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Abstract

This article deals with the study of transversely isotropic
elastoplastic behaviour in a mechanical loaded rotating disk
by using transition theory and generalised strain measure.
Magnesium material disk requires higher value of angular
speed to yield at the inner surface as compared to the disk
made of beryl material. With the effect of mechanical load-
ing, angular speed also increases at the inner surface of the
disk made of magnesium/beryl. Upon the introduction of
mechanical loading, the rotating disk made of beryl mate-
rial requires maximum radial stress at the inner surface as
compared to disk made of magnesium material. The beryl
material disk is more convenient than that of magnesium
material.

INTRODUCTION

Rotating disks play a very important role in many appli-
cations in mechanical, aerospace industries, and chemical
processing, such as compressors, flywheels, turbo generators,
high speed gear engines, compressors, sink fits, steam tur-
bines, pumps, and computer disks, etc. Materials have been
widely used in engineering and human health applications.
The solutions of disks can be found in a large number of
textbooks, /1-6/. Gurushankar /7/ discussed stresses in a rota-
tionally symmetric nonhomogeneous anisotropic annular
disk with variables thickness and density under a thermal
effect. Ghose /8/ investigated thermal effect on the transverse
vibration of a spinning disk with variable thickness parame-
ter. Guven /9/ analysed the stress distribution of hyperbolic
disk with shaft by using plane stress.

Thakur et al. /10-38/ have investigated rotating disk with
different parameters by using generalised strain measure. The
objective of this research is to investigate transversely iso-
tropic elastoplastic behaviour in a mechanically loaded
rotating disk by using transition theory and generalised strain
measure.
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lzvod

U radu je istrazeno transverzalno izotropno elastoplas-
ticno ponasanje mehanicki opterecenog rotirajuceg diska
primenom teorije prelaznih napona i generalisane mere
deformacije. Disk od magnezijuma zahteva vece vrednosti
ugaone brzine za pojavu tecenja na unutrasnjoj povrsini u
poredenju sa diskom izradenim od berila. Istovremenim
uticajem mehanickog opterecenja takode dolazi i do pove-
¢anja ugaone brzine na unutrasnjoj povrsini diska izrade-
nog od magnezijuma/berila. Uvodenjem mehanickog opte-
recenja, rotirajuci disk od berila zahteva maksimalni radi-
Jjalni napon na unutrasnjoj povrsini u poredenju sa diskom
izradenim od magnezijuma. Disk od berila je inZenjerski
pogodniji od diska izradenog od magnezijuma.

MATERIALS

In the present study, we are using minerals, e.g., magne-
sium. Magnesium is transversely isotropic, shiny, silver, or
gray coloured metal that is light in weight and strong. It has
a hexagonal crystalline structure, capable of being shaped
or bent. Beryl is a transversely isotropic material. It is a
mineral composed of beryllium aluminium silicate with the
chemical formula BesAl:SisO15. Well known varieties of
beryl include emerald and aguamarine. Common beryl,
mined as beryllium, is found in small deposits in many
countries, but the main producers are Russia, Brazil, and
the United States.

BASIC GOVERNING EQUATION

Let us consider a thin disk with a central bore of inner/
outer radii as ri and ro and made of transversely isotropic
material (i.e., beryl/magnesium), as shown in Fig. 1. The
disk is rotating about its axis with angular velocity  at the
inner surface and its density is assumed to be constant.

The stress-strain relation of the elastic isotropic material
is given by Thakur et al. /27/:
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2 ELASTOPLASTIC DEFORMATION
1 C C
Tor [O.I.l 33 ~C13 J|:2 nn {1 (1 T)n}:| 2 26 I:l nn],

n C33 The circumferential stress is given by Thakur et al. /27/,
1( cy1a3 —CF c | 20
— 2
o0 :E[%][Z_”n {1+(1+T)n}}_2%[1_,7%1”)“], rop =kqr % @)
% 0 ) Substituting Eq. (4) into Eq. (2), we get:
Trg=To; =Tar =Tz =V ~20geCa3/ (CB—CiiC 2.2
The equation of equilibrium is given: - :k_2+k1 r~ 2ot/ () _po’r (5)
d r 2Cg6C 3
a(r‘[n—)—‘[gg +pa)2r2 =0 2) 1_(01262132,J
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Transition points: using Eq.(1) in Eq.(2), we get:

Substituting Egs.(4)-(5) into the second Eq.(1), we get:
LdT _ polrieg 0 2Ce6Ca3

n+1 n
T (A4T) 2(Cy1Ca3 ~ O3 ~ 2Ce6Cas) | 1% ko
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{1+ 0T —@+T)" = T{+ @+T)"}] 3) E(01153 ~ci3) '
_ _ ! _ Substituting Eq.(6) into u = r — rz, /27/, we get:

where: rip’= T (T is a function of 7 and 7 is the function 2 ™)
of r); T — oo (elastic to plastic state), and T — —1 (plastic uer—r h- 2(C11C33 —Ci3 —2Cq6C33) [PCO r _k_z} )
to creep state), /10-38/. E(Cy1Ca3 _0123) 3 r
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Figure 1. Geometry of disk.
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Substituting ki and k» in Egs.(4), (5), and (7), we get
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2 2,3 3
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From Egs.(8)-(9), we get:
C11C33-Cf3 ~2C6Cs

2 2
Trr —Tg9 = % (1- Rg)R s ™C13

(10)

2CeaC
6633 +R8—R3 +

0123 —C11C33
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C13 —C11C33

where: R = r/rp and Ro = ri/ro.

Initial yielding surface: from Eq.(11) it is seen that | zes— 7|

is maximal at R = Ry, so yielding of the surface becomes:
C11Ca3~Cr3—2Ce5Ca3

2 3
w” (1-R 2 2Cg6C
R _|po"A-R0) o qyonch .
3 C13 =C11C33
_ 2CeC33
+LoR chs—cucss 266833 | = Y, and angular speed for ini-
2
€13 —C11C33
tial yielding surface are given:
02| 3 Y 3 |, (12)
C11C33—C13~2C66Ca3 C11C33—C13—2C66Ca3
2 2
(1- RS)CZR C11C33Ci3 (1- RS)R C11C33Ci3

where: Lo/Y = ov; and an = (Qi/ro)N(Y/p).

Subsequent yielding surface: from Eq.(11) |zes— 7| iS maxi-
mum at R=1 and v= 0.5 for fully-plastic state, therefore
yielding of the subsequent surface becomes:

2 3
_|p@ (2—R0)+% = Y; and angular speed
for subsequent yielding surface becomes:
2 6 o
0% = - (1——0)
(1-Rp) 2
Stresses and displacement for initial yielding surface: from
Egs.(8)-(10), we get:

|799 _TI’I’|R=1
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2
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Stresses and displacement for subsequent yielding surface: by

taking 2206& — 0 for fully-plastic state, Eqgs.(8)-(10) are:
C13 —C11C33
2
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and U =R—R\/ _%. (15)
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Validation of results: Egs.(14)-(15) show similar results
after neglecting thermal gradient, Thakur et al. /27/.

RESULTS AND DISCUSSION

To see the combined effect of stresses, mechanical load
and angular speed in a disk made of transversely isotropic
material, say magnesium (for (2cs6Cs3)/(C13? — C11C33) = 0.64)
and beryl ((2cesCas)/(C13®> — C11C33) = 0.69) /27/, for the initial/
subsequent yielding surface based on the following numeri-
cal values taken as: ri = 1, ro = 2, and mechanical load oy =
0 and 2, respectively.

Curves are drawn in Fig. 2 between angular speed Q?
versus radii ratio Ro = ri/ro for initial yielding surface. It is
observed that magnesium material disk requires a higher
value of angular speed to yield at the inner surface as
compared to the disk made of beryl material. With the effect
of mechanical loading, angular speed also increases at the
inner surface of the disk made of magnesium/beryl.
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Figure 2. Graph between Q? vs. Ro.
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Figure 3. Stress distribution (a), and displacement (b), vs. radius.

In Fig. 3, curves are plotted between stress and displace-
ment distribution versus radius ratio R = r/ro. It has been
seen that the rotating disk of magnesium material requires
maximal value of radial stress at the inner surface in com-
parison to the disk of beryl material. By the introduction of
mechanical loading, the rotating disc of beryl material
requires maximal radial stress at the inner surface as com-
pared to the disk of magnesium material at the internal
surface, but at the intermediate surface, inverse results are
obtained. Moreover, the rotating disk made of magnesium
material is on the safer side of the design as compared to the
disk made of beryl material, but reverse results are obtained
by applying mechanical loading oy = 2.

CONCLUSIONS

The main findings can be concluded as follows.

— Magnesium material disk requires higher value of angular
speed to yield at the inner surface as compared to the disk
of beryl material. With the effect of mechanical loading,
angular speed also increases at the inner surface of the disk
made of magnesium/beryl.

— The rotating disk of magnesium material requires maximal
value of radial stress at the inner surface compared to the
disk of beryl material. The rotating disk of magnesium
material requires higher value of radial stress at the internal
surface in comparison to the disk of beryl material.

— By introducing mechanical loading, the rotating disk of
beryl material requires maximum radial stress at the inner
surface as compared to disk of magnesium material at the
internal surface, but at the intermediate surface, inverse
results are obtained. Moreover, the rotating disk of mag-
nesium material is on the safer side of the design as com-
pared to beryl material disk, but reverse results are ob-
tained by apply the mechanical loading, ov = 2.

— The disk of beryl material is more convenient than that of
magnesium material.
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