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Abstract: Considering the thermal conductivity of the medium inside the crack, the plane thermoelastic prob-
lem of the 1D hexagonal quasicrystal with a central open crack in an aperiodic plane, was studied. With the
Fourier integral transformation technology, the closed form solutions of thermal stresses, thermal stress inten-
sity factors and strain energy density factors were obtained. Numerical examples were used to analyze the
effects of the thermal conductivity, the external load, and the phonon field-phason field coupling coefficient on
the thermal stress intensity factor and the strain energy density factor at the crack tip. The results indicate that,
the heat flux density gradually increases but the thermal stress intensity factor gradually decreases with the ther-

mal conductivity. The phonon field-phason field coupling coefficient has a significant impact on the crack propa-
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gation. When the phonon field load is relatively small or the heat flux density is relatively high, the crack is not
easy to propagate. The heat flux density exhibits a concentration effect at the crack tip. The work provides a
theoretical basis for the application of thermodynamic properties of quasicrystals, and the optimization of de-

sign and preparation of quasicrystal components.

Key words: 1D hexagonal quasicrystal; central opening crack; Fourier integral transformation; thermal stress

intensity factor; strain energy density factor
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o.(x,0)= 702 (Cy - 0337]'@_,' - Rﬁjb_,-)n_,-(l - xQxcj ’ (32b)

Ky j=1

ho 3
H:(x,0) = K*?Z (R, - Ryya; - Kl?’jb,‘)"?_,'(l e (32¢)
j=1

o.(x,0) = _q“2(64a +Cuy; + Rb) @(x — /P — ) +

_q“(c44N +CuAN, + RN,) (x — /o2 — &) +

(g0 = q.)Kye g Vit =
TZ(C“G +Cyy; +Rb)X fcz’

z

(32d)

Hi(x,0) = _"“Z<Ra bRy, + Kb @(x - /i =) +
J=

_q“(RN +RAN, + KN, (x = /o2 =) +

(q K, 3 /2 _
$Z(Ra ¥ Ry, + KX, %

Jj=

(32e)

q. = qda = /\C(IOK][<a2b3 +9,05) — (ab, +y5b,) 1,

q.
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qdo = )‘/\zo'o[71<a3b2 - a2b3) + 72(‘11[73 - a3bl) + 73<azb| - albz)J +
A, [ (ayby +9,05) = (ash, +y3b,) ]

4 FAN SR EE N T

TE B N S5 R o
K, =K7 +iK} = hnl V2mw(x —¢) [oi(x,0) +i0(x,0)], (33a)
K, =K' +iK' =lim /2mw(x —¢) [H(x,0) +iH:(x,0)], (33b)

a—et

o) KT K oy 5lZRom s 13 1 BRI BUA Jps8 FE I, KT A K 3 3om A0 410 1 B9 1 &Y
RN 5 A
B (32) 1R A (33) , T 5
K, = {002 (Cywyja; = Gy + Ryy;b)m; + IWZ (Cyua; + Cyy; + R3bj)ij|m’ (34a)

z j=1

(90 = ¢.) Kz¢ 3 —
K |: ,Z(Rz'y} a; RI +K17jbj>771' +iTZ<Ra +R37 +Kb)X (34b)

Kl j=1 z

AR T S

Szrdwzl{gn (K,)*K = 2K, KRy + (Ky)*Cu) (35)
dV  4wlg, C.K, - R;
Horp | r R IE B BRGNS , AW/ AV Femm—2E7S 7 e bR AR R R N AR RE
I
K :;2 n - 137jaj - Rlebj)n_j’
821 =K <KUI >2<R§ - C33K1> + (K(} )2(R% - CllKl) + (KhI, )Z(Cﬁ - CIICSS) +
2E(K{? )2( Cl3K1 - Rle) + 2K{rl KhI,(CnRz - CI3R1) + ZEK”] KhI, (C33R1 - 013R2> s
=[(CLK, - R,R,))* - (C,K, - R})(C,K, - R})]/K,.
EDY _oaj“ 3 (34) F(35)iB LN
K:=|:_KOZ(CI3_C337jaj_R27jbj>77j+12/\/\ 2<C44“ +C4471+Rb)x}v ’ (36a)
1j=1
m q
p [ Z(R Ryy,a; = Kyy,b)m; + 20)\; Z(Ra + Ry, +Kb)X}/ (36b)
1] 1
Km 2K _ 2KmeR + Km C
s - dW 1 {gZI N (K3) ( ) 1 (37)
dV T4 oo C.K, - R

5 BE 45 R
Fe 1T — 0 e SRR R B R (212) TN, by 5 o BMEMIE, BRIE RS o Fl g, 3

K,/K" ,K,/Kj F1S/S,  BIF0H,

R ST R SR R
[15]

Table 1 1D hexagonal piezoelectric quasicrystal elastic constants
C,, /GPa C,, /GPa Cy; /GPa Cy; /GPa C,, /GPa K, /GPa K, /GPa
150 55 45 90 50 0.084 0.036
R, /GPa R, /GPa R, /GPa B, / (MPa/K) By /(MPa/K) A, /(W/(m-K)) A, /(W/(m-K))
-1.68 1.2 1.2 1.798 1.383 12.4 12.4

AN B e = 0.021° A =0.024 W/(m-K), g, =20 W/m?, o, = 80 MPa, ¢ = 0.1 mm.
K24 T K, LK, R, R, ,R, #aT 00, q./q,,K, /K5 B X /A, Fl o, AZAEAE ARG, I AT AR AR 3¢

(IR A2 25 30K 25 ] h i s — 2.
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Vel 3 43k 1 q./q0, K, /Ky Ky/Ky BE A /A, B9ZAGE S th T 75 - ML 5 Y 22 Ui 6 800 9 52 i
9./90. K, /Ky JKy/Ky 760 < A /A, < 0.2 ISl LA 35 4 200 2 A 45 A R0 I, B A /A, O30,
K, /K" K,/K; B8N

B4 T q./9,,K,/K2 K,/K) B o, (AL EES, HIEIR AT LB N BEE o, IR, K, /KD K,/K}) &
WHIs/ N g,/ q, TSR,

K564 T R ,R,,R, M, K,/K} K, /K}; B q, B2

LLO oo o e 0 0 0 T . Loy,
i g,
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1.45 T T T
i (a) - - - R, =-1.680 GPa
T Ry=-1.685 GPa |
""""" R =-1.690 GPa
B
<
v \
..
1250 ==
n
\
1.15 e intintindindiedtnlinfinfioli el ———
0 20 40 60 80 100

q,/(W/m?)



314 [T Q= SR | A 2024 4E 45 45 %
1.65 . , 17p;
W (b) ---R,=1210GPa | HO)
s R,=1.205 GPa
1550 e R,=1200GPa-{ | T
______________________ 156 - - -R,=1.200 GPa |
vasto R5=1.195 GPa
E oo = =
o ¥ i R:=1.190 GPa |
> \ . \
MT135R ’ e
S 1.3}
1.25f I
\
115 : ‘ : : 1.1 : : : :
20 40 60 80 100 0 20 40 60 80 100
qu/(W/mz) qo/(W/mz)
B5 K,/K" K q, 21k
Fig. 5 Variations of K, /K] with ¢,
(@)
L3p e
12t T
) S
M\ i '/', L
L1} § .-
i - - - R,=-1.680 GPa
Hi A Ri=-1.685 GPa’
o e EEs R,=-1.690 GPa
0 20 40 60 80 100
qo/(W/m2 )
1.5 - 1.6
L (0 R ST © ]
141 S — —R,=1200 GPa
e e T R3=1.195 GPa |
, Lar o0 e R;=1.190 GPa
- 1.3 ’ .
= = e ————————— E
& LT < _
~ [ - N
= 1 P I et
Mol2p S
L 1.2F e
1 // ................................................................. s
1.1—" £ e - --R,=1.210 GPa ',/ ____________________
A R,=1.205 GPa | e
e e R,=1.200 GPa |4
1.0 - : : : ‘ 1.0% ‘ ‘ ' :
0 20 40 60 80 100 0 20 40 60 80 100
q,/(W/m?*) q,/(W/m?*)

B6 K,/Kj b q, 21k
Fig. 6 Variations of K;/Kj}; with ¢,

E N TRRE T RIBUE B T AS AR SRR T R O AL
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