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Annexure -VIII

Final Report of the work done on the Major Research
Project

1. Project report No. : Final
2. UGC Reference No. F.: 43-438/2014(SR)
3. Period of report: From 01 July 2015 to 30 June 2018
4. Title of research project: Elastic Plastic and Creep analysis problem in the Disc
5. (a) Name of the Principal Investigator : Dr. Satya Bir Singh (Professor)
(b) Deptt. : Department of Mathematics
(c) University/College where work has progressed: Punjabi University, Patiala
6. Effective date of starting of the project: 24 September 2015
7. Grant approved and expenditure incurred during the period of the report:
a. Total amount approved: Rs. 10, 88, 520/-
b. Total expenditure: Rs. 10, 88, 300/-
c. Report of the work done:

i. Brief objective of the project: Please refer Appendix 1

ii. Work done so far and results achieved and publications, if any, resulting from the work

Please refer Appendix IV and VI

iii. Has the progress been according to original plan of work and towards achieving the

objective? If not, state reasons.
Yes, the progress of the project was as per plan.

iv. Please indicate the difficulties, if any, experienced in implementing the project.

The appointment of project fellow was delayed, as the fellow selected did not join.

Another project fellow was appointed later on whose date of joining is 28/04/2016



v. If project has not been completed, please indicate the approximate time by which it is
likely to be completed. A summary of the work done for the period (Annual basis) may
please be sent to the Commission on a separate sheet

Not Applicable as the project has been completed.

vi If the project has been completed, please enclose a summary of the findings of the
study. One bound copy of the final report of work done may also be sent to
University Grants Commission.

Please refer Appendix V

vii. Any other information which would help in evaluation of work done on the project.
At the completion of the project, the first report should indicate the output, such as

a) Manpower trained : The appointed Project fellow has been Registered in Ph.D. and
will work on similar topics related to the project

b) Publication of results: The various problems which were solved during the project
are drafted in form of research papers and published in reputed journals indexed in
Thompson Reuters list.
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PROFORMA FOR SUBMISSION OF INFORMATION AT THE TIME OF SENDING

THE FINAL REPORT OF THE WORK DONE ON THE PROJECT

1. Title of the project: Elastic Plastic and Creep Analysis Problem in the Disc

2. Name and address of the principal investigator

Dr. Satya Bir Singh, Department of Mathematics, Punjabi University, Patiala, Punjab.

3. Name and address of the Institution: Punjabi University, Patiala, Punjab, 147002

4. UGC approval letter no. and date: F. No. 43-438/2014(SR) DATED 24.9.2015

5. Date of implementation: 24 September 2015

6. Tenure of the project: From 01 July 2015 to 30 June 2018

7. Total grant allocated: Rs. 10, 88, 520/-

8. Total grant received: Rs. 10, 14, 168/-

9. Final expenditure: Rs. 10, 88, 300/-

10. Title of the project: Elastic Plastic and Creep Analysis Problem in the Disc

11. Objectives of the project: Please refer Appendix 1

12. Whether objectives were achieved: Yes

13. Achievements from the project: Please refer Appendix IV

14. Summary of the findings: Please refer Appendix V

15. Contribution to the society: The results obtained in this project have a potential impact on the
design reliability of machines in heavy as well as light industries.

16. Whether any Ph.D. enrolled/produced out of the project: The appointed project fellow is
registered in Ph.D.

17. No. of publications out of the project: Please refer Appendix VI



Appendix -I
Objectives

The objective of this research project to solve elastic, plastic and creep problem analytically as
well as computationally. In order to explain the elastic-plastic and creep transition, it is first
necessary to recognize the transition state as an asymptotic one. Seth (1962) identified the
transition state in which the governing differential equation showed some criticality. The general
yield condition given by Seth’s (1970) of transition is identified by vanishing of Jacobian of
transformation.  In this work, it is our main aim to eliminate the need for assuming semi-
empirical laws, yield condition, creep-strain laws, jump conditions, etc. Efforts will be made to
obtain the constitutive equation corresponding to the transition state and fully plastic state. One
of the most interesting results in this work concerns the identification of the transition state. A

general treatment of transition in elastic-plastic and creep phenomena will be presented.



Appendix -ll
Methodology

Seth (1962) proposed transition Theory and defined generalized strain measure. Seth’s defined
transition function for elastic-plastic and creep state. When a deformable solid is subjected to an
external loading system, the solid first deforms elastically. If the loading is continued, plastic
flow may set in, and if continued further, it gives rise to time dependent continuous deformation
known as creep deformation. It may be possible that a number of transition states may occur at
the same critical point, then the transition function will have different values, and the point will
be a multiple point, each branch of which will then correspond to a different state. In general, the
material from elastic state can go over into (i) plastic state, or to (ii) creep state, or (iii) first to
plastic state and then to creep and vice-versa, depending upon the loading. All these final states

are reached through a transition state. In the plane stress condition, the transition can take place

either through the principal stresses 7, or 7,, becoming critical or through the principal stress
difference z,, —7,, becoming critical. Hence we have to consider the following three cases: (a)

Transition through 7., (b) Transition through z,,, (c) Transition through z, —7,,. For each

rr
transition point, we have to determine the stresses and strains corresponding to the above three

Cases.



Appendix -1l
Details of Progress

At the initial stages of the project, intensive literature survey based on rotating disc subjected to
various condition e.g. density, thickness, thermal gradient, non-homogeneity etc., for different
materials. After that we construct displacement equation , Stress-Strain Relation, Equation of
equilibrium, Boundary conditions and Critical points or Turning points was executed in a
planned manner

1. Construction of governing equation (i.e. Charts): Displacement components,

stress-strain relation, equation equilibrium equation, Non- linear differential
equation, transition points and boundary conditions.

| Basic equations I

L9

| Displacement components I

L
| Stress-strain relation equation I
L
| Equations of Equilibrium I
L
| Compatibility Equations I
L
| Boundary condition I
{92
| Non- linear differential equation ]
L

| How do we find Transition Point? I

Turning points of Non linear differential equation are obtained when p=-1 and p— oo, then ’
dp/dp =0,where P is known as transition or turning point.




2. Construction of solution Procedure of problems

Solution Procedure

Elastic-plastic problems: Tf we are interested to find
stresses, angular speed and displacement then we can
inci tresses T, or Ty,

Creep Problems: If we are interested to find stresses,
and strain rates then we can use principal stresses T,, -

WV
Use basic equations
NS
Find stresses, displacement, angular speed and strain
rates

N/

Numerical and graphical discussion

After that we discuss problems in disc as mentioned in Annexure 1V.
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Work-done/ Results Achieved

Paper 1. Elastic—Plastic infinitesimal deformation in a solid disk under heat effect by using
Seth theory

In this paper, we have studied the problem of elastic—plastic infinitesimal deformation in a solid
disk due to heat source. Neither the yield criterion nor the associated flow rule is assumed here.
The results obtained here are applicable to compressible materials. It has been observed that
radial stresses are maximum at the inner plastic zone and circumferential stresses are maximum
at the outer surface. Compressibility decreases values of stresses. Heat generation affects
the values of stresses and displacement to be increased. The results obtained have been
illustrated by numerical results and has been compared with the heat generation case.

Paper 2. Elastic-plastic transitional stresses distribution and displacement for transversely
isotropic circular disc with inclusion subject to mechanical load

In this paper, we have studied the problem of mechanical load in a thin rotating disc by finite
deformation. Neither the yield criterion nor the associated flow rule is assumed here. The results
obtained here are applicable to compressible materials. If the additional condition of
incompressibility is imposed, then the expression for stresses corresponds to those arising from
Tresca yield condition. It has been observed that rotating disc made of isotropic material required
higher angular speed to yield at the internal surface as compared to disc made of transversely
isotropic materials. Effect of mechanical load in a rotating disc with inclusion made of isotropic
material as well as transversely isotropic materials increase the values of angular speed yield at
the internal surface. With the introduction of mechanical load rotating disc made of Beryl
material required maximum radial stress as compared to disc made of Mg and Brass materials at
the internal surface.

Paper 3. Thermo Elastic-Plastic Deformation in a Solid Disk with Heat Generation
Subjected to Pressure

Seth’s transition theory is applied to the problem of elastic-plastic deformation in a solid disk
due to heat source and subjected to pressure. Neither the yield criterion nor the associated flow
rule is assumed here. The results obtained here are applicable to compressible materials. If the
additional condition of incompressibility is imposed, then the expression for stresses corresponds
to those arising from Tresca’s yield condition. The present solution is illustrated by numerical
results and is compared with uniform heat generation case. This work provides the basis for a
comprehensive investigation of the influence of non uniform heat generation subjected to
pressure. Effect of heat increased values of stress for compressible material at the inner surface.



Paper 4. Infinitesimal deformation in a solid disk using Seth’s transition Theory

In this paper, we have studied problems of solid rotating disk using transition theory. The results
obtained here are applicable to compressible materials. If the additional condition of
incompressibility is imposed, then the expression for stresses corresponds to those arising from
Tresca yield condition. By specializing the results to perfectly plastic material, the usual
statically determinate stress distribution is recovered but, since the plastic stress at the axis
becomes infinite, these stresses are not meaningful. Compressible materials has made an increase
in the values of plastic stresses at the centre of disk.

Paper 5. Determine the variation of Poisson ratios and thermal creep stresses and
strain rates in an isotropic disc

In this paper, we have determined the variation of Poisson ratios and thermal creep stresses and
strain rates in an isotropic disc using Seth transition theory. Thermal effect decreased value of
radial stress at the internal surface of the rotating isotropic disc made of compressible material as
well as incompressible material and this value of radial stress further much increases with the
increase in angular speed. With the introduction of thermal effects, the maximum value of strain
rates further increases at the internal surface for compressible materials as compared to
incompressible material.

Paper 6. Steady Thermal Stresses in Solid Disk Under Heat Generation Subjected to
Variable Density

Seth’s transition theory is applied to the problem of stresses in a solid rotating disk under heat
generation subjected to variable density by infinitesimal deformation. Neither the yield criterion
nor the associated flow rule is assumed here. The results obtained here are applicable to
compressible materials. If the additional condition of incompressibility is imposed, then the
expression for stresses corresponds to those arising from Tresca yield condition. It has been seen
that circumferential stress are maximum at the outer surface for incompressible material as
compare to disk made compressible materials. Density variation parameter increases the value of
circumferential as well as radial stress at the outer surface of solid disk for compressible and
incompressible materials. The present solution is illustrated by numerical results and is compared
with heat generation case.

Paper 7. Effect of mechanical load and thickness profile in a rotating disc by using Seth’s
transition theory.

In this paper efforts have been made to evaluate creep stresses and strain rate in a rotating disc
with respect to changes in mechanical load and thickness profile. Seth’s theory of transition has
been used in this study. It has been observed that stresses increases with increase in mechanical
load and maximum value of strain rate further increases at the internal surface for compressible
materials. It is concluded that, rotating disc is likely to fracture by cleavage close to the shaft at
the bore



Paper 8. Elastic-plastic distribution in a rotating disc with rigid inclusion and having thickness and
density profile

The purpose of this paper is to analyze the elastic-plastic state of stress in a rotating disc with
shaft having a thickness and density profile using Seth’s transition theory. It has been observed
that the rotating disc made of the compressible material with inclusion required higher angular
speed to yield at the internal surface as compared to disc made of incompressible material and a
much higher angular speed is required to yield with the increase in radii ratio. The thickness and
density parameter decreases the value of angular speed at the internal surface of the rotating disc
made of compressible as well as incompressible materials. The model proposed in this paper
may be used in mechanical and electronic devices. The model also has extensive practical
engineering application such as in steam and gas turbines, turbo generators, flywheel of internal
combustion engines, turbojet engines, reciprocating engines, centrifugal compressors and brake
discs.

Paper 9. Exact solution of rotating disc with shaft problem in the elastoplastic state of
stress having variable density and thickness

The purpose of this paper is to study the elastioplastic state of stress in a rotating disc with a shaft having
a thickness and density profile using Seth’s transition theory. It has been observed that the rotating disc
made of the compressible material with inclusion require higher angular speed to yield at the internal
surface as compared to disc made of incompressible material and a much higher angular speed are
required to yield with the increase in radii ratio. The thickness and density parameter decrease the value
of angular speed at the internal surface of the rotating disc made of compressible as well as
incompressible materials. The model proposed in this paper has applications in mechanical and electronic
devices.



Appendix V

Summary of findings

The researchers had proposed to solve various problems of elastic plastic and creep analysis
problems in a disc. Discs have a wide range of applications in engineering, such as high speed
gears, turbine rotors, compressors, flywheel and computer’s disc drive. The analytical procedures
presently available are restricted to problems with simplest configurations. The use of rotating
disc in machinery and structural applications has generated considerable interest in many
problems in domain of solid mechanics. The stresses and strains in discs made of various types
of materials such as isotropic materials; transversely isotropic materials etc were calculated using
Seth’s Transition theory. This theory provides criteria to solve the problems by considering the
stresses as a function of non linear partial differential equations. This theory has been
successfully applied to solve various problems of elastic, plastic and creep deformation. In this
project efforts have been made to solve various problems (see Appendix 1V). The problems
include obtaining stress and strain distribution in disc subjected to various parameters; such as
variable density, variable thickness, pressure, mechanical load and attaching rigid shaft. It has
been concluded that these parametric changes have a potent effect on the elastic plastic and creep
deformation in a stationary and a rotating disc. Details of problems and solutions have been
given in the research papers enclosed. The results obtained in this project have a potential impact

on the design reliability of machines in heavy as well as light industries.
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List of Publications
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theory, International Journal of Applied and Computational Mathematics, Springer
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Elastic-plastic transitional stresses distribution and displacement for transversely
isotropic circular disc with inclusion subject to mechanical load, Kragujevac Journal of
Science, Serbia, Vol. 37, 2015, pp. 23-33. [Emerging Sources Citation Index (ESCI)]
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Abstract Scth’s tansition thoory is applicd 1o the problem of clastic—plastic infinitesimal
defoormation in a solid dizsk doe 1o beat soance. Neilther the yield criterion nor the associated
flow rule is assumed bere. The nesalts ohiained here are applicablc o compressible materials
Future wark may be direcied 1o the tamsicnt beal genemtion case undor the plane siess
condition. It has boon socn that mdial siresses are maximem @ the inner plastic @one and
circumfcrentinl siresses are manimrmm at the outer suface. Compressibility docreases values
of sircsscs. Heal gonomition affocts the valoes of strosses and displacement o be incroascd. The
prescol solubion is illustrabed by numenical resulis amd is compared wilh the beat gencrtion
Case.

Keywords Transition - Salid disk - Heat source - Deformation - Siresses - Yiclding -
Displacemant

Introduction

Hntating disks have roocived & groat deal of altention bocause of their wide use in many
mochanical and cloctronic devices. Thoy have exlensive practical cnginccring applications
such as in sicam and gas barbines, turbo gencmbors, fywhecl of iniemal combustion cngincs,
torbojed cngines, neciprocating cngincs, conirifugal compressors and brake disks. Probloms
of roiating solid disks hove boon discossed performed ueder various inloresting assumplions
and the opic can he casily found in most of the siondand clasticity and plasticity books [1-5]
The theoretical and experimental imvestigations on the molmting solid disks havwe boen wide-
spread aiontion due Lo the groat practical importance: in mechanical engineoring. For a betier
witifization of the materiol, il is noocssary 1o allow variation of the cifoctive material or thhick-
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AEBSTRACT. Sefk's [mansitben theary is applied o the prodlems of mechanical load in 2
thin Totating disc ¥y finire defermanion. Neidher the 7ield coteron mor e associated flow
Tele is assmmeed MeTe. The resulrs ahtained hers are agplicable te compressible materials.
o ithe add@benal ceadiden of imcempressivildty is impesed, then the sxpression e
simesses comresponds te thest anising frem Tresca yield conditien. It kas been odserved
that retating disc made of Bomegic marerial reguired dpher angulas speed to vield at e
inrernal serface as cempared to @sc made of mansversely isomepic maresials. Effect of
mechaxical 1sad In 3 petating disc =itk inclasion made of iseoopic matenal as well as
ranswersely isecropic marerials increare the valuves of angnlas speed visld at te intemal
surface. Witk the infrodacoon of mechanical load rofating disc made of Beryl marerial
Tequired maximem radial smess 2% Oempare e disc made of Mg and Brass maresials af fue
inbermal serface.

Keywards: Transversely isstropic, dise, shafr, sresses, displacement, vielding.

INTRODTCTION

This paper is concemned with findfesimal deformation of refating thin cioonler disk
made of transversely isotropic material . Pidtesomal deformarion consideration of problems of
elasticify & oftem not easy o sobre. There are many applicatsons of rodantng disks in sciemce
amnd empmneesing. As typical exampgles. == menton, steam and g2z torbdimes, sobors, and
flywheels. In the desizn of modem semomees, increasing nse is heing made of materials which
are transversely ivotrogic. The analysis of stress distribmtion im the ciscnlw dizk rotaring is
gmportant for a betier nndesstanding of the behavsor and optimmm desizn of strecteres. In the
contexct of small deformation theory, the salntions for this problem of rofarimg disks made of
gsofoopic materzal can be fommd in the mest standzed text books [1-4]. The analyzs of thin
motating discs made of isowopic maderial has been discussed extensively by TRIOSEENKD and
ZDODER [5] in the elastic ranpge and by CHARRARARTY [6] and HEYMAN [7] foo the plastic
ranpe. Their solution for the problem of folly plastic state does not imrolve the plane stress
condition, that is fo say, we can obrain the same stoesses and angelar velocity reqméiced by the

disc 1o become folly plastic withont nsing the plane stress comditien (Le T _=0). A P
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Infinitesimal Deformation in a Solid Disk
Using Seth’s Transition Theory
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INTRODUCTION

Rotatmg disks have received a preat deal
of attemtion because of their widely used in
many machanical and elecironic dewices.
They have extensive practical engineering
application. such as i steam amd mas
turbines, turbo pgenerators, flywheel of
infernal combuston engines,  hurbojet
engines, reciprocating engines, centrifugal
compressors  and  brake  disks. The
problems of rotating sobid disks have been
performed under various  imferestng
asrumpiions and the topic cam be easily
found in most of the standard elasticity and
plasticity books'"™!. The theoretical and
en‘pmmenﬂ]mmugauummthemmg
solid dizks hawe been widespread anention
dus fo the great practical mmportance in
mechanical eommesting For a  betier
utilization of the material, it is pecessary to
allow variation of the effective material or
thickness properties in ooe direction of the
solid disk Most of the research wodks are
concenirated oo the amalytical sohafions of
rotating isefropic disks with simpls cross-
sechon geomeimies of mniform thickness

and specifically wamable thickmess. The
sohiton of a rofating solid disk with
comstant thickness is obtained by Gamer!™
Y takimg mfo account the linear strain
hardening material behavior. Gamer'™
foumd the “elastic-plastic deformation of
assumptions of Tresca’s yield condition,
its associated flow mole amd linear straim
hardening. To oblmin fthe siess
distribution, they mafched the plastic
siresses at the same radine 1=z of the disc
Seth’s mansition theory'' does not acquire
any assumpiions like a yield condiion,
ncompressibility condition and thnes poses
and solves a more general problem from
which cases pemaining i the above
assumptions can be warked out. It ufilizes
the concept of penemlized simn measure
and asymptotic solofion at critical points
or hmning peints of the dferential
equations defming the deforming feld and
has been successhally ied o a large
mmeher of the problems™ " Seth'™ has
defined the gZeneralized prncipal stain
IMERITE A5
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AESTRACT. Sefh’s mamsiton theory is agplied fo e probbem of simesses i 2 selid
Tefating disk wndeT Wear gensTation sabjected o vamiakle density By infinicesimal
deformarion. Meifher the yield criterion nor the assecianed fow mbe is assamed here. The
Tesul ohfained heme are Fpplicadle bo compTessible marerizls I the addifional condTien
of InCompressikifity i Dmpesed, then the expresdion for STETSes COTESpoRds o ihese
wmixing fremm Tresca yield comdifion. It kas heen seen fhat ccamferential smess are
MaximEm ar the oaser sizface for inceompressitle material as compane be disk made
Cemnpressible marerials. Deasify vanastes pizameres inceases e valee of cooamberenial
2 owell a3 radizl soess ar e omfer suTface of selid <isk for compresmible amd
incomypressible maremals. The pressar solutdea is ilwsmaced by numerical reselis and is
Cemnparesd with hedt PERETIOOR CISE.

Eeywornds: disk, heat sounce, simesses, displacement, deformation, speed.

INTRODUCTION

Rorating dizks have a wide ange of applicarion in engineering, snch as sheam and gas mobine,
merde genemaror, flywheel of imtermal combustion engines. mobodet empines, reciprocating
enpines, centrifnzal Compressors., brake disk and sheink fit. The analytical elasticsy-plasticicy
of snch sorating disks of obtropic marenials can be fonnd in mony boeols [TIMOSEENED ef al,
1970, ToENE0N of al., 1978), and the stoesz analysis in cerviliness orthotropic dizks can also
fonmd in (LERENTISED of i, 1981) The theerstical amd expersmenral investigations en the
romring solid disk have been widespread arention dee to the prear practical fmportance
mechanical empmesring. For a better wiilization of the matemal, it is necessary to allowr
variarion of the effecitve matesial or thiclmess propermies m ome divection of the solsd dask
Mast of the ressarch wocks are concentrated on the analyrical solnriens of rotating isotoopic
dizks with simuple cross-zection seometries of mnifomm thaclmess and specifically variable
thickmess. The solurion of a refaring solid disk with consant thickness is ob@ined by (GAMER,
1024, 1985} rakiny imto acconnt the Limear stradm Rardening marerial behavice. (GAMER, 1984)
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AEBSTRACT. Seth's mansifien theary is agplisd fo the problem of theomal coesp
ransirion swesses and swain rates in 2 thin rofating disc wirk shaft having variable dengany
¥y finire defermation. Neifher e yheld criterbem mer e asseciared flow Tale is ssumed
hege. The resules ebizined Nere aze applicable to compressible marerials. IF e addisenal
ceadirion of incompressibilicy is Impesed, then fie exprersion for STesLes camesyonds ta
those amising trom Tresca vield comdiion. Thermal effect decreased valne of radial smess
af the Infenal seface of the mfating iseropic disc made of compressible marerial as well

15 incempressikle maresial and this valee of radial scyess farifher much increases wirk fe
increase in anpular speed. Wick e inmoducrian of thermal sffects, the maximum value of

siTain rares fareher increases at the infernal serface for compressible matemials a5 COTN aTe
to IRCempressible marerial

Keywards: srain rabes, @isplacement, 1 pular speed, disc, thermal siresses,

NTRODTCTION

Rotating discs poovide an area of research and stody doe to thesr vast ntilization fn sotatng
machinery sech as compressor, Mmoo generatoss, pumps, compressods, flywheels, shonk fits,
amtomotive Braking systems. thip propellers. comgneer disc deives, steam and pas mobime
rofors. Theoretical imvestigation of the stresses and swain rates im amnubyr discs rorating ar
kigh spesds have recedved widespread atfentiom duoe to 2 large number of applcations im
mechanical and stmctmral engineermz. They 2o nsnally operated at relatvely highes angnla
speed amd high tempesarere. Therefose the predicrion of lenp rerm steady stare creep
deformation is very impeortant for these applications.

The classsral theories of coeep st with the assmmptions of constmrive squations fior
creep amd the classical theomes of plasticity need an extra pelation called the vield condition in
addstion to the flow mles. The description of the defeamations m a solid smbjected to extemal
foroes &5 thos piven by a different zet of eqnations fior elastic, plastic amd creep deformations.
Solntions for thin fsoteopic dizcs can be fonnd in most of the sfamdard creep rext Books
(LUBEAK, 1961; ODUST. 1974; KamaTs, 1980; BOYLE. 1983; Masanmo, 1995; PENETY, 1995;
Homrwaxw, J002). In most of engmesting applocatton, the disc has to opeate mnder elevated
remperatere and is simmlfameonszly subjected to hiph mresses camsed by disc sotatiom ar hiph
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Abstract. Rotating disc 15 a common component in turbines. rotors. compressors and other engineering components. In
this paper efforts have been made to evaluate creep stresses and strain rate in a rotating disc with respect to changes in
mechanical load and thickness profile. Seth’s theory of transition has been used in this study. It has been observed that
stresses increases with increase in mechanical load and maximum value of strain rate further increases at the internal
surface for compressible materials. It is concluded that, rotating disc is likely to fracture by cleavage close to the shaft at
the bore.

Keywords: Strain. Stresses, Disc, Load. thickness, material.

INTRODUCTION

Rotating disc plays an important role in machine design. Stress analysis of rotating discs has an important role in
engineering design. Rotating discs are the most critical part of rotors, turbine motors, compressor, flywheels, gears,
shrink fits etc. Various machines such as centrifuges and separators for division or filtration of suspensions and
emulsions, gas and steam turbine engines, turbochargers, etc. incorporate in their construction the rotating parts of
various shapes, which operate under ineriial {centrifugal) force and surface loads. Problem of stress calculation in a
rotating thin disk was considered for the first time 1n [1] report "On the equilibrium of elastic solids” The classical
theories of creep start with the assumptions of constitutive equations for creep and the classical theories of plasticity
need an extra relation called the yield condition 1n addition to the flow rules. The deseription of the deformations m
a solid subjected to external forces 1s thus given by a different set of equations for elastic, plastic and creep
deformations. The use of rotating disc in machinery and structural applications has generated considerable interest in
many problems in the domain of solid mechamics. Soluttons for thin i1sotropic discs can be found in most of the
standard creep textbooks [2 -4]. Wahl [7] has investigated creep deformation in rotating discs assuming small
deformation. incompressibility condition. Tresca yield criterion. its associated flow rule and a power strain law.
Mendelson [6] used an iterative scheme to obtain the thermo-plastic solution for rotating disks based on the Lame’s
solution. Gamer [7-8] presented more modem treatment for an elastic plastic annular disk with linear hardening
behavior subjected to external pressure. You et al. [9. 10] have studied rotating disks of vanable thickness and
density, using a vnified mumerical method based on a polynomual plastic stress- strain relation and Von-Mises’s
vield criterion. Hojjati and Jafari [11-13] studied the elastic and elastic-plastic analyses of non-uniform thickness
and density rotating disk under only centrifugal body loadings by using three semi-exact methods namely the
variational tteration method. homotopy perturbation method, and adomman’s decomposition method. Gupta et. al.
[14] analyzed creep transition m a thm rotating disc with nngid Inclusion by using Seth transition theory. Thakur et
al. [17] investigated thermal creep stresses and strain rates in a circular disc with a shaft having variable density by
using Seth theory. Seth’s transition theory does not acquire any assumptions like a yield condition, incompressibality
condition and thus poses and solves a more general problem from which cases pertaining to the above assumptions
can be worked out. This theory utilizes the concept of generalized strain measure and asymptotic solution at crifical
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