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Abstract
Gas turbine and aero engine components are cost intensive due to 
the complexity of design, fabrication and the exotic alloys used. 
Rotor system includes elastic shaft with distributed mass. Bladed 
disksare typically designed to have identical blades there are always 
random deviations among the blades caused by manufacturing 
tolerances, wear, and other causes. Even though mistuning is 
typically small, mistuned bladed disks can have drastically larger 
forced response levels than the ideal, tuned design. The attendant 
increase in stresses can lead to premature HCF of the blades. 
Even Foreign Object Damage during operation can significantly 
reduce the life of the critical parts like compressor and fan blade 
airfoils. The severity of Foreign Object Damage induced notches 
can vary significantly, depending on their geometry and location 
on the aerofoil. HCF caused by large resonance stresses is one 
of the main problems in turbine blade design. Fatigue analysis is 
done for the notched rotating blade, the alternating stress, fatigue 
stress concentration factor and life of the rotating blade is found 
for the known stress concentration factor. Failure analysis of the 
rotating blade is carried to give the information to maintenance 
engineer for critical usage of turbine blades.
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I. Introduction
Increase in stresses can lead to premature high cycle fatigue of the 
blades. High Cycle Fatigue is a major cost, safety, and reliability 
issue for gas-turbine engines. Foreign Object Damage during 
operation can significantly reduce the life of the critical parts like 
compressor and fan blade airfoils. As the blades operate at high 
pressure and temperature, the damage caused can significantly 
alter the overall stress and vibration pattern of the blades. To 
identify the causes of the blade failures, a complete investigation 
has to be carried out, integrating both the mechanical analyses 
and metallurgical examination. Metallurgical examination can 
be very effective in determining whether the failure is related to 
material defects, mechanical marks, poor surface finish, initial 
flaws or heat treatment [1]. There are different factors, which 
influence blade lifetime, as design and operation conditions but 
the latter are more critical. In general, most blades have severe 
operation conditions characterized by Operation environment, 
High mechanical stresses and High thermal stresses.
Typically there are two or more factors acting simultaneously 
causing reduction of blade lifetime. The type of damage, which 
occurs in gas turbine blades and nozzles after a service period, can 
be classified in to two types like surface damages due to corrosion, 
oxidation, crack formation, erosion, foreign object damage,and  
Internal damage of microstructure, such as phase rafting, grain 
growth, creep and grain boundary void formation, carbides 

precipitation and brittle phases formation. Surface damage changes 
blades/nozzles dimension, which result in increase in operational 
stress and turbine efficiency deterioration. During service, blade 
material deterioration is related to the high gas temperature, high 
steady state load levels and high thermal transient loads. 
The degree of deterioration in individual blades differs due 
to Total service time, Engine operational conditions and 
Manufacturing differences. Application of effective methods of 
material deterioration evaluation can be used for practical lifetime 
prediction, just in-time blade rehabilitation i,e safe and cost-
effective lifetime extension and to avoid blade catastrophic failure. 
Therefore the failure analysis is a good manner for detecting the 
root causes. So according to the results of failure analysis, the gas 
turbine would be utilized by applying some new policies in the 
protected conditions [2]. Often by using an intelligent mechanical 
analysis, the root causes of a failure could be revealed. Recently 
the computer programs and software packages are generalized to 
calculate the mechanical behavior of gas turbine blades. 

II. Failure Analysis of Turbine Blades
Aircraft engine components are subjected to variable amplitude 
load conditions usually they tend to experience fatigue damage. A 
reliable lifetime prediction is particularly important in the design, 
safety assessments and optimization of engineering materials 
and structures. Many fatigue damage accumulation theories 
have been put forward to predict the fatigue lives of structure 
components, such as linear damage rule. The natural tendency in 
the implementation of a “damage tolerant” approach to fatigue 
would be to relate remaining life based on predictions of crack 
propagation rate to flaw size. Whereas LCF involves early crack 
initiation and a long propagation life as a fraction of total life, pure 
HCF damage is rarely observed in service or even in the laboratory. 
It is therefore impractical to apply the damage tolerant approach 
as used for LCF to pure HCF. Design allowable are normally 
obtained on material which is representative of that used in service 
including all aspects of processing and surface treatment and are 
often represented as points on a Haigh or Goodman diagram. 
The three most common forms of damage, either alone or in 
combination, are LCF cracking, Foreign Object Damage (FOD), 
and contact fatigue [3]. To account for this damage or to design 
for pure HCF, the concept of a threshold below which HCF will 
not occur is necessary because of the potentially large number of 
HCF cycles which can occur over short service intervals. 
FOD is a major source for generation of stress concentration on 
blade airfoils on jet engines. It can range from a scratch or dent 
to a deep gouge on the blades. Early stage compressor blades are 
prone to HCF failure initiating from FOD on or near the leading 
edges FOD is usually distributed along the leading edges of the 
blades ranging from the platform toward the tip, with a higher 
concentration of FOD near the higher velocity tip a complex and 
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irregular distribution of minor indentations covers the surface 
including leading edge impacts [4]. The maintenance engineer on 
occasions is required to take emergency decisions on operation 
of engines with FOD resulting in stress concentration on leading 
edge of compressor blades. In some situation where a quick fix 
solution is needed to suitable high speed grinding of FOD which 
generates high stress levels of stress intensities, such as nick, dent 
or crack to a reduced smoothened cutout of known geometries 
with contour shapes of semicircular or U-notch, which generates 
the known SCF. The typical allowable Stress Concentration Factor 
(SCF) of the order of 2.0 for the compressor blades.

A. Fatigue Stress Concentration 
Aircraft turbine engines routinely experience ingestion of debris 
resulting in Foreign Object Damage. FOD does not lead to sudden 
catastrophic failure. Such damage can dramatically reduce the 
lifetime of components subjected to cyclic fatigue stresses.The 
major role of foreign object damage in reducing fatigue life is 
due to five factors: 

Residual stresses imparted on component due to impact, 1. 
Stress-concentration associated with shape of impact site, 2. 
Incipient micro cracks formed during impact,3. 
Plastic work in the material, or4. 
Distortion of the microstructure. 5. 

B. Geometric Stress Concentration
In most structures, fatigue cracking usually initiates at a stress 
concentration. The stress concentration may by inherent present in 
design, such as a hole, fillet, thread, or other geometrical feature, or 
the stress concentration can result from a manufacturing process, 
such as residual tensile stresses introduced by heat treatment or 
rough surface finish. The effect of notches on fatigue strength 
is determined by comparing the S-N curves of notched and un-
notched specimens. The data for the notched specimens are usually 
plotted in terms of nominal stress based on the net cross section of 
the specimen. The effect of the notch with decreasing the fatigue 
strength is reported as the fatigue strength reduction factor, or the 
fatigue notch factor, Kf: 

  (1)
For metals that do not have a definite fatigue limit, fatigue notch 
factor is based on the fatigue strength at a specified cycles. Values 
of the fatigue notch factor vary with the severity of the notch, 
i,e material, type of loading, type of notch, and applied stress 
level. Notched fatigue data are also noted using a notch sensitivity 
factor, q:

     (2)
This relationship compares the theoretical stress-concentration 
factor, Kt to the fatigue notch factor, Kf. In this relationship, a 
material that experiences no reduction in fatigue due to a notch will 
have a notch sensitivity factor q=0, while one that experiences a 
reduction in fatigue up to the full theoretical value will have a notch 
sensitivity factor q=1. The value of q is dependent on the material 
and the radius of the notch at root, the notch sensitivity factor q 
significantly decreases with smaller notch radii. Although it seems 
counterintuitive, it occurs because Kf increases more slowly than 
Kt with decreasing notch radius. For notches with large radii, Kf is 
almost equal to Kt. For materials with small notches, Kf is less than 
Kt. In addition, lower-strength metals are less affected than high-

strength metals by geometric discontinuities that reduce fatigue 
resistance, because high-strength metals have limited capacity for 
deformation and crack tip blunting [5].

C. Effective Stress Concentration Factors
Peak stress near a stress raiser would be Kt times larger than the 
nominal stress at the notched cross section. However, Kt is an 
ideal value based on linear elastic behavior and depends only 
on the proportions of the dimensions of the stress raiser and the 
notched part. Notch radius, Local plastic deformation, residual 
stress, notch radius, part size, temperature, material characteristics, 
and load type influence the extent to which the peak notch stress 
approaches the theoretical value of Kt,σnom. To deal with the various 
phenomena that influence stress concentration, the concepts of 
effective stress concentration factor and notch sensitivity have 
been introduced. The effective stress concentration factor of a 
specimen is defined to be the ratio of the stress calculated for the 
load at which structural damage is initiated in the specimen free 
of the stress raiser to the nominal stress corresponding to the load 
at which damage starts in the sample with the stress raiser. 

     (3)
Kσ is the effective stress concentration factor as determined by the 
Experimental study of the specimen. Factors determined by Eq. 
(3) should be regarded more as strength reduction factors than 
as quantities that correspond to an actual stress in the body. The 
fatigue strength is the maximum amplitude of fully reversed cyclic 
stress that a specimen can withstand for a given number of load 
cycles. The notch sensitivity index can vary from 0 for complete 
insensitivity to notches to 1 for the full theoretical effect. Notch 
sensitivity in fatigue decreases as the notch radius decreases and 
as the grain size increases a larger part will generally have greater 
notch sensitivity than a smaller part with proportionally similar 
dimensions this variation is known as the scale effect larger notch 
radii result in lower stress gradients near the notch, and more 
material is subjected to higher stresses.

III. Design for Minimum SCF
As a general rule, force should be transmitted from point to point as 
smoothly as possible. The lines connecting the force transmission 
path are sometimes called the force (or stress) flow. Sharp 
transitions in the direction of the force flow should be removed 
by smoothing contours and rounding notch roots. When stress 
raisers are necessitated by functional requirements, the raisers 
should be placed in regions of low nominal stress if possible. A 
fatigue failure is characterized by two distinct regions the first of 
these is due to progressive development of the crack while the 
second is due to the sudden fracture the zone of sudden fracture 
is very similar in appearance to the fracture of a brittle material 
such as cast iron that has failed in tension. The crack propagation 
zone could be distinguished from a polished appearance. A careful 
examination of the failed cross section could also reveal the site 
of crack origin.

A. Fatigue Stress Life and Strain Life
One of the most effective methods of improving fatigue life is to 
induce residual compressive stresses on the surface of the part. 
This is often accomplished by shot peening or by surface rolling 
with contoured rollers. Shot peening involves propelling fine steel 
or cast iron shot into the surface at high velocities. The severity 
of the stress produced by shot peening is monitored by measuring 
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the residual deformation of shot-peened specimens called Almen 
strips. In addition to inducing compressive stress on the surface, 
the surface layers are also strengthened by the cold working that 
occurs during shot peening. Important variables in shot peening 
include the hardness of the shot, the size, the shape, and the 
velocity. Shot peening must be carefully controlled so as not to 
introduce surface damage to the part. Shot peening imparts greater 
fatigue life during high-cycle fatigue than it does for higher-stress 
low-cycle fatigue. 
There are many types of fluctuating stresses. Several of the more 
common types encountered. A fully reversed stress cycle, where 
the maximum and minimum stresses are equal, is commonly used 
in testing. This is the type of stress produced, for example, by 
the R.R. Moore rotating-beam fatigue machine, which is similar 
to what a shaft may encounter during service [6]. Since this was 
the original type of machine used to generate fatigue data, quite 
a bit of the data in the literature is for fully reversed bending 
with no mean stress applied on top of it. Another common stress 
cycle is the repeated stress cycle, in which there is a mean stress 
applied on top of the maximum and minimum stresses. Maximum 
and minimum stresses in the cycle do not necessarily have to be 
equal in value. The last type of loading cycle is the random or 
irregular stress cycle, in which the part is subjected to random 
loads during service. Although a majority of the fatigue data 
in the literature is for fully reversed bending, that is capable of 
tension and compression loading in both the high- and low-cycle 
fatigue ranges. These modern test frames are closed-loop servo 
hydraulically controlled and can be programmed with almost any 
desired fatigue spectrum.
Cyclic Stress Range:
σr = σmax -σmin     (4)

Cyclic Stress Amplitude:

    (5)
Mean Stress:

    (6)

Stress Ratio:

     (7)

A fluctuating stress is made up of two components like a mean 
or steady stress, and an alternating or variable stress. The stress 
range is the difference between the maximum and minimum stress 
in a cycle: 
σr = σmax - σmin     (8)
The alternating Stress is one-half the stress range:

   (9)
The mean stress is algebraic average of the maximum and minimum 
stress in the cycle:

   (10)
Two ratios frequently used in presenting fatigue data are:

Stress ratio

     (11)
Amplitude ratio

    (12)
High-Cycle Fatigue High-cycle fatigue involves a large number 
of cycles and an elastically applied stress high-cycle fatigue tests 
are usually carried out for 107 cycles. Although the applied stress 
is low enough to be elastic plastic deformation can take place at 
the crack tip. The fatigue life is the number of cycles to failure at a 
specified stress level, while the fatigue strength is the stress below 
which failure does not occur as the applied stress level is decreased 
the number of cycles to failure increases. Normally, the fatigue 
strength increases as the static tensile strength increases.  This does 
not necessarily mean it is wise to use as high a strength steel as 
possible to maximize fatigue life because, as the tensile strength 
increases, the fracture toughness decreases and the environmental 
sensitivity increases. The endurance limit of high-strength steels is 
extremely sensitive to surface condition, residual-stress state, and 
the presence of inclusions that act as stress concentrations [7]. 

B. Mean Stress Theories
Fatigue failures are analyzed based on the various mean stress 
theories like Goodman, Soderberg and Gerber theories. Goodman 
developed a linear model, while Gerber used a parabolic model. 
Test data for ductile metals usually fall closer to the Gerber 
parabolic curve; however, because of the scatter in fatigue data 
and the fact that notched data fall closer to the Goodman line, the 
more conservative Goodman relationship is often used in practice. 
If the component design is based on yield rather than ultimate 
strength, as most are, then the even more conservative Soderberg 
relationship can be used [8]. 

Fig. 1: Mean Stress Theories

Goodman and Gerber failure theory is considering the ultimate 
strength of the material designed whereas the Soderberg is based 
on the yield strength of the material chosen. Soderberg and Gerber 
theory is used for the ductile materials where as Goodman theory is 
preferred for brittle materials. All the failure theories are based on 
the plot of mean stress versus stress amplitude. Suitable factor of 
safety can be taken by multiplying the factor to the stress amplitude 
and mean stress.
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Goodman

   (12)
Soderberg

   (13)
Gerber

  (14)
Where,
σe is fatigue strength for n cycles under zero σm
σa = fatigue strength for n cycles under  σm
σm = mean stress
σu = ultimate tensile strength
σy = yield strength

IV. Theoretical Formulation 
It is very important that the computational results should matches 
with the experimental or analysis results,where convergence of 
results plays a major role in the software analysis. Convergence is 
achieved with the element size and shape which is called as H-type 
convergence, in P-type convergence the polynomial order of the 
differential equation can be considered to achieve the required 
result. Single U-shaped notch on one side in finite width plate is 
considered as the foreign object damage can be on one side of 
the blade as in fig. 2. 

Fig. 2: Finite Width Plate With Notch on One Side (A).Single 
U-Shaped, (B).Axial Tension

 (15)

 (16)

0.5≤h/r<2.0 2.0≤h/r<20.0

C1
0.907+2.125√(h/ r) 
+0.023(h/r)

0.953+2.136√(h/r)-
0.005(h/r)

C2
0.710-11.289√(h/r) 
+1.708(h/r)

-3.255-6.281√(h/r) 
+0.068(h/r)

C3
-0.672+18.754√(h/r)-
4.046(h/r)

8.203+6.893√(h/r) 
+0.064(h/r)

C4
0.175-9.759√(h/r) 
+2.365(h/r)

-4.851-2.793√(h/r)-
0.128(h/r)

For semicircular notch (h/r=1)

 (17)
From fig. 3, it is clear that as height and diameter of the Notch 
increases fatigue life of blade decrease with increase in the number 
of cycles. If there are L levels of loads in the spectrum, then the 
total fatigue damage induced in the component can be estimated 
by Eq (2) considering fatigue notch sensitivity of 1.43 for steel 
as shown in fig. 4.

Fig. 3: SCF for Single U-Shaped Notch on One Side in Finite 
Width Plate

Fig. 4: Fatigue SCF Variation in U-Shaped Single Side Notch in 
Finite Width Plate

V. Computational Method
FEA is a numerical analysis technique used by to obtain solutions 
to the differential equations that describe or approximately describe 
a wide variety of physical problems.Physical problems range in 
diversity from solid, fluid and soil mechanics to electromagnetism or 
dynamics.The underlying premise of the method states complicated 
domain can be sub-divided into a series of smaller regions in which 
the differential equations are approximately solved by assembling 
the set of equations for each region the behavior over the entire 
problem domain is determined each region is referred to as an 
element and the process of subdividing a domain into a finite 
number of elements is referred to as discretization elements are 
connected at specific points called nodes and the assembly process 
requires that the solution be continuous along common boundaries 
of adjacent elements [9]. FE method is an established procedure 
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that enables predictions of deformations and stresses of products 
in normal or accelerated loading environments. Although the FE 
procedures continue to evolve, there are numerous FE packages 
that are commercially available and capable of performing 
advanced simulations. Following major input that are needed to 
perform a FE simulation: 

Geometry of the part(s) of interest; • 
Applied loading and boundary conditions; and • 
Material behavior of each of the different materials. • 

The first two of these required inputs are often easy to accurately 
specify by CAD software and knowledge about the loading 
environment. But for the third input, specification of the material 
models is typically the most difficult and challenging part of 
performing FE simulations. 

A. Parametric Study of Turbine Blades
The fatigue analysis plays a major role while defining the life of the 
blade after it damaged.  The damages are been taken as semicircular 
notches and U-type notches over distances from the root of the 
blade after machining the damaged portion. The material taken for 
the cantilever plate is assumed to be made of steel having Young’s 
Modulus of 200GPa, Poisson’s Ratio 0.3, Density 7850 kg/m³, 
Tensile Yield Strength 250 MPa, Compressive Yield Strength 250 
MPa, Tensile Ultimate Strength 460 MPa, working at minimum 
speed of 4000 rpm at the stress ratio 1.2 i.e, 4800 rpm maximum 
speed and Mean speed of 4400 rpm. The total number of Solid 
elements like Tetrahedron and brick elements in the mesh is 51642 
and root of the blade is fixed in all the directions i.e. UX, UY and 
UZ at Length L=0 of the plate i.e. at 250 mm radius of the rotation 
as shown in fig. 5.

Fig. 5: Rotating Flat Blade With Single Edge Notch

Parametric studies of typical compressor blade with semicircular 
and U-notch cutouts along the leading edge from the root to the 
tip, by varying notch geometry as well as its location heights on 
the leading edge. The model of the cantilever geometry is built 
up with solid 3D brick elements. The element is defined by eight 

nodes having three degrees of freedom at each node. A rectangular 
plate of length 200 mm, width 50 mm and thickness 5 mm and the 
radius of rotation of the plate is 250 mm from x axis is taken. The 
semicircular notch of radius 2, 4, 6, 8, 10 and 12 mm at a location 
height of 30, 60, 90, 120, 150 and 180 mm from the root to the 
tip of the blade along the leading edge of the plate is taken. The 
U-notches are analyzed for a depth of 1 and 2mm with mentioned 
radius of notches and from the location heights mentioned. 

VI. Results & Discussions
For validation single Semicircular notch on one side of finite 
width plate is considered which is subjected to a load of 10KN 
in tension. 

Table 1: Nominal Stress, Max. Stress and SCF in Semicircular 
Notched Finite Width Flat Blade at 10KN Load
Notch Radius
(mm)

Nominal Stress
(MPa)

Max. Stress
(MPa) SCF kt

2 41.667 115.052 2.761
4 43.478 109.901 2.528
6 45.455 102.998 2.266
9 48.780 94.280 1.933
11 51.282 94.208 1.837

Table 2: Comparison SCF Values of FEM Results With R.E. 
Peterson Data, Photoelasticity Data and Theoretical Results

Notch
Radius (mm)

Stress Concentration Factor, kt

FEM R.E. 
Peterson P.E. Theoretical

2 2.761 2.800 2.866 2.732
4 2.528 2.505 2.533 2.441
6 2.266 2.205 2.210 2.190
9 1.933 1.885 1.933 1.881
11 1.837 1.765 1.800 1.716

Maximum stress is found so that stress concentration factor can 
be found with respect to the nominal stress in the specimen and 
tabulated in Table 1. Results are tabulated and compared with the 
theoretical, R.E. Peterson and  Photoelasticity data. From Table 2 
it can observe that the FEM results are well matches with the R.E. 
Peterson data, Photoelasticity data and Theoretical results. So that 
for further rotating effect can be considered for the analysis and 
to predict the failure in the damaged blade.

A. Stress Analysis
The finite element analysis of the flat rotating blade at mean speed 
of 4400 rpm at 1.2 stress ratios is analyzed to study fatigue analysis 
having semicircular and U- notches from the root to the tip of the 
blade along the leading edge of the blade. Fig. 6 shows vonmises 
stress plot, where the stress is concentrated at root of the notch 
regions.
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Fig. 6: Maximum Stress Plot

Fig. 7: Max. Stress for the Variation of Semicircular Notch Size 
and Position

Fig. 8: Max. Stress for the Variation of U- Notch Size and Position 
with b=1mm.

Fig. 9: Max. Stress for the Variation of U- Notch Size and Position 
with b=2mm.

From fig. 7, 8, 9 it can observe that the stress will be maximum 
when the notch position is nearer to the root of the blade, decreases 
over the distance from the root and become constant. This is due 
to more the material away from the notch position with respect 
to the axis of revolution. Also as the notch dimension increases 
maximum stress also increases up to certain level of position of the 
notch. From this it can extract the information for the maintenance 
engineer so that he can decide whether the damaged / reworked 
blade can be usable or not with variation of notch dimension and 
position.

B. Displacement Analysis
Displacement is maximum at the tip of the blade on the leading 
edge as in fig. 10. From fig. 11, 12, 13 it can observe that the 
displacement increases with the variation of notch dimensions 
where as if the notch position moves away from the rotor axis 
the displacement decreases. This gives the information that 
displacement of the blade along the radial direction, which may 
influence on the clearance provided with rotor casing.

Fig. 10: Max. Displacement Plot

Fig. 11: Max. Displacementfor the Variation of Semicircular Notch 
Size and Position
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Fig. 12: Max. Displacementfor the Variation of U- Notch Size 
and Position With b=1mm.

Fig. 13: Max. Displacement for the Variation of U- Notch Size 
and Position with b=1mm

C. Stress Intensity Analysis

Fig. 14: Stress Intensity Plot

Fig. 15: Stress Intensity for the Variation of Semicircular Notch 
Size and Position

Fig. 14 shows stress intensity plot, where the stress intensity 
is concentrated at root of the notch regions and slightly higher 
than the maximum stress values. Finding Stress intensity is also 
important where in case of critical section or irregularities present 
in the geometry of the model. From fig. 15, 16, 17 it can observe 
that it is more of similar to stress distribution. Stress intensity 
increases with increase in size of notch and decreases with the 
radius distance from the root of the blade.

Fig. 16: Stress Intensity for the Variation of U- Notch Size and 
Position with b=1mm

Fig. 17: Stress Intensity for the Variation of U- Notch Size and 
Position with b=2mm.

D. Fatigue Sensitivity Analysis 

Fig. 18: Alternating Stress Plot
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Fatigue sensitivity is more at the notch positions as shown in fig. 
18, larger the radius less sensitivity to stress and vice-versa. From 
fig. 19, 20, 21 it can observe that fatigue sensitivity increases up 
to certain level of position of the notch and then remains constant. 
Notches which are at the far position from the root will have high 
fatigue sensitivity and gives more life cycles. 

Fig. 19: Fatigue Sensitivity for the Variation of Semicircular Notch 
Size and Position

Fig. 20: Fatigue Sensitivity for the Variation of U-Notch Size and 
Position with b=1mm

Fig. 21: Fatigue Sensitivity for the Variation of U-Notch Size and 
Position with B=2mm

VII. Conclusion
Foreign Object Damage during operation significantly reduces 
the life of the critical parts like compressor and fan blade airfoils. 
The severity of Foreign Object Damage induced notches vary 
significantly, depending on their geometry and location on the 
aerofoil. High cycle fatigue caused by large resonance stresses is 
one of the main problems in turbine blade design. Here parametric 
analysis shows the detailed view of the reworked model subjected 
to Fatigue analysis considering the semicircular and U-type notches 
over the distance from the root of the blade. Stress, displacement, 
stress intensity and factor safety is found for the mean speed 
of 4400rpm at 1.2 stress ratio. Fatigue analysis gives fatigue 
sensitivityvalues for the damaged portion, up to which it can be 
used with known stress concentration factor. Failure analysis of 
the rotating blade gives the information to maintenance engineer 
so that critical usage can be done in the emergency services.
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