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NGHIEN CUU DAP UNG UON TINH CUA TAM NANO COMPOSITE
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TOMTAT

Cac két cdu composite gom nhiéu |6p vat liéu khac nhau ngay cang dugc st dung rong rdi trong thuc té, mot trong nhiin vu diém noi trdi cta két cu nay la
tan dung duoc diém manh ctia cac vat liéu thanh phan, diéu nay lam tang kha nang chiu luc cGa ching. Bai bao nay nghién ciu dép (ng udn tinh cla tam
composite gom nhiéu |6p vat liéu, trong d6 cac |6p vat liéu tiép xic véi nhau theo bién dang song hinh sin va song hinh vudng. Ly thuyét bién dang cét kiéu mdi
cing dugc str dung trong bai bdo nay, ddng thi cd tinh dén hiéu ting kich thudc nhd nha Iy thuyét dan héi phi cuc bd, cac biéu thic tinh toan va phuong trinh
can bang duoc thiét 1ap dua trén nquyén Iy di chuyén kha di, phuong phap phan ti hitu han véi cac phan ti bén diém nit, méi nit sau bac tu do duoc ap dung
dé gidi quyét bai toan dat ra. Bai bdo nay la 6 tinh dén anh hudng cta sy khong hoan hao hinh dang ban dau vdi nhiéu dang khéc nhau, tdm tua mot phan trén
nén dan hoi c6 tham s6 bién doi theo toa do. Cac két qua nghién cu tir nghién cu nay thuc su cd gia tri khi thiét ké két cau nhiéu I6p trong thuc té.

Tirkhéa: Udn tinh, phdn tir hitu han, tdm nano, composite.

ABSTRACT

Engineering applications are increasingly utilizing multilayer composite structures composed of different materials. One of the outstanding advantages of
such structures is their ability to combine the strengths of individual constituent materials, thereby enhancing their overall load-carrying capacity. This paper
investigates the static bending response of a multilayer composite plate in which the material layers are bonded along interfaces shaped as sinusoidal and
square-wave surfaces. A newly developed shear deformation theory is employed, incorporating small-scale effects through the nonlocal elasticity theory. The
governing equations and their formulations are derived from the principle of virtual displacements. The study applies the finite element method using four-
node elements, each with six degrees of freedom per node, to solve the problem. The study also takes into account the influence of initial geometricimperfections
of various forms, as well as the effect of a partially supported elastic foundation whose stiffness varies spatially. The results obtained provide valuable insights
and serve as a scientific basis for the practical design of multilayer composite structures.

Keywords: Static bending, finite element, nano sheet, composite.
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1. GIGI THIEU

Cac két cau composite da va dang dugc st dung
trong nhiéu linh vuc quan trong nhu hang khéng v try,
y té€, quéc phong,... Diéu nay cé dugc la do cac két cau
nay vla nhe, vira bén, lai dé ché tao. Va dé phat huy téi
da kha nang lam viéc cla cac két cau nay, can cé nghién
ctru toan dién trén nhiéu khia canh khac nhau, tuy nhién

98 | Tap chi Khoa hoc va Cong nghé Trudng Dai hoc Céng nghiép Ha Ni

viéc tim ra quy luat ing xt ca hoc ctia két cdu composite
clng la van dé dugc cac nha khoa hoc quan tam tim
hiéu. Gavallas va cong su [1] da nghién ctru anh hudng
cla su phan b6 ngau nhién cla vat liéu composite dén
dap ting uén ctia tdm composite trén ca s& clia ly thuyét
tdm c6 dién. Dat va déng nghiép [2] s&t dung phucng
phap phan ti hitu han dé phan tich dao déng riéng ctia
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tam nhiéu I6p lam bang vat liéu composite c6 co tinh
bién doi.

Ngay nay, cac tdm composite c& micro va nano mét
cling dugc st dung trong cac vi mach dién t, cac sensor
cam ung c6 d6é nhay cao. Va véi kich thudc nhoé nhu vay,
can phai tinh dén anh hudng clia hiéu ting kich thuéc dén
dap Uing co hoc clia cac két cau nay. Binh va nhom nghién
ctru [3] sir dung ly thuyét dam cai tién va phuong phap
gidi tich dé nghién ctu dao dong tu do va dao déng
cudng buc cta dam nano chiu tai trong ngau nhién.
Phuong phap phan t& hiu han két hgp vaéi ly thuyét
truong pha da dugc tac gid Doan va cong su [4] st dung
dé phan tich anh huéng cta vét nit dén dao dong tu do
cla tdm nano c6 ké dén anh hudng cla hiéu Ung
flexoelectric. Tho va déng nghiép [5] cling s dung
phuong phap phan ti hiu han dé trinh bay dap ung
déng luc hoc clia tdm nano c6 ké dén hiéu (ng
flexomagnetic. Anh hudng ctia hiéu ting kich thudc dén
déap Ung udn tinh va én dinh tinh cda tdm nano hiiu co
nhiéu 16p da dugc Tien va céng su [6] chi ra, trong dé
phan ti bén nat da dugc s dung mét cach rat hiéu qua.
Ngoai ra, nhiéu két qua tinh toan thu vi vé tinh toan cac
két cau nano ciing dugc chira trong céc cong trinh [7-12].

TuU cac nghién ctu da co, ngudi ta thay rang viéc
nghién ctu tim ra dap Ung udn tinh ctia tdm composite
nhiéu I6p vdi cac I6p lién két véi nhau bai bién dang
khong déng nhat la chua dugc dé cap dén, y tudng vé
bién dang lién két bé mat gilra cac I16p nay sé lam tang
hiéu qua st dung chung trong qua trinh chiu luc. Do vay
bai bdo nay st dung phuang phéap phan ti hitu han dé
giai quyét bai toan uén tinh ctia tam nano composite tua
mot phan trén nén dan hoi va cung cap nhiéu két qua tha
vi vé chuyén vi clia tdm nay.
2.PHUONG PHAP PHAN TU HUU HAN GIAI QUYET BAI
TOAN UON CUA TAM NANO COMPOSITE

Tam nano composite dugc mo ta nhu trén hinh 1. Hai
canh tam laava b, tam cé chiéu day la h, tdam gom hai I6p
vat liéu véi chiéu day madi I16p tuong ting la h; (i = 1-2),
bién dang tiép xuc gilta hai I6p cé dang séng hinh sin va
hinh vuéng theo biéu thuc:

Trudng hop hai I6p tiép xuc theo bién dang séng hinh
sin:

hy = hosinasx (M

Trudng hop hai I6p tiép xuc theo bién dang séng hinh

vudng:

0
0 (2)
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trong dé, a, :@, N la s6 budc séng, ho la bién do

cla séng.
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Hinh 1. M6 hinh tdm nano composite vdi cdc thong s6 hinh hoc
Cac I6p cta tam dugc ché tao tir vat liéu c6 16 rong voi
thé tich 16 réng c6 dang:

v =v, {1 —l, + %l"cos(nz /h, )} 3)

v6i VU 1a ty 18 thé tich 16 réng trong I6p thiti, Iy 1a hé
s thé hién su phan b6 cta 16 réng cda vat liéu.

Cac dac trung co tinh vat liéu trong mabi I6p phu thudc
vao toa dod chiéu day c6 dang:

eV (z)=€) (1-V) (4)
VGi Eg) la m6 dun dan hoi cta ldp thii, hé sé Poat xong

trong hai I6p dugc xem nhu bang nhau v =y,

Tam c6 hai I6p lam ti hai vat liéu khac nhau, do vay
can thiét lap biéu thuc tinh toan doi véi mat trung hoa
cla tadm, trong trudng hop nay thi mat trung hoa léch
khéi mét trung binh ctia tdm mét khoang cach nhu sau:

,hz

hy hy
_[ E(Z)(z)zdz+ _[E“)(z)zdz
z,="2 e

) h, (5)
I g® (z)dz+ IE“) (z)dz
h,
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Bai bdo giadi quyét bai toan dat ra bang ly thuyét bién
dang cét bac ba, theo d6 cac chuyén vi theo cac truc toa
d6 Ox, Oy and Oz cé dang:

ow,, ow

u(x,y,z2)=—(z-z,) o —tZa—X“

ow ow
v,(x,y,2)=—(z-z2,) 8;b t, ayss ©6)
W, (X,Y,2)=wW,, +W,,

trong d6, us, v> and ws 1a chuyén vi theo phuong truc
X, ¥ va z. Ham t; ¢6 hai dang nhu sau:

(z-2,)
4
16 | (z-z 2 (7)
1+7hz(( hzb) +(Z—Zb) J
DPao ham cac thanh phan trong biéu thuc (6) theo cac
bién tuong Uing, cac thanh phan bién dang thu dugc:
Cx = (Z - Zb )sz + tzcrx + Cximp

Gy = (Z —Z )CZV + tzcry * Cyimp

tz(Z):(Z_Zb)_

c><y = (Z - Zb )czxy + tzcrxy + c><yimp (8)
c)(Z = chSXZ
Cyz = gzcsyz
V@i cac bién dang:
_ 82W?:b . _ aZWSs .
sz - axz 7 Crx - 8)(2 7
C . — a\NSimp a(\/\/3b +W3s)
ximp aX aX
o’w o’'w
Gy = ay;b 1 Gy = 8)/235 i
. — a\NBimp a(W3b +W3s) (9)
™oy oy
] =_262w3b D o*wy,
Zxy axay Xy axay
C . — aW?:imp a(W3b +W3s) 8vv3imp a(w?:b +W3s)
o oy OX OX oy
a\NSs &NZ»S atz
CSXZ: ICSVZ_ ; 221_
OX oy oz
VOi Cimpr Gyimpr Swyimp 1@ €AC thanh phan bién dang

tuong Ung vai su khdng hoan hao ctia hinh dang ban dau,
su khong hoan hdo nay dugc thé hién théng qua tham s6
Wiimp, quy luat bién déi ctia thanh phan nay c6 dang:

NI TR
g ool
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(10)

trong d6 , pimla bién d6 clia su khong hoan hao, cac
tham s6 &,,,,1,,6,,0,, va W, thé hién mic do khong
hoan hao ctia hinh dang ban dau, tir dang khong hoan
hao mang tinh toan cuc dén dang khéng hoan hao mang
tinh cuc bo trén mot vung nao dé. Dudi day la moét s6
truong hop:

- Dang ham diéu hoa (ky hiéu la DH):
6,=0;u,=1;¥,=0,5;5,=0;u,=1;,=0,5

- Dang toan cuc 1 (ky hiéu la TC1):
6,=0;u,=3;y,=0,5;6,=0;u,=3;y,=0,5

- Dang toan cuc 2 (ky hiéu la TC2):
6,=0;u,=5;,=0,5;5,=0;u,=5;p,=0,5

- Dang toan cuc 3 (ky hiéu la TC3):

6, =0, =7;9,=0,56, =0;p, =7;p, =0,5
- Dang cuc bé 1 (ky hiéu la CB1):
6,=15;u,=2;,=0,25;6,=0;u,=1;p,=0,5

- Dang cuc b6 2 (ky hiéu la CB2):
6,=15u,=2;y,=0,5;86,=0;u,=1;p,=0,5

- Dang cuc bo 3 (ky hiéu la CB3):
6,=15;u,=2;y,=0,5;5,=0;u,=3;y,=0,5

- Dang cuc b6 4 (ky hiéu la CB4):
6,=15;u,=2;y,=0,5;5,=0;u,=5;0,=0,5

- Dang cuc b6 5 (ky hiéu la CB5):
6,=15;u,=2;y,=0,5;5,=0;u,=7;y,=0,5
Quan hé gilia iing suat va bién dang trong 16p th( i

dugc viét 6 dang:

(1-wv*)el) =€V ((z-2,)c! +t,¢" + <, )

imp

. - (1)
(1 _ “fv2 )T(') — G(I)C(SI)

o) &(.

vGi i 1a tham s6 phi cuc bo, vz(.):—(2)+—(2) la
x oy

toan tu Laplace, o va 'r(x'z la Ung sudt phap va tng suat

X

tigp; v va EO 1a hé s6 Poat x6ng va mé dun dan hoi,

o__ E P'O}
¢ 2(1+v<‘>) 0,1

Biéu thuic (12) dugc khai trién cu thé hon:
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(1-1v3)0l =(z-2,)Cle, +1.Clc,
+Cl¢, +cl)

11 ximp 12cyimp
(1 —WV? )o(yi) =(z-z, )ngczy + tZCS?Cry

. (12)
+C§'1)c

+ csgcximp yimp

(1 uLVZ) V) =(z-2,)Clc,, +1,€0¢,,

Xy

+C)

33nyimp

T

ow,,
oy

Véi biéu thic Gng sudt (13) - (14), ngudi ta thu dugc
cac thanh phan mé men, mé men bac cao va luc cat nhu
sau:

(13)

( HLVZ) :Glgz

MX MX
M- V’M=1 M, -V’ 3§ M,
M, M,

hX

| C(z)((z—zb)c( 1t )+Cfml)(z—zd)dz

+IC (z z4)G Vit c()+cfm)p)(z—zd)dz
=D,q, +D,q, +DZ,mp imp
SX SX
S—WV?S=1S, +—uViyS,
Sxy Sxy (14)

IC (z zb c +tc()+clmp)tdz

h1

Jfere-

hy

D1t c() ,mp)t dz

=D¢,+D,. ¢ +D,

rimp |mp

Q Q
_w2veQ=] Pl 2yl e
Qv o v
{J‘G sc dz+IG sc dz}— «Cs
,hz

trong do:

{IC (z-z,) dz+IC z— zb) dz} (15)

_h2
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h,
Dr:{jc( 't (z-z,) dz+jC (z— zb)dz}

_h2

hx 1
D, :{ [ €Ptdz+ jc(”t;dz} ;
hx

,hz

hX h]
D.imp :{ I c?(z-z,)dz+ JC(')(z—zb)dz}
h

Dymp = {hjc tdz+jc tdz}

2

{IG gzdz+jG gzdz}

h,

TU cac biéu thuc (14)-(15), ngudi ta thdy rang cac
thanh phan noi luc ctia tdm phu thudc vao dac trung co
tinh vat liéu cta ca hai l6p, hinh dang bé mét tiép xuc gitia
hai I6p, cling nhu su khéng hoan hao hinh dang ban dau.

DE tim phuong trinh can bang tinh cda tdm, bai bao
sttdung nguyénlycéngkhadi: 60 _.-660,._.=0 (16)

trong d6 66,,,,60

plate

load plate

la cong kha di clia ngoai luc va

ndi luc cta tam:

X X y y
h,
86,0 = I I +o(x2y)6(c(x2y))+T(x§ é(c(; ) dzddxdy
0-h,
2 2
+T§,Z)6(c(yz))
h 0&1)6(c(x‘))+0(y1)6 c(y”)
J-J. 1 1 1 1 1 ddeXdy
oh, +o(xy)6(c(xy))+rxz)6(c(xz))+r(ﬂ)6(cyz
k,|1-r sin(fDx
bl | W w a
+ j I dxdy
00 (l—rW sin[%Dwﬁ(wQ 17)
M *wy, S *éw. O*6w,,
X aXZ X aXZ y ayZ
2 2 2
_ j s, 0 <Sv;/3S oM, 0°dw,, y 0" dw,, dxdy
2 % oxoy oxoy
odw odw,
0,7 a,
bl kw(l—rwsin EDX
+ dxdy

Ne— 7 N

00 [1 -, sin(x
b

HaUl Journal of Science and Technology | 101



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

vGi ky la d6 cliing ctia nén dan hoi, ry la tham sé dac
trung cho su thay déi dé clng clia nén, Lr la do dai cha
nén ma tam tua trén no.

Cong kha di cia ngoai luc tac dung lén tam
composite:

6@Ioad ZJ.Qzéw?:dA:J.Qzé(WBb +W35)dQ (18)
0 0

trong d6, Q, la luc tac dung vuéng goc véi tam.
Luc nay, phuong trinh (16) dugc viét lai & dang:

2 M, M,
J. 0 le +2—2+ xdy
oL OX axéy oy’
[ x
oL, kW [l—rW sm(;nx

Jo-w
e

—!jz((l—ufvz)oz Jaxdy =0

dxdy

(19)

—J;((l —Wv? )QZ )dxdy =0

Tam nano composite dugc chia thanh cac phan t 4
nut va moéi nat gém 6 bac tu do:

:
. W3bi’W3si’(%j ’
w,=> ‘ (20)
i=1 aWas 6’\N3b aW3s
5X i ’ ay i, ay i
Luc nay, bai bao rut ra cac biéu thuc lién hé:
%)
4 Hwyy, +H, [—W% j
3b i=1 (aw?’b j b ™" 3e
' (21)

HiW35i + Hi+1 ( ;I;S j
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6;\)/(vz3b =i

aHi aHH—] a\N3b
_W3bi t— | Q=
ox ox \ ox ),
= Xbxw3e
+a i+2 aW.%b
ox \ oy )
aHi 8Hi+1 aW3s
_W3si t— | =
OX ox \ Ox
= szw3e
+ aHi+2 aW?»s
x oy )
% 4+ aHi+1 a\N3b
o oy L)
=Ny w e
4 aHHZ [aw.%b j e
a oy )
aHi aHiH [aw3s J
o Wit/ T
oy o \ ox )
= Xsyw3e
+ aHi+2 (aw_’»s j
od \ o )
62Hi W + azHH—1 (aWSb j
P e U oax )
62 |+2 aW3b bZXWSe
T oy )

O°H, O°H,
axz W3si +

i+1 (8W3S j
o\ ox )
oM., ((ow K
42 |+2 3s
26

w3e

o°H OHo, [ oWy,
2| W3bi+ |+
%y oy’ \ ox ),
62 |+2(6W3bj
3)’2 % )
oH OH,, ((Ow,,
2| W3si+ |2+ s
o ay” \ ox )
az |+2 (6W35J
ay2 %y ),
2 2
aHi W3bi+a i+1 3b
oxoy oxoy
82

|+2 aVVSb
Taxoy oy )

o°H, &

b2yw3e

Ws,

X, w

b2xy " e

-
i

Hi+1 aWBs
W3si +
oxoy oxoy \ ox ),

=X
82 |+2(8W3s]
3><8y % ),

52xyw3e
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véi Hi la ham néi suy Hecmit.
Chuyén vi tai mét diém bat ky dugc tinh toan théng
qua véc ta chuyén vi nut:

T
ow,, ) (ow,,
o (2252

W3 =
[awabJ [6W3SJ (22)
oy oy
= {Xb’xs ’Xbx’xsx 'be 'Xsy}w3e = Xw3e
Cac thanh phan bién dang luc nay:
o'w
czx == ax23b == b2xw3e;
o*w,,
c|r>< == 6X23 = _X52xw3e;
. — aW3imp a(W3b +W35)
e ox Ox
aW3imp
= T(Xbx + sz )Wae = Xximpw3e
o’w
Gy =7 8y23b ==X, Wy,
od,,
cfy == ay23 __XSZyw3e;
C — aW3imp a(W3b + W3s)
yimp ay ay (23)
aW im|
- — (be + xsy )w3e = xyimpw3e
o'w
Coy :_Zax—a:; :_ZXbZwa3e;

o’w
Crxy = —28)(—8;5 - _2X52xyd3e;

3imp a(w?:b +W3s)

_ aW3imp a(d?:b +d3s) + a\N

S imp
ow,,
o (Xbx +sz)
= % d, =X w
aW 3e xyimp © " 3e
3im)
+ 8Xp(xby+xsy)
C5>< :aW3S :szw3e; Cs = 35 :Xs w3e;
8X Yy ay Yy

Sau moét s6 phép bién déi, bai bao thu dugc phuong
trinh can bang tinh ctia tdm nano composite nhu sau:

(K, +K w,, =>F,

(24)
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vGi cac ma tran do6 cling phan tirva véc to tai trong nut
phan ti c6 dang:

H'D,H, +HIDH, +H/D,H, +HD_H,

K.= [ 1] +H]D,, H,, +H] D, H +HD, H_ |dO
Q.

z " zimp” “imp

+H D, H +H D _H_ +HDH

imp ™ rimp imp ™~ imp" “imp s s s

(1-p2v2 )k, (l—cw sin(:Dx

[l—cw sin[zD(\Pb ) (W, +W,)

(25)

K.=| do
Q.

F o= [(1-0(v?)Q, (¥, +¥,)d0
Q.

Gidi phuang trinh (24), bai bao thu dugc chuyén vi uén
tinh cia tdm nano composite.

3. KIEM TRA PO TIN CAY CUA LY THUYET TiNH TOAN

Vi du kiém ching 1: Tdm nano chiu lién két tua don
€6 cac canh a = b = 10nm, chiéu day cta tam h c6 gia tri
tu a/10 dén a/100, cac dac trung vat liéu E = 30MPa,
v = 0,3, tai trong phan b6 déu Qo = 1.

Tham s8 so sanh la chuyén vi tai gilta tdm nano dugc
tinh theo cong thic CV=10’h’w__ /(12(1—v2)Qoa4).
Bang 1 trinh bay két qua tinh toan va so sanh véi két qua
da cong bé trong tai liéu [10, 11], cac s liéu so sanh
chiing té su tuang dong gila két qua clia bai bao so vai
cac két qua giai tich da cong bo, diéu nay ching té su tin
cdy cla thuat toan da thiét 1ap & phan trén.

Bang 1. So sanh chuyén vi I6n nhét cdia tdm nano

a/h pu(nm) | Tailiéu[10] |Tailiéu [11]| Baibao nay
0 4,28 4,18 4,30
10 0,5 4,47 4,56 4,49
1 5,05 493 5,06
0 4,08 4,01 4,10
50 0,5 4,26 4,37 4,28
1 4,82 4,74 4,83
0 4,07 4,01 4,09
100 0,5 4,26 4,37 4,27
1 4,81 4,73 4,83

Vi du kiém chimng 2: Tam vudng c6 a/b = 1, chiéu day
h bién d&i tur a/100 dén a/10, dac trung vat liéu
E = 380GPa, v = 0,3. Tam chiu tai trong tinh phan b6 déu
cudng dé Qo. Tam tua trén nén dan hoi véi tham sé cla
4
nén R = k,2 G- E , tham s6 so sanh la
G, " 12(1-v?)
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chuyén vi tai gitia tam CV, =100

G b
W, (i,—j. Bang 2
Q,a 22
thé hién so sanh chuyén vi I6n nhat cha bai bao vdi cac
két qua tinh bang phuong phap gidi tich, c6 thé thay rang
ly thuyét tinh todn ctia bai bao ddm bao dé chinh xac.

Bang 2. So sanh chuyén vi tai gidia tam tya trén nén dan héi,R., = 81

a/h 100 50 20 10
Tailiéu [12] 3,34 3,35 338 3,48
Tai liéu [13] 3,34 3,35 3,38 3,48
Bai bdo nay 3,36 3,37 3,40 3,50

4. TiNH TOAN SO VA THAO LUAN

Tam nano composite ¢6 kich thuéc hinh hoc
a=b =10nm, chiéu day téng cta tdm la h = a/10. Hai l&p
vat liéu ¢6 co tinh E; = 70GPa; vi = 0,3; p1 = 2700kg/m?;
E> = 390GPa; v, = 0,3; p2 = 3960kg/m?® va h; = 0,6h;
h, = 0,4h. Tdm tua trén nén dan héi c6 do cliing thay déi
va dugc chudn hoa theo cong thuc:

7 k' E,h’

w GW =

“ G, 12(1-v?)
Tam chiu tai trong phan b déu cudng dé Qo, tham s6

tinh toan va khao sat la chuyén vi doc theo vi triy = b/2

dugc tinh theo cong thuc:

E@h?
4 W3 (27)

(26)

v, =102

,a

Thay d6i gia tri cha tham sé p. sao cho gia tri cGa nd
bién d&i tir 0 dén 1,5 1an chiéu day tam, két qua tinh toan
chuyén vi cGa tdm dugc thé hién nhu trén hinh 2. Khi tang
gia tri ca tham s6 dan hoi phi cuc bd, chuyén vi I6n nhat
cla tam tang Ién, diéu nay ching toé tham s6 nay lam
giam dé ciing cdia tdm nano. Do anh huéng cta nén dan
héi va su khéng hoan hdo vé hinh dang ma vi tri chuyén
vi dat cuc dai clia tdm khong phai & gitta tam, déng thai
dudng d6 vong cla tam nano cling khac nhau khi dang
khéng hoan hdo khac nhau. Su bién déi cia dudng do
vong gita tdm phu thudc vao sé budc song N dugc trinh
bay nhu trén hinh 3, dé dang nhan thdy rang su tang lén
cla s6 budc séng khéng ty 1é thuan véi su tang lén cua
chuyén vi cuc dai. Ngoai ra, su thay d6i ctia s6 budc séng
cling dan dén su khac nhau cta hinh dang dudng dé
vong, diéu nay la do su thay déi budc séng anh hudng
dang ké dén dé ciing cia tdm nano tai mai vi tri. Su bién
déi chuyén vi gitra tdm phu thudc va chiéu dai ctia nén
dan hoi Lr dugc thé hién nhu trén hinh 4. Chiéu dai L¢
cang lén thi nang luong clia tdm dugc bé sung tirnén dan
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hoi cang nhiéu, do d6 d6 cing téng thé cla két cau cang
tang Ién, lam chuyén vi cGa tdm nano cang giam. Thém
vao do, hinh dang ctia dudng dap ting chuyén vi cGa tam
nano ciing thay d&i khi gia tri cGa Lr thay di.
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Hinh 2. Chuyén vi [6n nhét cda tdm phu thudc tham s6 i, bién dang song
hinh sin, N=0,5; Vor=0,4; l)=0,2; pm=0,3; 1, =0,5; Tew = 10% Le/a=0,5
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5. KET LUAN

Trén ca s& két hop gida ly thuyét bién dang cat kiéu
ma&i va phuong phap phan tir hiru han, bai bao da nghién
clru dap Ung uén tinh ctia tdm composite nhiéu I6p, trong
dé6 c6 ké dén su khéng hoan hado hinh dang ban dau, sy
khong hoan hado nay cé nhiéu dang khéac nhau tir dang
toan cuc dén dang cuc bé. Tam composte tua mot phan
trén nén dan héi vGi tham s6 do6 ciing bién déi. Cong thiic
tinh toan dugc thiét lap trén co s& ly thuyét dan héi phi
cuc bo va ly thuyét bién dang cat ki€u mdi, ly thuyét nay
dam bao khong can dén hiéu chinh cat, va cac két qua
kiém ching khdng dinh su tin cdy cla ching déi véi bai
toan uén tinh. TU d6, bai bao tién hanh khao sat anh
hudng clia moét s yéu té nhu tham sé dan hoi phi cuc bd,
sO budc song va chiéu dai ciia nén dan héi dén dap ung
chuyén vi uén tinh cia tdm nano composite. Cac két qua
nghién clu cla bai bao la tai liéu tham khao cé gia tri khi
thiét ké cac két cau tdm nhiéu 1&p trong thuc té, trong d6
c6 thé lua chon dugc cac dac trung clia bién dang tiép xuc
gilra cac I6p vai budc séng thich hgp dé ¢ dugc két cau
c6 kha nang chiu luc tét nhat.
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