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TOM TAT :

Sandwich 134 mét loai vt lidu composite ddc biét. Vit lidu sandwich théng thudng

¢6 hai 16p mit cing va mot 16p 161 mém.

Trong bai ndy, phén ti loai chuyén vi ddm sandwich dugc thi&t lap dé tinh cdc két

cdu ddm véat lidu sandwich ba lép.

K&t qud tinh duge so sdnh vdéi két qua gidi tich. Cdc k&t qud nay pht hgp véi nhau.

1. Cédc gia thuyét

Trong thuc t&, hau hét cdc vat liéu sandwich théa man céc gid thuyét sau:

— Hai 16p méat c6 médun dan héi cao va cé thé chiu udn.
— Lép 151 giita chi ¢6 kha nsing chiu cdt ngang.
— VAt lidu cta cdc 16p mat, 16p 161 14 cdc vat lidu ddng huéng.
— Hai 16p mét c6 bé day nhé so véi bé day 16p 16i.
2. Co sd 1y thuyét
2.1. Trudng chuyén vi

Hinh 1
Ly thuyét sandwich ding so dé chuyén vi b4c nhat cho 16p 16i, nghia 1a
un(xsy’z) = u-(xsy:o) +Z (Px (x': Y)
v, (%,5,2) =V, (x,y,0) +2 9, (x,y)

(1)

véi u,,v,,w, 13 chuyén vi cta 156i theo phuong x , phuong y va phuong z.

¢,. 9, 1a cdc géc xoay quanh truc x va truc y.
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Do tinh lién tuc vé chuyén vi & vi tri tigp gidp gitta 16p 16i va 16p da, bidu
thice chuyén vi u,, v, cta 16p da dudi va u,, v,cla 16p da trén dugc xdc dinh:

w(x,y.2) = u, (%, y,0) - Eq,,(x,y)
A @)
Y,32) =V, (53,0 - 24,(%,3)

u,(x,y,2) = U.(x,y,0)+;cp,(x,y)
" (3)
v,(X,y,2) = V.(x,y,0)+—2-tp,(>«‘,y)

2.2. Quan hé giita ngoai luc va bién dang

D61 v6i modt két cdu sandwich chiu uén thudn tiy, quan hé giita ngoai luc va
bién dang cé dang

Ml DII Dl] Dls 0 0 Kl
M, Da D Dy B 0|l %
M, |=|D, D, D, 0 0 ||k, (4)
Q, 0O 0 0 F, El
| Q] L0 ¢ ©o F, FJ|v.
___a(px a(p)' K a(px a(p)'
_ ox'Y 9y’ ™ oy T ox
véi . " : (5)
¥y dy Pys Ve ox P,
x
Hinh 2

Truérng hgp ddm sandwich (kinh 2), do M, =M,_ =Q, =0 bidu thic (4) duge

x l ]E n : x ‘ (6)
zx 55 ' Xz

Trong d6 D,, 1a 49 cing uén cia dam sandwich. Dé ciing nay 14 téng do cing
céc 16p mat va 16p 16i.
bt’ btd’ be’

D, =E——+E, s (7

E, va E_lan lugt 12 médun dan héi cia céc 16p mét va cia 161,

d 1a khodng céch gitia dudng trung binh cia 16p mat trén va d udng trung
binh cta 16p mat duédi:
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(8)

Hinh 3 : Bién dang truot cia dim sandwich
Qua cédc quar hé hinh hoc & hinh 3, bién dang trugt duge tinh qua biéu thic:
d dw,

9
c dx ®)
véi w, 14 d6 vong cia ddm do trugt ngang.
Luc cdt dugc suy ra:
g, = A58 (10
d
vai
2
PORLLE
c
Do vay
AG,c
i s i 1
55 d ( )
G, 12 médun dan héi trugt vat liéu 16i
3. M6 hinh tinh phédn t& hdu han
Xét ddm sandwich & hinh 4. Chuyén vi tai cdc nit:
ow
6: i & 1
&) { P ] (12)
Trudng chuyén vi cé dang:
fu)=[N] o) (13)

a) Chuyén vi va géc xoay
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b) Luc vA mémen
Hinh 4 : Cdc chuyén vi nit va luc nit

Céc ham dang[N,N,N,N,]l cdc da thitc b4c ba duge trinh bay trong phdn
phu luc.

Céc ma trdn dd cing duge tinh tif cong thic quen thube:

[x°]= [[B]'[] [B] av (14)
Dé6i v6i db véng udén, ma trdn do cing udn cb dang:
[KZ]=J-[BJ[D»][B»]‘1V (15)
trong dé
[b.]=D, (16)
o’N o'N 9*N 9°’N
B.|=]— LA ¢ 3 _ 4 7
[ '] [ ox? ox? ox? ox? ] ta
béi véi d6 vong trdciit, ma trdn d6 cing trugt c6 dang: _
[k:]=[B.J[D.][B.]av (18)
trong dé
[.]=Ag, (19)
[B.]=[§i 8N, oN, aN‘] 20)
ox Ox° Ox Ox

Céc s hang cia ma trdn dé cing udén va ma tran d6 cing trust duge trinh
bay trong phan phu luc.

4. Cdc thi du s6 va binh lufn két qua

Viéc kiém chiing mé hinh tinh dugc thuc hién bing cdch so sdnh céc két qué
tinh cho bdi mé hinh nay véi cdc két qud gidi tich cé sdn trong cédc tai lidu [1], [2].

4.1. Thidu 1 :
X4c dinh d6 vong tai diém gifta cia hai ddm c6 trong lugng tuong duong:

a. Dam sandwich cé chiéu dai L = 500 mm, tua trén hai géi tua don
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(hinh 5). Hai 16p mét ¢é chiéu day nhu nhau t = 2,6 mm, ngén cdch boi mét 16p 101
c6 bé day ¢ = 25 mm. Bé rong ddm b = 100 mm. Co tinh v4t liéu cda 16p da va 1dp
16i E, =E, = 75000MPa,G, = 20MPa .

DAm chiu tdi tdp trung ¢ diém gitta W = 50 daN

b. DA vAt 1:6u ddng huéng. DAm nay giéng ddm & cdu a, chi khdc la khong
cé 16p 161 (hinh 6)

[NES } [NIEZ
Q

Hinh 5 : Ddm sandwich

L2 F =50 daN

y//% //,,'4 h=5mm

|
7;2/ = 100 mun

E = 75000 MPa
L =500 mm }
| |
Hinh 6 : Ddm ddng hudng
Bai todn Pé vong tai diém giita (mm)
Ms hinh PTHH Tai lidu [1]
DAm sandwich a 1,22 - 1,22
DAm déng hudéng b 16,7 16,7

Bang 1: D¢ véng cia dim ddng huéng va dam sandwich géi tua don chiu
tdt tap trung

4.2. Thidu 2 :

M6t ddm dai L = 600 mm twa trén hai géi twa don chiu tai phan b6 déu
q =10N/mm (Hinh 7). Hai 16p m3t cé cing bé day t = 2 mm. Bé day 16i ¢ =
100mm Co tinh v4t lidu cta cdc 16p E, =E, = 69000MPa,G, = 55MPa . Xdc dinh d§ vong

tai diém giita cia dam.
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q

P & = r‘r_'_..-.'l' -,
n. '.‘t‘;‘_’}z“f il

-

Hinh 7 : Ddm chiu tdi phén b6 déu

Bai todn D6 vong tai diém giita (mm)

M4 hinh PTHH

Tai lidu [2]

Déam sandwich 1,02

1,02

Béng 2 : Ddm sandwich ba lép chiu tdi phdan b6 déu.

4.3. Thidu 3 :

Xét ddm sandwich ngam mét ddu cé kich thudc va vét liéu ¢é co tinh nhu &

hinh 8.

b = 100mm, L = 1000mm, t = 2,15mm, E, =65200MPa , ¢ = 80,2mm, G, =7,7 MPa

Hinh 8 : Dam sandwich ngam mét déu

Bai todn bé véng tai ddu tu do (mm)

Mé hinh PTHH

Tai liéu [1]

DAm sandwich 2,06

2,06

Bang 3 : Ddm sandwich ngam mét ddu chiu tdi tap trung.

4.4. Binh luén

Céc nhén xét sau duge rit ra tit két qua & cée bang 1, 2, 3:
— Céc k&t qua cho bdi phuong phép phén it hitu han tuong thich véi két qua

gidi tich.

— D6 vong clia ddm sandwichcé gid tri rdt nhé so véi dé vong cia mot dam

kim loai tuong duong cé ciing trong lugng. J thi du 1, ti 1& nay bang 1/14. P&y 1a
mot vu diém cia vat liéu sandwich so véi vat lidu cd d1en
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5. K&t lugn :

Mét mé hinh phédn ti hitu han dé tinh ddm sandwich thiét l4p. M6 hinh
nay c6 thé &p dung dugc khéng nhiing cho céc két cdu ddm sand wich ma cho cd
c4c két cdu ddm vat liéu ddng huéng.

Céc thi du s& ching té tinh chinh xdc va uu viét cia phuong phép.

— Ham dang :

— Ma trén dé cling uén:

— Ma trdn d6 cing truogt:

PHU LUC
x> 33X’

R TRRTIAS
X I
T

.3 v &
N, _2; 31}
x] xl
N‘ =_T-f
12 6L
.]_ F| 6L 4L
“U =12 -6L
6L 217
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1o
] 10 15
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A FINITE ELEMENT FOR SANDWICH BEAM ANALYSIS

ABSTRACT :

Sandwich is a special kind of multilayer composite material. Conventional

sandwich material has two stiff face layers and a weak core.

In this paper, a beam element of the diplacement type has been formulated for

bending problems of three-layer sandwich beams.

The results are compared with analytical ones. There is a good agreement between

them.
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