Phuong trinh thuan nhat héa cta ly thuyét dan hoi
micropolar dang huéng chiia bién phan chia dd nham cao

Homogenized equations of the theory of isotropic micropolarelasticity with very rough interfaces

Tom tat

Muc dich chinh caa bai bao la tim ra cac
phuong trinh thuan nhét héa dang hién caa
Iy thuyét dan héimicropolardang hudng
trong mién hai chiéuchiia bién phén chia
dd nham cao. St dung phuong phap thuan
nhat héa, viétcac phuong trinh co ban ciia
Iy thuyét dan héi micropolar duéi dang

ma tran, tac gia thu dugc cac phuong trinh
thuan nhat héa dang hién. Cac phuang trinh
thuan nhét héa thu dugc c6 dang hién nén
rat thuan tién d€ giai cac bai toan thuc té.,
Tir khéa: su thudn nhdt hda, phuong trinh thudn
nhdt héa, dan héimicropolar, ddng hudng

Abstract

The main purpose of this paper is finding the
explicit homogenized equations of the isotropic
elasticity micropolar theory with very rough
interfaces. Using the homogenization method
with the matrix formulation of the theory of
micropolar elasticity, the explicit homogenized
equations have been derived. Since the obtained
equations are totally explicit, they are very
convenient for solving practical problems.
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1. Gi¢i thiéu

Cac bai toan bién hay bién phan chia d6 nham cao xuat hién nhiéu trong thuwc
t&. Tuy nhién, cac bal toan nay khoéng co I&i giai g|a| tich. Mot sb tac gia da glal
bang phuo’ng phap sé [1][2] nhwng viéc mé phéng sé rat kho khan Vi & mlen gan
bién can nhiéu nat lwdi va cau tric luvdi khdng xac dinh, nghiém sb c6 tinh &n dinh
khoéng cao. D& vuot qua khoé khdn nay, cac nha khoa hoc da dwa ra y twéng thay
thé bién phan chia d5 nham cao b&i cac bién phdng bang cach thay mién chira
bién phan chia c6 d6 nham cao béng mot I&p vat liéu moi co bién la phéng. bo
chinh 13 y twéng chinh d& giai quyét bai toan thudn nhat héa bién phan chia c6 d6
nham cao. V& mat toan hoc, ta can tim cac phwong trinh vi phan dao ham riéng
mo t& chuyén dong cua I&p vat liéu maéi. Cac phwong trinh ndy dwoc goi 1a cac
phwong trinh thudn nhéat héa.

Nam 1997, Nevard va Keller [3] nghién cu thudn nhat héa bién phan chia co
dd nham cao trong mién ba chiéu dao déng gitra hai mét phang song song cua
hai vat th& dan hdi di huwéng tuyén tinh. Cac tac gia da thu dwoc cac phuong trinh
thuan nhat héa dwdi dang an. Nam 2003, Gilbert va Ou [4] nghién cru sy thuan
nhat héa déi véi bién phan chia dd nham cao ba chiéu phan chia hai vat thé dan
hdi x6p va cac phwong trinh thuan nhéat hoa thu dwoc ciing & dang &n. T& n&dm
2010, Vinh va Tung [5], d& st dung cac phwong trinh co' ban va diéu kién bién
dang ma tran d& tim cac phuong trinh thudn nhat héa. V&i cach tiép can nay,
céac tac gia da tim duwoc cac phwong trinh thuan nhat hoa dang hién dbi voi bai
toan bién phan chia c6 dd nham cao dao dong gitra hai dwéng thadng song song,
hai dwdng tron ddng tam clia céac ly thuyét dan hdi, dan dién va dan nhiét. Cac
phwong trinh thudn nhét héa dang hién nghia 1a cac hé sb ctia ching la cac ham
hién clia cac tham sé vat lieu va dac trwng hinh hoc cla bién phan chia. Vi vay,
cac két qua dat dwoc rat thuan tién dé giai quyét cac bai toan thuwc t& khac nhau.

Do vay, muc tiéu chinh trong bai bao nay la tim cac phwong trinh thuan nhét
héa dang hién cta ly thuyét dan hdi micropolar déng huéng. Bé dat dwoc muc
dich nay, tac gia st dung phwong phap thuan nhat héa cling cac phwong trinh co
ban dang ma tran cta ly thuyét dan héi micropolar ddng hwéng. Bai bao thu duwoc
cac phuong trinh thudn nhat héa dang hién dang thanh phan cua ly thuyét dan héi
micropolar dang huéng.

2. Cac phwong trinh co ban va diéu kién lién tuc dang ma tran

Gia st bién phan chia d nham cao L phan chia hai vat thé dan héi micropolar
dang hwéng. Khi do bién phan chia dwoc biéu dién bdi x, = h(x, /€), 0 <e <<1
, trong d6, A(y),(y =,/ €) 1a ham tudn hoan v&i chu ky 1.

Xét méi truong dan h&i micropolar d&ng huwéng, cac phwong trinh co ban clia
méi trwong dan hoi micropolar co dang [6]:

bax t S = pli,  my +&,8, +pl; _p]¢1’ i=1,23 1)

trong do #;; 1a cac thanh phan cla tenso (rng suét, my, 1a cac thanh phan cia
tenso (ng suat cap, u; 1a chuyén dich, @, 1a cac géc quay, pla mat do khéi lwong,
j 1a quan tinh micro, f; Ia vécto luc khdi, I; 1a vécto cap luc khéi, &, laky hiéu Levi-
Civita, d4u “,” chi dao ham theo bién khong gian x; va déu chi dao ham theo
bién thoi g|an t.

Khi vat lieu 1a dan hdi micropolar d&dng hwéng tuyén tinh, cac phwong trinh
trang thai I3 [7]:

ty = ﬂ’ur,ré‘ki + /u(uk,i + ui,k) + K(ui,k
my; =ag, O+ P+ 18

trong d6 o, 1a ky hiéu Kronecker, A, u,x,a, 8, y 1& cac mé dun vat liéu.
Xét trang thai bién dang phang, vécto chuyén dich, vécto quay cé dang:
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Hinh 1. Bién phan chia dd nham cao

U = (XX, ), U, =, (X, X, 1),

¢, = (X, X,,t),u; =6, =¢, =0. (3)

Vi trang thai bién dang phang (3) thi phuong trinh
chuyén doéng (1) va phwong trinh trang thai (2) c6 dang sau:

Gy tty, + pf, = pu,, thy iy, + pf, = pli,,

mp,, +My,, +t, —t, + ol =pjd

(4)
t, =(A+2u+ K)uu -i—ﬂvuz’z,t22 =Au, +(A+2u+x)u,,,
t, =pu,+ (u+ K)uz,l —Kkg,t,, =(u+ K)ul,z +puu,, + K,
3= 7¢,1a m,; = 7¢,2

®)
Cac phuong trinh (4) dwoc viét duwsi dang ma tran nhw
sau:

(A”u’l +ALu, + Gu)’1 + (A21u’1 +Au,+ Hu),2

+Bu, +Du, +Eu+F =

(6)
trong do:
A+x+20 0 0 0 A 0
A= 0 k+p 0|, A,=|p 0 0],
0 0 v 000
[0 p O K+p 0 0
A,=|A 0 O0f, A,=| 0 A+x+2p Of,
10 00 0 %
[0 0 0 0 0 0
B={0 0 0, 0 0 ol 7
10 x 0 -« 0 0
[0 0 o 00 O 0 0 k
E=/0 0 0 |, G=|0 0 —x|, H=(0 0 O],
10 0 00 O 00 0
F=[pf, pf, plz] ;o u=[u u, o], p=diaglp p pjl-

bat X, =[4, 1, mB]Tvé 2, =[t, 1y m23]T- Khi

do hai vécto nay dwoc tinh nhw sau:
i =Au;+Apu,+Gu, X, =Ayu;+Apu, +Hu.
(8)
Phwong trinh (6) bidu dién qua Ek c6 dang:

" i

%, +Z,,+Bu, +Du, +Eu+F =pu.

(9)

Phwong trinh (6) (hay (9)) la phwong trinh co ban dang
ma tran cla ly thuyét dan hdi micropolar. Cac phwong trinh
(8) c6 thé dwoc xem nhw cac phwong trinh trang thai.

Gia st hai mién Q™ va Q) gén chat véi nhau doc theo
L, khi d6 diéu kién lién tuc

(4], =0,[u;],

=0,[m,n +m,n,], =0,k=13

=0,[t,,m +1,m,],

(10)
phai théa man, trong dé n; 1a vécto phap tuyén don vj
clia dwong cong L va ky hiéu bwoc nhay [f1, =" f".
Cac diéu kién lién tuc (10) duoc bidu dién dwdi dang ma
tran nhuw sau:
[u], = 0’[(Allu,1 + A21u,2 + Gu)”l ]L
+[(A12“,1 + Azz“,z + Hu)n2 ]L =0. (11)
Theo Bensoussan va cac cong s,
gia st u(x,x,,61)=U(x,»,x,,6t) va biéu dién U
dwdi dang sau [4]:
U=V+e(N'V+N'V, +N?V, )
+62(N2V+N21V1 +sz‘{2 +N2HYH +N212V,12 +N222V,22)
+0(e)

(12)

trong dé6 V = Vgxl,xz,t) (khéng phu thudc y), cac ma
tran 4x4 N',N'' ,N"

N2,N21,N22,N211,N212,N222 |a CéC ham CCIa y Vé X]
(khdng phu thudc x; va £) va tudn hoan theo y vé&i chu ky 1.

S dung phuong phap thuan nhéat héa [5], ta thu dwoc
cac phwong trinh thudn nhat héa dang hién dang ma tran
nhw sau:

Véi x, <0 va x,>H:
(AV, +ADV, +GMV)

11 "1 12 "2 1
+(ASV, + ARV, +HOV) i (13)
+BOV, + DV, +E®V + F* =p®

Vei 0<x, <H:
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AV, AT AT AV, +(Anar ATV,
(A + (A AT AT (AT AL~ (AL ATA)V, |
H(BAXATDY ! +(ATH ATG))V,

(D) + (BA YA (ATA) - (BAA L))V,
H{(AnATAT) T ATG) ~ (A AL+ ()V

(B + (BAT XA (A[/G)—(BA/G) )V +(F) = (o) V
(14)
Chu y rang
@) =[ D)y =, =387 + 1=y, + 1)¢"” )

Trén cac duong théng x, =0, x, = H , diéu kién lién
tuc dwoc théoa man:

[V], =0, [£]. =0, L :x,=0,x,=H

(16)
trong doé

=0 =[(A, AT XA (ATGY — (A, ATIGY +(H) ]V
+ (A2|A1_11><A1_11>_1V,1
+ [<A22> + <A21A1_11 ><A1_11>_1<A1_11A12> - <A21A1_11A12>]V,2
(17)

3. Cac phwong trinh thudn nhat héa dang hién dang
thanh phan
Thay cac ma trén

AS()’B(*')’D("')’ E(+),G(+),H(+) (Aﬁi),B(_),D(_), E(_),
G(—),H(-))

trong (7) vao cac phwong trinh thuan nhat héa dang ma
tran (13), (14), ta thu dwoc cac phwong trinh thuan nhat héa
dang hién dang thanh phan nhu sau:

Voix, >Hva x, > H :

A 420 + 6N+ P + D

+A®) + ﬂ(i))Vz,lz + K(i)(b,z +p S

= p*W,

A+ Wy + (W + D)Wy (18)
+HA® 424 + YW, 0 kPO +p 0 f,

= P(i)Vz - K(i)Vi,z + K(i)Vz,l + V(i)q),n + 7(i)cD,2z

2P0 + ,0(i>l3 = p(i)jéb

trong d6 dau (+) tng voi ban khong gian Q™ | dau (-)
trng voi ban khéng gian o<x, <.

V6i 0<x, <H:

@y W+ (@ + 0™y ™ =25,
™y aa W, + (07 ™, )

() +rup™y =) b Wb )0) , + i) = (VA
B bW+ (@) A W,) 5 + 07 o
H(@+@y aay —2aH)n,), -7y b o,
) = (P Vs,

(™) by = (b ™y = (1 W+ (67 (b0,

K0, +((0,) 5 + (P =y kb ™) - 2x) )
L) =(pj)d

(19)
trong dé
\v \Y v

VI’ V29t21’ Z‘23=q)’m23’ (20)

Piéu kién lién tuc:

Cac dai luvong ¥, 7y, 13, 13,,®,mY;, lién tuc trén cac
dwong: x, =H, x, =0:
Vil =0, 1151 =0, k=1,2,[®] - =0, [m)s]- =0 21)

Nhan xét:

Néu hai mién Q*, Q- giéng nhau (g) =4 = ¢, thi
cac phuong trinh (18), (19) trung nhau.

4. Két luan

Trong bai bao nay, tac gid da st dung phwong phap
thudn nhat héa dé thu duwoc cac phwong trinh thuan nhéat
héa dang hién ddi vé&i bién phan chia d6 nham cao gitva hai
mién dan hdi micropolar dang huwéng. Cac phwong trinh
thudn nhat héa dang hién va cac diéu kién lién tuc twong
&ng duoc viét cu thd duwsi dang thanh phan. Cac phuong
trinh thuan nhét hoa dang hién thu dwoc rat thuan tién dé
nghién ctu bai todn phan xa, khic xa clGa séng ddi véi bién
phan chia d& nham cao trong méi trwdng dan hdi micropolar
dang huéng./.

Tai liéu tham khao
1. Talbot J.R.S., Titchener J.B., Willis J.R. (1990), “The reflection

of electromagnetic waves from very rough interfaces”, Wave
Motion 12, pp. 245-260.

2. Zaki KA., Neureuther A.R. (1971), “Scattering from a
perfectly conducting surface with a sinusoidal hight profile: TE
polarization”, IEEE Trans Atenn Propag 19, pp. 208-214.

3. Nevard J., Keller J.B. (1997), “Homogenization of rough
boundaries and interfaces”, SIAM J Appl Math 57, pp. 1660-
1686.

4. Gilbert R., Ou M., (2003) “Acoustic wave propagation in
a composite of two different poroelastic materials with a
very rough periodic interface: A homogenizationapproach”,
International Journal for Multiscale Computtational
Engineering 1, pp. 431-440.

5. Vinh P.C., Tung D.X. (2010), “Homogenized equations of the
linear elasticity in two-dimensional domains with very rough
interfaces”’, Mechanics Research Communications 37, pp.
285-288.

6. Eringen A.C. (1999) Microcontinuum Field Theories, I.
Foundations and Solids, Springer.

S0 53 - 2024 3]



	2024 #53

