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Tém tit

Bai bdo st dung ly thuyét cit bic nhat (FSDT) clia Reissner-Mindlin d& phan tich dao dong riéng ctia tim chit
nhat 1am bing vat liéu réng. Do su phan bd lién tuc va khong déu ciia cic 16 rong lam cho md dun dan hdi
va mat do khéi lugng clia vat liéu bién d6i tron theo toa do chiéu day tAm véi hai dang phan bd (d6i xiing va
bét dbi xting). Hé phuong trinh chuyén dong ctia tim dugc thiét 1ap theo nguyén ly Hamilton. Anh hudng ciia
hé s6 mat do 16 réng, dang phan bd 16 réng va cdc tham sd kich thudc hinh hoc ctia tim dén tan s6 dao dong
riéng dudc khdo sit. Po tin cdy ctia 18i giai dugc kiém chiing qua so sanh két qué sb véi két qua da cong bd cho
trudng hop tim bing vat liéu ding hudng.

Tir khod: dao dong riéng; tim vat liéu réng; ly thuyét bién dang cit bac nhét.

VIBRATION ANALYSIS OF POROUS MATERIAL PLATE USING THE FIRST-ORDER SHEAR DEFOR-
MATION THEORY

Abstract

In this paper the first-order shear deformation theory (FSDT) is used to analyze the free vibration of the rect-
angular plate made of porous materials. The elasticity moduli and mass density of porous materials are as-
sumed to be graded in the thickness direction according to two different distribution types (symmetric and
un-symmetric). Based on the Hamilton’s principle, the equations of motion are derived. The effect of porosity
coeficient, varying porosity distributions, and geometrical parameters on natural frequencies are investigated.
To verify the reliability of the present solution, the comparisons between the obtained results and those available
in the literature are performed for isotropic plate, and very good agreement is observed.

Keywords: vibration analysis; porous material plate; fisrt shear deformation theory.
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1. Giéi thiéu

Vit liéu rong 1a loai vat liéu trong d6 mdt thanh phan & dang ran, thanh phan kia & dang 16 rong
trong cAu tric vat liéu. Céc 16 réng nay phan bd lién tuc véi mot quy ludt nhit dinh nham dat dudc
nhiing tinh chit cd hoc mong mubn ctia ngudi thiét ké. Do c6 trong lugng nhe, cic két ciu bang vat
liéu rdng dudc st dung trong nhiéu linh vuc cong nghiép: hang khong, ché tao 6 to, tau bién, xay dung
dan dung, ... Tinh chit hip thu ning lugng cla vat liéu rong dudc st dung dé gidm oOn, cach Am va
ché tao nhitng ciu kién chiu dudc ti trong dong, tai trong va cham. C4c nghién ctiu vé ting xi ¢ hoc
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ctia cdc két cu bang vat liéu rong ludn 1a dé tai thu hit su quan tim clia cac nha khoa hoc trong va
ngoai nudc thé hién qua mot sb lugng 16n cac cong b trong thai gian gan day.

Magnucka-Blandzi [1] tinh todn do vong va luc t6i han cho tim tron bang vat liéu rong lién két
khép trén chu tuyén chiu tai nén déu trong mit trung binh va tii trong uén déi xing truc. Mojahedin
[2] phén tich 6n dinh ciia tim tron bang vt liéu rdng theo ly thuyét bién dang cit bac cao. Lai gidi
chinh xdc cho dao dong tu do ciia tim day hinh chit nhat lam bang vat liéu réng & trang thai bao hoa
nuéc dugc trinh bay trong [3] dua trén 1y thuyét bién dang cit bac ba va xem xét anh hudng ctia chit
18ng trong mang luéi 16 réng ctia vat liéu, diéu kién bién, 4nh hudng ctia chit 16ng, kich thudc hinh
hoc va mat do phan bd 16 rdng ciing da dugc khao sit. Arani va cong su [4] nghién cifu dao dong tu
do ctia tim chit nhat trén nén Winkler 1am béng vat liéu rng theo ly thuyét bién dang cat bac ba ciia
Reddy, tan sé dao dong xic dinh bang phuong phap DQM (differential quadrature method). Leclaire
[5] da phan tich dao dong riéng clia thm mong chit nhat lam bang vat liéu réng c6 dang bio hoa bdi
chét 16ng.

Muc dich ctia bai bdo 1a thiét 1ap cac hé thiic, cdc phuong trinh chi dao ctia tAm vat liéu réng
theo ly thuyét bién dang cit bac nhét. Dang nghiém theo Navier dudc st dung nham xac dinh tin s6
dao dong riéng ctia tAm chit nhat tua khép trén chu vi. Cac vi du kiém chiing sé& dudc thuc hién qua
so sanh v6i mot s6 két qua da c6 khi dua bai todn vé trudng hdp riéng cho vét liéu ding hudng. Anh
hudng ctia mat do 16 réng, kich thuée hinh hoc clia tim dén tan sb dao dong riéng sé dugc khio sat.

2. M5 hinh tim bang vat liéu rong

Xét tim chit nhat bang vat liéu rong 1a vat liéu dan hoi tuyén tinh, c6 kich thudc cc canh a X b,
chiéu day h. Mit phang trung binh 13 mit phang Oxy va z 1a phuong chiéu day cta tim (Hinh 1). Hé
s6 Poisson dudc gia thiét khong ddi theo chiéu day tAim. Céc hang sb vat lidu con lai bién thién lién
tuc theo toa dd chiéu day tim véi quy luat ham cosine don gian dang d6i xing (dang 1) hoic bat d6i
xung (dang 2) [6]:

E(z) = E; [1 —ep cos(%)]
G(2) = Gy [1 — e cos (%)] (1
p) =pi1 [1 —60008(%)]

E(z) = E; [1 - eocos(g% + %)]
G(2) = G [1 —eo cos(% + g)] )
so-ni-nca(Ei )

trong d6 E1, Gy, pi lan lugt 1a cac gia tri 16n nhét ciia mo dun dan hoi kéo - nén, mod dun dan hdi trugt
va khéi luong riéng; E,, Ga, p> 1a céc gia tri nhd nhit tuong tng. Cac hé sb réng ey cho md dun dan
hdi va hé sb rong e, cho khdi luong riéng dudc tinh theo [6]:

E; Gy
=1-=t=op- 2 3
eo E G 3)
em=1-2L=1- - )
P2
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Hinh 1. TAm bang vt liéu réng véi cdc ham mat do phan bb 16 rong khac nhau

Tir Hinh 2(a) va biéu thiic (1) cho thiy su phan b6 16 réng theo dang 1 1a dbi xiing, gi tri 16n nhit
ctia cac hang sb vat liéu dat dudc & mit trén va mit dudi clia tm, gid tri nhd nhit dat dudc tai mit
trung binh noi c6 mat do 16 rong 16n nhit. Trong khi d6 phan bb 16 rdng theo dang 2 (Hinh 2(b)) va
biéu thiic (2) 1a bat d6i xiing, gi4 tri 16n nhat va nho nhit 1an luot dat dudc tai mit trén va dudi tuong
ing vé6i vi tri c6 mat do 16 réng mat do 16 rong nhd nhét va 16n nhat.
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E.[GPa] E.[GPa]
(a) Phan b dang 1 (b) Phan bd dang 2

Hinh 2. Bién thién ctia m6 dun dan hoi kéo (nén) trong tAm vat liéu rong
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3. Ly thuyét bién dang cit bac nhét Reissner — Mindlin

3.1. Cdc thanh phan chuyén vi
Trudng chuyén vi theo 1y thuyét bién dang cit bic nhét gia thiét dudi dang [7]:

u(x, Y, Z) = MO(X’ )7) + Zex(x’ }’)
V(.X, Vs Z) = V()(X, y) + Zey(x’ }’) (5)
W(xvy’ Z) = WO(X’)’) = W(x’y)

trong d6 ug, vo, wo 1a cdc thanh phan chuyén vi clia diém trén mit trung binh theo céc phuong x, y, z.
6y, 6y 1a cic goc xoay cuia phap tuyén miit trung binh quanh truc y, x.

3.2. Cdc thanh phdn bién dang

Truong bién dang dugc suy ra tif trudng chuyén vi thong qua cac biéu thiic quan hé chuyén vi -
bién dang, biéu dién duéi dang:
e} = {eo)” +zlx)] (6)

trong do

T
le} = {8x)m Eyys Exys Vxz» ')’yz}
T
0y _[.0 0 0 0 o 7 _ 814() aV() 8u0 GV() 8W0 aW()
{8 } = {8 xxs € )Wag xy’y xZay yz} - {aa E, a_y + a, E + 9}0 a—y =+ 0}' (7)
T (86 06y 86, 46, T
{«} = {Kx,Ky,ny,O, 0} = {a, a, E + 5,0,0
3.3. Cdc thanh phdn ting sudt

Quan hé tuyén tinh giita ing suit — bién dang trong tim bang vit liéu réng dudc viét v6i dang sau:

O xx On O O 0 0 Exx
Oyy QQ] Q22 0 0 0 Eyy
Oxy (= 0 0 Os6 0 0 Yxy (= [Ql{e} 3)
Oz 0 0 0 Qu O Yz
Oyz 0 0 0 0 Oss Yyz
trong do
E(z) vE(z) E(z)
On=7"75=0n Qu=7_75=%1; CQu=0s=0 X ©)

3.4. Cdc thanh phdn ni luc
Céc thanh phan ndi lyc trong tim dudc x4c dinh theo cic biéu thic dinh nghia c6 dang sau:
B B i
Nyx L Oxx M, L Oxx 0 P o
Nyy :f Ty (dz My :f Ty (2dZ; { ) } =kf{ . }dZ (10)
Qy Oyz
M,

Nyy O xy O xy

(ST

_h _h
2 2
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v6i k = 5/61 hé s hiéu chinh cit.
Quan hé tng luc — chuyén vi c6 thé biéu dién tong quat dudi dang:

(9110
0x
(9\/0
ay
Nyx Ay A 0 By B 0 0 0 ] %Jr%
N}y A12 A“ 0 312 311 0 0 0 5}2 ox
Ny 0 0 A O 0 Bg O 0 %
Mxx _ Bll BIZ 0 D11 D12 0 0 0 Ox (11)
M,y B By O D Dy 0 0 0 90,
Mxy 0 0 B66 0 0 D66 0 0 (9}7
o} 0 0 0 0 0 0 Ay 0 || 06 06
0, 0 0 0 0 0 0 0 Ass|| 8y ox
M+6?
ox *
%+6y
dy

trong do

h h h
2

h
3 3 3
Aij= fQide; B;j = fQijZdZ; Dy = fQiszdZ; Aus = Ass :ka44dz (12)
_h _ _h

(ST
[SES

2 2

4. Hé phuong trinh chuyén dong theo cic thanh phan chuyén vi
St dung nguyén Iy Hamilton ta nhan dudc hé phuong trinh chuyén dong biéu dién dudi dang [7]:

ONes Ny _ i uo ol 520,

oup -

ox Jy or? or?
ONy ONy vy  0°6,
ovg : + = I +1
Y0 Tox ay 0752 o2
6Qx 8Qy 62W0
owp : + = I 13
Ty ey T 0 (13)
oM, OM,, Puy . 076,
00, : + - = — +,—=
TToox o ay Oc=hgy +hgs
oM, OM, vy %0
80y — + Y 0, = — + [ —=
b ay Ox Qy 1 912 2 o
trong d6 cac thanh phan md men quan tinh dugc tinh theo cong thiic
h
2
Io, 11,1 = fp(l,z,zz)dz (14)
h
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Thay céc thanh phan ting luc biéu dién qua chuyén vi theo (11) vio hé phuong trinh (13), ta nhan
dugc hé phuong trinh chuyén dong theo céc thanh phan chuyén vi, c6 dang:

Au% +A66882_;20 + (A2 + Ago) gi—g(; + Bll(?;g; + 136686)2)}92)6+
+ (B1» + Bes) ig = 10‘9;';0 +1, 6;2*
A“C';z_yvzo +A66% + (A2 +A66)% + B11% + 366%+
+ (B12 + Bes) gig; = 10882;0 +1 (‘);sz
A44(5;;° - %) +Ass<‘§—;”;) - ‘Z—Qyﬁ = 1082;20 (15)
Bii % + 366(;2—:20 + (B2 + B66)gi—;(; + Dy ?;fzx + D66662_y92)C — Agabt
+ (D12 + Des) % —A44% = Il% + 2(9;62&
311%2—;20 + B66% +(Biz + Bse)%goy + Dn% + D66% — Ass0y+
+ (D12 + Deg) giz; —ASS% = 11% IZ%

5. Loi giai Navier cho tAm chit nhat bang vat liéu rong

Xét tim chit nhat bing vat liéu rong c6 kich thudc nhu Hinh 1, lién két khdp trén chu vi véi cic
diéu kién bién nhu sau:
x=0:ug=vo=wog=0,M;,=0;x=a:vo=wyg=0,M, =0 (16)
y=0:up=vo=wo=0,My,=0;y=b:vo=wp=0,M, =0
Ham chuyén vi can tim trong (15) dudc gia thiét dudi dang chudi luong gidc kép thdéa man diéu
kién bién (16) c6 dang:

(o8] (o)
uO(x’ y, t) = Z Z UQmn COS X Sinﬂy_eiwmnf
m=1 n=1
o0 (o)
vO(-x’ y’ t) = Z Z VOmn Sin ax Cosﬁy.elwmnt
m=1 n=1
o0 (o)
WO(X’ ) t) = Z Z WOmn Sin ax Sinﬁy'elwmnt (17)
m=1 n=1
(o8] (o)
Ox(x, ,1) = Z Z B0xmn COS @x sin By.e' !
m=1 n=1
(o) (o)
Oy(x, y, 1) = Z Z Boymn Sin @x cos By.e" !

3
Il
—_
S
Il
—_
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o0 [ee)
vo(x, v, 1) = Z Z Vomn Sin @x cos By.e'“m!
m=1 n=1
o0 (o)
wo(x,y,1) = Z Z Womn Sin @x sin By.e"“m!
m=1 n=1
o0 (o)
0, (x,y,1) = Z Z 00.mn COS X sin By.e'“m!

Oy(x,y,1) = Z Z Boymn SIn @x cosﬂy.ei‘*’m"t

m=1 n=1
. mrw nwo . NP 2 . . S LA A
trongdoa = —; B = 7; vGi m, n 1a s6 ntta budc séng hinh sin theo phuong x, y; wp, 1a tan so6 dao
a

dong riéng (tan s goc) tuong dng véi dang dao dong (m, n).
Thay biéu thiic (17) vao hé phuong trinh chuyén dong theo chuyén vi (15), ta nhan dugc hé phuong
trinh viét dugi dang rit gon:

(IS Tsxs — @ [M1sxs) (@51 = (O}, (18)

trong d6 [S] 12 ma trin cdc hé s6 do cing, [M] 12 ma tran khéi lugng.
T
g} = { Uomn  Vomn  Womn  Oxmn gymn } (19)

Nhd su trg gitip ctia phin mém Matlab giai bai todn tim tri riéng cia phuong trinh [S ]-w?[M] = 0
ta tim dudc tin s6 dao dong riéng w,y, clia tim bang vt liéu rong.
6. Két qua s6 va thao luin
6.1. Bai todn kiém chiing

V6i nghiém giai tich da thiét 1ap & phan trén, chuong trinh tinh trén nén Matlab dudc viét d€ thuc

hién cac vi du s6. Thong s6 kich thudc va cac hing sb vt lidu ctia tAm trong bai toan kiém chiing cho
trong Bang 1.

Bang 1. Thong s6 kich thudc va vat liéu tim cho vi du kiém chiing

h (m) alh bla E; (Pa) % eo
0,1 5, 10, 20 1 380 x 10° 0,3 0

Tan s6 dao dong cd ban khong thi nguyén (m = n = 1) tinh theo: @ = wh , //E)—C
(&

Khi cho e( = 0 ta nhan dudc tan sé dao dong riéng khong thi nguyén clia tim vudng bang vat liu
dang hudng, cac két qua nay dudc so sanh vdi cac két qua clia Zhao trong [8] st dung phuong phap
khong 1udi Ritz va Thai Huu-Tai [9] st dung phuong phdp phan tif hitu han theo 1y thuyét bién dang
cat bac cao (HSDT) tinh todn cho tim vudng bﬁng vat liéu FGM trong trudng hop p = 0. Su tuong
ddng cuia cac két qua trong Bang 2 cho thiy do tin cdy ctia nghiém giai tich va chuong trinh tinh ma
bai bao da xay dung.
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Bang 2. Tan s6 dao dong co ban khong thii nguyén clia tim vudng bang vat liéu dang hudng

. Ty sda/h
M6 hinh (m,n) HE s0 ¢
5 10 20
HSDT [9] 0,2113 0,0577 0,0148
FSDT [8] 1, D 0 0,2055 0,0568 0,0146
FSDT 0,2112 0,0577 0,0148

6.2. Anh huéng ciia mat @6 phdn bé 16 réng va kich thude hinh hoc

TAm bang vat liéu réng bon bién tua khép, c6 chiéu day 7 = 0, 1 m, mo dun dan hodi 16n nhét cia
vat liéu E; = 380 x 10° Pa.
a. Anh hudng ctia mat do phan b6 16 réng dén tin sb dao dong riéng w

Xét tAm chit nhit ¢6 ty s6 a/h = 10, b/a = 2. Ba tan s dao dong riéng dau tién clia tAm vat lidu
réng v6i hé sb mat do 16 rong e thay d6i tir 0 dén 0,9 theo hai dang phan bd ddi xiing va bat dbi xiing
trinh bay trong Bang 3. P thi bi€u dién sy bién thién clia tan s6 dao dong riéng theo e bi€u dién trén
Hinh 3.

Bang 3. Anh hudng ctia mat do 16 rong dén cic tin sb dao dong riéng w[10* Hz]

Hé s6 mat do 16 rong
0 0,1 0,3 0,5 0,7 0,9

Dang 1 (bX) 1, 1) 0,1838 0,1863 0,1925 0,2006 0,2117 0,2281
1,2) 0,2904 0,2943 0,3038 0,3162 0,3332 0,3581
2, 1) 0,5954 0,6030 0,6210 0,6444 0,6762 0,7221
Dang 2 (BbX) 1, 1) 0,1838 0,1842 0,1845 0,1831 0,1771 0,1563
1,2) 0,2904 0,2910 0,2915 0,2893 0,2800 0,2477
2,1 0,5954 0,5967 0,5975 0,5933 0,5756 0,5127

Dang phan bb (m, n)

0.8

0.7r1

0.6

0.5

0.3+

0.3

Tén s6 dao dong [10° Hz]

0.2}

BDX(1.1)
0.1 !

0 0.1 02 03 04 05 06 07 08 09

Hinh 3. Anh hudng ctia hé s6 mat do 16 réng dén tan s dao dong riéng trong trudng hop quy luat phan bd
16 rdng dang 1 (BX) va dang 2 (BDX)
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Tir két qua trén Bang 3 va do thi trén Hinh 3 ¢6 thé thy rang khi mat do 16 réng ting néu phan bd
theo dang dbi xiing thi tin s6 dao dong ting, tuy nhién néu phan bd theo dang bt dbi xing thi tan sb
dao dong giam. Pic biét su bién thién nhanh khi mat do 16 rng e > 0, 5. C6 thé thiy rang khi hé s6
mit d6 16 réng thay ddi anh hudng dén do cing ciia tAim; véi phan bd ddi xiing do ciing ting khi e
ting, v6i phan bb bt dbi xiing thi ngudc lai.

6.3. Anh hudng ciia ty sé kich thudc cdc canh tam (b]a), ty s6 kich thudc canh/chiéu day tdm (a/h)
dén tan sé dao déng riéng

Xét tAm chit nhat bang vt lidu réng c6 hé s6 mat dd phan b 16 rong ey = 0, 5.
Tan s6 dao dong riéng co ban véi ty sd b/a thay d6i tii 1 dén 3 (a/h = 10) trinh bay trong Bang 4.
Db thi bi€u dién bién thién ctia tn s6 dao dong riéng co ban theo ty sb b/a minh hoa trén Hinh 4.

Béng 4. Anh hudng ciia ty sb b/a dén tan sb dao dong riéng w[10° Hz]

Ty sb bja
L5 2 2.5 3

Dang 1 (bX) 0,3162 0,2309 0,2006 0,1865 0,1788
Dang 2 (BDX) 0,2893 0,2109 0,1831 0,1702 0,1631

Dang phan b (a/h = 10)

0.32 T T T T T T T T T
—— Dbi xiing
-o- Bat doi xung 1

e
W

0.28}

0.26

0.24}

dao dong [10° Hz]

0.22}

an so

T

0.2

1 1.2 14 16 1.8 2 22 24 26 28 3

b/a

Hinh 4. Anh hudng ctia ty sb b/a dén tan sé dao dong co ban trong trudng hop quy luét phan bd
16 rdng dang 1 (PX) va dang 2 (BDX)

T Bang 4 va Hinh 4 ta thiy tan s6 dao dong riéng clia tim gidm dan khi ty sb kich thu6c tim b/a
ting 1én. Tan sb dao dong riéng co ban véi quy luat phan b 16 réng theo dang 1 (d6i xiing) ludn 16n
hon tan s6 dao dong riéng véi quy luat phan b 16 réng theo dang 2 (bt dbi xting). Khi chuyén tit tim
vudng sang tAm chit nhat thi tin s6 dao dong riéng co ban sé gidm manh.

Tan s6 dao dong riéng cd ban clia tim bang vat liéu réng (b/a = 2) v6i cac ty sb a/h thay ddi tir
5 dén 100 trinh bay trong Bang 5. D6 thi bi€u dién su bién thién cda tan sd dao dong riéng theo ty sb
a/h thé hién trén Hinh 5.
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Bang 5. Anh hudng ctia kich thudc tim dén tin sb dao dong riéng w[10® Hz]

Ty sb a/h

Dang phan b (b/a = 2)

5 10 20 50 100
Dang 1 (bX) 0,7484 0,2006 0,0511 0,0082 0,0021
Dang 2 (BDX) 0,6903 0,1831 0,0465 0,0075 0,0019
0.8 T T T - . - T :
—0—Déi xting
0.7+ —o- Bit dbi xtmg| -
g 0.6 | |
o
= 05F 4
2
S 03}
g
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Hinh 5. Anh hudng ctia ty sb a/h dén tin sé dao dong co ban trong trudng hdp quy ludt phan bd
16 rdng dang 1 va dang 2

Trong c4 hai trudng hop phin bd tan sb dao dong riéng gidm dan khi ty s kich thudc tAm a/h
ting 1én (tifc khi tAm cang mong), gidam manh khi a/h thay d6i tir 5 dén 20, sau d6 gidm cham dan.
Quy luat phan bd 16 réng theo dang 1 (dbi xiing) ludn cho tan s6 dao dong riéng 16n hon so véi quy
luat phan bd theo dang 2 (bat d6i xiing). Tuy nhién tAm canh moéng (a/h cang 16n) thi anh hudng clia
quy luat phan bd 16 réng cang gidm.

7. Két ludn

Bai bdo phan tich dao dong riéng clia tAm chif nhit bang vat liéu rdng lién két khdp trén chu vi
theo ly thuyét bién dang cit bac nhét. Quy luat phan b 16 réng dudc gia thiét bién thién theo toa do
chiéu day tAm v6i quy luit ham cosine don gian cuing hai dang phan bd: dbi xiing va bét dbi xiing.
Nghiém gidi tich dang nghiém Navier cling véi chuong trinh tinh viét trén nén Matlab da dugc xay
dung. Vi du kiém chiing dudc thuc hién cho thiy do tin cy ctia 15i gidi. Cac khdo sat s6 cho thiy anh
hudng ctia hé s mat do phan bd 16 rdng, dang phan bd 16 rdng va cac tham sd hinh hoc dén tan s6
dao dong riéng cla tim bang vat liéu réng. Céc két qua nhan dudc 1a hitu ich cho cong tic nghién
ciiu, thiét ké cac két cAu tAm lam bang vat liéu rong.
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