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thickness and is a vital parameter for ascertaining the quality
of the blade. Newly manufactured blades normally contain
defects that arise due to non-conformities like porosities,
inclusions, nicks and dents, cracks and shrinkage, whereas,
service exposed blades are subjected to cyclic stresses, extreme
temperatures and impact damages (foreign or internal object).
Therefore, these blades may contain defects resulted by the
hostile operating environments which are cracks, nicks, dents
etc.

NDT methods on Turbine Rotor blade

Penetrant Testing (PT) using Level 3 or Level 4 sensitive
Fluorescent Penetrant is extensively used on the blades for
detecting the presence of surface defects. Radiographic Testing
(RT) is used for detecting internal discontinuities. Ultrasonic
measurements (UT) are often carried out on newly
manufactured blades for ascertaining the wall thickness with
an accuracy of 10% which is then validated over atleast three
castings with extremes of grain size available within the lot.
Eddy current testing (ET) is used for detecting fine cracks and
life estimation of the blades through conductivity
measurements. Computed Tomography (CT) and Neutron
Radiography (NRT) are increasingly being utilized for
detecting the blockages in the internal flow path of the blade.
X-ray diffraction (XRD) is used to estimate the residual stresses
in the blades and Infrared Thermography (IR) is used for
coating characterization.

INTRODUCTION

Non-destructive Testing (NDT) methods are extensively
applied to ascertain the integrity and reliability of various
components used in aero engines [1]. These components are
classified into life critical, mission critical and non-critical
components. Depending on the criticality, these components
require one or more NDT methods and stringent acceptance
standards throughout their product life-cycle. Turbine Rotor
blades are life critical components in an aero engine and are
responsible for conversion of thermodynamic energy into
mechanical energy or thrust. These blades are subjected to
alternating stresses, vibrations and extreme temperature
conditions and hence are likely to develop defects typical of
fatigue, creep and stress rupture. This paper focuses on the
use of complimentary NDT methods for defect quantification
on LP Turbine Rotor blade used in a development aero-gas
turbine engine.

Manufacture of Turbine Rotor blade

Turbine Rotor blades are investment cast using a nickel based
super alloy and have directionally solidified grain structure.
The raw material alloying elements are controlled by
PHACOMP control, while the evaluation procedure and
acceptance standards followed are generally as per [2]. The
blades are then finish machined in the root region. These blades
are coated with oxidation and corrosion resistant coating on
the aerofoil. The life of blades is highly dependant on the wall
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destructive examination by one or combination of methods. This paper presents typical case study of a Low Pressure
Turbine (LPT) rotor blade where multiple NDE methods were used for detection and sizing of a defect. The information
provided by these methods was further validated by metallurgical examination. The combination of NDE methods
were proved to provide reliable data for quantitative defect characterization.
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CASE STUDY

Present paper describes the application of complimentary NDT
methods carried out on a blade. The blade under investigation
showed the presence of a crack along the length of the blade
on the mid section of convex aerofoil region towards the
trailing edge during PT. Lipophilic Emulsifier based
Fluorescent Penetrant system was used for the inspection.
Fig. 1 shows the crack detected on the blade. Quantification
of the crack was essential for defect characterization and
investigations.

EXPERIMENTAL STUDIES

Eddy current measurements

Eddy current testing is highly favourable for detecting and
sizing of surface cracks [3]. However, calibration of the
equipment is essential to yield reliable and quantitative results.
Known, flawed samples are required to compare the acquired
inspected result with the component under investigation [4].
Hence a rejected LPT rotor blade was chosen for conversion
into customized reference standard. The conductivity of the
rejected blade was compared with that of the blade under
investigation and the difference was found to be negligible.
Reference defects of depths 0.2mm and 0.5mm were made on
this blade. Fig. 3 shows the photograph of the blade with
reference defects.

Commercial Digital Eddy current equipment EddyMax 4UII
with international traceability was used for testing. The
equipment is capable of simultaneous display in impedance
and chart modes, signal recording and replay facilities. An
absolute probe of maximum frequency 2MHz was chosen for
the testing. Eddy current parameters viz. operating frequency,
amplitude, phase and filters were optimized to calibrate the
display screen. Fig. 3 shows the signals obtained from reference
defects.

Further, the testing was carried out on the defective blade.
The probe was positioned on the vertical crack. Fig. 4 shows
the signal obtained from the cracked region of the blade.

Fig. 1 : Crack along the length of the blade

Fig. 2 : LPT Rotor blade with reference defects

Fig. 3 : Display screen showing signals from a) 0.2mm and b) 0.5mm defects
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Fig. 4 : Display screen showing signal from the cracked region

Fig. 5 : Screen shot of signal analysis
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The recorded signal was later on analyzed. The depth of the
crack was found to be approximately 0.2mm. Fig. 5 shows
the screen shot of the obtained signal.

Ultrasonic measurements

Wall thickness evaluation was carried out on the blade under
investigation using an Ultrasonic Thickness Gauge. Ultrasonic
Thickness measurement is based on precise time-of-flight
measurement [5]. Zero calibration method was used where
measurement on sample of the same material of known
thickness provided the zero offset value for compensating the
portion of the total pulse transit time that represents factors
other than the actual sound path in the test piece

The scheme for measuring the wall thickness of the Rotor
blade is shown in figure 6.

Wall thickness has to be measured on both convex and concave
sides across the three cavities at fixed distances from the
leading edge. These measurements have to be carried out at
fillet, mid aerofoil and tip sections. Measurement on convex
side on cavity 3 of the blade showed a value of 0.26 mm
(Measured value + 0.13 mm tolerance) against nominal value
of 0.53mm.

VALIDATION THROUGH METALLURGICAL
EXAMINATION

To confirm the wall thickness results by Ultrasound technique,
one of the blades was sectioned in the cracked region. The
sample was polished to mirror finish to measure the wall
thickness using an optical microscope. The wall thickness in
this region was found to be 0.218mm and is shown in Fig. 7.
Optical microscopy also revealed that crack had propagated
through the entire thickness of the wall on the convex side.

CONCLUSIONS

Penetrant Testing, Eddy Current Testing and Ultrasonic Wall
thickness measurements indicated that the crack propagated
through the entire thickness of the LPT Rotor blade.
Combination of NDE methods were effectively utilized for
characterizing the defect on the LPT Rotor blade. The results
were further validated and in perfect agreement with the data
obtained from metallurgical examination. Hence it is
concluded NDE can be used for the quantitative and reliable
inspection of aero gas turbine blades.
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Fig. 6 : Scheme for wall thickness measurement

Fig. 7 : Photograph showing measurement under stereo
microscope


