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[ Abstract] To design and prepare high-quality one-dimensional hexagonal quasicrystal nano-composites, the interface and interface
phase models were applied to study the infinite one-dimensional hexagonal quasicrystal anti-plane fracture problem with cylindrical in-
clusions containing nano coatings by using the complex function method and Gurtin-Murdoch’s surface/interface elasticity theory. Under
two different models, the series form expressions of phonon and phason field stress fields in matrix, coating and inclusion were ob-
tained, respectively. Numerical examples were used to analyze the effects of interface elastic constants and size effects on the stress
field around inclusions. The results showed that the positive or negative values of interface elastic constants would affect the stress field
around nano-inclusions. As the size of nano-inclusions increased, the stress field exhibited significant size dependence, and surface
effects had significant differences in their effects on the stress fields of dimensionless phonon and phason fields. The relevant results
provide a certain theoretical reference for studying the mechanical behavior of quasicrystalline nano-inclusions.
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Fig. 1 Two models of a nano-coated cylindrical

inclusion in one-dimensional quasicrystals
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Fig. 2 The degradation verification

ML . www. stae. com. cn



2025,25(11) XTI A5 — 47N T 1 AR AR U 2 R TR e 2% 1) S5 T T [ At 4425
o o /o) BSEE/N, E4(a) R o X HL/H 5
a oD oy D S WBEK T, X HL/HY, WOSEIEN, 1 /H, (72
el e, oo AR 3 (a) M. A 4(b) ATLLE i, T o
¥ N w0, a0 il a, WTEG, HE/H, #BBER r, BRI K,
s e A AR B A K58 T o o A, o /0 FIH_ /H H
071 7 y AR A /e [0,1] B, 0, /07, =
i oL/ HL/H = HL/H 4/ [1,1.25] 1,
06 . . . ' : o./0% = o /o H/H, = H/H, ;35 y/r, e
o T [1.25,41 B, 0 /0" = o"/o JH_/H. = H/H.
e WS AT, o' /o B H/HC, 85 T
1.20[1 — =02nm, @,-02nm TEFLA S, .S, P, N ST AFAEBRER I 4, Hor S, ST
Listy e WA 157 )1 BRBR LG A W, B o/, WOREA,
iy Liof Zg%ﬁl‘j‘na’zzgi;o'z nm ol/o a/o’ M OHC/H, HY/H % /N, H

0 10 20 30 40 50
ry/nm

(b)oC, /o', iy 4k

B3 « .« NFEE, o /0 B r, 7384

Fig.3  The variation of o_ /0, with r, for different o, \c,

0.23
=+ ¢,=0.2nm, «,=0.2 nm
0.22 \ — = a,=0.2nm, ,=0.2nm
021 L H ===--a,=-02nm, @,=0.2nm
oh H © a,==02nm, a,=0.2nm
020 Vo e 0,=0 nm, a,=0 nm
= 019 SATILI AR AR
0.18 -
017 .
!
016} ;
I
01 5 L 1 L 1 J
10 20 30 40 50
ry/nm
(@H../H.., H3EAk
\
0.30 M —-- 0,=02nm, @,=0.2nm
‘! —+=0,=0.2 nm, a,=—0.2 nm
028 H === 0,=—02nm, «=02nm
F e
o ' <+ 0,=02nm, a,=-0.2nm
EE Y  mess ,=0 nm, «,=0 nm
<
& 026 f T N
L TS REVRS SN i e
-/
0.24 | /
!
022 ' 1 1 1 1 J
0 10 20 30 40 50
ry/nm
(DH/H.., K24k

B4 o AR, H/H B 8075
Fig. 4 The variation of H_/H’ with r, for different &, .,

HE/HY, HY/HY, B ARa3IN BA v/r, T i
BIVRIRIXIR, ol /o, A HL/HY, B HRE R T 1, X
378 159 V40 22 e A INF A 1 280 107 A 3 2 6 1 1 43 A
JUF AW, A, Y o« [ IE 5 5 6,
o /o™ SR R I R R 2% S K T
a, @, S EREN, i o, o, BBYEXT H, /H,

1.40
135¢
130+
125+
120+
1.15¢
_yL10}
2 105t
& 1.00f
095t | —=— ,=0.2nm, ,=0.2 nm
090+ —e— ,=0.2nm, o,=—0.2 nm
085} —4— ¢,;=—0.2 nm, «,=0.2 nm
832 v v v vrrvy —v— ¢,=-02nm, ¢=-02nm
0.70 FEEEIES —— ¢,=0 nm, «,=0 nm
0.65 . . . )
0 1 2 3 4
yiry
(a)o, /ol HyAEAL
1.8
1.6
1.4+
1.2+
o
T 1.0r
& —=— ¢,=02nm, «,=0.2nm
T 0.8
—e— ¢,=0.2 nm, «,=—0.2 nm
0.6 —a— 0,=—0.2 nm, @,=0.2 nm
0.4 —v— ,=—0.2 nm, @,=—0.2 nm
[0 o —e— o,=0nm, «,=0 nm
1 + —
0 1 2 3 4

yin
(D) H.JH' . W2

KIS oo AFEE, o /0 FH, /H, B y/r, B9724E
Fig. 5 The variation of o /a” and H_/H’ with

y/r, for different o \cx,

¥ FE Mk . www. stae. com. cn



R T NI N N -

4426 Science Technology and Engineering

2025,25(11)

JUF-TER2 M 3 1 B R RN X H,/HY, SEmae/)

Ke6AHT a ., NE, o/’ FIH, /H #f
x A b Ra g I 6 AT LUE Y BiE »/r, 1
WK, o /o FUH, /H ZHHE K HBUEEET T 1.
EREXIR o/, € (1,1,25) 1,% a, \a, [AS0F,
W x B o /00 57 18 BTN B BU(E 2 5
BN o), 502K, o o, BEEXT
H. /H JLFTERgm

1.00+

—=— ¢,=02nm, @,=0.2 nm

075 —e— ¢,=02nm, o,=0.2nm
0.70] —4— 0,=—0.2nm, ,=0.2 nm
—v— 0,=—02nm, a,=02nm
0.65
—— 0,=0 nm, @,=0nm
0.600 T g : : L
x/ry
(a)o. /0%, HIAEAL
1.0
0.8
=k 0.6

H,IH

—*— ¢,=0.2nm, @,=0.2 nm

0.4
—o— ¢,=0.2 nm, «,=—0.2nm
02 —4— ¢,=-0.2nm, ¢,=0.2nm
—v— 0,=—0.2nm, ;0.2 nm
0l AAAAAAAA —&— o,=0nm, «,=0 nm
1 1 1 1 J
1 2 3 4 5
x/r,
(0)H,.,/H. By

K6 «.a NEW, o /00 1 H /H Fx/r, B97251k
Fig. 6 The variation of o /0 and H_/H’ with

x/r, for different o, \cx,

=
1H

it

FET AR KB % M Gurtin-Murdoch &/ 5L 1ai
PV  WFFE T — 457N 07 Y S B G0 K TR )2 B AP 2
Zry RO sy Yl ), 1SR LL 45 e,

(1) ZRAT 1 515 R 55 1o AH PR AP 3R 07 7 pR 2K
F AT R X, TR I AT 45 8 7 S FAR G T35 00 4
Y0 7 FIAE RS 1) 3 A

(2) SR B o, v, W IE T 2352 0 UE S 40
KIe 2 E BN 15, b o) S IE U -3 R

B e AR TR A R, 1T o, A IE SR
TR

(3) BEE DK ME S I 2 AR R38R, 0 & N1k
PTG AR 537 B ) 2B B S ) RO AR B
v SR R X G e 4 AR R 3 1 T B R e A
B3 e AL T 0 TR

2 % x #t

[1] Eisenhammer T. Quasicrystal films: numerical optimization as a so-
lar selective absorber[ J]. Thin Solid Films, 1995, 270 (1/2) .
1-5.

(2] JERAG. WERBCAE I BG4 0], it 2000,
30(2) . 161-174.

Fan Tianyou. Mathematical theory of elasticity and defects of quasi-
crystals[ J]. Advances in Mechanics, 2000, 30(2) : 161-174.

[3] Yang G, Zhang T, Dong Z, et al. Dynamic mechanical properties
of sandstone with two circular inclusions under impact loading[ J .
Theoretical and Applied Fracture Mechanics, 2024, 133 104636.

(4] iyt Zffits, AN, R BT WA R e 2 1438 Bh I8
EHLHILI]. BreEdiR 5 TR, 2020, 20(17) : 6748-6751.

Ma Lianhua, Li Yarao, Tan Rufeng. The motion evolution mecha-
nism of rigid ellipsoid in viscous flows[ J]. Science Technology and
Engineering, 2020, 20(17) : 6748-6751.

(5] YW, ZRIRAN. — 7S5 v o 8 e 2 5 A0 8 10 A LR

FREL)]. NEEE TR, 2022, 51(2) : 156-170.
Fan Shuqi, Li Lianhe. Interaction between elliptic inclusion and
dislocation in one-dimensional hexagonal quasicrystals[J]. Journal
of Inner Mongolia Normal University ( Natural Science Edition ),
2022, 51(2): 156-170.

[6] LiG, Li S, Li L. An analysis of composites with two-dimensional
decagonal quasicrystal matrix and spheroidal inclusions[ J]. Inter-
national Journal of Modern Physics B, 2024, 38(7) : 2450103.

(7] SR, 250, 20 25 i RN 58 58 S i — 4R IE S HE S,
ARERERERT ST [ /0], BT 12 244), 1-12[2025-01-23].
https: //link. enki. net/urlid/61. 1112. 03.20231115. 1446. 013.
Wu Yurun, Li Lu, Li Lianhe. Study on the effective elastic proper-
ties of one-dimensional orthogonal quasicrystals considering spring-
type imperfect interfaces [ J/OL]. Chinese Journal of Applied Me-
chanics,, 1-12 [ 2025-01-23 ]. https: //link. cnki. net/urlid/
61. 1112. 03.20231115. 1446. 013.

[8] Wi, MM, dkaest, . =4y UEMIERIE A1 Eshelby

skEE[)]. BRIy, 2022, 43(6) : 750-762.
Cao Ting, Fu Xiaoyu, Zhang Liangliang, et al. Eshelby tensors for
three-dimensional cubic quasicrystal materials with ellipsoidal inclu-
sions[ J]. Chinese Journal of Solid Mechanics, 2022, 43(6) ; 750-
762.

[9] GuoJ, Zhang Z, Xing Y. Anti-plane analysis for an elliptical in-
clusion in 1D hexagonal piezoelectric quasicrystal composites[ J].
Philosophical Magazine Structure and Properties of Condensed Mat-
ter, 2016, 96(4) : 349-369.

[10] Guo J, Pan E. Three-phase cylinder model of one-dimensional

hexagonal piezoelectric quasi-crystal composites [ J ]. Journal of

Applied Mechanics, 2016, 83(8) . 081007-081017.

ML . www. stae. com. cn



2025,25(11) BAETE 45 —4ES T AR AR UR 2 ALY Je 2 i) S - 1 )t 4427
[11] #ATEsR, @Ak, A, 55, JCRRICHE sk fh A 5T rh g A3 cracked hole in one dimensional hexagonal piezoelectric quasicrys-

[12]

[13]

[14]

[15]

[16]

HEZRITAEILT]. WSl TRz AR,
2023, 42(3) : 230-236.

Hu Keqiang, Gao Cunfa, Fu Jiawei, et al. Interference of two cy-
lindrical inclusions in an infinite piezoelectric quasicrystal medium
[J]. Journal of Inner Mongolia University of Technology ( Natural
Science Edition) , 2023, 42(3) : 230-236.

He L, Li Z. Impact of surface stress on stress concentration[ ] ].
International Journal of Solids and Structures, 2006, 43 (20) .
6208-6219.

Gurtin M E, Murdoch A I. A continuum theory of elastic material
surfaces[ J |. Archive for Rational Mechanics and Analysis, 1975,
57(4) . 291-323.

BEIF, Db, AR — eSS T AR RUEE IE =
TALARSR BCF M AR 1], BhepdoR S TR, 2023, 23
(7):2727-2733.

Zhao Xuefen, Ma Yuanyuan, Lu Shaonan. Anti-plane problem of
nano-cracks emanating from a regular triangular nano-hole in one
dimensional hexagonal quasicrystals[ J]. Science Technology and
Engineering, 2023, 23(7) ; 27272733 .

Yang D, Liu G. Exact solution of six cracks in hexagonal hole in
1D hexagonal piezoelectric quasicrystals considering surface effect
[J]. Chinese Physics B, 2020, 29(10) : 104601.

Su M, Xiao J, Feng G, et al. Mode-III fracture of a nanoscale

[18]

[20]

[21]

tals[ J]. International Journal of Mechanics and Materials in De-
sign, 2022, 18(2) : 423433.

Ff. HAAETRAR S 1Y — 4 7S 7 e S AR A RN AR
JrEEPERENTSEL D] PRI Sl Tl oRey:, 2023,

Wang Lei. Effective mechanical properties of onedimensional hexa-
gonal quasicrystal nanocomposites with imperfect interfaces[ D ].
Huhehaote ; Inner Mongolia University of Technology, 2023.

Xiao J, Xu Y, Zhang F. Evaluation of effective electroelastic
properties of piezoelectric coated nano-inclusion composites with
interface effect under antiplane shear[ J]. International Journal of
Engineering Science, 2013, 69: 61-68.

Shi Y, Wan Y, Zhong Z. Effective properties of coated fibrous pi-
ezoelectric composites with spring-type interfaces under anti-plane
mechanical and in-plane electrical loads [ J ]. Science China
Physics Mechanics and Astronomy, 2016, 59(10) . 64-71.
BRI, TRRERY, MR TR BT B GK IR JZ I A
S T R SRR [T, %2R, 2020, 41(2) ; 258-266.
Cui Chunli, Xu Yaoling, Xiao Junhua. Two models on the anti-
plane problem of a nano coated inclusion in an infinite medium
[J]. Chinese Quarterly of Mechanics, 2020, 41(2) ; 258-266.
Luo J, Wang X. On the anti-plane shear of an elliptic nano inho-
mogeneity[ J]. European Journal of Mechanics A/Solids, 2009,
28(5): 926-934.

ML . www. stae. com. cn





