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Tom tat

Nghién ciiu nay danh gia 4nh hudng ctia nhiét do, do 4m va tir trudng dén dic trung dao dong ctia tim nano FGM (vit liéu
c6 ca tinh bién thién) ap tlr c6 16 réng (NaPoMag) trén nén dan hoi Winkler-Pasternak. M hinh giai tich dugc xay dung dva
trén ly thuyét bién dang cit bac nhit don gian (SFSDT) két hop ly thuyét dan hdi phi cuc bd (NET). Céc phuong trinh cin
bing dugc thiét lap tu nguyen ly Hamilton cho tAm hinh chif nhit c6 bdn bién twa khdp, véi phan bd tir tru’dng theo chiéu
day dudc mb ta bing t6 hgp ham lugng gidc va ham tuyén tinh. Li giai Navier dudc dp dung dé xac dinh tan sb dao dong
riéng. D6 tin ciy ctia m hinh ly thuyét va chuong trinh tinh dugc kiém tra bing cich so sanh véi cic két qua da dugc bao
céo trude day. Tiép theo, cac khao sat tham s dudc thuc hién nhiam danh gid anh huéng clia nén dan héi, tinh cht vt liéu,
kiéu va hé s6 16 réng, kich thudc hinh hoc, nhiét do, dd 4m, tif truong 4p dit va tham sd phi cuc b dén tan sb dao dong ctia
tAm NaPoMag. Diém méi ctia nghién cttu 14 dé xuit mo hinh gii tich SFSDT két hop NET cho tAm nano FGM ap tit ¢6 15
rong dit trén nén Winkler-Pasternak, xét ddng thoi tic dong clia nhiét do, do 4m va tif truong, qua d6 cung cip co s& tham
khéo cho thiét k& va t6i uu két cAu nano trong diéu kién lam viéc thuc té.

Tir khod: dao dong; tAm nano FGM dp tii; nén dan hdi; co-nhiét-dm; phi cuc bo.

IMPACT OF TEMPERATURE, MOISTURE, AND MAGNETIC FIELD ON THE VIBRATION CHARAC-
TERISTICS OF FGM NANOPLATES
Abstract

This study investigates the effects of temperature, moisture, and magnetic field on the vibration characteristics of a nano-
scale porous magneto-elastic functionally graded (NaPoMag) plate resting on a Winkler-Pasternak elastic foundation. The
analytical model is developed based on the first-order shear deformation theory (SFSDT) combined with nonlocal elasticity
theory (NET). The equilibrium equations are derived from Hamilton’s principle for a rectangular plate with four simply
supported edges, with the through-thickness magnetic field distribution described by a combination of linear and trigono-
metric functions. The Navier solution is applied to determine the natural frequencies. The validity of the theoretical model
and the computational program is verified by comparison with previously reported results. Subsequently, parametric studies
are conducted to investigate the effects of foundation characteristics, material properties, porosity type and porosity coeffi-
cient, geometric dimensions, temperature, moisture, applied magnetic field, as well as nonlocal parameters on the vibration
frequencies of the NaPoMag plate. The novelty of this study is the development of an analytical SFSDT-NET framework
for porous magneto-elastic functionally graded nano-plates on a Winkler-Pasternak foundation, accounting for the coupled
effects of temperature, moisture, and magnetic field.

Keywords: vibration; magnetostrictive FGM nanoplate; elastic foundation; thermo-moisture; nonlocal.
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1. Gigi thiéu
Trong nhiing nim gin day, cdc vat liéu thong minh nhu vat lidu 4p dién, dp tif va vat liéu dan hoi
dién tir da dugc ung dung rong rii trong cic hé thdng co-dién vi mo6 (MEMS), co-dién nano (NEMS)
va nhiéu thiét bi cong nghé y sinh hién dai [1, 2]. Do tinh chét co hoc ctia c4c vat liéu nay c6 thé bi chi
phdi bdi dién thé, tir trudng, hodc dong thdi bsi ca hai trudng, ching mang lai nhiéu uu diém trong
nhiéu ing dung khac nhau [3]. D€ hd trg qua trinh thiét ké va tdi wu hoa cac két cAu st dung vat lidu
thong minh & cAp do nano, viéc phat trién cac md hinh phan tich nham du doan chinh xac ting xi co
hoc ctia ching 1a rat can thiét.

*Téc gia dai dién. Dia chi e-mail: thamvv@huce.edu.vn (Thim, V. V.)
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Khi két cAu thu nhé dén quy mo micro hoic nano, dnh hudng ctia kich thude 1én ting x& co hoc
tré nén rd rét [4]. Cac phuong phép phan tich vi mé truyén théng khong con phit hgp vi bd qua hiéu
ting kich thudc. V6i két cAu nano, thi nghiém hoiic mo phdng dong luc hoc phan tif (MD) dang tin ciy
nhung t6n nhiéu thdi gian va tai nguyén tinh todn 1a rt 16n. Do d6, cd hoc mdi trudng lién tuc thudng
dugc uu tién, véi nhiéu mo hinh ly thuyét nhu dan hoi phi cuc bo, gradient bién dang phi cuc bo va
ning lugng bé mit dugc phat trién dé tinh dén hiéu ting kich thudc. Trong s do, ly thuyét dan hoi phi
cuc bd (NET) do Eringen va Edelen dé xuit [5] 12 mot trong nhitng mo hinh dudc 4p dung rong rii.
Pugc dé xuét 1an dau béi Eringen [6], ly thuyét nay gia thiét rang ting suit tai mot diém trong vat liu
lién tuc khong chi phu thudc vao bién dang tai chinh diém dé ma con chiu 4nh hudng tir bién dang tai
tht c4 cac diém lan can. Két qua 13, NET dudc xem nhu mdt cong cu hidu qui va thong dung trong
viéc thiét 1ap cc phuong trinh can bang va phuong trinh chuyén dong cho cic két ciu nano.

Su phit trién ctia vat liéu FGM da gép phan nang cao hiéu suit 1am viéc cta két ciu thong qua
kha niing chiu nhiét t6t va do bén co hoc cao. Dua trén nén tang nay, cc vat liéu thong minh nhu vat
liéu FGM 4p tit (FGMag) va FGM dan hoi dién tit (FGMEE) da dugc nghién ctiu va phat trién nhiam
t6i wu héa dic tinh va mé rong ting dung ky thuat. Gan day, nhiéu nghién ciu tip trung vao cd hoc
ctia két cAu nano 1am tit FGMEE. Ebrahimi va cs. [7] da nghién ctiu &n dinh nhiét ciia cdc dAm nano
dan hdi-dién-ti-nhiét (METE) bang ly thuyét bac ba két hop ly thuyét dan hdi phi cuc bo. Trang thai
mét 6n dinh va ing x{ sau mét &n dinh ctia tim nano METE tiép tuc dudc Ansari va Gholami [8]
phan tich thong qua Iy thuyét tAm bac nhét (FSDT) két hop v6i NET. Zur va cs. [9] da nghién ctiu dao
dong tu do va dn dinh clia tim nano FGMEE sit dung ly thuyét tAm bac cao (HSDT) két hop véi NET,
trong khi Ebrahimi va Barati [10] ciing 4p dung bo cong cu nay dé€ phan tich dao dong ciia tAm bang
vat liéu dan hoi dién tt (MEE) dit trén nén dan hoi Pasternak. Bén canh d6, Arefi va Amabili [11] da
nghién ctfu udn vé nano hai do cong véi 16p bé mit FGMEE va 16p 16i dang hudng, dua trén ly thuyét
bién dang cit bic cao hinh sin két hop ly thuyét dan hdi phi cuc bd.

Trong qua trinh ché tao, su khéc biét vé& diéu kién nhiét héa ran cé thé tao ra 16 réng trong vat
liéu FGM, hinh thanh vat liéu FGM xbp (PoFGM). Theo nghién ctiu ctia Gogotsi [12], qua trinh ché
tao FGMEE véi cdc thanh phan CoFe, 0, va BaTiOj3 c6 thé din dén do xp 1én dén 40%. Nhiéu cong
trinh nghién cttu da chiing minh ring do x6p dnh hudng dang ké dén cac dic tinh co hoc, nhiét, dién
va tlf ctia tAm vat liéu. Esen va cs. [13] diing phan ti hitu han danh gid 4nh huéng ctia 16 rdng dén dap
\ing dong ctia tAim dan hdi dién tir ¢6 bot réng (PoOFGMEE), trong khi Esen va Ozmen [14] nghién ctiu
dao dong tu do va do vong clia tAm nano MEE xdp duéi tic dong nhiét. Gan day, Kiran va cs. [15]
phén tich &n dinh nhiét va dao dong ctia tAm nano sandwich 16i POFGM, hai 16p mit POFGMEE, st
dung 1y thuyét bién dang cit bic cao gradient bién dang phi cuc bo. Trén thuc té, sy phan b 16 rong
trong vat lieu FGM x6p c6 thé 12 ngdu nhién do qu4 trinh ché tao hoic dudc chi dong thiét ké dé dat
cdc muc tiéu k§ thuat nhu giam khdi lugng, diéu chinh do ciing va kiém soat dic tinh dao dong.

Hiéu 16 cach thifc két cAu tuong tic v6i nén 13 mot van dé co ban trong thiét ké két cdu va da dugc
nhiéu nha nghién ctiu quan tim. D& md phéng tuong tac nay, ngudi ta thudng st dung mo hinh két cau
dit trén nén dan hdi [10, 16, 17], mot cach tiép can don gian nhung hiéu qua dé biéu dién quan hé gitia
hai méi trudng lién tuc, vi du nhu céc két ciu tiép xic v6i polyme hoic cac vat liéu nén c6 kha ning
bién dang. Mic dii nhiéu m6 hinh nén da dugc dé xuit, nén Winkler va nén Winkler-Pasternak van 14
hai mo hinh phd bién va dudc ting dung rong rai nhat. Xu va cs. [18] da nghién ciiu d6 6n dinh ctia
dam nano FGM trén nén Winkler-Pasternak trong moi truong nhiét do. Lezgy-Nazargah va Cheraghi
[19] da phan tich ting x{ udn ctia tAm nano ba 16p FGMEE dit trén nén dan hoi hai hé s6 Winkler-
Pasternak. Zhang va cs. [20] di khao sit 6n dinh dong clia vé nano hinh tru dan hoi dién-tii-nhiét dit
trén nén Winkler-Pasternak theo ly thuyét NET.
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Qua tdng quan tai liéu cho thiy, dao dong ciia tim nano thong minh chii yéu dugc phan tich bang
FSDT va HSDT, trong d6 HSDT dudc st dung phd bién dé md ta ting xit co hoc dudi tic dong ciia
cdc truong dién, nhiét, tif va nén dan hdi. Tuy nhién, cic mo hinh HSDT thudng phic tap va ton thoi
gian tinh toan. Vi vy, ly thuyét SFSDT dudc Iua chon nhiam gidm do phic tap va s6 4n ctia mo hinh,
dong thoi vin dam bio do chinh x4c can thiét cho cdc phan tich k§ thuat. Mic di di c6 nhiéu nghién
ctiu phan tich dao dong ctia tim nano thong minh, nhung chua cé cong trinh nao xem xét dong thai
4nh hudng ctia nhiét do, do 4m va tli trudng 1én tim nano FGM 4p tif c6 bot réng diit trén nén dan hoi.
Diéu nay cho thiy su cin thiét clia viéc nghién ciiu d€ 1ap day khoang trong trén. Do do6, bai bdo xay
dung mo hinh giai tich phan tich dao dong tim NaPoMag trén nén dan hdi Winkler-Pasternak dudi tac
dong két hop cdia nhiét, 4m va tif trudng, dua trén ly thuyét SFSDT. Nghién ctiu nay gép phan cung
cAp co s6 khoa hoc cho viéc ting dung céc két ciu tim nano FGM trong diéu kién thuc té, khi xét dén
4nh hudng ctia nén dan hdi ciing nhu cic tic dong clia moi trudng nhiét do, dd Am va tf trudng.

2. Mo hinh Iy thuyét
2.1. M6 hinh tdm NaPoMag dct trén nén dan hoi Winkler-Pasternak

Hinh 1 mb ta tim chit nhat bing vat liéu FGM dp tif c6 chifa cdc vi bot roéng, dit trén nén dan
hoi Winkler-Pasternak véi cac hé s6 do ciing gdm: k,, (d0 cting cta 16p nén 10 x0), k, (d0 cting cta
16p nén chiu cit). TAm dugc ché tao tif hai loai vat liéu, véi bé mit trén 12 CoFe, 04 va bé mit dudi 1a
Terfenol-D. TAm chiu tidc dong ctia tif trudng W(x, y, z), nhu minh hoa trong Hinh 1.

T_‘ a -1
g

(a)PB-U  (b)PB-X

kp . .

RIPRR PR TR 7K 7 (c) PB-A (d) PB-V

K AP

Hinh 1. M6 hinh tim NaPoMag dit trén nén dan hoi Winkler-Pasternak va cac ki€u phan bd bot rdng:
(a) phan b déu, (b) dang chi X, (c) dang chii A, (d) dang chit V

Su bién thién theo chiéu day ctia cdc tinh chét vat liéu hiéu dung ctia thm NaPoMag dugc mo ta

bing quy luét liy thira stta d6i ctia Doroushi va cs. [21]:
Z 1 P ()
5(z):51+(5u—81)(z+§) —?(Su+81)x (1)

trong d6 J(z) 1a c4c tinh chit hiéu dung ctia vat liéu 4p tif c¢6 bot réng (PoOFGMag) bao gdm: Mé dun
dan hoi E;;(z), hdng sb ap tir ¢;j(z), hé sb tir thdm y;;, hé sb gidn nd nhiét a;;, hé sb gian né 4m B;; va
khdi luong riéng p(z); p 1a chi s6 ty 18 thé tich ctia vat liéu FGMag; hé s Poisson v(z) 14y gan diing 14
hing s6 theo chidu day tim; J, va J; 1an lugt 1a cac tinh chét ctia vat liéu tai mit trén va dudi; e 1a
hé s6 bot rdng; N(z) 12 ham phan b bot rdng, x4c dinh theo Bang 1.

Nghién ctiu nay xem xét bén kiéu phan b6 vi bot réng (KPB) theo Karaca va Esen [22]: Phan b
déu (PB-U, Hinh 1(a)), Phan b6 chit X (PB-X, Hinh 1(b)), Phan b chit V (PB-V, Hinh 1(c)) va Phan
b chit A (PB-A, Hinh 1(d)).
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Bang 1. Ham sd xac dinh ki€u phan bd vi bot rdng 8(z)

KPB  PB.U PB-X PB-A PB-V
N(2) 1 (1 = eo) cos(z) (1= ep) cos(ﬂ + 4) (1= ) cos(E _ Z)

2.2. Cdc hé thiic co bdn

D€ phan tich dao dong ctia tim NaPoMag dit trén nén dan hdi Winkler-Pasternak, bai bao st dung
ly thuyét tim SFSDT.

Trudng chuyén vi ctia mot diém bat ky thudc tim dugc gia thiét theo Thai va Choi [23] nhu sau:

u(x,y,2,0) = ug — 2Wpx;  V(X,,2,0) =vo—2wpy; WX, y,2,1) = wp + wy. (2)

& day, ug, vo 1a cdc chuyén vi cia mit trung binh theo hai phuong x, y; wj, vd wy 13 cc thanh phan
chuyén vi ngang do tac dong ctia mdmen ubn va luc cat.

Dé dam bao diéu kién Maxwell cho trudng tii theo chiéu day tim, Ebrahimi va Gholami [8] da gi4
dinh ham tir thé c6 dang:

2
Tumao=—w{%ym+fﬂ 3)

trong d6 Q va g 1an lugt 1a tif trudng ngoai va tif trudng tai mit trung binh cta tAm.
Truong bién dang {e} dudc suy ra tif trudng chuyén vi:

&y ou/ox Upx — IWh.xx

&y ov/dy Voy — ZWhyy

Exyp =14 OufO0y+ 0v[Ox § = ugy + 2Vox — 22Wp xy 4)
Exz Ow,/0x Wi,x

&z Oow/dy Wy

T
Theo (3), véc to tu truong {H} = {Hx H, HZ} dudc xac dinh nhu sau:

H,=-Y, =cos (E)lﬁo,x; H = _q],y = COS(%)'ﬁO,y;

2Q

Hz:_\P,Z:—%Sin( )%__ (5)

Déi v6i thim NaPoMag tuyén tinh tiép xtic véi tai trong co-tir, quan hé ting suét - bién dang theo
ly thuyét dan hoi phi cuc bo dugdc biéu dién [24-26]:

Oy Cii Cpnp 0 0 0 | (exx — a1 AT = B11AC 0 0 g
Ty é]z C]] 0 0 0 Eyy — apAT — B AC 0 0 @31l (Hx
Riowr =] 0 0 Ce O 0 Yy -10 0 0 {Hy} ;
Oxz 0 0 0 655 NO Yz gis O 0 H,
Oy 0 0 0 0 C55 Yyz 0 615 0
R=(1-£V) ®)
Exx
B, 0 0 0 q15 0]]ey Y 0 0] (H, 0 0
%{By}: 0 0 0 0 ~15} 7xy 0 /\711 0 {Hy}+{0}AT+{0}AC
B; g1 g1 0 0 0|y 0 0 Jjs3ll\H; A33 i3
Yyz

53



Thém, V. V. / Tap chi Khoa hoc Cong nghé Xay dung

trong d6 & = eo a" 1a tham sb phi cuc bo, eo 1a hiing s6 phi cuc bo khong thi nguyén va ¢ 1a chiéu
dai ddc trung cda vat liéu nano, Cii s Gijs Xij» 33, 133 1a cac thudc tinh cia vat liéu FGMag; {0', j} va
{B;} 1an lugt 1a véc to dng suét va chuyén dich tli trudng; {ey;}, {H,,} 12 véc to bién dang va tlf truong;
af; va B7; 1a cdc hé s6 gian nd do nhiét do va do dm.

Trong nghién cifu nay, nhiét do va do 4m dugc gia thiét phan bd déu trén toan bo thm NaPoMag.
Su bién thién ctia nhiét do va do 4m dudc xac dinh lan lugt theo:

AT =(T' -Tp); AC=(C-Co) (7

v6i T 12 nhiét dd 1am viéc (nhiét do mdi trudng) va Ty 12 nhiét dd tham chiéu ban dau; C 12 d6 4m 1am
viéc (d6 &m mdi trudng) va Cy 12 dd 4m tham chiéu ban dau.
Céc thudc tinh vat liéu PoFGMag dudc xac dinh theo Ebrahimi va cs. [27]:

C? c?
Cii=Ch-—=2; Ch=Cpn-=2; Cu=Css=Ce = Ces:
Cxz3 Cs3
- QS.’:C% ~ B 6]2 (8)
q31 =431 — > 415 =415 X11 = X115 X33—)(33+—
Cs3 Cs3
~ q3sksz q33hs3
A33 = A33 + s M3 =ma3 .
Cs3 Cs3
Tich phan cé4c biéu thic trong phuong trinh (6) theo chiéu day tAm ta dudc:
N, A Ap 0 Uo,x Biir Bz O | —Wpax A%,
R Ny =1A12 An 0 Vo,y + (B2 B 0 —Wphyy ¢+ Ag"l Yo
ny 0 0 A66 uoy + Vo,x 0 0 B66 —2wb,xy 0
M, Biy B O uo,x Diy Dip O |(—Wpax E%
R My =|B12 Bj 0 Vo,y +|(D1p Dy 0 —Wpyy ¢+ Egnl Yo
M xy 0 0 Bgs Uupy +Vvox 0 0 Degg _2Wb,xy 0
9
% Qx} — A55 0 {Ws,x} — A™ {'700,)6} ( )
Qy O A44 WS,)’ 15 l,l/()’y
hi2 % Bx d _ Em Wi x Xm lﬁO,x
B[SO h z=E; + X7}
—h)2 y Wiy Yo,y
h/2

RB Z sm( )dz A% (o + voy) = E5\VPwy, — Xiiwo + FISAT + LIAC
—h/2

trong d6 A;j, Bij, Dij, AZ’, Em 1a cac hé sd do ciing dudc xac dinh bdi:

h/2
(Aij. Bij. Dij) = [h/zcij(l,z,zz)dz (ij = 11,12, 66)

h2 o 2o
Ay = Ass = ksf Cssdz; {Ag”l,Eg"l} = f 6131E Sln( ){1 7}dz
—h/2 —h/2
02 72 (10)
1 f/ 15 cos d {F’" L’”} : T sin (%2 {;l n }d
Als = 15 ( )Z, , = - (—) 33,7331 dz
15 ) 33 n h h

h/2 2
~ 2 7TZ ~ T 2 7T
b = [ fooo (5) e () s (5 )
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Phuong trinh chuyén dong dudc thiét 1ap tif nguyén ly Hamilton md rong:
t
f 0(Ilg — Iy —Ilg)dt =0 (11)
0

trong d6 Ig 13 ning luong bién dang, [Ty 13 cong do ngoai luc thuc hién va g 13 dong ning. Bién
phén clia niing luong bién dang c6 thé dudc viét 1a:

5HS =f0'ij58ijdv
\4

(12)
= f (0102, + 008y + 01Oy ay + Tz + Tye0Yy; — BySHy — By6Hy — B.6H.)dV
1%
Thay thé cdc phuong trinh (4) vao phuong trinh (12) ta dugc:
S = f [Nxauo,x — M. 6Wp cx + Nyovo,y — Myowpyy + Ny (S + 5v0,x)] dxdy
= 2MOwp 5y + széws,x + Oy 0wy, (13)
h/2
ff —B, cos )(Mox B cos( )(5;&0} + B,— 2 s1n( )6w0)dxdydz
h/2
Céc thanh phan ndi luc va moémen N; j» Mij, Qi duge xac dinh theo:
h/2
(N, Ny, Ny) = f (0 y, ) 2
h2 14)
h/2 h/2 (
(an My, Mxy) = f (Zo'x’ 207y, ZO'xy) dz; (sz, Qyz) = f ks (O-xz, O-yz) dz
~h/2 ~h/2

v6i kg 12 hé sb hidu chinh cit, trong nghién ctu nay lay ks = 5/6.
Bién phan ctia cong dudc thuc hién bdi cic luc tic dung 1én tim NaPoMag dit trén nén dan hoi
Winkler-Pasternak dugc viét duéi dang ctia Liu va cs. [28]:

- f [N,?(wb + W5) 2 0(Wp + W)x + NIWp + we)y0(Wp + wyly = ki (wp + wy)
=

dxdy  (15)
+ kp ((Wb + We)ux + (Wp + Ws)yy) 0 (wp + wy) }
trong do NB, N;,) , Ngy la céc tai trong trong mit phang; k,, k, 1a cac hé sb nén dan hdi va khong xét
dén hiéu tng phi cuc bo ctia nén.

Trong nghién cifu nay, gia dinh ring tim NaPoMag chiu tdc dong cla nhiét d6 7', do am C, ti
truong ngoai Q, va bd qua tai trong cat. Do do, Ngy =0va Nfc), N)(,) la céc tai trong tac dung trong mat
phing, dugc dinh nghia nhu sau [27, 29]:

220
N? = N9 =N + NT + N€; Nf:Nfz—fh/2f1317dz
h/2 N h/2 B
NI = f (C11@11 + Clzd/zz) ATdz; NyT = f (Cn@zz + Clzdfll)ATdZ (16)
—h/2 —h/2
h/2 o h/2 o
NS = f (Cll,Bll + Clzﬂzz) ACdz; Nf = f (CII,BZZ + CIZ,BII)ACdZ
—h/2 —h/2
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Bién phan ctia dong niing cta tAm dudc viét dudi dang:
STl = f 0(2) (iSit + v6 + wéWw)dAdz
v

Iy (1;1051/10 + VooV + (W}, + Wy) (5(W]7 + WS)) (17)
= f -1 (lﬁt()&/i/b,x + Wp x0ltp + Voéwb,)y + Wb,yéfio) dA
A

+1 (w;,,xéw;,,x + Wh,y(swb,y)

trong d6 (I, I1, I>) 1a cic md men quén tinh khéi lugng dudc x4c dinh bdi:

hi2

(Io, 11, I) :f p(2)(1.2.2%)dz (18)
~h/2

véi p(z) 1a khbi lugng riéng.

Thay thé céc biéu thic (9), (13), (15) va (17) vao phuong trinh Hamilton (11), sau khi thuc hién
phép bién phan va tich phan tiing phan, dong nhit cic hé sb ctia cac bién thién doc 1ap Sug, vo, Swp,
Swy va g, suy ra hé phuong trinh chuyén dong ctia tim NaPoMag theo ndi luc.

Xét riéng bién phan Sug trong (11), sau khi thuc hién phép bién phan va tich phan tiing phan,
phuong trinh can bi“lng cuc bd c6 dang: Ny x + Ny = loiig — I1Wp .

V6i mo hinh phi cuc bo, ndi luc théa man quan hé vat liéu (9) dudi dang: R {N} = (...). Ap dung
toan ti R 1én hai vé ctia phuong trinh cin bang va st dung (9) dé thay thé RN, va RN,,, thu dudc
phuong trinh thi nhit trong hé (19). Cac phuong trinh con lai dugc suy ra tuong tu khi xét cac bién
thién vy, Owp, Ow, va dig.

Trén co s& d6, hé phuong trinh chuyén dong ctia tim NaPoMag c6 xét hiéu ting phi cuc bo dudgc
biéu dién dudi dang cac 4n chuyén vi nhu sau:

oug : Ar1uocx + Asstto,yy + (A12 + Ags) Voxy — B1iWp xxx — (B12 + 2Be6) W xyy
+ A5 o« — R (loiig — W) = 0

Ovo : A2avoyy + AeeVo,xx + (A12 + Ags) Uoxy — B11Wp,yyy — (B12 + 2Bgs) Wp xxy
+ A?l l,be -R (I()i}() — I]Wb,y) =0

Owp 2 Byiutg xxx + (B12 + 2Beg)uo xyy + (B12 + 2Be6)vo,xxy + B22V0,yyy
- Dllwb,xxxx =2 (D12 + 2D¢s) Wh,xxyy — D22Wb,yyyy
+ E5 V0 + R (— (NT +NC+ N - kp) V2(Wp + Wy) — ky (Wp + wy)

(19)

—I()(Wb + WS) — 11 (ﬁo’x + Vo’y) + 12V2Wb) =0
oWyt AssWycx + Agawsyy + FI V200 + R (= (N7 + NC+ N — k) V2(wi, + wy)
=k, (wp + wy) — A’lnsvzlﬂo —IoGWwp + W) — Ih (I)lo’x + i}()’y) + IzVQWb) =0
oo 2Ag11 (u(),x + V()’y) - E’3"1V2wb + E{"szws + X’lnlvzl//o - Xg’gl//o =0.
2.3. Loi gidi Navier
Trong trudng hop tAim NaPoMag chit nhét bon canh tua khép (SSSS), diéu kién bién dudc ap dung
ddi véi chuyén vi ubn, va dudc biéu dién dudi dang:
Vo= Wp = Wy = =M,=0,taix=0,a
0 =Wp =Wy =0 x ! (20)
up=wp =ws=¢o=M, =0, taiy=0,b
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Nghién citu nay xét diéu kién bién SSSS chi d6i v6i chuyén vi ubn ctia tim. Anh hudng ctia nhiét
do va do 4m dudc xét thdng qua cic luc mang nhiét-am, dugc mo hinh héa dudi dang ng suit mang
ban dau trong phuong trinh chuyén dong.

Céc chuyén vi théa man diéu kién bién (20), dudc gia thiét nhu sau:

oo o0
Upne™ cos gxsindy; vg = Z Z Ve sin ¢x cos y

1 m=1 n=1

Me
e

1n

3
I

Wo€™ singxsindy;  wy = Z Z Wgmne'™" sin ¢x sin 9y (21)

m=1 n=1

Ms

S
S
Il

De E M
[ T

Ymne'™" sin ¢x sin Jy

Yo

1l
—_

1n

3
I

trong d6 ¢ = mnx/a, ¥ = nx/b, w 1a tan s6 dao dong riéng (rad/s) va cic hé s6 can xdc dinh 1a
{X} = {Umn, Vinns Womn, Wsimns lﬂmn}T-

Sau khi thay cdc phuong trinh (9), (10) va (21) vao hé phuong trinh chuyén dong (19) va thuc hién
céc bién d6i dai s6, phuong trinh thu dugc c6 dang:

{|&] - ? [m]} 1x) = (0} (22)

trong d6 cdc hé s6 k;j va m;; ciu thanh ma trgn d§ cing [IN(] va ma tran khéi lugng [M ] dudc trinh
bay trong Phu luc A. Céc tin s6 dao dong clia tim NaPoMag dit trén nén dan hdi dudc xdc dinh tit
nghiém cua bai toan tri riéng sau:
|[K] ~ ? [M]| -0 (23)

Giai phuong trinh tri riéng thu dugc céc tin s6 goc wyy, Ung véi cac mode dao dong (m, n); trong
d6 tan s6 dao dong riéng co ban dudc xic dinh theo w = min {w,).
3. Két qua s6 va thao luan
3.1. Kiém chitng mo hinh

Mo hinh dé xuét dugc kiém chiing thong qua hai vi du. Trong vi du thi nhét, xét tim nano dang
hudng, trong d6 céc tan sb dao dong riéng khong thii nguyén @ dudc liét ké trong Bang 2 va dbi chiéu
véi cic két qua giai tich dua trén ly thuyét tim bac ba (TSDT) va ly thuyét tim bac nhit (FSDT) clia
Aghababaei va Reddy [30].

Bang 2. So sanh tan s& dao dong co ban khong thi nguyén @ = wh /p/G clia tim nano déng hudng
(a=b=10, E =30.10° v =0,3)

M6 hinh
& (nm)* o~
FSDT [30] TSDT [30] Bai bao
0,0930 0,0935 0,0933
1 0,0850 0,0854 0,0852
5 0,0660 0,0663 0,0662

Khi khong c6 dién thé ngoai dp dit (V = 0), mo hinh 4p dién-tir dbi v6i tim PoFGMEE suy
bién vé trudng hop 4p tir thuan tdy, nén vi du so sanh thi hai dugc tién hanh kiém ching d6i véi
tan s6 dao dong co ban khong thi nguyén @ = wa’|h \/pC(,F6203/ C1iCoFe,0, cla tim POFGMEE
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(CoFe,04/BaTi03) chiu tif trudng ngoai dp dit. Cac két qua so sanh dudc trinh biy trong Bang 3 va
dugc dbi chiéu v6i mo hinh gidi tich st dung ly thuyét HSDT-4 trong [27]. Céc thong sb vt liéu clia
CoFe;0y4 dudc trich dan theo [27].

Bang 3. So sanh tin s6 @ ctia tim POFGMEE (CoFe,04/BaTiO3)
(€=0,a=>b=100h; ey =0,2; Q=-500; K,, = K, = 0)

Kiéu phan b p=02 p=1 p=5
bot rong [27] Bai bao [27] Bai bao [27] Bai bao
FGMag-1 3,27061 3,23256 3,46440 3,34986 3,86939 3,74004
FGMag-1I 3,43608 3,37691 3,59537 3,47099 3,93172 3,79315

Cac két qua so sanh trong Bang 2 va Bang 3 cho thiy sai sb rat nho, qua d6 khang dinh d¢ tin cy
clia md hinh dé xuét va chuong trinh tinh todn, dong thdi 1am co s8 cho cac phan tich tiép theo.

3.2. Phdn tich dao déng tdm NaPoMag ddt trén nén dan hoi Winkler-Pasternak

Trong muc nay, tin sd dao dong ctia cic thim NaPoMag (CoFe,Oy4/Terfenol-D) dit trén nén dan
hdi Winkler-Pasternak nhu minh hoa trong Hinh 1 dugc nghién ctiu va thao luan chi tiét. Kich thudc
tam theo chiéu rong @ = 1 (nm). Cic thong sb vat liéu ctia CoFe,04 dudc lay theo [31, 32]: Cy; =
Cy = 286 (GPa), C33 = 269,5 (GPa), C13 = Cp3 = 170,5 (GPa), C1, = 173 (GPa), Cs5 = 45,3
(GPa), C¢s = 56,5 (GPa), g31 = 580,3 (N/Am), g33 = 699,7 (N/Am), g5 = 550 (N/Am), a11 = ax =
10.1075 (K™, B11 = 0, B2y = 1,1.107* (wt.% H20)7!, y1; = 800.107° (Ns>’C2/2), 33 = 930.107¢
(Ns2C72/2), p = 5300 (kgm ™), A33 = 3,2.10~* (H/m?K), n33 = 0. Cic thong sb vt liéu ctia Terfenol-
D dudc cho nhu sau theo Calkins va Flatau [33, 34]: C;; = Cy = 110 (GPa), C33 = 120 (GPa),
Ci3 = Cp3 = 60 (GPa), C» = 55 (GPa), Css = 25 (GPa), Ces = 30 (GPa), g31 = 90 (N/Am),
g33 = 100 (N/Am), ¢15 = 90 (N/Am), a1 = @z = 12.107° (K™, 811 = 0, B»n = 0,06 (Wt.%
H,0)7!, y11 = 800.107% (Ns2C72/2), y33 = 900.107% (Ns2C2/2), p = 9250 (kgm™>), 133 = 2,8.10~*
(H/m’K), 133 = 0.

Céc cong thic tinh tan sd va tham sb do ciing nén dan hdi khong thi nguyén:

2 4 2

- a pCOF€203 a a

o=l [LCra0 g, L K =k 24)
h N CiicoFe,05 T RC, PR,

a. Anh hudng ctia tham s6 phi cuc bd va cdc dic trung vat liéu tim NaPoMag

Bang 4 va Hinh 2 trinh bay su bién thién clia tan sb dao dong riéng co ban khong thd nguyén @
ctia tim NaPoMag theo tham sb phi cuc bo & va chi sd phan bd thé tich p. Cac két qua sd chi ra ring
tan sd dao dong tu do gidm khi tham s phi cuc bd & ting. Hién tuong nay phan anh tic dong ctia hiéu
ting phi cuc bo 1am suy gidm do ciing cia vt liéu; do d6, khi & giam, do cing ctia tim NaPoMag ting
1én va dat gid tri 16n nhét trong trudng hop & = 0. Ngoai ra, khi chi s6 ty 1¢ thé tich p ting, tn s6 dao
dong riéng ctia tim NaPoMag c6 xu huéng giam. Nguyén nhan 13 do tim nano FGM dudc céu tao tir
hai pha vat liéu CoFe,04 va Terfenol-D; trong d6, Terfenol-D c¢6 mo6 dun dan hoi nhé hon. Viéc ting
p 1am ting ham lugng Terfenol-D trong két cAu, dan dén do ciing tdng thé cia tAm giam, tir d6 1am
giam tan sd dao dong riéng.

Anh hudng ciia kiéu phan b6 bot réng va hé s 16 réng ey dén tin sb @ ciia tim NaPoMag dudc
minh hoa trong Hinh 3. Khi tim khong dit trén nén dan hdi (Hinh 3(a)), tan s6 dao dong ting theo
eo d6i v6i cac ki€u phan bd bot réng PB-X va PB-V, trong khi lai ¢6 xu hudng giam dbi véi cic kiéu
PB-U va PB-A. Su khéc biét nay xuit phat tit dic diém phan bd vit liéu theo chiéu day cta tim, dan
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dén miic do suy giam do cting hiéu dung khéc nhau giita cac kiéu phan bd. D6i vi moi gid tri clia e,

tAm c6 kiéu phan bd bot réng PB-X ludn cho tan s6 dao dong riéng 16n nhét, cho thiy kiéu phan b

nay duy tri dugc do ciing két cAu tt hon so véi cac dang con lai.

Bang 4. Anh hudng ciia tham s phi cuc bd & va chi s ty 18 thé tich p dén tan sb dao dong riéng @ ctia tim
NaPoMag trén nén dan héi (b = a = 100 nm; a/h = 20; eg = 0,2; Q=0; K,, = 10, K, = 10; AT = AC = 0)

KPB & (nm) p=0 p=1 p=3 p=>5 p=10
PB-U 0 8,0052 6,0517 5,4733 5,3162 5,1661
PB-U 1 7,9973 6,0457 5,4679 5,3110 5,1610
PB-U 3 7,9350 5,9986 5,4254 5,2696 5,1208
PB-U 5 7,8147 5,9077 5,3431 5,1897 5,0432
PB-U 7 7,6441 5,7787 5,2264 5,0764 4,9331
PB-U 9 7,4330 5,6191 5,0821 4,9362 4,7969
PB-X 0 7,5030 5,8560 5,3484 5,2059 5,0670
PB-X 1 7,4809 5,8388 5,3327 5,1906 5,0521
PB-X 3 7,4445 5,8104 5,3068 5,1654 5,0276
PB-X 5 7,3945 5,7714 5,2711 5,1307 4,9938
PB-X 7 7,3316 5,7223 5,2263 5,0870 4,9513
PB-X 9 7,2569 5,6640 5,1731 5,0352 4,9009
PB-A 0 7,4633 5,7954 5,2858 5,1472 5,0152
PB-A 1 7,4414 5,7783 5,2703 5,1320 5,0004
PB-A 3 7,4052 5,7502 5,2447 5,1071 4,9761
PB-A 5 7,3555 5,7116 5,2094 5,0728 4,9427
PB-A 7 7,2929 5,6630 5,1652 5,0296 4,9007
PB-A 9 7,2186 5,6053 5,1125 4,9784 4,8508
PB-V 0 7,4633 5,8428 5,3389 5,1931 5,0474
PB-V 1 7,4414 5,8256 5,3232 5,1779 5,0326
PB-V 3 7,4052 5,7973 5,2973 5,1527 5,0081
PB-V 5 7,3555 5,7583 5,2617 5,1181 4,9745
PB-V 7 7,2929 5,7094 5,2170 5,0746 4,9322
PB-V 9 7,2186 5,6512 5,1638 5,0229 4,8819

05 +107 05 <o 45
p o0 &(m) D oo &(m)

(a) PB-U (b) PB-X
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(c) PB-A

0.5

&(m)

(d) PB-V

55

45

Hinh 2. Anh hudng ctia tham s & va p dén tin sb @ ctia tim NaPoMag trén nén dan hoi

(b =a =100 nm; a/h = 20; e = 0,2; Q = 0; K,, = 10, K,, = 10; AT = AC = 0)

6.6

— K, 10, K, -1
- --=-PB-U .
32 PP A ———— == :
T : /
.s...'...f ............. ’
3.15

~~~~~
e

3.1
K,—0, K,=0 -
= PBU e
3.05 - = PB-X .
—PB-A ™
——————— PB-V

€y

(b) K, = 10; K, = 1

(a K,=K,=0

Hinh 3. Anh hudng ctia kiéu phan bd bot rong va hé s6 16 rong ey dén tin sb @ ctia tim NaPoMag
b=a=100nm;a/h=20;p=1;6=1nm; Q=0; AT = AC =0)

Khi tAm dugc dit trén nén dan hoi (Hinh 3b) vé6i cic hé s6 nén khong thd nguyén K, = 10 va
K, = 1, tan s6 dao dong riéng @ ctia bdn tAm véi kiéu phan bd bot réng PB-U, PB-X, PB-A va PB-V
déu ting khi hé s6 16 rdng ey ting. Trong trudng hop nay, tim c6 ki€u phan b bot réng PB-U cho tan
s6 dao dong riéng 16n nhét, trong khi tim PB-A cho gi4 tri nhd nhit. Nguyén nhan 1a do su c6 mit
ctia nén dan hdi 1am ting dang ké do ciing tdng thé clia hé két ciu, qua d6 1am suy gidm vai trd chi
phdi ctia phan bd vat lidu theo chiéu day; vi viy, su khac biét vé do ciing gilta c4c ki€u phan b bot
rong tré nén kém 16 rét hon so véi trudng hop khong c6 nén dan hdi.
a. Anh hudng ctia cic hé sb do cling nén dan hdi Winkler-Pasternak

Hinh 4 va Hinh 5 minh hoa anh huéng clia cc hé sb nén dan hoéi Winkler—Pasternak, K,, va K,
dén tan s6 @ cta tim NaPoMag. Két qua cho thdy mot xu hudng nhéit quan: khi cac hé sb nén dan
hdi ting, tan s6 dao dong riéng clia tAm nano ciing ting dbi vdi c4 bon ki€u phan bd bot rong PB-U,
PB-X, PB-A va PB-V. Diéu nay cho thiy nén dan hdi gép phan lam ting do cing tong thé ctia hé két
cAu, tir d6 1am ting tan s6 dao dong riéng ctia tim. Bén canh d6, cac két qué trong Hinh 4 va Hinh 5
cling chi ra rang &nh hudng ctia hé sb nén Pasternak K, dén do cting hiéu dung ctia két cAu 1a rd rét
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hon so v6i hé s6 nén Winkler K, do K, xét dén tuong tc trugt cit trong nén dan héi, qua d6 1am

tdng do cing tong thé clia hé.

5
45 Pt
4
13
35t
e PE_X
3 = =1 x 107"m
- - E=5x10"m
— =10 x10""m
2.5
0 5 10 15
K-",‘
(b) PB-X; K, =0
5
45 et
4
I3
35
277 PE V
3 el =1 % 107"m
- - E=5x10""m
— =10 x10"%m
2.5
0 5 10 15
K’TL‘

(d) PB-V; K, =0

Hinh 4. Anh hudng ctia céc hé sb d6 cing nén dan hdi K,, dén tan sé @ clia tim NaPoMag
(b=a=100nm; a/h=20;p=1;Q=0; AT = AC =0)

5
45 s
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0 5 10 15
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6
I35
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(a) PB-U; K,, =0
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8

7 .—‘:':.'

6

I35

4 PB-A
- =1x10""m

3 - = &{=5x10"m
— =10 x10""m

2

0 0.5 1 1.5 2 25 3

K,
(¢) PB-V; K, =0

PB-V

——f=1x10""m
- = £=5x10""m
—E=10x10""m

0.5 1 1.5 2 2.5
K

(d) PB-A; K, =0

Hinh 5. Anh hudng ctia céc hé s6 do cting nén dan hdi K, dén tan s @ ctia tim NaPoMag
(b=a=100nm; a/h=20;p=1,Q=0; AT = AC =0)

b. Anh hudng ctia tit trudng ap dit

7
6.5 T
. -
I3
557 -
ol PE_U
5 el =1 % 107"m
- = £=5x10"m
—& =10 x 10%m
4.5
-0.01 -0.005 0 0.005 0.01
Q
(a) PB-U
6.5
6 it
I3 55 .
S . PE_A
el = 1% 107"m
- - &=5x10""m
—E=10 x10""m

-0.005 0
Q

0.005 0.01

(c) PB-A

6.5 —
6 it
I3 55 .
st” PE_X
e f=1x 10 "m
- - (=5x10""m
— =10 x 107"m
4.5
-0.01 -0.005 0 0.005 0.01
Q
(b) PB-X
6.5 —
6 Pite
I3 5.5 ..
S - FB Vv
——£=1x10""m
-=E=5%x10"m
—& =10 % 107"m

-0.005 0
Q

(d) PB-V

0.005 0.01

Hinh 6. Anh hudng ciia tir trudng ap dit Q dén tan sé @ ciia tim NaPoMag trén nén dan hdi
(b =a=100nm; a/h = 20; 9 = 0,2; K,, = 10K, = 10; AT = AC = 0)
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Anh hudng ciia tir trudng 4p dit dén tin s6 dao dong riéng @ ctia tim NaPoMag dudgc thé hién
trong Hinh 6. Két qua cho thiy khi tham s6 tif trudng Q ting, tan s6 dao dong riéng @ clia cac tAim
NaPoMag dit trén nén dan hoi cling ting theo. Diéu nay cho thiy tif trudng ngoai gop phan lam ting
dd ciing hiéu dung ctia tim NaPoMag, qua d6 lam ting tan s6 dao dong riéng, do hiéu ting ghép ti-dan
hdi gifta trudng tlf va trudng co hoc, 1am phat sinh cic ting suét tif cdm Gng va 1am ting do cing hiéu
dung ctia tAm.

d. Anh hudng ciia cac kich thudc hinh hoc

Anh hudng ctia ty s& hinh hoc b/a (v6i a cb dinh va b thay ddi, khong xét dén tic dong cia
tl trudng, nhiét do va d6 4m bén ngoai) dén tin s6 dao dong riéng khong thd nguyén @ ciia tAm
NaPoMag dugc minh hoa trong Hinh 7. Két qua cho thiy khi ty sb b/a ting, tan s6 dao dong riéng
clia tAm gidm, phan dnh su suy gidm dd cting hiéu dung cta két cAu. Nguyén nhén 1a do khi b ting,
chiéu dai nhip udn cta tim theo phuong dao dong ting, l1am ting d6 mém udn va giam kha ning
chdng bién dang, tir d6 dan dén su suy giam tan s6 dao dong riéng.

3 52
K, =0, K, =0 o K, =10, K, =1

f— 5 RS TPB-U

25k --PB-X .‘-\‘. --PB-X

\ —PB-A a8} %y —PB-A
4.6

3 2 I3
44
2
15 4.2
4
1 3.8
1 1.5 2 2.5 3 3.5 4 1 1.5 2 2.5 3 3.5 4
b/a b/a
(a) Kw=Kp=0 (b) KWZIO;KI,:l

Hinh 7. Anh hudng ctia ty s6 hinh hoc b/a dén tan s6 @ clia tim NaPoMag
(a@a=100nm; a/h =20;e9=0,2; p=5;& =5nm; AT = AC =0)

6.5 6.5

45— ="5x<10" . = 5107 e
—-0-0 e --a=0 e
— 0 = 45 % 107 —0 =45 x% 10"
4 3.5
20 30 40 50 60 70 80 20 30 40 50 60 70 80
a/h a/h
(a) PB-U (b) PB-X
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6.5

PB_V e
- 5x10° T [ p— T R ..
Hn=0 N Hl-—a-o R
— Q0 =+5x10" —Q=45x10*
3.5 3.5
20 30 40 50 60 70 80 20 30 40 50 60 70 80
a/h a/h
(c) PB-A (d) PB-V

Hinh 8. Anh hudng ctia ty sb hinh hoc a/h dén tan sé @ clia tim NaPoMag
(b=a=100nm; ey = 0,2; p =5; ¢ = 5nm; K,, = 10K, = 10; AT = AC = 0)

Tiép theo, anh hudng ctia ty sb a/h dén dic tinh dao dong cdia tim dugc phan tich c6 xét dén tic
dong ctia ti trudng. Két qua trinh bay trong Hinh 8 cho thiy tan sd dao dong @ phu thudc dang ké vao
ty s6 a/h khi c6 tif trudng tic dung. Cu thé, tif trudng duong (Q > 0) 1am ting tan s6 dao dong, trong
khi tir trudng am (Q < 0) c6 xu huéng 1am gidm tin s6. C6 thé nhan thiy ring su gia ting cla ty sd
a/h 1am cho su khéc biét giita cdc tan sb tuong ng vdi tif trudng duong va Am ngay cang 16n. Piéu
nay cho thiy su tuong tic gitta hinh hoc va tif trudng chi phdi dang k€ dic tinh dao dong ctia két ciu
nano, dic biét dbi véi tim mong.

c. Anh hudng ctia nhiét do, do 4m

Hinh 9 va Hinh 10 1an lugt trinh bay dnh hudng cla su gia ting nhiét d6 va d6 4m mdi trudng
dén tan s6 dao dong riéng clia tim NaPoMag v6i bon kiéu phan bd bot réng (PB-U, PB-X, PB-A va
PB-V). Céc két qua dudc khéo sat trong hai trudng hop: tim khong dit trén nén dan hoi (Hinh 9(a),
10(a)) va tAm dit trén nén dan hoi (Hinh 9(b), 10(b)). Két qua cho thiy khi nhiét do va do Am moi
truong ting, tn s6 dao dong riéng khong thd nguyén ctia tAm déu c6 xu huéng giam.

3 52k

-=PB-TU
--PB-X

51E

5

4.7

4.6

K,=0 K,=0 el K,=10, K, =1

---PB-U

| 4.5
5 10 15 20 25 30 5 10 15 20 25 30
AT AT
(@) Ky, =K, =0 (b) K, = 10; K, = 1

Hinh 9. Anh hudng cia sy thay d6i nhiét dd AT dén tan sd @ ciia tim NaPoMag

(b=a=100nm; a/h=20; p=15;¢=5nm; Q

0; AC = 0)
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Su gia ting nhiét do giy giin nd nhiét trong vat liéu, nhung do bi rang budc bdi diéu kién bién
nén xuit hién ting suit nén noi sinh, lam suy giam do ciing hiéu dung va din dén giam tan sb dao
dong riéng. Tuong tu, su gia ting ham lugng 4m gay giin nd do 4m, dong thdi 1am ting khdi luong va
giam mo dun dan hdi, tir d6 1am giam tan sd dao dong. Két qua thu dudc khang dinh anh hudng dang
ké ctia diéu kién nhiét-Am dén tan s6 dao dong riéng clia tAim NaPoMag, nhin manh vai trd ctia cic
yéu td moi trudng trong thiét ké va tdi uu héa két ciu tAm nano thong minh.

2.8 52¢
K, =0 K, =0 | el
——PB-0 || | T
26~ --PB-X SUp o Tl
CUTaal —PB-A CTiao T

ﬁﬁﬁﬁﬁ

wn

IR, =M, K, =1
J—— T
48t --PB=X
—PB-A
,,,,,,, PB—V
1.8 4.7
0 0005 001 0015 002 0025 003 0 0005 001 0015 002 0025 003
AC AC
@ K, =K, =0 (b) Ky = 10:K, = 1

Hinh 10. Anh hudng ctia sy thay d6i do 4m AC dén tan sb @ ctia tim NaPoMag
(b=a=100nm; a/h=20;p =5, =5nm; Q =0; AT =0)

4. Két luan

Bai bdo da phat trién mot mo hinh giéi tich dua trén 1y thuyét thm SFSDT két hop 1y thuyét dan
hdi phi cuc bd (NET) dé khao sat c6 hé thdng anh hudng ctia cdc yéu t6 vat ly, hinh hoc va méi trudng,
bao gdm tham s6 phi cuc bo, nén dan hoi, tinh chét vat lidu, kich thudc hinh hoc, nhiét o, do 4m va tit
truong, dén dic trung dao dong ctia tim nano FGM 4p tir c6 16 rong dit trén nén Winkler-Pasternak.
Nghién cifu niy mé rong cdc mo hinh hién c6 khi xét dong thoi tic dong clia nhiét do-dd Am-ti trudng
va phan bd tif trudng theo chiéu day trong ciing mot khuon khd phan tich. Két qua thu dudc cho thiy
tan s6 dao dong co ban khong thit nguyén clia tim chiu 4nh hudng dang k€ clia cac yéu td néu trén.
Trén cd s do, cac két luan chinh dudc rit ra nhu sau:

- Tan s6 dao dong giam khi tham sb phi cuc bo hoic chi s6 ty 18 thé tich ting, phan dnh sy suy
giam d0 cung hiéu dung cua vit liéu.

- Kiéu phan b bot rong va hé s6 16 rong anh hudng rd rét dén tin sd; nén dan hoi lam ting do
cling tong thé va gidm su khéc biét gitta cdc ki€u phan bd. Hé s6 nén dan hoi K, c6 4nh hudng rd rét
hon K,,.

- T trudng 4p dit 1am ting tan s6 dao dong thong qua hiéu ting ghép ti-dan hoi.

- Tan s6 dao dong giam khi ting ty 1& cac kich thude hinh hoc, su tuong tic giita kich thudc hinh
hoc va tif trudng chi phdi dic tinh dao dong, dic biét vdi cic tAm mong.

- Ting nhiét d6 va do 4m mai trudng 1am gidm tan s6 dao dong do ¥ng suit nén ndi sinh va gidm
mo dun dan hoi, nhiAn manh vai trd quan trong clia cc yéu to mdi trudng trong thiét ké va tbi uu hoa
tAm nano thong minh.
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Phu luc A.
ki = —6%A1 - 9%Aes; k1o = —s9 (A1 —Age); ki3 = ¢ Bi1 + 607 (Bio +2Bee) s kia = 0;
kis = AL k= —6*Age — 9P Ax; ko3 = 70 (Bio +2Bes) + By kaa =0;  kos = 9AY;
k33 = —6*Dyy — 26*9% (D12 + 2Dge) — 9*Daa

—(1+& (% + %)) (k — (NF + N" = k) (67 + 9))
kag == (1+&8 (¢ +97)) (k — (N + NT + NC = k,) (¢ + 97)): kas = —Ef; (¢ +97);
kas = =A% = PAY, - (1+ € (67 + %)) (kn — (N7 + NT + N€ k) (67 +9%)):
kas = (ATs + F3) (¢ +9%)s kss = X7 (67 +0%) + X24:
myp = my = (1 +& (5'2 + 192)) Ly my3 = —(1 +& (5'2 + 192)) he;  myg = - (1 +& (5‘2 + 02)) T
myz == (1+& (P +P) 0o myy=-(1+8(F+97) L my =-(1+8 (¢ +9)) s
msz = (1 +& (g2 + 192)) (11 +1; (g‘2 + 192)) M3y = (1 +& (g2 + 02)) (11 + s (g2 + 192)) :

Mmy4 = (1 + & (?2 + 192)) (11 +1s (§2 + 192)) miy = mys = mps = m3s = mys = mss = 0.

s
’
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