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VIBRATION ANALYSIS OF LAYER COMPOSITE SHELLS WITH SHEAR 

CONNECTOR USING FINITE E L E M E N T M E T H O D (FEM) 

Pham Tign Dat', Nguyin Van HungS TrSn Ngoc Canh^ Dinh Trong Thinh^ 
'Hoc vien Ky thuat Quan su 

^Dai hpc Tran Dai Nghia 
^Hpc vien Phdng khdng Khdng quan 

Vo composite l&p tinh todn duac tgo ra bdng cdch ghep ba l&p vd vdt lieu v&i nhau bdng cdc 
chdt lien kit Cdc l&p vgt lieu ndy co thi giong hogc khdc nhau, v&i gid thiet cdc lap ndy luon tiep 
xuc vd CO thi truat tuong ddi v&i nhau trong qud trinh bien dgng. Chung duac sic dung trong nhieu 
linh vuc: Cong trinh, chi tgo mdy, hdng khong... Tuy vgy, tinh todn logi vo ndy con it cong trinh 
duac cong bo. Bdi bdo ndy su dung ly thuyet cat bdt nhdt Mindlin vd phuang phdp phdn tu huu hgn 
(FEM) di thiet lap phuang trinh dao dong cua vo chiu tdi trpng dong, lap chuang trinh tinh trong 
moi truang Matlab. Tren ca sa chuang trinh da lap, khdo sdt dnh huang cua mpt so thong so kel 
cdu...den ddp img dpng cua vo. 

Keywords: Vo composite ba l&p; Mindlin, Phdn tir him hgn; Tdi trpng dpng. 

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 assumption 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 MA TLAB 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, finite element method, dynamicload. 
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1. MO KiNH VO COMPOSITE BA LOfP CO CHOT LIEN K £ T 

Xet vd 3 Idp chiu tai trgng ddng dugc thd hien nhu Hinh I. 

I Top layei 

F„ F,, F.. 
r., F^ f„ F„ 
l^i'iF.iF.iF,,, 

-.j:r.,.t:Tr..1:r...4:T 
I Core layei [ 

K ẑ . K F„ 
f. F. F.: 

]ii.-ii.i 
I Bottom layer r" 

Hinh 1. Md hinh vo 3 l&p 

Vd gdm 3 ldp: Ldp trgn (t), Idp dudi (b) 
va ldp giiia (c), cac ldp nay dugc lien kgt vdi 
nhau bdi dinh tan, cd the cung loai vdt lieu, cd 
the kbac nbau. Cac Idp nay cd thd trugt tuong 
ddi vdi nhau nhung khdng tach rdi nhau trong 
qua trinh bien dang. Mdi ldp dat trong he tpa 
dp dia phuong oxyc, oxya va oxys va chia vd 
thanh sau phan h,, ĥ , b ,̂ ĥ , h., ĥ  nhu binb I; 
Uĵ , û p va Uĵp bieu tbi sir dich chuygn dpe true 
x; Vjp, v^^ va v̂ ,̂ bigu thi su dich chuyen dgc 
y d mat trung binh mdi ldp. û ,̂ û ^ la sir dich 
chuygn tuong ddi giiia Idp (t) va Idp (c), Idp 
(c) va ldp (b) theo phuang x; v̂ ,̂ v̂^̂  la su dich 
chuygn tuang ddi giiia ldp (t) va ldp (c), Idp (c) 
va ldp (b) theo phuong y. 

2. XAY DUTVG PHlTONG TRINH DAO 
DONGCtJAVO 

Dich chuyen tuang ddi giiia cac mat 
tigp xiic: 

- Dich chuygn giiia ldp t va c 

"(t ( '̂ y) - "/ ( '̂ y^ ~K) ~ "c i^i y^^) 

v,c (x, y) - V, (x, y, -hj) - V, (x, y, h^) 

Dich chuyen giiia ldp c va b 

Ucb{x,y) = uXx,y,-h^)-u^{x,y,h^) 

^cb (^' y) = ^c {^. >•' -K ) - V/, {x, y, h^) 

Tai mat tigp xuc giua cac Idp ta cd: 

z, - —h^; 2̂ , - ^ 

Ẑ  - -h^ ''^b-^5 

Tiidd tacd: 

vdi: h. 

(2) 

(3) 

(4) 

Theo ly thuyet bien dang cat bac nhjt 
cua MindUn, cac thanh phan chuyen vi u, v, w 
m6i lap dugc bieu dien: 

fuj =Ui,„(x,y,t) + 2tVk(^'y-') 

Vj=Vt„(;t,;<,0 + Zinfe^.t)(vmk = t,c,b)(l) 
Wj =vi(x,y,t) 

«,Xx,y) = u,„(x,y) - »,o(x, j ) + *j«>,()c,r) + li,(p,(x,y) 

'',Ax,y)'^,o(x.y)--',alx,y) + li^:i,,(x,y) + li,ii/^(x,yy ' 

•i,t(x,y) = u^,(x,y)-u^,(x,y} + li,f>,(x,y) + h,<p^(x,y) 

y,t{x,y)=v,oi.x,y)-'toU.y)*KvAx.y)+i,,iir^(x,yy 

Quan he biln dang chuyen vi cua cac 
lop: 
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Trong do: 

SW = SW,„,-SW„, (8) 

(7) 

yfa,J 

M.= 

3"M 

& 

dy dx 

dtp,. 

IT 
5v dx 

I ax 
1 ^ n 

, s;' 
Quan he giira img suat bien dang lop 

thilk: 

Trong dd: [D(. , ] ; [G^;] Ian lugt la ma 
tran vat lieu bien dang udn, bien dang cat; v^ la 
he sd position ldp thu k. 

2(l + v-,)L0 i j 

Bai bao su dung phan tu dang tham s6 

8 nut, moi nut 13 bac tu do. Ap dung nguyen ly 

cong kha dT doi vdi cac luc tac dung len phin tii 

1 

0 

1 

0 (1 

0 

0 

'V,)I2 

Trong dd:^W',„, la cdng cua cac luc 

trong (lire dan bdi); 

SW^^i la cdng cua cac luc ngoai (lire 

quan tinh va tai trpng phan bd); 

Khi xet ddn can ket cau, phuong trinh vi 

phan dao dgng ciia phan tir vd: 

[M.]{d.]+[c,]{d,] + [K.]y,] = {FM (9) 

Trong do: [ c , ] = a [ M , J + y9[.s:,]vcri 
a,p la hSng s6 can Rayleigh dugc xac dinh 
trong [4] , [5]. 

Tir phugng trinh vi phan dao dgng cua 
phan tli vo, phuang trinh vi phan dao dpng cua 
vo CO dang: 

M{9}+[c]{9}+MW={^{0} (10) 

Trong do: [M] , [C], [K], JF(0} ldn 
lugt la raa tran khdi lugng tdng thg, ma tran 
can kgt cau tdng thg, ma trdn dp cung tdng thg 
va vec to tai trpng tdng thg. Cac ma tran va vec 
ta nay dugc tap hgp tir cac ma trdn va vec to 
phan tir tucmg ung. Day la he phuong trinh vi 
phan tuydn tinh cd vg phai phu thudc thdi gian, 
dg giai he phuong trinh nay chung tdi su dung 
tich phan true tiep Newmark [5]: 

3. KHAO SAT ANH HlTdNG CUA MQT 
SO THONG SO DEN DAO DONG ClTOtNG 
BlTCCUAVO 

Bai toan: Xet vd composite 3 Idp vdi 
cac thdng sd hinh hpc: Chigu dai a(m) la cd 
dinh, chigu rdng b(m), chigu day h(m), ban 
kinh R^-R =R (m), chigu day ldp giira hc(m); 
Chidu day 2 Idp cdn Iai h, ^hj^(m); Thdng sd vat 
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lieu: Mo dun dan h6i cua cac lop E^=8(GPa); 
E=Ej=12(GPa), hes6poatx6ngv,=v^=Vj=0.2, 
kh6i lugng rieng cac lop p^=700 (kg/m'); p = 
p, =2300 (kg/m'), he s6 cSt cua chot lien kk 
^i.rKb^K- ^ ° '̂ ^" ^̂ ^ ngam 4 canh, chiu tac 
dung cua lire phan bo dgu p(t) biln d6i theo 
thai gian theo phuong vuong goc voi mat ph&ng 
chieu cua vo [6]: 

,(„.»p.TO n.j.j'-t '"'""' .«» {"•:™,'''°'"''""(11) 

Dap img chuyen vi ciia diem giira vo 
theo thai gian dugc xac dinh theo cong thirc: 

* = 7 ^ ™ ' ' ' » = ^ ; ^ = " ' * ) (12) 

3.1. Anh hudng ciia ti so a/h 

De khao sat anh hudng cua ti sd a/h, xet 
vd cd kich thudc hinh hpc a=b^l(m), by hj^2, 
ti so R/a -6 vdi 5 trudng hgp: a/h=75, 60, 50, 
40, 25, he sd cat cua chdt k^ 50 (Mpa). Dap 
ung chuyen vi ciia digm giiia vd dugc the hien 
nhu Hinh 2. 

Hinh 2. Bdp ung chuyin vi, van tdc cua diim giira 
tdm theo th&i gian. 

Nhan xdt: Tir Hinh 2, Idii ti sd a/h giam, 
nghia la chidu day cua vd tang Ign, chuygn vi 

ldn nhat cua digm giira vd theo thdi gian gidm. 
Digu nay la phii hgp, vi vd day hem thi "dp 
cung" cua vd se Idn hon. 

3.2. Anh hirdng cua ti so h^h, (h,=h )̂ 

Dg khdo sat anh hudng ciia ti sd h/ 
ĥ , xet vd cd kich thudc hinh hgc a=b^l(m); 
b=a/50 vdi 6 trudng hgp W =2, 6, 8, 10, 20, 
30; ti sd R/a =6; he sd ck cm chdt k^- 50(Mpa). 
Dap img chuygn vi va van tdc cua diem giua vd 
dugc the hien nhu Hinh 3. 

Hinh 3. Ddp img chuyin vi, van tdc cua diem giita 
tdm theo th&i gian. 

Nhan xet: Tir Hinh 3, khi ti sd ĥ ĥ  tang, 
vdi h khdng ddi thi chigu day ldp giiia tang len 
so vdi 2 Idp ngodi, chuygn vi cua diem giiia vd 
theo thai gian giam nhanh trong khoang tir 2 
den 20, tu 20 den 30 gdn nhu khdng thay ddi. 
Digu nay chung td, ti le ĥ /ĥ  cang tang (tang 
chieu day ldp giiia) thi vd giam dao dpng tdt 
ban, vd Idp giira "mem" ban cd tac dung h4p 
tbu dao dgng tdt ban so vdi vd ddng nhdt cd 
Cling thdng sd hinh hpc va vat heu. Vdi bai todn 
cu the nay, chung ta nen chpn ti sd hc/ht trong 
khoang 20 dgn 30. 

3.3. Anh hu&ng he so c3t ks ciia chot lien k§t 

De Idido sat anh hudng cua he so cdt, '̂  

ISSN 0866 - 7056 

TAP CHI CO KHi VIET NAM, Sd 1+2 nam 2019 
www.cokhivietnam.vn 

http://www.cokhivietnam.vn


NGHIEN c i iu - TRAO eOl 

xet 4 truong hgp: k = l O \ 10', 10'" va 10" (Pa). 
Voi cac thong s6 ket cau: a=b=l(m); h=a/50; 
h /h =2; ti s6 R/a =6. Dap vmg chuyen vi va van 
toe cua diSm giua vo dugc the hien nhu Hinh 4. 

1 

Hinh 4. Bdp img chuyin vi, van tdc cua diim giita 
tdm theo th&i gian. 

Nhan xet: Tir Hinh 4, khi ti sd ks tang, 
vd trd Ign "cimg hon" lam cho dap iing chuygn 
vi Idn nhdt cua diem giira vd giam theo thdi 
gian. 

4. KET LUAN 

Tac gid da xdy dung phuang trinh dao 
ddng ciia vd chiu tai trpng ddng, du dung thuat 
toan PTHH va lap chuang trinh tinh bang 
Matlab de tinh toan, khao sat dnh hudng rapt 
sd thdng sd ket cau den dao dpng cua vd. Vdi 
ket cau vd loai nay, he sd cat ciia chdt ddng vai 
trd quan trpng, khi he sd cat ndy du ldn thi vd 
nay dugc coi nhu vd Sanwich, su linh boat cua 
he sd cat cd thg giup cac ky su tao ra loai vd cd 
dap ling theo y mudn. Tir kdt qua khao sat: Dd 
gidm dao dgng ciia vd, chung ta ndn dimg vat 
lieu ldp giua cd md dun dan hdi nhd hon 2 Idp 
ngoai cung va cd chieu day ldn hon khoang 20-
30 lan chidu ddy ldp ngoai cung.'I* 

Tai lif u tham khao: 

[1]. N.M. Newmark, CP. Siess, I.M. Viest, Test and 
analysis of composite beams with incomplete 
interaction, Proc. Soc. Exp. Stress Anal. 19 
(1951) 75-92. 

[2]. G. He, X. Yang, Finite element analysis for 
buckling of two-layer composite beams using 
Reddy's higher order beam theory, Finite 
Elem. Anal. Des. 83 (2014) 49-57. 

[3] R. Xu, G. Wang, Variational principle of 
partial-interaction composite beams using 
Timoshenko's beam theory, Int. J. Mech. Sci. 
60(2012)72-83. 

[4]. Ladislav Fryba, Vibration of solids and 
stmctures under moving loads, institute of 
Theorical and Applied Mechannics, Academy 
of Sciences of the Czech Republic, 1999. 

[5]. Jonh P. Wolf, Dynamic soil-stmcture 
interaction, Prentice-Hall, Inc, 1985. 

[6]. Doan Trac Luat, Dd Van Tham, Phdn tich 
dong luc hpc phi tuyin tdm FGM cd gdn gia 
cu&ng chiu tdi trpng sdng xung kich vd nhiet 
dp. Hpi nghi khoa hgc toan qudc Vat Heu va 
kgt cSu composite, 2016, pp. 447-454. 

[7]. L. F. Qian. Free and Forced Vibrations of Thick 
Rectangular Plates using Higher-Order Sheara 
and Normal Deformable Plate Theory and 
Meshless Petrov-Galerkin (MLPG) Method. 
CMES, vol. 4, no. 5, pp. 519-534, 2003. 

Ngay nhan bai: 08/01/2019 
Ngay phan bien: 18/01/2019 

ISSN 0866 - 7056 

TAP CHi CO KHi VIET NAM, Sd 1+2 nam 2019 
www.cokhivietnam.vn 

http://www.cokhivietnam.vn



