
NGHIEN CLfU - TRAO DOI 

PHAN TiCH U P N V A DAO DONG JAM SANDWICH 
CO LOI LUON S P N G 

BENDING AND VIBRATION ANALYSIS 
OF CORRUGATED_CORE SANDWICH PLATE 

Bui Van Binh, Pham Hai Trinli 
Tmong Dai hgc Dien luc 

TOM TAT 

7am sandwich 3-D duac tao thdnh tu hai tdm phdng vd loi a giua vdldmgt dang cdu true 
phitc tap, muc do phitc tgp phu thuoc vdo cdc loi duoc su ditng. Bdi bdo trinh bdy mot so ket qua 
so ve phdn tich udn vd dao dong cita tdm sandwich (3-D) co loi Id tdm luan song bdng phuatig 
phdp phdn tu hihi han dua tren ly thuyet tdm ciia Mindlin. Trong do, dnh huang cua hinh dang loi 
sandwich, cdu hinh goc sai den do vong, tdn so dao dong rieng, dang dao dong rieng duac khdo sdt. 
Chuang trinh tinh todn so duac xdy dung tren Matlab sir dung phdn tu tdm ddng tham so 9 (chin) 
nut, moi ndt co 5 (ndm) biic tu do. 

Tu- lihoa: Loi luan song; Tdm sandwich; Phuffng phdp phdn tu hihi hgn; Tan so dao dong 
rieng; Ddp img tuc thai. 

ABSTRACT 

A three-dimensional (3-D) sandwich plate is made of two flat sheets and a core sandwiched 
between them and is a relatively complex structure The degree of complexity depends on the type 
of core used. This paper presents some numerical results of bending and vibration analyses of 3-D 
corrugated core sandwich plate using finite element method, based on Mindlin plate theory. The 
effects of core geometry, laminated schemes on deflections natural frequencies, mode shapes of the 
3-D sandwich plates were considered. The Matlab programming was built to solve theprobletns by 
using an 9-noded isoparametric element with 5-degrees of freedom per node. 

Keywords: Corrugated core. Sandwich plate. Finite element method. Natural frequencies. 
Transient responses. 
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1. DAT VAN DE 

Cung vdi su phat trien cua cdng nghe 
san xuat va vat lieu trong nganh xay dyng, ca 
khi, tam composite sandwich vdi kha nang chju 
luc, each am, each nhiet cao da ra ddi va dan 
trd thanh vat lieu ly tudng trong nhieu loai ket 
cau. Trong thuc te, cd nhieu dang tam sandwich 
vdi cac dang cau tao loi khac nhau, vi du (a) La 
tam sandwich cd ldi dang "hinh ndn" (top-hat 
core); (b) La tam sandwich cd ldi dang "chii 
Z" (zed-core); (c) La tam sandwich cd loi dang 
"mang" (channel-core); (d) La tam sandwich cd 
ldi dang "khung" (truss-core) va tam sandwich 
cd loi dang ldi "sdng lien tuc" (continuous 
corrugated-core). 

.ni m n 
(a) Tdm sandwich cd loi dgng "hinh ndn" 

(top'hat core); 

s jr X x^ J } ( 
(b) Tdm sandwich cd loi dgng "chd Z" 

(zed-core); 

I i i I I il II. 
(c) Tdm sandwich co lot dgng "mdng" 

(channel-core); 

(d) Tdm sandwich co loi dgng "khung" 
(truss-core). 

Hinh 1 Mot so logi tdm sandwich 3D vdi cdc dgng 
loi khdc nhau. 

Hinh 2. Cdu tgo tam sandwich 3-D co loi Id tdm 
luan sdng liin tuc (dgng chit nhgt) (continuous 

corrugated-core 3-D sandwich). 

Gin day, nghien cim ve irng xir ca hgc 
ciia cac kit ciu t im sandwich da dugc cdng 
bd vdi nhilu each tiep can khac nhau. Trong 
do, nhilu cdng trinh nghien cuu da coi tam 
sandwich la mgt tam phang trye hudng vdi do 
cung tuong duang; dya vao cac gia thiet trong 
mgt sd bai toan cy the rdi dua vao cac he sd de 
coi t im tam sandwich la tam gdm cd cac ldp vdi 
do Cling mdi ldp tuang duang; dya vao ly thuyet 
tiem can; ly thuyet tam bac cao vdi viec coi ldp 
loi la mdt ldp dac biet; sir dung phuang phap dai 
hihi ban; ly thuyit dim dac biet,,.. de phan tich 
tTnh, dao ddng, dap img cua cac tam sandwich 
vdi cac loai tai trgng khac nbau nhu [1-6]. 

Tai Viet Nam, cac cdng trinh nghien 
cuu ve loai ket cau nay van cdn bd ngd, it dugc 
nghien cuu; viec thiet ke, che tao phan ldn van 
dua vao kinh nghiem. Do do, viec khao sat 
cac ung xir ca bgc cua cac tam dang nay da 
va dang dugc su quan tam ciia nhieu nha khoa 
hgc. Bing each thiet lap chuang trinh tinh toan 
dya tren md hinh phan tir hiru han. Bai bao nay 
trinh bay mdt sd ket qua khao sat anh hudng 
cua hinh dang ldi sandwich, cau hinh gdc sgi 
den do vdng, tan sd dao dgng rieng, dang dao 
dgng rieng ciia tam sandwich (3-D) cd ldi la 
tam lugn sdng lien tuc. 

2. THIET LAP C 6 N G THlTC PHAN TU" 
HtTUHAN 

2.1. C c sd Iy thuygt 

Dya theo ly thuyet t im bac nhit ciia"^ 
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Mindlin [7], cac thanh phan chuyen vi u, v, w 
cua tam dugc bieu dien nhu sau: 

u{x,y,z) = UQ(x,y)-i-z0^(x,y) 
v{x,y,z) = V(,(x,y)-\-zdy{x,y) ^ -* 
w{x,y,z) = Wf,(x,y) 

Trong do: û , v̂  va ŵ  la cac thanh phan 
chuyen vj cua diem tren mat trung binh (z - 0) 
theo cac phuang x, y va z. 

0̂  va 9̂  lan lugt la gdc xoay cua phap 
tuyen mat trung binh quanh cac true y va x. 

2.2. Xay dung cong thuc phin tu hun han 

Ap dung ly thuyet tim nhidu ldp [8], 
luc mang {N}, mdmen uon {M}va lyc cit {Q} 
dugc xac dinh bing tich phan ung suit theo do 
day ciia tam va dugc xac djnh nhu sau: 

(2) 

M M W 
W 

Trong dd: 

([4].K_ .[o.])=|:f([e;i)(i z.z'yz 

vdi i , j^ 1,2,6 (3) 

[^J = Z/|(KlV^;vdi/ = 5/6; f,/ = 4,5 (4) 

n la sd ldp composite, //̂  ,, \_: lin lugt 
la do cao vi fri cua mat tren va mat dudi cua ldp 
thir k. 

Bang viec su dyng phin tu ding tham 
SO 9 nut, mdi niit cd 5 bac tu do, cac chuy6n 
vi ciia diem bat ky ciia mat trung binh cua tim 
dugc xac dinh: 

9 9 9 

1=1 H ,=1 

N_(̂ , Tl) la cac ham dang cua phin hi 
dang tham sd 9 nut, moi mit cd 5 bac hr do 
trong he tga do phan tir (̂ , y\). 

Vec ta chuyen vi mit dugc bi8u diin 
tbeo ham dang nhu sau: 

{".«,';)},.,= [A', !„{«.},„ (6) 

Vai: 

L̂ Lxs ^̂  ̂ ^ ^^" ^^^ ^i-

nhu sau: 
Ma tran do cung phin tu dugc xac dinh 

w„«,=i([^r)[^]MM4 (8) 

Vai [H] la ma tran do ciing vat lieu. 

Ma tran kh6i luang phin tu dugc xac 
dinh nhu sau: 

H , = J/^[A',]'^[«][A',Jrf4 W 

[g']i va [Cyi la cac ma tran do ciing 
thu gon ciia lap thii k. sir dung. 

Voi p la kh6i luang rieng cua vat lieu 
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I, 0 0 I, 0 

0 1, 0 0 I, 

0 0 I, 0 0 

I, 0 0 I, 0 

0 I, 0 0 I, 

Vecta lue nut phSn tti: 

•• ' ."ZZz'pfe 1-0,1,2(10) 

{/}. = 1[A',] '?O'4 (11) 

Vdi q la cudng do ngoai luc tac dung. 

Phuang trinh dao ddng tu do khdng can 
ciia ket cau dugc xac dinh la; 

[M]{H} + [ ^ ] M = {0} (12) 

Trong dd: {w}, {w} la vec ta chuydn vi 
nut, vec ta gia tdc cua chuyen vi nut trong he 
tga do tdng the. 

[M], [K] lan lugt la ma tran khdi lugng, 
raa tran do ciing trong he tga do tdng thd. 

3. KET QUA TINH TOAN SO 

3.1. Doi tuOTig khao sat 

Xet ket cau tam sandwich composite 
ldp cd ldi la tam lugn sdng vudng trong cac 
trudng hgp sau: 

Dufng ngang mit tren 
^ 

dm\i^mi 
Tamm^t 

(BtiirDg ngang g i ^ t^m t r ^ ) 

Lfii sasdwidi / / " / 

ii 

Hinh 4. Tdm sandwich cd loi la tdm luan sdng 
dgng chit nhdt (TH2). 

THI va TH2: Tam sandwich cd ldi la 
tam lugn sdng dang chu nhat vdi cac budc 
sdng khac nhau (Hinh 5 va Hinh 6). Cac kich 
thudc ciia tam: I = l(m); W= 1 (m); F = 5(cm); 
cac tam tren, dudi va tam loi lugn sdng day t = 
1 (cm) gdm 5 ldp composite cd cau hinh gdc sgi 
[e/-e/e/-e/e]. 

- Kich thudc cua loi sandwich trong 
THI: l=l/10-0.1(m), nhu Hinh 3. 

- Kich thudc ciialdi sandwich trong TH2: 
l^-l,o=l/10=0.1(ra); 1̂ = l3=l,-l^=21/10=0.2(m), 
nhu Hinh 4. 

~ Dieu kien bien: Ngam tit ca cac canh 
(4 canh). 

Vat lieu composite dugc khao sat la 
composite cdt sgi T300~5208 cd ca tinh nhu 
trong Bang 3.1. 

Bdng 3 1. Ca tinh vgt liiu composite cot sen 
T300-5208: 

Hinh 3. Tdm sandwich cd loi la tdm luan sdng 
dgng chic nhgt (THI). 

E, E, G|, 
(GPa) (GPa) (GPa) 

181 1 103 7 17 

^ 1 1 

(GPa) "" •'•> 

7.17 0.28 0.33 
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3.2. Khao sat anh huong cua can hinh goc 
sod den kha nang chiu uon 

De khao sat anb hudng ciia cau hinh 
gdc sgi den kha nang chiu udn, xet tam 
sandwich trong THI, TH2 vdi ciu hinh gdc sgi 
9 = 30"; 45"; 60"; va cau hinh gdc sgi dung ttuc 
[0'V90"/0"/90"/0"] (crossply) chiu tai h-gng phan 
bd deu cd cudng do q^^ l̂O'' (N) (hudng ngugc 
chieu true Oz) tai mat tren tam; do vong w dgc 
theo dudng giiia tam tren va tam dudi dugc so 
sanh tren Hinh 5, Hinh 6 cho THI va tren Hinh 
7, Hinh 8 cho TH2: 

TH: 

V 
s 

' i 

BMI * -

• • -

i ^ * . » . * . « . ( k , -

^̂ *'*'*_-_-
> '"X 

^ V ' ^ - ^ -

- . ; : • 

• • S O " 

- - - ' • 

* .-".' 

A 
/ 

d/ 

a a.I 02 03 04 as oe 0 7~Da os 

Chiea dai 1 (m) 

Hinh 5. So sdnh dp vong w doc theo du&ng giii-a 
tdm tren theo cdu hinh gdc sai 6, THI. 

-0 02S 

THl-dudi 

. . . . . MO* .f 
Cs-pi 7 , 

^ — • - / ' ' 

0 t 02 03 04 OS 06 ^ ^ : : v ; 

Chiea dai I (m) 

Hinh 6. So sdnh do vong w doc theo du&ng giira 
tdm du&i theo cdu hinh gdc sai 0, THI. 

- Tir Hinh 5, 6 ta thay do vdng ciia t im 
mat tren va t im mat dudi trong THI tuang ty 
nhau, dieu dd cho thiy ring budc sdng ciia ldi 

giiip tai trgng dugc phan bd ddng dSu, tranh 
dugc cac bien dang cue bd. Kha nang chiu uin 
cua tam giam dan theo thii tu 6 = 60", 0 ̂  45<î  g 
= 30" va cudi ciing la tam cd cau hinh diing true 
cross-ply, 

0 2 0 3 0; c; 3 e c - c: 3 s 
Chieu eft/(m) 

Hinh 7. So sdnh dp vdng w doc theo du&ng gida 
tdm tren theo cdu hinh gdc sai 6, TH2. 

E .0 01 

1 -O03 
so 

i - 0 03 

~" -0 04 

TH2-dir<ji — • * — »-3fl* 

St. - ^ - . ^ C j/ 

\^^..'::^J^ 

^^"-^ ,,'-'' 
01 02 03 04 OS 06 07 0 8 0 9 1 

Chieu dai / (m) 

Hinh 8. So sdnh do vong w doc theo dudng giiia 
tdm du&i theo cdu hinh goc sai 9, TH2 

- Tu Hinh 7 ta thay, vai buae song thira 
cua TH2, tai cac vi tri khong c6 loi (chiu lire) 
thi xuat hien cac biin dang cue bo ciia cac phSn 
tam tren. Khi 6 = 45°, t im tren co kha nang 
chiu lire uon t6t nhSt, va khi ciu hinh diing true 
cross-ply thi kem nhit. D6i vai tJm mat duoi, 
hien tuong bign dang cue bo khong xuit hien 
va khi e = 60° t im mat duai vong it nhit. Sir 
xuat hien biSn dang cue bo can phai tranh trong 
ehe tao vi se la nguyen nhan gay hong ciia ket 
cau (tach lap, tach lien kk giiia loi va 2 tim 
mattren-duoi,...). 
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So sanh cac Hinh 
5, 6 vdi Hinh 7, 8 ta thiy, do 
vdng ciia tam trong TH2 ldn 
ban khoang 2 lan so vdi THI. 
Nbu vay, kha nang chiu udn 
cua tam giam di dang ke mac 
du trgng lugng cua tim giam 
di khdng dang ke. Dieu do cho 
thay, ddi vdi cac tam sandwich 
cd loi la cac tam lugn sdng, 
do day cua budc sdng cd anh 
hudng rat ldn den kha nang 
chiu uon cua tam. 

3.3. Khao sat anh hiring cua goc soi d̂ n tan sd dao ddng rieng 

Dd khao sat anh hudng cua gdc sgi den tan sd dao ddng 
rieng, bai bao tien hanh tinh toan va so sanh 5 tan sd dao dgng 
rieng cua ket cau tam vdi cau hinh gdc sgi khac nhau: 6 = 
15",30",45",60",75",85" va khi tim cd ciu binh dung trye {cross-
ply: [0''/90"/0"/90W]). 

* Ddi vdi tam sandwich cd loi la tam lugn sdng dang chii 
nhat 1 (THI): 

- Kdt qua tinh toan tan sd dao ddng rieng THI theo gdc 
sgi 6 dugc cho tren Bang 3.2. 

Bdng 3.2. So sdnh ldn sd dao ddng riing THI theo gdc spi 6 

Mode 

1 
2 
3 
4 
5 

9=15" 

475.04 

681.69 

938.26 

1003.9 

1174.4 

9=30" 

600.24 

785.41 

1037.6 

1301 

1329.4 

9=45" 

778.74 

870.54 

1062.7 

1276.5 

1499.6 

9=60' 

907.53 

936 
1019 

1135.2 

1274.5 

9=75" 

787.57 

805.94 

840.83 

893.71 

966.64 

9=85" 

606.84 

623.76 

654.26 

701.08 

766.74 

Cross Ply 

565.91 

693.06 

889.93 

1085.2 

1142.9 

- Dang dao ddng THI khi gdc sgi G ^ 5 " . 

(Mode 1-THl) (Mode 2-THl) (Mode 3-THl) (Mode 4-THl) 

Nhan xet: 

- Ca bdn dang dao ddng dau tien cua THI deu la cac mode udn tdng the, chua xuit hien dang 
dao ddng cyc bd (cac dang dao ddng vdi tan sd cao ban cd xuat hien, trong gidi ban bai bao nay 
khdng cd dieu kien trinh bay). 

- Khi 0 =60", tin sd dao ddng ciia tam la ldn nhat va khi 0 ^15" la nhd nhit. 

* Ddi vdi tim sandwich cd loi la tam lugn sdng dang chu nhat 2 (TH2): 

- Ket qua tinh toan tan sd dao ddng rieng TH2 theo gdc sgi 0 dugc cho tren Bang 3.2. '̂  
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Bang 3.3. So sdnh tan s6 dao dong riing TH2 theo goc sai 6: 

Mode 

1 

2 

3 

4 

5 

9 =15" 9 =30" 

439.25 

610.98 

844.72 

877.01 

1012.8 

564.04 

713.48 

919.57 

1114.3 

1162.9 

9=45" 

683.16 

751.36 

875.9 

951.63 

995.57 

9=60" 

660.8 

668.03 

681.51 

708.3 

730.93 

9=75" 

481.85 

522.91 

526.95 

533.95 

541.59 

6=85" 

426.38 

437.45 

437.66 

458.29 

485.14 

Cross_Ply 

451.46 

570.49 

769.89 

839.3 

921.62 

- Dang dao ddng TH2 khi gdc sgi 0 =45". 

(Mode 1 Tm) (Mode 2 TH2) {Mode 3 TH2) (Mode 4 TH2) 

- Khi 0 ^45", tan sd dao dgng ciia tam la 
Idn nhat va khi 9 =15" la nhd nhit. 

- Bang 3.3 cho thay, vdi loi thilt kS nhu 
TH2, trong 5 dang dao ddng dau tien da cd xuit 
hien cac dang dao ddng cue bd (nhu mode 4 
va mode 5 khi 0 ^30", mode 1 va mode 2 kbi 
0 =60", mode 2 va mode 3 khi 0 -75", mode 2 
va mode 3 khi 0 =85°, mode 3 va mode 4 khi 9 
=85"). Dieu do cho thay, viec budc sdng cua ldi 
anh hudng rit ldn den dang dao ddng ciia t im 
sandwich. 

4. KET LUAN 

Thdng qua cac ket qua khao sat sd cua 
nghien ciiu, cd the dua ra mdt sd kit luan nhu 
sau: 

- Kbi budc sdng cua Idi ngan (THI) thi 
cac d cac mode dao ddng dau tien chua xuat 
hien dao ddng cue bg, nhung khi budc sdng ciia 
ldi dai han (TH2) thi da xuat hien cac dang dao 
ddng cyc bd (va ddi ximg). 

- Budc sdng cua ldi anh hudng rat ldn 
den kha nang chiu udn, dang dao ddng cua tim. 
Trong 2 trudng hgp da khao sat, khi budc sdng 
tang len 2 lan, kha nang chiu udn cua tam giam 
xudng khoang 2 lan (trong khi khdi lugng cua 
tam giam di khdng dang kd- chi khoang 5%). 

- Thuat toan va chucmg trinh tinh cd the 
diing de tinh toan cbo nhieu bai toan khac nhau: 
Tinh toan tmh va dao ddng ciia cac ket cau tam 
sandwich 3-D vdi cac ldi cd hinh dang lugn sdng 
khac nhau va cd the dugc phat tridn cho cac bai 
toan thidt ke tdi uu ket ciu t im sandwich 3-D. 
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Cac ket luan tren chi gidi han cho cac 
tmdng hgp da khao sat, de cd thd dua ra cac 
ket luan tdng quat hem, can khao sat tdi im cho 
hing tham sd (budc sdng ciia loi, gdc sgi, bien 
do sdng cua ldi,.. . ) . • 
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