THERMAL STRESSES ANALYSIS IN AN ISOTROPIC
MATERIAL DISC SUBJECTED TO THERMAL LOAD AND
DENSITY WITH RIGID INCLUSION

Pankaj Pankaj! and Naresh Kumar!

CFAI University Solan

October 14, 2020

Abstract

The objective of this paper is to present the study thermal stresses in an isotropic material disc with rigid inclusion and subjected
to mechanical load and density parameter by using transition theory. The transition theory includes classical macroscopic solving
problems in plasticity, creep relaxation, and semi-empirical yield conditions. It has been observed that the radial stress has a
maximum value at the internal surface of the disc made of compressible material (i.e. copper) as compared to the disc made of
incompressible material (i.e. rubber). With the introduction of thermal condition, density parameter and load, the values of
radial and circumferential stress increase of the internal surface of compressible/ incompressible materials. The displacement
component increased at the outer surface of the disc made of compressible /incompressible materials and fully plastic stage.

Results have been discussed numerical and depicted graphically.

Hosted file

mma final.pdf  available at  https://authorea.com/users/367023/articles/486615-thermal-
stresses—analysis-in-an-isotropic-material-disc-subjected-to-thermal-load-and-density-
with-rigid-inclusion


https://authorea.com/users/367023/articles/486615-thermal-stresses-analysis-in-an-isotropic-material-disc-subjected-to-thermal-load-and-density-with-rigid-inclusion
https://authorea.com/users/367023/articles/486615-thermal-stresses-analysis-in-an-isotropic-material-disc-subjected-to-thermal-load-and-density-with-rigid-inclusion
https://authorea.com/users/367023/articles/486615-thermal-stresses-analysis-in-an-isotropic-material-disc-subjected-to-thermal-load-and-density-with-rigid-inclusion

(o]

Angular speed (w) Shaft

Isottopic
Matertal disc




200 Ly=50 200 Ly=75 186.24
—e—m=-2,v=05
—x—m=-2,v=0.333
150 -+-m=0,v=0.5
—x—m=0,v=0333
-m =2, v=0.5
-m=2,v=0.333

121.73

. 100

0.5

(a) Temperature (®; = 0)

200
150
100
s
50
0 0
0.1 0.2 03 0.4 0.5 0.1 0.2 0.3 0.4 05
Ry =ry/ry Ry =1y
(b) Temperature (8, = 0.5)
200 Lo=50 200
150 150
130.30
100 100
o &
50 50
0 0
0.1 02 0.3 0.4 0.5 0.1 0.2 03 04 0.5
Ry =119 Ro =1/t

(¢) Temperature (®; =0.75)



300 = =
Ly, =50 400 Ly=75 o
——m=2 —xem m= e m=2 o
250 3 350
200 300
. 250 X
150 | i w200 | T
100 150 [
e 100 B S
50 * 50
0 0
0.1 0.2 03 0.4 0.5 0.2 03 0.4 0.5
Ro =r/1y Ro =ry/ry
(a) Temperature (&, =0)
300 Ly =50 500 Ly=75
256.62
250 400 385.65
200
_— 300
150 | mmimmm e T & e i
) 200
100 e .
3 VIS
50 e 100 VIR
0 0
0.1 0.2 0.3 0.4 0.5 0.1 0.2 03 0.4 0.5
Ro =ri/ry Ro=r/r,
(b) Temperature (©, =0.5)
300 Ly =50 500 Ly=175
254 40
250 ¢ 400 383.43
200
o 300
N 11 o X
c 200 | *
100 x R
3t N
50 X 100 | 4
0 0
0.1 0.2 0.3 0.4 0.5 0.1 0.2 03 0.4 0.5
Ro =ry/ry Ro =1y/r,

(¢) Temperature (®, = 0.75)



Meaning sigmar = o, ; sigma theta = o,

m =-2 —*— v=0.5Lo=50, sigma theta
—+—— v=10.333.Lo =50, sigma theta
—=— v=0.5,Lo=350,sigmar

m=0

—B8— v=0333L0 =50, sigmar 140
140 —¥-— v=05Lo0=75, sigma theta 125.67 140
§2503--4-— v=05Lo=75, sigmar 120 3..\‘
120 ~. ==+ — v=0.333Lo =75, sigma theta 120
L= v=0.333Lo =75, sigmar
100 100
280 580
560 3 60
40 40
20 20
0 0 0
05 06 07 038 1 05 06 07 08 09 1 05 06 07 08 09 1
R =1/ry R =1/ry R=r/ry
(a) Temperature (6, =0)
140 140 m =0 140
120 120
100 100
g 80 2 80
5 60 : :
“ S & 60
40 40
20 20
0 05 06 07 08 09 1 0
05 06 07 08 09 : . : . : 05 06 07 08 09 1
R=1/r, R =1/t R=1/1,
(b) Temperature (®; = 0.5)
140 = = -
5 126.05 m=2 140 m =0 140 4 131.89 =2
120 [~ 120 T 12671 120 .
100
g . 80
g 3
a g 60
“ 40
20
0 0

05 06 07 08 09

R =11y

1

05 06 07 08 09
R=r/ry

(c) Temperature (®, = 0.75)

1

05 06 07 08 09 1
R=r/r,



m=-2
15 ———— =033, lo=50,ui
.5, Lo =75, ui 1254
.333, Lo = 75, ui
= ——— v=05,L0=50, ui g
5 —e— Lo=50,uf Pte
20 —0-— Lo=75uf -~
g Sfully- %
S plastic s
S stage /
§5 7 initial
S 7,
B Z
IS Y
/ =
0
05 06 07 08 09 1
R=r/r,
15 m=-2
A 1273
=
S
s
g
£10 Sily-
N plastic
8 stage
&
S 5 tial
3 ini
5 yielding
0
05 06 07 08 09 1
R=1/ry
m=-2
15
12.82
g -
3 -
.
£10 gl "
8 plastic &
ey stage
5 /
g5 y 4 initial
E , yielding
3 P tage
P
0
05 06 07 08 09 1
R=r/r,

10 m =0 9.51
g8 -~
S fully- .7
E plastic
§' 6 stagg”
8 7
= / .
) : initial
5 4 /I yielding
§ 7 stage .-
= s/ -
52 Y -z
p =
0
05 06 07 08 09 1
R =1/ry
(a) Temperature (®, =0)
10 m =0 9.67
28 -
g Fully-
§ plastic
stage
£6 5
8 K
54 7 initial
S 7, -
H 2 y P
3 g
0
05 06 07 08 09 1
R=r1/r,
(b) Temperature (®, =0.5)
10 m =0 9.75
§8
g Sully-
lastic
26 Nvate ¢
§ 7
s / o
S / initia
= ; yielding _
Z / stage .~
Qz /' > Pig T
p =
0 .
05 06 07 08 09 1

R =r/r,

(c) Temperature (®, = 0.75)

6 m=2
5.12
e
-
2 fully- -
§4 plastic Ra 7
S_ .xmge/.’ .
-
§ el -
3 / -
= ’ -7 g
§ _.
S2 X —
S Z
3 ot
= initial
5 yielding
Q stage
0
05 06 07 08 09 1
R=1/ry
6 —
m=2 5.26
@ .
S -
Sa !
2
£
S
e P
B Phie
g .
§
52 =
El
a initial
yielding
stage
0
05 06 07 08 09 1
=T1/1y
6 =
m=2 533
a .
= 7
] -
$4 sty e
% plastic .
5 siage - =
< / Pte
g ! - -
$2 T
= -
% initial
Q yielding
stage
0

05 06 07 08 09 1
R=r/r,



