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Toém tét: Bai bao phan tich tham sé tén sé cia
dé&m sandwich da nhip c¢é co tinh bién thién hai chiéu
(2D-FG) bang ly thuyét ddm bac cao. Da4m sandwich
bao gdém ba 16p: 16p trén la vat liéu gém, 16p day céu
tao bang vat liéu 2D-FG, 16p 18 lam bang vat liéu co
tinh bién thién mét chiéu (1D-FG). Tinh chét vat liéu
bién déi theo chiéu cao va chiéu dai dédm da nhip.
Tham sé tan sé co ban cda ddm sandwich da nhip
duoc tinh bdng phuwong phap phén td hdu han. Céng
thirc phén tér ddm duwa ra sé dwoc kiém chimg voi
nhang két qua truée do. Anh huéng cua tham sé vat
liéu, t7 16 gidra cac 16p ddm, sé nhjp ddm dén tham sé
tan sé co ban ctia ddm sandwich da nhijp duoc khdo
sét chi tiét trong bai bao.

Tw khoa: ddm sandwich, ly thuyét bién dang truot
bac ba, dao déng, phuong phép phéan tir hdiu han,
2D-FG, d&m da nhip.

Abstract: This paper presents the frequency
parameter analysis of bi-directional functionally
graded (2D-FG) multi-span sandwich beams by
using a high order deformation theory. The beams
consist of three layers, the upper face of the
sandwich beam is made of ceramic, the lower face is
made of 2D-FG and the core is made of 1D-FG. The
material properties of the beam are assumed to vary
continuously in the thickness and longitudinal
directions by a power-law distribution. The frequency
parameter of the sandwich multi-span beam is
computed with the finite element method. The
accuracy of the derived formulation is confirmed by
comparing the obtained results with the published
data. The effects of material and number of spans on
the frequency parameter of the beam are examined
and discussed.

Keywords: sandwich beam, third-order shear
deformation theory, vibration, the finite element
method, bi-directional functionally graded (2D-FG),
multi-span beam.

Tap chi KHCN Xay dung - s6 3/2023

1. Gi@i thiéu

Dam lién tuc nhiéu nhip 1a mét mé hinh két ciu
duwoc st dung nhiéu trong ky thuat ciu va co khi ché
tao. Phan tich dao dong két cdu dang nay rat quan
trong va dugc cac nha khoa hoc trong va ngoai nwéc
quan tdm nghién c(ru tir rat 1au. Chang han, Ichikawa
va cong sw [1] nghién ctru déng hoc cho dam lién tuc
nhiéu nhip chiu tac dung lwc di ddng. Henchi va cong
sw [2] s dung phwong phap d6 cirng dong dé
nghién ctru bai toan ddm nhiéu nhip chiu tac dung
nhiéu lwc di dong.

Phat trién cac phan t& két cdu co co tinh bién
thién theo hai hodc nhiéu hwéng khéng gian khac
nhau la doi hdi cta thuc tién nham dap ng kha nang
chiu tai phirc tap va té6i wu hoa két cau. Nghién clru
&ng x& co hoc ctia ddm FGM c¢6 co tinh thay ddi theo
ca chiéu cao va chiéu dai dam (dam 2D-FGM) dwoc
nhiéu nha khoa hoc quan tdm nghién ciru. Phuong
phap Chebyshev dwoc Chen va Chang [3] str dung
trong phan tich dao déng tw do cla ddm 2D-FGM.
Viet va cong su [4] s& dung phwong phap phan tt
hiru han dé tinh toan tan s dao déng riéng ctia dam
céng-xdn vé&i co tinh bién dbi theo ca chiéu cao va
chiéu dai dam. Ly thuyét ddm Euler-Bernoulli va ly
thuyét ddm Timoshenko duwoc cac tac gid st dung dé
xay dwng mé hinh toan hoc cho dam. Yang va cong
sy [5] gia dinh quy luat ham sb mi cho co tinh trong
nghién clru dao déng phi tuyén ctia ddm nano 2D-
FGM. Phuwong phap ciu phwong vi phan ciing dwoc
str dung trong [6] dé tinh toan tan sé va mét dao dong
cta dam Euler-Bernoulli 2D-FGM. Phuwong phap
phan t& hiru han ciing dwoc st dung dé nghién ctru
méat 6n dinh va dao déng tw do clia dam 2D-FGM [7],
dao déng cudng birc clia ddm 2D-FGM chiu khéi
lwgng di dong [8].

Két ciu sandwich véi ty s6 d6 cirng trén khoi
lwong cao, dwoc st dung rong réi trong nhiéu nganh
cong nghiép. Vi vay, nghién ctru (rng x&¢ co hoc cla
két cdu sandwich FGM thu hut dwoc sy quan tam
ctia nhidu nha khoa hoc trong thoi gian gan day.
Chang han, s dung ly thuyét bién dang trwot bac
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nhét, Chakraborty va cong s [9] xay dwng md hinh
phan t& hiru han cho phan tich dan-nhiét ctia dam
FGM va dam sandwich FGM. Trén co s& cac ly
thuyét ddm khac nhau, Apetre va cong sw [10] nghién
ctu (rng x& ubn clia ddm sandwich véi 16i 1a FGM.
Rahmani va déng nghiép [11] phan tich dao déng tw
do clia ddm sandwich FGM trén co s& ly thuyét bac
cao. Phuwong phap ciu phwong vi phan cai bién
dwoc Pradhan va Murmu [12] s dung dé nghién ciru
dao doéng tw do ctia ddm sandwich FGM nam trén
nén dan hdi, cé tinh t&i &nh huwdng cla nhiét d6. U'ng
x0r cia ddm sandwich composite FGM dudi tac dong
clia séng xung kich dwoc Gardner va déng nghiép
[13] nghién ctu bang phuwong phap thuwc nghiém.
Setoodeh va cdng sy [14] nghién clru dao dong tw
do ctia ddm sandwich véi 16i 1a vat liéu thuin nhét,
hai I&p vo la FGM, c6 xét t&i anh hwdng cla nhiét do.
Yarasca va dong nghiép [15] phat trién mé hinh phan

2. Bai toan va cong thirc phan tie hiru han

t&r dam v&i bay bac tw do dé nghién ctru (rng xCr udn
ctia dam sandwich FGM. Mé hinh phan t& dwoc xay
duwng trén co s& ly thuyét bién dang truot twa 3D.
Ngoai ra, v6i s tre’ gilp clia phwong phap thiy dong
lwe cac hat tron ddi xirng, Karamanli [16] d& danh gia
chi tiét &nh hwéng clia cac tham sb vat liu va ty sb
gitra o day cac I&p t&i d6 vong va (rng suat clia dam
sandwich 2D-FG. Trong dé md hinh toan hoc cla
dam duoc xay dwng trén co s& ly thuyét twa 3D.

Trong bai bao nay, tac gia tinh toan dao déng
tw do ddm da nhip sandwich: I&p trén lam bang
vat liéu gém, 16i lam t vat lieu 1D-FG va l&p day
ciu tao bang vat lieu 2D-FG. Du6i sw hd tro
phan mém Maple va Matlab, anh hwéng cua
tham sbé vat liéu, ti |& gitra cac I&p, sbé nhip dam
dén tham sb tan sé dwoc quan tdm nghién cru
trong bai.

z Gém L h/2
h:
Q [[TTTTTTTmmmmmm ID-FG TTTTTTTTTTTTTTTTTTTTTTTTTTTmmmm > X
2D-FG hs

Hinh 1a. M& hinh ddm sandwich da nhjp c6 co tinh bién thién hai chiéu

Hinh 1a biéu dién dam sandwich da nhip, diéu
kién bién mot ddu dam la gbi ¢b dinh va mot dau la
gdi di dong, & gitra c6 cac gbi di dong, L 1a chiéu dai
dam da nhip, méi nhip c6 chiéu dai Ls, h |a chiéu cao

V>i(x,z)=1

v:(x,z){z‘hl}

h2_h1

2L

T (1), nX,nz twong ng la tham sé vat liéu
bién ddi theo chiéu dai X va theo chiéu cao dam z .
k L. A 2 4 J Y
VC (X, Z) (k = 1,2,3) la ty phan thé tich gobm & tang

the k . Tinh chat hiéu dung cta vat lieu dugc viét
nhw sau:

VE(x,2) +VX(x,2) =1

k k k (2)
P“(x,z) =PV, (x,z) + PV, (X,2)

ctia dam, chiéu réng 1a b. Gia st gitra cac I&p dam la
bam dinh tuyét di. DAm dwoc lam tir vat liéu c6 co
tinh bién thién (FG). M6 hinh c4u tao dam dwoc cai
tién t&r md hinh dam sandwich ctia Karamanli [16]:

ey -1 X ) (2=-2Y" [ h_ 1T
Vc(x,z)_(l j(h+2h1j ZE[ 2,h1:l,OSXSL

Trong do, Pm, Pc minh hoa cho mé dun dan hoi, mat
dd khéi, mé dun trwot ctia kim loai va gébm. Vi(x,z)
(k = 1,2,3) la ty phan thé tich kim loai tang thi K .
Dwa trén ly thuyét bién dang truot bac cao [17],
chuyén vi doc truc va chuyén vi ngang tai mot diém

bét ky trén ddm duorc viét nhw sau:
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U(X,2,t) = Uy (X,1) = 2, (X, 1) =@ Z’[W,, (X, 1) = 75 (X,1)]
W(X, z,t) = w,(X,t)

©)

Tr (), o = U, (X,t) va W, (X,'[) twong (rng 1a chuyén vij doc truc va chuyén vi ngang ctia mét

4
3h?’
diém trén truc X, y, la goc truot ngang, t Ia bién thoi gian. Tir day, bién dang doc truc va bién dang ngang
c6 dang:

Z]/OX—OlZ( 0,%x yOx)
(l 3az) O’X—yo)

V6i giad thuyét dan hoi tuyén tinh, trong dé (ng xt cla vat liéu tuan theo dinh luat Hooke, (ng suat phap
va tng suét tiép cé dang:

o, = E(X,2)¢,, = E(X, 2)[Uy, — 27, —aZ*(Wy,, — 70, )]
E(X,2) 2
7. =G(X,z =—"12(1-3az° )W, —
Xz ( )7)(2 2(1+U)( )( 0,x 7/0)
Trong d6, E (X, Z) va G (X, Z) I& m6 dun dan hdi va md dun trwot cia ddm 2D-FG sandwich, né bién

doi theo toa do X va z.
Tw (4) va (5), nang lwong bién dang dan hdi cho dam sandwich nhw sau:

(4)

®)

XX XX

U =1.|E.[(0 Ex + T,V JAAX
20A

(6)
_EL Ailugx_ZAlzqu]/0x+A227/Ox 2A34au0x( 0,Xxx 7/0,x) dX
20 +2aA4470x( 0, X% 70x)+a A%s( 0,xx 7o,x) + H44(Wo,x_7/o)
voi A AL Ay Ay A Ay va By, lacéac d6 ciing cia ddm 2D-FGM sandwich:
(Aﬁl’ Aﬁz’ A22’ A34! 40 A\ae)(xi Z) :IEK(Xl Z)(l,Z,ZZ,Z3,Z4,ZB)dA
A
H,,(x,2) = [G*(x, 2)(1-6az* +9a’z*)dA @
A
k
G*(x,2) _E(x2)
21+v)

Trong do, EX (X, Z) va G¥ (X, Z) l& mé dun dan hdi va mé dun trwot & tAng thi k ctia dAm sandwich. Twong
tw nhw nang lwong bién dang, dong nang cho dam dworc viét:

T :lhpk (x,z)(u2 +v'v2)dAdX
20A

. ) . . Lo ) (8)
1 Ll:lll(ug +W§)—2|12U0}/0 + |227/02 _2a|34u0(wo,x _yO)iIdX

+2al 70 (W, — 7)) + @l gg (W, — 75 )°

2%

Va b, L, 1y, la,, 1,,, 1 lacac mé men quan tinh cta khoi lvgng:

(|11’ |12’ |22’ |34’ |44’ Iee)(X’ Z) :J‘pk(xi Z)(1,2,22,23,24,ZG)dA )
A

Trong d6, P (X, Z)1a mat do khéi lugng I6p thiv k ca dam sandwich.
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Hinh 1b. M6 hinh phén t» ddm sandwich

DPé 4p dung phwong phap phan t& hivu han, tac
gi& chia dam thanh nhiéu phan t&, méi phan tt co hai
nat va méi ndt cé bén chuyén vi (Hinh 1b). Véc to
chuyén vinit d duwoc viét:

]
d={u, W, W,.%U,W,w,,7} @10

u, = N,d; w, =N_d; 7,

Trong d6, N, N,, va N twong ing la cac ma
tran ham dang cho u,, w, va y, . Trong bai bao nay,
st dung ham dang tuyén tinh cho ndi suy chuyén
dich doc truc va goc truot ngang, st dung ham
Hermite cho ndi suy chuyén vi ngang.

Tw (6), (11) biéu thirc nang lwong bién dang cho

= N, d

Tw (10), Ui,V\/i,V\/iyx,j/i,U].,W]-,ijx,]/j la cac
chuyén vi cda ndt i va nat jcda phan t& dam
sandwich, chi sb trén “T” dung dé ky hiéu chuyén vi
cho vecto hoac ma tran.

Cac chuyén vi va goc trwot ngang duoc ndi suy

tr cac chuyén vi ndt theo cdng thire:
(11)
dam sandwich da nhip dwoc viét dwdi dang nhw sau:

U =22 dkd 12

Trong do, nela toéng s6 phan tir cda dam, k, 1a ma
tran dod ctrng phan tlr dam:

k., =k, tk,, +k,,, +k, +k ., +k +k (13)
Va
| |
kuu = J. NJ,XAilNu,de; kuw = _ZI NJ,XAIZN;/,XdX;
0 0
| |
kyw = _[ N;,xAzzNy,de; kuy = _Zaj NJ,XA34(NW,XX - Ny,x)dX;
0 0 (14)
| |
k;qxw = ZCZJ. N;—,XA44(NW,XX - Ny,x)dX; k}’}/ = aZI(NW,xx - Ny,X)T AGG(Nw,xx - Ny,x)dX;
0 0
|
k, = J.(Nw,x —N )"B,(N,,,—N )dx
0
T (8) va (11), ddng ndng ctia dam viét nhw sau: T = %ZdTmed (15)
m, la ma trén khoi lvong clia phan t& dam: M, = M, +m,, +m  +m, +m_, +m_ (16)
va:
| |
m,, = [(Ny +NJ )L, (N, + N, )dx; m,, =—2[ NJ1,,N,dx;
0 0
| |
m,,, = [N]1,,N, dx; m,, =—2a[NJ1, (N, —N )dx; @7
0 0

my}/w = 20(_:[ NyT|44(Nw,x - Ny)dX; myy :az_(l[(Nw,x - Ny)Tlee(Nw,x - Ny)dX;

Vé&i cac biéu thirc clia ma tran do clrng va ma
tran khéi lwong phan tlr xay dwng duoc, ta co thé
ghép ndi cac ma tran phan t&r dé tao thanh cac ma
tran do clrng va ma tran khéi lwgng téng thé cho dam.
Bd qua anh hwédng can cla vat liéu dam, phuong

6

trinh chuyén dong cho ddm 2D-FG c6 thé viét dwoc
dwai dang ngén ngiy phan tl hiru han:

MD+KD=0

Trong 36, D,D 1a véc to chuyén vi nut, gia téc

(18)
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nut ctia toan dam. M, K twong ng la ma tran khéi
lweng, ma tran do cirng tbng thé cta dam.
3. Két qua so va thao luan

Bai bao nghién ciru dao dong tw do cho dam
sandwich da nhip lam bang vat liéu FG, v&i diéu kién
bién 1a gbi c¢b dinh va gbi di déng trén Hinh 1a. Cu
thé, dam lam tw vat liéu kim loai (Al): En= 70 Gpa, pm
= 2702 kg/m3, v=0.23 va gbm (Al.03), Ec = 380 Gpa,
Pc = 3960 kg/m3, v = 0.23, b=1 m. M4t trén cta dam
lam tir vat liéu gbém, 1&p gitra dam lam béng vat liéu
1D-FG, I&p day dam la 2D-FG. Ti sé gitra d6 day cla
cac lop dam dwoc ky hiéu qua ba chiv sb tw nhién
trong ngodc don, chadng han (1-2-1) tiec la ti s6 d6
day gilra cac I&p day, Iop 16i va I&p trén twong (rng

la (1 :2:1). Gia thiét chiéu dai cac nhip dam la bang
nhau trong qua trinh khdo sat.

3.1 Kiém tra cong thikc phén tee hdu han cda bai
béo thiét 1ap dwoc

Pé kiém tra cong th&rc phan tl hiru han cho
dam da nhip, tac gid dwa bai toan dam sandwich
vé dam déng nhéat (nx=0, nz=0, hi=-h/2, h2=h/2).
Sé liéu, cdng thirc tinh tham sé tan sé tinh toan
trong Bang 1 duoc lay tir tai liéu [1]. Nhin vao
Bang 1, sb liéu ma bai bao tinh dwoc va sé liéu
da cong bbé gan nhw trung nhau. Nhw vay,
chwong trinh tinh tham sé tan sé cho dam da
nhip la dang tin cay.

Bang 1. So sanh ndm tham sé tan sé dau tién cda ddm da nhjp thuan nhét (nx=0, nz=0, h1=-h/2, ho=h/2)

S6 nhip U1 L2 Us Ua Us

1 Bai bao 3,1413 6,2812 9,4186 12,5529 15,6846
Ichikawa[1] T 2n 3n 4n 5n

5 Bai bao 3,1413 3,9259 6,2812 7,0652 9,4186
Ichikawa[1] T 3,9266 2n 7,0686 3n
Bai bao 3,1413 3,5559 4,2965 6,2812 6,7049

3 Ichikawa[1] T 3,5564 4,2975 2n 6,7076

4 Bai bao 3,1413 3,3928 3,9259 4,4622 6,2812
Ichikawa[1] T 3,3932 3,9266 4,4633 21

Bang 2. So sanh tham sé tan sé co bdn ddm mét nhjp FG (nx=0, h1=-h/2, ho=h/2)

nz Ls/h=10 Ls/h=30 Ls/h=100
0 Bai bao 2,8042 2,8440 2,8487
0 Sina [18] 2,797 2,843 2,848
0 Simsek [19] 2,804 2,843 2,848
0,3 Bai bao 2,7013 2,7382 2,7425
0,3 Sina [18] 2,695 2,737 2,742
0,3 Simsek [19] 2,701 2,738 2,742

Bai bao kiém tra cong thirc phan tr cho ddm mot
nhip 2D-FG bang cach dwa dam vé dam co co tinh
bién thién moét chiéu (1D-FG) nhw Bang 2. Sé liéu va
cong thire tinh toan trong Bang 2 dworc |4y tir tai liéu
[18,19]. Tir Bang 2, két qua bai bao va két qua da
cong bd, sai s6 khéng dang ké&. Do dé, chwong trinh
tinh toan do bai bao thiét 1ap cho dam c6 co tinh bién
thién c6 dé tin cay cao.

3.2 Két qua md phéng sé cda bai béo

Dé& mo6 phong két qua sb, bai bao tinh toan tham

Tap chi KHCN Xay dung - sb 3/2023

s6 tn sb cho dam sandwich da nhip c6 co tinh bién
thién theo cbéng thirc:

PnA
|

= ol (19)

m

Trong (19), A4 1atham s6 tan sb thr 1 cia dam,

L chidu dai mot nhip d&m, A Ia dién tich thiét dién
ngang dam, | 1a mé men quan tinh dam, @, 1a tan

s6 thtr | cGia ddm sandwich da nhip c6 co tinh bién
thién hai chiéu.
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Bang 3. Khao sat sy héi tu cda cong thire phén tir hdu han cho ddm mét nhjp sandwich (1-1-1)

nx nz ne=12 ne=14 ne=16 ne=18 ne=24 ne=26 ne=28 ne=30
0,3 0,3 3,9141 3,9141 3,9141 - - - - -

2 3,5951 3,5948 3,5947 3,5946 3,944 3,5944 3,5944 -

5 3,2688 3,2684 3,2681 3,2679 3,2676 3,2675 3,2675 3,2675
2 0,3 3,6521 3,6520 3,6519 3,6518 3,6518 3,6518 - -

2 3,3190 3,3186 3,3184 3,3182 3,3179 3,3178 3,3178 -

5 3,0280 3,0275 3,0272 3,0269 3,0266 3,0265 3,0264 3,0264

Bang 4. Khao séat su héi tu cho ddm sandwich (1-1-1) da nhip (nx=0,3, nz=0,3)

Sb nhip Ui ne=24 ne=28 ne=32 ne=36 ne=42 ne=48
2 oy 3,9141 3,9141 3,9141 - - -
o 4,8876 4,8876 4,8876 - - -
3 7,8071 7,8071 7,8071 - - -
3 Ha 3,9141 3,9141 3,9141
L2 4,4286 4,4286 4,4286
U3 5,3470 5,3470 5,3470

Nhin vao Bang 3 ta thay, dé tinh tham sb tan sb
cho ddm sandwich 1-1-1, bai bao can chia dam tdi
thiéu thanh 28 phan t&v. Tl Bang 4, dé& dam bao sw hoi
tu khi tinh tham sé tan sé cho dam sandwich (1-1-1)
da nhip, sé phan tir can dé khao sat bang sé phan td
héi tu cho mét nhip ddm nhan véi sé nhip ctia dam.

Twong ty nhw vay, bai bao cling khao sat sw
hoi tu cho dam sandwich khac. Bé dam bao sw
hoi tu, lwéi 36 phan tir véi d6 dai bang nhau sé
dwoc st dung dé khao sat cac két qua sé dudi

day.

18 i T ; i 18

—2-2-1
--1-2-1
N ---1-8-1

PR
LGN

165\

nz nz
. (@) Trvong hgp nx=0.3 . (b) Truong hgp nx=2
Hinh 2. Anh hudng cda chiéu cao 16i dam dén tham sé tan sé co ban cua dam da nhjp (Ls/h=20, 3 nhjp)

16 ¢ : :
\ —Ls/h=10 —Ls/h=10
shEN Ls/h=30 16 \ ---Ls/h=30
14}
<13
12+
11F
1-1-1
10| L
0 1 2 3 4 5

. nz nz
. (a) Dam 1-1-1 o ~ (b) Dam 1-2-1
Hinh 3. Anh hudng t/ 1é Ls/h Ién tham sé tan sé co ban cta dam da nhjp 2D-FGM (nx=0,2, 2 nhjp)
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Hinh 2 minh hoa anh hwéng ti 1é gilra cac 1&6p
dam va tham sb tan sb co ban cia dam sandwich
ba nhip khi cho hai gia tri cGa tham sd vat lidu
nx=0,3 va nx=2. Tk hinh vé& cho thay, khi chiéu cao
cla I6i dam tang dan 1én thi tham sbé tan sé co ban
ciing téng lén bat ké tham sé vat liéu nz tdng tov 0
dén 5.

(a)Ti lé gitra cac Iop dam: 1-2-1

Hinh 3 minh hoa &nh huéng cua ti 1& chiéu dai
ctia mot nhip dam véi chiéu cao ctia dam (Ls/h ) dén
tham sb tan sé co ban cho dam 2 nhip. Tilé Ls/h tang
I&n thi tham sb tan sbé cling tang I&n cho ca hai ti &
18i ddm 1-1-1 va 1-2-1. Tw hinh vé cho thay, tham sb
tan sb tang lén khéng dang ké khi ti 1& Ls/h ting ti
10 dén 30.

(b) Tilé gitra cac I16p dam: 1-1-1

Hinh 4. Méi quan hé giifa tham sé vét liéu va tham sé tén sé co ban cta dém da nhjp 2D-FGM (Ls/h=20, 2 nhjp)

Hinh 4 minh hoa anh hwéng cia tham sé vat liéu
nx, nz dén tham sé tan sé ctia ddm sandwich da nhip
khi cho ti I& hai I8i ddm khac nhau (1-2-1), (1-1-1).
Hinh 4 v& cho ddm 2 nhip va chiéu dai méi nhip
Ls/h=20. Khi tham sb vat liéu bién dbi theo hai chiéu
nz, nx tang dan thi tham sé tan sé giam dan.

Hinh 5 minh hoa méi quan hé cta bdn tham sb

20

nz

(a)Tinh tham s6 tAn s6 w1 va s

tdn sé dau tién voi tham sd vat lieu cia dam
sandwich da nhip khi cho sé nhip dam la 4, chiéu dai
ctia mot nhip ddm Ls/h=20, ti 1& gitra c4c I&p dam 2-
2-1. TAt c& bén tham sb tan sé déu giam dan khi tham
sb vat liéu tang lén déi véi dam bdn nhip nhw hinh
vé. Nhin hinh vé ta thdy, tham sb tan sé dau tién la
thap nhéat, tham sb tan sé thr tw 14 cao nhét khi ting
dan cac tham sé vat liéu nx, nz.

nz
(b) Tinh tham sb tan sb p, va py

Hinh 5. Anh huéng ctia tham sé vét liéu dén 4 tham sé tan sé dau tién cda
dam sandwich da nhjp 2D-FGM (Ls/h=20, 4 nhjp)
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(@) Tinhthamsétdnsbpivaps h tham s6
Hinh 6. Anh hu_v(’yng cua tilé cac I6p dam dén 4 tham sé tan sé dau tién cua
dam sandwich da nhjp 2D-FGM (Ls/h=30, 2 nhjp)

Mébi quan hé giira ti 1& gitra cac Iép dam va bén
tham sb tan s dau tién cia ddm sandwich da nhip
dwoc thé hién trén Hinh 6, xét dam 2 nhip véi chiéu
dai méi nhip Ls/h=30, tham sb vat liéu bién déi theo
chiéu dai nx=0,2. Chiéu cao cua I6i dam tang 1én thi
bdn tham sb tan sb ctia dam ciing téng 1én. Khi nz=0,
bdn tham sé tan sb tang khéng dang ké mac cho ti &
16i dam tang lén.

4. Két luan

Bai bao phan tich dao déng tw do cho dam
sandwich da nhip c6 co tinh bién thién hai chiéu béng
phwong phap phan ti hiru han. Céng thirc phan to
hiru han cho dam sandwich da dwoc thiét lap trong
bai béo. T d8, phwong trinh vi phan chuyén déng
cho ddm sandwich dworc thiét 1ap. Duéi sw hé tro cha
cac phan mém, anh hudng cla cac tham sb vat liéu
nx, nz, sd nhip dam, i 1& gitra cac I&p ddm da duwoc
mod phdng trén cac hinh vé trong bai bao. Ti & gira
céc 1&p dam ciing nhw s nhip dam déng vai trd quan
trong trong phan tich dao dong cua dam sandwich da
nhip cé co tinh bién thién hai chiéu.

Loi cam on:
Nghién ctru nay duorc tai trg béi Trwong Dai hoc

Giao théng van tai (BH GTVT) trong dé tai ma sbé
T2023-CB-005.
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