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TGM TAT

Phén tich dao dang tu do cia tém ddng nhét chiu tvong tac tir dign
co (MEE) dya trén Iy thuygt bign dang cét bac nhat hieu chinh
(RFSDT) str dung phueng phép khang luai vai ham ndi suy di chuyén
Kriging (MK) duoc dua ra trong bai bao nay. Ly thuyét bign dang cét
béc nhét higu chinh chi bao gam bén bign va gidm mat bién so vai
|y thuyét bién dang cat bac nhat cd dién (FSDT). Vat ligu MEE, ket
hop giita céc higu (ng ap dién va ap tir, dugc tao thanh tir vat ligu
Rali203 va CoFe204 13 ddi trong duge nghién cou trong bai bao
nay. Cac thé nang tir va dién tuén theo phuong trinh Maxwell duge
gia dinh 1a su két hop giita cac ham cosin va thay ddi tuyén tinh doc
theo chiéu day cia tdm. Cac phuong trinh chuyén dong coa cac tim
MEE thu duoc bing céach sir dung nguyén Iy cong o mé rang. Cac
phuong trinh ndy dugc giai dé dat dugc tan sd ty nhign cia céc tAm
MEE bang cach sir dung phuong phap khang ludi di chuyén Kriging.
Mat sd vi du sd duge kiém tra dé danh gig anh hutng coa tham sd
hinh hoc |&n tan sd dao dang tu nhién cia céc tdm MEE.

Tir khda: Tam chiu tuong tac tir dign co; phuang phap khang lui di
chuyén Kriging; dao déng tu do; Iy thuygt bign dang cét bac nhat
higu chinh.

ABSTRACT

This paper presents the free vibration analysis of homogeneous
magneto-electro-elastic (MEE) plates using a refined first-order
shear deformation theory (RFSDT) and the moving Kriging
meshfree method. The RFSDT, which includes only four variables,
one less than the classical first-order shear deformation theory,
streamlines the analysis. The MEE materials, which exhibit coupled
piezoelectric and piezomagnetic effects, are composed of BaliZ03
and CoFe204. The magnetic and electric potentials, which satisfy
Maxwell's equations, are assumed to vary along the plate thickness
in @ combination of cosine and linear patterns. The coupled
governing equations of motion for the MEE plates are derived using
the principle of extended virtual displacement. These equations are
then solved to determine the natural frequencies of the MEE plates
using the moving Kriging meshfree method. Several numerical
examples are analyzed to assess the impact of geometrical
parameters on the natural frequencies of the MEE plates.
Keywords: Magneto-electric-elastic functionally graded plates;
moving Kriging meshfree method; free vibration; refined first-
order shear deformation theory.

1. GIGI THIEU

Trong nhiing ndm gan day, nha vao kha ning thay déi clia cac
trudng co hoc, dién va tu, vat liéu chiu tuong tac co dién tur hay con
goi la vat liéu dan hoi tu dién (MEE) da dugc sir dung rong réi trong
san xudt cdm bién va thiét bi chdp hanh trong cac hé théng diéu
khién. Vat liéu MEE dugc tao ra bang cach két hgp céac pha ap dién
va ap tU tu vat liéu titanate bari (BaTiO3) [1] va ferrite cobalt
(CoFe204) [2,3]. N6 phu hgp cho céc cau truc thédng minh nha kha
nang chuyén déi nang lugng gilia cac dang co, dién hodc tur thanh
moét dang khac.

Nghién ctu vé céc cau tric tam MEE da dugc nhiéu nha khoa hoc
quan tam. Liu va céng su [4] va [5] lan lugt phan tich vé dao dong tu do
va (ing x{r uén ctia tdm MEE dang huéng dua trén ly thuyét tdm c6 dién
(CPT). Trong cac cong trinh khéc, bang cach sirdung ly thuyét bién dang
cat bac nhat (FSDT), Shooshtari va Razavi [6] da nghién ctiu dao dong tu
do cuia cac tdm ch nhat MEE nhiéu |dp dudi nén Pasternak. Tuong tu
nhu ly thuyét nay, phan tich uén phi tuyén cdia cac tam MEE da dugc
gidi thiéu béi Chen va Wu [7], Milazzo [8], va Alaimo va cong su [9]. Mat
khac, Vinyas va Kattimani [10] da nghién ctiu tng x(f dao dong clia cac
tam MEE trong méi trudng nhiét &m bang cach st dung ly thuyét bién
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dang cat bac cao (HSDT). Tuong tu véi mo hinh nay, dao dong tu do clia
cac tam MEE dugc gia cudng bang 6ng nano carbon da dugc trinh bay
trong [11,12]. Zheng va cong su [13] va Xu va cdng su [14] lan lugt khdo
sat cac bai toan uén va dao dong phi tuyén clia cac tdm MEE. Ngoai ra,
Chen va cong sy [15] da trinh bay phan tich dao déng tu do clia cac tam
MEE phan 16p chic nang FG (FG-MEE) bang cach sirdung ly thuyét dan
héi ba chiéu. Bang cach sirdung ly thuyét nay, Zhang va céng su[16] da
phan tich cac ting xt tinh va déng cdia cac tdm MEE. Phan tich tinh vé
Ung xr uén cla cac tdm sandwich FG-MEE cling da dugc nghién ctu
bé&i Pan va cong su[17].

Nhu ching ta da biét, viéc gidi quyét cac bai toan tdm st dung ly
thuyét dan héi ba chiéu khéng don gian néu hinh hoc phtic tap, chi phi
tinh toan I6n va cac yéu t6 bat lgi khac. Vi vay, su phat trién va st dung
cac phuaong phap s6 luén dugc cac nha khoa hoc quan tam. C6 mét s6
phuong phéap phé bién nhu phan tich déng hinh hoc (IGA), phuong
phap phan ti hitu han (FEM), phuong phap khong ludi (Meshfree),...
Trong s6 d6, cac phuong phéap khong ludi da chiing minh stic manh cda
ching trong viéc giai quyét nhiéu bai toan khac nhau. Bai vi ching lién
quan dén viéc phan b6 nat tly y va tinh linh hoat trong viéc dat cac nat
tai cac vi tri ngau nhién. Diéu nay ¢ nghia la cac ham xap xi cia phuong
phap khéng lugi chi sir dung di liéu nut trong hé toa do Descartes toan
cuc va két qua chuyén vi cing nhu ting suat dugc tinh toan ngay 1ap tuic
tai cac diém tuy y trong khong gian vat ly. Diéu nay khac véi IGA/FEM,
noi ma viéc tinh todn dugc thuc hién trong hé toa dé tu nhién. Ngoai ra,
khi st dung phuong phap khéng ludi véi ham néi suy di chuyén Kriging
(MK), viéc thuc thi cac diéu kién bién can thiét dé dang thuc hién tuong
tu nhu trong FEM. Vi ham dang tich phan di chuyén Kriging thda man
tinh chat ham delta Kronecker, nd mang lai Igi ich I6n trong viéc thuc thi
cac diéu kién bién thiét yéu ma khong can bat ky ky thuat dac biét nao
khac nhu cac phuong phép phat hodc hé s6 Lagrange cuia cac phuong
phap khong ludi khac.

Gu [18] d4 gidi thiéu dau tién vé ham néi suy di chuyén Kriging (MK)
va da thanh céng trong viéc chiing minh tinh hu ich ctia cac ham néi
suy MK trong viéc giai quyét cac bai toan gia tri bién hai chiéu. Phuong
phép khong lusi MK da dugc st dung hiéu qua cho nhiéu bai toan khac
nhau. Thai va cong su [19-20] da st dung phuaong phép khong luéi cai
ti€n dua trén ham noi suy MK cho cac phan tich tinh, déng va én dinh
clia cac tdm déng nhat va sandwich phan I6p chiic nang (FG) dua trén
ly thuyét bién dang cat bac cao (HSDT) va ly thuyét tam cai tién hai bién,
tuong Ung. Dua trén phuong phap tuong tu, Thai va cong su [21-22]
cling da nghién ctiu mé hinh phu thuéc kich thuéc dé phan tich cac tdm
nano composite gia cudng bang éng nano carbon phan I6p chiic nang
va cac tdm vi mé déng nhat va sandwich phan 16p chic nang, tuong
Ung. Nguyén va cong su [23] da trinh bay (ng x& udn phi tuyén tinh va
dao dong tu do clia cac tdm FGM bang cach st dung phuong phap
khéng ludi MK cai tién dua trén ly thuyét tdm cai tién. Mat khac, phuong
phap khong lusi MK dang yéu cuc bé da dugc Lam va cong su [24] thiét
lap d€ kiém tra cho nhiing c4u tric hai chiéu. Cac bai bao lién quan mé&
réng thém ¢ thé dugc tim thdy trong [25-27]. Nhu chiing ta thay trong
cac tai liéu trén, chua c6 nghién ctiu nao vé dao dong tu do clia cac tam
MEE déng nhét st dung phuong phap khong lusi MK. Véi nhiing dong
luc d6, tac gia st dung phuong phap khéng lugi MK va ly thuyét bién
dang cét bac nhat cai tién chia bén bién dé phan tich dao dong tu do
cho tdm MEE. C6 thé thay rdng bai b4o nay la mét cht dé mdi va chua
dugc cong bé. Anh hudng clia cac tham sé hinh hoc 1én tan s6 tu nhién
clia tam MEE déng nhat dugc trinh bay va thao luan.

2.COSOLY THUYET

2.1. Ddc tinh vat liéu tdm MEE déng nhdt

Mot tam vat liéu MEE déng nhat (chiéu dai a, chiéu rong b va
chiéu day h) chiutacdung ham dién @ (x, y,z,¢) va ham tirtrudng
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W (x,,z,t) dugc xem xét nhu Hinh 1. Vat liéu MEE dugc lam tit

BaTi»0s3 va CoFe;04. Bang 1 dua ra ddc tinh vat liéu cdia tdm vat liéu
MEE déng nhat.
Bang 1. Bdc tinh vat liéu cta BaTiOs-CoFe;0..

Ban héi (GPa) ¢, =¢y =226;¢, =125;¢,, = 124;
€y =C5s =44.2;¢, =50.5

Ap dién (C/m?) e, =€y, =—2.2ie, =936, =5.8

Pien méi (10° K, =kyy = 5.64:k,, = 6.35

C/V.m)

Ap dién tur (N/A.m) Qs =qoy = 275’q31 =gy, = 29Ol’q33 =34
Pién tir (1072 d,, =dy, =5367:d,, = 2737.5

Ns/VC)

Tutinh (109Ns%/C?) gy = p,, = ~297; 1, =83.5

Y

ZA

v
t X
Hinh 1. Hinh hoc clia tdm chit nhat MEE.
2.2, Céng thirc ly thuyét bién dang cdt bdc nhdt hiéu chinh
(RFSDT)

Trudng chuyén vi clia tdm MEE tai mot diém bat ky theo FSDT
cai tién dugc cho bai cong thiic

h

u(x,y,2) ”(XJ)
u= ﬁ(x,y,z) = v(x,y) -
w(x,y,z) w’ (x,3)+w (x,)

(%)
—zow) (.3) =0’ (x) + 20" (x, )
0

b
Wi
b

Trong d6 u, vla chuyén vi trong mat phang theo phuong x va y
tuong tng, w’ va w' 1a chuyén vi udn va chuyén vi cit tuong dng.
Theo cdng thuc (1), ten xo bién dang tuyén tinh ¢ céng thic sau

P & 4 zg?
Y €

Trong do6
g, u, Wl
=g nel=q v, e =—3w o
Ve u, +v, 2w, 3)

Vel o W
Y= =1
Yz w’,

Trong nghién ctru nay, cac ham thé nang dién va tir dugc chon
dé thda man phuong trinh Maxwell va dugc dua ra trong [28]
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2
®(x,y,z)=g(2)¢(x,y)+7z%;
@

2
Y (x,y,2)= g(Z)l//(x,y)+7Zl//0

trong dé ®va ¥ la ham thé nang dién va tl, tuong Ung; @, va
v, la dién &p va thé nang tir ban dau; g(z) = —cos(ﬁz / h) )

Trudng dién (E) va trudng tir (H) theo phuang trinh (4) c6 thé
xdac dinh béi cong thuc

Ex (I),x g(z)(p,x
E= E,v == cD-y == g(Z)(D,y ;
E. D, g'(z)(p+2(p0 /h
(5)
Hx \P,,\‘ g(z)l//,x
H= Hy =T T,y =" g(z)l//,y
H. v, g'(z)w+2w,/h

2.3. Phu'ong trinh chi dao
Cho phan tich tdm MEE, cac phuang trinh mé ta iing suat bién
dang cho tuong tac 3 trudng dugc trinh bay bai

O-x 511 512 0 O 0 gx
o, G, G 0 0 0 |lg
T, 0=l 0 0 & 0 0 |{r, -
7. 0 0 0 &, O0/|[r.
7, 0 0 0 0 &llr,
0 0 é}l 0 0 5}31
0 0 & |(E) |0 0 g,l|(H,
0 0 E = 0 0 0 [H,
~15 0 O Ez 615 0 O H z
0 NlS 0 0 615 0
gx
D, 0 0 0 & 0)]e
{D =30 0 0 0 &,¢17, ¢+
D] |& & 0 0 0]y (6)
Yy
k, 0 O|(E) [d, 0 o0 |(H,
0 ky O [E (+| 0 dy, 0 |1H |
0 0 kyllE.] |0 0 d,||H
8,
B, 0 0 0 g, 0]]¢
{Bv =10 0 0 0 gspy7ypt--
B z 431 q}] 0 0 0 }/ xz
Vye
d, 0 0|(E) [m, 0 07(H,
0 d, O RE t+| 0 sy 0 |4H,
0 0 d,||E 0 0 myl|l|H.

7,7, la cdc thanh phén Ung suat; Dy, Dy,

xz2 " y:

trongdé o0,,0,,7,,
D: la chuyén vi dién va B, B, B. la cdm Ung tU; C; la cac hé s6
giam dan héi; ¢; la cac hé s6 gidm ap dién; g, la cac hing s6 tu
dién; k; lacac hé s6 dién moi; d; va m,; la cac hé sé tuong tac dién
tir va hé s6 do dan tl, tuang Ung. Dac tinh vat liéu gidm s dung

trong phuong trinh (6) dugc cho béi cong thiic
2 2

Gome ~a e _SB.a _E e E =
1= 30 =0y 5Cs6 = Co6>Cs5 = C555C44 = Cyy
33 33
e,.C gsC
~ _ 3% .5 _ s 363, - .
€ =€~ 5 €5 = €543 = g3 — > qis = G55
33 33
e g,.e
I B 7 o — 33933 .7 _ .
kyy =kyy +—=1k, =k ;dy; =dy; + sdy =d,;
C33 C33
7
S B~
Myy = Myy +——m, =m,,

33
DPé& dé cho viéc tinh toan s6, phuong trinh (6) c6 thé dugc viét
dudi dang ma tran nhu sau

s'| |C) o0 |[¢] [C, O |[E
o] Lo C, lly 0o <, |le| 7

c, o m
0 C, | H

trong do6
o, 0
b b T b
6 =40, ;0 ={ };D =40 };
7,
7, D
D 0 B
D’=4 "LB ={0 KB ={ "1 )
DJ" B BV
E’ {g E*—{E"}-H”—{g HY—{HX}
- b - EV > - b H b
E. : H g
véi
¢, ¢, O 0 0 ¢
C};u =G, ¢y O vCl;q) =10 0 & |;
0 0 ¢ 0 0 O
0 0 g
CZW =10 0 g5 5
0 0 O
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C& 544 0 Cv élS O _Cv _ 615 0 .
" 0 é“’55 T 0 é]S T 0 615 ’
[0 0 0 00 O
b b
C,, =0 0 0f:c, =00 0]
0 0 iy, 00 d,
- 10
0 0 O 10)
b
c, =00 o
0 0 s,

s £ O Wall dN 0 s ’/hll O
Cf/w =|: N :|’C(/7W _|: ! :| CW _{ 0 7
0 ky 0 d22 My

2.4. Phuong trinh vi phdn
Theo nguyén ly Hamilton, phuang trinh cha dao ctia tdm MEE
dugc cho béi

t
[(o1+5K -5W)de=0 (11)
0
Trong dé6 6, 6K va 8W la nang lugng bién dang o, ddng nang
40 va céng do dugc thuc hién bai dién 4p va thé nang tir bén ngoai,
tuong Ung
Nang Iuong bié-'n dang 4o clia tdm MEE dugc dinh nghia
T
b "o "+ 66 - 5(Eb) D’ ..
= j @y a2
E) 5(H”) B’ -5(H') B’
Thay thé phufdng trinh (8) vao phuong trinh (12), ndng lugng
bién dang &o dugc xac dinh bai
=\ TRb =6 ™6 Tb 10 b
o= s(z') [D& -DE' -D, H |dQ+..

[D& -D, E'-D;,H’ |dQ-...

'|(B.,)' 5" +DLE + DL A" Ja02-..
[(I_)S ) & +D; ES+D;V,HS}dQ—

@ (D], ) E'+D}, B a0~

&' +(;, ) B+ Dy, B a0

trong d6

e ={¢ 8”2}T P E'={0 0 ¢} 5 E={p, "’J’}T i

b b

(A7B".D")=["" (Lz.27)Cldz : D, =" cde

—h/2

H' ={0 0 ¥},

B, =fen ezl

up

(€n.€2)=-]"" ¢, (L2)g'(2)dzD;, =-[ " . g(2)dz:

up? —hj2UP
b [0 b2 ).
D, ={C) <l

/2 hl/2
(€n.C)=-] €. (12)g(2)dzD;, =

—h/2

,C., 8(2)dz;
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1‘)3@ =[ Clg"(2)dzD,, j C, g’ (2)dz;
/1/2 " d
_I 2 V’g (2)dz;
— hi2 = /2 b 5 (14)
D, = MC g’ (2)dz; D,, = ;/zC ,& (2)dz;
= hi2 B P
D, = s C,, g (2)dz

Déng nang do dugc cho bai cong thic
5K =[_ou'mudQ

(15)
trong do
ﬁ— lll - m= Im 0 I — 11 12 .
e’ o I, |'"" |1, L[
hi/2 (16)
(1.1,,1,) = Mp(z)(l,z,zz)dz

Tam MEE chiu mét tai trong ban dau bao gém hiéu dién thé va
thé nang tt, do d6 céng ao dugc tinh nhu sau [28,29]

SW = hj N B#dQ (17)

trong do

e W N 0
B® = 3 No= 0|’
Wo.» 0 N,

N/ =N;+N!;N,=N;+N};
N; =N; =-2¢,¢,; N/ =N;1 =-2q,y,

Thay cac phuaong trinh (15), (13) va (17) vao phuong trinh (11),
dang yéu cla tam MEE dugc viét lai nhu sau

o= s(z) [z -DE -D,H Jdo+..
[ 8(e') [D;,e - Dy E - D;, A Jdo-.

) E”+f);¢E”+f)’;wﬁ”}dQ—.“

B;,) &'+ D, E D, ' [do-.. (19)

= (e YV Fb L Tb
+(D),) E'+D) H }dQ—...

hj s5(B*) NBédQ+j Su'mudQ =0

2.5, Céng thirc ciia ham néi suy di chuyén Kriging
Dua trén ham dang ndi suy di chuyén Kriging [18], trudng
chuyén vi trong phuong trinh (1) c6 thé duoc suy ra nhu sau

u'(x)= ZN (%,7)1,d (20)

Trong do N 13 t6ng s6 nut trén mién bai toan; N, 1a ham dang ndi

suy di chuyén Kriging; I, la ma trdn don vi va

T
d, = {u, v, woow g 1//[} la bac ty do (DOFs) tai mét

nut.
Thanh phan udn va cat dugc viét lai bang cach thay thé phuong
trinh (20) vao phuong trinh (2) nhu sau
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(21)

sszleﬁjdl
Trong(I'J’él
N, 0 000 0
B'=[ 0 N, 000 O
N, N, 0000
00 N, 00 0
B’=-10 0 N,, 0 0 Of (22)
002N, 000
_[ooo0o N, 00
Br=lo 0 0 N, 00

Thay thé phuang trinh (20) vao phuang trinh (5), trudng dién va
trudng tu dugc viét lai nhu sau

N N
E'=)B/d;E =)Bd,;
1=1 1=1

y Y (23)
H’=>'B),d; H =) B d,
Tronglc;é -
0000 0 0
B,,=[0 000 0 0};
0000 -N, 0
00000 0
B/, =0 0 000 0]:
00000 —N, 24)
5 _[00000 -N, 0]
710000 -N,, 0]
= [o0oo000 —N,’x}
7100 00 0 -N,

Tuong tu, thay thé phuong trinh (20) vao phuong trinh
(1),trudng chuyén vi dugc mo ta bai

N N

u={u' o’} =X (M, M} d,=)Mgd, (25)
I=1 I=1

Trong do

N, 0 0 0 0 (26)
M =[0 N 0 0 0 0

0 0 N, N, 00

00 N, 000
M2=-{0 0O N, 0 0 0

00 0 O0O0O0

Ma tran B¢ dugc dién ta bang cach thay thé phuong trinh (20)
vao phuang trinh (17) nhu sau

N _

B¢ = Bid, (27)
I1=1

Trong do

e _[00 N N 000

"“lo o N, N, 00 28

Cuéi cung phuong trinh chd dao cho tdm MEE dugc suy ra bang
cach dua cac thanh phan tuong tng vao phuang trinh (19) nhu sau

(K-K,)-o'™M)d=0 (29)

Trongddé K, M va K, la ma tran dé cting, ma tran khéi lugng
va ma tran hinh hoc toan cug, tuong tng, va

K=| (B) D,B'da-| (B") D, BldO-..

ue " @
J‘Q

B') D’ B! dQ+jQ(1§f)T D BdQ - ...

um="y uu

(

[.(B") b Bydo-[ (B') D;,B,d0-

J,(B;) B.B'aa-[ (B;) D.Bjd-

Jo(B;) DBl (B, ) D, Bra- -
Jo(B.) D.B - [ (B,) D.,B,d0-

[.(B;) D, B'da-[ (B.) DiBld

Ju(B;) Bl B[ (B;) D, B~

[.(B,) D, B,do-[ (B,) D;,B,do

M= M'mMdQ; K, = (B*) N,B*dO

Trong d6 @ la tin s6 dao dong tu nhién va d la cac hinh dang
mode.

3.ViDuséo

Trong phan nay, cac két qua thu dugc tu 1i gidi hién tai dugc
xac minh tinh tin cdy théng qua mét vi du sé bang cach so sanh
véi cac két qua da dugc céng bé trong cac tai liéu tham khao.
Hay xem xét mot tdm vudng MEE dong nhat véi diéu kién bién
hoan toan tya don. Trong nghién ctu nay, dién ap ban dau va
thé nang tu tinh dugc cho bai ¢, =0and y, =0, tuong tng.
Tan s6 dao dong khong thit nguyén duoc tinh @ =wa,/p /¢,
. Table 2 liét ké bén tan s6 khéng thi nguyén dau tién cda tam
vuong MEE d6ng nhat vai diéu kién bién hoan toan tua don. Cac
két qua thu dugc dugc so sanh vai cac két qua do Ke va cong su
[28] bao cao st dung ly thuyét tdm Kirchhoff (3 DOFs), Sobhy va
Mukahal [30] s dung HSDT cai ti€n (4 DOFs), Gholami va cong
su [31] s&r dung HSDT (5 DOFs) va Abazid [32] st dung FSDT cai
ti€n (4 DOFs). C6 thé& thay rang cac két qua hién tai va két qua so
sanh c6 sy tuong déng rat tét. Ngoai ra, c6 thé thay rdng cac két
qua thu dugc tuong tu véi két qua trong [32] do st dung cung
mot ly thuyét FSDT cai tién. TU nhing két qua nay, c6 thé thay
viéc st dung phuong phap dé xuat rat la quan trong va c6 hiru
ich khi phan tich (ng xr déng clia cac tdm MEE vi n6 cho két qua
hién tai hoan toan chinh xac va hiéu qua.
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NGHIEN CUU KHDA HOC

Bang 1. B6n tan s6 dao dong khong thi nguyén dau tién @ cla tdm vudng MEE tya don (a/h=15).

Tac gia ] 3 3 2
Sobhy va Mukahal [30] 0.3830 0.9330 0.9330 1.4571
Gholami va cong su [31] 0.3682 0.9136 0.9136 -
Abazid [32] 0.3829 0.9329 0.9329 1.4568
Ke va cong su [28] 0.3698 0.9247 0.9247 1.4800
Hién tai 0.3843 0.9404 0.9413 1.4757

Tiép theo, nam tan sé dao déng tu nhién khéng thi nguyén dau gita Bang 3 va Bang 4. Hinh 3 vé hinh dang 6 mode dao dong dau

tién cla tdm vudng MEE d6ng nhat tya don véi cac ty s6 chiéu dai tién tam vuéng MEE tua don bi cat bdi hinh trai tim & gita.
trén d6 day khac nhau duoc liét ké trong Bang 3. C6 thé thay rang T X

tan s6 dao dong tu nhién giam khi ty s6 chiéu dai trén dé day tang . | N

1én. 4 )

Bang 2. Nam tan s6 dao déng tu nhién khong thi nguyén dau

10

tién o = wL\/p/¢,, chatdm vudng MEE dong nhat tua don.

o N
alh - )
1 2 3 4 5 ‘ :
5 10345 17911 17917 22646  2.2661 | 10 EEEE
Hinh hoc ctia tam. b) Suphan bo nut.
10 0.5656 1.3504 1.3516 1.7917 2.0756 ) ’ ’ , ;
Hinh 1. Hinh hoc va su phan bo niit clia tam vudng MEE bi cat béi hinh trdi tim &
20 0.2902 0.7170 0.7177 1.1352 1.4084 gilia.
50 0.1170 0.2922 0.2925 0.4677 0.5843 Bang 3. Nam tan s6 dao dong tu nhién khéng thu nguyén dau
tién cla ta ong MEE @ = wL./p/C,, tua don bi c4t bai hinh
100 00586  0.1465 0.1467 02349 02938 1en cua tam vuong MIEE @ = OE£ 76y, tUa don brcat barhin

trdi tim & gilra.

Cu6i cung, mét tdm vudng MEE-FG hoan toan tua don bj cat bai

®
hinh trdi tim & gita dugc dua ra, nhu minh hoa trong Hinh 2. Nhu a’h
. 2 s S W LA Isi A g 1 x g 1 2 3 4 5

quan sat trong Bang 4, khi tang ty sé chiéu dai trén d6 day dan dén
sy gidam tan s6 dao dong ty nhién ctia tdm vudng MEE. Hon nira, két 10 0.6582 1.0199 1.0942 1.2227 1.7833
qua tur tdm vudng MEE c6 hinh trai tim bi cét ra & gilta cao han mot 20 0.3385 0.5729 0.6422 1.0199 1.0324
chat so véi két qua tir cac tdm vudng MEE khéng bi cét khi so sanh 50 0.1365  0.2325  0.2608  0.4240  0.4647

100 0.0684 0.1165 0.1307 0.2128 0.2334

a) Mode 1. ¢) Mode 3.

d) Mode 4. ¢) Mode 5. f) Mode 6.
Hinh 2. Hinh dang 6 mode dao dong dau tién clia tdm vudng MEE tya don bi cat bdi hinh trdi tim 6 giita.
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4, KET LUAN

Mét cdng thiic dang yéu dua trén ly thuyét tdm FSDT cai tién dé
phan tich dao déng tu do clia tdm déng nhat chiu tuong tac co tu
dién MEE da dugc trinh bay trong nghién clu nay bang cach su
dung nguyén ly cong 40 ma réng. Cac phuong trinh chd dao cling
dugc giadi bdng phucng phap khéng ludi di chuyén Kriging dé xac
dinh tan sé dao déng tu nhién clia cac tam MEE. Ly thuyét tam FSDT
céi tién gidm mot bién s so véi ly thuyét tdm FSDT c6 dién cling
dugc dua ra va ap dung hiéu qua. D& thda man cac phuong trinh
Maxwell, cac thé nang tir va dién dugc xem xét bang cach két hgp
cac ham cosin va ham tuyén tinh théng qua chiéu day cia tam. Cac
két qua thu dugc da dugc so sanh véi cac két qua da cong bo trén
cac tap chi uy tin trudc day. Trong nghién ctu nay, c6 thé két luan
rang tan s6 dao déng tu nhién cla cac tam vuong MEE giam khi ta
tang ty s6 chiéu dai trén chiéu day va két qua nay thap hon mot chat
o0 vGi cac tdm vudng MEE bi cat béi hinh trai tim & gita.
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