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ABSTARCT:

Gas turbine blade is designed to work on high stresses with advance material composition so that it can
withstand to high pressure and temperature. As it rotates at very high speed (approximate 25000 rpm)
there are several chances of failure even though its advanced design and material composition. With
pressure and temperature, vibrations also affect the blade performance and life. During working, the
blades undergo high pressure and temperature which may create vibrations in the blade. These
vibrations should not reach to blades resonance value. Therefore performing vibration analysis test is
very important. Due this analysis vibration effects in gas turbine blade can be calculated. The several
modes of frequency can give the values of maximum defor mation in their mode.

Here vibration analysis is performed by using FEA technique on gas turbine blade and maximum
allowable frequency is calculated. This frequency is called as natural frequency of blade. If the value of
blade frequency increases beyond natural frequency of blade the permanent damage can accurse on
blade.

keywords: FEA1, Natural Frequency?2, Blade Frequency3.

1. INTRODUCTION

Deterioration accurse after around 10500 h selividigst-stage blades of a gas turbine. Here theice life
of blade is 40000 h. But it fails before completufrits service life. When failure Analysis perfaethon blade,
it is observed that blade lost its protective amgtirom their tips because of wear. Hence at highperature
working it surface suffered to high corrosion. Thiady proves that uneven clearance between ratbiiming
may cause to failure. [1]

Due to the failure of gas turbine blade a sevemalblems will created and it may cause to breakdofvgas
turbine. Also the maintenance of blades is critisale. It requires special treatment for repairdgme time
blades get permanently damaged due to high worldnmperature. Elevated temperature with approximatel
25000 rpm speed also has a great impact on lifgasfturbine blade. High cycle fatigue (HCF), laveley
fatigue (LCF) and creep rupture are the major issatated with gas turbine blade defects. Theseaedo the
material composition, manufacturing defects andh kigrking temperature. [2]

At high temperature working there are internal @wplhole cracks at airfoil sections which is due to
degradation of coating, base alloy and carbideipitation in grain boundaries. It also decreases dloy
ductility and toughness. It is observed that c@ptirack initiation and propagation is due to mixatigue/creep
mechanism. [3]

In above investigations overall work is concentlade damage due to high temperature. There othtréa
also on which we have concentrate like vibratioasup into the blade. Due to the vibrations thedéla
frequency i.e. natural frequency of blade can maiith resonance frequency. This possibility alse ttacheck.

In this study we are performing vibration analyisés also called as model analysis. This can gs/eesonance
frequency of blade. Some other studies are alsitehl@which demonstrate different causes of failur

182



E-ISSN: 2321—-9637
Volume 2, Issue 1, January 2014

| nter national Journal of Research in Advent Technology

Available Online at: http://www.ijrat.org

While investigating failure of gas turbine bladeedisn thermal power plant, it is found that theyeupture
of all blades accurse from the third and subseqetages. The material of blade is nickel-based ralipg
called Inconel 738. During visual observation itfaaind that the top fir tree root on the turbinedd is
fractured. There are two characteristic zones aétéred surface. The first zone is of slow and lstaback
growth and the second is of interdendritic fract(4é

Oxidizing and corrosive environment generated k& ¢cbmbustion gases will affect the gas turbine dlad
material hence it must be resistive to oxidatiod aorrosion. It should also have resistance toi@nogiot
corrosion of gas turbine blade material tends &mlélfailure and change in microscopic charactesisfb]

It is in consideration that the modern aviation gabine engines are highly reliable in that fadlsirin
service are rare. But it also needs the regulgpeiction and maintains so that most of the defeat lma
identified and rectified at its initial stage. Thigll leads to reach the blade life towards comiplet Otherwise
there are several chances of failure of blade befompletion of its lifespan. [6]

When the turbine blade made of Nibase superallogf247 LC grade and fabricated by DS investment
casting failed during the test run of gas turbifke blade was coated with platinum aluminide. Itigasors
found that they realize that blade had failed higtee and they found cracks on blade coating. Tharoause
of cracks was excessive bending/vibration whickl letigue and cause failure. [7]

Above studies are explaining some other types dbtirfa and their possible reasons. But only few
investigators have focused on vibrations in blddeere is lot of scope in vibrations of gas turbim&de. In this
study we are focusing on vibrations developed i tgabine blade and also effects of vibration cadbl This
investigation will provide various frequency rangedlifferent modes. Behavior of blade material ¥arious
frequency ranges can illustrate the possible dedtiom. By studying this deformation we can checlethier
that deformation is harmful to blade material andtmng.

To carry out Modal/Vibration Analysis FEA (Finiteleinent Analysis) tool we are going to use. It is an
extensively used tool now days to carry out sotufar many engineering problems. It is totally lthe@ Finite
Element Method and provides more approximate soiutif any engineering problem. To find out vibratio
effects on blade we have to develop CAD model &f gmbine blade and import this CAD model into FEA
package to carry out solution. We are using gdsrtarblade material (N-155).

2.CAD MODELING OF GASTURBINE BLADE

CAD model is prepared by taking dimensions of gabihe blade using reverse engineering method. For
the modeling and analysis purpose we have chossinsfage gas turbine blade. Modeling is done bggus
CATIA V5R17 software and it is converted into IGEBmat to import in FEA package. Overall gas tuebin
blade virtually developed using CAD software. Thigtual prototype will exactly simulate the actughs
turbine blade and gives us required effect of tibraon blade profile.

Blade profile modeling is a challenging task, beseait directly affects the simulation results. CATik
advanced CAD software and has good exporting ptiggenence modeling in CATIA is beneficial. We @
through other CAD software such as Pro-E, NX, Satiks, Solidedge etc. Dimensions of blade are tdken
visual inspection and instruments. After modelirag gurbine blade it is converted into neutral fdemat. In
this study we are using IGES (Initial Graphics Exate Specification) file format to convert CAD fileto
FEA package readable file.
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Fig 1. CAD model of first stage gas turbine blade.

3. VIBRATION ANALYSISOF GASTURBINE BLADE

Model/vibration analysis is performed with FEA pagk i.e. ANSYS 14.0 and results are carried out. Fo
that purpose CAD model is converted into IGESffilenat and then imported into FEA package

A] ASSIGNING PROPERTIES OF METAL

Material properties of gas turbine blade to camuy model analysis are Density of blade, Young’s aiosl,
Possion’s Ratio etc. These properties are taken Mel55 nickel based alloy which is used for mantifeing
of gas turbine blade. This will affect the analyssult. Our overall vibration analysis results based on these
properties. Because we are finding out vibratidaa$ on blade material and their coating. [8]

Table 1. Mechanical properties of N155 gas turlbilagle material.

Properties Units N 155
E Pa 143 E09
p Kg/cu m 8249
1 0.344
Where,
E= Young’s Modulus
p= Density

u= Poisson’s ratio

Above properties are used to carry out model aimlysgas turbine blade. A set of frequency range w
give gas turbine blade natural frequency. Moreftbguency safer the object.

B] DISCRETISATION OF GAS TURBINE BLADE

In FEM discretisation is very important step. It ane forming small pieces of an object which are
connected to each other by means of points cabbéésrand each piece is called as element. Generdtguch
structure of elements which forms an object isechtheshing. Very first step towards solution initéifclement
Analysis is meshing. Elements are of three types2land 3D elements. We use elements accordimogito
convenience. i.e. for lines we use 1D elementstofaces we use 2D elements and for solid objeatisee3D
elements.
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Elements are also categoriesed according to thaipesand size. Here for performing model analyss w
have used 3D tetrahedron element for meshing ofigaime blade. The meshed model of gas turbindebla
shown in figure 2. Also the details of nodes aredr@nt is provided.

Fig 2. Meshed model of gas turbine blade.

Details of gas turbine blade meshing are as follows
Maximum Nodes formed= 1999
Maximum Elements created= 7925

C] LOAD APPLICATION ON GAS TURBINE BLADE

To perform model analysis of gas turbine bladestrbe constrained at the base. After applying riahte
properties and meshing, it is a next step for figdsolution. Here we have taken five modes of feagies to
describe deformation in each step or mode.

All the movements of gas turbine blade are restié¢tom the base. The frequency range should get fis
initial value to maximum value. Therefore frequemnagge is not set in model analysis.

D] SOLUTION FOR GAS TURBINE BLADE AND EFFECT OF VIBRATION

The solution of vibration analysis is divided ifitee sets of vibration. It is also called as modésibration.
Vibrations set up in blade are described in thenfaf frequency. Each set of frequency gives maximum
deformation in that mode. Solution is calculatedtiom basis of FEM. After applying each requiredapaster
FEA package solve the given vibration analysis [@meband obtain frequency sets. Results are fughelies to
give conclusion. Maximum frequency obtained by thiglysis will be the natural frequency of gas ineb
blade. If the frequency of blade is match withritgural frequency then resonance phenomenon vdlirae.
This directly tends to permanent damage of blade.

4. RESULTSAND DISCUSSION

Vibration Analysis obtained various frequency vala each mode of vibration. The maximum frequency
obtained by performing vibration analysis is 12k26 It means that the natural frequency of bladi2i26 Hz.
Bellow table shows the frequency values for variowsles of frequency.
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Table 2. Frequency values obtained for each smioaie.

SET | FREQUENCY LOAD STEP SUBSTEP
1 1.4017 Hz 1 1
2 3.6061Hz 1 2
3 5.1403Hz 1 3
4 7.0175 Hz 1 4
5 12.268 Hz 1 5

FIRST MODE OF VIBRATION: Maximum deformation of ®ZE-03 mm is obtained in this mode at the
top of blade at the frequency value of 1.4016 He d@eformation is negligible in this mode. Figureh®ws the
frequency value as well as the maximum deformatiche gas turbine blade.

Fig 3 First mode of vibration with maximum deformoat

SECOND MODE OF VIBRATION: At frequency value of 861 Hz the deformation accurse in second
mode with value 0.204E-03 mm. This is also neglgidbration for second mode. Figure 4 shows treoséd
mode of vibration with frequency value.

Fig 4 Second mode of vibration with maximum defatiora

THIRD MODE OF VIBRATION: In third mode of vibratiothe frequency value is increasing with slight
increment in deflection. This will affect the penfieance of blade at high temperature and rotative. Values
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obtained in this mode are 5.14 Hz frequency wit66E-03 mm deflection. Figure 5 shows the third enofl
vibration with maximum deformation.

Fig 5 Third mode of vibration with maximum deforrioat

FORTH MODE OF VIBRATION: Forth mode explains theciement in frequency value and decreasing
value of deformation, which is less than second third mode of vibration. Frequency value of 7.0%2 &t
0.202E-03 mm deformation is obtained in this moéleequency value obtains deformation at top of hlade
Maximum deformation in blade for this mode is agwgh in figure 6.

Fig 6 Forth mode of vibration with maximum deforioat

FIFTH MODE OF VIBRATION: Here the maximum frequengyth maximum deformation is shown in
figure 7. Above this frequency value blade may dgenalue to maximum deformation. The maximum
deformation of 0.274E-03 mm is obtained on freqyeratue of 12.26 Hz.
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Fig 7 Fifth mode of vibration with maximum deforriat.

Bellow table shows the frequency value and itseepe maximum deformation in the chassis. Eachease
its own deformation value.

Table 3. Frequency values and their deformatioreémh set

SET FREQUENCY DEFORMATION
1 1.4017 Hz 0.177E-03 mm
2 3.6061Hz 0.204E-03 mm
3 5.1403Hz 0.266E-03 mm
4 7.0175 Hz 0.202E-03 mm
5 12.268 Hz 0.274E-03 mm

The maximum value of frequency is 12.268 Hz whiglvary less. Maximum frequency safer the object is
the fact for each object. Blade deformation is maich but frequency value is very less. Hence tharak
frequency of the blade needs to improve.

5. CONCLUSIONS

Vibration Analysis carried out for gas turbine kdad illustrating the following points which can be
conclusions for this overall study or investigation

* Natural frequency of gas turbine blade needs taodng

» Deformation in gas turbine blade is negligible.

» Blade becomes unstable on slight increment in #aqy value.

» Due to less natural frequency cracks may developoating and material of blade.
» Needs concentration on dynamic stability of blaslé eotates at high RPM.
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