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PAP UNG PONG LUC HQC CUA DAM COMPOSITE BPUQC GIA CUONG
CAC ONG NANO CAC BON PHAN BO NGAU NHIEN CHIU TAC PONG
CUA LUC PHAN BO PIEU HOA

Tran Thi Thom'", Bui Vin Tuyén'

Tém tit: Nghién cuu nay tdp trung phdn tich dap vng dong luc hoc cua dam composite chiu tac dong cua luc
phén bé dang diéu hoa. Dam dwgc ché tao tir nén polyme gia cwong béi cic dng nano cacbon (CNTs) phin bo
dinh hwéng ngau nhién. Cdc tinh chat hiéu dung ciia dam dwoc xdc dinh théng qua phwong phap Mori-Tanaka.
Biéu thirc nang lwong ciia dam dwge xdy dung dwa trén b thuyét bién dang trueot bac nhat, voi cdc chuyén vi va
goc quay dwoc ndi suy bang ham dang Kosmatka. Tir @6, cong thire phan tir hitu han cia dam dwoc thiét ldp va
gidi bang phwong phip Newmark. Thong qua cac két qud sé, nghién ciru lam 16 dnh huéng cia ti phan thé tich
CNTs va tan s6 luc kich dong dén dap ung dong lyc hoc cua dam, cu thé la do vong truc chuan tai gitta dam,

trong hai truong hop co can va khong can.

Tir khéa: Phin tir hitu han, dim composite, CNT, luc phan bd diéu hoa, ly thuyét bién dang truot bac nhit.

1. GIOI THIEU CHUNG

Céc dng nano cacbon (CNTSs) s& hiru do clng va
md dun dan hdi vuot trdi, cao hon nhiéu so vdi cac vat
liéu truyén thdng nhu thép, khién ching tré thanh lya
chon 1y tuong dé gia cudong cho nén polyme. Dim
composite nén polyme gia cudng CNTs cé tiém ning
mg dung rong rii trong cac két cdu xdy dung, nganh
hang khong vii try, ciing nhu nhiéu linh vuc cong
nghiép khac nhu san xuit 6 to va dong tau.

Nhiéu nghién ctru trong va ngoai nuéc dang dugc
tién hanh dé tdi wu hoa qua trinh gia cudng CNTs trong
pha nén. Cac nghién ctru thudong gia st CNTs dugc
phan b déu hoic theo dang chir (Yas et al., 2012a; Lin
et al., 2014), tuy nhién viéc san xuit composite gia
cuong CNT theo nhiing dang nay thuong kho. Trong
nghién ctru cua Shi va cdng sy (2004), CNTs dugc gia
cuong vao pha nén c6 dinh huéng ngiu nhién. Cac bai
toan vé dam composite nay van chua nhiéu, dic biét la
céc nghién ctru vé dap tmg dong luc hoc ciia két cdu
dam nay. Theo nhu hiéu biét cua tac gia, Shi va cong
su (2004) ciing mdi chi dung lai & viéc nghién ciru anh
huong cuia CNT 1én céac tinh chat hiéu dung cua
composite gia cuong CNTs. Yas va cong su (2012b) da
phan tich dong lyc hoc cua dam nano composite gia
cudong CNTs dinh huéng ngiu nhién chiu tac dung cia
lyc di dong.

Nhu véy, dap trng dong luc hoc cia dam composite
gia cuong 6ng nano cacbon (CNTRC) chiu tic dung
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ctia Iyc phan bd diéu hoa van chua dugc nghién ciru day
du. Dya trén 1y thuyét bién dang truot bac nhét, bai béo
ndy tip trung phan tich dap mg dong luc hoc cua dim
composite gia cudng CNTs phan bd ngau nhién dudi tac
dong cua lyc phan b didu hoa, sir dung phuong phép
phén tir hitu han. Anh huéng ctia ham luong CNTs, thé
hién qua ti ph?m thé tich dén do vong truc chuan tai gilra
dam dugc khao sat nhim dénh gia hiéu qua gia cudng
CNTs cho két cAu composite nén polyme. Dong thoi, tac
dong cua tan sb luc kich dong dén do vong cua dim cling
duoc xem xét trong ca hai truong hgp cé va khong co
can, thong qua cac két qua tinh toan s.

2. MO HINH TOAN HQC

Xét mot dam tua gian don voi chiéu dai L, thiét
dién ngang (bxh) chiu tac dong cua luc phan bd didu
hoa. Dam dugc lam tir vt liéu composite polyme gia
cudng CNTs phan bd ngiu nhién. Theo Shi va cong sy
(2004), khi CNTs dugc dinh hudng hoan toan ngiu
nhién trong pha ma tran, composite 1a dang huéng, mo
dun khéi va mo dun truot hiéu dung ciia composite
duogc suy ra nhu sau:

Venr ( 6,-3K,a, ) Venr (77,- -2G,B. ) ( 1 )

K=K, + ; G=G, +
3(Vm + VCNTar‘) Z(Vm + VCNTﬁI‘)
7. Em m \ A
v6iK, =—"—, G = 12 m6 dun

3(1-2v,)" " 2(l+v,)
khéi va mdé dun trugt cua pha nén; Venrs
V. =1-V_,, tuong ing la ti phan thé tich cua pha gia
cudng (CNTs) va pha nén; @ ,0,,5., 1, dugc tinh

nhu sau:
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ar:3(Km+Gm)+k,—Z,’ 5r=l nr+21"+(2k,+z)(31< +2G,,
3(G, +k,) G, +k,
5 _1[4G, +2k 41, 4G , 26, (3K, +G,)+G, (3K, +7G,) | )
" 5| 3(G,+k) G,+p, G,(3K,+G,)+m,(3K,+7G,) |
" 1 z(n,—l,)+ 8G, p, .\ 8m,G, (3K, +4G,) +(2k,.—l,)(2Gm+1,)
53 G,+p, 3K,(m +G,)+G,(Tm +G,) 3(G, +k,)

99 I3

Trong phuong trinh (2), cac chi s6 dudi “m” va “r
tuong ng chi cic dai lwong cua pha nén va pha gia
cuong; k., ,m_,n_, p la cac hing sé dan hdi cla
Hill cho pha gia cuong.

M6 dun dan hdi hiéu dung dugc tinh nhu sau:

9KG
= A3)
3K+G

Trong khi d6 mat do khdi luong hi¢u dung cta dam
nhin duoc tir quy luat phdi tron

p=(0,=Pu)Venr * Py (4)

Duva trén ly thﬂuyét dam Timoshenko, cac chuyén vi
doc truc va chuyén vi theo phuong ngang tai diem bat

U=, [ (0wt ror.)ddds

- %IOL [A“ .

ki cua dam dugc tinh nhu sau:

u(x,z,t) =u,(x,1) —20(x,1); Wx,z,8) =wy(x,t)  (5)
Trudng bién dang nhan dugc tir trudng chuyén vi

Eu =y —20,5 ¥ =W, —0 (©)
Dya vao dinh luat Hook, truong trng suit

nhan duoc

o.=ke; 1. =yCy, (7)
trong d6 y 1a hé s6 hiéu chinh truot, dugc chon

bang 5/6 d6i v6i dam c6 thiét dién hinh chir nhat duoc

xét dén trong bai bao. Nang lugng bién dang ctia dam

nhan dugc nhu sau:

®)

—24,,u,,0, + Azze,,zv +y Ay (Wo,x _0)2} dx

Cac Ai/ trong (8) 1a cac d¢ cling ctia dam dugc dinh nghia

hi2 hi2
(4, A Apy)=b [ E(1,2,2%)dz, Ay =b | Gdz
—h/2 —h/2
Dong ning ciia dim

P21

voil ; 1a cdc m6 men khoi luong, duge dinh nghia
12

(11,1515, bf lz,2*)dz (11)
—h/2

Cong cua ngoai lyc dugc tinh theo

W= IOL gwdx (12)

voi g =g, cos(€x)la lyc phan bd didu hoa tac
dung 1én dam.

3. PHUONG PHAP NGHIEN CUU

Bai bao nay str dung phuong phép phan tir hiru han
dé tinh dap ung dong luc hoc cho dam. Gia s dam
duogc chia thanh cac phan tir dam hai nat v6i chiéu dai
phén tir 1a . Vecto chuyén vi nit cho phan tir gdm sau
thanh phan nhu sau:
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i’ +w dAdx J [ g +w) 211200'+1229'2}dx

©)
(10)

T

d :{”l‘ W, 6 u;w, ‘9]} (13)

Céc chuyén vi va goc quay duoc ndi suy qua cac
gia tri nut nhu sau:

=Nd, w,=Nd, 6=N.d (14)

trong d6 N,, N,,, Ny tuong ung la cdc ma tran
ham dang cho chuyén vi doc truc, chuyén vi ngang
va goc quay. Cac ham dang tuyén tinh duogc sir
dung dé ndi suy cho chuyén vi doc truc, cdc ham
dang Kosmatka dugc st dung dé noi suy cho
chuyén vi ngang va goc quay. Sir dung truong ndi
suy trong cong thirc (14), ning lugng bién dang
ctia dam dugc viét dudi dang cong thirc phan tir
hitu han nhu sau:
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1 ne
U=> Y d'kd
trong d6 ne 1a sb phﬁn tr dung dé roi rac dam; va

u.& 2

k=k, +k,+ky,+k

(15)

Lergr ) Lergr .
:EJ.ONquuN dg; kuez_fJ.ON 4,N, ds;

1 ¢t
Ky, :EJ.O Ng,gAzzNe,gdé; k, :I (
véi &=
T =%Zdde ; m=m, +m_ +m,+m,
voi
LT LT
muu = ZJ.O NulllNudg; muu ZIJ.O Nwllledé;
LT LT
m, = _IJ.o N, 1,N,d&; my, = IJ.o Ny, N,d&

Cong cua ngoai luc ciing duoc viét lai

w=>df (19)
trong d6 f 1a véc to lyc nit phan tir

1
f = IqN,d¢ (20)

Str dung cac ma tran d§ cung, khéi luong va lyc nut
phan tir trén ta c6 thé viét dugc phuong trinh chuyén
dong cho dam duéi dang

MD+CD+KD=F*(¢) 1)

Trong (21), M, C, K tuong mg 1a ma tran khdi
lugng, ma tran can va ma tran do cing téng thé cua
dam, F*(r) 1a véc-to tai trong nit tong thé. Céan
Reyleigh dugc sir dung trong bai bao dé thiét 1ap ma
tran can tong thé ctia dam:

C=aM+bK 22)
trong do
2wiwj gia)/’ _gfa)i 2 é/w/ _‘gia)i
a= ‘(2 S );b= (AzA 2 ) (23)
] —, ] —,

ZNT) v A (

x/l'1a toa do ty nhién. Twong ty, dong nang cla dam duoc viét lai

(16)
~IN,)dé

(17)

(18)

voi &, & 1a cac ti s6 can tuong tng véi hai tan sb tu
nhién bt ki ctia ddm, @;, @;. Trong bai béo ndy ma trin
can ciia dam nhan duoc véi ti s6 can & = & = 0.05 ung
véi hai tan sd ty nhién dau tién o, 2.

Dé tinh toan dap ung dong lyc hoc cua dam chiju
luc phan bd déu dang didu hoa bién thién theo thoi gian
bang cach giai phwong trinh (21), bai bio ap dung
phuong phap gia toe trung binh - mdt thuit toan an
thuoc ho phuong phap tich phan tryc tiép Newmark,
véi 6n dinh vo diéu kién (Newmark, 1959).

4. KET QUA SO VA THAO LUAN

Dam dugc xét dén co cac kich thude hinh hoc: L/
=20, b = 0.4m, h = lm. Nén polyme dwoc lam tur
PMMA, CNTs don véach (10,10) dugc sir dung dé gia
cuong. Tinh chat vat liéu cua hai pha nay duogc léy nhu
sau: p, = 1190 kg/m3; E,=25GPa; v=10.34; p, =
1400 kg/m’; cac md dun dan hdi cua Hill dwgc cho
trong Bang 1. Dam chiu tic dung ctia luc phin b diéu
hoa ¢ = gocos(Qt) voi gy = 1KN/m. Dé thuan tién cho
viéc tinh toan, d¢ vOng truc chuén tai gilra dam duogc
tinh W*=W/h, trong d6 W 1a d6 vong tai gitra dim.

Bang 1. Cac hé s6 dan hoi ciia Hill (Thom et al., 2025)

CNT radius (A° ) k, (GPa)

I (GPa)

m, (GPa) | n,(GPa) p, (GPa)

10 30 10

1 450 1

4.1. Kiém nghi¢ém mé hinh phan tir va chwong
trinh s

Bang 2 trinh bay Kkét qua kiém tra su hoi tu ctia mod
hinh phﬁn tr hitu han trong viéc xac dinh tham sb tan
s6 co ban ciia dim CNTRC c6 CNTs phan bd ngiu
nhién. Dé so sanh, bang ciing bao gdm céc gi4 tri tham
khao tir tai ligu cia Yas va cong sy (2012b), trong do

céc thong s dau vao va tham s tan sé dugc lay gidng
hét nhu trong nghién ctru nay. Két qua cho thdy mo
hinh phan tir hiru han dugc xdy dung trong bai bao co
toc do hoi tu kha nhanh. Cu the, d6i v6i dam tya gian
don (S S) can 14 phan tir dam roi rac dé dat hoi tu tham
s6 tan s6 co ban, trong khi véi dam mot dau ngam, mot
dau tu do (CF), chi can 6 phan tir d3 dat dugc hoi tu.
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Nguoc lai, nghién ctru cia Yas va cong sy (2012b)
phai st dung téi 100 phan tir d€ xac dinh dugc tham so
tan s0. Ngoai ra, két qua tir Bang 2 ciing cho thay gia

Bang 2. Su hdi tu ciia md hinh PTHH trong d4nh gia tham sd tan s6 co ban

tri tham s6 tan s6 co ban thu dugc trong nghién ctru
nay co do sai lech rat nho so vai tai liéu tham khao, va
sai s6 ndy nam trong giéi han chip nhian duoc.

ciia dim CNTRC véi CNTs phan bd ngiu nhién

Diéu kién Bai bao Yasetal., Sai sé %)
bién ne=2 ne=6 ne=10 ne=14 ne=20 2012b
CF 2.0575 2.0569 2.0569 2.0569 2.0569 2.151246 4.59%
SS 3.4501 3.4425 3.4424 3.4423 3.4423 3.574603 3.84%
Bang 3. So sanh d vong tinh 16n nhét tai giita dAm ciia dim thuin nhét
Diéu kién bién Bai bao Nghiém giai tich Sai s6 (%)
cc 0.0052 0.0050 (ﬁj 4%
384EI
5q,L .
SS 0.0252 0.0250 (384E[] 0.8%

Bang 3 so sanh do vong tinh 16n nhit tai gitra dam 004
nhan dugc tir bai bao so voi nghi€m giai tich bang cach '
cho Q=0. Tir Bang 3 cho thdy rang d¢ vong tinh 0.02
nhan dugc tir bai bao kha sat voi nghi€m giai tich. Qua
céc so sanh trong Bang 2 va Bang 3 ta c6 thé khang 0
dinh chwrong trinh tinh toan dugc xay dung la phu hop
va c6 do tin cdy cao. Déng thoi lu6i 14 phﬁn tr s€ duoc s 002
st dung dé tinh toan, phén tich cac két qua ctia bai béo. ooal

4.2. Ket qua so va thio luin '

Hir}h 1 thé hién su thay ddi do vong truc chuén tai 006 H
gitta dam theo thoi gian trong treong hgp bo qua can,
v6i tan sb luc kich dong Q=5 rad/s va cac ti phan thé -0.08 : ‘ . ‘
tich CNTs khac nhau. C6 thé quan sat thay rang khi ti 0 02 04 06 08 1
ph}"il’l thé tich CNTs tél’lg tr Venr=0 dél’l Venr=0.1, Sé t(s)

chu ky dao dong ting va bién do dao dong cta dam
giam rd rét. Piéu nay cho thdy viéc gia cuong CNTs
gitp ting do ctmg két ciu, tir ¢6 1am giam do vong va
bién d dao dong. Ngoai ra, trong trudng hop khong co
CNTs, dao dong ciia dam duy tri bién do 16n va 6n
dinh theo thoi gian, thé hién o dic trung cia hé khong
¢ can. Hinh 2 mo ta két qua twong ty nhung co xét
dén can. Trong truong hop nay, dao dong cia dam
giam bién d¢ theo thoi gian do tdc dong cua luc can.
Tbc d6 suy giam bién do ting 1én khi ham lugng CNTs
cao hon, diéu nay xuat phat tir viéc két hop giita ting
dd cung vat li€u va ti€u tan nang luong do can. So vai
Hinh 1, dao dong & Hinh 2 nhanh chong on dinh vé
trang thai gin nhu tinh sau mot khoang thoi gian ngan,
dic biét ddi voi Venr=0.1. Tong thé, ca hai hinh déu
khing dinh ring viéc gia cudng CNTs vao nén polyme
mang lai hi¢u qua ro rét trong viéc giam do vong va
kiém soat dao dong cua dam composite. Su khac biét
gitta hai hinh cho thiy yéu to can déng vai trd quan
trong trong viéc tiéu tan nang lwong dao dong, dac biét
khi két hop véi do cung gia tang tir CNTs.
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Hinh 1. Do vong truc chuan tai gitia dam theo
thoi gian voi Q =5 rad/s va cac gia tri khac nhau
cua ti phan thé tich CNTs (bo qua can)

0.04

0.02

-0.02

-0.04

-0.06

Venr=0 — = Vg

NT:Q'Ds = VCNT_-.U_I

t(s)

4 5

Hinh 2. Pg vong tryc chudn tai giita dam theo
thoi gian voi Q =5 rad/s va cac gia tri khac nhau
cua ti phan thé tich CNTs (co tinh dén can)
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0.156

— Q=5 rad/s
— — Q=10rad/s ~
—-—- Q=15 rad/s 2\

017}

0 025 05
t(s)

0.75 1

Hinh 3 chi ra sy thay ddi cua do vong truc chuén tai
gitta didm vao tan s cua lyc kich dong. Tl hinh vé ta
thay rang do vong phy thudc manh vao tan sé cua lyc
kich dong. Cu thé, v6i Hinh 3a, Venr = 0, tdn so tw
nhién thtr nhat ciia dim @,=10.279 rad/s, ta thy rang
khi ting tan sé cua lyc kich dong dén gén tan so tu
nhién cta dam, bién d6 dao dong ting manh, dleu nay
duge giai thich 1a do ¢6 sy cong huong gitra tan sO tu
nhién ctia ddm va tan sb cta luc kich dong. Khi ting

03d—— Q=5 rad/s
— — =10rad/s
02 —-—-0=15rad/s n ........ o I\H ..... 4

0.1 -
— Q=10 rad/s
— — Q=20rad/s
005 —-=—- Q=30 radis /

-0.05

() V r=0.1
0 025 05
t (s)

Hinh 3. PJ vong truc chudn tai giita dam theo thoi gian voi cdc gid tri khdc nhau
cua ti phan thé tich CNTs va tan so luc kich dong (bé qua cdn)

-0.1 -
0.75 1

gia tri cua tan s cua luc kich dong 16n hon tan s tu
nhién cta dam, bién do dao dong s& giam di. Piéu nay
cling dugc nhin thiy rd trong Hinh 3b. Khi ti phan thé
tich CNTs ting 1én dong nghia véi viéc do cung clia
dam ting 1én din dén tan s tu nhién ciia dim ciing
tang Cu thé khi Vent = 0.1 tan s6 tu nhién thir nhat cua
dim @1—20 5321 rad/s, nhu duoc chi ra trong hinh 3b,
khi tin sb cta lyc kich dong sat vai tan sb riéng cia
dam, bién d9 dao dong ting manh.

— Q=10rad/s
0.06 | _ _ 2=20 rad/s \ l\‘ ,‘ I ,r‘
0.04 | —=-=-0=30rad/s N | Iy
0 !
e ”‘ H
I 1 T
-0.02 J ‘15‘1"|l“,|||l
Py gl
oy | L ‘|[ I |
O)Vonr=0.1 v Ly
-0.06 *
0 1 2 3
t(s)

Hinh 4. D6 vong true chudn tai giita dam theo thoi gian voi cdc gid tri khdc nhau
cua ti phan thé tich CNTs va tan so luc kich dong (co tinh dén can)

Trong trudng hop ¢6 can (Hinh 4) ta cling thdy rang khi
tan s6 cua lyc kich dong sat véi tan sb tw nhién ciia dam, bién
d6 dao dong ting cuc manh. Twr Hinh 3 va 4, mjt lan nira ta
thiy rang trong ca hai trudng hop ¢6 can va khong c6 can,
bién d6 dao dong ctia do vong truc chudn tai gitta dAm giam
10 nét khi tang ti phan thé tich CNTs.

5. KET LUAN

Bai bao nghién ciru dao dong cudng bic cua dam
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CNTRC chiu tac dong cua lyc phan bd diéu hoa, cu thé
1a nghién ciru anh hudng cua cac tham s dau vao quan
trong nhu ti phan thé tich CNTs, tin s cua lyc kich
dong 1én d¢ vong truc chuén tai gilra dam trong ca hai
truong hop c6 tinh dén can va bo qua can. Tir cac két
qué so ta thay khi ting ti phan thé tich CNTs, dam thuc
hién nhiéu chu trinh dao dong hon dong thoi bién do
clia d6 vong tryc chuan tai giita dim theo thoi gian
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giam di rd nét. Piéu nay cho thdy hidu qua ciia viéc gia
cudong CNTs. Pong thoi tir két qua sb ta ciing thiy
dugc anh huong cia tan so luc kich dong 1én dao dong
cudng birc ctia dam. Khi tin sd ciia Iuc cudng birc tang
dén sat tin sb tu nhién cua dam, bién do dao dong tang

hai dao dong. Khi b6 qua can, dao dong cla dam 1a su
giao thoa giita dao dong tuy do ciia dim va dao dong
giy ra boi luc cudng buc. Khi ¢ tinh dén can, dao
dong tu do ctia dam suy giam theo thoi gian, chi con lai
dao dong cudng birc, dim dao dong didu hoa theo bién

manh, diéu ndy gy ra boi hién twong cong huong gitta  do 6n dinh.
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Abstract:
DYNAMIC RESPONSE OF COMPOSITE BEAMS REINFORCED
WITH RANDOMLY DISTRIBUTED CARBON NANOTUBE SUBJECTED
TO HARMONICALLY DISTRIBUTED FORCES

This study presents the dynamic response of a composite beam subjected to a harmonically distributed force. The
beam considered in the study is made of a polymer matrix reinforced with randomly oriented carbon nanotubes.
The effective properties of the beam are obtained by the Mori-Tanaka approach. The energy expressions for the
beam are based on the first-order shear deformation theory. Based on Kosmatka shape functions for interpolation
of displacements and rotations, the finite element formulation for the beam is established and solved with the aid
of the Newmark method. The effects of CNTs volume fraction and excitation force frequency on the dynamic
response of the beam, specifically on the dimensionless mid-span transverse displacement in the two cases with
and without damping are clarified through numerical results.

Keywords: Finite element, composite beam, CNT, harmonic force distribution, first-order shear deformation theory.
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