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Abstract: This study examines the interference problem between screw dislocation and elliptical in-
clusion in one-dimensional hexagonal piezoelectric quasicrystals. The general solutions are obtained
using the complex variable function method and the conformal transformation technique. When
the screw dislocation is located outside or inside the elliptical inclusion, the perturbation method
and Laurent series expansion are employed to derive explicit analytical expressions for the complex
potentials in the elliptical inclusion and the matrix, respectively. Considering four types of far-field
force and electric loading conditions, analytical solutions for various specific cases are obtained by
using matrix operations. Expressions for the phonon field stress, phason field stress, and electric
displacement are given for special cases, including the absence of a dislocation, the presence of an
elliptical hole, and the interference between a screw dislocation and circular inclusion, as well as the
case of a circular hole. The design and analysis of quasicrystal inclusion structures can benefit from
the results of this work.

Keywords: piezoelectric quasicrystal; inclusion; dislocation; complex variable function method;
analytical solutions

1. Introduction

As a new type of functional and structural material, quasicrystals can be widely used
in engineering applications [1-6]. Different kinds of defects, such as dislocations, cracks,
and inclusions, greatly affect their properties and coupling behavior under loading [7-11].
Exploration of the mechanisms controlling the interaction between inclusions and dis-
locations in quasicrystal materials can improve our understanding of the deformation
strengthening and failure mechanisms of components. Therefore, it is important to study
the interference of dislocations and inclusions in quasicrystals under the piezoelectric effect.

For elastic materials, Eshelby [12] asserted that there are interior and exterior elastic
fields for ellipsoidal inclusions with eigenstrains. When the eigenstrain or external loading
is uniform, the elastic field inside the inclusion is also uniform, which is a classic axiom of
inclusion research. Smith [13] studied the interference between screw dislocations located in
a matrix and elliptical holes or rigid elliptical inclusions and obtained a complex solution for
the potential of a corresponding elastic field. Gong and Meguid [14] studied the interference
between dislocations and elastic elliptical inclusions, although they assessed the force of
dislocations at specific positions. Meguid and Zhong [15] analyzed the electric and elastic
fields of piezoelectric elliptical inclusions. Deng and Meguid [16] studied the electroelastic
coupling between elliptical inclusions and screw dislocations in piezoelectric materials.

The mechanics of quasicrystal materials with inclusions or dislocations have also
attracted the attention of scholars [17-23]. Using analytical continuation and conformal
mapping methods, Wang [24] studied Eshelb’s problem of two-dimensional (2D) inclusions
with arbitrary shapes contained in 2D decagonal quasicrystals on a plane or half-plane.
Shi [25] studied the problem of collinear periodic cracks/rigid inclusions in sliding modes
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in one-dimensional (1D) hexagonal quasicrystals. Using the displacement function method,
Gao and Ricoeurb [26] studied the 3D problem of ellipsoidal inclusions in an infinite
body of 2D quasicrystals. Yang et al. [27] used the generalized Stroh formula to obtain
the electroelastic field induced by straight dislocations parallel to the periodic axis of 1D
quasicrystals. Guo et al. [28] used a conformal mapping technique to analyze the problem
of elliptical inclusions in an infinite 1D hexagonal piezoelectric quasicrystal matrix. Li
and Liu [29] employed the Stroh formula to analyze the electroelasticity of icosahedral
quasicrystals with straight dislocations. Fan et al. [30] deduced a basic solution for extended
dislocations in 1D hexagonal piezoelectric quasicrystals. Lou et al. [31] studied a thin elastic
inclusion in infinite 1D hexagonal quasicrystals using a hypersingular integral equation.
Zhang et al. [32] studied the infinite bodies of 1D hexagonal piezoelectric quasicrystals with
ellipsoidal inclusions. By selecting a suitable potential function, the analytical solutions
for the electric displacement, phonon field stress, and phason field stress in a matrix and
inclusion were obtained. They also analyzed special cases for ellipsoidal voids and coin-
shaped cracks. Hu et al. [33] extended the Eshelby tensor from elastic isotropic inclusions
to piezoelectric quasicrystal inclusions. By introducing eigenstrain and Green'’s function,
a simple explicit expression of the 1D Eshelby tensor was obtained. Other studies [34,35]
examined partially debonded circular inclusions and cylindrical inclusions in piezoelectric
quasicrystal materials. Zhai et al. [36] studied the planes of 2D decagonal quasicrystals
with rigid arc inclusions under the action of infinite tension and concentrated force.

The presence or evolution of inclusions has a strong perturbation effect on the sur-
rounding media that is counteracted by dislocations, microcracks, holes, and heterogeneous
materials in the matrix. This interaction can be used to analyze the relationship between
the material strength, modulus, plasticity, and toughness. It can also be used to better
understand the strengthening or hardening mechanism of a material and further explain
the failure mechanism to improve the processing and service performance of the material.
Hu et al. [37] used a complex variable function to study the interference between screw
dislocations and circular inclusions in 1D hexagonal quasicrystal materials and obtained
boundary conditions represented by the complex potential function and the analytical
expression between the stress field and the dislocation force. They also discussed how
different dislocation positions and material parameters affect the dislocation force and
equilibrium position. Li and Liu [38] studied the interactions between dislocations and
elliptical holes in icosahedral quasicrystals. Zhao [39] studied the interactions between
screw dislocations and wedge-shaped cracks in 1D hexagonal piezoelectric quasicrystal
bimaterials. Lv and Liu [40] used complex variable function theory and the conformal
transformation method to study the interaction between multiple parallel dislocations
and wedge-shaped cracks in 1D hexagonal piezoelectric quasicrystals and their collective
response to the applied generalized stress. Pi et al. [41] studied the interactions between
screw dislocations in 1D hexagonal piezoelectric quasicrystal bimaterials and two unequal
interfacial cracks with elliptical shapes.

Quasicrystal materials are characterized by a light weight, high brittleness, high
hardness, and low friction, and they are very sensitive to defects such as dislocations and
inclusions. These materials can be used to describe inclusions simplified as elliptical shapes
with various 2D scale ratios (circular and linear), including cracks and rigid line inclusions,
which can all be degenerated from elliptical inclusions. In addition, the function describing
an elliptical shape is relatively simple, and it is easier to perform various operations for
elliptical shapes than for arbitrary shapes to obtain a closed-form solution to a problem.
Therefore, this study investigates the interaction between screw dislocation and elliptical
inclusion in 1D hexagonal piezoelectric quasicrystals and reduces the problem to several
special cases, obtaining the analytical solutions for the corresponding problems.

2. Basic Equations

For a 1D hexagonal piezoelectric quasicrystal, the anti-plane phonon field displace-
ment #, and phason field displacement w; are coupled with the electric fields Eyx and E,
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in the plane and are irrelevant to the vertical co-ordinate z, i.e., u; = u;(x,y), w = w(x,y),
Ex = Ex(x,y),and E, = Ey(x,y). The basic equation is as follows [8,28,30].
The equilibrium equation can be expressed as follows:

d d
gAl + @AZ - 0/ (1)

where: T
A= [sz Hyy Dx] ’

Az = [0zy Hzy Dy !

Here, oyun(m = x,y,z;n = x,y,z) is the phonon field stress, Hy, is the phason field
stress, and Dy, is the electric displacement.
The relationship between generalized strain and displacement expressed by the dis-
placement and electric potential is as follows:
[2€zx Wzx — Ex]T = %[”z w ¢]T =29

()

T
22y wzy —Ey] = Gluzw¢l' = Fu,

where:
u=[u;wgl,

Here, &, is the phonon field strain, wy; is the phason field strain, u; is the phonon
field displacement, w is the phason field displacement, Ej, is the electric field, and ¢ is the
electric potential.

If we ignore the effect of the generalized body force, then the generalized stress—strain
relationship of a 1D hexagonal piezoelectric quasicrystal is as follows:

A= D[ezx Wzyx Ex]T,
®3)

Ay =Dlezy wiy By,

where:
2C Rz —es5
D= | 2R3 Ky —di5 |,
2015 dis A
Here, Cyy is the elastic constant of the phonon field, Rj is the elastic constant of the
phason field, Kj is the coupling elastic constant of the phonon and phason fields, e;5 and
dy5 are the piezoelectric coefficients, and A1y is the dielectric coefficient.
By substituting Equation (2) into Equation (3), the constitutive relation represented by
displacement and electric potential can be obtained as follows:

_cfow aw 2]T _ -0
Alfc[%ﬁﬁ} =Ciu
4)

T
_ duy dw 9P| _ ~2

where:
Cyu Rz eg5
C=| Ry Ky dis
ers dis —€n
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Substituting Equation (4) into Equation (1) gives:
] d
A1+ Ay =CV?u=0 5
ox 1+ ay 2 Veu ’ ( )
where V2 = 38722 + aa—;z is the 2D Laplace operator.
|C| # 0 and || are matrix determinants. Thus, Equation (5) can be written as:
Vu, =0, V2w =0, V¢ =0. (6)

If u,, w, and ¢ are selected as the real parts of the analytic function, Equation (6) can
be satisfied.
By introducing ¥ (t), ©(¢), and ®(t) as analytic functions, one obtains:

u = C;[Re¥(t) Re®(t) Red(1)]", @)

Here, t = x + iy is the complex variable, and i* = —1 and i are imaginary units.
Re represents the real part of the complex variable function. C; is given in Appendix A
(Equation (A1)).

Substituting Equation (7) into Equation (4) yields:

Ay = oY (h) ') @' (1),
8)
Ay = SCCi[¥'(H) /(1) @'(1)]".

According to Equations (2) and (7), the electric field represented by the analytic
function ®(t) is given by:

[E. E,]" = _1]o 9 TReCID(t) — i )
Y - €11 dx ay - 2811 ’
Hence, the phonon field stress, phason field stress, electric displacement, and electric
field intensity can be expressed as follows:

Aq —iA, = CC[¥' (1) ©'(H) @' (1),

(10)

: 1

Ey —iEy, = —QqD’(t),
where the apostrophe / denotes the derivative of the analytic function with respect to
independent variable f.

With Equation (8), the resultant force of phonon field stress and phason field stress
along the integral curve AB and the integral value of the normal component of electric

displacement can be calculated as follows:

T
L = [ [4 (0uxdy — 02dx) [} (Heady — Heydx) [ (Dady — Dyidx) |
(11)

/ B / B / B T
= CC; [[1m¥' (1))} [Im®' (+)]} [Ime (1)]5 ],
where Im denotes the imaginary part of the complex variable function and | ]i is the

changing value of the function within the bracket along the integral curve from point A to
point B.
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3. Problem Description

Considering the presence of an elliptical inclusion in the 1D hexagonal piezoelectric
quasicrystal, the major axis of the elliptical inclusion is 24, and the minor axis is 2b, as shown
in Figure 1. The area occupied by the matrix is ()1, and that occupied by the inclusion is
Q. L is the elliptical interface between the elliptical inclusion and the matrix. Assume that
the matrix and the inclusion are well bonded at the interface. In the Cartesian co-ordinate
system (x,y,z), the atomic arrangement of the matrix and the inclusion is quasiperiodic
along the axis of z, while the atoms are arranged periodically on the x — y plane. The
generalized screw dislocation is located at an arbitrary point zp in the matrix. The Burgers

vectoris B = [0 0b, b b(ﬂ T, which is linear and infinitely extended along the z-axis. b, is
the screw dislocation of the phonon field, b is the screw dislocation of the phason field,
and by is the dislocation of electric potential. The superscript “T” indicates the transpose
of the vector or matrix. This paper considers two cases, where the dislocation is located
outside the inclusion and inside the inclusion. First, we consider the first case.

A
Q“ \r b

V<

Figure 1. Schematic diagram of a screw dislocation in a 1D hexagonal piezoelectric quasicrystal matrix.
The following mapping function [16] is introduced:

1

t=0() = 5 (Ré Rg) (12)

where:

RE=1(t+VP=2), 4 =

=

(t V12 c2> {=¢+in,

PR e W e

In Equation (12), the area (); on the t—plane is mapped as the external area I'1 of the
unit circle I'y (0 = 1) on the {—plane, and the area Q) is mapped as the circular area I'yy
composed of circle I'; (p = 1/R) and unit circle I'1. T'p indicates cutting from x = —c to +c
on the z— plane when y = 0. Figure 2 presents the conformal mapping plane where the
screw dislocation is located in the matrix.
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Figure 2. Conformal mapping plane for screw dislocation in a 1D hexagonal piezoelectric quasicrystal matrix.
Substituting Equation (12) into Equations (7) and (11) yields:
u = C;[Re¥ ({) Re®({) Red(2)]", (13)

and:

£ = cC[[m¥' ()] im0 (0)]% Im@/(©)]4]', (14)
where:

[¥(2) ©(5) ®(0)]" = [F(QZ)) ©(Q(Q)) 2(Q)]"-

According to perturbation theory [42], the general solution of Equation (13) in the
matrix can be expressed as follows:

Re(Yo(g) + Y1(0))
up = Cl | Re(®(0) +01(0)) |, €Ty (15)
Re(®o(§) + ®1(0))

The general solutions of the generalized displacement and electric potential within
the inclusion are:

uy; = C[Re¥y1(¢) Re@y () Redyy (2)]", ¢ € Iy (16)

where C} and C}! are given in Appendix A (Equation (A2)).

In the matrix, the resultant force of the phonon field stress and phason field stress
along the integral curve AB and the integral value of the normal component of electric
displacement can be represented as follows:

(1o (¢) + Tm¥1(0)];
% =C'c}| [mO(Z) +m@(2)]; |, el (17)
[T (Z) +Im®1 (7))
Within the inclusion, the resultant force of the phonon field stress and phason field

stress along the integral curve AB and the integral value of the normal component of
electric displacement can be represented as follows:
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£ = O} [[im ¥ (2)] (Im®u(()} [lmeu(2)]] 2 € T (18)

where C} and C!! can be found in Appendix A (Equation (A3)).

The subscripts (or superscripts) I and II indicate that the material constants and
physical quantities come from the area Q;(I'7) of the matrix and the area Qg (I'y) of the
inclusion, respectively. ¥(({), ©o({), and Py ({) represent the field potentials of the stress
and electric potential in the matrix without inclusion, which are not disturbed by inclusion.
The whole area can be analytically described, except for the singular point. ¥1(7), ©1({),
and ®;(() are the field potentials of the stress and electric potential resulting from the
influence of inclusion in the matrix. They are analytically described in area I'1. ¥y1(7),
O(0), and (), representing the field potentials of stress and electric potential within
the inclusion, are analytically described in area I'yy.

Assume the interface I'; is completely bonded, without any free charge and stress, and
the normal components of displacement, electric potential, stress, and electric displacement
passing through the elliptical interface are continuous. The condition of continuity can be
represented as follows:

w=uy €Ty (g —0= 319), (19)

and: ‘
L=Tn el ({=c=e) (20)

Substituting Equations (15) and (16) into Equation (19), one has:

ReTQ(O') + RQTI(O') Re‘FH(O')
Cl | Re®p(0) +Re@i(0) | =Cll| Re@Op(o) |. (21)
Red, (0’) + Redq (0’) Redy; (0’)

Substituting Equations (17) and (18) into Equation (20) yields:

ImY¥ (0’) + ImTI(O') ImY¥y; (0’)
c!'cl | Im@y(v) +Im@y(v) | = ccll| ImOy(o) |. (22)
Imd)O ((T) + ImCIDI ((T) ImCIDH (0’)

Additionally, on the interface I'y, the following conditions are satisfied:

o o o\1T 4 4 7\1"
() onlR) @nl®)] = {‘Fﬂ(zﬂ ®H(R> ‘I’H<R” | )
On the t—plane, when y = 0, points ¢/R and 7/ R within the range from x = —c to
+c are the same point. Notably, both force and electric loads are uniform in the far field.
When the screw dislocation is located at point tg = Q({p), then ¥o(Z), ©p({), and Py({)
can be represented as follows:

1
[Fo(t) @0(t) @o(1)]" = C1B5 - In(t —to) +[po g0 40]F @)
Substituting Equation (12) into Equation (24), one obtains:

1

5= In(Q(0) ~ Q0) + [P0 g0 40 L), (25)

[¥0(Z) ©(Z) ®o(Z)]" = CLB

where C,, C}, and C}! are provided in Appendix A (Equation (A4)).
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Here, po, g0, and qg are complex constants that can be determined by the force and
electric loading in the far field or are equivalent to far-field force and electric fields as follows:

[¥'0(c0) ©g(c0) ®'g(0)] " = [po g0 0] (26)

According to Ref. [43], there are four possible combinations of far-field force and
electric loading:

Combination 1: far-field phonon field strain €2;; and ¢,
wZy and wZyy, and far-field electric field intensity Ef and E j.

According to Equation (15), one obtains:

far-field phason field strain

[22

zx1

) 01T T
Wl Exl] = %Cll [‘IHO(OO) ®,0(°°) - (DIO(OO)] ’
(27)
0o 0 <) T il ! ! / T
(2652, w3 Exg] - = CH[¥(c0) @g(c0) — Plo(e0)]"

Substituting Equation (26) into Equation (27) and performing matrix operations, one obtains:

-1 T
T I . . 00 - 00
[Po 80 q0]" = (C1> [28231 — 2ief); wiiy —iwly — Ef+ 1Ey1] :

Combination 2: far-field phonon field stress 07, and o7y,

HZ5; and H;;I, and far-field electric field intensity D7} and D;‘I’.

According to Equations (8) and (15), one gives:

far-field phason field stress

0 0 1T T

[szl Hsz Dxl] = %CIC£ [‘YIO(OO) ®/0(°°) CD/O(OO)] ’
. ] (28)

[ag;l HE D;f] = 11 [¥(c0) @p(00) Do (0)]T.

Substituting Equation (26) into Equation (28) and performing matrix operations, the
following can be obtained:

—1 T
T 11 . . .
[po 80 q0]" = (C'CL) [0 — oSy Hiyy — iHZ5; DY — D37

Combination 3: far-field phonon field strain ¢7}; and ¢/, far-field phason field strain

wZy and wZyy, and far-field electric displacement DYy and Dy
According to Equations (8) and (15), one obtains:

0o () 1T T

[zsle Wiat Dxl] = %Cgcll [TIO(OO) ®,0(°°) q)’o(oo)] ’
(29)

) () () T il ol ! ! ! T

[Zgzyl wzyl DyI] = §C3C1 [‘Y 0(00) C) 0(00) N 0(00)] ’

where C; and C} are provided in Appendix A (Equation (A5)).
Substituting Equation (26) into Equation (29) and performing matrix operations, the
following can be obtained:

—1 T
T Pl . . .
[po 80 q0]" = (CHCY) |25 — 2ieSy; wiiy — iy DY — iDjE

Combination 4: far-field phonon field stress o7y, and o7, far-field phason field stress
HZY;and H;;I, and far-field electric field intensity E3; and Ejr-
According to Equations (8) and (15), one obtains:
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o2 By E)T = LCLCI[¥0(00) ©g(00) @/p(c0)],

zxI “*zxl

(30)

ooT i T
o Hy B = SCLCH [ (e0) ©'g(c0) @/ (e0)]",

[U‘X’ HY
where Cy and C} are provided in Appendix A (Equation (A6)).
Substituting Equation (26) into Equation (30) yields:

—1 T
T . . .
[po g0 90]" = (CiCl) [o5 — ioyr Hy — My By —iEgs | -

Using the mapping function (12), the following relation exists:

(o] gk
m1-g)=-y el <

k=1

Equation (25) can be expanded into the general form of a Laurent series.

Y (02t + bio 7ty
Yo(0) ko_oo( ‘ )
() | = kgo(ckoC"“ +dkoﬁ) , 1< 2] < |2l (31)

g (ekoCkJrl +fko§klﬁ>

k=0

The constant terms of the corresponding field potential and rigid displacement are
ignored. Coefficients ayg, byo, cxo, dxo, €xo, and fxg can be represented as follows:

b:Ciy 1, poc _ b:Chy 1 poc 1 _
ot R k=0, — o reg TR k=0

g = b.CL bro = 1

1 0by 1 — 1 b:Cy 1 _
k+1 2mi €16+1' k=12, ’ T k+1 2mi R2k+2€16+1’ k=12---,
b Kl q go¢ _ b K} 1 80C 1. _
_27T1€70+72 R,k—o, d _27f1 R2€0+2R/k_01

C = K0 —

K0 N T ST U A ’ _ 1K k=12, (32)
R+ 2 gk 1ty F+1 2 Rakraghil/ 1Ly
boel; 1 qoc byel

— 11 2 4 10- = 9f11 1 qo¢ —
T+ >R, k=0, ; — £ R2§0+2R,k—0,
€0 = byel k0 =
— L k=12, 1 byl 1
k127 gkt AR _mTﬁRszggH'k_lfl'“

Then, it is necessary to determine the complex potentials ¥;, ®;, and ®;(j = I,1I) so
that they can meet the conditions of continuity (19), (20) and (23).

On the {—plane, ¥1({), ©1({), and ®;({) are analytic functions in area I't, and ¥11({),
Orn(¢), and Py () are analytic functions in area I'y; thus, they can be represented by the
Laurent expansion as follows:

T

> 1 & 1 & 1
[¥1(2) ©1(2) ®1(2)]" = k;:)b/lc G k;)d}cng kg,of;% e | cely, (33)

and:
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kg()( Hngrl 4 bk §k+1)
Yu(?) -
®H(§) = kg()( gk_H + dk €k+1) ,C eIy (34)
P (f) 0

k§0< Hgk—H +fk §k+1> |

Substituting Equation (34) into Equation (23) yields:
T T
{ail CIkI II{I] — R2(k+1) [bII(I dIkI flil} '

Thus, Equation (34) is rephrased as follows:

— _
II( 7k+1 1
kgo ay (g 4 R2k+2€k+1)

¥u(f) -
oue) | = | L (" + k) | C€T (35)
@p(g)

| I (0 + et

where { = 0 = 1/0 is on the unit circle I'1. According to Equations (31), (33) and (35),
Equation (21) can be represented as follows:

—I —I
I 11 1 =10
Ao + bro + by =
1 =1 = | _ | oI 1 I
&} C}(O +do+d | = Ci| o+ r2k2 Ck
—I —I II 1 Sl
ero + fro + fx e T ravzC

According to the theory of analytic function, ¥ (), ©({), and ®({) are analytic func-

tions in area I'y, and ¥ (1/7), ©(1/{), and ®(1/7) are analytic functions in area I'yj. There-
fore, if I'g represents the internal area of the circle I'y, I'g + I'y indicates the entire area inside

the unit circle, and [61 () 62(Z) 63(Z)]" can be represented as follows:

[ o _1 0 © skl ]
kg bk€k+1 k; aIkI€k+1 kz IkI R€2k+2
01() L N o o i
Q) | =ci| Laet | —cl| Tdet el Tl
63(C) v 7okt v k1 Sl g
Y fil Y el Z €k Rakr2
L k=0 J L k=0 J k=0 J
) (36a)
=) I 7]
kgo ({1}(0 + ka) €k+1
® -1
+C} k’;@ (C}co + ‘7lk0)€k+1 G eTlo+ T,
& I
kgo (e}co +f kO) g
Z a}(11{2k++(:lc+l )3 ﬁ?ﬁ Z k§k+1
2104 =0 ~
92(5) = C{I Z Ck R2k+2Ck+1 + C{I kgo E}(ng% - Cll ; k€k+1 (36b)
le) 3 e} I » e wer Z fram
L k=0 ¢ i L k=0 ¢ J ¢ J
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D3

18

k

(ﬁlko + bIIc()) a
0
1
gk+1

138

-G ; (Elkodeio)* el

0

kgo (EIkO + /; 110) gk%

Equations (36a) and (36b) are holomorphic and single-valued on the whole plane.
Thus, [61(Q) 62() 65(¢ )]T = 0 can be obtained according to the Liouville theorem. With
this result, the following can be obtained from Equation (36a,b):

I I 1 I
by o ko byo
1| _ I 1 1
dl | =Ds| cy | +Ds| Ty | - | dy |- (37)
[ I 7 [
fr ko €ko fio

Similarly, we can obtain the following based on the condition of continuity in Equation (20):

I I —1
ay Ao )
o | _ I 1
¢ | =Ds| ¢ | +Ds| o |/ (38)
1 I _
€k k0 ko

where D;(i =1,2,---,6) is given in Appendix A (Equation (A7)).

Let
Lo Ko Mo Jio Lip Ni Ihi Ka Mg Jiu Lin N
s Keg Mig |, Da=| Jiu Lig Nu |, Ds=| I3 Kz Mz |, De=| Jis Lizs N |. (39
Ie Kie Mps Jrvoe Lie Nk Iis Kis Mys Jis Lis Nis

The next step is to determine the coefficients of the expanded complex series. For a
given k, six systems of linear equations with six unknowns al, cll, ell, bl d}, and f{ can be
obtained according to Equations (37) and (38). These unknown coefficients to be solved are

represented by specific coefficients ayg, byo, cxo, dko, exo, and fio:

1T

ap Iiaxo + Kricko + Mirexo + Jk1ko + Lk1Cko + Ni1€ko
el | = | Laako + Kiacko + Misexo + Jxadiko + LisCro + Niaero | (40)
ell Iisaxo + Kiscro + Misexo + Jksako + LisCro + Niseéro
and:
by Lipako + Kiacko + Mizeko + Jx2dko + Lr2Cro + Ni2€ko — bro
di | = | Iratxo + Kiacro + Misaero + Jkalixo + LiaCro + Neaio —dio |- (41)
fi Ixsaro + Kiscro + Misero + Jre@ko + LrsCro + Nis€ko — fro

By substituting Equation (32) into Equations (40) and (41), all coefficients in the series
expansion Equations (33) and (34), i.e., ¥1(7), ©1(¢), ®1(¢), Yu(Z), ©n(g), and ®p(g), can
be determined. Then, the problem is solved.

4. Typical Case of Dislocation Located Outside Inclusion

In special cases, the series solutions (33) and (34) can be given in a simpler form or
their expressions can be obtained by summing. In this section, we address and discuss
some special cases: without considering the dislocation or electric field, considering the
interference between the screw dislocation and elliptical hole, considering the interference
between the screw dislocation and circular inclusion, and considering the interference
between the screw dislocation and circular hole.
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4.1. No Dislocation

Without considering dislocation, i.e., the Burgers vector B = [000 0 0] T the problem
degenerates into a 1D hexagonal piezoelectric quasicrystal with an elliptical inclusion.
In the matrix, one has:

po Po
Au—ify = -3C'C(RD;~E) | 0 | 75— —3CCIR*Ds| 3y | 7=
90 9o
po Po
+3C'CI(R°D3 +E) | g0 | +3C'CIR?Dy | gy |, t € Q,
qo0 90
. 2 _ _ _
Exq—iEy = 212?(?90106 + 80Kos + 90Moe + PoJos + SoLoe + 7o Nos) (\/ﬁ - 1)

q0

(A t1) te

In the inclusion, one obtains:
A — iAo = C'CI'D5[po g0 90]" + C'CIDs 7, 30 70l
Eyi —iEyn = —i (lospo + Kosgo + Mosqo + Jospg + Losgy + Nosgp)-

where D; (i = 3,4,5,6) is provided in Appendix A (Equation (A8)).
It can be discerned that the phonon field stress, phason field stress, electric field
intensity, and electric displacement in the elliptical inclusion are uniform.

4.2. Interference between the Screw Dislocation and Elliptical Hole

The elliptical inclusion can be reduced to an elliptical hole, i.e., C}; = Rl = KIl =
d% = e{IS = 0and 81111 = &.
The coefficients a?, bi, C}CI, d}(, eIkI, and f,g can be represented as follows:

ARPFZ(R¥H 1) (Rid]s —efsK) ) My

bI EIl] (M12R4k+4,M22)(R4k+4,1) bI B
k k0
2k+2 ( Rak-+4 11 _cl gl
I ) (R¥+441) (RLel—Chydl s ) My A |4
l; el (M 2R¥+ _pM,2) (R¥F4-1) kO I;O
fk 4R2k+280(Rg27Ci4K£)M3 ka_
M12R4k+47M22
(42)
1 Iyl gl 4k+4 8k+8 -
al 4 2Ce0 (Rydis—Kjeys ) (2e0Ms R+ My RS +M2)EI
kO el (M12R4k+4—M22) (R4k+4—1) ko
1 11 _cl gl 4k+4 8k-+8
e o 2K3eg (Riels—Clydls ) (289 M5 R4 4 My RO +M2)EI )
kO sI11 (M12R4k+4,M22) (R4k+4,1) kO
M1M2<R4k+4—1)71
T MZRIFI_ L2 G0 i
and:
aIkI 0 0
dll = 0 + 0 (43)
]1(1 2R¥Heg MMy I 2RZH2e0MoMy o |
ep 5111(M12R4k+4*M22) kO 5111(M12R4k+47M22) kO

where M;(i =1,2,---,5) is provided in Appendix A (Equation (A9)).
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If Equation (32) is substituted into Equations (42) and (43), all coefficients in the series
expansion Equations (33) and (34), i.e., ¥1(¢), ©1(¢), ®1(¢), Yu (), Ou(¢), and Py({), can
be determined. Then, the problem is solved.

Equation (43) shows that the phonon field stress and phason field stress in the elliptical
hole are equal to zero.

4.3. Interference between the Screw Dislocation and Circular Inclusion

The elliptical inclusion can be reduced to a circular hole, i.e., a = b.
In the matrix, the expressions of the phonon field stress, phason field stress, electric
field intensity, and electric displacement are as follows:

Po b:Cly Jo2Py + Lo28 + Nozdg | |
AlI — iA2I = CIC11 80 + ﬁclcll bLK£ - C Cl ]04?0 + LO4§O + NO4?0 ':—2
40 byl JosPg + LosSo + Noedy

b:CiyJon + b1 Kj Loz + byel Noo
. 2
+ﬁCIC11 bZCi4]04 + blKéLM + b(PEIHN(M W,t € )y,
bZC}14]06 + blKéLOG + b(PS{lNo(,

. b
Eg—iE; = —%% - 27%% (]06?90 + Losg) + N06‘70)L2
_%% (bZ 44]06 + bLK2L06 + b(PSllNOG) ( ) te .

In the circular inclusion, one has:
bZC}MIm + blKéK()l + b(pEIHMOl
A —iAyy = —ﬁCHC%I bZC}14103 + bLK£K03 + b(pSIHM(B
bZC}14105 + bJ_K%KOS + b(pSIHMQg,

1
=t

Ip1po + Ko18o + Mo1490
+1ccl | Ingpo + Kosgo + Mosqo |, t € O,
Ipspo + Kosgo + Mosgo

Exqi —iEn = %%(b Cllos + b KbKos +b¢snMO5)%

—é(lospo + Kosgo + Mosqo), t € Q.

Clearly, the phonon field stress, phason field stress, and electric field intensity within
the inclusion all show typical screw dislocation behavior, i.e., a singularity of 1/ (t — t;) at
point t = ;.

4.4. Interference between Screw Dislocation and Circular Hole

If the circular inclusion reduces into a circular hole, then a = b, CEL = RH KH
dis = ell = 0, and €]} = &.

In the matrix, the expressions of the phonon field stress, phason field stress, electric
field intensity, and electric displacement are as follows:

Po b:Cly 0
A —iAy = CIC{ 8o 27I1 CICI bJ_KI ﬁ — aquNk6CIC11 0 %2, t e )y,
0 byt 1
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_|_

1 byel; 1 1
Eq—iEy=——1 AL~ % Nig— |, £ € O
x —1Ey 8111<f70+ 27—ty @0 Nk6 12 € )y

In the circular hole, the expressions of the phonon field stress, phason field stress,
electric field intensity, and electric displacement are as follows:

Aqr — iAo = C'C0 0 Mysqo]™, £ € O,
Eyn —iEyy = —%Mﬁ%,t € Oy

where M5 and Njg are provided in Appendix A (Equation (A10)).

Apparently, the phonon field stress, phason field stress, and electric field intensity
in the matrix are all affected by the dislocation, equivalent far-field phonon field, phason
field, and electric field. The phonon field stress and phason field stress in the circular
hole are equal to zero, and the electric field strength is affected by the equivalent far-field
electric field gg rather than dislocation. In addition, the electric field strength and electric
displacement in the circular hole are uniform.

4.5. No Electric Field

Without considering the electric field, the problem reduces to the interference between
screw dislocation and elliptical inclusion in the matrix in a 1D hexagonal quasicrystal. The
elastic constants of the 1D hexagonal quasicrystal are shown in Appendix B (Equations
(A11) and (A12)).

By substituting the elastic constants of the 1D hexagonal quasicrystal, the series
expansion coefficients of ¥1(7), ©1(¢), ¥1({), and O ({) are as follows:

| B (c(do+ zf’;kfl * ) 0 (g ' g))é
. R(Io2po + Jo2Pg + Kozgo + Laagy) — 2
2| R(loapo + JoaPo + Koago + LoaZp) — ] veeh
[ () () )
| o ) (B ) )

(101%1{ +Jor BER + Ky R + Ly g%CR> <§
(%%R + o B R + Kig SR + Lk3%R) (5
Then, the problem is solved.

5. Dislocation Located within an Inclusion
Now let us consider the second case: a generalized screw dislocation with Burgers

vector B = [00b, b, by] T is located at point ¢ = t( in the elliptical inclusion, as shown in
Figure 3.
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V=

Figure 3. Schematic diagram for a screw dislocation located within an inclusion.

The perturbation technique [42] can be employed to represent the displacement in the
matrix as follows:
up = C}[Re¥(Z) Re®y(7) Red;(2)]", 7 € I (44)

In the inclusion, the displacement can be expressed as follows:
uy = C'[Re¥11({) Re®n () Re®rr($)]', ¢ € I (45)

In the matrix, the complex potentials of stress are:

¥ = Clc} [[Im‘I’I(g)]i [mor(2)]% [Imq>1(g)]i]T, ey (46)

In the inclusion, the complex potentials of stress are:

_ it B B BT
2y = C'C} | [Im¥u(9))} [mOu(9)]} mPu(@)]3] ¢ € I @7)
In area I';, complex potentials ¥1({), ®1({), and ®y({) are analytic functions, while, in
area I'yy, the analytic functions include ¥1;(¢), O (), and ®p({).
Substituting Equations (44) and (45) into Equation (19) yields:
Cl[Re¥;(c) Re®;(0r) Re®;(0)]" = Cl[Re¥y;(0) Re@y(0r) Redy (0)]".

Substituting Equations (46) and (47) into Equation (20) yields:

Im‘YI (0') Im‘I’H (0’)
c!cl| moy(r) | =l | mey(r)
ImdDI (0’) ImCIDH (0’)

In the matrix, the complex potential can be expanded to the Laurent series as follows:

‘I’I(é) kozo: (al<0gk-~_1 + ka §k+1) kz bk §k+1
0u0) | = | L (ot +dloghe) | +| eigdw [cem @9
@i(¢) o (1 rkt1l | 1

i k§0<ek0€ +fk05kﬁ) ] kangrl |
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In the inclusion, the complex potentials are expanded to the Laurent series as follows:

Y (ﬂkogk—H bIIcIo §k+1> x (ﬂ}fék“ b]I<I gk+l>
TII(@) k:O kO:OO
On(f) | = L (Ckogk+1 di gm) + ; (C%kﬂ djl gk+1) el (49)
P (g) o
k+1 II k+1
I k§0<ekog +fk0§k+1) | I kZO( 4 +fk ék+1) ]

The constant terms of the corresponding potential field and rigid displacement are
ignored. Coefficients “}co' bio, c}(O, d}cO’ eio, and f,go can be represented as follows:

bzczlm 1 POC szL} 1 ng —
—omp Tt R, k=0, . ~2m R2g, + 2r/ k=0,
Mo = LGy 1 g DT L wCh 1 g,
T k+1 2m ng’ 4 4 k+1 2mi RZk‘*’ngH’ - e
ble 1 g0¢ . bLKIZ 1 goc
2 @*ink*O' ~72m R, + 5k k=0,
Jd = d=
k0 1 b K k=12, kO 1 b K k=12, (50)
T k1 271'1 §k+1’ ’ T k+1 2m R2k+2§k+1'
qusIu 1 qOC _ btpslu 1 '105
I ELET Rk=0, ~ I org, TR k=0,
€0 =\ 1 b, k=12... fro = 1 beel, k=12,
k+1 27r1 gk+1’ 4 T k1 2mi R2k+2gk+1’
- IR | .
Coefficients ay, by, CkO’ dror eko, and f can be represented as follows:
mo_ 1 bCl _ oM 1 kGl _
U0 = ~%1 2mi gmfk 0,12 by = — 57 2m R2k+2§16+1’k =012,
m_ 1 bKJ _ n_ 1 LK g _
CkO k+1 7T Ck+1,k 0 1 2 ""dkO__k+1 2771 R2k+2§16+1/ k—0,1,2,-..’ (51)
11 11
n_ _ 1 byely _ R | S | byety 1 _
€ko ©+H 2 §k+1’k 01,2, fro = — 51 2 R2k+2§16+1’k =012---.

Then, complex potentials ¥;, ®;, and ®;(j = L, II) need to be determined so that they
can meet the conditions of contlnulty in Equatlons (19), (20) and (23).

Substituting Equation (49) in’;o Equation (23) yields: [a}y + a}l cjy + ¢} efl, + e} | T
R o+l df £+ 71
Thus, Equation (49) is rephrased as follows:

E (ak0+an) §k+1 + 2k+% k+1 _
Yu () OZO ( e )
On(g) | = kg (cko + i) (gkﬂ + R2k++gk+l) €T (52)
(I)H(g) 00
£ ) (@ k) |

According to Equations (48) and (52), there is { = ¢ = 1/7 on the unit circle I';.
With Equation (19), on the elliptical interface, the conditions of continuity for displace-
ment and potential can be represented as follows:

P B I I
Ay + bfo + bf “ko + ag “ko +a

1 I, 5 =] _ I | =11, =II
Cl CkO —+ dkO + dk = Cl CkO + C + R2k+2C CkO + Ck

1 A A el + ell gl 4 Bl
o+ frot fr ko kO T Tk
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According to the theory of analytic function, in area I'y, ¥({), ©({), and ®({) are ana-
lytic functions, and, in area I'y;, ¥(1/¢), ©(1/¢), and ®(1/{) serve as analytic functions.

If I'y represents the internal area of the circle I'y, then I'g 4 I'j represents the entire
area inside the unit circle. We can obtain a function vector defined in the whole area

T
[01(¢) 62(C) 65(0)] -
X © —1 X ookt
¥ Bl % (aly+big ) ¢! L o
61(0) k=0 k=0
® 1 © -1 !
B©) | =¢l] DA || L (doto)t | —df Z o o
93(€) X - *® —1 _qp gkt
r fk§k+1 )y (Eio + fko)gk+1 Z e}(l RZF+Z
k=0 k=0
(53a)
Y afl g+ P tpes ¥ afgkt
R +
= k7
n| s I kel 1 e n| v I+l
-C k;() ol -C ; k0 R2k+2 -C kgo g , €T+ T,
® = k+1 sl
kgo e}cl()gk+l Z EEO P k;O eIkI §k+l
[ o all T [ oo 7l ] [ 3l
L raerieT r Ck'il L
91 ( g) k=0 k=0 k=0
n|l v o n| ¢ & 1|« 4
92(@) =C; kZO REF2FHT +C kZ = G kZO 7+
03(0) OZO; el OZO: ol OZO: Al
2k+27k+1 k+1 7k+1
=R = =
(53b)
0 Al 7 [ T Moo il ]
Y o Py Y M
§=o K¢ k=0 ¢ -0 ¢
0 o S o d
+C111 )y Rzk+’§%k+1 + C? YA |- Cll b kgk+1k0 ,0elr.
k=0 k=0 =
o ol ol © gl Ll
kEO R2k+§0€k+1 Z gklel Z kgkﬂko

With Equations (20), (48) and (52), on the elliptical interface, the conditions of continuity
for the normal components of stress and electric displacement can be ex-pressed as follows:

= SN G T
bio + by — agg . aEO + LIE Ilko + aH
Tl |51 A _ UEl | - 1P}
CCl|dy+dp—cly| = R2k+2C Cl|on+cp| —CICY | e+ cff
S SII
fro+ fi— ek o + 2 ot ok

Similarly, from the conditions of continuity for stress and electric displacement, a
function vector equation [04(() 65(Z) 06(¢ )]" defined in the whole area can also be obtained

as follows:
[ 2 1 oI T
)y (ka + by — ﬂio)ékﬂ
04(¢) ko:oo L
65(0) | =C'qy kgo (dko +dy — C;I(O)Qk+1 (54a)
06(2) © 1
L <fk0 +fi— e}co)CkH
= |
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L (thz (ﬁilo + ﬁ?) — (o + a?))é"“
_Cncﬁl k);0 (RZ}(+2 (E}(IO + EE) - (CEO + C}(I))gk+1 7 C S 1—'0 + FH/
[ee]
£ (b (B ) = (el ) )
i °Z°; (EI _ bI)L 1
0 (é) = kO kO k gk+1
4
o (-1 1
65(0) | =—C'q kgo (C 0 — o — di) 3
%6(C) o (5 1 1) _1
]EO (eko —fro— k) oz
) i o (54b)
o (=11 | I 1 1
kgo ((”ko + ak) — Rek2 (aIkIO + a}I{I)) fiza}
reich| § () - gl v d)) e | et
[ee]
L (e +el) — ke (el +el)) o

Equations (53a), (53b), (54a) and (54b) are holomorphic and single-valued on the whole plane.
[61(2) 62(2) 65(2)]T = 0 can be obtained according to the Liouville theorem. With this
result, we can obtain the following from Equations (53a) and (53b):

I I —1 I
by a0 ko byo
1| _ I I _ 1
d. | =Ds| ¢ | +Da| Tg dio |- (55)
[ [ _ i
fr ) ko fio

[04(2) 65(2) 06(Z)]" = 0 can also be obtained according to the Liouville theorem. With
this result, we can obtain the following from Equations (54a) and (54b):

I 1 1 i

g o ko ko
ol _ I _ il

¢ | =Ds| ¢ | +Ds| o | = | o |- (56)
11 I _ i

€k ko ko €x0

The next step is to determine the coefficients of the expanded complex series. For the
given k, six systems of linear equations with six unknowns a}{l, cIkI, e,I{I, b}(, dlk, and fll can
be obtained according to Equations (55) and (56). These unknown coefficients that can be
solved are represented by specific coefficients aj, bl, cko, di,, ek, and fi:

ay Lnagy + iy + Kiacky + LG + Miaego + Niaeyo — agg
i | = | Dk + stk + Kiacho + LiaTho + Miseg + NigBig — ¢ |, (57)
e Iisg + Jisfirg + KisCho + LisCho + Misero + Nistho — e

and:
b,I( IkZ{ZIk() + IkZEIkO + Kk2C]I(O + LkZEiO + MkZellco + NkZEiO — bII<O
db | = | Lualy + Jufky + Kiachy + LiaChy + Miaehy + Nuhg —diy |- (58)
i Isttyy + Jrelkg + KisCho + LisCho + Miseto + Nielro — fro

By substituting Equations (50) and (51) into Equations (57) and (58), all coefficients of ¥1({),
O1(C), P1(¢), ¥u(?), ©u(), and P (g) can be determined. Then, the problem is solved.
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6. Typical Case of Dislocation Located within an Inclusion

In some special cases, the series solutions in Equations (48) and (49) can be provided
in a simpler form or their expressions can be obtained by summing. In this section,
special cases such as not considering a dislocation, considering an elliptical hole, and not
considering the electric field are solved and discussed.

6.1. Elliptical Hole

If an elliptical inclusion reduces into an elliptical hole, then C, = RYl = KIl = di} =
el =0,B=1[00000]",and €}, = ¢.

In the matrix, the following can be obtained:

Po Po
. 2_ 2 — _ 2_ 2
M-inh = | g | Rdd| g | S
qo 90
1 0 \/ﬁ
S /A=
+aclc) 0 . S/l
(Mosgo + Nosqo) + (Mosgy + Nosqo)R
I _:pl _ _ 1 t+V2—c? 2= =22
Ey —iE, ——ST<’70 vaa TR \/fczc>

— & ((Mosqo + Nosgo) + (Mosy + Nosqo) R?) %

In the elliptical hole, one has:
Al Al = "l 0 Mos g0 + Nos,) ",
EY —iE}) = —%(MOSQO + Nosfp)-

where Mys and Nys are provided in Appendix C (Equation (A13)).
The phonon field stress and phason field stress in the elliptical hole are equal to zero,
and the electric field intensity and electric displacement are uniform.

6.2. Interference between Screw Dislocation and Circular Inclusion

An elliptical inclusion can be reduced to a circular hole, i.e., a = b.
In the matrix, the exact solutions for the phonon field stress, phason field stress, electric
field intensity, and electric displacement are as follows:

Po b=Cly Jo2Pg + Lo2&o + No24g
. _ _ _ 2
Au—ify =CC| g | +75CC| 1Ky |y — C'Cl| JoaPo + Loago + Noadlp | &2
q0 by, JosPo + L0680 + Nosfo

bZC£4IO2 + bLKéL()z + b(pEIHNOQ
2
_&.ﬁclcll bzczll4]04 + bLK%LQ;} + b‘PSIHNO‘l t(?m?i—uz),t E QI,
b.ClyJos + b1 K Log + b€l Noe
a2

. b _ _ _
Eq—iEy = —i% - T;ﬁlﬁ + i(]oepo + Lo68o + Nosdo) 1z

11 I 1 I 2
~ - (sz44]06 +b, KyLos + bfﬂgllN%) W,t € O)y.
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The exact solutions for each field in the circular inclusion are:

b-Clylon + b KS Koy + beel; Moy
A — iAo = %CHC{I bZC}l4103 + bLKéK(B + b¢8111M03 ﬁ
bZCAIL4105 + bLK£K05 + b(p8111M05

Ip1po + Ko1go + Moo
+C"C' | lospo + Kosgo + Mosqo |, t € O,

Iospo + Kosgo + Mosqo

. 11
Exn —iEyn = zmar

(bZCAIMIOS + bLK£K05 + b(PSIHMQ5) ﬁ

_é(IOSPO + Kosgo + Mosqo), t € Q.

Clearly, the phonon field stress, phason field stress, and electric field intensity within
the inclusion all show typical screw dislocation behavior, i.e., the singularity of 1/ (f — f)
at point t = ty.

6.3. Circular Hole

An inclusion can be reduced to a circular hole, i.e., CAIII4 = Rg = Kg = d% = 6{15 =0,
B=1[00000] T and el = gp. Next, it is necessary to solve the problem of a 1D hexagonal
piezoelectric quasicrystal with a circular hole.

In area (), the expressions of complex potentials ¥;(t), ®1(t), and P;(t) can be ob-
tained as follows:

Yi(t) Po 0
Or(t)| =t|go| + 0 |, teq.
(1) q0 Nk(,@

In area Q)yj, the expressions of complex potentials ¥y;(t), O (t), and Py (t) can be
obtained as follows:

"PH(t) 0
®Il(t) = 0 St € O
@y (t) Misqot

where M5 and Njg are provided in Appendix C (Equation (A14)).

It is obvious that, in the circular hole, both the phonon field stress and phason field
stress are zero, the electric potential is a linear function of the independent variable ¢, and
the electric field is uniform.

6.4. No Electric Field

Without considering the electric field, the problem reduces to the interference between
an elliptical inclusion and a screw dislocation in a 1D hexagonal quasicrystal, and the
dislocation is located in the inclusion.

In the matrix, the following can be obtained:

OZO: al €k+1 + bl E Tipaky+Kiochy+ ik + LiaCio— bl
|: Yl(g) :| o kO Ck+1 =0 gk+1
= o + o 1 1 1 . el
01(0) OZ": A €k+1_._ dio) E Ik4ﬂk0+Kk4CkO+]k4fk0+Lk4Ck0—dko ’
kO

— Ck+1 =0 €k+
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In the inclusion, one has:
[ee]
)y <1k1ﬂ}<0 + Kpachy + Juafi + Lklflko) (CkH + zlm)
Yu(Q) | | = (R2) r
Ou) | | & <t

; (Ik3a}{0 + Kk3c}<0 + ]k?ﬁ}{o + Lk3EIk0) <§k+l + (Rzg)kﬂ)
Thus, the problem mentioned above is solved, and the complex potentials ¥1({),
©1(C), Y1 ({), and O ({) are irrelevant to the coefficients aIkIO, b,lgo, c}{IO, and d}}o.

7. Conclusions

This study uses a complex variable function and the conformal transformation tech-
nique to investigate the interference between screw dislocation and elliptical inclusion in
1D hexagonal piezoelectric quasicrystals. The anti-plane elastic equation of a 1D hexagonal
piezoelectric quasicrystal is represented in matrix form, which simplifies the expression.
The unknown variables are solved by applying matrix operations. For the dislocation in
the matrix or inclusion, a general series solution for a corresponding field in the matrix
and inclusion is given using the perturbation method. Special cases are addressed and
discussed, such as the absence of dislocation, the interference between an elliptical hole, a
screw dislocation, and a circular inclusion, the presence of a circular hole, and the absence
of an electric field. The results show that the electric potential inside a circular hole is a
linear function of the independent variable. Regarding the interference between a screw
dislocation and circular inclusion, the phonon field stress, phason field stress, and electric
field intensity in the inclusion show typical screw dislocation behavior, i.e., a 1/ (¢ — tp)
singularity at point t = ty. The results of this study can reveal the mechanism of the
interaction between inclusion and dislocation, providing an important theoretical basis for
exploring the strengthening and hardening mechanisms of quasicrystal components.
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The elastic constant of a 1D hexagonal quasicrystal can be represented by a matrix as follows:

| Cu4 Rs 1 [ Cu R n_ [ CY RY
C_[ Ry K '€ 7 R}, K} €= R} K@ | (AID)
1 1 1 0
— 0 T T
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