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Abstract-As gas turbine operates under harsh environments, th
body of the gas turbne casing is subjected to various kinds ¢
loads, forces, pressures and thermal stresses andshto yet stay
strong for a long working life span. The casing is ery prone to
crack in locations where there is a sudden changen icross
section, such as holeand sharp edges. As stress concentration
much greater at these critical points as the casingxperiences
both thermal and structural cyclic loads inside it. The failure that
occurs due to crack generation and propagation isetmed as
fatigue failure. Most of the work done in the field of researcl
with respect to gas turbine casing is been mostlyelated to
thermal or structural loads that act on the casing.None of the
studies have included the effect of bolt pr-tension that is
provided to the casing diring manufacture, in order to bolt the
two halves tightly together. This project mainly corentrates with
the effect of pretension with the inside pressure and to stud
how the casing behaves in different conditions andow does the
pre-tension effect its life and strength.

Keywords — Gas turbine casing, finiteelement analysisBolt
pretension, Flange, Fatigue. Design of casing

1. INTRODUCTION

One of the most concerning factor in a gas turidestry is
its unstable states arising during stgs, shutdowns, ar
load changes which gives rise to a variable tentper
distribution in the steam turbine components. Rapatease
in temperatureesult in higher thermal stresses acting on
component which in turn makes the component r
susceptible to failure further reducing its opematiife. In
such power plants large stemdst casings enclose the inter
stationary and rotating comporien Thermo mechanic
fatigue (LCF) act majorly at the nozzle fit corrradius, anc
other stress concentration shapes such as shaners;
sudden changes in cross sections, and these arefahe
major factors that result in cracking of such puesiccasings,
as shown in Fig. 1.1. Cracking of a gas turbinéncpsnay
result in steam leaks or even explosion of thengp#self in
some extreme cases.In case of a turbine casingrd
considerable amount of time is required for itsaie@nd
replacemen Hence with the right knowledge of stresses
strains acting on the component such unexpectkddaicar

be prevented with scheduled inspections. Such &et
inspections can help in optimizing inspection, gnity
evaluation and life assessmenttleése components. Howe\
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predicting the exact time of failure or even thée liof
component has not been possible as seen with fetha
previous studies and hence is very limited whenraipey
conditions is taken into account.Objective of thesgnistudy
is to study the fatigue life of a gas turbine cgstonsidering
the bolt pretension in the compone.
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Fig 1.1Section view of a high pressure turbine asse
1.2 Turbine casing

Major component of a steam turbine is its casingctwihas
stationary blades fixed to it from the inside andrator
carrying moving blades on the periphery. The rasofitted
within the casing such that on operation the rofvsoving
blades penetratbetween those of fixed bladeThus steam
flowing through tle turbine has to alternatively pass throl
fixed and the moving blades such that the fixediésaguide
the steam at an appropriate angle for entry into rttoving
blades. The design of the casing and rotor ha®tsubh tha
the thermal stresses are imiized, and the moving blad
should be securely fitted with the rotor to withmti
themassive centrifugal forces generated during aijmerThe
shaft of the rotor is supported by bearings arfdriher linked
to the electrical generator for its opera. Hence the bearing
has to be appropriately aligned in order to accodat® the
natural bending of the shaft under gravitat
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2. TURBINE CASING CONFIGURATION

Cylinders of turbine have to withstand extreme dtowls
during operation. The presre of steam acting on the cylin
is very high, hence to prevent the cylinder frorilufa the
design has to be robust. Thick walled cylinders ar#
preferred as the temperature of steam can be eafyelmigh
and may result in thermal expansion ofinder due to
temperature gradient. These temperature gradieritisiny
components can set up high stresses in the materth
when combined with mechanical stress due to pressan
cause failure of the material.

During the course of operation of thlgas turbine it goe
through varying temperatures and hence rapid hpadind
cooling ofthe components may take plaThis demands the
design to have a section of uniform thickness afgb
provision for flow of steam withirthe casing as shown
Figure 2.1 to promote uniform temperature chanc
particularly during start-up of the unis the incoming steai
is at a much higher temperature than that withendylinder,
proper provisions are required to take care of tthermal
stresses and differentiekpansions in these are

i
Fig 2.1Diagrammatic sections of turbine cylin

For maintenance and repair purpose if the turbmeoi be
removed the casing will have to be split openedewow. Foi
such occasions the casing is designed in two hatemely
upper and lower. These two halves are held togéthenean:
of bolts and nuts across its length horizontally & to
facilitate easy removal of the upper casing on stisenbly
leaving the lower casing in its position with theher
components suchsarotor and rotating blades. This jo
should be strong enough to withstand all the foex#g on it
and hence the flanges is made thick and is provididd a
pretension for the joints to be held in positiorosgly with
the two half of the casing.

3. OBJECTIVE

The objective is to study the behaviour of a gakihe casing
under the effect of pre tension and hence calagats fatigue
life. Casing has two halves, one being the uppkrama othet
the lower half. Both these halves are bolted ther tightly,
hence the casing structure is pre stressed. Wehfdatigue
loads already acting on the casing during the diperaf gas
turbine, this pre stressed effect further addshéostresses ¢
the casing, resulting in reduction of the life be casing. So

the objective is to mainly study the effect of bpte tensior
on the simplified casing and suggest appropriatigdeso a:
to strengthen the casing against such fali

4. METHODOLOGY

Initially the problem identification is done witlhg help of
literature surveys and other related research esudbtainer
from various sources. Next important step is toeustnd the
operation of a gas turbine with its complete wogkirycle.
This will help in the understanding of different loads thase
during its operation. This is followed by the studf the
material of casing and its fabrication meth

As the two half of the casing are to be assembyetightening
them together with the helof bolts, the casing is provid
with a bolt pretension, the magnitude of this -tension is to
be studied which is the basis of this stL

The casing is then created in a 3D modelling saf
followed by its analysis in Ansys software whichveg the
behaviour of the casing under load, pressure amdatt pre-
tension. A modified design of the casing is thesabted witr
the purpose to improve its strength, which is asedyfor the
same boundary conditions. A design which satisfdgtgives
improved results is then finalized and consed as the better
design for thecasing against bolt p-tension.

5.MATERIAL PROPERTIES

The material generally used for the casing is ABaktile
cast iron. As the casing of a gas turbine operateder
extrene working conditions such as high pressure

temperatures, the material of the casing shoulduoh that i
should be able to handle such high pressure angeteture:
and not deform or fail.

5.1 Chemical composition

Element c si Mn n cu Ni v o Mg T co Fe

woo 3344 27 0136 0016 0351 0082 0044 012 0.057 0038 0033 Balance

5.2 Mechanical properties

Tensile Tensle Modulus of
Hardness strength - Poisson’s
(Brinel) Ultimate ‘strengtl . elasticity ratio
(MPa) Yield (MPa (GPa)
167 461 32¢ 165 0.29

Table 5.2. Mechanical propert

6. MODELLING OF THE TURBINE CASING

Below is a detailed figure of a gas turbine casmwith the
dimensions. The model of the casing is made udimge
dimensions in a modelling softw:.
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Boundary conditions and the loads are ajd. Fixed support
Fig 6.1. Dimension of a gas turbine casimgarious view is provided at the end of the flange. Pressure atdtse inside
surface of the casing. Bolt tension the main feaaats on th

i ) ) bolt region as shown.
The model can be created using any 3D modellingvare, in

this studyProEcreo version and even UG NX8 for modell

Fig 7.3Boundary conditio

A bolt tension of 1000 N is provided and the presacting
7. ANALYSIS OF THE TURBINE CASING inside the casing is 3MPa. The stress acting osaking for
these forces is then computed and following raswdbtained
The real size of the casing is simplified furthey the
advantage of symmetry in order to reduce the coatiout  As it can be seen in the figure below a maximuresstiof
time in Ansys. Only the portion near the flangehatite bolt 271 .3MPa is induced when bolt tension & pressu
and nut assembly alone is taken for the ana considered.

This simplified design is theimported in Ansys14.5 softwa
for its analysis with the application of pressunel doundary
conditions.

Fig 7.4 Equivalent Stress shown in complete \

Fig YT“AssembIe vigvmc;? the cas
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7.1Fatigue Analysis

Fatigue analysis is carried out for the existingig for the
same boundary conditions and then solving for @egtilife and
fatigue stress.

7.1.1 Fatigue Life
Fatigue life for the existing casing was found astshowr

in fig 7.5. It shows that a minimum fatigue life 4536
cycles.

Fig 7.5. Fatigue lifeEnlarged vie\

7.1.2 Fatigue Stress

Fatigue stress for the existing casing was fount as
shown in fig 7.6. It shows that a maximum fatigueess of
544MPa is induced.

Fig 7.6 Fatigue stress induced in flange re:
8. REDESIGN OF THE CASING

In order to improve the strength die casing, the existir
design of the casing is redesigned as shown ifighee. The
conceptual idea is reinforcement of ribs to theitre anc
reducing the surface area of contact between thagd

interfaces. '

R

\\\
: \
’E ) >
-5
z

Fig 8.1. Redesigned casing

9. ANALYSIS OF REDESIGNED CASING

Analysis of the new redesigned casing is done amd the
existingcasingThe material properties are entered in tgc:
structural data, followed by assigning the progsrtto the
casing components and then meshing thembly. The loads
are then applied just as actual design in prevahapter anc
then the required results were found.

As it can be seen in fig 9.1a maximum stress of
113.12MPa is induced under combined loading for
redesigned casing.

Time: L
3032015 339

Fig 9.1Equivalent Stre«- outer surface view

It is evident from the results of the static anelythat the
portion of the casing flange near the bolt are ettied tc
minimum stress without pretension and the samebgestec
to higher stress when preteon is applied along with the
pressure. Though the difference in the stress rhadmiis
marginally small, it makes a big difference if aysd is
carried out for high pretension and pressure va

In the redesigned casing the stress in the flafithe casing is
less than the existing casing model subjectedaticdbads

9.1Fatigue Analysis

Fatigue analysis is carried out for the redesigresing for
the same boundary conditions and then solvingdtgtie life
and fatigue stress.

9.1.1 Fatigue Life

Fatigue life for the redesigned casing was found as
shown in fig 9.2. It shows that a minimum fatigute lof
16533 cycles is achieved which clearly indicateat tthe
redesigned casing has an improved design comparekde
existing design.
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Fig 9.2. Fatigue lifeEnlarged vie\

9.1.1 Fatigue Stress

Fatigue stress for the redesigned casing was faunhchs
shown in fig 9.3. It shows that a maximum fatiguess of
226.23MPa is induced which clearly indicates thhe

redesigned

casing has an improved design compargde

existing design.

23-03-2015 14:11
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Fig 9.3 Fatigue stress induced in flange re:

RESULTS

On analysis of the existing and the redesignechgasndel
the same loading conditions following results welbéained-

(i)

(ii)

(i)

The redesigned model experiences less s
under the same loading corion. 271MPa of
stress is induced in the existing model whei
only 113MPa of stress is induced in
redesigned model.

The fatigue life of the redesigned casing
improved compared to the existing casing.
existing casing fails too early, whereas
redesigned casing survives for a imum of
16533 cycles.

The fatigue stress of the redesigned casin
improved compared to the existing casing.
fatigue stress of 544MPa is induced in 1
existing casing, whereas a stress of ¢
226.23MPa is induceid the redesigned casi.

CONCLUSION

The stress distribution was calculated by perfogramalysis

in Ansys software for the existing and the redesinasing
As per the results obtained and on comparison \iatig
conclusion was drawn:-

0] It is concluded from the results that |
redesigned casing offers high strength than
existing one under all the three loading ca

(i) Also by performing fatigue analysis, fatigue |
of the existing and the redesigned casing
found out and the rults show that the fatigue
life of the redesigned casing is improved ur
the same loading conditiol

(iii) Fatigue stress was also obtained for both exis
and redesigned casing, and the results cl¢
show that less stress is induced in the redesi
casing than the existing casi

It shall be summarized that a good correlationbiseoved ani

methodology adopted has promised the confidendesign
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