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PHAN TiCH UON TINH CUA VO HAI DO CONG CO LO RONG
S’ DUNG PHAN TU HPU HAN

STATIC BENDING ANALY SIS OF FGP DOUBLY-CURVED SHELL USING FEM

Nguyén Thi Hai Van
Truong Pai hoc Su pham K¥ thuat, Dai hoc ba Nﬁng

TOM TAT

Bai bdo trinh bay két qua phan tich bai todn uén tinh ciia vo hal do cong bang phwong phap
phan tir hitu han (PTHH), trong d6 vo thoa man ly thuyét bién dang cat bdc nhdt, vo lam bang vt
liéu FGM c6 16 rong vi mé. Ly thuyet tinh toan dwoc ldp trinh trong moi truong Matlab, co6 so sanh
Voi cdc két qua di cong bé dé kiém chimg dé tin cdy. Trén co sé thudt todn va chwong trinh da lap,
bai bdo tién hanh khdo sdt anh huong cua mot $6 tham s6 nhw vé vt lidu, ddc trung hinh hoc cua
vé FGM hai d cong dén déap vmg udn tinh ciia vo.

Tir khoa: FGM; Vo hai dé cong; Lo rong vi mé.
ABSTRACT

This paper presents the analysis results of the static bending of doubly-curved shells by
the finite element method, in which the shell satisfies the first-order shear strain theory, the shell is
made of FGM material with porosity. Calculation theory is programmed in Matlab environment,
compared with published results to verify reliability. On the basis of the established algorithm and
program, the article investigates the influence of some parameters such as material, geometrical
characteristics of the two-curvature FGM shell on the static bending response of the shell.

Keywords: FGM; Doubly-curved shell; Porosity.

1. MO PAU

Céc két cau dang vo thuong dugc sir
dung rong rdi trong ky thuat, ching thuong
duoc su dung dé 1am bé chura, 6ng dan. Vat liéu
composite c6 co tinh bién thién (Functionaly
Graded Material, viét tat 1a FGM) 1a loai vat liéu
duoc ché tao bang cach pha tron hai thanh phan
bao gdom kim loai (metal) va gdm (ceramic)
theo mot ty 1& thé tich nhat dinh duoc phan bd
theo chiéu day cua 16p vt lidu véi dang ham

s6 mii ctia bién chiéu day. Tinh chat co hoc cua
vat liéu s& bién thién mot cach lién tuc tir mat
nay dén mat kia cua vo, cho phép khic phuc
duoc nhuge diém cia vo composite 16p 1a hién
tuong bong tach 16p, do d6 vat liéu FGM ngay
cang dugc st dung rdng rai trong cac nganh
cong nghi€p quan trong nhu xay dung 1o phan
ung hat nhan, vii try,... Trong qué trinh chénh
1éch nhiét do cua cac pha vat li¢u thanh phﬁn,
cac 16 rong vi mo thudng hinh thanh trong qua
trinh ché tao vat liéu FGM. Trong luat phéi tron
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nay, thé tich 16 réng duoc gia dinh phéan chia
déu cho ca hai pha, pha gbm va pha kim loai.
Céc nghién ctru vé vo ¢6 thé tim thiy trong cac
nghién cuu [1-3].

Tuy nhién cac nghién ciru su dung
phufUng phap s6 cho cac ket céu vo hai cong
van con han ché, chu yéu 1a s dung céc
phuong phap giai tich cho cac diéu kién bién
va hinh dang v6 don gian. Chinh vi 1y do trén,
bai bao nay trinh bay phuwong phap phan tir hiru
han (FEM) dé phan tich uén tinh cta vo hai do
cong c6 co tinh bién thién theo chiéu day va 18
rong té vi. Anh hudéng cua do cong, diéu kién
hinh hoc, 16 rdng té vi dén dap tng chuyén vi
thang dung ciia vo dugc kham pha. Cac két qua
nay c6 thé st dung lam tai lidu tham khao cho
cac nghién ctru tiép theo vé dao dong riéng, on
dinh va céc bai toan phi tuyén.

2. CAC CONG THUC CO BAN

2.1. V6 hai d9 cong lam bang vat litu FGM
¢6 16 rong vi mé

Gia st vat li¢u co tinh bién thién dugc
su dung tinh toan trong bai bao nay dugc lam tur
hai loai vat liéu thanh phan 1 gém va kim loai,
su phan bé ty 16 thanh phan cua hai vat liéu nay
tuan theo quy luat ciia ham sé mil. Ty 1¢ thanh
phan thé tich cta chiing gia thiét nhu sau [2]:

1z
VC(Z)Z(E-FZ] > szl_Vc (1)

Trong do V., V_ tuong Gmg la ty 1€
thé tich cta gbm va k1m loai; z 1a toa do theo
phuong chiéu day vo; h 1a chiéu day vo; k 1a hé
s6 mii thé tich; ¢, m tuong Ung la chi s6 ki hiéu
cho gém va kim loai.

Trong truong hop chua ké dén su xuat
hién cua cac 16 rong vi mo bén trong vat li¢u,

mé dun dan hdi Young (E) va hé sb Poat Xong
(v) cua vat liéu FGM phu thudc vao ty 1€ thanh
phan vat liéu theo bicu thuc [2]:

E(Z)Z(EL Em)l/c+Em;v(z)=(vc_vm)1/c+vm(2)

Trong trudng hop c6 ké dén cac 16 rong
vi mO bén trong vat li¢u, gid su h¢ so ty 1€ 1o
rong vi mo 1a a, cac dac trung co tinh cua vat
li¢u Iuc nay phu thudc ca vao ty I¢ the tich vat
liéu va hé so 10 rong nhu sau:
E(Z):(Ec _Em)VC +Em _%(Ec +E”I);V(Z):(Vc _Vm)Vc +Vy _%(Vc +Vm) (3)
2.2. Cong thirc phan tir hiru han tinh toin vé
hai d§ cong c6 10 rong vi mé chiu tac dung
cua tai trong tinh

Xét vo thoai hai d6 cong c6 hinh chiéu
bang hinh chit nhét, véi cac kich thude vo lan
luot 12 a, b va chiéu day h; cac thanh phén
chuyén vi tai diém c6 toa do (x,y,z) dugc biéu
dién duéi dang [2]:

u(x,y,2) = tly + 260,;v(x, y,2) = vy + 260, ;w(x,y,2) = wy (4)

Trong do: u,, v, w, la cac thanh phan
chuyén vi ctia diém tren rnat trung binh cta vo;
0, 9y 1a cac goc xoay cuia phap tuyén mit trung
binh quanh x, y.

Céc bién dang ubn va bién dang cat
ngang cua vo duoc lay l1a [3]:

O w o6
i B P 4
& R, o
&y ~
v, w, 08,
£,=48&, p={—+ —+z7—
) o R, &
yx:l' g ' ; £
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a
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O day: R, R, la cac ban kinh cong theo
phuong truc x va truc y.

Quan hé giita Gmg suat va bién dang
theo dinh luat Hook c6 dang [1]:
u=Dy8.0. =D& (6)
DE gidi quyet bai toan dat ra, bai bdo su
dung phan tir dang tham s6 8 nat, mdi niit ¢6 5

bac ty do, chuyén vi tai mot diém bét ky trong
phan tir vo duoc xac dinh nhu sau [1]:

8

8
o :ZNi(r’S)“Oi’ Yo :ZNi(rss)VOi:

i=1 i=1

Hy:ZNi(r’s)Hyi (7

Trong do, N, (r, s) la cac ham dang
tuong Urng cuia phan tir 8 nut. Viét gon biéu thuc
trén dudi dang ma tran, ta co:

{uo,vo,wo,Hx,Hy} =Ny, (8)

Thay biéu thtrc (6) vao biéu thirc bién
dang ¢ trén, ta thu duogc:

g, =B,4q..5& =8B, 4. 9)
Voi:
oN; NN
> ' orTa ! Ny My
3 oN;, N, N, 8| R o
g=Y o Z& X o (Lippoyl ™ 10
; oy R, : &y E 0 _ﬁ % 0 N ( )
oN, N aN, oN, R, '
gt pZtog 2N PN
p oy p Ox : oy Ox

Thé ning cua phan tir vo khi ké dén
ngoai lyc tac dung c6 dang:

U, —lj' eD,e,dV+~ j gstcsch—L, wl f.dV =
(11)

=%‘Ie U[,;BII%BMV+ J' BTDBdV]qg qej' NTf.av

Cuc tiéu thé ning, ta thu dugc phuong
trinh cAn bang tinh ctia phan tir vo chju tac dung
cua tai trong tinh nhu sau:

K.q.=F, (12)

Trong d6, ma tran d6 ctng phan tir va
véc to tai trong nut phan tor dugc xac dinh nhu
sau:

K =| BuTDuBudV+§j B'D,B.dV
Ve 6V (13)
_ T
Fe_IVEN f.dv

Sau khi ghép ndi ma tran va khir diéu
kién bién, ta thu duoc phuong trinh can bang
tinh cua vo:

Kq=F (14)

Tién hanh giai phuong trinh (14) trong
moi trudng Matlab, thu duge chuyén vi, ing
suét, noi luc cua diém bat ky thudc vo.

3. KHAO SAT SO
3.1. Kiém tra dd tin cdy ciia chwong trinh tinh

Xét vo cau (R = R =R ) phan 16p chiu
lién két tya don trén 4 canh (SSSS) chiu tac
dung cua lyc phan bd déu trén toan bo bé mat
voi cuong do q,. Thong sO két cau va vat lidu
nhu sau: a=bE =15E,,Gy =02E,,Gy =G, =25E,,, =0.25.
Goc xép16p 0°/90°/90°/0°. Két qua diém chuyén
vi khong thir nguyén & = 1000w, E,4* /(g,a*),
khi thay doi ty s6 R/a voi ty 1¢ h/a khac nhau
so sanh vdi Reddy trong tai liéu [1] nhu bang
dudi day:
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h/a =100 h/a=10
R/a
Tac gia 1] Tac gia 1]
1 0.0715 0.0715 4.8369 4.8366
2 0.2844 0.2844 8.0513 8.0517
3 0.6246 0.6246 9.1456 9.1463
4 1.0558 1.0559 9.5992 9.5999
5 1.5357 1.5358 9.8241 9.8249
10 3.7207 3.7208 10.140 10.141
10% 6.8330 6.8331 10.252 10.251
Nhan xét: Cac két qua so sanh chuyén o108
vi tai diém khong thir nguyén cua tac gia so voi
[1] hau nhu trung khép nhau, dicu dé chung té 05
chuong trinh tinh tac gia da 1ap dam bao do tin 0
cay. ‘::; 1
3 i
3.2. Phan tich uon tinh cia vé6 FGM hai do pa S— N
X X Ao ==
cong c0 10 rong té vi T
0 0 0.4 0.6 0.8 1
Xét vO FGM hai d0 cong co céc o
R PR oy a) Puong chuyén vi
thong s6 vat litu va két cau nhu sau: a
=b = 1m, h = a/l00; R = R = R —10a o
E =300GPa, E, =200GPa, v, =v, =0.3; chl sO
mii k = 1; thé tich 16 réng té vi: a (trong d6
thi ky hiéu 1a alp) chiu lién két ngam 4 canh
(CCCC) dudi tac dung cua luc phan bo déu véi T 0

cu()’ng do q, = 10° (N/m?) trén bé mat vo. Két
qua diém chuyén vi cua duong giita tim W(x a/2),
ung suat phap tuyén o tai mat cit diém giira
tAm nhu trong hinh 1.

min(w).10°.E, i’
P a4
khong thir nguyén 16n nhat clia tAm.

Goi " =

la chuyén vi

—alp=0
—— glp=02
- alp=0.4

0.5
-0 -80  -60

-40 -20 0 20 40
e, [\IFa)

b) Ung sudt phap luyen

Hinh 1. Do thi dwong

chuyén vi va vmg sudt phdp

tuyén cua vo.
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Nhan xét: Tir cac do thi trén, ta thay anh
huong cua 16 rong té vi 1am cho chuyén vi va
mg sut ting khi thé tich 15 rdng ting, vi no
lam cho co tinh ciia tim thay d6i, mé dun dan
hdi E va hé sd Poat x6ng ctia tim nho di.

3.3. Khio sat cac yéu t6 anh hwéng dén uon
tinh cua vo FGM

3.3.1. Khdo sat anh hwong cua do day vo theo
ban kinh R

Pé danh gia anh hudng cua do day cua
vo dén chuyén vi 16n nhat cia diém gitra v,
ta lan lugt cho ty 1€ chiéu day vo thay doi tu
%:[40; 60; 80; 100], ty 1¢ the tich 16 rong . =0.1.
Véi hai truong hop tAm chiu lién két 13 tya don
bon canh (SSSS) va ngam bon canh (CCCC),
ta thu duogc két qua chuyén vi W* diém chinh
giita tim nhu trén hinh 2.

Nhan xét: Tir cac do thi ta thay, khi ty
1¢ a/h cang 16, véi kich thude a khong doi thi
d6 day vo cang mong, 1am cho gia tri chuyén
vi 16n nhat W* cta diém chinh gitra cang giam.
Bén kinh vo R cang ting, 1am cho gia tri chuyén
vi 16n nhat W* diém chinh giita ciing ting 1én,
nhung c6 xu hudng bang nhau khi R cang 16n
do lic nay vo bién thanh tim phang khi R tién
ra v0 cung.

6
o ==y,

—h=60
Ml - k=80
| —=am=100

R/a

a) Piéu kién bién SSSS

b/l =40)
ah=60
6|= = am=80
/b =100

b) Diéu kién bién CCCC
Hinh 2. P6 thi anh hieong ciia @6 day vo theo ban
kinh R

3.3.2. Khdo sdt anh hwéng ciia chi s6 mii k
ciia vo theo ban kinh R

Ddi véi vat liéu FGM, hé s6 chi sb mil
vatliéun la hé $6 quyét dinh rat 16n dén co tinh
cta vat lidu do co tinh vat li¢u bién ddi theo
ham mil k cua chiéu day z. Do d6, dé danh gia
anh huong cta hé s6 k dén gia tri chuyén vi 1on
nhit ctia vo FGM khi phan tich udn tinh, ta cho
k thay doi tir 1 dén 10, véi cac gia tri khac cua
két cAu vo gitr nguyén nhu trong bai toan co
ban. Két qua chuyén vi W* dugc thé hién nhu
cac Hinh 3a va Hinh 3b.

0 2 4 [ 8 10
R/a
a) Piéu kién bién SSSS
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b) Piéu kién bién CCCC
Hinh 3. D6 thi anh huwong cua chi $6 mii vat liéu
theo ban kinh R

T cac dd thi trén ta théy, chi s6 mil
k cang tang, 1am cho ty 18 gdm trong vt liéu
FGM cang giam dan dén co tinh cta vat li¢u
giam di, do d6 nhin vao db thi ta thdy k ting
lam cho chuyén vi W* ting theo 1én. Vi xu
huéng ting nay, ta c6 thé thay khi k tién dén gia
tri du 16n thi ti 1€ kim loai trong vat liéu FGM
s& chiém hau hét va lac nay chuyén vi W* s&
tién dén gia tri hang so.

3.3.3. Khdo sdt dnh hwéng ciia thé tich 16
rong a cua vo theo ban kinh R

Vat liéu FGM ¢6 16 r5ng té vi, lam cho
co tinh cta no thay doi rat nhiéu, nén dé danh
gia sy anh hudng d6, ta cho ty 1& 16 rong o
thay doi tir 0; 0,25; 0,50; 0,75. V&i cac tham sb
khac gitr nguyén, két qua anh huong cia o dén
chuyén vi W* dugc thé hién nhu Hinh 4a va
Hinh 4b.

Wt

a) Piéu kién bién SSSS

b) Piéu kién bién CCCC
Hinh 4. Do thi anh hwong cia thé tich 16 rong theo
ban kinh R

T cac do thi ta thiy, khi ty 18 16 rong té
vi o tang 1én, 1am cho cho chuyén vi W* ciing
tang theo. Su khac biét nay cang rd rét hon khi
ma ban kinh R ting. Diéu d6 c6 thé giai thich
rang khi ty 18 16 rdng ting 1én ma cac tham s6
khac khong thay dbi s& lam cho cac thudc tinh
cua vat li¢u FGM giam di, vo tré 1én mém hon,
dudi tac dung cua lyc khong ddi thi lam cho
chuyén vi tang lén.

3.3.4. Khdo sdt anh hwéng ciia 1y so a/b ciia
vo theo ban kinh R

Tiép theo, ta d4nh gia sy anh huong cta
ty 1¢ a/b dén chuyén vi W* cua vo. Ta cho a/b
thay ddi tir 0,5; 1; 1,5; 2,0. Cac tham sb khac
giit nguyén nhu két cau vo clia bai toan co ban.
Két qua chuyén vi W* nhu Hinh 5a va Hinh 5b.

——ab=05
- —8—ahb=1
- = ab=18
o | —a—ab=2
é 4 - o -
| . -
3 b - -
2 -
-
" -
1
U]
2 4 6 8 10
R/a
a) Diéu kién bién SSSS
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b) Diéu kién bién CCCC
Hinh 5. D6 thi anh hwéng ciia ty 1é a/b theo bdn
kinh R

Tir cac dd thi trén ta thay, khi ty 1¢ a/b
tang lén lam cho chuyén vi W* giam di, su
khac biét nay cang ro rét khi ma ty I¢ R/a tang
dan 1én. Véi diéu kién bién CCCC 1am chuyén
vi W* nho nhét.

4. KET LUAN

Duya trén phuong phap PTHH, 1y thuyét
cit bac nhat, tic gia di xay dung cac phuong
trinh 1y thuyét, tir &6 viét chuong trinh tinh trén
ngon nglr Matlab. Bai bdo da khao sat, danh gia
dugc anh hudng cia cac tham sé nhu ban kinh
cong cua vo, hé sd mil thé tich k, ty 1¢ 16 rdng
o... dén chuyén vi ctia vo dudi tac dung cia tai

trong tinh, tor d6 1am co s& cho viée tinh toan
thiét ké vo FGM hai d§ cong phuc vu cho cac
nhu cau k¥ thuat trong thuc tién.

Vi thuat toan, chuong trinh tinh da
lap, co thé 1am co s& cho viée tinh toan phan
tich dao dong riéng ctia vé FGM hai do cong,
bai toan 6n dinh, bai toan dap tng dong ciia vo
dudi tac dung clia xung nd, v.v... <
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