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PHAN TiCH DAO PONG RIENG CUA DAM NANO CONG FG NAM TREN
NEN PAN HOI SU DUNG PHUONG PHAP RAYLEIGH-RITZ

Tran Vin Ké', Nguyén Thi Hong’

Tém tit: Trong bai bdo nay, phwong phdp gidi tich sir dung cdc da thirc Chebyshev trén co sé phwong
phdp Rayleigh-Ritz dé phan tich dao dong riéng cia dam nano cong co tinh bién thién c6 16 rong dat
trén nén dan hoi. Cdc phirong trinh déng hoc tong qudat cia dam dwoc suy ra tir nguyén Iy Hamilton's
va Iy thuyét bién dang cdt bic cao Quasi 3D. Co tinh cia vt liéu dam thay doi bién thién theo chiéu
day theo quy ludt phan bo ham sé mii va 16 rong dwoc mé ta theo hai quy ludt dong déu va khéng dong
déu. Moi trwong nhiét dd va dé am tac déng 1én két cau dwoc gia dinh chi gdy ra tdi trong tic dung theo
phurong ngang ma khéng tac dong dén co tinh vit liéu. Tinh chinh xdc cia phiwong phép do bdi bio dé
xudt dwgc xdc minh bang cdch so sanh cdc két qua sé thu dwoc voi cac két qua cia cdc cong trinh da
xudt ban trong tai liéu. Ngodi ra, anh huéng cia dé cong, hé sé phi dia phwong, hé s6 16 rong, hé sé do

cung nén dan hoi den dap ung dao dong riéng cua dam dwoc danh gia chi tiet.

Tir khéa: Pan hoi phi dia phuong, phuong phap Rayleigh-Ritz, dim cong nano FG, dao dong riéng.

1. TONG QUAN NGHIEN CUU

Trong cac nganh cong nghi¢p duong dai nhu
dién tur, y hoc, duoc phém, quang hoc, v.v., cac
vat liéu va cdu trac vi mo va kich thudc nano da
trd nén phd bién (V.Y. Prinz va ctv, 2001; M.
Brzezinski va ctv, 2015). Két qua 13, nghién ctru
vé hanh vi co hoc cua cac cdu tric vi md va nano
da dugc cong b6 da dat duge rat nhidu thanh cong
(V.K. Tran va ctv, 2020; N. Triantafyllidis va ctv,
1986). Ngoai ra, viéc nghién clru rng Xt co hoc
clia cac cau tric va vat lidu c6 kich thude micro va
nano 1a mot yéu cau rat quan trong va cip thiét.
Cung voi xu hudng dé, hang loat 1y thuyét tinh
toan da duoc dé xuit va phat minh ra (J.N. Reddy
va ctv, 2015; A. Eringen va ctv, 2003). Bai bao
nay nhim muc dich thuc hién phan tich dao dong
co-nhiét-4m cta cac ddm nano cong xdp cd co
tinh bién thién theo quy luat phan bé ham s mi
nam trén nén dan hoi.

C6 thé tom tat mot sd cong trinh tidu biéu bang

'Bé mén Co hoc vat ran - Khoa Co khi, Hoc vién KTQS
’B6 mén Do hoa ky thudt - Khoa Co khi, Truong Dai hoc
Thuiy loi

Iy thuyét phi dia phuong cua Eringen nhu sau.
Jena va cong sy (S.K. Jena va ctv, 2019) da
nghién ctru 6n dinh cia mot dam nano Euler-
Bernoulli dugc dat trong trudong dién tur dé xem no
hoat dong nhu thé nao. Li va céc déng nghiép
(Y.S. Li va ctv, 2016) da str dung 1y thuyét phi dia
phuong va Iy thuyét dim Timoshenko dé nghién
ciru sy udn tinh, 6n dinh va dao dong riéng cua
céc dam nano tir tinh dan hdi. Sy thay doi cua dién
thé va dién thé tir doc theo hudng do day ciia dim
nano dugc tinh toan bang cach s dung phuong
trinh Maxwell va diéu kién bién tir truong.
Nguyén ly Hamilton dugc st dung dé phat trién
cac phuong trinh chi phéi cia dam nano tir dan
hdi. Alzahrani va cong su. E.O. Alzahrani va ctv,
2013 da nghién ctru tac dong cuia tai trong quy moé
nho dbi v6i sy udn tinh ciia cac tim nano, ching
han nhu tdm graphene, tya trén dan hdi hai tham
s6 va chiu (mg suat co-nhiét-hygro. Azimi va ctv,
2016 da trinh bay mot nghién ctru vé dao dong
riéng cta cac dim nano c6 co tinh bién thién theo
quy luat phan bé ham sé mii quay theo truc chiu
tai nhiét phi tuyén trong mat phang. Dua trén Iy
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thuyét dam Timoshenko, va ap dung nguyén Iy
Hamilton. S. Dastjerdi va ctv, 2020 da phat trién
mdt 1y thuyét nira ba chiéu rat hiéu qua dé nghién
ctru phan tich uén co nhiét- 4m phi tuyén tinh cua
mot dia quay co co tinh bién thién (FGM) rat day
trong mdi truong nhiét-dm, co tinh dén 46 xdp
nhu mot khiém khuyét vé céu trac. S. Ebrahimi va
ctv, 2019 di s dung 1y thuyét dam Euler-
Bernoulli dé khao sat hanh vi dao dong cua mot
nhém nano xdp duoc ¢ co tinh bién thién (2D-
FG) theo hai hudng dudi tai co hoc 4m-nhiét. Cac
dic tinh ctia ddm nano 2D-FG dugc coi 1a & dang
Iy thuyét luat lity thira.

Theo sy hiéu biét cua tac gia, chua c6 nghién
ctru nao dé xuat va nghién ctru dao dong cia co-
nhiét 4m cta cic dam nano cong x6p ¢ co tinh
bién thién ndm trén nén dan hdi. Do d6, muc dich
ctia bai viét nay 1a dwa ra mot mo hinh bai toan
cho chu dé nay. Trong d6, phuong phap phan tich
dao dong co-nhiét 4m ciia cac ddm nano cong xdp
c¢6 co tinh bién thién (FGP) tua trén nén dan hoi
st dung da thirc Chebyshev dua trén phuong phap
Rayleigh-Ritz  dugc
Hamilton duoc str dung dé suy ra phuong trinh chi

trinh bay. Nguyén ly

phdi ctia dAm nano, phuong trinh nay dua trén Iy
thuyét dam bién dang cit bac cao gan nhu 3D két
hop voi 1y thuyét phi dia phuong. Pay 1a mot
dong gop méi gitip chiing ta hiéu dwgc hanh vi co
hoc ciia cdu triic nano. Ngoai ra, 1y thuyét va
phuong phap nghién ctru cung cép mot khia canh
hap dan cho linh vire co hoc tinh toan.

2.COSOLY THUYET

2.1. DAm nano cong lam bing vit li¢u FGP

Xét dam hinh chit nhat c6 chiéu dai L, chiéu
rong b va chidu day h nhu Hinh 1. Tinh chét vat
libu dugc gia thiét thay doi lién tuc tir mit trén
(Z = +h/2) &n mit dudi (Z = —h/2) theo phan
bd luat liy thira. Bé mat trén cua didm nano 1a
hoan toan bang gdm trong khi bé mat dudi 1a kim

A 9
IUl(x, v.Z,t) = (1 + R—) Upx,y.t) —Z—— —f(Z)
X
L Us(x, v, Z,t) = WP + W3 + g(Z)WhZ

loai hoan toan. Nén dan hdi 13 nén Winkler-
Pasternak, gobm hai thong sb 1a hé sb cing k,,va
hé s6 cimg truot k.

Truc trung hoa

True trung binh

Porosity templates

Hinh 1. Mé hinh dam nano cong lam bang vt liéu
FGP nam trén nén dan hoi

Do qua trinh ché tao ddm FG xuat hién céc 18
rong té vi nén quy luat co tinh ciia dam FG c6 16
rong duge md ta boi cong thire sau:

5(2) = Sy + (Sc = Sp)Ve = 9(Sc + Sin)
Dz
= (3+3) v

o day: S 1a ky hiéu chung cho co tinh ctia vat
liu bao gdbm moé dun dan hoi E, khdi lwong riéng
p va hé sb Poat xong. m 1a ky hiéu ciia thanh phan
kim loai, ¢ 13 thanh phin gbém, p, 13 hé sb mi thé
tich cua vat liéu. ¥ 1a hé sb diéu khién 16 réng cua
vat lidu, y 1a thé tich 16 rdng, mdi quan hé giira ¥
va x theo cac quy luat phan bd 16 réng duoc xéac
dinh bo1 D. Shahsavari va ctv, 2018:

Quy luat phan b 13 rdng dong déu (Type 1):

9=3 (2)

Quy luat phan bd 16 réng khong dong déu
(Type 2): .

o=3(v %) ®

2.2. Ly thuyét bién dang cit Quasi 3D

Trong nghién ctru nay, truong chuyén vi

N | B2

d6i véi diém bat ky cua dam FGP cong trong
miat phing trung binh dugc xac dinh theo ly
thuyét bién dang cat tya Quasi 3D dwgc xéc
dinh nhu sau:

wb oWs
ox )

0x
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U;,,Uzla dich theo
phuong x va y; Uy, WP WS and WP%1a céac

Trong do: chuyén

bien so. R, la ban kinh cong cua dam:

R, =%;<p 1a géc md cua dam. Truong bién
dang tuyén tinh cua dam cong duoc suy ra tir
treong chuyén vi (4) nhu sau:

60U, Uy 46U, WP+w? (02wt U 02ws g(z)wbz
£ =y R—;E R\ e max) @ aa g )
"U
3 6U1 N acg Uo _ 7 ow's +awf’z
B =% Yax m 9P\ tTax @)
f(Z) va g(Z) dugc cho bdi cong thirc sau:
G af(Z} wZ
) —sm( ) gl — —5, s (T) (8)
Cong thirc trén duoc viét gon lai nhu sau
Exex =Y+ Ze? + f(Z)e* + g(Z)et 65, = (Z)S Yz = §(Z)y. )
o day:
au, Wb+ws azwd  au, 2wWs
el = + el =t —— et = -
dx R, dx?  R,0x 0x? (10)
et = sz.s5 = Wbz, yt _ow®  aw?
R, ' ! dx ax ’
2.3. Ly thuyét phi dia phwon 0
AL A (1—#fﬁ)auzcwgu (11
Trong ly thuyét dam cuc bd (ly thuyet dam c6 X

dién), tensor Ung suat tai bat ky diém nao phu
thugc vao tensor bién dang tai diém d6. Tuy
nhién, 1y thuyét phi dia phuong gia dinh ring véc
to ung suit tai mot diém phu thudc vao tensor
bién dang tai tit ca cac diém. Mdi quan hé tmg
suét-bién dang co thé duoc viét dudi dang A.
Eringen va ctv, 2003:

2070y _ _E(@) .

Tox — M1 ax2 (1—u(z)2j(€xx +v(Z)ezz)
20%0zz _  E(Z) .

G :u]_ ax? (l—LJ[Z]z] (U(Z)Exx + SZZ)
20%0,z _ E(Z)

Iz — M50 - 2(1+v(2) (¥az)

2.4. Phuwong phap Rayleigh-Ritz

trong do6 o;; la tensor Urng sudt phi dia phuong,
C;jx1 12 hé s6 hang s6 dan hdi, &;; 1a véc to bién dang
cuc bg, [y dai dién cho hi€u tng quy mo nho trong
cau trac nano duoc goi 1a hé sb phi dia phuong.

Theo Iy thuyét phi dia phuong, mé hinh cong
thirc (11) d6i v&i mot tia nano dan hoi c6 thé duoc
biéu thi nhu sau:

(12)

Ning lwong bién dang U cta dim nano cong duoc tinh boi

1
— EJ (ElTNx 4 SZTMI 4 EETLI 4 S4TPx 4 leQx 4 ESTNZ)dX
L

(13)

Trong 46 N*,NZ,Q*, M*, L*, P* 1an luot 1a cac thanh phan noi luc.

Naéng lugng ctia cong cua ngoai luc K dugce tinh nhu sau

1
K =;J’(R + FA™) dx
i
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Trong do6:

R =k, (WP + W)? + kg (73(”’:""5))2;
FHT = fHT (@[W;:WE))Z + fAT (%)2; (15)

O day: fHT,£HT 1an luot 1 luc nhiét 4m tic  phan bd ddng déu theo chidu day S.Ebrahimi va
dung theo phuong nim ngang cuia dam do méi  ctv, 2016:
truong nhiét d6 va do am gdy ra voi quy luat Dong nang V cua hé xac dinh boi:

=] I_pr (x,2) ((01)2 + (Ug)z) dzdx

2 542
- (fl(UO) +LWP + W) — 200,25 — 21,0, 25 + 1, (22) +1,(22) +

dx (16)
217%3"" + 2IWYZ (WP + W) + I,(WP?) )
Téng ning lwgng ciia ddm nano cong duge tinh nhu sau
M=U+K—V="[ (7N +eZM* + 7L + P + }f”Q’f + eSTNZ)dx +
f (R + FHT) dx ——f (Jll U, | + L(WP +Ws ) — 21,0, - —21,0,2- P (17)

av/? aws aw? aws bZ(virh bz _
(2 ) +16(22 ) 21,222 212 (W + W) + 1V 7)) dx = comst

Trong nghién ciru nay, da thic Chebyshev lam giam chi phi tinh toan. Mot vai sb hang
dich chuyén loai thtr nhit duoc coi 1a mot ham  dau tién cua da thirc Chebyshev dd dich cua
hinh dang so vé6i da thirc dai s vi thuc té la da  loai th nhit c6 thé dwoc biéu thi bang S.K.
thic Chebyshev 1a da thic truc giao, diéu nay Jena va ctv, 2019:

ay =1, a1 = x, a,, = 2xa,,_ 1 — a,_5. (18)
Céc chuyén vi dé thoa man céc diéu kién bién chung ciia dam nano cong dugc dua ra 1a
UO = E?:l br@r(x)eja‘}t) Wb = ?:1 Cr(sbr (x)ejwta (19)
We =Yr_ 1 d,y,(x)e/®, WP =3 e A (x)e", (20)
Oy = fur_1(x), b = ftr_1 (), 1 = futr_1(X), A = fpa,_, (), (21)

& day by, c,,d,, e, 1a cac hé s, a,(x) la da thic Chebyshev dugc bac m. f,, f;, 1a ham diéu khién
ctia diéu kién bién duoc thé hién trong Bang 1.

Bang 1. Ham diéu khién di€u kién bién cia dam

Diéu kién bién fu for Diéu kién bién fu for
SS cos (n’ E) sin (n’ E) CS X x%(a—x)
X % X X
. - . 2 - _ _

CcC sin (}1’ a) sin (}1’ a) CF Sm( Za) 1—cos (n’ 2a)
Thay thé cac cong thirc (19) - (20) vao cong thirc (17) va st dung phuong trinh Lagrange, ta co:
ol don 0 -
od dtad 22)

o day d = {Uy, WP, W*, W%} hanh vi udn tinh, dao dong riéng ciia dim nano cong FG c6 thé thu
duogc bang cach giai cac phuong trinh sau
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Kll KlZ K13 Kl4 Mll MIZ

KZl K22 K23 K24- 2 MZl M22

K31 K32 K33 K| w M3 M32

K4—l K4-2 K4-3 K4-4- M4-l M42
3. KET QUA SO

Trong muc ndy, bang cach st dung phuong
phap Rayleigh — Ritz, mét s vi du dugc trinh bay
dé xac nhdn cac anh huéng ctia hé sé phi dia
phuong, hé s6 xbp, d6 chénh léch nhiét 46, duong
cong xuyén tdm, do cing clia nén dbi voi dap tng
dao dong tu do cia nhém nano cong x6p FG. Tinh
chat vat liéu cua didm nano léy theo vat li€u
Al/Al,05. Cac thong sé hinh hoc va sd liéu dau
vao cua khao sat: a = I0nm, b = Inm;
:a/h =5, AT = 100K, AC=1%, p,=1 va
ah=10, u=1,p.=2,y=02 K, =50, K, =5,
AT = 100K, AC = 1%. Cac cong thuc khong thuc
nguyén dugc cho nhu dudi day:

2
a 12 x LA J4 ,
Oy = W E‘Of, m 1a tan s6 the m” .
c
k, a* k.a? E h?
Kw == s KS == s DC = " s
D, D, 12(1—v2)

M13 M4 UO

MZB M24 Wb .

M3  M34 ws =0 (23)
M4-3 M4-4- WbZ

3.1. X4c minh do chinh xac cia phwong phap

Do hoi tu va do chinh xac ctia cac cong thuc
tinh theo 1061 va Chebyshev
polynomials-based Rayleigh—Ritz ma bai bdo

giai  Navier’s
thiét 1ap cho van dé& dao dong riéng ciia dim cong
dugc bai bao nghién ctru cy thé. Dau tién, Bang 2
biéu thi két qua tin s6 Q; theo ty 18
a/h = 5,20 va hé sb phi dia phuong p; khi sir
dung hai 10i giai trén cho dam nano thang c6 lién
két tya don. Két qua nay duogc kiém ching voi két
qua trong cac cong trinh M. Ganapathi va ctv,
2017, ta thdy rang, ddi voi diéu kién bién SS, sir
dung 101 gidi Rayleigh-Ritz dya trén da thic
Chebyshev chi can n=1 tuong dwong véi da thirc
Chebyshev c6 hai s6 hang 1a két qua Q; hoi tu va
dat d¢ chinh x4c nhu st dung 101 giai chinh xac
Navier’s.

Biang 2. So sanh tin s6 dao dong riéng khong thir nguyén Q; ciia dim nano cong

a/h=5 a/h=20
Piﬁzsg n p=0 | p=1 |wm=V2| ;=2 | py=0 | py=1 |p=v2| py=2
1| 92909 | 8.8637 | 8.4906 | 7.8669 | 9.8294 | 9.3775 | 8.9828 | 8.3229
2 | 92909 | 8.8637 | 8.4906 | 7.8669 | 9.8294 | 93775 | 8.9827 | 8.3229
—_— 4 | 92909 | 8.8637 | 8.4906 | 7.8669 | 9.8294 | 9.3775 | 8.9828 | 8.3229
o 6 | 92909 | 8.8637 | 8.4906 | 7.8669 | 9.8294 | 9.3775 | 8.9828 | 8.3229
8 | 92909 | 8.8637 | 8.4906 | 7.8669 | 9.8294 | 9.3775 | 8.9828 | 8.3229
10 | 92909 | 8.8637 | 8.4906 | 7.8669 | 9.8294 | 93775 | 8.9828 | 8.3229
Navier | 9.2909 | 8.8637 | 8.4906 | 7.8669 | 9.8294 | 9.3775 | 8.9827 | 8.3229
Present | m—1 | 9.2745 | 8.8482 | 84757 | 7.8530 | 9.8281 | 9.3763 | 8.9816 | 83218
;=0 | Navier | 9.2745 | 8.8482 | 84757 | 7.8530 | 9.8281 | 9.3763 | 8.9816 | 83218
ANAaVclinnaS;:tzli 9.2947 | 8.8674 | 8.4941 | 7.8701 | 9.8296 | 9.3777 | 8.9830 | 8.3231

3.2. Két qua chinh

Tai tiéu muc nay, anh hudéng cua dé cong, hé
s6 phi dia phuong iy, hé sé didu khién 15 rong ¥,
hé s6 d6 ctimg nén dan hoéi K, K., dén dic tinh

100

dao dong riéng cua Al/Al,0; dAm nano cong
duoc phat hién, d6 cong cua dam dugc nghién ctru
& 2 goc ¢ = 30°,120% he s6 phi dia phuong
y thay ddi tr iy = 0,1,v2,2 nm; hé sb didu
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khién 15 rong x dugc cho 1a ¥ = 0,0.1,0.2,0.4; hé
sb do cung nén dan hdi Pasternak’s K, K. dugc
cho ¢ 4 truong hop khic nhau la
K, K. = (0,0),(100,0),(0,10),(100,10). Khi
ap dat diéu kién bién SS 1én két ciu ta thu duoc
két qua tin sd £2; nhu trong bang 3, tir bang két
qua nay, ching toi c6 mot s6 nhan xét sau: ddi véi
dam nano cong c6 quy luat 15 rdng 1a phan b
khong dong déu (Type 2) thi khi hé sé diéu khién
16 rdng ting thi tan s6 £, ciing ting lén. Tuy
nhién khi vat liéu c6 16 rdng theo quy ludt phan bd
dong déu thi két qua cua £, bién ddi phuc tap
theo y va cac thong sb khac cua két cau, vi du nhu

khi két cdu dam cong khong c¢6 nén dan hdi khi
¢ =309 thi x ting l1én thi 2, giam di, con
¢ = 1200 thi y tang 1én thi £2; lai ting 1én. Con
khi két ciu tua 1én nén dan hoi thi khi y ting 1én
thi 2, déu tang 1én. Trong truong hop 2, ting thi
quy ludt phan bd ddng déu cho tan s 2; cao hon
quy luét phan bb khong ddng déu. Déi véi su ting
1én ciia hé sé phi dia phuong iy thi déu lam cho
tan s6 £2; giam di. Nguoc vé6i su ting 1én cla 1y,
su ting 1én ciia do cimg nén dan hoi lam két cdu
dam tr& 1én cing vitng hon dan dén tan s £2; ting
theo. Dam cong c¢6 ¢ = 30° thi cho tan s6 £2; 16n
hon khi dam cong ¢6 ¢ = 120°.

Biang 3. Tan s6 khong thir nguyén 2, ciia SS Al/Al,0; dim nano cong dit trén nén dan hoi

¢ = 30° ¢ = 120°
Lo
K, K. ¥ < =0 1 V2 2 =0 1 V2 2
rong

0,0 0 | Perfect | 6.3779 | 6.0421 | 5.7467 | 5.2475 | 2.5934 | 2.3971 | 2.2199 | 1.9076
0.1 Typel | 6.2962 | 5.9701 | 5.6835 | 5.1999 | 2.6288 | 2.4436 | 2.2773 | 1.9874

Type2 | 6.5119 | 6.1737 | 5.8763 | 53745 | 2.7140 | 2.5207 | 2.3471 | 2.0439

02 Typel | 6.1490 | 5.8357 | 5.5605 | 5.0970 | 2.6320 | 2.4586 | 2.3039 | 2.0363

Type2 | 6.6576 | 6.3161 | 6.0161 | 5.5103 | 2.8380 | 2.6465 | 2.4753 | 2.1785

0.4 Typel | 5.4085 | 5.1423 | 4.9088 | 4.5167 | 2.4296 | 2.2892 | 2.1651 | 1.9535

" | Type2 | 6.9914 | 6.6406 | 6.3328 | 5.8148 | 3.1010 | 2.9100 | 2.7402 | 2.4489

100,0 0 | Perfect | 12.641 | 12.474 | 12.332 | 12.105 | 9.6169 | 9.5608 | 9.5128 | 9.4344
0.1 Typel | 13.099 | 12.944 | 12.813 | 12.602 | 10.089 | 10.037 | 9.9918 | 9.9173

Type2 | 12.929 | 12.761 | 12.618 | 12.390 | 9.8586 | 9.8016 | 9.7529 | 9.6732

02 Typel | 13.626 | 13.485 | 13.366 | 13.176 | 10.637 | 10.588 | 10.545 | 10.475

Type?2 | 13.235 | 13.065 | 12.921 | 12.690 | 10.112 | 10.054 | 10.005 | 9.9238

0.4 Typel | 14.967 | 14.869 | 14.785 | 14.651 | 12.064 | 12.024 | 11.990 | 11.929

Type?2 | 13.905 | 13.730 | 13.582 | 13.344 | 10.662 | 10.601 | 10.548 | 10.462

100,10 0 | Perfect | 16.632 | 16.502 | 16.391 | 16.213 | 13.227 | 13.174 | 13.127 | 13.046
0.1 Typel | 17.345 | 17.224 | 17.121 | 16.954 | 13.585 | 13.832 | 13.785 | 13.702

Type2 | 17.014 | 16.882 | 16.771 | 16.591 | 13.545 | 13.491 | 13.442 | 13.358

02 Typel | 18.174 | 18.063 | 17.968 | 17.813 | 14.650 | 14.978 | 14.549 | 14.463

" | Type2 | 17.418 | 17.284 | 17.171 | 16.987 | 13.879 | 13.823 | 13.773 | 13.685

0.4 Type 1 | 20.339 | 20.249 | 20.175 | 20.050 | 16.658 | 16.607 | 16.551 | 16.426

Type?2 | 18.295 | 18.157 | 18.039 | 17.848 | 14.601 | 14.540 | 14.486 | 14.389
4. KET LUAN nén dan hoi. Cac phuong trinh chi phdi ciia dim
St dung phuong phap giai tich duya trén nano cong dugc suy ra dya trén nguyén ly

thirc
Chebyshev, bai bao da phan tich hanh vi dao dong

phuong phidp Rayleigh-Ritz va da

co-nhiét hygro cta dam nano FGP cong nam trén
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Hamilton. Anh hudng cua cac thong s6 khac nhau,
chang han nhu do cong, hé so phi dia phuong, hé
sO x0p, h¢ s0 d§ cung dan hoi cia nén dan hoi doi
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véi dao dong tu do cua dam nano cong. Cac Kkét
qua chinh ma bai bao thu dugc nhu sau:

- Sy tang 1€n cua hé s phi dia phuong [
din dén giam tan sé dao dong riéng cua cac
diam nano FGP cong.

- P6i voi phan bd khong déu, khi ting hé sé do

d6i voi phan bd déu, khi hé s6 xdp tang thi tan sb
dao dong riéng tang hodc gidm phai xét trong
truong hop két cdu cu thé.

- D6 cung nén dan hoi K,,, K, ciing gop phan
lam ting tan sé dao dong riéng cua két cau, do khi
d6 cung nén ting 1én lam ting do cing tong thé

x0p x lam tang tan s6 dao dong riéng, tuy nhién cua két cau.
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Abstract:
FREE VIBRATION ANALYSIS OF FG CURVED NANOBEAM RESTING ON ELASTIC
FOUNDATION USING RAYLEIGH-RITZ METHOD

In this paper, an analytical solution using Chebyshev polynomials based on the Rayleigh-Ritz method
to analyze the free vibration analysis of functionally graded porous (FGP) curved nanobeams
embedded in an elastic medium. Hamilton’s principle is based on the Quasi 3D higher-order shear
deformation beam theory, in conjunction with nonlocal elasticity theory, the governing equation of
nanobeam is derived. Material properties of beam continuously change through the thickness via a
power-law distribution and porosity distributions are described by two laws including even porosity
distribution and uneven porosity distribution, respectively. Thermal and moisture subject on
structures is assumed to cause tension load in the plane and do not change the material’s mechanical
properties. The accuracy of the proposed method is verified by comparing the obtained numerical
results with those of the published works in the literature. In addition, the influence of the curve of the
beam, nonlocal coefficient, porosity coefficient, stiffness foundation of the beam on the vibration
response of the nanobeam is examined in detail.

Keywords: Nonlocal elasticity, Rayleigh-Ritz method, FG curved nanobeam, free vibration.
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