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MO PAU
Tinh cép thiét ciia dé tai

Vit liéu composite dugc gia cudng dng nano carbon (CNT) ¢o
co tinh bién doi, dang tr¢' thanh mot huéng nghién ciru méi trong
linh vyc co hoc voi muyc ti€u la tan dung vu diém vé do bén, do cung
cao, tinh dan dién tdt cua cac 6ng CNT dé tao ra loai vat liéu
nanocomposite ¢6 kha ning lam viéc trong méi truong khic nghiét,
déc bi¢t quan trong trong cac nganh cong nghiép nhu hang khong,

cong nghiép dong tau, k¥ thuat xay dung, ha tang. . .

Trong k¥ thuat, tim va v6 1a cac céu kién co ban dong vai tro
quan trong trong cac két cu chiu tai, dac biét trong linh vuc co hoc
vat lidu va két cau. Nhing két cau nay thuong phai hoat dong trong
mdi truong khic nhiét vi vdy viéc nang cao hiéu sudt va thoi gian
lam viéc ctia chiing 1 mot bai toan quan trong. Thay doi thanh phan
vat liéu dé tang d6 bén va do cing 1a mot phuwong phap hiéu qua dé
cai thién kha nang lam viéc cua két cau.

Xuat phat tir nhitg yéu cau cap thiét nham hiéu vé ing xir co
hoc ciia cac két cdu gia cuong 6ng nano carbon, luan 4n nay tap
trung vao bai toan “Phdn tich tinh va déng luwc hoc phi tuyén ciia
tim va vé FG-CNTRC”.

Muc tiéu nghién ciru ctia luin an

e Xay dung phuong trinh cin bang va chuyén dong dya trén
nguyén 1y cong a0, Hamilton sir dung cac 1y thuyét bién dang cit cua
Reddy va ly thuyét bién dang cit hinh sin cho tdm va vo FG-
CNTRC.



e Bai todn tinh: Phan tich mét 6n dinh cta tdm, vo FG-CNTRC
sir dung phuong phap ban giai tich va mé phong s6 nham xac dinh
tai t61 han va moi lién hé tai trong - d vong sau tdi han.

e Bii todn djng: Phan tich dong lyc hoc phi tuyén ciia tAm, vo
FG-CNTRC nhdm x4c dinh tan s6 riéng, moi lién hé bién do do vong

- tan s0, do vong - thoi gian

Poi twong va pham vi nghién ctru

e Doi tuong nghién ciru: POi tuong nghién cliru cua luan an 1a

tam chir nhat, v6 hai do cong va vo nén cut FG-CNTRC.

e Pham vi nghién ciru: Bai toan tinh: Phan tich mat 6n dinh va
sau mét on dinh. Bai toan dong: Phan tich dép tmg dong lyc hoc, dao

dong tu do va dao dong cudng birc.

Phwong ap nghién ctru

e Phuong phap giai tich: Sir dung cac 1y thuyét tim vo (Iy thuyét
bién dang cit bac 3, 1y thuyét bién dang cit hinh sin) x4c dinh cac
chuyén vi va thiét lap truong bién dang Von-Karmén biéu thi mbi
quan h¢ phi tuyén giita bién dang va chuyén vi. Sir dung nguyén ly
cong 4o hodc nguyén ly Hamilton dé xdy duyng phuong trinh can
bang hodc chuyén dong & dang dao ham riéng theo toa do va thoi

gian.

e Phuong phap ban gidi tich: St dung phuong phap ham tng
sudt Airy va phuong phap Galerkin dé giai phuong trinh dao ham
riéng voi viée lya chon nghiém ctia chuyén vi va ham tng suét thoa
man diéu kién bién. D6i voi bai toan tinh, két qua thu dugc la

phuong trinh dai s6 biéu thi mdi quan hé giira luc va chuyén vi dé

2



phan tich mat 6n dinh cua tim vo FG-CNTRC. Bdi voi bai toan
dong, két qua thu dugc 1a phuong trinh vi phan cta chuyén vi theo
thoi gian duoc str dung dé xac dinh tan sb riéng trong phan tich dao
dong tu dao va ap dung phuong phap Runge-Kutta bac 4 dé thu duoc
mdi quan hé giira bién d6 do vong theo thoi gian trong phan tich dap

ung dong luc hoc.

e Phuong phap mé phong: Xay dung mé hinh phan tir hitu han
3D trong phan mém ABAQUS v&i chuong trinh con USDFLD viét
trén FORTRAN dé mo phong sy phan bé ciia cac dng nano carbon
c¢6 co tinh bién ddi theo chiéu day ap dung cho phan tich mat 6n
dinh.

Y nghia khoa hgc va thye tién ciia ludn an

e Y nghia khoa hoc: Hién nay, nghién ctru trong va ngoai nudc
lién quan t&i bai toan mét on dinh, dao dong riéng, va dap ung dong
luc hoc ctia tim va vé FG-CNTRC str dung phuong phép giai tich,
ban giai tich két hop v6i phuong phap mo phong s6 con han ché.
Luan an nay trinh biay mét cach co hé thong tir viéc ap dung, cai
thién cac ly thuyét bién dang cit xac dinh chuyén vi, truong bién
dang phi tuyén Von-Karman, xdy dung phwong trinh can bang,
chuyén dong ¢ dang dao ham riéng cta toa do va thoi gian cho t6i
viéc ap dung phuong phip méd phong sb, phuong phap Galerkin,
Runge-Kutta dé xac dinh tai trong téi han, moéi lién hé tai trong-do
vong va chuyén vi-thoi gian trong phan tich mét on dinh va dong luc
hoc cta tim, v FG-CNTRC.

e Y nghia thyc tién: Cung cap cac két qua vé gid tri tai téi han,

biéu thuc tai trong va do vong, tan so riéng, bién do do vong va thoi



gian dé hiéu rd cach cac két cau FG-CNTRC phan tng dudi tic dong
clia tai trong tinh va dong trong dicu kién thyc té. Diéu nay dong gop
vao viéc cung cép cac giai phap hd trg trong qué trinh thiét ké va
chan doan khong pha huy ciing nhur ning cao hiéu suit ciia cac két

cau composite gia cuong ong nano carbon cé co tinh bien thién.

B0 cuc cia luin an

e Mo dau: Trinh bay cac van dé chung ctia luan 4n, y nghia khoa
hoc va thuc tién, tom tét noi dung nghién ctu va bd cuc cua luan an.

e Chuong 1: Trinh bay tong quan cac ndi dung nghién ciru vé
phan tich tinh va dong luc hoc cta tam va vo FG-CNTRC.

e Chuong 2: Trinh bay tom tat cac 1y thuyét tim vo, nguyén ly
co ban xdy dung phuong trinh cén bang va chuyén dong, phuong
phap giai bai toan, cac khai niém co ban, cac mo hinh vét li€u s
dung trong luén an.

e Chuong 3: Trinh bay phan tich mét 6n dinh ciia tim va vo FG-
CNTRC nhiam xac dinh tai trong t&i han, biéu thirc tai trong-do vong
sau tdi han.

e Chuong 4: Trinh bay két qua phan tich dong lyc hoc xac dinh
tan s6 dao dong, mdi quan hé chuyén vi-thoi gian, bién do-tan sé cua
v6 hai d6 cong va vé non cut FG-CNTRC.

e K&t luan va Hudng phat trién cta luén an.

CHUONG 1. TONG QUAN NGHIEN CUU

1.1. Vit liéu composite va 6ng nano carbon



Vit liéu composite 1a sy Kkét hop gilta hai hoac nhiéu loai vit
lidu co tinh chit khac nhau, tin dung nhiing dic tinh riéng biét cla
ting vat li€u thanh phén. Viée t6 hop chiing tao ra mot vat li¢u méi

v6i nhitng dic tinh wu viét hon so v6i cac thanh phan ban dau.

Ong nano carbon 1a mot dang thi hinh ciia carbon, xuét phat tir
nhiing phan tir carbon v&i nhitng dic tinh n6i bat nhur do bén va do
cting, kha niang dan dién va dan nhiét hiéu qua. Ong nano carbon lan
dau tién duogc phat hién vao nam 1991 tai Nhat Ban do Tién si Sumio
lijima mét nghién clru vién cta cong ty NEC tinh cd phat hién qua
kinh hién vi dién tir.

1.2. Téng quan phén tich tim FG-CNTRC

Tam 1a cAu kién co ban c6 ung dung rong rii trong nhiéu két
cau k¥ thuat, thanh phin quan trong clia cdc san phim trong nhiéu
nganh céng nghiép nhu xay dung, kién tric, hang khong. Dé tranh
viéc hu hong cua cac két cdu, viéc phan tich tinh chit co hoc cua két
cau 1a bai toan ddc biét quan trong dé danh gia vé kha nang lam viéc

ctia két cau.
1.3. Tong quan phan tich vé FG-CNTRC

Vo la két cau duogc st dung nhiéu trong cac ng dung thuc te.
D¢ nang cao kha nang chiu tai cling nhu dj bén va d6 cing cua vo,
nhiéu hoc gia da nghién cru tng xr co hoc cia vd gia cuong ong

nano carbon c¢6 co tinh bién thién.

1.4. Két ludn chung va xac dinh vin dé nghién ctru

CHUONG 2. COSO LY THUYET



2.1. Cic Iy thuyét co ban

Phan nay trinh bay cac gia thiét cia 1y thuyét c6 dién, cac ly
thuyét bién dang cét bac nhit, bac ba va hinh sin duoc ap dung dé
xdy dung cic phuong trinh co ban cho tdm va vo composite gia

cuong cac ong nano carbon cé co tinh bien thién.
2.2. Céc nguyén ly co ban

Trinh bay nguyén ly cong 4o, nguyén ly Hamilton, phuong phap
Galerkin, Runge-Kutta 4p dung cho phan tich mat 6n dinh va dap
g dong luc hoc cua tim va vo FG-CNTRC.

2.3. Céc khai niém co ban

Trong phan nay trinh bay cic khai niém co ban trong bai toan
phan tich méit 6n dinh tinh va dong lyc hoc cua tam va vo FG-
CNTRC.

2.4. Cac mé hinh dong nhit héa FG-CNTRC

Trinh bay cac mo hinh xac dinh tinh chat vat liéu composite gia

cuong 6ng nano carbon cé co tinh bién thién.
2.5. Két luan chwong 2

Céc gia thiét ctia cac ly thuyét tdm vo va phuong phap ap
dung cho phén tich mét 6n dinh va dong lyc hoc phi tuyén cua
tam va vo FG-CNTRC da dugc trinh bay.

CHUONG 3. PHAN TiCH MAT ON PINH CUA TAM VA
VO FG-CNTRC
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3.1. Phén tich mit 6n dinh cia tim FG-CNTRC

3.1.1. Cdc phwong trinh co bén ciia tim FG-CNTRC

Mo hinh tdm FG-CNTRC c¢6 chiéu dai a, chiéu rong b va chiéu
day h dugc thé hién trén Hinh 3.1. Hé truc toa do (x, y,z)véri mat

phing (x, y) 1a mit gifra clia tAm va chiéu z theo chiéu day ctia tm.

Hinh 3.1: M6 hinh tdm FG-CNTRC

Trudng bién dang véi tinh phi tuyén hinh hoc von Karman duoc

xac dinh nhu sau:
e=&"+zk' + 2K,y = y* + 2’k (3.3)

Dinh luat Hooke cua tim FG-CNTRC dugc xac dinh nhu sau:

_O-X_ Qll le 0 0 OW —‘9,(_ _0{11_

O-y Q12 Q22 0 0 0 gy xy,

o, (=0 0 Q, 0 0|y, |-AT|O (3.5)
o, 0o 0 0 @, O - 0
9, 0 0 0 0 Q{7 | 0]

Ap dung nguyén 1y Hamilton [87] nhur sau:



(0 +ov - oK )dt =0 (3.6)

S S—

Céc thanh phan lyc duoc biéu didn qua ham tmg suat Airy:

ol o ol
N, =_f2,1vy =_/Z,ny __9f (3.15)
oy ox ox oy
3.1.2. Phwong phap badn gidi tich
Phuong trinh tuong thich bién dang ciia tAm dugc viét lai theo
ham (g suat nhu sau:

LOF LB .y B . -\,
A=+ —+(A _24 ) +(B ) c)

lla 4 22 6y4 66 12 6X2ay2 11 1171 8)(3
* * * * 83 —D*C _D*C 63
+(D2]CI—D66CI ~B. +366)&+ 7Dt ] 09,
oxoy® | +B,, + B, x>y
3 ! 4 (3.17)
* \9 % . Ow . o'w,
+(D2261 Bzz)ay; _D“ ' o D22 7 2
* * * 84W aZW aZW aZW
+(—D12cl+D]2c1 —206661) o _ L | oW, Oy
ox’oy® | oxoy x> oy

Phuong trinh can bang viét theo ham tng suat dugc xac dinh
nhu sau:

G, (W,)+G,(2,)+G ,(0,)+G (N +S (w,.f)=0

G, (W0)+Gzz (¢x)+623 ((Dy)+624 (f):O (3.18)

G, (w,)+G o, (0,)+G (0,)+G,, (F) =0

Piéu kién bién tya don (SSSS) theo 1y thuyét bién dang cit bac
3 duoc xac dinh nhu sau:
Tai x =0,a:

w0=v0=0,wx=wy=0,¢x=¢=O,N =0ON =N

y Xy



Tai y = 0,b: (3.19)
W, =U, =0,M{X =w, =0,4 = qﬁy = O,ny =0,Ny =NyO
Nghiém théa méan diéu kién bién tya don tim dugc nhu sau:
w, (x,y, t) w (t) sin ax sin fy
?, (x,y,t) =D, (t) cos ax sin fy (3.20)
P, (x,y, t) ) (t) sin axcosfy

f=F,+F cos2ax +F, cos2fy +F, sin ax sin fy (3.21)

Phuong trinh lién hé gifra tai trong nén doc truc va do vong dugc xac
dinhnhu N  =-F h:
0, +oW +oW’
F = — (3.25)

4

=)

Tir phwong trinh (3.25) véi W — 0 thu duge biéu thic tai mat
6n dinh nhu:

F =

mn

(3.26)

oI |

4
Gia tri tai trong t6i han F_1a gia tri nho nhét cua tai mat on
dinh trong phuong trinh trén phu thudc vao sy thay doi ciia mode
mAt én dinh (m n )

3.1.3. Phwong phdap mo phong

Xét tim c6 chiéu dai a, chiéu rong 14 b véi kich thudec a =b = 10
va d6 day 1a h = 1, phan tir C3D8 (phan tir khi lap phuong luc dién)
chia thanh 20 phan tr mdi mit va 2 phan tir doc theo chiéu day, duoc
r0i rac hoa véi 1323 node. Mit cit ciia cac phan tir khéi dugc gia

dinh duogc tao thanh tir hai 16p vat liéu, c6 do day bang 0.25 va 15
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diém tich phan. Vat liéu tao nén cac 16p dugc coi 1a dan héi tuyén
tinh, voi sy phan bd bién d6i chirc ning cia CNT theo chidu day cua
tam nhiéu 16p. Sy phan b nay dugc xac dinh thong qua viée sir dung
chuong trinh con USDFLD véi bién dinh nghia trong chuong trinh
con USDFLD 4 ti 18 thé tich cua CNT twong tmg v6i su bién ddi cua

cac dic tinh vat liéu theo chiéu day

Z‘J\‘x
.
(b): Lép 3 & 4
Hinh 3.3: M6 hinh phan tir hitu han cia tam
v Ny Ny
[TT111 ’ I
b :: b
Nx a Nx Nx [——+ a L Nx
Ny ) Ny
(a) Nén déu: (b) Tdi Parabol
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Nx

(c) Tai hinh sin:
Hinh 3.5: M6 hinh phdn bo cac logi tdi trong

3.1.4. Két qua va thio ludn

3.1.4.1. Két qua so sanh

Trong phan nay, cac két qua so sanh mo hinh phan tir hitu han
va phuong phap giai tich cho bai toan mit on dinh cua tim FG-
CNTRC don 16p chiu tai parabol trong Bang 3.1 cho hé s tai trong

A b’ E n’
(e0,) " " (1-v)
m 12

Bing 3.1: Hé s6 tdi trong téi han ker cia tam don 16p SSSS gia

téihan k =

cuong FG-CNT (b/ h =50,a =b = I,VC*NT =0.17.)
Loai phan | Tai li¢u Tai liéu Luén an Luén an
b6 CNT [58] [10] (FEM) (Giai tich)
59.1919 59.1758 60.3467
UD 60.0992
(1.51%)* (1.54%) (0.41%)
84.3870 84.3354 84.9354
FG-X 382
G (2.31%) (2.37%) (1.68%) 86.3828
33.0091 33.2042 33.9470
FG- 3321
G-0 (0.97%) (0.38%) (1.84%) 33.33

* gia tri sai khac (%) v6i két qua cia luan an (phwong phéap giai tich).

3.1.4.2. Két quad phdn tich mat 6n dinh

Bang 3.5 so sanh hé s tai t6i han ciia cic tim FG-CNTRC

nhiéu 16p st dung phuong phap giai tich va phuong phap FEM. M6
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hinh I dugc sir dung cho truong hop nay véi ba loai phan bd CNT.

C6 thé thay rang, su sai khac nhiéu nhat va it nhét giira hai phuong
phép la khoang 1.36(%) va 7.2(%).

Bing 3.5: So sanh 3 mé hinh cho hé s6 tdi trong téi han k_ ciia tam
SSSS FG-CNTRC chiu tai nén parabol 2 canh

Loai FEM Gidi tich
CNT |y =012 |V =028 |V, =012 |V, =028
UD | 14.1040 30.5434 14.2984 29.8636
FG-X | 15.6972 33.9581 17.7611 36.5837
FG-O | 11.1700 24.1744 10.8193 23.0612

3.1.4.3. Két qua phan tich sau téi han

Hinh 3.8 trinh bay anh hudng cua ti 1¢ thé tich CNT gia ¢
hai loai nén polymer PMMA tdi tmg xir sau t6i han ciia tim
FG-CNTRC.

V(,‘NT7 0.12

-

= 017
—————— v,

=0.28

CNT

Model I: m=n=1, a=b, a/h=10, UD, PMMA matrix e

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
W/h

Hinh 3.8: Anh huéng ti 1é thé tich CNT téi dwong cong tdi trong
(Fx) -ti 1é d6 vong/ chiéu day (W/h) ciia tam PMMA

3.2. Phén tich mit 6n dinh ciia vé nén cut FG-CNTRC
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Xem xét mot vo non cut FG-CNTRC duge dit trén nén dan hoi
v6i chiéu day ciia vo 1a / chiéu dai L va goc & nira dinh cua hinh nén
¥ gidi han bdi hai duong tron véi ban kinh nho R; va ban kinh 1on
R

(a). M6 hinh vo non cut (b). V6 nén cut trén nén dan hoi
Hinh 3.14: M6 hinh vo non cut trén nén dan hoi
Phuong trinh cén bang ciia vo non cut duge xdy dung theo ly
thuyét vo cd dién voi tinh phi tuyén hinh hoc nhu sau:

ON, ON
S—=+—L4+N_-N,6 =0

oS op
oN, _ON,
+S—3£ 42N, =0 (3.32)
op oS
P oM, oM, M, L LoM,, +la2M9 oM,
os? oS Sop S d¢p | S 89" 0S

—Ngcoty+i SNSa—WJera—W +2 nga—WJrlNaa—W
oS oS op ) Op os S op
~SK w+SK Aw=0

St dung ham tmg suit Airy F (s, 0, t) nhu sau [100]:
2 2 2
LOF 1oF  _OF 1 &F 1 0F

- T ) - +——
Sapt Sas’ ’ ast’ Y S aSdp Stop (333

S
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Hé phuong trinh cho bién F L vaw dé phan tich mat 6n dinh
tinh cua vo non cut FG-CNTRC:
H, (F)+H,(w)+H,(F.w)=0, 539
H, (F,)+H,, (w)+H, (w,w)=0.
Diéu kién bién cia vo duge gia sir 13 tua don cac canh bén:
w=0tix=0 vax=x. (3.36)
Nghiém théa man diéu kién bién cua bai toan dugc xac dinh
nhu sau [40]:
w = fe* sin(m x) sin(m,0) +G fe* sin’ (mlx);

mru n 5 (3.37)
m =—.,m,=——x, =In—=
X, sin y S,
Phuong trinh mbi lién hé tai doc truc 7' va do vong w:
442 2 2
Au +fAu, +fu, +u
T =—f A, S (3.45)

u,

Tai mét 6n dinh duoc xac dinh tir phwong trinh (3.23) voi f—

0 thu duoc biéu thirc nhu sau:

T =--—2 (3.46)
Gia tri tai trong t6i han T la gid tri nho nhét cta tai mat 6n
dinh trong phuong trinh trén phu thudc vao sy thay doi ciia mode
mat 6n dinh (m,n).
3.2.2. Két qud va théo ludn
3.2.2.1. Két qua phdn tich mat 6n dinh

Hinh 3.8 trinh bay anh huong cia ti 1¢ thé tich CNT dén tai t6i
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han ciia vo non cut gia cuong theo kiéu phan bd bién ddi tuyén tinh
(FG-X) va phan b6 déu (UD).

+=30°,

(mn)=(1.11).FG-X, L=2R‘.
K =0,K =0.
w 1

T_(kN)

.
~..

Hinh 3.15: Anh huong cia ti 1é thé tich CNT t6i tdi trong t6i han

cua vo non cut FG-X
3.2.2.2. Két qud phan tich sau t&i han
Két qua phan tich trang thai sau t6i han ctia vo nén cut FG-
CNTRC thé hién qua mdi lién hé giira lyc va ti 1¢ bién do do
vong/do day trinh bay trong phan nay.

80 r

V. . =028
CNT o

70 | 1:K_=S5es N/m®, K, =led N/m

2K, =0,K, =0

-—-V_ . =012
N
60 | et

50 + (mn)=(1,11), FG-X, R /h=80, l':2R1' =3

40 t

T(kN)

30}

20t
10 f I R
ol s J
0 0.5 1 1.5 2 2.5
Jh

Hinh 3.22: Anh hiong cua ti 1é thé tich t6i dwong cong tdi trong - ti
1é d¢ vong/chiéu day ciia vé nén cut FG-CNTRC ddt trén nén dan
hoi
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3.3. Két luan chwong 3

Str dung phuong phap ban giai tich va mé phong sé dé phan tich
bai toan mat on dinh ciia tim va vo gia cuong FG-CNT. Ddi véi
phuong phap ban giai tich, két hop phuong phép Galerkin, ham tmg
suit va cin bfmg diéu hoa dé xac dinh nghiém cua bai toan va xac
dinh phuong trinh phan tich mat on dinh cua tdm va vo. Doi véi
phuong phap mé phong sd, mé hinh phan tir hitu han v6i ham con
USDFLD trong ABAQUS dugc thiét 1ap nhim mo ta sy phan b
bién thién theo chiéu day cia cac dng nano carbon, ap dung phan tich
mét 6n dinh cta tim FG-CNTRC.

CHUONG 4. PHAN TiCH PONG LUC HQC CUA TAM VA
VO FG-CNTRC

4.1. Phéan tich dao djng va dap @ng dong luc hoc cia vo hai
do cong FG-CNTRC
4.1.1. Cac phwong trinh co bén ciua vé hai dp cong FG-CNTRC

Mo hinh vé hai d cong véi tong chiéu day h, chiéu dai a va
chiéu rong b thé hién trén Hinh 4.1.

Hinh 4.1: M6 hinh vo hai do cong
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Luédn an dé xudt 1y thuyét bién dang cit hinh sin v6i bon béc tu
do. Truong chuyén vi dugc xac dinh nhu sau:

U(X’yyz,t)zuo(x,y,t)— +f( )[ 2. an

ox  Ox
v(x,y,Z,t):vo(x,y,t)— Zaa_‘j//()+f(z)[%+%] 4.1

W(x,y,z,t) =W, (x,y,t)
Trudng bién dang c6 xét tinh phi tuyén hinh hoc Von-Karman:
&=2¢&" +zk' +f(z)k3,7/=7° +g(Z)k2 4.3)
Céc phuong trinh chuyén dong ciia vo hai d6 cong FG-CNTRC
dugc xay dung dya trén nguyén Iy Hamilton nhu sau [87]:

S S—

(5U + oV —5K)dt=0

(4.6)
4.1.2. Cic diéu kign bién va nghiém phuwong trinh
Truwong hop 1: Twa don tit ci cdc canh (SSSS)
Tai x =0,a:
w,=v, =0w, = w,, = 0,9 = ¢y = O,ny =0ON =N,
Taiy =0,b: (4.22)

w, =Uu, =0,W0,x =W, =0,¢J =¢y =0,ny =0,Ny =Ny0

Nghiém théa méan diéu kién bién tya don tim dugc nhu sau:
W(x,y,t) W (t)sin A Xsinoy
¢(X,y, t) ) (t) sin A xsindy (4.23)
Truong hop 2: Ngam tit ci cdc canh (CCCC)
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Tai x =0,a;y =0,b
W, =u, =v, = O,WO’X =w,, = 0, (4.25)

¢,x:¢,y:O’ny:0’Nx:N N,=N

x0° "y y0
Nghiém théa mén diéu kién bién tim dugc nhu sau:
W(x,y,t) _|\w (t) sin’ A X sin’ oy
p(xy.t)| | ®(¢)sin® 4 xsin* Sy (426)

Truong hop 3: Hai canh doi di¢n twa don, hai canh déi di¢n ngam
(CSCS)

Ngém tal X = ()’a :WO =U,=v, = O, WO,x = WOy = 0’
¢,x :¢y :O,ny :O’Nx :Nx()
Tuadontai y = 0,b: 4.28)

w, =Uu, =0,WO,X =W, =0,¢J =¢y =0,ny =0,Ny =Ny0

Nghi¢m thoa man di€u kién bién tim dugc nhu sau:

w(xp.t)] [W(¢)sin’ 4 xsindy
[¢(X’J’,t)}_ LD(LL) sin’ lmx sin 5;)’] (4.29)

Tan s6 riéng dugc xac dinh bang phuong trinh sau:
1 27 1 4 25 2
G, +o], G +o],

_ —|=0
Gl o) G+l (4:35)

Phuong trinh phan tich dap g dong luc hoc:
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_dwW(t) _ do(t 1
J! dt2(2)+]'2 dtz()z(c1 +GI“NX0+Gl“NyO)W (¢)
WGW () +6W (¢) +G D (t)+6 W ()@ (¢) (4.40)

N_ N ,
+G ! R—X"+R—y°+Qostt
x y
_dw(t) _ do(t
o, oo
dt dt

=G.W (t)+G,jW (t)2 +GZ3<I)(t) (4.41)

4.1.4. Két qud va thio ludn
4.1.4.1. Két qua so sanh

Hinh 4.2 trinh bay so sanh dudng cong mbi quan hé giita ti 16
bién d6 trén d6 day (4,/k) va ti 16 tan s6 (/w,) ciia dao dong tur do
phi tuyén d6i cia vo hai d6 cong FG-CNTRC véi diéu kién bién
SSSS.

T T
----- Shen va cong su (2015)
Ludn dn

08

06

04

Ti I¢ bién do(A . h)

(m,n)=(1,1), a’b=1, a’h=10,
uUR‘ 0.1, b R\ 0.1,

K,=K,=0, AT=100, N=0.5, SSSS

0 L L L s
0.8 09 1 1.1 1.2 1.3 1.4

:::::

Hinh 4.2: So sanh dwong cong Aw/h-Q/wm, ciia taim FG-CNTRC
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4.1.4.2. Dao dong tu do

Bang 4.10 so sanh tan s co ban khong thir nguyén ciia vo hai

d6 cong gia cuong FG-CNT (Model I-b) véi 3 diéu kién bién.

Bing 4.10: Anh huong diéu kién bién BCs va cdc loai phin bo CNTs

toi tan so khong thir nguyén cua vé hai do cong nén kim logi gia

cuong FG-CNTs (Model I-b: WCNT =1%)

BCs UD FG-O FG-X
SSSS 0.0639 0.0610 0.0663
CSCS 0.0668 0.0641 0.0691
CCCC 0.0920 0.0888 0.0973

4.1.4.3. Dao dong cuong birc

Hinh 4.6 thé hién anh huéng ciia bién d6 (Qo) cta ngoai luc téi
ti 18 bién do-tan sb ciia dao dong cudng birc phi tuyén ciia vo hai do
cong nén FGM gia cuong UD-CNTs véi cac canh tya don (SSSS)

(Mb hinh II)

Tilg bién dg (A_h)

\\( NT

Model 1I: (m,n)=(1.1), ab=1, ah=10, a/R
025, b/R_= 025 K =K =0, AT=0,
1%, SSSS. nén FGM

Tilé tin sé (Ve )

Hinh 4.6: Anh hwéng ciia bién dé liec ngodi t6i dwong cong bién

do tan so cua dao dong phi tuyén cho vé hai dé cong (Model 1I)

4.1.4.4. Pap vng dong luc hoc

20




——SSSS; AT-0
------- SSSS; AT=300
CCOC: AT=0
————— CCOC; AT=300

e %
- W
'r (m.ny=1. a/b=1,ah=10, a'R_~025, aR =025 K =K, =0. W =1%.,
g 10000sin(S00t). UD. nén FGM
0 0002 0.004 0006 0008 0.01 0012 0014 0016 0018 0.02

Hinh 4.11: Anh huong cia su gia tang nhiét do toi dap vmg
dong liec hoc phi tuyén ciia vé hai dg cong nén FGM (Model
1)

Tam (R _-D/R_-0)
1.5 = = —Panel tru (/R_~05. b/R_~0) 1
—-—-= V6 hai 80 cong (/R =05, b/R_~0.5)
1
"
RCA |
0.5 |1 anl M
E o N
= o
N S
0.5 A
\ .
s e~
. -
(m.n)=1, ab=1.ah=10, K ~K,=0. AT=0, W ~1%, g=10000sin(S001)
15 :
SSSS.UD, nén FGM
0 0002 0004 0006 0008 001 0012 0014 0016 0018 002
ts)

Hinh 4.14: So sanh dwong cong bién do do vong-thoi gian
cho tam, panel try, va v hai dé cong nén FGM (Model II)
4.2. Phan tich dao dfng tu do va dap irng dong luc hoc cia vo
non cut FG-CNTRC
Phuong trinh chuyén dong ciia vé nén cut FG -CNTRC dugc
xay dung dua trén 1y thuyét vo ¢ dién [100]:
ON. ON d'u

S§—+—32L4N_—-N =p —,
65 a¢ S 0 p08t2
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(4.43)

os? as
-N, coty+i(SN5 a—‘/VnLNwa—Wj+i[N a—W+1N a_wj
oS oS op
Fw
ot’
H¢ phuong trinh phén tich dong luc hoc ctia vo non cut:

-SK w +SKpAW =P,

H, (F)+H,(w)+H,(F.w)=0, was
H, (F)+H, (w)+H, (ww)=0. '
Diéu kién bién ciia vo duge gia sir 13 tua don cac canh bén:

w=0tix=0 vax=x (4.46)
Dé hé phuong trinh (14) véi bién w va F ,va xem x¢ét dén diéu
kién bién nghiém cua bai toan duoc gia st nhu sau [100]:
w = fe* sin(m x)sin(m,0) + G fe" sin’ (mx) (4.47)
Phuong trinh nghién ciru bai toan dong ciia két cdu vo non dugce

xac dinh nhu sau:

uf(6) 2 +uf (£) A +uf (t)
+u f (t) +u,Q sin (cot) =u, %f (t) (4.55)

Tan s0 riéng ctia vé non cut FG-CNT dugc xac dinh nhu sau:

o = |-— (4.55)
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4.2.2. Két qud va thio ludn
4.2.2.1. Két qua so sanh

Bing 4.15: So sanh tan sé tu nhién khéng thir nguyén ciia vé nén cut

dong nhat (m = 1)

n 2 3 4 5 6
Tai liéu [63] 0.8420 | 0.7376 | 0.6362 | 0.5528 | 0.4950
Tai liéu [65] 0.8431 | 0.7416 | 0.6419 | 0.5590 | 0.5008
Tai liéu [51] 0.7910 | 0.7284 | 0.6352 | 0.5531 | 0.4949
Luén an 0.7894 | 0.7208 | 0.6552 | 0.5925 | 0.5328

4.2.2.2. Két qua tan sé riéng

Bing 4.19: Anh huong ciia géc ban dinh y lén tan sé riéng cia vo
non cut FG-CNTRC

v UD FG-X FG-O
15 5721 6769 4446
30 2205 2640 1664
45 1358 1635 1010
60 1039 1250 772

4.2.2.3. Két qua phan tich dap g dong liec hoc
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= 0.17.AT=0, ~ =30° — 80. h= S K 0K = .
15 Venr = 0-17.4T=0, 30°. R /h=80,h=0.015.K =0, I\'_ 0 G-X
=sme= FG-O
p 2 .
H f n ] i i i [
1413 il n [H ,'.‘ HN HP ite
L H : 2 1 \s Ny
HRTY A l-".:I ;'L"‘ I!‘:; iYi ;.'i lJ',I
i [AR] L R i : I U
0.5 L il I ,t'; [ gt Lo e
7 i A\ H WAL NG

Bién dp dp vong fim)

’
-0. [ANA] K\ H vag A i 1 H
1} H \ o
i ! W 3o ali A i W
Wi “! v 5 L 1 i Vi
ii Y ! 1 i H HH s
-1t H I i H i i 1! i
1 ! i LH IH i H
v N L i i i H i
’ v v ¥ L] Y v v
15 L N s N L L L J
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

Thei gian (s)
Hinh 4.16: Anh hwéng cia logi phdan bé CNT t6i dwong cong bién
do do vong va thoi gian cua vo non cut FG-CNTRC

4.3. Két luan chwong 4

Két qua phan tich dap ing dong luc hoc va dao dong cia tim va
v6 FG-CNTRC sir dung nguyén 1y Hamilton v&i 1y thuyét bién dang
cit hinh sin va tinh phi tuyén hinh hoc ctia Von Karmén dé thiét 1ap
céc phuong trinh chuyén dong. Khao sat anh hudng cac yéu td hinh
hoc va vt liéu toi tan sb riéng, méi lién hé bién do 4o vong-thoi

gian, bién d6 d6 vong-tan so.

KET LUAN
Nhirng dong gép cua luin an:

e D¢ xuat 1y thuyét bién dang cat hinh sin nham giam bot khoi
lugng tinh toan trong phan tich tim va vé FG-CNTRC nhung
van md ta mdi quan hé phi tuyén giita ing suét tiép va bién
dang cit. Cac phuong trinh cAn bang va chuyén dong duge xay
dung xuat phat tir Iy thuyét nay cling nhu céc 1y thuyét bién
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dang cét cia Reddy dya trén nguyén 1y cong 4o va nguyén ly
Hamilton véi truong bién dang phi tuyén von-Karman.

e Xac dinh dugc ba dang nghiém cua chuyén vi va ham ng sudt
tuong ung voi diéu kién bién cac canh tu don, ngdm va cac
canh tya don va ngam ddi xting cho phan tich tim, vé FG-
CNTRC str dung phuong phap giai tich.

e Phan tich mat on dinh cia tam, vo hai dd cong va vé non cuyt
FG-CNTRC nhdm xac dinh gia tri tai trong téi han, moi lién hé
tai trong-dd vong sau tdi han st dung ca phuong phap giai tich
va phuong phap mé phong sd.

e Xac dinh tan sd riéng, mébi lién hé bién do do vong - thoi gian,
bién do do vong-tan sb trong phan tich dong luc hoc phi tuyén
cua tAm, vo hai do cong va vé nén cut FG-CNTRC sur dung

phuong phap giai tich va phuong phap sb.

Huéng phat trién ciia ludn an:

Phan tich bai toan tinh va dong cia tdm, vé FG-CNTRC véi

cac phuong phap khac nhau nhu Navier solution, bién doi
Fourier nham xac dinh dang nghiém déng ctia phuong trinh.

e Téi vu hoa thanh ph?m vét liéu CNT nham nang cao hi¢u sudt
hoat dong ciling nhu gia tri tai trong téi han, tan sb riéng cla
céc két cau FG-CNTRC.

e Sir dung phuong phap thuc nghiém, giai tich, mo phong s6 két
hop voi phuong phap hoc may (machine learning) &p dung
trong phan tich co hoc cua cac két cau FG-CNTRC.

e Xay dung mo hinh xac dinh tinh chét vat liéu FG-CNT be"mg
phuong phap mé phong sé RVE (Representative Volume

Element) két hgp mo hinh mang tri tu¢ nhén tao.
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