Semi-analytic solution for thermoelastic problem
with cubic anisotropy

Jinbiao WU, C. Sean Bohuh, Huaxiong Huan§

aSchool of Mathematical Sciences, Peking University, BgijChina 100871.

bFaculty of Science, University of Ontario Institute of Teclogy, Oshawa, Ontario,
Canada L1H 7KA4.

“Department of Mathematics and Statistics, York Univer3iyonto, Ontario, Canada
M3J 1P3.

Abstract

In this paper, a semi-analytic thermal stress computatwrsiingle crystals with cubic
anisotropy is developed, by introducing a new anisotropitdr. Based on a suitable split-
ting of the differential operators, a convergence seriegémeral elasticity problem with
cubic anisotropy is derived. Each term of the series is edlab an isotropic elasticity
problem. Using the analytic solution to two-dimensionaltispic elasticity problem, semi-
analytic solution of elasticity problem cubic anisotropyaidisk is obtained. This procedure
can be applied to elastic stress computation with cubimémaigy under a general setting.
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1 Introduction

Directional growth techniques such as the Czochralski (@zthod are frequently
used to produce high quality single crystals. The thermalsstexperienced by
the crystal during growth could lead to the generation aicttiral defects in the
crystal @; 8). By treating the crystal as an isotropic body, Jordan €i8alderived
analytical formula for thermal stress inside a cylindribaldy. Bohun et al. %)
derived semi-analytical formula for thermal stress insid®on-cylindrical crystal
with a curved moving interface, also for an isotropic body.
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The effect of material anisotropy on thermal stress, on therdhand, could be sig-
nificant for cylindrical crystals with an underlying cubatiice structure, as shown
in (16; 15). In this paper, we consider a mathematical model for a fitle@moe-
lasticity crystal with cubic anisotropy. Unlike the petbation solution developed
in (16; 15) for weak anisotropy, our solution is valid for all cubic soiropic mate-
rials.

We introduce an anisotropic factor and develop a general series for the solution
to the thermoelastic problem with cubic anisotropy, eaoh t&f the series is related
to an isotropic elasticity problem. Our solution is not rieséd to weak anisotropic
material, provided that we can find the “closest” isotropastcity problem for the
anisotropic elasticity problem and regard it as the zereoedpansion.

Even though the procedure used in this paper is valid in tdr@ensions, the
rest part of the paper is devoted to a semi-analytic soludborwo-dimensional
anisotropic problem on a circular disk. for simplicity arabsg validation. The two-
dimensional governing equations for different pullingedition are derived based
on the plane strain assumption and the differential eqoatio the cylindrical co-
ordinate systemd).

The analytic solution of the two-dimensional isotropicséi@ problem is based on
the so-called Papkovich-Neuber solutid) {1). A method to obtain analytic so-
lution for a given temperature expression(r) + >, Ox(r) cos(nid + dx) is
developed in the paper. At the zeroth order, the solutioh@ahisotropic thermoe-
lastic problem is simply given by the analytic solution afti®pic elastic problem.
Higher order corrections are given by a convergence sefrsdwtions of problems
similar to the zeroth order isotropic case.

2 General 3-D dasticity problem with cubic anisotropy

In this section we consider the three-dimensional elagtigioblem with cubic
anisotropy,

V'nyz:Fa (.I',y,Z) EQ) (l)
wheref) is a bounded domain, and
Ozx U:py Oz

Ogyz = Ozy Oyy Oyz

Oxz Oyz Oz



Here the stresses = (04, 0y, 022, 0y, 0uz, 04y)” @re related to the strains=
(Exs Eyys €22y 2642, 264, 2€4,)T Dy o = Ce where
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For brevity, we also write the elasticity problem (1) as
LU =F, (z,y,2) € Q2 (3)

where the displacemeiif = (u,v,w)”, the related strains is denoted b§l/).
Namely

ou ov ow

61’1’—%7 Eyy = 8_y’ €2z = 57
_1(u, o (0, v _ (v, dw
Cov = 3 oy 0Ox)’ “x=9\0: Tar ) T 2\o: oy |-
The following stress conditions are imposed on the boundary

OgyN = ¢, (.T,y,Z) € 00 (4)

wheren = (n;, ny, n3)7 is the unit outer normal direction. For the three-dimenalon
thermoelastic problem with cubic anisotropy asih pne has

F = Oéo(CH —+ 2012)V@, g = 040(011 + 2012)@”
where© is the temperature field, ang is the thermal expansion coefficient.

For an anisotropic material the quantfy= 2C'yy — C; + C12 # 0. To find stress

of anisotropic body, we split' asC' = Cy — C, where(, is corresponding to an

isotropic material, i.e., the corresponding quantityvanishes. In16), a splitting

with C, = diag{0,0,0, -4, &, —I1} was considered. Since the splitting is not

unigue, we wish to find a decomposition so thgtwhich is “close” toC. Using

the spectral radius @f; ' C, (o(C, 'C,)) as a measure of the closeness betwggen
H H

angC, the closest splitting is found to be given 6y = diag{Z, 2, 4 4 I

BE

To measure the degree of material anisotropy, an anisotfagtorA = 2C,4/(C11—



Table 1
Anisotropic factors for a variety of cubic crystals. Thdfatss constant§’;; are expressed
in 10* MPa

Crystal Ci1 Cia Cuy A w
NacCl 486 127 128 0.71 -0.17
w 50.1 19.8 115 0.76 —-0.14
C (diamond) 107.9 12.4 57.8 1.21 0.10
Si 16.60 6.40 796 1.56 0.22
Ge 12.60 4.40 6.77 1.65 0.25
Gasb 8.83 402 432 180 0.28
GaAs 1190 534 596 182 0.29
InSb 6.67 3.65 3.02 2.00 0.33
InP 10.11 5.61 4.56 2.03 0.34
InAs 834 454 395 2.08 0.35
Cu 16.48 1214 7.54 3.21 0.52
Li 148 1.25 1.08 9.39 0.81

C12) was introduced in7; 9). In this paper, we introduce a different anisotropic fac-

tor
H/2 20y —Cp +Cpy

T O - O+ H/2  2Cu+Cy— Cro’
and it is straightforward to verify that = (A — 1)/(A + 1). Table 1 lists the
elasticity constants4 andw for a variety of cubic crystals.

w

Symbolically, we can expredsando,,. as
L= LO - Laa Ozyz = O0,2yz — Oa,zyzs

corresponding to the decomposition@f= C, — C,. Furthermore, we denoté,
as the solution to

LoUy=F, (z,y,2) € oy =g, (x,y,2)€ 0.
Having foundl,, we can formally writdJ,..; = N'U,, for k > 0, as the solution to
LoUy1 = L Uy, (z,y,2) € 00,2y (Up41)N = 040y (Up)N, (2,9, 2) € 0.
And the solution to (3-4) is given by,
U=Uy+NUy+N*Uy+---+N"Uy+---. (5)

Under a suitable norr - ||, it can be shown that — S,,|| < w™*!, whereS,, =



Uy + NUy + N?Uy + - - - + N™U,, based on factor that C; ' C,) = w, or

3 3
<wd > Coi&s VE=(&,6,8).

i=1j=1

Ca,ij gzgj

3
=1

3
D
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Therefore, the series converges wher 1.

We note that the series (5) can also be applied in the finiteesidémethod to obtain
a numerical approximation to the three-dimensional aropat elasticity problem,
as shown in16). In this paper, we show that this procedure can be used @bt
an analytic solution to the anisotropic elastic problemr €alution technique is
based on the so-called Papkovich-Neuber soluttpri{) which makes use of the
analytic solutions to Poisson equatie\u = f. Since the analytic solution of the
three-dimensional Poisson equation is related to Bessetitins, which loses its
superiority in a finite element approach, we will only cormsithe two dimensional
problem in the rest of the paper.

3 2-D thermoelastic equation with cubic anisotropy

In this section we focus on the two dimensional thermoedagtproblem. For sim-
plicity, we evoke the plane strain assumption, namely tipldcement is only on
plane orthogonal to the pulling direction.

Following (8), we assume that the temperature is given by a general trm
Oo(r) + S0, Ok(r) cos(ni + o). The domain i€2 = {r < R}, with bound-
ary 9 = {r = R} and the outer normal direction in polar coordinateis=
(nl,ng)T = (1, O)T

It is convenient to express the stress equations in poladotaies

80}7, 1 00}9 Orr — Og9 . 00
or ;— ; a0 ;— . = Oéo(Cn + 2012) gr , r<R (6)
o9 10099 2000 S}
ar —|—; 90 + . = . (011—1-2012)09, T<R, (7)
and the related boundary conditions are
o = ap(C11 + 2C12)0, r =R, )
o =0, r=R. (9)

Due to material anisotropy, the stress-strain relatignst@pends on the crystal
orientation or the pulling direction during growth, whichrcobtained using the
plane strain assumption and (24) and (25-28) imitlte z coordinate system. For



brevity, we introduce the following notation before dissing the details

Cqy —Cq —S4 —202 0 So
Ca,4 = —Cq4 C4q4 S4 s Ca,2 = 0 202 So
—S4 S4 —C4 S9 S9 0

wherec, = cos46 ands, = sin 460; ¢, = cos 20 andsy = sin 26.

3.1 [001] pulling direction

From (25), we have

(Urra 099, UTB)T = Cr@(erm €00, 267“9)T7

where
CH"‘% Clg 0 1+C41—C4 —S4
= H
Cr6: 012 Cll""? 0 _Z 1—041+C4 Sq
0 0 044 — % —S84 S4 —C4

0114-%012—% 0
= 012—%0114-% 0 — Va4
0 0 Cu-1%
=Cy — C,.

A Poisson ratiav can be defined according the isotropic coefficient€’in After
scaling, we obtain

B (1—v)? _H vl -v) H
“h=mrot-w 1 T Oroi-wm) 1
and . i
— UV
Cui+20p = =+

3.2 [111] pulling direction

Similar to the [001] direction, the stiffness matrix is giviey



Cu+4 Cp 0 02 0
" H

Co=| Cn Cu+Z 0 —151200
0 0 Cu-1% 00 -1

Cu+ZC—% 0

= 012—%011—1-% 0

0 0 Cu-—4%

=Cy — C,.

Using the Poisson ratie, we have

1—v)? H v(l—v H
“u=7 +(y)(1 )— w) 2 Ty (y)(1 —)zy) 5
and "
Cin+2C = "5, " 6
3.3 [211] pulling direction
In this case,
Cu+H Cp-3 0 . u
Co=| Co- 3 Cut ¥ 0 | = (-5 Cott 5;Cea)
0 0 Cu-—3%
=Cy — C,.
Defining the Poisson ratie usingCy, we have
Chy = (1—v)? B E’ = v(l—v) 3H
(1+v)1—2v) 16 (1+v)(1—2v) 16
and L
Cin +2C, = T2, 16

3.4 [110] pulling direction

Finally, we have



3H H
Cr@ — 012 - % 011 - I—Ié - (ECaA - gcag)
0 0 Cu—1{&
—Cy—C,
and (1— 1) H (1-v) 3H
— VUV 174 — VUV

Cu=mron-m) "1 T aryi-m) 16

and . -

— UV
20, = i
Cu+202 =775, + 35

Based on these matrix decompositions@bs, we can work out the solution series
as (5) systematically for a variety of pulling directions.

4 Approximate solution

As an illustration of the method, in this section we derive folutions up to the
first order. The zeroth order approximation is givenllly and the first order ap-
proximation is given by, + N'Uj.

4.1 Solution of a basic problem

We consider the following problem,

0 rr 10 r T -
o 1doyy o 900 _ frrk 210gl7ﬂcos(nf)4_5)7 r < R, (10)

or 5 r 00 5 r
org , 100gg 2009 . pon g
or + ) + = for" “log’ rsin(nf + §), r <R, (11)

with the boundary condition

(12)
(13)

Opr = grcos(nf + 0), R,
R,

r
r

or9 = ggsin(nf + §),

wheref,, fs, 9., go @andé are given constanté, — 2, [, n are hon-negative integers.
Here the stress-strain relationship corresponds to igmtieart Cy, in subsection
3.1-3.4.

General speaking, to obtain the solution for the elastipiyblem (10-13), first
we need to find a particular solutiom, which satisfies equations (10) and (11),



but not necessary the boundary conditions (12) and (13)hen we consider the
homogeneous version of the stress equations with the filgpmodified boundary
conditions,

Opr = Gr cO8(n + &) — 0, (W), r =R,
or9 = gosin(nd +9) — o,.9(W,), r=R,

whereo,..(w,) = g, cos(nf + 0), 0,4(W,) = gesin(né + §) onr = R, andg, and
Jo are constants. This problem can be solved by the technigeasted in section
6.2, and we denote the solution fay,. The solution to (10) and (11) with boundary
conditions (12) and (13) is a linear combination of the twe., w, + wy,.

4.2 Zero order approximatiofy,

By the procedure described in section 4.1, we can obtaindhe arder solution
by substituting the temperatué® = O (r) + Y1, Ox(r) cos(nigd + 0) into the
following equations and boundary conditions

dop, 100, O — 090 00

ar ;; 50 8+ — =ao(Cu + 2012)%, r <R, (14)
o  10oeg 2000 g
or r o0 P 7(011 + 2012)%, r <R, (15)

with the boundary condition

o = ap(C11 + 2C12)0, r =R, (16)
o9 =0, r=R. a7
4.3 First order correctionV'U,
Usingo = Cye, we solve
agrr 1 80',»9 Orr — 000 ;o
5 . =20 . " = L (Up), r <R, (18)
o  L10ogg 2009 4
or r 00 ro La(To), r<H, (19)
with the boundary condition
Opp = Ua,?"r(U0)7 r= R7 (20)
Org — 0’a7r9(U0), r=R. (21)

I Details are given in section 6.3.



For a given pulling direction, we writé, (V) = (L7 (V), L2(V)) ando, (V). From
the discussion in section 3.1-34&, can written into a linear combination 6f, -
andC, 4. Itis easy to verify thal, 4(V') ando, 4(V') have terms related t@s((n+
4)0+9), sin((n+4)0+46) andcos((n—4)8+6), sin((n—4)0+-0). For exampleL,(v)
and(04.,+(V),0am(V))T with V = (v",0%) = (Dr* cos(nf + 6), Dar* sin(nf +
J)) are given by

+

Tarr(V) _ lrk_l(Dl D)k —1—m) cos((n+4)8 + o
Ua,r@(v) 2

|~

+

N~

(
(n—4)0+9)
(n—4)0+3))

r*=Y Dy — Dy)(k — 1 +n) (

Remark 4.1 With the displacement solution in hand, we can computesstreisig
the stress-stain relationship (24-27). The thermal efthet to—(Cy; + 2C12)©
will be added to yield the total stressé}.(The axial stress .. will be modified by
Saint Venant's principle.

5 Computational results and discussion

A characteristic amount of stress can be assigned to eanhwith the von Mises
stress which satisfies

20\2/m = (01 — 02)2 + (01 — 03)2 + (02 — 03)2
= (0rr = 04)" + (07r = 022) + (099 — 02.)° + 6o (22)

whereo, 04, 03 denote the eigenvalues of the total stress tensor.

The preferred method of dislocation generation in all lllsémiconductors, is
through the generation of slip defects, in particular{thel }, (110) slip systemg).
Consisting of four glide planes within which atoms can shipne of three direc-
tions, the resolved stress, in a particular slip directiog within the glide plane
with normal is given by
os =G Uy Q 0" QUpit.

The matrixU,, rotates vectors from the crystallographic frame to thedgidation
frame so that for a given pulling direction, the rowd gfare the vectors, b andp.

10



Maximum Von-Mised stress ([001] pulling direction) Maximum Von-Mised stress ([111] pulling direction)

(@) [001] (b) [111]

Maximum Von-Mised stress ([110] pulling direction)

Maximum Von-Mised stress (211] pulling direction)
T T T

-

Maximum Von-Mised stress

(c) [110] (d) [211]
Fig. 1. Maximum Von-Mises stress as a functionfof

If the stress tensar'® is expressed in the, ¢, z) coordinates() is the coordinate
transformation matrix that takés, v, z) — (r, ¢, 2).

Plastic deformation of the crystal occurs if the stress inafrihe 12 slip directions
exceeds a maximum value known as the critical resolved stemssg.ss TO lead-
ing order, the actual density of dislocations suffered leydtystal is proportional
to the total excess stress at any given point within the alyst this sense, an esti-
mation of where dislocations are likely to occur is given byg tistribution of the
total absolute resolved stress

12
o'l =D 13 Up Q" o' QUypi| (23)

i=1

We assume that the temperaté@e= r2, according to {). The stiffness constants
for InSb areC;; = 6.70 x 10*, C}5 = 3.65 x 10%, Cyy = 3.02 x 10* MPa. In Figs.

1 and 2, maximum Von-Mises stres and the maximum resolvedsstespectively
(scaling by the related maximum stress whén= 0) are shown as a function of
H,whereH € [0,0.34].

11



Maximum resolved stress ((001] pulling direction)

1.002

Maximum resolved stress ([111] pulling direction)
T T T T

0.998
50996

g
g 0o0s

Maximum resolved stress
o
<L

Maxi

0.992

0.94 L . L . L . 0.988
o 0

(a)[001] (b) [111]
(¢) [110] () [211]

Fig. 2. Maximum resolved stress as a functiorfhf

6 Computational details

6.1 Stress-strain relationship in a cylindrical coordieagystem

In this subsection, we give the stress-strain relationisitipe cylindrical coordinate
system. In particular, we derive the expressiondgrsinceCy is corresponding to
an isotropic material and independent of the coordinatstesys. Assume

Oroz = Urgz€roz = (CO - Ca,r@z)eréza (24)

where

T T
Orgz = (Uw’a 000,022,002z, Orz, UTB) s Croz = (erra €00, €22, 26927 26rz7 267“9) .

For [001] pulling direction, we choose thedirection as [001], and the directions

12



[100] and [010] correspond = 0 andd = 7 /2, respectivelyC, 4. is given by

1+C4 1—040 0 0 —S4
l—cs1l+c40 0 0 sy
1 0 0O 20 0 0
-H
4 0 0 0-10 0
0 0O 00 -1 0
—Sy Syq 00 O —C4

wherec, = cos46 ands, = sin 46.

(25)

For [111] pulling direction, the:-direction is [111], and [1d] and [110] are the
directions corresponded tb= 0 andd = m/2, respectively. In this cas€, . is

written as
0 1 2 V2s3 =23 0
1 0 2 —\/583 \/503 0
H 2 2 -1 0 0 0
6 V2s3 —V2s3 0 3 0 V2
—\/503 \/503 0 0 % \/533
0 0 0 V2 +2s3 -1

wherec; = cos 36 ands; = sin 36.

(26)

For [211] pulling direction, the:-direction is [211], and we choose = 0 and
6 = /2 to correspond to [11] and [011] respectivelyC,, .. is given by

Tes(7¢* =3) des(4—7c%) -

wherec = cos ands = sin 4.

%8(1 —3c?) —4682
@sc2 %c@ —3c?)
Lot he
—5Cs %CZ - %

(NI

tes(Tc? - 3)
%03(4 —7c%)

1
ECS

%c@ —3c?)
?s(l —3c?)

4 7.2 1
C —EC +ﬁ

(27)

For [110] pulling direction, the:-direction is [110], and [001] and [D] are the

13




directions corresponded o= 0 andf = /2, respectivelyC,, ,¢. is given by

_3.2.2 1.2 3.2.2 _ 1.2 _3.3 1
5C7S" + 3¢ 5C°S 1 5C 0 0 5C°s + 5¢s
3 2.2 34 o2, 1 1.2 3 3.
5C°S Sc 2c +5 3¢ 0 0 5C°s — s
1—%02 %02 0 0 0 %cs

H
1.2 1 1
0 0 0 5C 1 5CS 0
1 12,1
0 0 0 5CS 5C° + 7 0

_ 3.3 1 330 1 3.2.2 1

5C7s + s 5e°s —cs 5CS 0 0 Sc's 1
(28)

6.2 The solution to the 2-d homogeneous elasticity problem

In this subsection, we consider the solution to the follaphomogeneous equation,

aarr lagre Orr — 009

or 5 r 00 5 r =0 r<& (29)
org  10ogg = 20.9
o roo o O r<k (30)
with the boundary conditions,
Opr = grcos(nf +0), r =R, (31)
org = gosin(nf +9), r=R. (32)

Whenn = 0, we havegy = 0 for the well-posedness of the elasticity problem
(29-32). The solution is given by

1
wy = grﬁ(l — 2v)r cos 9,
wl = 2g,(1 + v)rsind.

Forn = 1, we haveg, = g, for the well-posedness of (29-32). The solution is
given by

r_ (L4 v)(1 —4v)gr?
wy = 20— )R cos(6 + 0),
wl = a +2V()1(5__V;l;)gﬂ sin( + 9).

Finally forn > 2, the solution is a linear combination df™!((2 —n —v) cos(nd +
4), (n+4 —4v)sin(nf + 6) andr"~!(cos(nf + J), — sin(nf + §)). More precisely,

14



itis given by

p_ 1t (2-n—4)(g +go)r™"  (ng, + (n— 2)ge)r""!
o 2(1-v) < (n+1)R" (n— 1)R"—2 ) cos(nf +9),
. 1+v (n +4 — 4V) (gr —+ gg)T"+1 (ngr + (n _ 2)99)7""_1 .
i = 2(1-v) < (n+1)R" B (n— 1)R"—2 ) sin(nd + 0).

6.3 Particular solution to the 2-d elasticity problem

In this subsection we detail the particular solutions to

80—7"7" 180’7‘0 Orr — 009

= frf 2 cos(nb + 6) log' r, r <R, (33)

or r 00 r
dorg | 10049 | 2009 _ for* 2 sin(né + 6) log'r, r <R, (34)
or r 00

wherel > 0 is an integer.

Forl = 0, |k — n| = 1 the particular solution to (33) and (34) is a linear combina-
tion of (r* cos(nf + §), 0) andr* log r(¢ cos(nf +6), sin(nf +6)) where¢ = —1 if
k=n-—1,and¢ = —(n—2+4v)/(n+4—4v) if k = n+ 1. Infactr*( cos(nf +
J)),sin(nf+9)) is a solution to the homogeneous two-dimensional elagticib-
lem. Particular solutions fof > 0 are composed of these lower order solutions
and a linear combination dbg' r(r* cos(nf + 4),0) andr*log"™ r(¢ cos(nf +
d),sin(nd + 0)). Because of this, we defirig, ;. ;(f,, fo) fork =n =+t 1as

Fori(frs fo) = ¥ log! r((D1 4+ DoClogr) cos(nd + d), Dy log rsin(nf + §)),

where

(1-v)2 8n(n—1)

14+v  (3=4v)n®(fr+fo)+8(n+1)(1=2v)(1—v)(fr—fp) _
1—+u)2 sz(n+1)(n+4—4zx) “ok=n+1,

(35)

1+v  (2=3n—4v+4vn) fr+(4—4v—3n+4vn)fo E=mn—1
D1 == 7
(

T a—v)? 8(14+1)(n—1)

1+v_ (n+4-4v)(fr+fo) _
(1_+V)2 S+ 1) (n+1) -, k=n+1,

(36)

1+v (n+2—4v) fr+(n—4+40) fo E=n—1
D, — ) )

-1, k=n-1,
C{ (37)

n—2+4v _
PR RIE k=n+1.

In contrast,F,, x..(f, fo) for k # n £+ 1 is given by

Fosi(fr, fo) = ¥ log! r(Dy cos(nf + §), Dysin(né + 9)),

15



where
1+v (k* =2k —2n*+2n%v +2v —1)f, — (4nv + nk — 3n) fy

b= (1-wv)? ((k =n)? = 1)((k+n)* —1) ’
(38)

D, _ LtV (—4nv + nk + 3n) f, + (2k? — 2k%v — n? + 2n%v + 2v — 2) fy

-y ((k=n)? =1)((k+n)* = 1) '
(39)

In compact form, we denote &y, . (f., f») the particular solution to (33) and (34)
corresponding to the values 01, k,1). Whenl = 0, S, k. o(f+, fo) = Furo(frs fo)-
Turning to the casé> 0, one has

Snki(frs fo) = Fora(fr, fo) + Sni—1(9r1, 90.0) + Sni—2(hrg, hoy),
where

(14+v)(1—2v)

sy (—4k(1 =)Dy —nDs), k#n+1,

{ v (kD — (14 1)(Dy), k=n=%1,
gri1 =

(1—v
Gor = 2((1+u)(1 5y D1 — (l+1)D2),k:n:|:1,
I(1-v) ( D1_2]€D2) k‘;&nil’

2(14v) \1-2v
(-1 —v)?
h,, = Dy,
. 1+v)(1—2v) "
0, k=n+1
L2
- 2(1+v) Dg,k’#nil

with D, and D, given by either (35-36) or (38-39), dependent on the valdiés o
andn.

7 Conclusion

In this paper, we have presented a procedure to computeghmadhstress inside
a cylindrical body with a cubic lattice structure under a g@ahtemperature field.
By choosing a suitable splitting of the anisotropic elasbefficient matrix, the
stress can be constructed using a series of the solutiohs tedtropic body. The
series is convergent as long as the anisotropic factor ssttes one, which is the
case for most materials of interest. Compared to othertisijitechniques which
normally assumes weak anisotropy, our approach is validlfanaterials as long
as a suitable decomposition can be found.
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