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PHAN TiCH UON TiNH CUA VO FGM HAI DO CONG CO LO RONG
VI MO BANG PHUONG PHAP PHAN TU’ HOPU HAN

STATIC BENDING ANALYSIS OF DOUBLE CURVATURE SHELL FGM WITH
MICRO HOLES USING FINITE ELEMENT METHOD
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TOM TAT

Bai bdo trinh bay két qua phdn tich tinh ciia v hai dé cong khi chiu uén bang phwong phdp
phdn tir hitu han, d¢ cong cua vo dugc thé hién trong cac ma tr@n phcin tr thong qua cac ban kinh
cong theo cdc phwong. Vo duoc lam bang vit liéu FGM c6 xét dén 16 réng vi mé va truong chuyén
vi théa man Iy thuyét bién dang cdt bdc nhdt. Bé tin cdy cua két qua nghién ciru dwoc khang dinh
qua viéc so sanh voi cdc két qua da cong bo. Bdi bao tién hanh khdo sdt dnh hwong cia mét s6 yéu

$6 nhw vét liéu, ddc trung hinh hoc cua vo dén ddp ing uén tinh ciia vo.
Tir khéa: FGM; Vo hai dg cong; Lo réng vi mé; Udn tinh.
ABSTRACT

This paper presents the static bending analysis of double curvature shell based on finite
element method (FEM). The curvature of the shell is presented in the element matrix though
the radius of curvature in some directions. The shell is made from functionally graded material
(FGM) in considering the micro holes, and the displacement field is satisfied the first order shear
deformation theory. The numerical results are verified by comparing with other published papers.
Effects of some parameters such as material properties, geometrical properties, etc., on the static

bending of the shell are investigated.

Tir khéa: FGM, double curved shell, pronuos, static bending. “
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1. MO PAU

Cac két céu dang vo thuong duoc
st dung rong réi trong ky thuat, nhu dé
Jam céc mai vom, bé chira, 6ng dan,... dic
biét co thé lam VO 0 t0, may bay. Ngay nay,
VOl sy phat trlen cua khoa hoc ky thuét,
vat ligu, két cdu vo duoc lam bang nhiéu
loai vét liéu khac nhau thay thé cho vt
liu dong chat, dang hudng truyen thong,
nhu vét liéu composite, vat lisu FGM
(Functionaly Graded Materials). Vat liéu
FGM la loai vét ligu duoc ché tao bing
cach pha tron hai thanh phan, bao gdém
kim loai (metal) va gém (ceramic) theo
mot ty 1€ nhat dinh phan bé theo chiéu day
clia vo, nhd d6 tinh chét co hoc cua vat
ligu bién thién lién tuc tir mit nay dén mat
kia, khac phuc dugc cac nhuoc diém cua
vat ligu théng thuong, vat liéu composit
nhu kha nang chiu nhiét, chéng bong tach
16p. Tuy nhién, khi ché tao loai vat liéu
nay, do sur chénh 1éch nhiét d6 cua céc pha
vét liu thanh phan nén xuit hién cac 16
réng vi md anh huong dén co tinh cia vat
liéu so véi vat ligu duorc coi la lién tuc.
Nhiéu nghién ctru vé vat liéu FGM da bo
qua sy anh hudng cua cac 16 rong vi md
nay, vat licu FGM duoc cot la lién tuc,
diéu nay chua xét cac yéu td thuc té ma sy
han ché cua cong ngh¢ mang lai va trong
mot chirng muc nao do ¢é thé chap nhan
duge. Trong bai bao nay, vét litu FGM
dugc nghién clru véi céc 16 rong trong né
c6 thé tich duoc ola dinh phan chia déu
cho ca hai pha gébm va kim loai, su anh
hwong cua cac 16 réng nay théng qua mot
hé s6 ty 1¢ 16 rdng, vét liéu vin duoc coi la
lién tuc, cic tng xur co hoc cua no 1a tuyén
tinh va tuan theo dinh luit Hooke. Céc tac
gia sir dung phuong phap PTHH A4 »han
tich bai toan ubn tinh cua vo.

2. CAC CONG THU'C CO BAN

2.1. V6 hai d9 cong lam béng vat liéu FGM c6 15
rong vi mo

Xét vo hai do cong nhu trén Hinh 1. Vo
¢6 chiéu day khong doi h, ban kinh cong theo hai
phuong x, y lan luot 1 R, R hinh chiéu cta vo trén
mat phang xy 14 hinh chu‘ nhat kich thuoc a, b.

Vo dugc Iam bang vat liéu co tinh bién thién
gdm hai thanh gom va kim loai, su phan bb ty 1é
thanh phan cua hai vt liéu nay tuéin theo quy luat
ctia ham sé mil nhu cong thie [5]:

k

1 =z
Vo(z)=| =+= ,szl—V;. 1
@=(3+%] (n

Trong do, Ve, Vm tuong Gng 1a ty 18 thé tich
ctia gom va kim loai; z I4 toa do theo phwong chiéu
day vo; h la chiéu day vo; k1a hé so mii thé tich; ¢,
m twong (mg 1a chi s6 ky hiéu cho gbém va kim loai.

Zy \L’U

Hinh 1. Vo hai dé cong lam b&ng vat lieu FGM.

Trong truong hop chura ké dén sur xuat hién
ctia cac 16 réng vi md bén trong vt liéu, mé dun
dan hdi Young (E) va hé sb Poatxong (v) cua vat

liéu FGM phu thudc vao ty 1€ thanh phan vat liu
theo biéu thirc [5]:

E(Z) :(Er _Ern)V(' A Em
V(Z):(VL‘ ‘Vm)Vr: +Vm (2)

Khi co ké dén cac 16 rong vi mo, gia sir ha s§
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ty 18 16 rong vi mé la cac ddc trung co tinh cua
vat liéu luc nay phu t thudc ca vao ty 1 thé tich
vt lidu va hé s6 16 rong nhu sau, [3]:

E(z):E¢ [V __J+E1u( m g)

J h

) )
V(z) =V [V‘ _I]fvm (Vm _Z'J

Sau khi bién déi, biéu thiic (3) duge

viét dudi dang:
E(2) =(E. = En Ve + Eu = Ec + En)

- (4)

Vo )We + Vi ﬂ%(v +v,)

v(z)=(v. -

2.2. Cong thuc phin tir hitu han tinh toin vé
hai do cong ¢6 16 rong vi md chiu tic dung
cua tai trong tinh

Trudng chuyén vi trong vo tai diém co
toa do (x,y,z) duge biéu dién dudi dang [1]:

u(x,y,z)=up(x,y)+ 26, (x,5)

v(x,3,2)=v(x.y)+26,(x,»)
w(x,y,2)=wp (x,»)

Trong do, u, v, w, la cac thanh phan

chuyén vi cia diém tren mat trung binh cua VO,

6, @ 1a cac gbc xoay cua phap tuyén mit trung
bmh quanh truc y, x.

(3)

St dung phén tir dang tham so 8 nat,
mdi nt ¢6 5 bac tu do, chuyén vi tai mét diém
bat ky trong phan tir vo duogc xac dinh bo [2]:

8
h‘o-i 1 r ”“ . vl,=zN,'(";-"}"Uf ,\L’:ZN,(r..ﬁ-)\h
: ©)
0, =3 N, (rs)0 » 0,= 2 N,(rs)0,

=) i=1

Trong do, N, (r,s) la cac ham dang tuong
{mg ctia phan tr 8 nut.
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Thé ning cia phan tir vo khi ké dén
ngoai lyc tac dung c6 dang [2]:

U, = %L_’&,fbud,,dl' +%L{%dfﬂl.@.dr{u ulf.dV =
(7

1 5§ ) r o
=qu“}_’ BI'D,B,d +ijl_«3_’u“3,dt Jq‘.—qf.j]([.\-]ri‘.dl

Cuc tiéu thé ning, ta thu duge phuong
trinh cin bang tinh cua phan tir vo chiu tac dung
cua tai trong tinh nhu sau:

K.q.=F (8)
Trong do, ma trin dd cing phan tir va véc
to tai trong nat phan tr duoc xac dinh nhu sau:

Jh —j BTD,,BuchiI B'D.B.dV
60

o 9)
lF(. =L,{_ [N] f.a)

Sau khi ghép néi ma tran va khi diéu
kién bién, ta thu dugc phuong trinh can bang
tinh cua vo.

Kq=F (10)

Giai phuong trinh (10) thu duoc chuyén
Vi tal cac diém nut, tir d6 xac dinh duoc trudng
chuyen vi, ung suat_. ndi luc cua diém bat ky
trong vo.

3. KHAO SAT SO

3.1. Kiém tra do tin cy ciia chwong trinh tinh

Xét vo cdu (R=R =R, =) lam bang
vat liéu AI/ALO, c6 cac thong sd vat liéu
nhu trong tai lleu [6], lién két tya don trén 4
canh (SSSS), chiu tac dung cua luc phan bd
hinh sin trén toan bd bé mit voéi cuong dd
lén nhét tai bé mat. Két qua chuyén vi khong

thit nguyén w= 10w E,h’ /(q(,cﬁ)va img suat
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ho (a/2,b/2,h/2)

x

(vé6i o, (a/2,b/2,h/2) va la chuyén vi va (mg sudt phap tai diém

9o
chinh gitra v6 theo phuong lyc q ) duoc so sanh voi két qua trong tai liéu [10] nhu bang dudi day:
| { | S B -
(Ww.G,) | Kétqua |  n=0 n=2 n= n=10
| ‘
| _ . |
_ [6] | 29603 | 58801 | 75733 | 9.1184  10.0892
| Ticgia | 2.9605 58895 | 75730 | 9.1135  10.0870
| ~[6] | 199550  30.8700 36.0936 | 424883  50.8901
i 1 Tac gia | 19.9432 30.8500 36.0669 424470 | 50.8488
Nhan xét: 10

Cac két qua so sanh chuyén vi khong
thir nguyén cua tac gia so véi tai liéu [10] rat
gé‘m nhau, diéu d6 chimg to chuong trinh tinh
tac gia da lap dam bao d¢ tin cay.

3.2. Phén tich uén tinh cia vé FGM 2 d
cong ¢ 10 rong té vi

Xeét vo FGM hai d cong ¢6 céc thong
s6 vat lidu va két cau nhu sau:

a=b=1, h=a/100; R=R =R =10a
E =300GPa, E “2OOGPa v, =v.=0.3;.chi s6

m

mii k = 1; thé tich 16 rong té vi: o (trong do thi ky
hiéu 1a alp) chiu lién két ngam 4 canh (CCCC)
dudi tic dung cua luc phan bo déu véi cuong
do  ¢,=10°(N/m?) trén bé mat vo. Két qua
diém chuyén vi cua dudng gitra vo W(x,al2)

va o (mg suat phdp tai mit cit diém giira tAm

rmn(w) 10°.E, h°
g

nhu trong Hinh 2. Goi w* la

chuyén vi khong thir nguyén 16n nhit caa tm.
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o _QAPa)
b) Ung sudt phap tuyén
Hinh 2. Chuyen vi khong thir nguyén va timg sudt
phap tuyen.

Nhén xét Tur céc do thi trén ta thiy, anh
huong ctia 16 rong té vi dén dap tmg cua vo.
Khi tang ty 18 o, chuyén vi va {mg sut ting vi
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khi ting a s& lam cho co tinh cua tdm thay doi,
cu thé mo6 dun dan hoi E va hé so6 Poat xong v
cua tam giam.

4. KET LUAN

Dua trén phuong phap PTHH, 1y thuyét
bién dang cét bic nhat, tac gia di xdy dung cic
quan hé (rng xur trong vo FGM va cac ma tran
phén tir khi c6 xét dén hai do cong cia vo va
cac 16 rong vi mo trong vo.

Xay dung thudt toan va chuong trinh
tinh xdc dinh dap ung tinh cua vo FGM hai do
cong khi chiu tac dung cua luc phéan b déu trén
bé mat vo. Thudt toan va chuong trinh da duge
kiém tra d¢ tin cdy thong qua viéc so sanh két
qua tinh ctia tac gia vdi két qua tinh cua Reddy.
Pa khdo sat duoc sy anh hudng cua nhidu yéu
t6 dén dap tng tinh ctia vo, qua do dua ra nhiing
nhan xét dinh luong trén mo hinh da cho. Cac
nhin xét ¢ y nghia trong viée tinh toan cac két
cau twong tu.

Co thé phat trién bai toan sang phén tich
dao dong riéng, dao dong cudng buec, on dinh
cho két cdu vo hai do cong lam bémg vat liéu
FGM. <
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