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TOM TAT

Bai bao st dung ly thuyét bac cao bbn an chuyén vi (HSDT-4) dé xay dwng I&i gidi gidi tich phan tich dao dong
tw do cta tAm chir nhat lam tir vat liéu composite gia cuwdng bdi cac éng nano carbon don vach (FG-CNTRC). Cac
phwong trinh can bang déng duoc thiét 1ap tlr nguyén ly Hamilton. D6 tin cay cla thuat toan va chuwong trinh tinh
dwoc kiém chirng qua so sanh véi cac két qua da cong bd. Cac khao sat sé trinh bay dé& danh gia sw anh huéng cla
d&c trwng vat liéu, kich thwéc tAm, kidu phan b hay ti 1& thé tich 6ng nano carbon dén tan sé dao déng tw do cla
tAm composite FG-CNTRC.

Tu khéa: Vat liéu composite 16p, ly thuyét bdn an chuyén vi, phan tich dao déng tw do, dng nano carbon.

Laminated Composite Plate Reinforced by Carbon Nanotube:
Free Vibration Analysis using Four-variable High order Plate Theory

ABSTRACT

In this paper, a four-variable refined plate theory (HSDT4) was used for free vibration analysis of functionally
graded carbon nanotube-reinforced laminated composite plates. Equations of motion for simply supported
rectangular plates were derived using Hamilton's principle. Comparison studies were carried out to verify accuracy of
the present model. New parameter studies regarding the influence of material properties, plate geometry, CNT

volume fraction, CNT distribution types, on the natural frequency were performed in detail.

Keywords: Composite material, four-variable refined plate theory, free vibration, carbon nanotube.

1. DAT VAN DE

Dua trén y tudng vé su phan b co tinh cta
vat lidu c6 co tinh bién thién (Functionally
Graded Material - FGM) va nhiing tinh chat co
ly dic biét cia 6ng nano carbon, Shen & Zhang
(2010) da dé xuat vat liéu composite c6 co tinh
bién thién véi cot sgi 14 cac 6ng nano carbon
(Functionally  graded carbon  nanotube-
reinforced composite - FG-CNTRC), trong dé cac
ong nano carbon dudc sip xép, phan bs theo mot
quy luat nao d6 trén nén la vat liéu polyme hoic
kim loai. Hién nay, vat liéu FG-CNTRC da dugc
cong déng cac nha khoa hoc va cong nghé trén

thé gidi cong nhan 1a loai vat liéu composite thé

hé mdéi, thu hiut sy quan tadm nghién ctu va ap
dung trong nhiéu linh vyc khac nhau.

St dung ly thuyét bién dang cit bac nhit
(FSDT), Zhu & cs. (2012) d4 tién hanh phéan tich
udn va dao dong tu do cia cac tAm mong va tdm
c6 chiéu day trung binh dugc lam ti composite
cot soi 1a cac 6ng nano carbon don vach béng
phuong phap phan t&  h#iu  han.
Wattanasakulpong & Ungbhakorn (2013) da
phan tich ting xt uén, 6n dinh va dao déng cta
didm FG-CNTRC trén nén dan hoi Pasternak.
Dua trén ly thuyét dan héi ba chiéu, Alibeigloo
& Liew (2013) da khdo sat uén cua tdm hinh
chii nhat FG-CNTRC bén bién tua khép chiu tai
trong co - nhiét. Theo huéng ti€p can gidi tich,
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Huang & cs. (2017) da tién hanh phan tich tinh
va dao dong tu do ctia két cAu tAm composite
nhiéu 16p gia cudng CNT theo 1y thuyét bién
dang cit bac nhat don gian.

Cac nha khoa hoc Viét Nam trong nhiing
nam gin day da c6 nhiing déng gép noéi bat
trong linh vuc cd hoc vat liéu méi va két cau
bing vat liéu méi. C6 thé ké dén vai cong bd
nhu Ducong Thanh Huén & cs. (2015; 2015) da
st dung cac ly thuyét tdm bac cao (HSDT-S)
don gian va ly thuyét t&m bac cao (HSDT) dé
phan tich tinh va dao dong tu do két cau tadm
lam bing vat liéu cé co tinh bién thién. Bang
viéc st dung 1y thuyét bac cao boén a4n chuyén
vi céi tién (HSDT-4) va dang nghiém Navier
(chubi Fourie kép) (Thadm & cs., 2019), céc tac
gia da phan tich dao doéng tu do cua tdm
composite 16p gia cudng bang éng nano carbon
don vach (single-walled carbon nanotube -
SWNT), tich hgp 16p vat liéu ap dién.

Su phat trién cta vat liéu doi héi cin c6
nhiing mé hinh pht hop dé phan tich, tinh toan
cic két cadu duge lam ti nhiing loai vat liéu méi
nay. Do chinh xac, tinh hiéu qua khi phan tich
{ing xU co hoc ctia ké&t cdu phu thuodc nhiéu vao
1y thuyét tinh toan. Ly thuyét dan hoi ba chiéu
(3D) dugc cho 1a 1y thuyét chinh xac. Tuy nhién,
cac phuong trinh dan héi 3D cho tdm, vo nhiéu
16p thuong cong kénh vé mat toaAn hoc nén gip
nhiéu khé khan khi gidi, dic biét 1a d6i véi cac
diéu kién bién va tai trong phtic tap. Mot trong
nhiing lua chon thay thé phé bién cho 1y thuyét

/y

3D 1a cac ly thuyét don 16p tuong duong (ESL),
chdng han nhu ly thuyét c6 dién (CST), ly
thuyét bac nhat (FSDT) va ly thuyét bac cao
(HSDT) da duge cac nha nghién ctGu trinh bay
dé giam céc phuong trinh dan hoi 3D thanh cac
biéu thtc hai chiéu (2D). Trong cac ly thuyét
don 16p duong ké trén, 1y thuyét td&m c6 dién
(CST) chap nhan gia thiét Kirchhoff, bé qua
bién dang cit ngang, do vay chi phit hgp véi tAm
mong. Ly thuyét bién dang cit bac nhat (FSDT)
c6 ké dén bién dang cit ngang, phu hop véi tAm
c6 chiéu day trung binh nhung phai st dung
dén hé s6 hiéu chinh cit. P& sat hon quy luat
phan bd ctia ting suét cAt ngang doc theo chiéu
day tdm, cac ly thuyét bién dang cit bac cao
(HSDT) da dudc dé xudt, tuy nhién viéc st dung
cac ly thuyét nay dan dén 1oi gidi cong kénh,
phiic tap do s6 4n chuyén vi 16n.

Nhiing ndm gan day, 1y thuyét bién dang
cit bac cao bén an chuyén vi (HSDT-4) dudc
phat trién trén co sé phan tich cic thanh phin
chuyén vi 1am hai thanh phan: Thanh phan do
mo men udn va thanh phan do luc cit giy nén.
Ly thuyét nay c6 cac uu diém nhu it &4n s0,
khong can st dung dén hé s6 hiéu chinh cit va
thoa man diéu kién tng suét cit ngang bi triét
tiéu tai hai bé mit cia két cdu. Trong nghién
ciu nay, nhém tac gid st dung ly thuyét tdm
bon 4n cai tién (HSDT-4) cia Quéc & cs. (2019)
dé xay dung 16 giai giai tich phan tich dao déng
tu do ctia t&m composite nhiéu 16p gia cuong 6ng
nano carbon.
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2. PHUONG PHAP NGHIEN CUU
2.1. D6i tugng nghién citu

Déi tugng nghién cttu trong bai bio nay la
ta&m composite 16p cau hinh vudng géc phan xting
c6 chiéu dai a, chiéu rong b, d6 day h (Hinh 1).
MB&i 16p 1a vat liéu FG-CNTRC véi bon kiéu phan
bs CNT theo phuong chiéu day cua tung 16p
composite (UD, FG-V, FG-X, FG-0). Ty phan thé
tich xac dinh theo (Quoc & cs., 2019; Vi Van
Tham & cs., 2019; Quoc & cs., 2021):

UD: V,

CNT (z) = VSNT

. Z—7Z
FG-V: VCNT (z) = 2VCNT — k
Zi %y
FG-0:
* |ZZ_Zk T2y (1)
VCNT (z) = 2VCNT 1-
Zi ~ %y

FG-0:

k+1

1_|22—Zk—z

Venr (z) = 2V(’;NT

Zea %
Trong d6, Voyr(z) 12 ty phan thé tich CNT
tai toa do z; z, va z,,, 1a khoang cach ti cac bé
mat dudi va trén caa 16p thi k dén mét gitia cha
tdm (z = 0); Voyp 12 ti 16 phan tram thé tich
tong cia CNT dudce x4c dinh theo cong thiic 1a:

* w
VCNT ] Wonr * (pCNT Ip" )CTT(pCNT /pm)WCNT o

Trong d6, woyr 12 khoi Iugng CNT; p™T va
p™ 1an lugt 1a khéi lugng riéng cua CNT va vat
liéu nén.

Cac tinh chat hiéu dung cta vat liéu
composite nano carbon don vach (SWCNT)
trong tung 16p dugc tinh nhu sau (Zhu &
cs., 2012):

E,, (2) = 0, Vo EX +V, (B
L Vea® V,0)
B, EY B
Voo \Y
L _ Vol V.0, @)
G, G G
p(z) = Vo @p™" +V_(2)p™;

_ * CNT m
Vig = VCNTVIZ + Vm (Z)V

Dwong Thanh Huan, Vi Van Thdm

Trong d6: EI,ES" va G{"'1a mé dun dan
héi Young va mé dun dan héi trugt cia CNT; E |
va G, 12 mé dun dan héi Young va mé dun dan
héi trugt cta vat liéu nén ding hudng; V. (z) 1a
ty phan thé tich cua vat litu nén (V,(z) +
Venr(@) =1); ny, My, M3 12 cac tham s6 hiéu dung
phu thudc vao khoéi lugng cia CNT.

2.2. Phuong phap nghién ctiu

2.2.1. Ly thuyét tim bdc cao bén 4an
chuyén vi
Bai bao st dung ly thuyét bac cao bén 4n
chuyén vi dé xay dung 15i giai giai tich cho bai
toan dao dong tu do ctia tidm composite 16p.
Theo Quoc & cs. (2019; 2021) trudng chuyén vi
dugc biéu dién dusi dang:
ow_(x,y,t
u(X’YaZ’t):uO(Xryat)_Zw
X
ow (x,y,t
—f(z) s( y );
ox
ow, (x,y,t)
oy
ow (x,y,t
—f(z) s( y );
oy
W(X,y,z,t) =W, (%y,t) + W (xy,t)

V(x,y,z,t):vo(x,y,t)—z 3)

Trong d6, u,, v, 1an lugt 1a cac thanh phan
chuyén vi mang cta diém bat ky trén mit trung
binh theo phudng x, y; w, va w, la cac thanh
phan d6 vong do mémen uén va do luc cit gay
ra; f(z) 1a ham d&c trung cho quy luat bién thién
cia Gng sudt cit ngang theo chiéu day t&m.
Theo Quoc & cs. (2019; 2021) ham:

2
f(z) =z —l+§(iJ théa man diéu kién tng
8 2lh

t

sudt cit ngang tai mit trén va dudi cia tdm

bing khong
Trudng bién dang:
e| (2] [«) [fox
&, 83 K‘y’ f(z)Kz
Vo (=102 T2 f(z)x, (4)
¥y, 0 0 g(2)v,,
Y 0 0 g(2)y;,
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Trong do:
80:%; 80 :%; 'YO :aﬁ_'__o;

*ox 7 oy Y oy ox
& _82Wb - :_82wb.

* ox? Y oy*

0 =[1-t @] =2 (5)
g@)=|1-f'(2) |; ¥ =——;

* ox>

- :_62ws‘ ) :_Zﬁzwb.

y 2’ Xy 6X6y,

. o*w oW ow
K =-9 s; ,Ys — s : ,Ys — s

i oxoy ¥ ox Y 0oy

Quan hé {ing suit - bién dang cua 16p vat
liéu composite thi k:

e a o o ol
, Q, @, 0 0 0] |z
ot =0 0 Q, 0 0| iy,
G, 0o 0 0 Q, O |y,
o, L0 0 0 Q] [,

6)

trong d6, cac hiang s6 vat liéu trong hé toa
do tdm (Qﬁ) duge xac dinh theo (Reddy, 2006).
2.2.2, Hé phuong trinh chuyén déng

Hé phuong trinh chuyén dong dugc thiét 1ap
nhd nguyén ly Hamilton va ¢6 dang nhu sau

NX A11 A12 A16 B11 B12 Bw
Ny A12 A2z A26 B12 Bzz Bze
NXY AIG AZG A66 _B16 Bze BGG_
M: Bll B12 B16 D11 D12 Dw
b

My =/|B, B, B, b, D, D,
M:y _Blb B26 66 _D16 D26 Des
M B, B. By| |Dn D Di
M B, By By| |Dn D Dy
M || ||Bis B B [P Di Dy
Q| _| AL AL [T

Q] [A% Asll.

N h
(A;, B, D, B, DI HY) = ;.[h

k

Aisj:iﬁm[1‘f'<z)]2@ij)kd2; ij=45
ko1 ok
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(Quéc & cs., 2019):
ON 0N >
du, : X u
ox
oN
y
oy Jy
82Mb aZMb aZMb
. X +2 = 4 z
ox” oxdy  oy®
L . )
0x 0y
-LViw, J, W
s 2N\IS AVE s
: aZMX 0 Mxy . 0 My . anz
¢ %2 0x0y oy* ox

yz

+

oy

ov_:

0

ow +q=

I(w, w)

(7)

ow

+

+q=I (w, W)

2 s

@Yy g e K W
0x 0y

trong do:

(NLNN ) va (M2, M2, M M2, M: MY, )
la cac thanh phan luc mang va mo6é men udn,
xoén cta két cdu tdm téng thé. Cac gia tri noi
luc nay dugce tinh theo cong thiic 8a:

N A B B g’

Y (1,2,7,1(2), 2 (2), £ (2)@Q,),dz  1,j=1,2,6

M'i=|B D D°|-«" (8a)
M® B* D H° K°
Hay theo cong thtc 8b.
B S S s 171 0
Bu B12 B16 Ex
S S S 0
B12 Bzz Bze &y
s s s 0
_B16 Bze Bee Yy
D, Dj, D <
s s s b
D12 Dzz D26 N (8b)
D, Dy, Dy |||
H; Hiz His Ki
H, H, H Ki
_Hie H;G HZG__ Kiy
€)
(10)
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Bang 1. Tan s6 dao dong riéng co ban khong thi nguyén o(m=n=1)
cua tadm don 16p composite FG-CNTRC

Ty phan thé tich CNT (V,,, )

Kiéu

"E?-,” M6 hinh 0,11 0,17

NT h/b = 0,02 h/b = 0,05 hb=0,10  h/b=0,02 h/b=0,05  h/b=0,10

UD  Zhu&cs. (2012) 19,223 17,355 13,532 23,697 21,456 16,815

Huang & cs. (2017) 19,354 18,280 15,550 23,844 22,557 19,258
Bai bao 19,341 18,215 15,406 23,828 22,479 19,084

FG-V  Zhu &cs. (2012) 16,252 15,110 12,452 19,982 18,638 15,461
Huang & cs. (2017) 16,236 15,574 13,753 19,938 19,151 16,970
Bai bao 16,302 15,601 13,708 20,036 19,205 16,941

FG-O Zhu&cs. (2012) 14,302 13,523 11,550 17,544 16,628 14,282
Huang & cs. (2017) 14,300 13,840 12,512 17,563 17,017 15,429
Bai bao 14,330 13,802 12,318 17,582 16,975 15,245

FG-X  Zhu &cs. (2012) 22,984 19,939 14,616 28,413 24,764 18,278
Huang & cs. (2017) 23,204 21,425 17,362 28,619 26,475 21,536
Bai bao 23,227 21,383 17,252 28,667 26,400 21,313

Bang 2. Tan s6 dao dong tu do khong thi nguyén o (m =n = 1) cia tAm nhiéu 16p composite
FG-CNTRC ciu hinh vuéng géc phan xing (0/90),

) ub FG-V FG-O FG-X
Venr Mé hinh
n=1 n=2 n=1 n=2 n=1 n=2 n=1 n=2
0,11 Huang & cs. (2017) 11,348 17,714 10,056 17,495 9,182 17,378 13,064 17,975
Bai bao 11,353 17,696 10,139 17,519 9,264 17,312 13,125 18,082
0,14 Huang & cs. (2017) 12,395 19,726 10,876 19,484 9,874 19,354 14,396 20,032
Bai bao 12,401 19,701 10,957 19,498 9,954 19,266 14,458 20,143
0,17 Huang & cs. (2017) 14,035 21,831 12,435 21,565 11,367 21,421 16,180 22,165
Bai bao 14,040 21,810 12,541 21,597 11,469 21,341 16,258 22,301

Véi cac s6 hang ma tran dude tinh nhu cong

thie 10:

N

va

- ~

cac mo

men

quan

tinh

(T, T; 9,5 1; 5 K, ) claa 16p vt liéu thit k tinh

theo cong thic sau:

(Io’ 1’

Ziq1

n

I,J.1

1’72

Jz’Kz)

z J. (1,Z,f,Z2,zf,f2)p(k)dZ;

k=1 ,

'k

(11

v6i p®1a khoi lugng riéng 16p vat liéu thi k.

2.2.3. Loi giai giai tich - nghiém Navier

Diéu kién bién tua ban 1€ bén canh cua tdm

composite c6 géc phuong dng CNT dit phan

xting vudng v6i nhau cé dang:

-Taix=0vax=a:

V. =W =WS=NX=ME=Mi= 0

0 b

-Taiy=0vay=h:

u=w =w =N =M"=M
0 b s y y y

0

(12a)

(12b)
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Cac nghiém chuyén vi tai mit trung binh
ctia tdm (uo,vo,ws,wb) dudc gia thiét dusi dang
chubi lugng giac kép thoa méan diéu kién bién
tua ban 1€ bon canh (Reddy, 2006) theo cong
thic 13:

u (x,y,t) = > > u_ e cosoaxsinpy;

m=1n=1

v, (Xy,t) = Z van e’ sin ox cosBy;

m=1n=1 (13)
w, (x,y,t) =Y. > w' e sinoxsinBy;
m=1n=1
w_(%,y,t) = Z wann e sin ax sin By;
m=1n=1
trong d6, o = mn/a, B = nnb va
u v _w, . w__ lacaché socan xac dinh.

Thay (13) vao hé cac phuong trinh can béng
dong (7), ta thu dude phuong trinh dé giai, biéu
dién dang ma tran nhu sau:

T
|:Si|4x4 - (02 |:Mj|4><4 {umn,an,W;n,W;n} - {0}
(14)
Trong dé6, cac hé s6 ma tran do cing [S] va
ma tran khoi lugng [M] 14 s; va m; duge biéu
dién trong phan phu luc.

3. KET QUA VA THAO LUAN
3.1. K&t qua kiém chiing

D6 tin cay ctia md hinh 1y thuyét ma nhém
tdc gia da trinh bay trong bai bao dude kiém
ching théng qua vi du so sanh nhu sau:

Xét tam composite 16p FG-CNTRC véi bon
bién tua khép (SSSS), co tinh ctia vat liéu duge
tham khao theo nghién ctiu (Huang & cs., 2017).
Vat litu nén c6: E™ = 2,1Gpa; v, = 0,34;
pn = 1.150 kg/m®. Vat liéu gia cuong CNT cé:
ENT = 5,6466TPa; ES" =17,08TPa;
GO =1,9445TPa; VT = 0,175;

o o T _ONT _ 3 )
GO =G =GO p™Y =1.400 kg/m®. Cac
tham s6: 1, = 0,149; n, = 0,934 va n; = 1,
v6iV, . =0,11; n, = 0,150; n, = 0,941 vany = 1,
véi V., =0,14; n, = 0,149; n, = 1,381 van; =1,
v6i V., =0,17. Tan s6 dao dong tu do khong thu
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) ; _ bZ m
nguyén cua tdm theo cong thico = m(f} ’E—m ,

két qua dugdc so sanh vé6i cac két qua da dude
cong bd bdi cac tac gid véi mo hinh ly thuyét
khéc, chi tiét dudc trinh bay trén bang 1 véi tdm
FG-CNTRC don 16p va bang 2 véi tdm
composite vuéng géc phan xiing nhiéu 16p.

Tu bang 1 va bang 2 (ty s6 h/b = 0,02) cho
thay, tan s6 dao dong tu do dudc tinh toan tit mo
hinh 1y thuyét hién tai c6 su tuong déng cao so
v6i két qua dudc tinh tit mé hinh phan ti hitu
han (trén cd sé 1y thuyét bién dang cét bac nhat
-FSDT) da dudgc thuc hién bdi Zhu & cs. (2012)
va mo hinh giai tich dya trén 1y thuyét tdm 4 4n
don gian da dugdc thuc hién bdi Huang & cs.
(2017), diéu nay khing dinh d6 tin cay cua ly
thuyét HSDT-4 va chuong trinh tinh ma nhém
tac gia da thiét lap. Véi cac thong s vat liéu
nhu trong muc 3.1, cac khao sat s6 sé dugc thuc
hién dé danh gia su anh hudng caa dic trung
vat liéu, kich thudc t&m, kiéu phéan bd hay ti 1&
thé tich 6ng nano carbon dén tan s6 dao déng tu
do ctia t4m composite FG-CNTRC.

3.2. Mot s6 vi du khao sat s6

3.2.1. Tan s6 dao déng tu do va ciac dang
dao déng ciia tim FG-CNTRC

Bang 3 va hinh 2 va hinh 3 biéu dién két
qua tinh toan sdu tin s6 dao dong riéng dau
tién ctia ta&m chii nhat bén bién tua khép FG-
CNTRC cau hinh [0/90/0]. Méi dang dao dong
tuong Ging véi s6 séng dao ddong theo cac phuong
x va phuong y (12 gi tri ctia cac cip s6 m, n). Co
thé thay ring: trong bon kiéu phan b CNT thi
kiéu phan bd FG-O c¢6 dang dao déng s6 4 (m = 2,
n = 2) va dang dao dong s6 5 (m = 3, n = 1) khac
v6i ba kiéu phan bé con lai (dang 4 (m = 3,
n=1),dang 5 (m = 2, n = 2)).

3.2.2. Anh huéng ciia kiéu phan b6 CNT

D6 thi hinh 4 biéu dién su anh hudng caa
ctia bon kidu phan b6 CNT (UD, FG-V, FG-O,
FG-X) dén tin s6 dao dong tu do cua tdm
composite FG-CNTRC c4u hinh [0/90/0/90] theo
ty s6 a/b. D6 thi biéu dién cho thdy kiéu phan bé
CNT hinh chi X (FG-X) cho tan s6 dao dong tu
do 16n nhat (tAm c6 d6 cting 16n nhit), trong khi



kiéu phan bd FG-O cho tan s6 nho nhit (tAm
mém nh4t). Do vay, c6 thé nhan xét: Khi cung ty
phan thé tich cia CNT, néu 6ng nano carbon
duge gia cuong véi mat dd nhiéu hon tai mit
trén va mét dudi ctia cac 16p sé lam cho két
ciu cting 16n hon so véi khi 6ng nano carbon duge

Dwong Thanh Huan, Vi Van Thdm

gia cudng tap trung nhiéu ¢ méit gitia mdi 1ép.
Mat khac, khi ti 1& chiéu dai chia chiéu roéng
(a/b) tang lén (véi h/b = 0,02) thi tan s6 dao dong
tu do co ban ® giam va xu huéng bién thién cua
tdn s6 ® gin nhu gidng nhau doi véi tat ca cac
loai phan phéi CNT.

Bang 3. Sau tan s6 dao dong tu do & dau tién ctia tAim chii nhat bén bién
tua khép composite FG-CNTRC cau hinh [0/90/0] (a/b =1,5, h/b = 0,02)

Dang dao ddng

Vi Kiéu gﬁ?n b
Dang 1 Dang 2 Dang 3 Dang 4 Dang 5 Dang 6
0,11 ub 9,813 20,800 32,929 38,712 42,416 70,056
FG-V 9,540 19,242 32,518 37,668 38,691 69,263
FG-O 9,314 18,156 32,069 36,134 36,783 68,289
FG-X 10,295 23,169 33,780 40,579 47,879 71,820
0,14 ub 10,865 22,586 36,741 42,761 45,901 77,692
FG-V 10,547 20,735 36,277 41,553 41,480 76,829
FG-O 10,293 19,484 35,772 38,520 40,563 75,721
FG-X 11,420 25,348 37,710 44,898 52,251 79,707
0,17 ub 12,104 25,746 40,568 47,770 52,541 86,387
FG-V 11,770 23,843 40,064 46,494 47,990 85,439
FG-O 11,491 22,508 39,509 44,851 45,398 84,233
FG-X 12,714 28,727 41,640 50,137 59,412 88,631

Dang4 (m=3,n=1)

Dang5(m=2,n=2)

Dang6 (m=1,n=3)

Hinh 2. Dang dao dong ctia tAim bon bién tua khép FG-CNTRC c4u hinh [0/90/0],
kiéu phan bé UD, FG-V, FG-X
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0,6

4 00 o 04
y/lb 00 x/a

Dang4 (m=2,n=2) Dang5(m=3,n=1) Dang6 (m=1,n=3)

Hinh 3. Dang dao ddng cia tim bén bién tua khép FG-CNTRC cau hinh [0/90/0],
kiéu phan bé FG-O

Hinh 4. Anh huéng ctia kiéu phan bs CNT dén tin s6 dao déng tu do co ban

2 m
(T):(Db— p

h J\E™

cua tAim FG-CNTRC cAiu hinh [0/90/0/90]

1080



24

ub
(1) Ve =011 |

0 002 0,04 006 008 01 0,12 0,14 0,16 0,18 0,2
h/b

8 L L L L L L L L L
0 0,02 0,04 006 008 0,1 012 0,14 0,16 0,18 0,2
h/b
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22

—— r r
A3). FG-V
m VA =011
20¢p V* p=0,14
— @) CNT ™

V*CNT=0,17

10

0 0,02 004 006 008 01 012 0,14 0,16 0,18 0,2
h/b

24

T
FG-X

10

0o 0,02 0,04 006 008 01 0,12 0,14 0,16 0,18 0.2
h/b

Hinh 5. Anh huéng ctia ty phan thé tich V' .y, dén tin s6 dao déng tu do cd ban

2 m
®= m[%J E—m cta tim FG-CNTRC ciu hinh [0/90/0/90]

3.2.3. Anh huéng ctia ty phan thé tich V'

D6 thi hinh 5 biéu dién su anh hudng cta ty
phan thé tich CNT (V(;NT) dén tan s6 dao dong

ty do cua td&m composite FG-CNTRC cau hinh
[0/90/0/90]. Véi ca bon kiéu phan b CNT (UD,
FG-V, FG-0, FG-X), cac dudng db thi thé hién
khi tang phan thé tich V;_ thi tdn s6 dao dong

cluia tdm téng theo.

3.24. Anh hudng ctia sé 16p vat liéu
composite

D6 thi Hinh 6 biéu dién su anh hudng cua
s6 16p vat liéu composite dén tan sé dao dong tu
do ctia tdm vudéng bon bién tua khép FG-
CNTRC c4u hinh (0/90), theo ty s h/b. V6i bon

gia tri cia s6 cdp 16p (0/90), lan=1;n=2;n=
3; n = 5, cac dudng d6 thi cho thay tan s6 dao
doéng tu do cia tdm FG-CNTRC ting 1én dang
ké khi s6 cap 16p tang tit 1 1én 2 (ting s6 luong
16p nhung khéng thay d6i téng chiu day). Néu
tiép tuc tang s6 cap 16p nay lén thi tin s6 dao
dong tu do sé ting nhung khong dang ké, diéu
nay ciing trung véi nhan xét cua (Reddy, 2006)
cho composite c6t sgi dong phuong.

4. KET LUAN

Bai bao xay dung 10i gidi gidi tich theo 1y
thuyét bén 4n chuyén vi tinh toan tan sd dao
dong tu do ctia két cdu tAm composite 16p gia
cuong bdi 6ng nano carbon. Nghién ctiu so sanh
cho thdy 1y thuyét bon 4n chuyén vi 1a don gian
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va hiéu qua trong phan tich dao dong cta két s, =8, = oc(Buocz +<B12 +2B66)B2)
cau tdm. K&t qua sb ciing chi ra anh hudng ctaa

ty phén thé tich V., kiéu phan bd éng nano S, =8, = OL(B;OLZ +(Bi2 +2BZG)B2);
carbon hfly s0 vldp \,Iat hfu A,corilposite FG: s, = _(A%az +A22BZ);

CNTRC, anh hudng dang ké dén tan s6 hay do

cling cta td&m composite 16p gia cudng bing éng Sy, =S, = B((B12 +2B )(12 + B2z[32 );
nano carbon. Cu thé, tdm FG-X CNTRC c6 tan

s6 dao dong 16n nhédt trong khi tdm FG-O Sy =8, = B((Biz +2Bzﬁ)oc2 +B;2B2);

CNTRC c6 tan sd dao dong nhé nhAt. . . .
5,3 = (D, 0" +2(D,, +2D,, Jo*p* + DB );

S s s 2n2
PHU LUC o Dol + 2(D12 +2D66)oc B
34 43 S ’
Cac hé s6's; va my;: +D;,p*
— 2 2.
81 = _(Ana +A66B )’ H;OL4 +2(Hi1 +2H26)a2[32 +
S44 - S Bl El ;
Si2 =8y = _(XB(AIZ + A66); H,B* + AL ja” + A7 B*

24 T T 20

v*_=0,11 % VE 0,14
CNT I~ CNT
G (1) —— (0/90),

C @
21 - - L
O (0790}, 18F @ (0190),
) (0/90)2
20 (0/90) @) ——(01%0),
3G)— 3 6k (4) —— (0/90)

(4) (0/90)5

16 @ -

h/b h/b

1 1,5 2 2,5
h/b

Hinh 6. Anh huéng ctia s6 16p vat liéu composite dén tan s6 dao dong tu do cd ban

m

b? m .
® = Q{f} P ctia tdim FG-CNTRC
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m,, =m,, = _Io; m, =m, = 0;
m,, =m,, = _(X'Il’ m, =m, = _BJ1;
m, =m, _BII, m, =m, =BJ;

oc +B° )
34 43:_(104"]2(0L +p’ ))’
m44:—(IO+K2(a2+B2));
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