va Eslami [4] d4 nghién clu
trang thai vong cua tim FGM st dung 1y thuyét tim cb
dién [1, 2] va Iy thuyét bién dang truot bac cao [3, 4].
Trong [5-7], Shariat c¢6 nghién ctru anh hudng cia yéu
td khong hoan hao ban dau. Trong [8, 9], Duc va Tung
da nghién ctru Gmg xur vong va sau vong cta tim FGM,
str dung 1y thuyét co dién [8], bién dang trugt [9]. Dé
tang kha nang chiu tai trong dac biét trong truong nhiét
d6, nhiéu tac gia di nghién ctru tim FGM c6 gan gia
cudng. Bich [10], da dé xuét va nghién ctru tim c6 gan
gia cuong theo k¥ thuat san gan Lekhnitsky dé nghién
ctru on dinh... Gia cudng c6 ké dén anh huong cia
nhiét d6 dugc nghién ctru trong [11, 12], trong [11, 12]
Duc va cac cong sy da nghién ciru on dinh tinh coa tAim
va vo hai d6 cong c6 gan gia cudng trén nén dan hoi,
trong d6 ké dén anh hudng cua nhiét do dong thoi 1én
tAm va gan. Tuy nhién, nhimg nghién ctru trén méi cho
vét liéu P-FGM (ham mat d6 khi luong duoc gia thiét
phan bé theo quy ludt ham s mii, Power-law function)
va S-FGM (ham mat d6 khdi luvong duogc gia thiét tuan
theo quy luat ham Sigmoid). Theo hiéu biét cuia chiing
toi, hién chua c6 cong bd nghién ctru vé 6n dinh tinh va
dong cua tim lam bang vat liéu E-FGM (mé dun dan
hoi cua vat liéu chirc ning nay duoc gia thiét theo quy
luat ham siéu viét, ham e mii) c6 gan trén nén dan hdi.

Chinh vi vay, muc tiéu cua bai bao nay la nghién
ctru on dinh tinh phi tuyén cia tim E-FGM c6 gan
gia cuong trong trudng nhiét do, trong d6 tinh chat
hiéu dung cua vat liéu dugc gia thiét phan bd theo quy
luat ham siéu viét (ham e mii) va la ham phi tuyén cua
nhiét d6. Ly thuyét tim cb dién, k¥ thuat san gan cua
Lekhnitsky duoc sir dung dé dua ra cac phuong trinh
co ban biéu dién mbi quan hé giita d6 vong - tai trong.
Anh huéng cua tham sb hinh hoc, yéu t6 khong hoan
héo, nén dan hdi va nhiét do 1én ung xu Véng va sau
vong ciia tim E-FGM c6 gan gia cudng duge nghién
ctru va thao luan.

Noi dung nghién ciu
M@ hinh tim E-FGM cé gén trén nén dan hoi

Xét tm hinh chir nhat dwoc 1am tir vat lidu bién doi
chirc ning va dugc gia cuong boi gan. Tam co chiéu
dai, chiéu rong, chiéu day twong ing la a, b, h duogc dat
trong hé toa do dé cac (x, y, z), mat phang (x, y) tring
v6i miat gitta ciia tim va z hudng theo chiéu day cua
tam (hinh 1).

TAP CHI

HOAHOC ||,
ONG NGHE | I \ap 8@ 02016

Hinh 1: tdm E-FGM trén nén dan héi

Ty 1€ thé tich cac thanh phan kim loai va ceramic
bién doi theo chi€u day cua vat liéu va dugc gia thict
tuan theo quy luat ham siéu viét (ham e mil):

e (l,ﬁj
2 \a, h

trong d6 E, a lan luot 1a mo dun dan hoi va hé sé dan
no nhiét, chi so dudi (x, y, z) d€ chi hai thanh phan gom
(ceramic) va kim loai (metal).

E(z)=Ece;h’[§3]{17] ()

a(z)=ae

Trong moi truong nhiét do, cac hé“mg sb vat liéu
dugc gia thiét 13 ham phi tuyén ctia nhiét do tuyét doi
T (K):

-1 1 2 3

P =R(P,I"+1+RT'+RT*+PT") (3
trong do T = T,+AT (K) voi T, = 300K (nhiét do
phong), va cac hé so dugc cho nhu trong bang 1.

Phuwong trinh co bdn

Ly thuyét tim c6 dién duoc sir dung dé dan ra céac
phuong trinh cin bang va tuong thich bién dang ciing
nhu céac biéu thirc hién cua cac tai téi han va duong
cong lién h¢ do vong - tai trong.

Thanh phan bién dang cta tim & mot diém cach
mat gitta mdt doan z dugc xac dinh boi [8]:
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trong do ¢, €, la cac thanh phan bién dang phap &
mat gitta tu'ong ung theo cac hu'ong truc Ox, Oy; ¥, | la
bién dang truot & mat glua clia tim; k, k la cac thanh
phan b1eu thi do cong clia tAm va k la thanh phan biéu
thi d6 xodn cia tAm.

Phuong trinh tuong thich bién dang cua tdm chi
nhat khong hoan hao [8]:

10 A0 !
825_0 de, 07, [dw

i o'w 9 dwiw dwaw dwaw
o ox2 oy adogy o o o o
Céc biéu thirc cta dinh luat Hooke cho tim duoc

xac dinh nhu sau [8]:

)

iy |0y

(0,.0,)=——[(e,.6,)+(e,.6,) ~(1+V)aAT(L,]) ]
1-v : :

0 =5y ©)
Yo2(1+w) Y
cho gan gia cuong [11, 12]:

st st _
(O‘X .0, )—Eo(gx,gy)—

trong do E, v, a, lan lugt 1a mo dun dan hoi, hé sb
Poisson, he s6 dan no nhiét clia gan.

ao (T)AT(1,1) (7)

Str dung k¥ thuat san gan cua Lekhnitsky nhu da
dugc ap dung trong [10], trong bai nay, cac thanh phan
ndi luc va momen trong tdm cé gan trong moi truong
nhiét dugc ching téi ap dung tugng ty nhu trong
[11,12] va c6 dang sau:
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trong do:
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Trong d6, cac dai lugng va gia tri v6i chi s6 trén
“T” duogc hi€u la da tinh dén sy bién dang hinh dang do
nhiét gay ra va dugc xac dinh nhu sau:

df =d (1+a, AT (2)).d =d,(1+@,AT(z)), 2] = (1+ 0, ATz) .2y =2, (1+2,AT 2))
S =8 (1+ @, AT (2)).8] =8, (1+ 0, AT (2)).h =h(1+ @, AT (z)) by =hy (14,7 (2))

H¢ phuong trinh can bang ctia tam chit nhat hoan
hao trén nén dan hoi c¢6 dang [6]:
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Dé giai hé phuong trinh, ta ding phuong phap ham
ung suat thoa man hai phuong trinh dau cua (9) nhu
sau:

o’p
oxoy

O’
Nx a 27N _axz’ xy=_

(10)

Thay (3) va (8) vao phuong trinh can bang (9) ta
thu duoc:
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Rut 8;), 83 , 7)(; 6 (8) sau do thay vao phuong trinh
tuong thich bién dang (5) ta duogc:
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trong do:
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Phan tich on dinh phi tuyén ciia tam E-FGM co
gan trén nén dan hoi

Trong myc nay, phuong phap giai tich duoc su
dung dé nghién ctru 6n dlnh phi tuyen ctia tim chi
nhat E-FGM c¢6 gan trén nén dan hoi chiu tac dung cua
tai co va nhiét. Xét hai truong hop diéu kién bién nhu
sau:

Truong hop 1: tat ca bbn canh cia térn tua ban 1& va
c6 thé tu do dich chuyén trong mat phang tam:

w=N_ =M =0 N =N tai x=0,a

13)
w=N,=M,=0, N, =N, taiy=0,b

Truong hop 2: tit ca 4 canh cta tim tua ban 1¢ va
khong thé dich chuyén trong mat phang tam:

w=u=M =0, N =N, tai x=0,a

(14)
w=v=M =0 N =N, tai y=0,b

trong do, N, N, 1a cac lyc tac dung 1én canh cua tam
trong tmong hdp cac canh co thé tu do dich chuyen va
1a cac phan Iyc trong truong hop tim khong thé dich
chuyén trén cac canh.

Dang nghiém dugc chon thoa mén diéu kién bién
(13, 14) nhu sau [5, 7-9]:

w = Wsin 4, xsind,y,w" = phsin A, xsind,y
@ = Acos2A, x+ A,c0820,y + A,sin 4, xsin g,y + A,cos24 xc0s 28, y

(15)

1 , 1
+5Nxoy‘ +EN)(,)CZ

voi A, —m—ﬂ;é',, :% : myn=1,2,3... 1a cac sb tu
nhién biéu dién sb nira song trong céc hudng x,y tuong
ung; A(i=1,2,3,4) 1a cic h¢ so can xac dinh va W 1a
bién do cua d6 vong; p 13 tham sé mé ta tinh khong

hoan hao cua tAm.

Thay cac dang nghiém & (15) vao phuong trinh
tuong thich bién dang (12), ta xac dinh dugc cac hé
sO nhu sau:
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m-n

4,=0

Thay cac biéu thirc (15) va (16) vao phuong trinh
can bang (11) va ap dung phuong phap Bubnov-
Galerkin cho phwong trinh két qua:

DA+ I 8 4 =208 T
Ry -0R - RILS + 1)

(]

Yy MW(th)[
TS

" 04P, 64P
(W+gh)ab  kWab

4 4
+{ 4+ B2 +c54)(wab) [ﬁ D ] (W) W+2uh)ab

~(a+ 5)kW—“b_o (17)

S (W) {

S (N 2+ N(S)
3

Thuc hién cac budc tinh toan twong tu nhu trong
bai bao [11], ta thu dugc cac biéu thic biéu dién moi
quan hé gitra tai trong (tai co, tai nhi¢t) va d6 vong nhu
bén dudi:

Biéu thirc mdi quan hé gitra tai co - do vong:

W 3W(W+2,u)

P=-bW-h— s w5 W(W2u) (18)
W+u W+ u
trong do:
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(B
T

b 8mnB2(J +le] 1

' 3B \P, P >+ pn’
T A -
" 16B;\ P, P,)m'Bl+pn’

Bicu thttc moi quan hé gitta tai nhiét - d6 vong:

:l[bgwwj v —b3W@+2#)

L WHu © W+p

—b;‘W(W+2y)J (19)
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bé kiem
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tra d9 tin cdy cua phuong phap dugc su

dung trong bai bao nay, ching t6i st dung dau vao la
mo hinh tim P-FGM (ham mat d6 khdi lugng duoc
gia thiét phan bé theo quy luat ham sd mﬁ Power-law
function). Cu thé dau vao 1a cac hé s E, E, E, nhu
trong bai bao [8], két qua giai s6 duoc so sanh v6i bai
bao [8] trong truong hgp khong c6 gan gia cuong (hinh

2).

TAP CHI

HOA HOC

ONG NGHE

|e Nam 8(9) 9.2016

o2r .~ ¥ 2/ b=1b/b=40K, =K, =0 1
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Hinh 2: so sanh dwong cong - dg véng ciia tam FGM trong truong hop

khong co gan gia cuong

Trong muc nay, mot vai vi du s6 duge trinh bay
cho ca tim hoan hao va khong hoan hao. Cac thanh
phan vat liéu 14 silicon nitride S, N, (ceramic) va theép
khong ri SUS304 (stainless steelinoc) dugc cho trong

bang 1.

Bang 1: cac hé séphu thugc nhiét dé cua silicon nitride va thép khong ri
Tinh chit | Vit ligu P, P, 3 P, P,
B(Pa) SiyN, 0] 348.43x10° | 3.070x10% | 2.160x107 | -8.946x10™"

a
SUS304 01 201.04x10° | 3.079x10™ | 6.534x107 0
SiN, 0] 58732x10° | 9.095x10 0 0
a(l/K)
SUS304 01 12330x10° | 8.086x10* 0 0

Hinh 3 so sanh anh hudng ctua gan gia cuong lén
dudng cong do vong cua tim E-FGM, duong (1) c6
gan va duong (2) khong co gan gia cuong. Tt hinh V€,
c6 thé thiy rang, tim E-FGM c6 gan c6 dudng cong
d6 vong cao hon so véi truong hop khong co gan gia
cuong, hay kha niang mang tai cia tim E-FGM c6 gan
gia cuong tot hon.

Px(GPa)

1,8

1,6

1.4

1: Co gan
2: Khong ¢6 gin
b/h=4(],bfa=1,m=n=1,‘=const,K1=K2=0 4

0.5 1 1,5 2
Wh

Hinh 3: anh hidng ciia gén gia curong 1én img xir vong va sau vong

44

cua tam E-FGM
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Hinh 4 chi ra anh hudng cua sy bién thién nhiét do
1én tmg x1r ciia tim E-FGM c6 gan chiu tai co. C6 thé
thr?iy r?mg, sy c6 mat cua nhié¢t do [am cho kha nang
mang tai clia ca tim phang va tdm khong hoan hao tro
nén kém hon. Dong thoi, khi ¢6 sy bién thién nhiét do
AT # 0, cac tim khong hoan hao da bat dau vong thém
ngay ca khi chua tac dung luc co hoc. Piéu nay dugc
thé hién bang giao diém cua cac dudng nét dut voi truc
Wrih.

; Px(GPa)

Perfect{p=10)
— - Imperfect(u=10,1)

050 ¢ 1: AT=0 4
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Wih
Hinh 4: anh huéng ciia nhiét dé lén sy on dinh ciia tam E-FGM
co gan chiu nén

Hinh 5 cho thiy anh huéng cua ty s chiéu rong
trén chiéu day 1én kha nang chiju tai co cua tim E-FGM
vGi cac truong hop b/h = (40,50,60) va tim duogc xét
1a hinh vudng (a/b = 1). Ta thy kha ning chiu tai co
ctia tAm ty 1& nghich voi ty 16 chidu rong/do day. Tic
1a tAm cang 16n va cang mong thi kha nang chiu nén sé&
cang thap va nguoc lai.
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[ [— =0 | 1 bh=40

Lor) . u=01| 2 bh=50
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12f bfa=1,m=n=l,‘tconst,K]=K1=l]

Px(GPa)
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Hinh 5: anh hwong cua hé 56 b/h lén s on dinh cia tam E-FGM chiu nén
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Hinh 6 cho thdy anh huong cua hé sb nén dan hdi
l1én Umg xur Véng va sau vong cﬁa tém E-FGM chiu tai
co khita thay dbi gia tri ctia hé sd nen dan hoi K vakK..
Ta thdy rang, kha ning chiu tai Vong Va sau Vong cua
tam E-FGM t6t hon khi ting hé so nen dan hoi. Pac
biét, anh hlmng tich cuc cua hé sb nén K, 16n hon so
v6i hé s nén K.

4,5 : ' '
| LK =0K,=0 g
— 0 2: K, = 100,K,=0
35L [ p=0,1 3 K]_l[]l]K =10
| 4K =50K,=20
g2
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£ 2
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b/h=40,b/a=1,m=n=1,v=const

0 1 1 1 1 1
0 0,5 1 1,5 2 2.5 3

Hinh 6: anh hiéng ciia hé s6 nén dan hoi lén su én dinh cia tam E-FGM
chiu tai co

Hinh 7 xét anh hudng cua tinh khong hoan héao 1én
su 6n dinh cta cac tim E-FGM chiu tai co. Tir hinh v&
c6 thé thay rang, khi d6 vong con nhoé kha ning mang
tai co clia tim giam khi ting cac gia tri cia p. Tuy
nhién, mot xu huéng bién doi nguoc lai dién ra khi d6
vong du 1on, tuc 1a khi d6 vong 16n thi cac duong cén
bang d6 vdng - tai trong trd nén cao hon (kha ning
mang tai cta tim tot hon) véi cac gia tri p 1on hon.

— =0

=
&
2
e
-
; blh=40,bla=l,m=n=1,\=const,Kl=Kz=0
0 t', L 1 L
0 0,5 1 1,5 2
W
Hinh 7: anh huong cua tinh khong hoan hao lén sy on dinh
cua tam E-FGM chiu tai co
Ket luan

Bai bao da nghién ctru 6n dinh tinh phi tuyén hinh
hoc (phén tich trang thai vong va sau vong) cla tam
E-FGM c6 gan trén nén dan hoi, mot so ket qua chu
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Khoa hoc Ky thuat va Céng nghé

yéu thu duoc nhu sau:

- Xay dung duoc biéu thirc mbi quan hé glua do
vong - tai trong dé phan tich tng xir vong Va sau Vong
ctia tim E-FGM c6 gan gia cuong trén nén dan hoi
trong truong nhiét do.

- Phéan tich tng x1r cta vat li€u khi c6 gan va khong
c6 gian gia cudng. Két qua cho thay, khi tim c6 gan gia
cuong thi kha ning mang tai s& tot hon.

- Phén tich dnh huéng cta cac tham s6 hinh hoc,
nhiét do, nén dan hdi, yéu td khong hoan héao 1én ting
X vong va sau vong cua tim E-FGM.
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