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Tém tat:

Bai béo trinh bay nghién ctru vé dic trung dao déng phi tuyén cda panel tru FG-GPLRC st dung 16i gap nép FG-
GPLRC khi chju tac dung cta tai trong diéu hoa theo thoi gian. Léi gép nép dwoc mé hinh héa théng qua phuong phap
déng nhét héa tuong dwong duwa trén ly thuyét vé Donnell. Trén co s& d6, hé phurong trinh déng phi tuyén clia két céu duoc
thiét Iap véi viéc xét dén phi tuyén hinh hoc theo gia thiét von Kérman, str dung ham Lagrange két hop véi phuong trinh
Euler-Lagrange. Pap (ng déng cta hé duoc xéc dinh bang phuwong phép tich phan sé Runge—Kutta bac bén. Két qua tinh
toan cho théy viéc str dung 16i gap nép gilp nang cao dang ké tan sé dao déng riéng déng thoi lam gidm bién d6 dao déng
ctia panel so véi triromg hop 16i déc. Ngoai ra, dnh huéng ctia cac dang phan bd manh graphene dén dic tring dao déng
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phi tuyén cta panel tru FG-GPLRC ciing dwoc phén tich va danh gia chi tiét.

Tir khéa: Dao déng phi tuyén; Panel tru; FG-GPLRC; Léi gap nép; Ly thuyét vé Donnell; Phurong phap Runge—Kutta.

DOI:

Nonlinear vibration analysis of FG-GPLRC
cylindrical panel with FG-GPLRC corrugated
core

Abstract:

This paper investigates the nonlinear vibration
behavior of FG-GPLRC cylindrical panels with an FG-
GPLRC corrugated core subjected to time-harmonic
loading. The corrugated core is modeled using an
equivalent homogenization technique based on Donnell
shell theory (DST). Within this framework, the nonlinear
equations of motion, accounting for geometric
nonlinearity of the von Karman type, are derived using
the Lagrangian formulation and the Euler-Lagrange
equations. The dynamic responses of the panel are
obtained by employing the fourth-order Runge—Kutta
method. Numerical results indicate that the introduction
of a corrugated core significantly increases the natural
frequencies and reduces the vibration amplitudes
compared to panels with solid cores. In addition, the
effects of different graphene platelet distribution
patterns on the nonlinear vibration characteristics of FG-
GPLRC cylindrical panels are also examined and
discussed.

Keywords: Nonlinear vibration; Cylindrical panel; FG-
GPLRC; Corrugated core; Donnell shell theory; Runge—
Kutta method.

1. Giéi thiéu

Trong nhiéu linh vyc k¥ thuat hién
dai nhu hang khong vil try, co khi ché
tao va xay dung, cac két ciu dang panel
tru duoc sir dung ngay cang pho bién.
Do thuong phai lam viéc trong moéi
truong chiu tai dong phac tap, viéc
nghién ctru dac trung dao dong cua loai
két cau nay dong vai trd quan trong
trong qua trinh thiét ké va danh gia do
bén. Dic biét, cac bai toan dao dong phi
tuyén dwoc quan tdm nhiéu hon vi
ching phan anh chinh xac hon hanh vi
dong luc hoc caa két cau so véi cac mod
hinh tuyén tinh truyén thong. Déi Voi
vt liéu c6 co tinh bién thién theo chiéu
day (Functionally Graded Materials —
FGM), nhiéu nghién ctu da duoc thuc
hién nham khao sat dac trung dao dong
cua panel tru dudi cdc dang tai trong
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khéc nhau. Chang han, Yang va Shen
(2003) da nghién ctru dao dong tu do va
6n dinh dong cua panel tru FGM bing
cach str dung Iy thuyét bién dang truot
bac cao két hop véi phuong phap
Bolotin. Shen va Wang (2014) tiép tuc
khao sat dao dong bién d6 16n cua panel
tru FGM dat trén nén dan hdi trong mai
truong nhiét bang phwong phap nhiéu
hai budc. Bén canh do6, Mirzaei va
Seyedi (2024) da xem xét anh huong
ciia qué trinh gia nhiét bé mat tic thoi
dén dao dong phi tuyén caa panel tru
FGM. Ngoai ra, Karimiasl va
Alibeigloo (2023) cling da phan tich dac
trung dao dong phi tuyén cua panel
sandwich FGM sur dung 18i auxetic chiu
gradient nhiét. Gan day, Xue va cic
cong su (2023) da nghién ctru dao dong
ty do cua panel try FGM réng duya trén
ly thuyét bién dang trugt bac nhit két
hop vai nguyén ly Hamilton.

Song song véi su phat trién cua vat
liéu FGM, vat liéu composite gia cuong
graphene Vvéi co tinh bién thién (FG-
GPLRC) ciing dang thu hut nhidu sy
guan tdm nho cac dac tinh co hoc uu
viét. Vat liéu nay duoc tao thanh bang
cach phén tan cac manh graphene trong
nén polymer hoic kim loai, gilp cai
thién dang ké d6 cting va kha nang chiu
tai caa két cau. Niu va cong su (2022)
da ap dung nguyén ly Hamilton két hop
véi ly thuyét FSDT dé phan tich dao
dong phi tuyén cua panel try FG-
GPLRC. Trong khi d6, Wang va cac
cong su (2018) da nghién ctru dao dong
va bién dang cua cac vo cong FG-
GPLRC bang ly thuyét HSDT cling véi
phuong phap Navier. Ngoai ra, cac
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nghién cou gan ddy cia Phuong va
cong su (2024), cting da khao sat cac bai
toan 6n dinh dong va dao dong phi tuyén
cua céc panel FG-GPLRC c6 hinh dang
cong phuc tap bing phuong phép ning
lugng.

Tir cac nghién ctru d cong b cd thé
thiy riang viéc cai thién do cang cua két
cau panel van 1a mot huéng nghién cau
quan trong nhim nang cao dic trung
dong luc hoc. Trong nghién cau nay,
mét cau hinh panel tru FG-GPLRC sir
dung 16i gap nép FG-GPLRC dugc dé
xuat nham ting cudng do cung tong thé
cia két cdu. M6 hinh toan hoc cua hé
dugc xay dung dya trén ky thuat dong
nhat hoa d6i véi 16i gip nép do Xia va
c4c cong su (2012) d& xuat. Hé phuong
trinh dong phi tuyén duoc thiét 1ap bang
cach st dung ham Lagrange va phuong
trinh Euler—Lagrange, trong khi dap (rng
dong cua panel duoc xac dinh bang
phuong phap Runge—Kutta bac bon.

2. Panel tru FG-GPLRC c6 I8i gap
nép FG-GPLRC

Xét mot panel try gdm hai I6p mit
bang vt liéu FG-GPLRC va mét 16p 18i
gip nép ciing duoc ché tao tir vat liéu
FG-GPLRC. Cac tham s6 hinh hoc va hé
toa do cua két cau dugc minh hoa trong
Hinh 1. Panel chiu tac dung cua ap luc
ngoai bién thién diéu hoa theo quy luat
thoi gian g=QsinQt (Pa) dugc gia
thiét phan b déu trén bé mat ngoai cua
I6p phu. L3i gap nép duoc ché tao theo
dang hinh thang hodc luon séng. Ba
dang quy luat phan bé GPL dugc xem
xét gom: UD, X va O. Bang cach két
hop hai 16p pha FG-GPLRC vai lop 16i
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g4p nép FG-GPLRC, ba md hinh két cau
trong ng duoc thiét lap, ky hiéu Ia
UDy3;, X{31 va Opsp (xem Hinh 1).

Ba dang quy luat phan bd ty phan
khéi lwong GPL cua hai 16p phu duoc
thiét ké nhu sau

+ D6 véi  lép phu  trén
(-h/2<z<-h,/2).
uD: W(;PL =Weprs (l)

X: W, :U(th +2h+82)/(h~h, )HWGPL,
WL :[2—\(2h€ +2h +82)/(h—hC)HWGPL.

O:

B
L/ NN ¢ —
|k O— TN — -
— o AN, ¢

Gép nép hinh thang

ra s

UDW 131 OW

+ P& vsi 1op  pha  dudi
(h./2<z<h/2).
UD: Wops, =W
X: W, =[|(2h <2082 (b Wy, 2D

O: Wop, =] 2-|(2h, +2h+82)(h=h, ) [ W,

trong d6 Wgp, 12 tong ty phan khéi
luong GPL.

q — OsinQ¢

Gép nép luon song

UDrp, X Ory

Hinh 1. Hé toa do, thdng sé hinh hoc va quy luat phan b GPL cua panel tru FG-GPLRC
c6 16i gap nép FG-GPLRC

Ngoai ra, cac dang quy luat phan bd
GPL cua I8i gap nép duoc dé xuat tinh
qua bé day caa thanh gap nép nhu sau.

uD: Wop, =Wopr»
X: Wepy, = 416/t W @)
o: Wepy, = (2= 4(¢]/t) Wi

Céc biéu thirc xac djnh mo dun dan hoi,
hé s Poisson va khéi luong riéng cua
FG-GPLRC dugc xac dinh nhu trong tai
liéu tham khao (Phuong va cong su,
2024). Do panel c6 chiéu day nhé so voi
céc kich thude con lai, két cAu duoc xem
nhu vo mong. Trong nghién cau nay, ly
thuyét vo Donnell (DST) duoc 4p dung
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dé mo ta g xir co hoc cua panel. Bong
thoi, anh hudng cua phi tuyén hinh hoc
dugc xét dén thong qua gia thiét bién
dang 16n kiéu von Karman. Theo d, cac
thanh phan bién dang tai mot diém céch
mat trung binh mot khoang z c6 thé
duogc biéu dién theo céc quan hé trong
phuong trinh sau.

0 _0 0
8y =8 ~ZWyy, €y =8 —ZW ), Ty —yxy—Zzwyxy, (4)
trong do:
Doy it @ Ll
x TN T R TR By TRy T Ty Ty T Ry (5)

Yoy =y HU, WD HWI H W

Pinh luat Hooke duoc 4p dung dé thé
hién mdi quan hé gitra ung suét-bién
dang cua panel la:

Ox Qu Q, 0 |&
Gy = Q, Qp O SEE (6)
6| LO 0 Quly,

trong d6 Q;; 1a d6 cung rdt gon duoc xéac
dinh nhu sau:

Céc thanh phan ndi lyc va mé men cua
panel tru FG-GPLRC c6 I8i gap nép FG-
GPLRC duoc thiét 1ap bang céch tich
phan dinh luat Hooke theo huéng bé day
va két hop véi ky thuat dong nhat hoa
két cdu dang gap nép cua Xia va cac
cong su (2012).

- _ 0
Nel Ta, 4, 0 0 0 0 8;
Nyl la, 4, 0 0 0 0 &
Nl [0 0 45 0 0 0| ¢ | (D
M |0 00 Dby Dy 0|y,
M, |0 0 0 D, D, Do w,,
M, L0000 0 Bl

trong d6 Ay va Dy la do cang cia
panel tru 16i gap nép dugc tinh nhu 1a

(45.D5)=(Af.Df )+(45,D5 ),

véi Al, D] va A§, D lan luot la do

cung caa hai 16p pha va 18i gap nép
duoc xac dinh la:

h/2

(4.0])= [ @17 )dz+ [ Q;(17")dz,

o _ E(z) . _v(z)E(z) _ E(z)
Qu—sz—l_V(Z)z:Qu— 1—v( )2 > 66_2‘:1+V(Z)}
—he /2
_h/2
2c le
Aj) = B A Af ==
=1 4 -2 11
Au Du
D§2 22511, chz :gDSZ’ chl =
l D11
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2f

sin 0

2f

Vi [ = ok
an

+C

3sin6
dbi vai gap nép hinh thang,

I :4fcose+20

4f3

2= 3sin0

af

_tane’

+2f2(c—

o)

3

l=nr+2d,c=2r,I,=7r, I, :%+ 2nd?r +8dr? + nr®

dbi gip nép luon séng va A;,D;; 14 do

ctirng uén cua 16i gap nép trong hé toa do

dia phuong duwoc xac dinh la
t/2

(45:05)= [ Qy(1e?)de

Phuong trinh twong thich bién dang
cua panel dua theo DST duoc ap dung
nhu:

—t/2
w
0 0 0 » XX 2 * * *
Exyy ~ Vaypy T ey =7 R W Wy + Wy =W o W0y, +2W W, ~W o W, (8)
Diéu kién bién cua panel dugc xem
Xét 14 tyra don va khong thé dich chuyén
la:
N, =Ny, M _, . =0, ny\xzo’a =0, u=0, w|_, =0, o
Ny =Noy» My‘y=0,b =0, ny‘y=0,b =0, v=0, w|y:0,b =0.

Déi véi diéu kién bién tya don, dang
nghiém xap xi ciia do vong ciing nhu do
khéng hoan hao ban dau ciia panel dugc
gia thiét dudi dang khai trién theo cac

w =W ssinoxsinBy,

trong d6 o =mn/a, B=nn/b; M va
n 1a cac mode dao dong. Bang cach dwa

Ny =YLy Ny

Phuong trinh twong thich bién dang
(8) cb thé duoc viet lai la

* * * * w XX
Aso oo + (2A12 +Ags )X,nyy AU yyyy +

FW o Wy +W W, —2W W, + W W, =0

Thé cac dang nghiém tir phuong
trinh (10) va phuong trinh tuong thich

ham thoa man diéu kién bién. Biéu thirc
cta cac ham dang nay duoc trinh bay
theo dang nhu sau

w’ =EhsinoxsinPy, (10)

vao ham éng suét x(x,y ), théa man cac
diéu kién sau

= _X,xy7 Ny = X,xx . (11)
s 2
—Ww
»XY
R (12)

bién dang (8), ham trng suit y c6 thé thu
duoc dudi dang nhu sau:
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2
_ Nyox n N,y
2 2
biéu kién khéng dich chuyén
cua cac canh panel dugc xét theo nghia
trung binh, dan dén cac quan hé rang

+ %, COS 20X + Y, COS 2BY + %5 Sinax sin Py. (13)

budc dugc trinh bay trong cac phuong
trinh nhu sau

ba

u,xdxdy =H, N, +H,, Noy +H33W(22’;h+W)+H34W =0, (14)
00
ba

v’ydxdy =H, N, +H22N0y +H23W(2§h+W)+H24W =0. (15)

00
niang cua hé dugc xac dinh lan luot
théng qua cac biéu thac.

Thé ning bién dang dan hoi cua
panel, cong cua tai trong ngoai va dong

h/2 ba
1
U, = 5 I Jj(cxsx +6€y + 0, Yoy )dxdydz, (16)
~h/20 0
ba
= j j qudxdy, 17
00
ba
U, = I'[ wt+wt (z)dxdy. (18)
00
Téqg nang luong cua hé dugc xac
dinh bang tong cua cac thanh phan nang
luong nay la
UTotal = Ut _Uin +Uext (19)

Dya trén nguyén ly Lagrange, phan di voi nang lwong toan phan caa

phuong trinh dong cua hé co thé thu
duge thong qua phuong trinh Euler—
Lagrange. Sau khi thuc hién phép bién

d

o UTo tal

dr oTPX%

dan dén
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hé, phuong trinh dong phi tuyén cua
panel dugc thiet lap nhu trong cac
phuong trinh

. aCITotal

= 0,
ow

(20)
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H, W+ H12W[W + %&’;hj +H,,W(2th+W)(Eh+W)

(21)

+H Ny, + HigNo, + Higq + Hml'&: 0

Bing cach giai hé phuong trinh (14),
(15) va (21), phuong trinh dong cua
panel dugc xac dinh nhu sau

JuW+J W (Eh+W)+J,, W (26h +W)+H12W(W+g§hj

(22)

+ W (28h+W)(Eh+ W )+ Hygq + H,, WE=0

Néu panel dao dong tu do tuyén tinh
va hoan hao, bang cach bo qua cac thanh
phan phi tuyén cia W phuong trinh

Tan sb dao dong riéng cua panel
duogc xac dinh bang céach lay gia tri nho
nhét trong tat ca cac mode dao dong cua
tan s6 ty do tuyén tinh. Tai &p luc ngoai
cudng btrc diéu hoa dugc ap dung voéi
q=0QsinQt vao phuong trinh (22) va
hé phuong trinh vi phan thu dugc dugc
giai bang thuat toan tich phan sé Runge—
Kutta bac bon nham xac dinh dap @ng
dao dong cua panel theo thoi gian.

3. Két qua sé va thao luan

Nham danh gia do chinh xac cia mo
hinh d& xuat, cac gia trj tan s6 dao dong
riéng khéng tht nguyén cua panel tru
FG-GPLRC duoc tinh toan va déi chiéu
Vi cac két qua da dugc cdng b trong
tai liéu (Niu va cong su, 2022; Wang va
cac cong su, 2018), nhu thé hién trong

(22). Tan s6 dao dong tu do tuyén tinh
cua panel dugc xac dinh nhu sau:

(23)

Bang 1. Sy phi hop tét gitra cac két qua
thu dugc cho thdy phuong phap tiép can
dugc su dung trong nghién cuau nay cé
do tin cay cao va co thé &p dung cho viéc
phan tich dao dong cua panel tru FG-
GPLRC ¢ 18i gap nép.

Tan s6 dao dong riéng cua panel tru
FG-GPLRC c6 16i gap nép va 15i dic
duoc trinh bay trong Bang 2. Bé day 10i
dic duoc tinh toan sao cho thé tich caa
16i dac bang véi 16i gap nép twong tng.
Co thé thay tan sé dao dong I8i gap nép
I6n hon nhiéu so véi 16i dac. Ngoai ra,
su khac biét vé tan s6 dao dong khong
dang ké vai ba dang quy luat phan b
(UDp), X3 va Opg)) trong tit ca céc
truong hop duoc khao sat.
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Bang 1. So sanh tan sé dao dong riéng khong thtr nguyén 8= 0P\ [P /By cua

panel tru FG-GPLRC (4=b h =0 0a5m @/h=50 R/a=5 b/h=20 WepL_1q,

Em

=3.0GPa, Pm=1200kg/m?,

(m,n)

=(1,1)).

Phan b6 GPL Tai liéu

Wang va cac cong su | 0.00652

UD Niu va cic cong su 0.006517

Bai bao

0.006534

Wang va cac cong su | 0.00708

X Niu va cac cong sy | 0.007299

Bai bao

0.007240

Wang va cac cong su | 0.00589

0] Niu va cac cong sy | 0.005761

Bai bao

0.005739

Déi véi két qua sb, cac gia tri tham
s6 ciia GPL va vat ligu nén duoc lay nhu
trong tai liéu tham khao (Phuong va
cong su, 2024). Céc théng sb hinh hoc
cua gap nép hinh thang 1a S =2-5mm
c=4f  t=06mm 6 oa=1/4

h.=2f+t gip nép luon song la
r=2mm c=2r t=0.6mm
d =0.5mm hc:2(r+d)+t.

Dap ung dong luc cua panel try FG-
GPLRC c6 18i gdp nép hinh thang va
luon séng véi 161 dac dugc khao sat
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Nguon: Tac gid
trong Hinh 2 va 3. C6 thé quan sat thay
bién d6 dao dong cua panel cé 16i gap
nép nho hon dang ké so voi panel co I8
dic. Hinh 4 thé hién anh huéng cua quy
luat phan bé GPL dén dap tng dong luc
cua panel tru 6 16i gip nép hinh thang.
Két qua cho thay su khéc biét nho cua
ba quy luat phan bé GPL duoc xem xét.
Anh huong dang ké cua cac thong sb
hinh hoc cua 18i gap nép luon song dén
dap tng dong luc cua panel tru duoc
minh hoa trong Hinh 5. C6 thé thay
rang, khi bé day cua 16i gap nép tang lén,
bién d dao dong cua panel cling cé xu
hudng tang theo.
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Bang 2. Anh hudng cua céc quy luat phan bé GPL va cac loai 161 dén tan sb dao dong

riéng Oran (rad/s) cia panel tru FG-GPLRC ¢4 16i gép nép va 15 dic (7t =8mm, h
5.6mm, @=b=100h R=a/0.1 Wopr. - ( 505

Hinh thang Luon séng

UDp3 Xia) Org UD Xia) O

gép | 531.18(1,1)" | 530.56(1,1) | 530.17(1,1) | 501.71(1,1) | 501.13(1,1) | 500.75(1,1)

'(;;C' 341.11(1,2) | 342.28(1,2) | 338.85(1,2) | 352.83(1,1) | 351.77(1,1) | 352.87(1,1)

*Cac mode dao dong (m.n)

20

Ldi gdp nép hinh thang
----- Loi dic

A
A}

- 1
n I \ a d 1
' \ Y 1
:‘I :\‘ \ " v\‘ 1\
] \ ]
N\ 1 \ J Y 1
1 v \

/ i
~_ ) [ “ ]
E 0 \ ! \ H

! ]
e ‘| i ' !
& ] 1 I
WY A H )
f Y
‘. H \ 1
\ '

1
]
1

\,
e H

UDys), h = 8mm, h, = 5.6mm, a = b= 100k, R =a/0.1,
(m,m)=(1,1), Wgp = 0.5%, ¢ = 5x10* sin(100¢) Pa.

0 0.05 0.15 0.2

0.1
£(s)
Hinh 2. Dap tmg dong lyc ciia panel truy FG-GPLRC c6 161 gap nép hinh thang va 15i dic

Nguon: Tac gid

20

Li gdp nép luon séng
P s Lai dic
A ) [
10 b fit b !
\]

-10 | u“n'

v Y [
UDy3), #=8mm, /,=5.6mm, a = b= 100k, R = a/0.1
(m,ny=(1,1), Wep, = 0.5%, g = 5x10* sin(100¢) Pa.

W (mm)
)
-
i
=,
e
=
=

v v
»

-20

0 0.05 0.15 0.2

0.1
t(s)
Hinh 3. Pap tmg dong luc cta panel tru FG-GPLRC c¢6 161 gép nép lwon séng va 161 dic

Nguon: Téc gid
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16 UD[g]
h=8mm, h, =56mm,a=5b=100s R=a/01, |
(m,n)=(1,1), Wp = 0.5%, g = 5x10% sin(100r) Pa. i{

8 -
g
g0
= z
£
Gép nép hinh thang
_16 1 1 1
0 0.05 0.15 0.2

0.1
1(s)

Hinh 4. Anh huéng cta quy luét phan b GPL dén dap trng dong lyc cta panel try FG-
GPLRC c06 161 gap nép hinh thang

Nguon: Tac gid

18 — d=0.1mm, i, = 4 8mm
Gapnép luonséng ~ |oo--. d=0.5mm, b= 5.6mm
9 b
E
g0
B
-9 I L .'..'. P by '..\.:
XBI’ h= 8mm', a=b=100h, R = E;/().]’ (m)=(1,1), 3
18 Wep, = 0.5%, g = 5x10° sin(1007) Pa. .
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Hinh 5. Anh huong cta thong sé hinh hoc 15 gép I}ép dén dap ung dong luc cua panel try
FG-GPLRC ¢6 161 gap nép luon song

Dap ung dong luc cua panel try FG-
GPLRC ¢6 I8i gap nép hinh thang va
luon song vai 161 dac hinh 2 va 3. Cac
két qua tinh toan chi ra rang viéc sur
dung I18i gap nép gilp giam dang ké bién
d6 dao dong cua panel so vai trueong hop
st dung 161 dic. Hinh 4 thé hién anh
huéng caa quy luat phan bé GPL dén
dap tng dong luc cua panel tru co 16i
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Nguon: Tac gid
gap nép hinh thang. Két qua cho thy su
khac biét nho cua ba quy luat phan b
GPL duoc xem xét. Anh huong dang ké
cua cac thdng sb hinh hoc cua 16i gap
nép luon song dén dap tmg dong luc cua
panel tru duwoc minh hoa trong Hinh 5.
Co thé thay rang, khi bé day cua Ii gap
nép tang 1én, bién d6 dao dong cua panel
cling c6 xu hudng tang theo.
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Gép nép hinh thang

mn

Oppp h=8mm, h, =5.6mm,a =b=
(mny=(1,1), Wepr =0.5%, g =2x10% sin(Qr) Pa.

— (=530 rad/s

=3530.17 l"dd/b e O =520 1ad/s

100k, R =a/0.1,
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Hinh 6. Anh hudng ciia tan s6 cudng birc dén dép Gmg dong luc cia panel tru FG-
GPLRC c6 16i gap nép hinh thang

Nguon: Tac gid

Gép nép hinh thang

)=(L1), Wm

OB] h=8mm, h,=5.6mm,a =b=100h, R=all.1,

0.5%, g = 2x10° sin(530) Pa.
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Hinh 7. Buong cong bién do-van tdc cua panel tru FG-GPLRC c6 15i gip nép hinh thang

Khi tan sé cudng birc tién gan dén gia
tri tan sé dao dong riéng cua két cau,
hién tuong phach diéu hoa bat dau xuét
hién, duoc trinh bay trong Hinh 6. Cac
két qua thu duoc cho thy bién d6 dao
dong phach ting manh khi tan sé kich
thich xap xi tan s riéng. Quan hé giira
bién do va van téc dao dong duoc biéu
dién dusi dang cac quy dao khép kin
trong khong gian pha, Hinh 7 thé hién
thoi diém bat dau va két thiic mdi chu ky
phach, ca bién do va van tdc déu triét
tiéu, trong khi duong bao cua cac quy

Nguon: Tac gid

dao nay twong tng vaéi khoang thoi gian
ma bién d¢ phach dat gia tri 16n nhat.
4. Két luan

Nghién ctu da phat trién mot mo
hinh ban giai tich dé phan tich dao dong
phi tuyén caa panel try FG-GPLRC c6
I6i gap nép FG-GPLRC khi chiu tai
trong ngoai bién thién theo thoi gian.
Mo hinh duoc xdy dung dua trén ly
thuyét vo Donnell két hop véi ki thuat
ddng nhat hda nham md ta dic trung co
hoc cua I18i gip nép. Céc hé phuong
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trinh dong phi tuyén cua hé duoc thiét
lap thong qua ham Lagrange va phuong
trinh Euler-Lagrange, sau do duoc giai
bang phuwong phap tich phin Runge—
Kutta bac bén.

Két qua tinh toan cho thay viéc st
dung 18i gap nép mang lai hiéu qua rd
rét trong viéc cai thién dic trung dong
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