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TiNH TOAN VO COMPOSITE LOP LIEN KET CHOT
BANG PHUONG PHAP PHAN TU HPU HAN

VIBRATION ANALYSIS OF LAYER COMPOSITE SHELLS WITH SHEAR
CONNECTOR USING FINITE ELEMENT METHOD (FEM)
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TOM TAT

V6 composite 16p tinh todn dirgc tao ra bang cach ghép ba l6p vo vat I:eu v6i nhau bang cic
chét lién kér. Cac 16p vit liéu ndy c6 thé g16ng hodic khic nhau, véi gia thiét cac 16p nay luén Mep
xtic va ¢o thé ot ncong d6i voi nhau trong qua trinh bién dang. Chiing cheoc sir dung trong nhiéu
linh virc: Cong tr inh, ché tao mdy, hang khong... Tuy vay, tinh toan loai vo nay con it cong trinh
dwoc cong b6. Bai bdo nay str dung Iy thuyét ciit bat nhit Mindlin va phwong phép phén tt hine han
(FEM) dé thiét Igp phurong trinh dao dgng ciia vo chiu tai trong déng. lap chweong tri mh tinh trong
moi tricong Matlab. Trén co so chwong tinh dd Idp. khao sat anh heong cia mot 56 théng s6 két
céu...den dap lng déng cia vo.

Keywords: V6 composite ba lop; Mindlin, Phan tir hiru han; Tai rong déng.
ABSTRACT

Layer composite shell with shear connectors is made of three shell layers with one another
by using connecting stubs at the contact surfaces. These layers can be similar or different about
geometrical and physical properties with the asswmption that they always contact and have relative
movement in the working process. Due to these characteristics, they are used widely in many
engineering applications such as ship manufacturing and production, aerospace technologies,
transportation and so on. However, there are not many pieces of research on these types of such
structures. This paper is based on the first order shear deformation Mindlin theory and finite element
method (FEM) to establish the oscillator equations of the shell structure under the dynamic load.
The authors construct the calculation program in MATLAB environment and verify the accuracy of
the established program. Based on this approach, we study effects of some geometrical and physical
parameters on the dynamic responses of the shell.

Keywords: Three-layer composite shell, MINDLIN theory, finute element method, dynamic load.
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1. MO HINH VO COMPOSITE BA LOP CO CHOT LIEN KET

Xét v6 3 16p chiu tai trong dong dugc thé hién nhu Hinh 1.
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Hinh 1. M6 hinh vo 3 lop

Vo gbm 3 16p: Lép twén (t), 16p dudi (b)
va 1op giira (c), céc 16p nay duoc lién két voi
nhau bai dinh tén, c6 thé cung Joai vat liéu, c6
thé khac nhau. Céc 1op nay cb thé trugt twong
dbi vi nhau nhung khéng tach roi nhau trong
qua trinh bién dang. Mi 16p dat trong hé toa
dd dia phuong oxyc, oxya va oxys va chia vo
thanh sau phan h, by, by, hy, by, bynhu hinhe
va Uy bleu lhl sur dich chuyen doc truc

3 Vi Voo VA Vg biéu lh1 su dich chuyén doc
y & mét trung binh méi 16p. u, u, la su dich
chuyen tuong aéi gitra 1dp (t) va I(Srp (¢), lop
(c) va 16p (b) theo phuong x; v, , v, 1a su dich
chuyen tuong ddi gia 16p (t) va lcyp (c), 1op (c)
va 16p (b) theo phuong y.

Um, LI
X; v .oV

2. XAY DUNG PHUONG TRINH DAO
PONG CUA VO

Theo ly thuyét bién dang ct bac nhit
cita Mindlin, cac thanh phan chuyen viu, v, w
mbi lop duoc biéu dién:

J"; =t (X0 0) + 2P (0 0 1)
= v (o y )+ 2 ey ) (Ve k=1, ¢, b) (1)
[y =t
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Dich chuyén tuong déi gira cac mat
ticp xuc:

+ Dich chuyén giira lop tva ¢

(10, (% ¥) = 10,05, y,=h3) = u (X, 1))

2
PeCon) =u e poh) =y Coph)

+ Dich chuyén giira 16p ¢ va b

{“a(%y):H,(-Y,,v.-’u)-ll,.(x,y.hs) 3)

Voo (X, ) = Ve (X, =) = vy (6, v, 56)

Tai mat tiép xiic gira céc 16p ta cb:

hysz, = hy
5 =M /14_11,_"—‘
zo==hyz, =h 2

Tir d6 ta co:

“)

1, (6,.3) = o (0 y) =t (X y) + g, (%03 + Mg (5, 1)
Y, (20, )) = Ve X ) = vl ) gy, (6 0) + I (x.y)

%)

{m B =g 0) lyg () - D)+ hpu(013) (60
Ve (5,3) = Voo (30 3) = Vo (80 3) + Iy (X 0 + oy (x, )

Quan hé bién dang chuyén vi clia cac
16p:
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Quan hé gira img sudt bién dang 16p
thir k:
S
o}, =[Pyl 7). :E[G“/]{y}l
Trong do: [D,];[Gy], lin lugt 1a ma

tran vat liéu bién dang uén, bién dang ct; v, la
hé 6 position 16p thir k.

| " o |0
[Dy]==5 v 0 [la]= —{ }
=0 0 e 20+v)0 |

Bai bao sir dung phén tir dang tham sb
8 niit, moi nit 13 bac tw do. Ap dung nguyen ly
cong kha di ddi véi cac lyc tac dung 1én phn tir
vo:
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W =W, -W,, = @®)

nt ext

Trong dé:6W,,
trong (lyc dan hoi);

1a cong cia céc lyc

W, la cong cla cf’ic luc ngoai (luc
quén tinh va tai trong phan bo);

Khi xét dén can két cdu, phuong trinh vi
phén dao déng cua phan tir vo:

[ar, i) +[C Nad+[K Jfa) ={r0)

Trong ao: [C] [M ]+/}[K :Ivc'yi
o,B 1a hing s6 can Rayleigh dugc xéc dinh
trong [4], [5].

Tur phuong trinh vi phan dao déng cia
phin tir v, phuong trinh vi phan dao déng cia
vo c6 dang:

[M]{a}+[Cla}+ [KNa} ={F0} (10)

Trong d6: [M], [C], [K], {F()} lin
luot 14 ma trdn khoi lugng tong thé, ma tran
can két cau tdng thé, ma trin d§ cimg tong thé
v vec 1o tai trong tong thé. Cac ma tran va vec
to nay duoc tp hop tir cac ma trdn va vec to
phén tir trong tng. Déy 14 hé phuong trinh vi
phan tuyén tinh c6 vé phai phy thugc théi gian,
dé giai hé phuong trinh nay ching toi sir dung
tich phan tryc tiép Newmark (5]:

3. KHAO SAT ANH HUONG CUA MQT
SO THONG QO PEN DAO DPONG CUONG
BUC CUA VO

Bai toan: Xét vé composite 3 16p vm
cac thong sé hinh hoc: Chiéu dai a(m) la cb
dinh, chiéu réng b(m), chiéu day h(m), ban
kinh R =R =R (m), chiéu day I6p giira he(m):
Chiéu day ) 16p con lai h =h,(im); Thong s vit
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ligu: M dun dan hm cua céc 16p E =8(GPa),
E=E,=12(GPa), hé sé poat xong v=v=v,=0.2,
khm lugng riéng cac 16p p, =700’ (kg/mj) p=
p, =2300 (kg/m*), hé sé cat cua chot lién két
k|£ krb ks Vo lién két pgam 4 canh, chju tac
dung cua luc phin bd déu p(t) bién dbi theo
thdi gian theo phuong vuéng gbe vii mat phing
chiéu cua vo [6]:

|.i- ©sisn) {AP.-nzmmu Nimt an

(=47, F(0. F()=
% %80 Y Ty =00285

0 otherwise
Dép (mg chuyén vi cia diém gitta vo
theo thon gian durge x4c dinh theo cong thire:

w=——vGi hy

07y —‘O;T:O.IS(S) (12)

3.1. Anh huomg cia ti s6 a/h

Pé khao sat anh hudng cua ti sé a/h, xét
vo c() kich thuéc hinh hoc a=b=1(m), h/ h=2,
i 56 R/a =6 vm S lmdng hop: a/h=75, 60 50,
40, 25, hé sb cat cua chét k=50 (Mpa). Bip
{ng chuyén vi cia diém gilra v6 dugc thé hién
nhu Hinh 2.

Neadimension deflection

Hinh 2. Pap ting chuyén vy, vin toc cia diém giira
tam theo thoi gian,

Nhan xét: T Hinh 2, khi ti s6 a/h giam,
nghia 1a chidu day cua vo ting 1én, chuyén vi
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I6m nhit clia diém giira vo theo thai gian giam.
Picu nay la pha hop, vi vo day hon thi “d9
cimg” cua vo sé 16m hon.

3.2. Anh huémg cida ti sé h /h, (h=h,)

Dé khao sat anh huéng cua ti sb h/
h,, xét v c6 kich thuée hinh hoc a=b=1(m);
h a/SOVthétruanghoph/h =2, 6,8, 10, 20,
30; ti 86 R/a=6; hé s0 calcua cho
Dap tmg chuyén vi va van tdc cia mém gitra vd
dugce thé hién nhu Hinh 3.

!io-lh._em{.n deflection

e v a4 85 e )
uT
Hinh 3. Pdp teng chuyén vi, van iéc ciia diém giwa
tam theo thoi gian.

Nhién xét: Tir Hinh 3, khi ti sb h /h, tang,
v6i h khong dbi thi chiéu day lop gtira ting Jén
50 v&i 2 1p ngodi, chuyén vi ciia diém gifta vo
theo thor gian giam nhanh trong khoang tir 2
dén 20, tir 20 dén 30 gin nhu khéng thay déi.
Diéu nay chimg to, ti I¢ h /h, cang téng (tang
chiédu day lop gn.ra) thi vo giam dao dong tot
hon, va lop glu'a “mém” hom c6 tc dung hap
thy dao dong 18t hon so vai vo dong nhit c6
cung théng sb hinh hoc va vat héu. Vi bai toan
cu thé ny, ching ta nén chon ti sé he/ht trong
khoang 20 dén 30.

3.3. Anh huéng hé sb it ks ciia chét lign két

Dé khao sat dnh hudng cia hé sb cit, @

"
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xét 4 wuong hop: k =10°, 10%, 10" va 10" (Pa).
Véi cac thong sb két cau: a=b= 1(m); h=a/50;
h /h=2; (i s0 R/a =6. Bap img chuyén vi va van
toc cua diém gitra v dugc thé hién nhu Hinh 4.

+ —o—iy=las ()
| walé (o)
——hslals (F)

0 " v o (1] 1
T

Hinh 4. Bap img clzu_yén vj, van 16¢ ciia diém gitta
1dm theo thon gian.

Nhan xét: Tir Hinh 4, khi ti s6 ks tang,
V0 trg 1én “cling hon™ lam cho dap img chuyén
vj l6m nhat cua diém gitta vo giam theo thoi
gian.

4. KET LUAN

Tac gia da xdy dyng phuong trinh dao
ddng cua vo chiu tai trong dong, dir dung thuat
toan PTHH va lap chuong trinh tinh bing
Matlab dé tinh todn, khdo sat anh huéng mét
56 thong 56 két chu dén dao dong cia vo. Vi
két cdu vo loai nay, h¢ so cal cua chbt dang vai
tr6 quan trong, khi hé s6 cét nay du 16 thi vo
nay duge coi nhir v6 Sanwich, sir linh hoat cua
hé s6 cét cb thé giup cac ky sur tao ra loai v6 cd
dap tmg theo y mudn. Tir két qua khéo sat: Dé
giam dao dong cua vo, chung ta nén dung vét
ligu 16p gitra c6 md dun dan hdi nhé hon 2 lop
ngoai ciing va ¢6 chiéu day lon hon khoéng 20-
30 lan chiéu day 16p ngoai cung. %
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