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Abstract: The paper proposesamodified version of theiterative
method for numerically solving a three-dimensional uncoupled
boundary-value problem that describes the process of
thermoplastic deformations of a transversely isotropic
parallelepiped. A discrete analogue of the boundary value problem
is compiled on the basis of the finite-difference method. A
recurrent finite-difference relation is written which allows one to
find the desired components of the displacement vector in
combination with theiterative method. It isassumed that, at a first
approximation, the values of the sought displacements in the
internal nodes are trivial. The essence of the method is
demonstrated by solving the thermoplastic boundary-value
problem for a transversely isotropic parallelepiped. The proposed
method can be applied to solve related problems of dynamic
thermoplasticity.
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I. INTRODUCTION

Mathematica models describing the process of linear
deformation of solids with temperature taken into account,
were first considered by Duhamel — Neumann [1]-[3], in
which it was assumed that the total deformation consists of
elastic deformation and thermal expansion. Questions of the
theory of thermoplasticity of deformable solids are
investigated in the following papers [4]-[6].

The issues of plastic deformation of solids with regard to
the temperature, were first considered in more detail in the
works of P.M.Nakhdi[7] and others. Further, these studies
were continued in the works of Yu.N. Shevchenko [8]-[10],
D. Kolarov [11], J.Casey[12], Aboudi [13],[14],
W.F.Chen[15] and others[16],[17].

In many applied engineering and technical problems, the
process of plastic deformation of structures and their
elements, taking into account temperature influences, can be
described by model equations of two types, namely
“connected” and  “unconnected”  thermomechanical
problems.
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I'n an unconnected problem, the heat equation responsible
for therma factors is solved separately, and its results are
used as a well-known parameter in solving the basic model
equations of “thermoplasticity” considered in combination
with the equation of motion. Note that in “coupled
problems”, in contrast to “uncoupled problems”, a
simultaneous  solutions  of the  equations  of
“thermoplasticity” and the equation of “heat flux” is
assumed. Since deformation cause the appearance of
temperature, this approach alows one to more adequately
describe the process of thermoplastic deformation of
structures and their elements under the influence of
mechanical and thermal influences. To formulate the above
thermoplastic model equations, we need to know the
nonlinear relationship between the stress and strain tensors
and taking into account temperature [18]-[23].

[I. PROBLEM STATEMENT

Let us consider an unrelated static boundary-value
problem describing the process of thermoplastic deformation
of a transversely isotropic paralelepiped, based on the
deformation theory, which consists of the equilibrium
eguation
3% 4 x =0, i=12.3 @)

—+X =0, 1= |
= X, '
and, which determines the relation of the deformation theory
of transversely isotropic bodies [24], [27], [28]

01 = Cuetia =4y (T =To)3, =20 = 22)A=) P, -

. @)
—2(%s — 25)(1- qH)qi,- for p>p, axq
Cauchy relations
&y = %(Um +U,) )
and boundary conditions
U |z1 =u’, ZS:GH n| =% 4
j=1

2

Where C,,_ - tensor of elastic constants of a transversally

ijke
isotropic material, p’, q -yield strength inthelongitudinal
and transverse directions of atransversally isotropic body, u,
- displacement vector components; X;, S - bulk and surface
forces, respectively, X,,%, - surface parts, X— volume V ,

n; - external norma to the surfaceX, - volume V., T —
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absolute temperature, &, - Kronecker symbol, «, - thermal

expansion tensor.
Ay = Couis A = Cpipy A3 = Cpyzgs Ay = Cyggys A5 = Ciay,
A = 17 =4 +24, =Cuy +2C,,,
Ay = Ay = Cpg, Ay = A5 = Cyps.
ﬂij :Cljklakl G :al(é}j _d35j3)+a35}3513

Substituting (3) into (2) and obtained in (1), the
boundary-value problem (1-4) can be written down with
respect to the displacements y; (u=u,, v=u,, w=u,) inthe
following form (for simplicity, we neglect volume forces)

o°u o%u o°u
Cllll a 2 +C1212 ayz +C1313 a 2
o°v o°w

X %y +(Chazs + Ciaps) —— Xz

o*v 0% o0*v
Con—=+ C2222 ? + C2323 E
2 02w

1212 5 2
o°u
oy + (02233 + C2323) oyoz ﬂzz 6y -F,=0
o*w o*w 0w
C1313 ﬁ + C2323 W + 03333 82

+(Cpyp +Cpppp) X

ﬂu - :0

+(Cpppy + Ciopp) %

©®)

X

+ (C3311 + C1313) X

2

62u Y
———+(Caap + Cips) ——

88 oyoz ﬁ33 F;=0

(o}

u |21 =u°,

(— —) (6)
n

2

0, for p<0 and g<0,

of | 2k-2)A-0p, for P2 ()

2(25—25')(1—q—>qj, for q=q

oo’

R 2 =B B -T2

for p>p,q>q
Value ai}’ represents the nonlinear part of the defining

relation (2), and F nonlinear part of equation (1).

I11. NUMERICAL SOLUTIONMETHOD

Replacing the derivatives in eguations (5-6) with the
corresponding finite-difference relations, we find the
finite-difference analogue [25],[26] of the equilibrium
equation (5)
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ui+1,j,k _2ui,j,k +ui—1,j,k
+
h
ui,j+1,k _2ui,j,k +ui,j—1,k
15
ui,j,k+1_2ui,j,k +ui,j,k—1
hf +

Vi i =V =Veg i a0 +V
i+1, j+1k i-1,j+1k i+1,j-1k i-1,j-1k
(C1122 + C1212 ) +

anh,

_Wi+1,j,k-1

Cllll

+Cpos

+ C1313

©)

_\Nl—l,j,k+1

4hh,
_ﬂn(tm,j,k _ti+1,j,k) _ F1

2h

Wk _

W, .
1+1, ] k+1
(C1133 + C1313)

C |+1J k 2vl j.k +Vi i-1,j.k
1212 hl2 +
|]+lk 2Vijk+vlj—l,k
15
VivJ',k+1_2Vi,j,k +V| jk-1
h
i-1,j+Lk _ui+1,j—1,k +ui—1,j—l,k "
4hh,

—W j+Lk-1 + Vvi,j—l,k—l

+ C2222

+Cyss

€)

—u

u ..
i+1, j+Lk
(C2211 + C1212 )

_\Ni,j—l,k+1

4h,h,
_ ﬁzz(ti,j+1,k _t',' ,

i J—lk)

2h,

V\[I .
,j+Lk+1 i,
(C2233 + C2323)

=F2

C \Ni+1,1k 2ij-I—Wle
1313 hlz

_2W|,j,k Vvljlk

by
Wi,j,k+1 2W1k+W|Jk1
+

h;
ifl,j,k+1_u
ahh,

_Vi,j—l,k+1 _vi,j+1,k 1

4hh,
_ ﬂaa(ti,j,kﬂ_ti,j,kfl)
2h,
and boundary conditions, on two opposite faces of the
parallelepiped perpendicular to the axis OX

W .
1,j+Lk
+Co

+Cis

(10)
-u +U

i+1,j,k-1 i-1,j,k-1
J i, +

U ..
i+1, ), k+1
+ (C3311 + C1313 )

+V|11kl

V. .
i,j+Lk+1
(C3322 + C2323)

:F3

Cllll gu + C1122 gvy"r C:1133 gvzv

_2(12 - /12)(1_ E) Pu— ﬂll &

‘711|x:o,|1 =

x=0,l;
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ou , ov _ n+ C n
oy sz(ay PY =S (11) Wiy = ;:B( (W0 )+
><:O,I1 N
2= 2)A- )Py |
2323 (VV(J+1k +Wn)1k)+ 3333 (VV(] k+1+\N(n o 1)+
Coans (LU + W) TR hy
Ol o) = oz =S C...+C
13lx=0,), , N 33 T Ciais (n) (n)
_2(15_15)(1_%)(:113 ol + 4hlh3 ( |+1] k+1_u|+lj k1~ U -1j, k1 T
The remaining faces of the parallelepiped are free of loads. C..4C 14
The boundary conditions can be set with ease with respect to )+ EE OV (14)
the displacement vector. 4h,h,
Further, resolving the finite-difference equations t .-t . )
(8-10) relatively Uy, Wik » W, accordingly, it is —v(r})dk L +Vi(,r})—l,k—l)_b33%_ F i,j,k:|/
possible to organize the following iterative process: ,
4 — le Cun 4 u(n) )+ 2C;, + 2C35 + 2Cq3 _
ik n i41,] .k 1.k hl2 h22 hsz
C C The values of displacements in the zeroth approximation
+22 (y .(le U )l (ul('j’k f?’K+1) of the iterative process are considered as atrivial. Recall that,
h; hy — asafirst approximation, theterms F,,;,, F,, ., F,,,, ae
+C1122 +Cop VO IRV O Ry )+ considered zero and the linear problems of the theory of
4hh, LK Lk Lk Lk elagticity are solved. Based on the results obtained, the
C_+C 12 condition for the transition of the eastic limit, i.e
+ R (W —w—w (12) p>p, q>q and when they are executed, they are
anh, " clculated F,, . F., . ., and, agan the linear
W )_h (o —tini) E / problem is solved with the new right-hand side, and
kL ! 2h Lk continues until the required accuracy is achieved. Thisisthe
essence of the method of elastic solutions.
/ ZC1111 + 2C1212 + 2C1313
rf hzz hf IV. TEST TASK
When solving the model problem numerically, we
considered a transversdly isotropic  thermoplastic
v (V(n) Ly ) + parallelepiped pinched on al sides, inside which a
ik hl. iLjk Lk temperature field is given by the following formula:
. T . T . T
szzz (n) (n) C2323 (n) (n) T(Xl’xz’xg) :Tosm|_Xlsm|_xzsm|_X3
+ = (Vi o Vi k) T (Ve t V) + 1 2 3
h, hs Elastic modules, hardening modules and elastic limits
Coi+Co /() o o o had the following dimensionless values:
+W(ui+l,j+l,k _ui+1,j—lk u -1,j+Lk + u|—1,j—l,k) + Cj111 =568, Cp,pp =2.735, Ci33=2.39,C;yp =0.21,
C +C C1133 = 0.19, C2222 = 5.68, C2233 = 0.19 ’ C2323 = 2.39,
+%(W(”M+1 WY~ WO L+ (19 Gy =535, 4, =25, 45=224, p =014, ¢ =011,
hh, T, = 20.
W (t et jak) . | Below we consider the propagation of plastic zonesin
W1k 1) bzz —th ik various sections of the transversally isotropic parallelepiped
under consideration.
/[2C1212 + 2C2222 + 2C1313]
2 2 2
oo

Table 1. Thevalues of theintensity of the strain tensor p for z=0,7

x=0 x=0.1 x=0.2 x=0.3 x=0.4 x=0.5 x=0.6 x=0.7 x=0.8 x=0.9 x=1
=0 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000
y=0.1 0.00000 | 0.10830 | 0.12893 | 0.14592 | 0.15313 | 0.15491 | 0.15355 | 0.14648 | 0.12922 | 0.10838 | 0.00000
y=0.2 0.00000 | 0.12884 | 0.10128 | 0.09329 | 0.09148 | 0.09124 | 0.09198 | 0.09387 | 0.10153 | 0.12911 | 0.00000
y=0.3 0.00000 | 0.14590 | 0.09377 | 0.06079 | 0.04546 | 0.04197 | 0.04561 | 0.06090 | 0.09367 | 0.14604 | 0.00000
y=0.4 0.00000 | 0.15299 | 0.09207 | 0.04567 | 0.01788 | 0.01067 | 0.01789 | 0.04561 | 0.09188 | 0.15297 | 0.00000

y=0.5 0.00000 | 0.15453 | 0.09153 | 0.04213 | 0.01073 | 0.00002 | 0.01073 | 0.04213 | 0.09153 | 0.15453 | 0.00000
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y=0.6 0.00000 | 0.15297 | 0.09188 | 0.04561 | 0.01789 | 0.01067 | 0.01788 | 0.04567 | 0.09207 | 0.15299 | 0.00000
y=0.7 0.00000 | 0.14604 | 0.09367 | 0.06090 | 0.04561 | 0.04197 | 0.04546 | 0.06079 | 0.09377 | 0.14590 | 0.00000
y=0.8 0.00000 | 0.12911 | 0.10153 | 0.09387 | 0.09198 | 0.09124 | 0.09148 | 0.09329 | 0.10128 | 0.12884 | 0.00000
y=0.9 0.00000 | 0.10838 | 0.12922 | 0.14648 | 0.15355 | 0.15491 | 0.15313 | 0.14592 | 0.12893 | 0.10830 | 0.00000

=1 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000

Fig. 1. The zone of plasticity according to theintensity of thetensor deformations p in the XOY planefor z=0,7 (p>p’
)

Table 2. Thevalues of the intensity of the strain tensor q for z=0,7
=0 y=0.1 y==0.2 y=0.3 y=0.4 y=0.5 y=0.6 y=0.7 y==0.8 y=0.9 =1

z=0 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000
z=0.1 0.00000 | 0.05489 | 0.07683 | 0.09445 | 0.10553 | 0.10926 | 0.10544 | 0.09433 | 0.07678 | 0.05491 | 0.00000
7z=0.2 0.00000 | 0.07660 | 0.08492 | 0.09123 | 0.09449 | 0.09544 | 0.09449 | 0.09125 | 0.08499 | 0.07688 | 0.00000
z=0.3 0.00000 | 0.09410 | 0.09114 | 0.08400 | 0.07547 | 0.07147 | 0.07548 | 0.08404 | 0.09123 | 0.09434 | 0.00000
z=0.4 0.00000 | 0.10517 | 0.09436 | 0.07543 | 0.05198 | 0.03842 | 0.05199 | 0.07545 | 0.09441 | 0.10530 | 0.00000
z=0.5 0.00000 | 0.10899 | 0.09532 | 0.07142 | 0.03840 | 0.00000 | 0.03840 | 0.07142 | 0.09532 | 0.10899 | 0.00000
z=0.6 0.00000 | 0.10530 | 0.09441 | 0.07545 | 0.05199 | 0.03842 | 0.05198 | 0.07543 | 0.09436 | 0.10517 | 0.00000
z=0.7 0.00000 | 0.09434 | 0.09123 | 0.08404 | 0.07548 | 0.07147 | 0.07547 | 0.08400 | 0.09114 | 0.09410 | 0.00000
z=0.8 0.00000 | 0.07688 | 0.08499 | 0.09125 | 0.09449 | 0.09544 | 0.09449 | 0.09123 | 0.08492 | 0.07660 | 0.00000
z=0.9 0.00000 | 0.05491 | 0.07678 | 0.09433 | 0.10544 | 0.10926 | 0.10553 | 0.09445 | 0.07683 | 0.05489 | 0.00000

z=1 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000

0.008—

Fig. 2. The zone of plasticity according to theintensity of thetensor deformations qin the XOY planefor z=0,7 (q>q
)

Thefollowingsare numerical resultsand 3D functiongraphs. u(x,y,z),v(x,Y,z), W(x,Y,2), t(x,y,2), p(xY,2)

, d(x Y, 2z), intheareain question.
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Table 3.The values of movement u(x,y,z) for zz0,5

x=0 x=0.1 x=0.2 x=0.3 x=0.4 x=0.5 x=0.6 x=0.7 x=0.8 x=0.9 x=1
y=0 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000
y=0.1 0.00000 | -0.01078 | -0.01436 | -0.01261 | -0.00731 | 0.00000 | 0.00699 | 0.01243 | 0.01435 | 0.01080 | 0.00000
y=0.2 0.00000 | -0.01768 | -0.02385 | -0.02110 | -0.01216 | 0.00000 | 0.01209 | 0.02107 | 0.02389 | 0.01783 | 0.00000
y=0.3 0.00000 | -0.02245 | -0.03058 | -0.02720 | -0.01570 | 0.00000 | 0.01569 | 0.02721 | 0.03062 | 0.02257 | 0.00000
y=0.4 0.00000 | -0.02539 | -0.03469 | -0.03093 | -0.01787 | 0.00000 | 0.01787 | 0.03093 | 0.03472 | 0.02545 | 0.00000
y=0.5 0.00000 | -0.02641 | -0.03609 | -0.03219 | -0.01861 | 0.00000 | 0.01861 | 0.03219 | 0.03609 | 0.02641 | 0.00000
y=0.6 0.00000 | -0.02545 | -0.03472 | -0.03093 | -0.01787 | 0.00000 | 0.01787 | 0.03093 | 0.03469 | 0.02539 | 0.00000
y=0.7 0.00000 | -0.02257 | -0.03062 | -0.02721 | -0.01569 | 0.00000 | 0.01570 | 0.02720 | 0.03058 | 0.02245 | 0.00000
y=0.8 0.00000 | -0.01783 | -0.02389 | -0.02107 | -0.01209 | 0.00000 | 0.01216 | 0.02110 | 0.02385 | 0.01768 | 0.00000
y=0.9 0.00000 | -0.01080 | -0.01435 | -0.01243 | -0.00699 | 0.00000 | 0.00731 | 0.01261 | 0.01436 | 0.01078 | 0.00000
y=1 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000

Fig. 3: Distribution graph of the function u(x,y,z) in theplane XQOY for z=0,5

Table 4. Values of displacement v(x,y,z) for z=0,8

x=0 x=0.1 x=0.2 x=0.3 x=0.4 x=0.5 x=0.6 x=0.7 x=0.8 x=0.9 x=1
y=0 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 0.00000
y=0.1 0.00000 | -0.00762 | -0.01250 | -0.01595 | -0.01806 | -0.01878 | -0.01806 | -0.01595 | -0.01250 | -0.00762 | 0.00000
y=0.2 0.00000 | -0.00992 | -0.01674 | -0.02155 | -0.02448 | -0.02547 | -0.02448 | -0.02155 | -0.01674 | -0.00992 | 0.00000
y=0.3 0.00000 | -0.00859 | -0.01470 | -0.01901 | -0.02163 | -0.02252 | -0.02163 | -0.01901 | -0.01470 | -0.00859 | 0.00000
y=0.4 0.00000 | -0.00488 | -0.00842 | -0.01091 | -0.01243 | -0.01295 | -0.01243 | -0.01091 | -0.00842 | -0.00488 | 0.00000
y=0.5 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 0.00000
y=0.6 0.00000 | 0.00488 | 0.00842 | 0.01091 | 0.01243 | 0.01295 | 0.01243 | 0.01091 | 0.00842 | 0.00488 0.00000
y=0.7 0.00000 | 0.00859 | 0.01470 | 0.01901 | 0.02163 | 0.02252 | 0.02163 | 0.01901 | 0.01470 | 0.00859 0.00000
y=0.8 0.00000 | 0.00992 | 0.01674 | 0.02155 | 0.02448 | 0.02547 | 0.02448 | 0.02155 | 0.01674 | 0.00992 0.00000
y=0.9 0.00000 | 0.00762 | 0.01250 | 0.01595 | 0.01806 | 0.01878 | 0.01806 | 0.01595 | 0.01250 | 0.00762 0.00000
=1 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 0.00000

Fig. 4.Graph of the distribution of the function v(x, Y, z) in the plane XOY for z=0,8
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Table 5. The displacement values w(x, y,z) for z=0,3

x=0 x=0.1 x=0.2 x=0.3 x=0.4 x=0.5 x=0.6 x=0.7 x=0.8 x=0.9 x=1
y=0 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000
y=0.1 0.00000 | -0.00714 |-0.01273 | -0.01690 | -0.01950 | -0.02038 | -0.01949 | -0.01688 | -0.01272 | -0.00713 | 0.00000
y=0.2 0.00000 | -0.01272 | -0.02284 | -0.03043 | -0.03517 | -0.03679 | -0.03517 | -0.03042 | -0.02283 | -0.01272 | 0.00000
y=0.3 0.00000 | -0.01689 | -0.03043 | -0.04055 | -0.04689 | -0.04905 | -0.04689 | -0.04055 | -0.03043 | -0.01689 | 0.00000
y=0.4 0.00000 | -0.01950 |-0.03518 | -0.04689 | -0.05424 | -0.05674 | -0.05423 | -0.04689 | -0.03517 | -0.01950 | 0.00000
y=0.5 0.00000 | -0.02039 | -0.03679 | -0.04905 | -0.05674 | -0.05937 | -0.05674 | -0.04905 | -0.03679 | -0.02039 | 0.00000
y=0.6 0.00000 | -0.01950 |-0.03517 | -0.04689 | -0.05423 | -0.05674 | -0.05424 | -0.04689 | -0.03518 | -0.01950 | 0.00000
y=0.7 0.00000 | -0.01689 | -0.03043 | -0.04055 | -0.04689 | -0.04905 | -0.04689 | -0.04055 | -0.03043 | -0.01689 | 0.00000
y=0.8 0.00000 | -0.01272 | -0.02283 | -0.03042 | -0.03517 | -0.03679 | -0.03517 | -0.03043 | -0.02284 | -0.01272 | 0.00000
y=0.9 0.00000 | -0.00713 | -0.01272 | -0.01688 | -0.01949 | -0.02038 | -0.01950 | -0.01690 | -0.01273 | -0.00714 | 0.00000
y=1 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000

-0.04

Fig. 5. Distribution graph of the function w(x,y, z) in the plane XQY for z=0,3

Table 6. Temperature t(x,y,z) for z20,4

x=0 x=0.1 x=0.2 x=0.3 x=0.4 x=0.5 x=0.6 x=0.7 x=0.8 x=0.9 x=1
y=0 0.00000 | 0.00000 | 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 | 0.00000 | 0.00000
y=0.1 0.00000 | 1.81636 | 3.45492 475528 5.59017 5.87785 5.59017 475528 345492 | 1.81636 | 0.00000
y=0.2 0.00000 | 345492 | 6.57164 9.04508 | 10.63314 | 11.18034 | 10.63314 | 9.04508 6.57164 | 3.45492 | 0.00000
y=0.3 0.00000 | 4.75528 | 9.04508 | 12.44949 | 14.63525 | 15.38842 | 14.63525 | 12.44949 | 9.04508 | 4.75528 | 0.00000
y=0.4 0.00000 | 5.59017 | 10.63314 | 14.63525 | 17.20477 | 18.09017 | 17.20477 | 14.63525 | 10.63314 | 5.59017 | 0.00000
y=0.5 0.00000 | 5.87785 | 11.18034 | 15.38842 | 18.09017 | 19.02113 | 18.09017 | 15.38842 | 11.18034 | 5.87785 | 0.00000
y=0.6 0.00000 | 5.59017 | 10.63314 | 14.63525 | 17.20477 | 18.09017 | 17.20477 | 14.63525 | 10.63314 | 5.59017 | 0.00000
y=0.7 0.00000 | 4.75528 | 9.04508 | 12.44949 | 14.63525 | 15.38842 | 14.63525 | 12.44949 | 9.04508 | 4.75528 | 0.00000
y=0.8 0.00000 | 345492 | 6.57164 9.04508 | 10.63314 | 11.18034 | 10.63314 | 9.04508 6.57164 | 3.45492 | 0.00000
y=0.9 0.00000 | 1.81636 | 3.45492 4.75528 5.59017 5.87785 5.59017 4.75528 345492 | 1.81636 | 0.00000
=1 0.00000 | 0.00000 | 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 | 0.00000 | 0.00000

Fig. 6. Thedistribution graph of the function t(x,y, z) in the plane XOY for z=0,4

Since the boundary conditions are given distributed symmetrically in the parallelepiped under
symmetrically, the numerical resultsgivenintables(1-6) and  consideration,
figures (1-6) obtained by the above iterative method are
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which ensures the validity of the numerical resultsand
the proposed iterative approach for the numerical solution of
thermoplastic problems for transversely isotropic bodies.

V. CONCLUSION

A three-dimensional thermoplastic boundary value
problem for a transversely isotropic paralelepiped is
formulated. A discrete analogue of the problem is compiled
by the finite-difference method. Finite-difference equations
areresolved with respect to the main nodal displacementsand
arecurrence relation is obtained that is solved by the iterative
method in combination with the elastic solution method. The
thermoplastic boundary-value problem of a clamped
transversally isotropic parallelepiped is numerically solved.

3D graphs of the distribution of the displacement functions

u(xy,z) ., v(xy,z) , w(xyz and temperature
T(xy,z) are constructed. The propagation of plasticity

zones in various sections of the transversally isotropic
parallelepiped under the influence of a temperature field is
studied.

REFERENCES

1. V.Novatskiy. Dynamic problems of thermoelasticity. Moscow, Mir,
1970.p.256. In Russian.

2. A.Kovaenko. Thermoelasticity. — Kiev, 1975. —p. 216. In Russian.

3. A.Kovalenko. Development of researches in the field of
thermoel asticity, thermoplasticity and thermoviskoelasticity. // Applied
Mathematics. —-1969. — P.5, Ne 12. — p. 1-16.

4. Biot, M. Thermoelasticity and irreversible thermo-dynamics. J. Appl.
Phys., 27, 240-253. 1956

5. Youssef H. M., Al-Felali A.S. Generalized Thermoelasticity Problem of
Material Subjected to Thermal Loading Due to Laser Pulse. Applied
Mathematics, 2012, 3, 142-146

6. A.Lykov. Theory of thermal conductivity. — MOSCOW: Vis.shkola,
1967. — p.599.

7. P. Naghdi. Relations of strain and space in plagticity, thermoplasticity.
Collection «Mechanics». -1962. 1, 71,p.87-133. In Russian.

8. Yu.Shevchenko, M.Babashko, V.Piskun, V.Savchenko. Area problems
of thermoplasticity. -Kiev: Nauk. dumka, 1980. —p.262.

9. Yu.Shevchenko, R.Terekhov. Experimental check of a hypothesis of
existence of athermomechanical surface in the thermoplasticity theory.
-1973. V.13. -p.43-47.

10. Senchenkov |.K., Andrushko N.F. Therma Effects in a Physically
Nonlinear Cylinder under Impulsive Loading // Int. Appl. Mech. — 2005.
—41,N 8. - P.890-894.

11. Kolarov D., Baltov A., BonchevaN. Mechanics of plastic environments.
Mir. 1979. P.302.

12. Casey J. On elastic-thermo-plastic materials at finite deformations. Int.
J. of Plasticity .V. 14, Issues 1-3, 1998, p. 173-191

13. Aboudi J. The effective thermomechanical behavior of inelastic
fiber-reinforced materials// Int. J. Eng. sci. -1985.- Vol. 23, -No 7. - P.
773-787.

14. Aboudi J., Benveniste Y. Finite amplitude one-dimensional wave
propagation in a thermo-elastic half-space // Int. J. Solids structures. -
1974. Vol. 10. - P. 293 - 308.

15. W. Chen, D. Han, Plasticity for Structural Engineers, Springer Verlag,
New York, 1988, 415 p.

16. Maughin G.A. The Thermomechanics of Plasticity and Fracture.
Cambridge Univ. Press, Cambridge (1992).

17. Miehe C. A theory of large-strain isotropic thermoplasticity based on
metric transformation tensor. Archive Appl. Mech.66 (1995) 45-64.

18. Bezukhov N., O.Luzhin. Applied methods of easticity and plasticity
theories for solving engineering problems. -Moscow, 1974. —p. 200. In
Russian.

19. V. Rekach. Management to the decision of problems of the applied
theory of elasticity. Moscow, 1973, p.384. In Russian.

20. Khaldjigitov A.A., Nik M.A. Asri Long., Qalandarov A., Eshquvatov Z.
Mathematical and numerical modelling of the thermoplastic coupled
problem. International conference on mathematical sciences and
statistics 2013. Singapore, Springer, pp. 69-75, (2014).

International Journal of Innovative Technology and Exploring Engineering (1JI TEE)

I SSN: 2278-3075 (Online), Volume-9 I ssue-6, April 2020

21. Khaldjigitov A.A., Khudazarov R.S., Sagdullaeva D.A. Theories of
plasticity and thermoplasticity of anisotropic bodies.-Tashkent.:"Fan va
texnologiya", 2015, p.320.

22. AM. Polatov, A.M. Ikramov, A.A. Khaldjigitov. Computer Modeling of
Elastoplastic Stress state of Fibrous Composites with hole//Coupled
Systems Mechanics, An International Journal, Techno-Press Ltd.,
Y useong-gu Dagjeon, Korea, 2019.Vol.8, Ne4, pp. 299-313.

23. V.Pavlichko. The decison of a three-dimensional thermoplastic
problem at simple burden. Jour. Acta durability problems, 1986. Ne 1.
-p. 77-81.

24. B. Pobedria, Mechanics of Composite Materials, Moscow State
University Press, RU, 1984. in Russian.

25. Yusupov Y.S, Babadjanov M.R. Numerica solution of a
Three-Dimensional Coupled thermoplastic problem based on
deformation theory. The international journal of science & technology.
Vol 7 Issue 9, DOI.:10.24940/theijst/2019/v7/19/ST1909-012
September,2019

26. Kalandarov A.A., Babadjanov M.R. Numerical smulation of the
coupled dynamic thermoelastic problem for orthotropic bodies.
International journal of computer science and Mobile computing, Vol 8
Issue 9, September 2019,pg. 182-189

27. Khaldjigitov A. A., Yusupov Y. S, Khudazarov R. S. & D. A.
Sadullaeva. On the thermoplasticity constitutive relations for isotropic
and transversely isotropic materials.  International Journal of
Mechanical and Production Engineering Research and Development
(IIMPERD) 1SSN(P):2249-6890; ISSN(E):2249-8001 Vol.9, Issue 4,
Aug 2019, 467-478

28. Khaldjigitov A. A., Nik Long N.M., Adambaev U.E. On the constitutive
relations for isotropic and transversely isotropic materials. Int. J. Appl.
Math. Modeling. 2013, 37 p. 7726-7740

AUTHORSPROFILE

Babajanov Mumin - graduated Tashkent State
university  (presently  National  university  of
Uzbekistan). Senior Lecturer, Department of Computer
Science Basics at the Tashkent University of
Information Technologies named after Muhammad
al-Khwarizmi. 2017-2019 Doctoral student (Ph.D.)
University Information Technology named after
Muhammad al-Khwarizmi. Has 20 years of experience teaching the basics of
computer science and the basics of programming. Author of more than 25
scientific researches.

Research Area: Numerical modeling of the process of nonlinear
deformation of anisotropic bodies.

Selected Publications: 1. Numerical simulation of the coupled dynamic
thermoelastic problem for orthotropic bodies. International journal of
computer science and Mobile computing, Vol 8 Issue 9, September 2019, pp.
182-189.

2. Numerical solution of a Three-Dimensiona Coupled thermoplastic
problem based on deformation theory. The international journal of science &
technoledge. Vol 7 Issue 9, DOI.:10.24940/theijst/2019/v7/ 19/ST1909-012
September, 2019

Kalandarov Aziz — graduated Gulistan state University
for Bachelor degree (1997 to 2001). Studied Master’s
degree in Nationa University of Uzbekistan (2001 to
2003). PhD in math. and physics (2019 year). Author of
morethan 30 scientific researches. Chief of department of
“Information technology” in Gulistan State university.
Has 16 years of teaching experience in applied
mathematics, numerical methods and computer modeling.

Research Area: Numericdl modeling of the process of nonlinear
deformation of anisotropic bodies.

Selected Publications: 1. Mathematical and numerical modelling of the
thermoplastic coupled problem. International conference on mathematical
sciences and statistics 2013. Singapore, Springer, pp. 69-75, (2014).

2. Numerical solution of 1D and 2D thermoelastic coupled problems.
International journal of modern physics. Vol. 9, pp. 503-510, (2012).

3. Computer simulation of the coupled dynamic thermoel asticity problem for
atwo-dimensional isotropic bodies. Theinternational journal of science and
technoledge, 2019. Vol. 7, Issue 5, pp. 24-32.
DOI:10.24940/theijst/2019/v7/i5/ST1905-020.

4. Numerical Simulation of the Coupled Dynamic Thermoelastic Problem
for Orthotropic Bodies. International Journal of Computer Science and
Mobile Computing, Vol.8 Issue.9, September- 2019, pp. 182-189

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Retrieval Number: F4314049620/20200BEIESP
DOI: 10.35940/ijitee.F4314.049620

Journal Website: www.ijitee.org 1490

Exploring innovation'


https://www.openaccess.nl/en/open-publications

Numerical M odeling of the Process of Ther moplastic Defor mation of Transversally | sotropic Par allelepipeds

Adambaev Uchkunbek — graduated Tashkent State

university (presently National university of Uzbekistan).

PhD in math. and physics (2008). Author of more than 30

scientific researches. 2018-2020 Doctoral student (DSc).

‘ Senior lecturer in the National university of Uzbekistan.

' Has 18 years of teaching experience in Applied

Mathematics, IT and software programming.
Research Area: Numerical modeling of the process of nonlinear
deformation of anisotropic bodies.

Selected Publications: 1. On the constitutive relations for isotropic and

transversely isotropic materials. Applied Mathematical Modelling, Original

Research Article, Volume 37, lIssues 14-15,1 August 2013, Pages
7726-7740 (USA).

2. Finite difference method for solving the elastoplastic problems of

anisotropic bodies. Applied mathematics and control sciences». 2019. Ne 4,
pp. 9-25. (Russia).

Retrieval Number: F4314049620/20200BEIESP Published By: o
DOI: 10.35940/ijitee.F4314.049620 Blue Eyes Intelligence Engineering
Journal Website: www.ijitee.org 1491 & Sciences Publication

Exploring innovation'


http://www.sciencedirect.com/science/article/pii/S0307904X13001674
http://www.sciencedirect.com/science/article/pii/S0307904X13001674

