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ABSTRACT

In turbo jet engines, rotating discs are simultaneously
subjected to mechanical and thermal loads. A disc may be
under internal pressure due to shrink fit on a shaft, in
addition blade effects may be modelled by an external
tensile load at the outer radius of the disc when the disc
rotates with significant angular velocity while the gases
crossing through fins exert a temperature gradient on the
disc. Since material behaviour is temperature dependent
changes in material properties throughout the blade
should be considered. In order to attain a certain and
reliable analysis for blade and to derive corresponding
stress distribution, solution should consider changes in
material specifications caused by temperature. To achieve
this goal, an inhomogeneous blade model is considered.
Using the variable material properties method stresses are
analysed to evaluate the crack initiation and life for the
first row blades to reduce the maintenance costs of gas
turbines. The temperature and stress analyses are
conducted on blades made of INCONEL718 a a
temperature of 1300°C. Crack initiation and life
evaluation is made based on multi-axial thermo
mechanical fatigue (TMF) loading conditions.
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1. Introduction

In many turbine engine components, particularly the
combustor and turbine structures of the engine, the stress
and temperature conditions may be sufficiently severe as
to require evaluation of the effect of inelastic material
behaviour [I-3]. The development of crack growth
prediction methods, the generation of experimental data,
and the reliable application of the data to engine
components are difficult because of the severe engine
operating conditions. The requirement to accurately
identify and experimentally duplicate the salient feature
of the high-temperature, high stress crack propagation
process presents a difficult experimental challenge, and
the accompanying requirement for developing effective
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correlation and generalization parameters presents similar,
strenuous analytical requirements. Current prediction
model for hot section components of gas turbine provide
crack initiation data which are calibrated with available
experimental data [4]. While the ultimate removal life is
related to the predicted crack initiation life, experience
has shown that the time (or cycles) involved in
propagating cracks is often afactor of two to ten timesthe
predicted crack initiation life [3-5]. Since components are
rarely removed because of short cracks and since the
relationship between crack propagation rate and strain,
temperature, hold time, etc. are different than for
initiation, it is apparent that an improved prediction
capability is warranted. High temperature low cycle
fatigue is a strain-controlled process and for this reason
strain-based approaches have been (and are being)
preferred.

2. Experimental Procedure

The material selected for this purpose is INCONEL 718.
It is a high strength, heat resistant superalloy (HRSA) that
is used extensively by the aerospace industry for the hot
sections of gas turbine engines for components such as,
turbine disks, blades, combustors, casings, etc. The
properties that make INCONEL 718 an important
engineering material are also responsible for its generally
poor machinability. Low thermal conductivity (11.4
W/m/K) leads to high cutting temperatures being
developed in the cutting zone. These have been shown to
rise from around 900°C at a relatively low cutting speed
of 30 m/min up to 1300°C at 300 m/min [13]. The cutting
forces generated are also very high, around double that
found when cutting medium carbon alloy steels.
Literature detailing the effects of operating parameters on
tool life when machining nickel based superalloys is
comprehensive, however, relatively little of this data
refers to the effects of machining on work piece surface
integrity. The main problems reported are surface tearing,
cavities, cracking, metallurgical recrystalisation, plastic
deformation, microhardness increases and the formation
of residual stresses[14-20].

Figure 1 shows a meshed model of aturbine blade and the
temperature distribution through the component at a
particular time in its cyclic use. The model is developed
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from the CAD description of the component at
temperature of 1300°C.

Figure 3 Stressdistributionswithin a turbine blade
Figure 1 Temperature distributions with in turbine
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Figure 2 Variation of temperature with timein a
turbine blade at two nodes during a load cycle.

Figure 2 shows the variation of temperature as a function Figure 4 Variation of stresswith timein a turbine
of time. The calculated temperatures provide a measure of blade at two nodes during a load cycle.

the structural distortion arise during the service to be
expected and are used to compute thermal strains. The
temperature distribution varies as a function of time and
thisisillustrated in this Figure where the temperatures of
two blade positions are plotted with respect to key stages
in the operating cycle. These data is used to identify
whether any element has exceeded the design criteria
defined by the material property data[20, 21].
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Figure 5 Comparison of stressin component with
propertiesof INCONEL 718 at locations of interest
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Figure 6 Stressstrain curve and Neuber correction

The usual way of representing high cycle fatigue data
which combines fatigue strength (stress to produce failure
in 10° cycles at various stress ratios) with tensile and
stress rupture values are represented in Figure 5. The
criteria for maximum mean stress varies between
application to application but 90% of the typical 0.2%
proof stress or the stress to produce rupture in 1000 hours,
which ever is the lower, is common. A strain-based |ow
cycle fatigue calculation is used to assess the elastic
results which demonstrate the stress at some locations
where exceeds the ‘yield stress' or a particular proof
stress. This local stress will be accommodated by plastic
deformation, the extent of which is calculated by means
of aNeuber correction as shown in Figure 6

Neuber’s rule is most commonly expressed in the form

KZ=KK, =22
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For nominally elastic behaviour, e=E. When the

Ramberg—Osgood equation for the stress—strain relation is
combined with Neuber's rule for nominaly elastic
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behaviour usually becomes inelastic and non-linear
stress- strain relations for calculating both the nominal
and the local stresses and strains are used, resulting in
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Based on the results of displacement, strain and stress
distribution from structural analysis, the deformation of
turbine blade, its creep life, fatigue life (HCF or LCF),
etc, are estimated for INCONAL 718 which are found to
be with in the tolerable limits.

3 Life Estimation Of The Blades

The turbine blade is a rotating component and is free to
extend as a function of time. There are two factors which
limit its life; the first is excessive extension due to creep
which may cause excessive wear or damage to the tip or
shroud and the second, cracking leading to fracture,
possibly accelerated by vibration. The first estimation
assumes that the preliminary design criteria have been
met with regard to stress limit and vibration and can
conclude that its performance apparently meet the design
requirements. However, use of the thermal, fatigue and
structural analyses in conjunction with the cyclic stress
strain variation throughout the cycle enables fme and
cycle dependent strains to be computed and assessed
against the tensile, HCF, creep rupture or % creep strain
and strain controlled fatigue data for each element in the
model.

It is important to evaluate the crack initiation and life for
the first row blades to reduce the maintenance costs of gas
turbines. The temperature and stress analyses are
conducted at a temperature of 1100°C. Crack initiation
and life evaluation is made based on multi-axial thermo
mechanical fatigue (TMF) loading conditions.

It is observed that biaxial TMF life of the INCONEL 718
aloy is not correlated with Mises equivalent strain range,
which correlated with the biaxial TMF life of the aloy,
due to the biaxial TMF life depending on not only the
maximum shear strain but also normal strain on the
maximum shear strain as shown in Figure 7.
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Figure 7 Mises equivalent strain range

An equivalent shear strain range, which is function of the
maximum shear strain and normal strain on the maximum
shear strain, is derived based on the G-plane theory
(Theory that both the maximum shear strain and normal
strain on the maximum shear strain plane control crack
initiation under multi-axial stress condition)

A biaxial TMF life evaluation procedure for the 1300°C
gas turbine blades is developed by incorporating the
“equivalent shear strain range” to earlier researchers
proposed procedure for the 1100°C class gas turbine
blades is shown in Figure 8. The biaxia TMF life
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obtained from simulated actual blade temperature and
strain conditions is predicted by the life evaluation model
within factor of 1.5.
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Figure 9 Stress analysisresult of the blade

A crack initiation life assessment system based on afinite
element analysis for INCONEL718 alloy gas turbine
blades at 1300°C is developed by composing an inelastic
constitutive equation. Which describes stress-strain
behaviour of the aloy precisely, and the above mentioned
TMF life evaluation method. Temperature and stress
distributions within first row blades are analysed by using
the system as shown in Figure 9.
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Figure 10 Damage distributions at mid height of the
blade

From the temperature and stress analysis results, TMF life
at mid height portion of the blade is predicted. It is found
that convex side near leading edge had the maximum
value of a damage ratio, which is defined as reversed
number of the TMF life, and those values at the leading
edge and a mid height in concave side were
approximately 0.6 to 0.4 times of the maximum value as
shown in figure 10.

3. Conclusion

There are different factors which influence blade life.

High mechanical stresses and high thermal stresses are the
main factors which cause damage and lead to the failure
of the blades. High temperature gradient which is
established between the rim and bore is the predominant
factor in producing thermal stresses. These stresses when
coexist with centrifugal forces generate high Thermal

fatigue. For predicting the stress distributions on the
blades, Calculations for temperature distribution are
made. A finite element model is employed and the
thermal problem is solved for the temperature distribution
after attaining steady state conditions. Crack initiation and
life expectation for the first row blades of gas turbine is
analysed. The temperature and stress analyses are
conducted on blades made of INCONEL718 at a
temperature of 1100°C, as well as at 1300°C. TMF life at
mid height portion of the blade is predicted and is found
that convex side near leading edge had the maximum

value of a damage ratio which is approximately 0.6 to 0.4
times of the maximum value.
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