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1. GIOI THIEU CHUNG

Trong sb cac két cau co kich thudc nano,
dam c6 kich thuéc nano thu hit ngay cang
nhiéu sy chu ¥ do cac ung dung ky thuat tiém
ning to 16n cia chung, ching han nhu diy
nano, dau do nano, kinh hién vi luc nguyén
tr (AFM), thiét bi truyén dong nano va cam
bién nano... Trén thé gi6i, cac nghién ctru vé
didm nano lam béng vat liéu ¢6 co tinh bién
cht yéu vé dao dong ty do va cudng buc
chua xét dén anh huong cua yéu té nhiét do.
Anh huoéng cua nhiét d§ cé mot s6 tac gia
quan tdm nhung chi yéu 1a phan tich dao
dong tu do va mat 6n dinh. Mot sb tac gia co
xét anh hudng cia ching nhung st dung
phuong phap giai tich [1, 2, 3, 4].

Nghién ctiu nay tap trung phan tich anh
hudng cuia su ting nhiét do dén @6 vOng dong
ciia dam c6 kich thudc nano lam bang vat
liéu c6 co tinh bién thién dudi tac dung cua
tai trong di dong bang phwong phap phan tir
httu han.

2. MO HINH TOAN

Xét mot dam gian don c6 kich thuéce nano
lam bang vét lidu co tinh bién thién (FGM),
chiu tdc dong ciia mot lyc P khong ddi, ludn
tiép xtic va di chuyén doc theo chiéu dai dam
v6i van toc khong ddi. DAm dat trong moi
truong nhiét do cao, mat trén dam c6 nhiét do
Tc va mat dudi Tm 1a nhiét Ao moi truong.

Dam dugc gia dinh dugc lam tir hai vat
liéu thanh phz‘in la gém va kim loai voi ti 1€
thé tich thay doi theo ham s liiy thira. Tinh
chat hiéu dung cua vat li€u xac dinh b?mg
mod hinh Voigt va phy thuéc vao nhiét do.

Truong nhiét d6 phan b theo chidu cao cua
ddm FGM cb the nhén dugc tr viéc giai
phwong trinh truyén nhiét Fourier.

Dua trén 1y thuyét dim Euler-Bernoulli:

u(x,z,t) =uy(x,0) — 2w, , 1

w(x, z,t) = wy(x,t) (
trong d6: wug(x,t) va wy(x,f) tuong ung la
chuyén vi doc truc va ngang ctia mot diém
trén truc x; ¢ 1a thoi gian, va (...),x chi dao
ham theo x. Bién dang (¢) va tung sut (o) la:
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o, =E(z,T)e, =E(z,T)(uy, —2w,,,)

Luc doc truc N va m6 men M nhan dugc tir
g suit o, dugc dinh nghia nhu sau (A 1a
dién tich mit cat ngang ctia dam).

N=[o,d4M =[z0,d4 3)

Phuong trinh chuyén dong cho ddm duoc
xdy dung tir nguyén 1y bién phan Hamilton:

1) 1)
5j£dz:5j[7—(U+U, +V)]dt=0  (4)
1 1
trong d6: £ 1a phiém ham Lagrange, 7, U,
u,, vV lan luot 1a dong ning, ning lugng
bién dang dan hdi, ning lugng bién dang do
nhiét d6 va thé ning cua céac luc ngoai.

Phuong trinh chuyén dong cho dim co
dang:

[nijo -
{Inv'{;n = Lyiiy +1Wy . =M + Npw, .+ PS(x—vt)

St dung 1y thuyét dan hdi phi dia phuong
[1] d61 v6i dam nano FG Euler-Bernoulli,
Ung suit tai mot diém co6 dang (6). Trong do
eo 12 hing sd vat liéu dwoc xac dinh bing
thyc nghiém, a 1a kich thudc dic trung bén

I, =N, 5
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trong. Liy tich phén cong thuc (6) déi voi
dién tich mat cat ngang dam, ta thu dugc luc
doc N va m6 men M (7):
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Cac dai luorng Ay, A1z, A tuong ung la
d6 cung doc truc, do cung tuorng ho giita doc
truc va ubn, do cimg chong udn dwoc dinh
nghia nhu sau:

(AII’AIDAZZ (8)

Phuong trinh chuyén dong cua dim Nano
FGM trong moi tru’(‘)‘ng nhiét d6 la:

)= IE(z,T)(l,z,zz)dA

du o’w Su
1 atz I, 3xat —[4, ——4, o —— tul, 6x5t2
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VOlq PS(x—vt), Plabién do cia lyc.

pé giai phuong trinh trén, st dung phuong
phép phan tir hiru han v6i phan tir ddm phéng
hai nit Bernoulli ¢6 6 bac tu do. Khi do, u(x),
w(x) cua tiét dién ngang duoc tinh u = H,d, w
= H,,d. trong d6 H,, H,, 1a ma trin ham dang
tuyén tinh va Hermit. Véc-to chuyén vi nat d
ciia mot phan tir ddm. Ap dung phwong phap
ph?m to hitu han Galerkin trong ndi by mot
phan tir va iy tich phan timg phan vé6i cha ¥
cac diéu kién bién. Phuong trinh dao dong cua
d4am nano FG trong moi truong nhiét do chiu
tac dung cua tai trong di dong cé dang nhu sau:

(M+4M,)D+(K+K,)D=F, ©)
trong dé: D, M, M,,;, K, Kr lan luot 1a véc to
chuyén vi nat, ma tran khéi luong nhit quan,
ma tran khéi lwong do anh hudng cta tham sd
phi dia phuong (nonlocal), ma tran d§ cimg va
ma trdn d6 cung do anh huong ctia nhiét do
duoc tong hop tir cac ma trén phén tir:

m= m,,+ my,,+m,,,

I 1
m, = J‘ONzlllNudX;mllW = _'[0 NuTllzNw,xdx

1 1
m,, = [ NLNde+ [ NI LN, dx

mnl_ mnluu+ mnluw+ rnnlWu +m"lww

m =[N I,N, dvm, =-[ NI N, dx
ii’u = _I Nw ol N, dx;
= j N* LN, dx+j N LN, . )dx

k= kuu+ kuw+ kwu +kww
/ /
=jNT AN, dxik,, =—jNT AN, _dx

u,x u,x W,XX
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]
k, = [N NN, dx+yjN
0
u—(eoa) 1a tham sb ph1 dia phuong, F. 1a
véc to tai trong nut. P& giai phuong trinh (9)
sit dung phuong phéap tich phan truc tiép
Newmark. Cu thé 1a phuong phap gia toc
trung binh, mdt thuat toan 4n vé6i su 6n dinh
khong diéu kién.

NN, . dx

W, XX

3. KET QUA SO VA THAO LUAN

Xét mot dam gian don duoc to hop tu vat
liéu 1a thép khong gi (SUS304) va Nitrit Silic
(Si3Ny).

3.1. Kiém nghi¢m mé hinh

T bang 1 va 2 cho thay két qua cua
nghién ciru rat gan voi két qua céac cong
bd trudc d6. Pidu d6 cho thay sy phu hop
va d6 tin cdy cao cia mé hinh. Tham s
tan s6 (@=wl’\/p.A/EI), @ 12 tan s co ban
ctia dam.

Bing 1. So sanh tham s6 tin s6 ciia dAm
nano gian don (S-S) véi L/h=20; AT=20K

n=0.1 n=1
# [4] Bai bao [4] Bai bao
0 8.4674 8.6670 | 5.7121 5.9416
1 8.0532 79186 | 5.4266 5.4237
2 7.6901 7.3155 5.1761 5.0059
3 7.3684 6.8269 | 4.9539 4.6671
4 7.0806 6.4030 | 4.7548 4.4089




Tuyén tap Hoi nghi Khoa hoc thuong nién ndm 2024. ISBN: 978-604-82-8175-5

Bang 2. So sanh fD tai giita dAm nano cho
truong hgp mét lue di dong (1~0, AT=0)

X ALO; | n=0.2 n=2 | SUS304
Nguon "
(252m/s) | (222m/s) | (164m/s) | (132m/s)
Bai bao | 0.9293 1.0339 | 1.3325 | 1.7260
[2] 0.9317 1.0333 | 1.3359 | 1.7301
[3] 0.9328 1.0344 | 13376 | 1.7324

3.2. Anh huéng cia nhiét do dén do
vong djng

Hinh 1 cho th?iy, véi ca hai gia tri ciia van
tdc, s6 chu trinh dao dong cua dam & nhiét do
phong khong khac khi ting nhiét d9. Véi hau
hét thoi gian luc di dong trén dam do vong
clia dim ting cung véi su ting ciia nhiét do
va dat dugce gié tri 16n nht ¢ thoi diém mudn
hon. Dang diéu cia dudng cong biéu thi mbi
lién hé gitra d6 vong 16n nhit gitra dam voi
van tdc khi tang nhiét do khong khac so véi
dam thuan nhét thé hi¢n trén hinh 2.
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Hinh 1. Aurgh hwong cua nhiét do dén do vong
gitta dam theo thoi gian (n =5, u=2)
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Hinh 2. Anh hiong cua nhiét do dén fD
theovan toc,n =5

Gia tri d6 vong dong tang khi tang nhiét do
va dat dugc gia tri 16n nhat & van toc nhod
hon. Anh huéng cua tham sé phi dia phuong
ctia dim nano dic biét rd nét hon khi tang
nhiét d6. Theo bang 3 ta th?iy, voi u= 1 khi
thay d6i nhiét do gi tri ting 16n nhat khoang
1,8% nhung voi = 3 gié tri 1a khoang 6,5%.
O cing mot nhiét d6 D tang khoang 13% khi
ptang tu 1 Ién 3.

Biang 3. Bang gia tri /D theo cac thong s6

\4 n

I (m/s) | AT () 0.1 0.5 2 5
0 0.71480.8040|0.9308 | 0.9594

1| 25 50 0.727510.8154|0.9476 10.9752
100 0.74070.8269|0.9646 | 0.9913
0 0.7366(0.8344|0.9051 [ 0.9884

3| 25 50 0.7633/0.8718|0.9568 |1.0510
100 0.7920/0.9118|1.0167|1.1193

4. KET LUAN

Nhiét d6 c6 anh huong rd nét dén do vong
dong cua dam c6 kich thude nano. Dic biét, su
thay dbi d6 1o rét khi két hop véi sy thay dbi
ctia tham s6 vat liéu ché tao dim va anh hudng
cta hiéu tmg kich thudc nano. Cac két qua
nghién ctru nay 1a phat hién can thiét giup cac
ky su thiét ké co co so dé Iya chon cac thong
s0 hop 1y cho viéc thiét ké cac két cau dam c6
kich thudc nano trong méi truong nhiét do cao.
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