]

DE GRUYTER
OPEN

DOI 10.1515/ama-2016-0027

acta mechanica et automatica, vol.10 no.3 (2016)

THE MATHEMATICAL MODELING AND INVESTIGATION OF THE STRESS-STRAIN STATE
OF THE THREE-LAYER THERMOSENSITIVE HOLLOW CYLINDER

Iryna RAKOCHA', Vasyl POPOVYCH"

"Lviv Polytechnic National University, 12 Bandera street, Lviv, Ukraine
“Pidstryhach Institute for Applied Problems of Mechanics and Mathematics of NASU, 3-b Naukova street, Lviv, Ukraine

irinka.rakocha@gmail.com, dept19@iapmm.lviv.ua

received 9 July 2015, revised 14 July 2016, accepted 18 July 2016

Abstract: Stationary temperature distribution in a three-layer infinite hollow cylinder based on the thermosensitive body model was deter-
mined. The cylinder is subjected to the steady temperature on the inner surface and on the outer one is present the convective heat
exchange. In the second layer exist heat sources with parabolic dependence on radial coordinate. The components of the thermostressed
state have been found. The influence of the temperature dependence of the thermal and mechanical components characteristics

of materials on the temperature distribution has been investigated.
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1. INTRODUCTION

Knowledge of the components of the thermostressed state
of structural elements, including hollow cylinders (Aziz, 2013;
Argeso and Eraslan, 2008, Bazarenko, 2008; Fazelli et al., 2013;
Shi et al., 2007; Zhu, 2002), subjected to given power and thermal
loads underlie calculation on durability and reliability. The appro-
priate definition of temperature field and caused by it stress-strain
state is based on the model of the thermosensitive body (Kushnir
and Popovych, 2009; 2011), which takes into account the de-
pendence of thermal and mechanical characteristics and parame-
ters of heat exchange (heat transfer coefficients, degrees of sur-
face blackness) on temperature are performed according to their
application under condition of high-temperature heating.

The detailed review of studies relating to the definition
of thermostressed state of thermosensitive bodies from the begin-
ning of the investigation of the problem to its current state was
provided in articles (Kushnir and Popovych, 2009; Noda, 1991).
Papers (Carslaw and Jaeger, 1996; Goto and Suzuki, 1996;
Grzes, 2010; Kushnir and Popovych, 2009; 2011; Kushnir and
Protsiuk, 2010; Lee, 1998; Noda, 1991; Och, 2014; 2015;
Popovych and Kalynyak, 2014; Shariyat, 2007, Shen, 2001; Tan-
igava and Akai, 1996; Yevtushenko and Kuciej, 2014; Zhu and
Chao, 2002) represent mathematical models of thermostressed
multilayer structures, which take into account the dependence
of thermomechanical characteristics of the layer materials on the
temperature as well as the new methods of their solution. In pa-
pers (Carslaw and Jaeger, 1996; Kushnir and Popovych, 2009;
2011; Kushnir and Protsiuk, 2010; Noda, 1991; Och, 2014; 2015;
Popovych and Kalynyak, 2014; Zhu and Chao, 2002) the im-
portance to take into account the thermosensitivity of structural
components at investigation the temperature and stress distribu-
tion is indicated.

In the article the stationary temperature distribution in ele-

ments of microelectronics, which are modeled by three-layer
hollow thermosensitive cylinder with heat sources in second layer,
constant temperature on the inner surface of the cylinder and
convective heat exchange with the environment on the outer one,
is determined. The components of the stress-stain state have
been defined. The influence of the thermosensitivity of materials
on the temperature distribution and the distribution of the compo-
nents of stress-strain state has been investigated.

2. THE FORMULATION OF THE PROBLEM

The three-layer infinite thermosensitive hollow cylinder is con-
sidered. Each layer was made of different material. The cylinder
is heated by heat sources which are located in the middle layer
and are distributed by parabolic law

@
w®(@) = —ﬁ(r —1)(r —r3).

The temperature is constant t = t;, on inner surface r = r,
and the convective heat exchange with the environment on outer
one r =r, is present. The coefficient of heat transfer through
this surface is constant and equal to a. The conditions of ideal
thermal contact between neighbour layers are satisfied. Let us
determine the temperature distribution and the distribution
of components of the cylinder stress-strain state at mentioned
conditions.

3. THE MATHEMATICAL MODEL FOR THE DETERMINATION
OF TEMPERATURE DISTRIBUTION

It includes:
— the heat conductivity equations for each layer
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1d ; dt; .
;E(M?)(ti)d—;) =WO@),n <r<r,i=13 1

— boundary conditions on the boundary surfaces

dt
PP rats -t =0 @)

=Ty

t1|r=r1 = tin,

— contact conditions on the neighbouring surfaces of the

cylinder
t1|r=r2 = t2|r=rzr t2|r=1'3 = t3|r=r3r (3)
dt dt
WG =aPw
=T, T lr=r, (4)
ol =29 yds
tdrl,, dr o,

Model (1)-(4) is nonlinear due to the dependence of thermal
conductivity coefficients }\,E‘) (t) (i=1,3) on temperature.
Those dependencies are usually given in reference books and are
represented in the form of tables.

To conduct theoretic reserch work it is convenient to present
the thermal conductivity coefficients as analytical expression

AD =29 (t,) with the purpose to conduct theoretic research
work. To achieve such dependencies the tabular function is ap-
proximated with some functional dependence. The least squares
method is an example of possible technique to be used with such
approximation in order to determine the unknown parameters.

Let the thermal conductivity coefficients for each cylinder
component to be in the temperature range [ty; t.]. We are going
to describe them with quite common linear dependencies
}\,E‘) = a;t; + b;. Parameters a; and b; are unknown. According
to the method of least squares they are selected so that the sum
of the differences’ squares between experimental and theoretical
values will bw minimal.

Let us represent the thermal conductivity coefficients of cylin-
der layers in the form A% (t;) = A020* (Ty), where the values

(3 have the dimensionality of thermal conductivity coefficient and
?\t(‘)*(Ti) is dimensionless function of dimensionless temperature
T; = t;i/te, (Where the temperature t, is chosen as a measuring
indicator). Due to such linear dependence of the thermal conduc-
tivity coefficient on the temperature such representations will have
the following form

A =28 (1 + k(T — 1)), (5)

where T, = tb/te , ki = aite/(aitb + bl) ,a )\Eg = ajty + bi'

Let us introduce the characteristic length value 1, and dimen-
sionless coordinate p = r/l, to present the mathematical model
(1)-(4) in dimensionless form:

d/ .. _dT; ) ,
%<p/1§l) (Ty) d—pl) =WD(p),p; <p < pis1i =13, (6)
ey ar: .
Tilp=p, = Tins [AE” (T5) ==+ Bi(T; — Tout)] =0, (1)
dp P=Ps
Tilp=p, = T2lp=p,» Talp=p; = Tlp=p,» (8)
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N daT N drT.
1(1) (Tl) ; 1 — K(Z) /1(2) (TZ) ; 2 )
P P=p2 P pP=p2 (9)
@ (7 4 ATz @ ;3 T3
L I RO
Plo=p, P lo=ps

. (6)) @) /4G-1) /.
where: Tin = tin/te ’ Tout = tout/te ) K}\J = )\t{) /)‘tlo (] =

4P
23), WO (p) = W®(p) = 0, W (p) = — "5 p(p —

p2)(p = p3), Po = WP12/(3P)t,) is the Pomerantsev num-
ber, Bi = alo/AS is the Biot number.

4. THE CONSTRUCTION OF THE SOLUTION OF THE
MATHEMATICAL MODEL

To construct the solution of the problem (6)-(9) the Kirchhoff
variables are introduced:

Ty .
6;= | A9(rpdr;, =13 (10)

Tp

The following problem relative to mentioned above variables
was received

d / de
—(p ) WD (p),p; < p < prar,i =13, (11)

dp\" dp

do
Oulpepy = O [ + BT 0 = Tow)] =0, (12
—F4

’1‘1(91)|p=p2 = T2(62)|p=p2ﬁT2(62)|p=p3 = T3(93)|p=p3l (13)

do de
— g@ 8% 2
aplyp

de
Y , =gk® =
apl,_,, dpl,_,

e

where:

Tin
O = [ AT, = T = T,) + 2 (T = T2
Tp

As the result of the Kirchhoff transformation we have got
a simpler problem in which the nonlinearity is present in 2nd
condition (12) and (13). According to the linear dependence of the
coefficients of thermal conductivity on temperature (5) as the
consequence of formulas (10):

0, = (T, — Tb)+ LT, = Tp)? (15)

we have

JI+2k6; — 1

. + Tp. (16)

T;(6,) =
Let us note that the selected sign before the square root
in temperature expressions provides the physical sense.
After integrating the equations (11) we find that:
ﬂ _ Cyq @ _ C21 do; (3

=—, +W@ (), —=—
dpp dp p dpp
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91 = Cnln + C12;
p _

0, = C21lnp— + Cpp + WP (p), (17)
2

93 = C311n£ + C32,
P3

where:
. 4:-Po (p3 p? p3

@Dpp)=——"" [ _ £ 22
W' (p) (2 =12 ( 2 (Ps +p2) +2 7 P2P3 6p

p
(+-%))

- 4-Po p* P2P3
W®(p) = W( 2< —plps+p2) + == - p3

P2 P3tp; P3) P3P P2
(16 9 T4) 6 My (s 2))

The solutions (17) contain 6 unknown constants of integration.
To find them let us suppose the constants in the enpression for
Kirchhoff variables to be known (the basic ones) in the first layer
C,;; and C,,, for example. The remaining constants are ex-
pressed through basic ones using the contact conditions on the
neighbour surface in the cylinder. Herewith the equvivalent condi-
tions (Popovych V.S. and Kalynyak B. M., 2014) instead of condi-
tions (13) are used:
kit

— ks
Oiv1 = Oilp=p,,, = TL(Ti(ei) —Tp)?

’

P=Pi+1 (18)
i=12.
From the conditions (14) and (18) we obtain correspondingly:

Cy = C11/K)Ez) ,C31 = (Cn/K)EZ) + P3W(2) (P3))/K,1(3),
ky —kq

P2
Cyy = C11In—
22 11 01

2
: ((\/1 + 2k, (Cnln&+ clz) - 1>/k1> ,
P1
ks —ka (| ’
C32 = 92|p=p3 +T(( 1+ 2k292|p=p3 - 1)/k2) )

where:

+ C12

9 |P_P3
=Cy (mp—z +1n p3/1<§”) + Cpp + W@ (py)

2
k, —k
+ 2 ! 1+ 2k1 (Cnlnp—z + C12) -1 /k1 .
2 P1

The constant of integration Ci; and C;, (i = 2,3) are ex-
pressed through the basic ones C;; and C,,, which are found
from boundary conditions (12). Using the first one we receive

k
Ciz = (T = Tp) + 5 (T = Tp)2.

From the second condition of (12) the algebraic equation was
received

C JIT 2ka050,0, — 1
ﬂ+3i< S50 4T, — Tout> 0 (19)

Pa k3

to determine the constant C; .
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The solution of (19) was found by software for analytical trans-
formations. Using the obtained analytical expression for C,,
which is not presented because of its complexity, we find automat-
ically expressions of others constants of integration. Knowing
Cy(i= 1,3,j = 1,2) the temperature distributions of considered
cylinder is given by formulas (16), (17).

5. THE DETERMINATION OF THE TEMPERATURE
DISTRIBUTION IN THE HOLLOW NONTHERMOSENSITIVE
CYLINDER

The dimensionless mathematical model for determining the
temperature of a similar nonthermosensitive cylinder has the form

d [/ dTiy - .
%(P d;l) ) =),  pi<p<pu, =13  (20)
dT.
Tinlp=p, = Tins [d—SN + Biy(Tsy — Tour) =0, (21)
P P=Pa
Tinlp=p, = Tanlp=p,» Tanlp=ps = Tanlp=p,» (22)
dTiy ATy
dp TN qp ’
p=p p=p
2 2 (23)
dTan ) 4T3n
=K )
dp 1y dp 1pp,

where: Tiy = tiv/te, K2 =29 /297 (= 2,3), WP (p) =
WP (p) =0, W (p) = —(:S'_J—p‘zv)z p(p = p2)(p — ps),
Poy = Po- 2% /22 is the Pomerantsev number, Biy =
Bi - 2% /2% is the Biot number.

From the problem (20)-(23) we find the following

dly _Cn dTa _Co w0, dTsy _ Ca1
dp p’ dpp dp p’
p
Tin = Culnp + C12;
_ p _
TZN = C21]ng + C22 W[\EZ) (P), (24)
T3y = C_311n£ + Csz,
P3
where:
4-Poy [p3 p? p3
WI\EZ)( ) =-— (s —p)? p;v)z (T - —(P3 +p2) + P2P3 2
P2
(P3 - ?))v
_ 4-Po 2
@ _ N 2 _ P2P3) 5

P2 P3+po .03) P3P P2
(22— “Ent(p,-2) )
(16 5 t%)7% npz(p3 2)

Then using the boundary conditions (21) and conditions
of layer contact (22) we find constants of integration

Ciy = (K(” (72 023 = K (W2 (05) + Tm))>/A,
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612 =Tin,
Coy = (Wpfz) (p3)p3 — Kl(i/) (WI\EZ)(Ps) + Tin))/A,

_ 1 . _
Cyy = Z(Ps . Wpfz) (p3) — KSI) : (WI\EZ)(P3) + Tin))

. <L . p_s>
3) ’
Ky P2

C ; <p3vT/1§2) (ps) Wy (p3)

— 7 (2)
31 =7 @&~ W (ps) - Tin> + @
AN AN

77 (2) 77(2)
_ 1{_ Wy (p3)\ Wy~ (p3) 1
@) P3Wy "\ps3 N (D3
C32 = (_ <WN (p3) + Tip — ) - -
3) 3)
A Ky Ky p4Biy
—In %) = Touts
2

P2 ( 3) P3)
A=In—(1—-K,yIn—|.

P1 AN p,

6. THE DETERMINATION OF STRESS-STRAIN STATE

If the elastic modulus E@(t;), the Poisson ratio v (t;) and
the temperature coefficients of the linear thermal expansions
af)(ti) of cylinder components are represented in the form
xP(t) = xPx; (Ty), where x are the dimensional quantities
equal to the value of the characteristic with the temperature ty,,
and values x; (T;) are the dimensionless function of dimension-
less temperature T;, then E®(t;) = Eé”E,-*(T,-), v, =
véi)vi* (1), afi)(ti) = aﬁ,)a;i(Ti).

Radial o” circumferential 63’ and axial o stresses, radial
eﬁi) and circumferential eg) deformations and also radial dis-
®

placements u;’ are calculated using expressions (Popovych
Kalynyak, 2014) without mass forces:

000) =12y + 1P (e, + 1P, (29
05 (0) = 5O (p) = 0" (p), (26)
5P (p) = EDe, +vDa®(p) — EOD(T)), (27)
e’ (p)

B <"r(i)(p) —v® ("S)(p) + Jz(”(p)) +E (i)d’(i)(Ti)>/ E®. (28)

e ()
= (oéf)(p) —vO (60 + 0P (p)) + E(")d>(")(Ti)>/E“). 29)

uP(p) = p- el (p), (30)
where @ = 6 + o’ — are the total stresses calculated by
the formula:

s (p) = 15 (oD (o) + 130 (P)e, +¥55 (), (31)

184

Vl(é)(P) = m
=6 ry ) 25 (p)
¥ ((1 — (v960) /D) + (- b)
-1 Pk+1 1
: Z (f 2w - (@) dn+p*
k=1 \"Pk
Y prs) || 2P0 ),
Vz((i))(P) = m

vO(p) —v@(p) + (1 = 8.7 (o) - 2P (p)

+{v®O(p) —vP(py) + (1 = 61)

i-1
: Z <fp OF (0® ) dn +p®
k=1 \"Pk

-Vz(f)(pk+1)>> 2P ),

i 1 ( i- i
]/0(0)('0) = m (‘511‘171 + (1 — 611') - yo(r v (pl)) ) Xg )(P)

= FO(p) +FO(p))
+| A -61)
i-1

Pk+1 ’
[ o - (o) dn+ g
k=1 Pr

k i i
YO (e | = FO0) | 2P0 |,

@ 1 2. (1) 0
hr () = o7 (A =81)pivir (P + | 119 (Mdn |
Pi

. 1 - po
YD) = (1-61) pF 7V (p) + J ) (mdn |,
pi
i 1 i
v (p) = e (—p% oy S+ (1 =68 pF v (o)
0
+ j Yoo (T])dT]),
Pi

_ @)
Oy — 14 (PPN (o). P _E70)
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Py =222 (’p’ L (600) + (<o<i>(pi>)'),

1= (v)

. 3 P — Pi i
$O(p) = s _( _ ) p( ()(pl)),

i 1-v®(p) o) =L (1=v0®)
<p”(P)=ET(m' ((p()(p)) =%<T(m>'

B = <P(i+1)(Pi+1) - (P(i)(PiH).

Fip) = (1-vO@) 2O (1) = (1 -vP (o)

oW (T1(P1)),
T;
¢®m%ﬂwfa9mMn
Tp
c@W(p,) = C1dyy — Cpdip , e, = C2d11 — ¢1dyy '
dy1dyz —dy1dy; dy1dyz — dz1dy;
n
Pk+1
diy = Zf v (m)dn,
=1 Pk

Pk+1
dy, = Zf 1V (mdn,
Pk

n Pk+1 W0
dy = Zf n o () - v©(dn,
k=1"Pk

dypy = i J:kﬂ (Vzo)(n) v(")(n) + E(")(n))

k=1

Pk+1 )
€1 =pf P — P pz+2 j 0 Yoo (Mdn,

=1 Pk
n
p Pk+1
LS [
2m
f=1"’Pr
. (E(w(n) - o® (T () — vig () - V(k)(”)) an.

where: ®i(T;) is the purely thermal deformation, p,,p, are the
given constant pressures (stresses) on inner (p = p,) and outer
(p = p,) surfaces of cylinder, p denotes known force loadings

at the ends of the cylinder, §;;, = {(1) L= - i is a Kronecker symbol.

Formulas (25)-(31) to determine the stress-strain state are val-
id for thin layers only i.e. for which the trapezoidal formula

P —
[ ropan =222 )) (32)
Pi
is satisfied with the preset accuracy.

If the cylinder contains thin and thick layers, then each thick
layer is segmented into few thinner ones made of the same
material. To prove that cylinder has sufficiently thin layers the
integral condition (Popovych and Kalynyak, 2014)

Pk+1
p? D1 —Phsr D2 = Zf n-a®mdn (33)
k=1"Pk

should be satisfied.

acta mechanica et automatica, vol.10 no.3 (2016)

7. PARTICULAR CASES

Let us consider the case if the coefficients of thermal conduc-
tivity and mechanical characteristics of the non-thermosensitive
cylinder (we denote them with N) are equal to the basic values of
corresponding components of the thermosensitive one. The tem-
perature distribution has the form (24), where /12\), /1%2,1 =
1,3. The Poisson ratio, the coefficient of the linear thermal expan-

sion and the elastic modulus will have the following form v(‘)

v((,’), a§1’3 = at(f)), E(’) Eé’),i =1,3 and formulas for the

definition of components of the stress-strain state take the form:
v’ () = ¥ion (IoN" (01) + Vyon (D)ez + Voo (o), (34)

() = v 0P (py) + vy (e, + v (o), (35)

o (P) = a3’ (p) — o (), (36)

@

(l) (P) (L)ezN + Vo UN)(P) (l)(p1\(]i) (Ti)' (37)

en(p) = m( S ORN GO D)

o (38)
+E9%%m)
(z) @) (t) O] O]
n(p) = (L)< n(P) — ( v(p) + 0, (p))
%o o (39)
+wwmg
uly(p) = p- e (p), (40)

€))
1 (1-(")
@ x) . k)
1(L)N( )= (L) < (1) +(1-681) Z Ver(pk+1)>:
Vaon(P) = ol < O~y (1= 6y z By Vz(f,)v(pm)),

i-1
1 .
B () =~ (=80 ) BN ) = FOG) |
N k=1

1 B
vO () = —2<<1 — 5.0pMr" (o) + f nyl(é)w(n)dn)

Pi

1
r (o) = —2<<1 — 8.0pHri (o) + f o (n)dn>.

pi

1
Vo(;)zv(P) = ﬁ —p?p6y; + (1 -

P
+ jp l nVooN(n)dn>

8PPV (o)

(., ® 2 10)
_ 1 (VO ) o _1-v W _ 4D _ 0
N = i PN T T ED =Py ¢y

185



QU7

DE GRUYTER
OPEN

Iryna Rakocha, Vasyl Popovych

DOI 10.1515/ama-2016-0027

The Mathematical Modelling and Investigation of the Thermoelastic State of the Three-Ply Thermosensitive Hollow Cylinder

F2p) = (1-v)- o (T (0))
- (1 - V(()l)) ' ‘szzl) (T (o),

4’161) (Tin) = to- 052)) (Tiv — Tp),

(1)( D = c1ndaan — Candizn

dllNdZZN - d21Nd12N

candiin — Cindaan

€zv = ’
dllNdZZN - d21Nd12N

Pk+1
diy = Z f v (dn,
Pk

n
Pk+1
dioy = ZJ- yz(g,)v(n)dn,

k=1"Pk
n
Pk+1
dyin = Z n- )’1((])(1)\1(77) v(")dn,
k=1"Pk
n
o (k) ®) | 00
d22N = Zf VZON(U) V + E )dﬂ,
k=1"Pk

Pk+1 )
Civ = PiP1— Prea P2t 2 f N Yoon (Mdn,
Pr

n
c —£+prk+1
v = oo Zi),, n
(BP0 (Tin () = v&n ) - v .

In case of the average integral values of coefficients

of thermal conductivity:
TE

1 .
Te -T
Tp
. k;
=29 (1 + (T = Tb))'
@O O L@ @ O L@
{vtrllr Aers By } {Vt; s B }
Te

f pO@), al (), BV} ar,

TT,-T,
i=13,
we obtain the temperature distribution (24), where
®3) @ @ ®3)
Ao A A Ass
Bi, = Bi=%, Po, = Po=%& KD = Zts. g(® _ Zts
n /1(3) n /1(2) /1(1) An /1(2)

The formulas for calculating the stress-strain state will have
the form (34)-(40) in which the basic values of the thermomechan-
ical characteristics should be replaced by average integral ones.

8. NUMERICAL RESEARCH

Let us investigate the influence of temperature dependence
of the thermal and mechanical characteristics of the cylinder
materials on the temperature distribution and on components
of stressed-strain state at different input parameters. The material
in the first and in the third layers is the ceramics ZrO2, and in the

186

second one is the titanium alloy Ti-6Al-4V (Tanigava and Akai,
1996).

Experimentally specified coefficients and thermomechanical
characteristics were lineary approximated (5) in the temperature
range 300 = 1100K using the least squares method. The fol-
lowing values were established for ceramics:

AP = 1915+ (1+024664 - (Tyz = 7)) W/ . )
V(13 = 0333,

a® =8.783-1076
. (1 —1.4128- (T3 — Tp) + 1.7496

(Tys — Tb)z) [1/1(],
E® =116.381
: (1 —0.521357 - (Ty3 — T)) — 0.084215

(Tys = Tp) ) [GPa],
and for titanium alloy
AP =62-(1+3.016- (T, - T)[W/,, .
v® =0.2984- (1+0.118- (T, — Tp)),

al? = 88559107
: (1 +0.49014 - (Ty3 — Tp) — 0.36754

. (T1,3 - Tb)z) [1/K]'
E® =105.05- (1 — 05916~ (Ty5 — Tb)) [GPal.

The coordinates of layer boundaries in the cylinder are equal
p1 =0.6,p, =0.75,p; = 0.95,p, =1 with characteristic
length I, = 7,. The dimensionless values of temperature are
T, =3/11, T, =1,T;,, =1/3,Tyy: = 1/2, Pomerantsev
and Biot numbers are Po = —7, Bi = 2. The constant pressures
on inner and outer surfaces of cylinder and axial loadings at the
endsarep, =p, =p =0.

0,9+
0,84
0,74
064
0,5+

044

03 T T T d
06 0.7 08 0.9 1.0pP

Fig. 1. The temperature distribution

The temperature distribution of the considered cylinder is pre-
sented in Fig. 1. Here and below the solid line corresponds to the
thermosensitive cylinder, dashed line corresponds to the non-
thermosensitive cylinder with basic values, dash-dotted line corre-
sponds to the non-thermosensitive cylinder with the average
integral values of the coefficient of thermal conductivity.

The maximal difference between temperatures in thermosen-
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sitive and non-thermosensitive (with basic and average integral

values of the coefficient of thermal conductivity) cylinders do not

exceed 6%.

The algorithm for determining the components of stress-strain
state because the formulas (25)-(31) are valid for thin layers only
has following steps:

1. Calculating formulas (25)-(31) without segmentation of each
layer in the cylinder into thin pieces.

2. Checking the satisfying of the integral condition (33).

3. If the condition (33) is not satisfied then the number
of segments will be increased. Then we return to step 2. Oth-
erwise the calculation is over.

Tab. 1 presents data obtained in finding sufficient segmenta-
tion of layers into components to achieve the accuracy e = 107%.

Tab. 1. The result of segmentation of cylinder layers into thin components
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Fig. 3. The circumferential stresses

The total | The number of segmentation isfying of
number in each layer .The satlsfquq 0
integral conditions

oflayers | llayer | Illayer | Ill layer

3 1 1 1 -0.004015

4 1 2 1 -0.002988

5 2 2 1 -0.000994

6 2 3 1 -0.000832

As we can see the representation of the considered cylinder
as the 6 components body is enough to achieve the preset accu-
racy. Fig.2-7 show distributions of stresses, deformations
and displacements. The constant axes deformation s
e, = 0.003907.
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Fig. 2. The radial stresses

From Fig. 2, 3, 5-7 we can note that the stress-strain compo-
nents distribution in the nonthermosensitive cylinder with average
integral values of mechanical characteristics gives a better ap-
proximation to the same distribution in thermosensitive hollow
cylinder in comparison to the stress-strain components distribution
in the nonthermosensitive cylinder with basic values. In particular,
the maximum differences of total stresses are 18%, of radial
stresses are 8%, of circumferential stresses are 15%, of radial
deformation are 10%, of radial displacements are 10%.
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Use of model of nonthermosensitive body with basic values
of its thermomechanical characteristics gives no correct approxi-
mation for such distribution of appropriate stress-strain compo-
nents of thermosensitive cylinder but also leads to different quality
results in some cases. Thus, in Fig. 2-4 we can see that stresses
in the third layer of nonthermosensitive cylinder (with basic ther-
momechanical characteristics) are changed not only quantitative-
ly, but also inherently (the compression in thermosensitive one
and stretching in nonthermosensitive or conversely).

Let us note that for determining axial stresses it is necessary
to take into account the thermosensitivity of material components
because the use of basic and average integral values of thermo-
mechanical characteristics will not give the correct distribution
of o,.

9. SUMMARY

The nonlinear mathematical model of temperature distribution
in a infinite three-layer hollow thermosensitive cylinder with heat
sources distributed by parabolic law in the second layer, constant
temperature and convective heat exchange on the boundary
surfaces has been created. The components of the stress-strain
state have been determined.

If to neglect the depemdence of thermomechanical character-
istics of material components (the replacement for basic or aver-
age integral ones), then the large differences between distribu-
tions of components of stress-strain state of thermosensitive
and nonthermosensitive cylinders may appear and lead to qualita-
tively different distributions. For the selected layer materials was
shown that the distribution of the stress-strain state in nonthermo-
sensitive cylinder with average integral values of mechanical
characteristics gives a better approximation to such distribution in
thermosensitive hollow cylinder. This can be useful for its rapid
estimation.
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