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Abstract - This paper introduces the eddy current signal characteristic of magnetic and non-magnetic gas turbine
rotor. In the past, Magnetic particle inspection method was used in magnetic material for qualitative defect
cvaluation and the ultrasonic test method was used for quantitative evaluation. Nowadays, eddy current method is
used in magnetic gas turbine rotor inspection due to advanced sensor design technology. We are studying on the
magnetic gas turbine rotor by using eddy current method. We prepared diverse depth specimens made by magnetic
and non-magnetic materials. We select optimum frequency according to material standard penetration data and
experiment results. We got the signal on magnetic and non-magnetic material about 0.2 mm, 05 mm, 1.0 mm, 1.5
mm 2.0 mm and 2.5 mm depth defects and compare the signal amplitude and signal trend according to defect
depth and frequency. The results show that signal amplitudes of magnetic are bigger than non-magnetic material
and the trends are similar on every defect depth and frequency. The detection and resolution capabilities of eddy
current are more effective in magnetic material than in non-magnetic materials. So, the eddy current method is
effective inspection method on magnetic gas turbine rotor. And it has the merits of time saving and simple

procedure by elimination of the ultrasonic inspection in traditional inspection method.
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Fig. 1 Magnetic(a) & eddy current test(b)
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Fig. 6 Vertical depth defect specimen
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Table 1 Output voltage data in magnetic material

kHz 0.2 0.5 1 15 2 25
100 0.055 | 0.125 | 0.201 | 0.264 | 032 | 0.326
200 0.116 | 0.289 | 0459 | 0.603 | 0.708 | 0.748
300 0193 | 0463 | 0.732 | 0992 | 1.13 | 1.099
500 0327 | 0737 | 1.188 | 1.613 | 1.8 | 2.002
1,000 | 1.104 | 2475 | 3.994 | 5413 | 5822 | 6.139
Table 2 Output voltage data in non-magnetic
material
kHz 0.2 05 1 15 2 25
100 0.016 | 0.049 | 0.101 | 0.152 | 0.187 | 0.212
200 0.049 | 014 | 0.282 | 0403 | 0484 | 0.538
300 0.085 | 0.237 | 0.471 | 0.608 | 0.775 | 0.863
500 0.161 | 0437 | 0.837 | 1.063 | 1.299 | 1.427
1,000 | 0.762 | 1.741 | 3173 | 3.927 | 4537 | 4927
0.8 -
0.7 -|==#=Magnetic
EO.S =f==Non Magnetic
205
[
1ES 0.4 -
= 03
a
€ 02
<L
0.1
0
0.2 0.5 1 1.5 2 2.5
Notch depth{mm)
(a)
1.2 4
= 1 s Magnetic
g' === Non Magnetic
~0.8
]
-]
g 0.6
g04
<
0.2
0
0.2 0.5 1 15 2 2.5
Notch depth(mm)
(b)

_65_




Zh=Ed 28 A wE xude S3F 549

2 -
iz j s [ agnEtic
;E 1:4 | —i—Non Magnetic
E 1.i 8
g 06
< 04 -
0.2
0
0.2 0.5 1 15 2 25
Notch depth{mm)
(c)
7
—_ 6 - | == Magnetic
g.' 3 - | ==Non Magnetic
a 4
T )
<
Es
a5
E
< 1
0
0.2 0.5 1 1.5 2 2.5
Notch depth{mm)
(d)
Fig. 6 Output voltage 200(a), 300(b), 500(c),
1,000(d) kHz
5. Agzda ¥ oF
SAF AAe 2T 717 g 9 o] § dr}

U 2 FE FE7HE JEde 23 Aok
e A AEs=7E YEsE AE o=
AA} F5@A oRE B Fh” Single
ProbeE ol&3td AAA 2 wixAdA AFY 02
mm FE 25 mm Zol9 AT g I E
FHAEZ 27 Fig. 79X ¢ & A5 54 4%
of thated 1,000 kHzolA E8 At =77 A%
A3 Ao Ao wE AT e Aok AA A
£ % Rdlsol M F5S € 5 A kA,
1,000 kHzE 712 R4A e v A4A e A&
53 Bise B4 Rux 3ok Table 13
Table 2914 & 4 450] 1.0 mm 2¢9 H$ &
AAE 28AU0] 399 V ol ¥ AAAE 3173
V ol, 20 mm 2% A AAAE 5822 Volar

H) A ] AL 4537 V ot} wetA, Y% A
ol "se] AAAE wALAA Boh HEF5Ho
20%°14 =oE AL 4 ¢ Utk Y A
et AAFAL A 20 mm AFolAM 2HAY
o] 1.0 mm A% FHAY EU 50%HE I,
o AAA e A¢ 20 mm A 2¥AYgol 1.0
mm Z%e AL B 43%7F A vERdT
aHEg2 AGA7 8 AFARY BaEol 7%
T 524 4 £ 9t Fig 70149 go] Asgte 2
o7} 2&+E £¥AYY A7 AAY ol& Fig.
79 g Fig WA 2L AFE RAFL
Aok =3 Fig. 3014 AAA7 # AHART ¢
AF AFZo7t ¥oE dubzel oj&d e 4
A ANEHE A7 Fig. T4 & & 9%°] 20 mm
Zdol A L Ao st v A8A B}
AAQA Q] ERAGo]l AN AFAZF] 23]H &l
ge & F Uk £33 Fig. 7 b)lA 25 mm 2
oA E Aol HojA & olfte AR{IE TH
A5E o] o7t AE&FE ARLUEI} TAdtd 2
38 gAYl FojAE A old, o]F FHA
ARA L 7% 20 mm 9 25 mm A4 AE
o)z} F43) FolA I glo] 20 mm ©)de A%
& A&l Bt foldtA @HE ¢ & Ak
Aoz kAW A 1.0 mm 7hA4 2FA
2 X2 31 YoEE &Y AEBRAEAM
Al JAF AAHE Adstds AgPEoly
Bt A3 A7 §1-& B ol AAALE §
NFez @& & 4 9lo] HEE A AHE

MR &5 AT
6.8 E

B AF=FS A4A 728N EH 29
2 grtel 8383 e ALY 7 AHmagnetic
particle test)7} ¢ A& 71 AAANZLS B3 A
AHAE Eol1A 4AF HAHeddy current test)
PR 9% AYE Y3t A&7t E AAF
7] 9% Aolth. AAAY AL AAFHAAE A%
o AFE AT A EFEH(skin effect)ol] 23]
EE9 AR7E 3 AA A Edd JFHL Y
BEZ AFSA Xt ZHotde] dFHE0 £}
3t A do 28U B =89 493
3} gAZ Zo|AR = vl AGA vl A
AZFoly Ealsol 2318 Aoy A2FAAL 7}

a
a

_66,.



9.

A zEel A9 B nes)
mm o5, 7}zl 3
| BgolnE AT A4A

2 ¢ % A

0o
o
o
o g

. G. P. Singh, R. A. Cervantes and R. L. Spinks,
"Ultrasonic Nondestructive Testing Technique
for the Examination of Low-Pressure Turbine
dics Rims” : SWRI, pp. 398~401.

. Donald J, Hangemaier, 1990, "Fundamentals of
Eddy Current Testing”, ASNT, pp. 43.
Handbook
Electromagnetic

Znd.
Testing”,

"Nondestructive
Edition, Vol4.
ASNT, 1986, p 332
ASM, "Metal Handbook”, 8th ed., 1964, Vol2, pp.
398~405.

Testing

. Y. S. Ahn and G. J. Geong, 2004, "New Eddy
Current Technology Development in Power
Plant”, pp. 110~122.

6.Y. S. Ahn and S. G Park, 2009,
"Nondestructive Technology Development in
Gas Turbine Rotor”, pp. 210~213.

7. Y. S. Ahn and D. S. Gil, 2008, “"Nondestructive

Technology Development in 7FA Type Gas
Turbine”, pp. 214~228.
. ASTM B637,

Precipitation-Hardening  Nickel

"Standard Specification for
Alloy Bars,

._67_

Forgings, and Forging Stock for High-
Temperature Service”, pp. 276~278.

S. G. Lee, 2008, "Study on Evaluation of
Internal Leak of Turbine Control Valve in
Power Plant Using Acoustic Emission Signal

Measurement”, pp. 68~69.



