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The Study on Reliability Improvement in Eddy Current Inspection
by Signal Characteristic Optimization of Multi-coil Array Probe
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Abstract : This paper introduces reliability improvement and time saving in eddy current inspection by signal
characteristic optimization of multi-coil eddy current array probe. In the past, Multi-coil array probe and single
probe were used for the gas turbine rotor surface inspection & defect evaluation. The multi-coil array probe
was used for the broad area inspection. But the signal deviations among multi-coil array probe are maximum
28% in commercial probe. This differences were considered to impedance differences among coils, so it is
very difficult to evaluate exact defect size. The signal deviations among multi-coil array probe are maximum
28% in commercial probe. So, single coil inspection was used for exact defect sizing, The purpose of this
study is to improve signal deviations of multi-coil array probe. The introduced new technology can improves
this deviation by adjusting input voltage in cach coil. At first, apply same voltage in cach coil and collect
signal amplitude of each coil. And calculate new input voltage based on signal amplitude of each coil. If the
signal amplitude deviation is within 5% among multi-coil array probe, the signal amplitude of multi-coil array
probe is reliable. The proposed technology gives 2% signal deviation among multi-coil array probe. The
proposed new technology gives reliability improvement and inspection time saving in eddy current inspection.
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Fig. 1 Gas turbine rotor damage
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Fig. 2 Eddy current basic theory
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Fig. 4 Multi-coil array probe & specimen
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Table 1 Multi-coil signal amplitude & deviation in
1.0mm defect

Input voltage Signal Deviation
Channel ) amplitude(V) | (%)
1 1.000 3.214 -10.548
2 1.000 3.365 -6.346
3 1.000 3.652 1.642
4 1.000 3.052 ~15.057
5 1.000 3.156 -12.163
6 1.000 3.538 -1.531
7 1.000 3.453 -3.896
8 1.000 3.374 -6.095
9 1.000 3.692 2.755
10 1.000 3511 -2.282
11 1.000 3.305 -8.016
12 1.000 3.818 6.262
13 1.000 3.912 8.878
14 1.000 4,053 12.801
15 1.000 4.091 13.860
16 1.000 3.876 7.876
AVG. 1.000 3.593

Table 2 Multi-coil signal amplitude & deviation in
1.5mm defect

Input voltage Signal Deviation
Channel (V) g amplitude(V) (96)
1 1.000 4,314 ~5.629
2 1.000 4.465 -2.336
3 1.000 4.854 6.168
4 1.000 4.051 -11.371
5 1.000 4.257 -6.688
6 1.000 4.439 -2.904
7 1.000 4.554 -0.715
8 1.000 4.273 -6.517
9 1.000 4.591 0.419
10 1.000 4.500 ~1.578
11 1.000 4.206 ~-8.006
12 1.000 4819 5.406
13 1.000 4610 0.849
14 1.000 5.182 13.352
15 1.000 5.190 13.355
16 1.000 4.856 6.215
AVG 1.000 4572 0.01
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Table 3 Adjusted multi-coil signal amplitude &

deviation in 1.0/1.5 mm defect
Input Signal Deviation

Channel voltage(V) |amplitude(V) (%)
1 1.118/1.060 | 3.612/5.004 | 0.389/0.042
2 1.068/1.024 | 3.606/5.005 | 0.222/0.011
3 1.172/1.134 | 3.618/4.998 | 0.556/-0.105
4 1.177/1.129 | 3.623/5.010 | 0.695/0.132
5 1.138/1.074 | 3.612/5.007 | 0.389/0.085
6 1.016/1.030 | 3.601/4.998 | 0.083/-0.100
7 1.041/1.004 | 3.599/5.007 | 0.028/0.070
8 1.065/1.070 | 3.605/5.004 | 0.195/-0.024
9 0.973/0.996 | 3.584/4.997 |-0.389/-0.106
10 1.023/1.016 | 3.604/4.998 | 0.167/-0.147
11 1.087/1.087 | 3.613/5.011 | 0.417/-0.088
12 0.94/0.9491 | 3.584/5.010 | -0.389/0.122
13 0.918/0.992 | 3.563/4.997 |-0.973/-0.125
14 0.887/0.882 | 3.564/5.001 |-0.945/-0.224
15 0.927/0.881 | 3.587/5.007 | -0.306/0.065
16 1.034/0.942 | 3.591/5.006 | -0.195/0.058

AVG. 1.037 3.598 0.056/0.002

5. dgfda 3 1nF

7129 Aol o8 1.0 mm 2 1.5 mm 53
Aol ok 167 Ade 25 E S £ 43
2 Ad g Asatolzh w9 A JEETh &,
1.0 mm ZAge] ¢ 48 AdolA -1505%9] HA}
b debgd s 159 ArdolA 13.86%¢ Al EZHA}
et 23 1.0 mm §Y93 g tiste] A
Zholl Fig 50l vhebd uhe} 7o) 28% o]4e] 2lay
A7 doke AS ¢ Aok 15 mm A AS
ol% Fig. 60 YA npel Zo] 49 xde A%
PFaA Ho -11.37%2 ARFE Yepz
14, 1591 A9 A9 Al 13.35%2] BAE e
T ok =% 15 mm 59 At thste] Ad
Zhol At 25% ol el AlEAAI Ue AL & F
Act. wekA, 189 o mE FII AFEL
Jrrd w Adel) wel Ho 25%~28% AT 4%
H2p7h A st o] & nigo g AHFHd Ay}
g 3t Zlo| AN BT B ol HAAds
o] AHAPE FA oA AL & 4 U 6d
of B =i AAse WHE H_so HAES
ety Ad ke HAE Fig. 7 ¥ Fig. 8ol At
2ol At 2% oJUE & dF U8 ¢ F Aok

e

wekal, B =EAqA zAEE e Adsid 7
Z9 Aol tdE3ad g ¥ AlA (multi-coil
array probe)E AM&3td 142 A9 EAARE
solsty Agto] EAIH ThA ©Y ¥ ProbeE
A3t Ao A7E AFH R Hrkste B3
3 44L& 2d F Ao

—0 G

Sigral amplitsde(dy

* Amphtuyds

1 2 32 4 5 6 7 & 9@ 1011 12 13 14 15 16

Channel

Fig. 5 Signal deviation among channels in 1.0 mm

defect

a o

noow &

— s

® amphtude

Signal amplitudetsy

-

o

1Lox 2 4 % & Y & 9 10 11 12 13 14 15 16

Channet

Fig. 6 Signal deviation among channels in
1.5 mm defect

i
H

W w
pd

[

w v
w b

""" s D31 G

Signal amplitude(vy

* amphtude

w w

w
-

w

S R 7 8 9@ 10 1L 12 13 14 1S 1§

Channel

Fig. 7 Signal deviation among channel after input
voltage adjust in 1.0 mm defect
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