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Fig. 1. 8 X1 Profilometry probe bridge circuit
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Table 1. Probe coil characteristic

Inductance L in 2PEDE in aired
. AM% N| 2Y Dia. | o] |air(#H)@500kHz| Resistance | .o | . "
Coil No. (Turns) {(Do/Dimm){( £, mm)| Air- |Ferrite-| in air(kQ) w1th/w(1ktll1§>;1)t cable 12
cored | cored
#1 237 413 2 71 - 363 397/751
Ar |21 22 39/13 21 63 - 3.08 414/814
cored | #3 193 39/1.3 21 2 - 1.89 507/904
#4 154 37/13 2.1 4 - 1.65 556/1041
# 120 41/16 2 26 83 10 391/6916
Ferite| # | 106 | 4016 | 21 20 7 92 451/7475 * Fe’E“*
core a.
cored | #7| %5 3816 | 21 15 64 8.1 512/8667 L6mm
#3 90 36/16 2.1 139 56 79 517/8740
10kHz~1MHzQ) ®)3 ZetecAts] Miz-30%, A543 [T -t :-—;é_i %
1 ENAX2E ZetecAtS] Eddynet T21H & ALE o ]

3t Fig. 4% Z& A Al29E T8
32 E&EX 3 4A 2 HE}

BE2} 1YY R EL neldte T, do), ¥

AF 5& 47 vh2 7 3t Table 19 87 2 & AlF
At dAYYAAE FEAE §EA B4 R 4
(A 1020mm) 22 87 RH YL A sok 5
7] B 87 U 97 277k AFE & Wl glok

wEbA, AtE 2d Ar)lAN M § & d9"
28 2PPA7)7] 93] WS PyroferricAte] B4 3o}
(ferrite core)& Il AY&Ax fill-factor
W0%E HE&sd & WAL dASASG V=
AL FAL AHUEA &L 4h AL 40E AF
st 5L dludtgeh g&A AolES 48744
o Wa% Aol2 % 225me RG 174 5% Aol E(C
g : 101pF/m)& AH&-3Hc)
Do

N

T

Fig. 2. Multilayer coil
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Fig. 4. Eddy curent testing sys.
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o714, ¢: FAFZHmm), t: AEA F2(mm), e A
71 A (e 2 - cm), f: 535 (kHz)

LA AolE FEF SS3049] ¥ FA t=047mm,
0=721 2 - cms NY3+A probe AF cableo] A2
B & oA Ao (& FEH
f = (16 X72) / (0477 = 522 kHz7} €.

DEApol Q7 cabled ARt} e W BYF
& balancingS LE|3td BE A|¥Faee %
08u17} S| £ 2 probe® HAGER FHF A
23 2ol AR,

fres. = 0.8 Test fr = 0.8 % 522 = 418kHz

i

o8 F
Ol E Cag A (20 A thystad Zk Fabg=oll M Q] Lk
T8 & olo A3 =Y W WAy FA 2 A
T2 B39t LgL Table. 13 & 7Y A
otgf 4oz yeEhK ¢

o

Self Inductance™

_ 08 CGME
L= %597 +10p @

~ 91714, L = self-inductance in microhenries( x H)
N = total number of turns
r = mean radius in inches
b = coil depth or thickness in inches
¢ = length of coil

A4l L1, b, ¢ @€ dYstel 954 =9
HENE A4starh

H

L3

i)

33 1A standard ¥ Alg® H =t

77 standard % AEHL A A FHo) 5A

AL 917 9.68mm, HF7 047mme) SS34 FEE A}
§3}o] Fig. 5% o] T2 9 %] 0h.8(%) & 247} the
A st} aFEPHe) ARYATE AAFEAT,

Table 2. Standard & test specimen dimension

A Standard(6 groove) | Test specimen(7 groove)
Flaw |Length Wall Flaw |Length Wall
No. | (mm) [thinning(%)| No | (mm) {thinning(%)

1 10 15 1 10 19

2 10 20 2 10 24.7

3 10 25 3 10 30

4 10 3H 4 10 40.8

5 10 60 5 10 46.2

6 10 70 6 10 516

- - - 7 10 62

3SR (IBKHL) 22X Fhe 3% A

olsl%, Wnle, ol

»
i
] ) @
& ¥
2] ©
3 4
o I [ % @
m t
7] L]
I
) ®@
t
©
]
" O]
—
r'S
T % ®
¥
©
'
®
T
< 0
o
3
w
Q
w
Q
3
S

Fig. 5. Calibration standard & test specimen
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AR oz AANAE(wIR) et 2Yy 4= 4. A8 da 9 s
(sensitivity)E H7F3l7] 918l Miz-30m tAE 244

F A5 AEEHe] 7 o] i ZH AFe) As A 41 3 Ztx 3 S/NH| Hot
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8
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1]

i
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T T
!
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Fig. 7. Profilometry inspection probe (b) with extension cable
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Fig. 8. Resonance frequency variation of each coils
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Fig. 9. Signal amplitude comparison of coils without/with
ferrite core
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de] Ad Arstd AZNEL nuy 47 3
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v 2E A H8 29 #60] 71 S8 e
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Fig. 10. Signal amplitude comparison of various coils
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Signal average amplitude(volts)
Coil #1| #2 | #3 #4 #5 | #6 | #7 | #8
7959 7649|7770 8066 |7.713|8631| 7623 | 7.451

Signdls from 30% Thrbugh wal
Nermahized 1t S ifs Dyt !
120 —f--9NEAMI-~

Normalzed Impedance Ratio (S/N Rabo)

+
f romee ' soman
L - 2€+8 “'"_4!05 e BE+S BE+S 1E+6

Frequency, Hz
impedance normalized to 5mils dent imp.

Eoch vod 10 Ratio of Sipunls
wos s .

&N Rao

Coil No
Coils S/N ratio

Fig. 11. Coils S/N ratio comparison of 30% wall through
groove

42 SHEX HAL HBT B}

Table 3. Probes defect estimation accuracy at 300, 400kHz

. RMS Error(mm)
Coil No. 300 Kz 400 Kilz
1 0.0572 0.0353
2 0.0355 0.0280
3 0.0631 0.0433
4 0.0458 0.0387
5 0.0405 0.0484
6 0.0431 0.0217
7 0.0338 0.0391
8 0.0348 0.0449
&4 BF A (mm) 0.3135 0.2655

Vol. 17, No. 4 (1997)
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Development of Eddy Current Test Probe
for Profilometry Inspection of Tube

H. J. Lee, M. W. Nam and C. H. Lee
Nondestructive Evaluation Group, Materials & Corrosion Research Lab.
Korea Electric Power Research Institute, Taejon 305-380

Abstract

An eddy current probe (8X1 multiple—element, surface scan) was successfully designed and

fabricated at the KEPRI using the impedance equivalent circuit theory. The probe is intended for the

detection of circumferential deformations (cross-section view) of the heat exchanger tubing that can

occur due to corrosion, erosion, and denting. Optimum design parameters providing the highest sensitivity

and signal-to-noise ratio, such as the coil dimensions, electrical characteristics, and test frequencies,
were determined based on initial labolatory experiments conducted on the test specimen (SS304 tubing:
OD : 9.68mm, wall-thickness : 0.47mm) containing artificial flaws (e.g., dents and corroded surface on tube

OD) using the available Zetec-made probe. Using this parameters, a new probe was made and tested on
an unknown specimen. The result indicated that the new probe is capable of detecting the circumferential
deformation with the error of £0.2% (0.022mm) of the tube O.D.

(Received: June 9, 1997)
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