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A Study on a Crack Evaluation Technique
for Turbine Blade Root Using Phased Array Ultrasonics
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Abstract Ulirasonic testing is a kind of nondestructive test to detect a crack or discontinuity in materials or
on material surfaces by sending ultrasound to it. This conventional ultrasonic technique has some limitations in
reliably detecting crack or accurately assessing materials in the case of complex-shaped power plant
components such as a turbine blade root. An alternative method for such a difficult inspection is highly
needed. In this study, application of a phased array ultrasonic testing (UT) system to a turbine blade, one of
the critical power plant components, has been considered, and the particular incident angle has been
determined so that the greatest crack detectability and the most accurate crack length evaluation may be
achieved. The response of ultrasonic phased array was also analyzed to establish a special method to
determine the crack length without moving the transducer. The result showed that the developed method for
crack length assessment is a more accurate and effective method, compared with the conventional method.
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fom, pAe 2HIRE WY A7 FAF & Fdhde] 1-10mm, B fiHAA2 10100 mm,
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Fig. 2
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Ultrasonic Phased
Array System(FOCUS)

Phased Array Probe

Test equipment
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Table 1 Specification of phased array probe
No. of elements 32 Elements
Dimensions 12 X 8 X 13 mm
Type Linear
Center frequency 10 MHz ,

Wedge angie

0°,(LW) 31°(SW), 53.46°(SfW)

Wedge material

Plexi glass

Sound speeds

|

3200 m/s, 5900 m/s, 2840 m/s
Shear wave, longitudinal wave,
Surface wave

o]tk Table 20 Lurd Crgsl
Ao FatzAS et

Table 2 Chemical composition of
for crack evaluation

C’Mn Ni Cr\Mo}V Si
027 \ 043 1.9 127 \ 045 \ 0.12 J£27

Fig. 3, Fig, 4, Fig. 5ol 289718 S5AR
AATE Ve

Fig. 5 Schematic diagram of reference block C
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(b) Shear vave
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Fig. 6 Inspction method for crack
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Triangle Method | ¢

Crack Angle
Beam Propagation

Fig. 8 Triangle method of ultrasonic phased array
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Fig. 9 Crack evaluation by electronic scan (SW
2 mm)
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Crack evaluation by electronic scan (LW,
2 mm)
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Table 3 Comparison of phased array triangle method and 6DB drop method
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Fig. 12 Pin finger type root

Fig. 13 Crack evaluation by electronic scan for

blade root

Crack length | Conventional Phased array (triangle method) Distance to crack
(mm) method
(specimen) (6 dB drop) | Longitudinal wave Shear wave surface wave (mm)
1 N/A 1.8 14 N/A 10
2 N/A 26 2.3 1.6 10
5 6.4 54 52 46 20
10 11 122 10.6 94 20
20 22 22 20.2 18.6 50
50 47 48 514 484 100
100 102 92 101.8 982 200
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Fig. 14 Crack evaluation by electronic scan
blade root
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