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Panya Phasingsri 2012: The Study and Design of Non-destructive Testing Based on
Eddy Current. Master of Science (Metrology), Major Field: Metrology, Department of

Physics. Thesis Advisor: Assistant Professor Pongsakorn Juntarut, Ph.D. 78 pages.

In this study, presented the study and design of non-destructive testing based on eddy
current. Attention has been focused on the low-cost tool for detecting a crack or flaw on the
surface of conducting material. This instrument system consists of 3 parts: a probe, a notebook
with soundcard, the phase detector circuit and program for system adjusting and monitoring.
The probe was fabricated by winding 900 turn of 40 AWG copper wires around a ferrite core.
The instrument system was controlled by a LabVIEW program. The sine wave with frequency
of 10 kHz-20 kHz and amplitude of 1 Vp-p from line-out of sound card was supplied to the
probe. The variation of phase and voltage across the probe based on AC Three Voltage of
Theory was detected by line-in of the sound card. The phase angle dependency on the flaw
depth is linear and can be fitted with linear function. The obtained transfer function used to
convert the voltage measuring to depth of flaw in real measurement by using LabVIEW
program. The performance of the eddy current probe system was tested by detecting crack of
reference aluminum sheet at different depths from the surface (Serial Number 2.165-551 Code
2941) and reported uncertainty of measurement at confident level 95%. The maximum error of

0.2 mm with uncertainty of + 0.01 mm was determined from measuring 0.2 mm depth flaws.

Student’s signature Thesis Advisor’s signature
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Xy = "(ZXZ - RXZ) (24)
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Foadyn1un1sadeea1u SPEAKER 118¢ MICROPHONE A4a1n#l 24 91n1usiinisia
' = a 9 4 a v v ¢ ¢

AMANUALazIBUNAYAAIYIAT BB ATE lad InlonTesdyauaiue1dn 1agaiugun1sa

o a QU 4 4 { {
i@oamellsunsy LabVIEW Tenunsosuiiadyguglaanlminai ldaiwaisien 2 way

A
M1INN 3

- A o A 7 o A S A o oAy @
MINN 2 ANUD agagwmiﬂﬂau"lqmmmmﬂmﬂmimaﬂnwmummw

U Qq
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(kHz) a¥aii1 A¥ai 2 atad 3 a¥ai 4 a¥ai 5 e
10 10.11 10.22 9.98 9.92 9.96 10.04
11 11.16 11.10 10.96 11.09 10.87 11.04
12 11.98 12.10 12.13 12.02 12.05 12.06
13 13.18 12.95 13.03 13.08 13.07 13.06
14 14.11 13.98 14.13 13.97 14.04 14.05
15 15.08 14.99 14.95 15.06 15.12 15.04
16 16.13 16.05 15.97 15.92 16.10 16.03
17 16.98 17.11 16.95 17.06 17.14 17.05
18 18.12 18.04 18.18 17.99 17.98 18.06
19 18.98 18.95 19.04 19.10 19.12 19.04
20 20.08 19.84 19.96 20.12 20.24 20.05

- A Ao yy o A o A x s Ay s
MINNN 3 llﬂﬂwaﬁﬂﬂﬁﬂ]‘lﬂiﬂﬂﬂ'ﬁﬂuuﬂ mmgm‘sﬂaau'l%umummmmmummw
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2 - = fo
ANUD VAT INEBADEBATIIA A (Vp-p)
(kHz) AsaN1 a2z asan3  asin4  asans 1y
10 0.98 0.96 0.97 0.96 0.98 0.97

11 0.96 0.97 0.97 0.97 0.97 0.97
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M3199 3 (A9)

A mum&’mmmmnﬂaﬂﬁaﬂaﬂﬁ%’ﬂ"lé’ (Vp-p)

(kHz) afafi1  afsiiz  aSaR3  afeii4  adails e
12 0.99 0.98 0.97 0.98 0.98 0.98
13 0.97 0.99 0.98 0.97 0.97 0.98
14 0.97 0.98 0.98 0.97 0.97 0.97
15 0.98 0.99 0.97 0.98 0.98 0.98
16 0.98 0.98 0.98 0.99 0.99 0.98
17 0.98 0.98 0.98 0.99 0.97 0.98
18 0.99 0.99 0.98 0.99 0.98 0.98
19 0.98 0.99 0.99 0.99 0.98 0.99
20 0.99 0.99 0.98 0.99 0.98 0.99

A o o A s o a 1 @ J Y £ o v o
wedadyanugdaau lsminduisnngsesdyaraeidnanal 39iinsiady o
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1 Vpp

ANNE manumsindmaddeiiald (Vpp)

(KHz) afafi1  a¥afi2  aseR3  aseii4 efeiis  indd
10 0.98 0.98 0.98 0.98 0.98 0.98
11 0.98 0.97 0.97 0.97 0.94 0.97
12 0.98 0.98 0.98 0.98 0.98 0.98
13 0.98 0.99 0.99 0.98 0.98 0.98
14 0.99 0.99 0.99 0.99 0.99 0.99

15 0.99 0.99 0.99 0.99 0.99 0.99
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M3197 4 (A0)

ANNE manumsindmadudeiiald (Vpp)

(KHZ) afafi1  a¥afi2  aseR3  aseii4 efeiis  inde
16 1.00 0.99 1.00 1.00 0.99 1.00
17 0.99 0.99 0.99 0.99 0.99 0.99
18 0.99 0.99 1.00 1.01 1.00 1.00
19 1.00 0.99 1.00 0.998 1.00 1.00
20 1.02 1.09 1.01 1.09 1.01 1.04

A o Y

Y a 4 a 4 v @
ms1ai 5 ueuwagania larumamiadeduyaduauiiosedyauanneusn

1 Vp-p

ANNE manumsindmadaniinld (Vp-p)

(KHz) afafi1  asaiiz  efeii3 aaii4 eSefis e
10 0.98 0.98 0.98 0.98 0.97 0.98
11 0.98 0.97 0.97 0.97 0.97 0.97
12 0.98 0.98 0.98 0.97 0.97 0.98
13 0.98 0.98 0.98 0.98 0.98 0.98
14 0.98 0.99 0.98 0.98 0.98 0.98
15 0.98 0.98 0.98 0.98 0.98 0.98
16 1.00 0.99 1.00 1.00 0.99 1.00
17 0.99 0.99 0.99 0.99 0.99 0.99
18 0.99 0.99 1.00 1.00 1.00 1.00
19 0.99 1.00 1.00 0.99 1.00 1.00

20 1.02 1.09 1.01 1.09 1.01 1.04
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aanumnenh e suaaiaiiiaais LCR Tnes 1ug19a11ud e 10 kHz 59 20 kHz

Taramuasnan 6

MNA 27 YAAIANIIATINTUATIVETDUIDIUANI D4

d‘ ~ o Y v o A A
M19319N 6 ﬂ')'llll“l’iufJTL!'I"h"lW'W@\i‘llﬂﬁ')ﬂ“l’i')')ﬂﬂﬂ')'mﬂ@n\ic]

A AN (mH)

(kHz) ﬂ%ﬁﬁ 1 ﬂ%'aﬁ 2 ﬂ%ﬁﬁ 3 ﬂ%ﬁﬁ 4 ﬂ%'aﬁ 5 m?iﬂ
10 23110 23110 23111 23111 23110 23110
11 2.3082 2.3082 2.3082 2.3083 2.3083 2.3082
12 2.3050 2.3050 2.3050 2.3051 2.3050 2.3050
13 2.3041 2.3040 2.3040 2.3041 2.3041 2.3041
14 2.3000 2.3001 2.3001 2.3000 2.3001 2.3000
15 2.2974 2.2975 2.2974 2.2975 2.2975 2.2975
16 2.2951 2.2952 2.2952 2.2951 2.2952 2.2952
17 2.2930 2.2931 2.2931 2.2930 2.2930 2.2930
18 2.2917 2.2917 2.2917 2.2916 2.2917 2.2917
19 2.2885 2.2884 2.2885 2.2884 2.2885 2.2885

20 2.2872 2.2873 2.2873 2.2872 2.2872 2.2872
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Ao q Ya = S ' = = o =
AN linan1unE Tauuuslur9nu0aa 10 kHz 99 20 kHz A9015197 7

- ~ o q ¥a = P
M319N 7 ANNNIz liinan LD T udga e

anuas T (kHz) R TIIRA, ey A 2 (mH) ﬂ'mamci;ﬁv’fmmi (nF)
10 2.311 109.717
11 2.308 90.786
12 2.305 76.391
13 2.304 65.118
14 2.300 56.246
15 2.297 49.051
16 2.295 43.154
17 2.293 38.263
18 2.292 34.149
19 2.289 30.692
20 2.287 27715
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aanuanmunld danadedanulszuuudiuaniedsznouiluyaiidaie

9
a K [ =

iunnuhvesyarindalumsasiamsosunniod 1A iy dwndi 28 Tasuailuidoh

100 pF 84 900 pF, 1 nFH4 9 nF 112z 10 nF 84 100 nF Haveaa1n1uania lauanidanisiein 8

q

g 9

Y v 3 v 1 o [ o 1 @ v W
cﬂTWﬁ 28 G]'JLﬂ‘]Jﬂi3i]mJ°]J°1JTlJﬂ'I?f'l“l’iTlJ‘ﬂN'Iui')iJﬂ‘]J*Uﬂa')ﬂﬂ')'Jﬂ

v 9

Y v =i a ]
M519N 8 ANNUasAInULlszigninde LCR fiwes e pF

maunuiszq miafulszafiiald ep

(pF) aSiii1  afaiiz afeiis  aeii4  eeits inde

100 82.400  83.000  82.400  83.000  82.400 82.640
200 19220 19280 19260  192.60  192.50 192.54
300 282.60 28240 28230 28220  282.10 282.32
400 39210 39220 39220 39230 39230 392.22
500 480.90  480.90  480.90  481.00  481.00 480.94
600 581.10 58120 58120 58120  581.20 581.18
700 673.70  673.60  673.60  673.70  673.70 673.66
800 781.80  781.80  781.80  781.80  781.90 781.82

900 856.20 856.10 856.30 856.20 856.10 856.18
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[

d‘ v =i Y A @ ]
MIIN 9 ANNYVRIAUNVYT2INYNIAAIIATETA LCR TUe1u nF

maunuilszg maanulsy qﬁ%’ﬂ"lé’ (nF)

(nF) afafi1 asfiz  aSei3  efeii4  adails e
1 1.0034 1.0032 1.0033 1.0031 1.0032 1.0032
2 1.9926 1.9925 1.9924 1.9923 1.9925 1.9925
3 2.9160 2.9150 2.9160 2.9160 2.9170 2.9160
4 3.8920 3.8920 3.8930 3.8920 3.8920 3.8922
5 4.6710 4.6720 4.6710 4.6710 4.6720 4.6714
6 5.6688 5.6730 5.6730 5.6740 5.6740 5.6726
7 6.5860 6.5870 6.5870 6.5870 6.5840 6.5862
8 8.1220 8.1230 8.1250 8.1230 8.1220 8.1230
9 9.0040 9.0040 9.0030 9.0020 9.0040 9.0034
10 11.002 11.002 11.001 11.004 11.004 11.003
20 23.310 23.300 23.310 23.320 23.310 23.310
30 30.790 30.790 30.800 30.790 30.780 30.790
40 43.530 43.530 43.540 43.530 43.520 43.530
50 52.610 52.600 52.610 52.600 52.610 52.606
60 63.340 63.350 63.360 63.360 63.360 63.354
70 73.520 73.530 73.540 73.530 73.530 73.530
80 79.940 79.940 79.940 79.950 79.930 79.940
90 88.260 88.270 88.270 88.260 88.270 88.266

100 104.14 10415  104.15  104.14  104.15 104.15
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nnmsnadoudunulszquuuliuamdmsulszneuilugaitamomuniiulaluy
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nlasunlasmanuaisdnd Wi uliegaiataeglusimaiiouduiiogei dadudauuiiuii
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YUVDILUNUDQUIUYY llagjﬂﬂ'lilﬂﬁ‘c’JULLﬂa\iﬂWﬂJWMﬂNﬁﬂiﬂ,WW'IHJEHéﬂW’J ATUNTUU

v
a A ) 12 o
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WS suvewWuogitiouiounuilioyaia inognd s osunnIesue Lol ond

U
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sEauANNANA1Y lananaae lil

M1 10 manfasunlasminnuaedng lliuieyariiiaeglueinmiouiuiioyaiiaia

v W

k4
WHTUUNUAIT Do HL o E

ANNE ANNANANINIVI (mV) ANNANFNEINIE Y (mV)

(kHz) aesasae1ma TITRYCoY aesasae1mea WuRaie
10 84.502 97.359 65.221 80.397
11 67.412 81.281 43.878 61.672
12 69.992 80.510 44.970 58.131
13 73.522 84.434 49.347 63.005
14 80.467 95.524 58.785 77.325
15 65.746 72.512 41.743 49.110
16 69.048 74.934 45.031 51.002
17 67.131 86.224 67.131 86.224
18 63.915 83.811 63.915 83.811
19 54.060 70.173 33.993 54.354

20 55.669 46.775 46.942 33.283




d‘ = 1 1 [ 9 A v v v W dy a A ]
ms1ei 11 manfasunlassinnuasdnd lfhuilegaitaduidauuiuimiE ouve iy

'
1A o 1

pglitisneunuioyaiinegndumii

U

3708UANTDIAN 1.0 mm
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ANNE ANNANANINIVI (mV) ANNANFNEINIIE Y (mV)

(kHz) TITRYCY S08UNNIDY TITRYCY S08UNNIOY
10 97.058 96.302 79.427 78.391
11 81.718 80.652 61.158 60.237
12 80.214 79.595 57.136 56.194
13 84.165 83.397 61.892 60.768
14 95.275 95.193 75.844 74.657
15 72.577 71.892 48.779 47.546
16 75.034 74.071 50.759 49.733
17 85.596 84.082 64.927 63.656
18 84.498 82.653 66.334 65.741
19 70.817 70.177 54.017 53.567
20 46.604 46.815 33.120 33.495

M 1 [ k4
ms1ei 12 manfasunlassanuasdnd lfhuiegaitadudauuiuimiE ouve iy

pgiitiouiisunuileyAiaInogNA1LMIITREUNNS0IEN 0.5 mm

ANNE anuaadng IWihmavn (v) ANNANANEIMITE (V)
(kHz) WuAaiEe J08UNNIOY TITRYCY S08UNNIOY
10 96.734 96.386 79.151 78.713
11 81.662 81.370 62.161 61.781
12 80.026 79.619 57.167 56.792
13 83.996 83.570 61.933 61.670
14 94.965 94.349 75.817 75.390
15 72.501 72.042 49.145 48.723



M3197 12 (A19)

ANNE anuaadng 1iihmawn (v) ANNANANEIMITE (V)

(kHz) WuRaiEe S08UNNIOY TITRYCoY S08UNNIOY
16 75.002 74.572 51.025 50.650
17 86.011 85.649 65.889 65.189
18 84.924 84.389 67.218 66.399
19 70.996 70.348 55.720 55.167
20 46.416 46.449 32.954 33.031

M 1 [ Y
M 13 manfdsunlasmnnuandnd lihuileyai TadudauuiuAlis suve sy

pgiitlouiisunuileyaiaInogid1LM1aTeEUNNS0IEN 0.2 mm

ANNE ANNANADIMIVI (V) ANNAFNEIMITE (V)

(kHz) TITRYCoY S08UNNIDY TITRYCoY S08UNNIOY
10 96.447 96.288 78.396 78.309
11 81.198 81.083 61.207 61.082
12 79.417 79.284 55.051 54.910
13 83.108 82.970 61.609 61.460
14 94.462 94.330 75.043 74.902
15 72.522 72.37 49.459 49.360
16 74.925 74.769 50.370 50.203
17 86.087 85.845 65.248 65.044
18 84.995 84.801 67.687 67.449
19 70.227 70.074 55.543 55.296

20 46.741 46.747 32.860 32.928
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a ) Aoy o Y Y a o
MI19N 14 ﬂ’mmmmumﬂ"lﬂmﬂmmmmumqm I

AMANHATUMY manadmuiald Q)
Q) a¥aii1 a¥efiz asan3  aSefi4 aans e
10 10.174 10.174 10.175 10.173 10.173 10.174
100 99.704 99.703 99.702 99.703 99.702 99.703
1000 996.81 996.82 996.81 996.83 996.81 996.82
10000 9881.0 9881.1 9881.1 9881.1 9881.1 9881.1
1000000 98140 98124 98103 98090 98044 98100
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Impedance Frequency Resistor Reference
0 0 10 -
Real and Imaginary Type of Component
'0 +0i Resistanc =
Resistance Unit Resistor
Phase angle
0 ng_ 0 Ohm |~

Capacitance Unit Capacitor
0 F =
Inductance Unit Inductor

’ INSTRUMENTS
Ei Y ° v w1
MNN 35 a1 ldsunsy LabVIEW @#1#31U3aA1993 LCR
' o o o 1 Yy A Jd o ) [ Z}J
ﬂ@uﬂ’lﬂ’liﬂﬂﬁ@ﬂﬂ')iﬂ'l’ﬂuﬂﬁ'lllﬂiﬁ'l\?c] 12BN WINFUFIHTUIAAT LCR 10U U

U v v ] Y J
mmsmmuamd indean159e3a 399zaeanatlu Tare iMoAIA1ET UAL 132911015 7AAT LCR

YOIAINATTIULIADLFHANANNDA1Y TaNanin1319

M 36 Mareuaedmsuianinnudumullihunasgiu 10 kQ
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M9 15 anudumuinda lanndaduniu Iihunasgiu 10 kQ

AN manudnmuiiald kQ)

(kHz) ﬂ%ﬁﬁ 1 ﬂ%ﬁﬁ 2 ﬂ%ﬁﬁ 3 ﬂ%ﬁﬁ 4 ﬂ%ﬁﬁ 5 m?;ﬂ
10 9.973 9.973 9.973 9.973 9.973 9.9730
11 9.981 9.981 9.981 9.981 9.981 9.9809
12 9.985 9.985 9.985 9.985 9.985 9.9846
13 9.984 9.984 9.984 9.984 9.984 9.9841
14 9.984 9.984 9.984 9.984 9.984 9.9842
15 9.984 9.984 9.984 9.984 9.984 9.9841
16 9.984 9.984 9.984 9.984 9.984 9.9838
17 9.983 9.983 9.983 9.983 9.983 9.9828
18 9.979 9.979 9.978 9.978 9.979 9.9786
19 9.964 9.964 9.965 9.964 9.967 9.9648
20 9.939 9.942 9.940 9.943 9.943 9.9415

Mni 37 MadeudedmiuiamanumileniIiilunasgv 1.0 uF



mad 16 a1y Iihida ldnndadudszy ihuesgiu 1.0 uF
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Awd maunuilszaiiald (uF)

(kHz) ﬂ%ﬁﬁ 1 ﬂ%ﬁﬁ 2 ﬂ%ﬁﬁ 3 ﬂz’ﬁﬁ 4 ﬂ%ﬁﬁ 5 m?;ﬂ
10 0.989 0.980 0.981 0.984 0.989 0.985
11 1.008 1.010 1.008 1.008 1.007 1.008
12 0.976 0.977 0.976 0.976 0.978 0.977
13 0.977 0.970 0.969 0.977 0.972 0.973
14 1.044 1.046 1.041 1.039 1.047 1.043
15 1.016 1.022 1.019 1.020 1.022 1.020
16 1.020 1.025 1.022 1.028 1.027 1.024
17 1.026 1.029 1.027 1.029 1.027 1.027
18 1.047 1.049 1.051 1.047 1.047 1.048
19 0.974 0.974 0.974 0.975 0.973 0.974
20 0.949 0.949 0.951 0.952 0.948 0.950

MmN 38 MaFeudedmiuiamanumileniIiihunasgiv 10 mH
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m3ei 17 anumieninialdnndamiioni ifhwasgiunie 10 ma

ANNE e iald (mH)

(kHz) ﬂ%ﬁﬁ 1 ﬂ%ﬁﬁ 2 ﬂ%ﬁﬁ ﬂ%ﬁﬁ 4 ﬂ%ﬁﬁ 5 méﬂ
10 11.281 11.240 11.260 11.262 11.281 11.265
11 11.327 11.312 11.319 11.382 11.309 11.329
14 11.521 11.529 11.526 11.531 11.534 11.528
15 11.542 11.552 11.593 11.573 11.584 11.569
12 11.346 11.384 11.392 11.402 11.382 11.381
13 11.455 11.473 11.473 11.483 11.453 11.467
16 11.583 11.573 11.592 11.582 11.573 11.581
17 11.583 11.594 11.602 11.582 11.603 11.593
18 11.582 11.591 11.592 11.594 11.581 11.588
19 11.601 11.621 11.611 11.621 11.631 11.617
20 11.480 11.500 11.480 11.500 11.490 11.490

nnmsanesiaalagordondannsaunuandnd lihnssuaady dmsy
o ~ ' a Y Y @ v
as3aya TaglimIuaaInarI NN 1A03 11ua1n3 U T1sunsy LabVIEW
v [ [ [ a s A o o [
wuNilanyaznIiiauadieny LCR diwes iiosnineidenanmsifTouiioudyginves
] 9 [ ]
Ao IUTTHINTYYIUNANATOUNIININUTYYIUNANATOUFANIIA 1NN IHAR 1YY
?zl/ o 1 c!' 9 o 1T a A 4 1 a A 4 Y
wler miihwasuyuwlan Idndunammouiivaus Tasavesduiinaudilsznonaie

Andmdumu Aanugrsemanumilenivihldaunsouendives LCR 18
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M 39 msiayunlaideudensesiatniuniosliaynaulysunsy LabVIEW
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udndenilassudiniunsieinsesnnniesdasdsnszualvaiu a0 i 40 Aeunisia
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M 40 TUsunsudmsSuaT1aoUIRsUNNT0dalenILua lraiu

d' A o Y ' =
m3197 18 yulanialdvinsesunnsiosdn 1.0 mm

ANNE gmwaﬁ%’ﬂ"lﬁmnmﬂunw%mﬁn 1.0 mm (Degree)

(kHz) afafi1  afafi2  A%aRi3 aSdi4 asals il
10 0.08 0.08 0.08 0.07 0.08 0.08
11 0.36 0.36 0.35 0.36 0.37 0.36
12 0.43 0.44 0.44 0.44 0.44 0.44
13 0.38 0.42 0.40 0.40 0.40 0.40
14 0.43 041 0.40 041 0.42 041
15 0.44 0.44 0.44 0.44 0.44 0.44
16 0.87 0.87 0.88 0.91 0.85 0.88
17 0.92 091 0.91 0.92 0.90 0.91
18 0.92 0.90 0.87 0.90 0.91 0.90
19 0.92 0.95 0.99 0.95 0.93 0.95
20 1.01 0.98 1.02 1.07 1.12 1.04




d' A o Y ! =
m3199 19 yulanialdvinsesunniosdn 0.5 mm

ANNE agmwaﬁ%’ﬂ"lé'mnmﬂunwémﬁn 0.5 mm (Degree)

(kHz) ﬂ%ﬁﬁ 1 ﬂ%ﬁﬁ 2 ﬂ%ﬁﬁ 3 ﬂ%ﬁﬁ 4 ﬂ%ﬁﬁ 5 méﬂ
10 0.04 0.04 0.04 0.03 0.04 0.04
11 0.17 0.17 0.18 0.18 0.17 0.17
12 0.20 0.20 0.19 0.19 0.17 0.19
13 0.19 0.22 0.20 0.20 0.20 0.20
14 0.18 0.19 0.20 0.21 0.23 0.20
15 0.23 0.22 0.21 0.22 0.22 0.22
16 0.43 0.39 0.46 0.44 0.41 0.43
17 0.47 0.45 0.45 0.44 0.44 0.45
18 0.42 0.45 0.45 0.44 0.44 0.44
19 0.46 0.45 0.47 0.46 0.43 0.46
20 0.50 0.55 0.51 0.56 0.55 0.53

d' A o v ' =
Mm99 20 yulanialdvinsesunnsosdn 0.2 mm

ANNE yuaiialdoinsesunnsesdn 0.2 mm (Degree)

(kHz) afafi1  afafi2  A%aRi3 aSei4 asals il
10 0.01 0.01 0.01 0.01 0.01 0.01
11 0.04 0.04 0.04 0.05 0.06 0.05
12 0.06 0.06 0.05 0.06 0.05 0.06
13 0.05 0.06 0.05 0.05 0.06 0.05
14 0.06 0.05 0.06 0.06 0.07 0.06
15 0.06 0.06 0.07 0.07 0.06 0.06
16 0.11 0.11 0.15 0.12 0.12 0.12

17 0.12 0.13 0.12 0.13 0.13 0.13
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M 3199 20 (A0)

Awd yuvlai TalAo1nsesunnseedn 0.2 mm (Degree)

(kHz) afdiil  aYaiz efaiis afefi4 afedis i
18 0.11 0.11 0.12 0.12 0.12 0.12
19 0.15 0.12 0.1 0.1 0.11 0.12
20 0.16 0.17 0.16 0.17 0.17 0.17
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0 0.2 0.4 0.6 0.8 1 1.2 11 kHz
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Awd wasaagula (Degree) o,
. . ; auMITUTY
(kHz) 0.2 mm N105mm 91.0mm
10 0.01 0.04 0.1 y=0.084x-0.005
11 0.05 0.2 0.4 y=0.390x-0.027
12 0.1 0.2 0.4 y=0.479x-0.043
13 0.1 0.2 0.4 y=0.428x-0.024
14 0.1 0.2 0.4 y=0.440x-0.024
15 0.1 0.2 0.4 y=0.466x-0.023
16 0.1 0.4 0.9 y=0.936x-0.054
17 0.1 0.5 0.9 y=0.975x-0.056
18 0.1 0.4 0.9 y=0.97x-0.062
19 0.1 0.5 0.9 y=1.028x-0.074
20 0.2 0.5 1.0 y=1.083x-0.034

donsuquauiavesssuniafsuud snaunisanuduiusldimueas
1151051 LabVIEW 1i0f1UI1IANNENY09500UANT 097 1.0 mm, 0.5 mm $8% 0.2 mm
TABININATOLATINNTBBUNNS 89 IUTIINNUARIUG 10 KHz 59 20 kHz TaeTisunsy
LAAIHANINATOUNTZFUANUANAFINNT 42, 43 1z 44 Tufina1i1d1nnnsa 30 ady

v o A = @ A
vlﬂNﬁﬂW]ﬁN‘ﬂ 22 m%m’dmwmﬂummaﬂ
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Crack depth (mm)
1.14

MNA 42 937939500 UANTBINAIAN 1.0 mm A28 T151NTH LabVIEW

D 1on e et Lt ot B

P Green Dem i e 3,
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Type of Conducror Frequency

Crack depth (mm)
0449

Brange  Upper Lt meny
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Ty of Conduirn Fraguency

Crack depth (men)
0.166

age  Uppes Limt pvew)

.
=

M 44 @37939500UANTDINAINAN 0.2 mm A28 1151NTH LabVIEW

nnsnaaeshaumsmadu lfvuaniadlullsunsy LabVIEW aan1wi 42, 43
ez 44 wun Tsunsuannsamuiarisauauanvesesunniodla sealia1lndifes

AUTZAUAMINANDI IULAAINARIUN K 19DAONNAADS FIG1WTOMIHUATZAVANNANITOY

o

' A A ' a A o =
°L|ﬂ‘WilefW'E_JLHNL@aul!ﬁﬂﬂﬁﬂlﬂﬂmqu'luﬂ'lq LED ﬂ’lﬂluiﬂﬂlﬂﬁn NIUNITETAUAITNANUDN

g 9

'
v A

[ a Y o Y o Y
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M 1 [ [ Y
A15199 22 FTAVAINANVITBYUANTBINANNDA 1IN IAMATTIUIU 30 AT

ANNE 32AUANINANVDITOHUNNIDI (mm)
(kHz) 0.2 mm 0.5 mm 1.0 mm
10 0.15 0.45 0.87
11 0.16 0.44 0.89
12 0.17 0.48 0.90
13 0.17 0.48 0.91
14 0.17 0.47 0.91

15 0.17 0.47 0.91
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M 3197 22 (A19)

ANNE 32AUANINANVDITOLNUNIDI (mm)
(kHz) 0.2 mm 0.5 mm 1.0 mm
16 0.17 0.49 0.91
17 0.17 0.49 0.97
18 0.18 0.48 0.96
19 0.18 0.48 0.98
20 0.19 0.50 0.99
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M3197 23 MuamIan L UL UINMITANAIND 20 kHz 508UNNI 098N 1.0 mm

Source Uncertainty Measured (mm) Prob. Dividor Coeff Uncertainty DOF
Symbols
Dis Sen (mm)
ubl mm?ﬁlm EDM 0.002 N 2.000 1 0.001 o0
ub2 910A1 Drif 0.000054 R 1.732 1 0.000031 o0
ub3 A1INYUNYI 0.000184 R 1.732 1 0.000106 00
ub4 nndulszansmsvened 0.000032 R 1.732 1 0.0000189 o0
ub5 e o L LR G EL 0.01 R 3.464 1 0.00289 o0
ua AMUE TR A 0.017 N 1 1 0.0031 29
uc A liudueusiu Coverage 0.00436 00
U A liiveuvey Factor k= 2 0.010 00
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M3199 24 NM3T18UAANY THLHHOUIINNITIATEAUANNANVBITOIUNNITBINANNDA1NE

AG SRUUNNBIRTZAUAINEN 0.2 (mm) SOUUNNBIRTZAUAINEN 0.5 (mm) SRUUNNBINTZAUAINEN 1.0 (mm)

kHz)  eild ANuAaIA ANl mild ANuAaIA ANl mild ANUAMIA ANl

nnda inaou UHUH nnda inaou UHUU nnda inaou U
10 0.15 -0.05 0.008 0.45 -0.05 0.012 0.87 -0.13 0.012
11 0.16 -0.04 0.007 0.44 -0.06 0.009 0.89 -0.11 0.015
12 0.17 -0.03 0.008 0.48 -0.02 0.009 0.90 -0.10 0.012
13 0.17 -0.03 0.007 0.48 -0.02 0.009 0.91 -0.09 0.012
14 0.17 -0.03 0.007 0.47 -0.03 0.007 0.91 -0.09 0.008
15 0.17 -0.03 0.007 0.47 -0.03 0.007 0.91 -0.09 0.011
16 0.17 -0.03 0.006 0.49 -0.01 0.008 0.91 -0.09 0.007
17 0.17 -0.03 0.006 0.49 -0.01 0.006 0.97 -0.03 0.009
18 0.18 -0.02 0.007 0.48 -0.02 0.007 0.96 -0.04 0.009
19 0.18 -0.02 0.007 0.48 -0.02 0.007 0.98 -0.02 0.009
20 0.19 -0.01 0.007 0.50 0.00 0.011 0.99 -0.01 0.010
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Abstract

In this study, non-destructive testing probe based on eddy current has been fabricated and tested.
Attention has been focused on the low-cost tool for detecting a crack or flaw on the surface of
conducting material. The probe was fabricated by winding 900 turn of 40 AWG copper wires around a
ferrite core. The sine wave with frequency of | kHz —20 kHz and amplitude of 1Vp-p from line-out of
sound card was supplied to the probe. The variation of phase and voltage across the probe was detected
by line-in of the sound card. The graphical programming environment (LabVIEW) was use for system
adjusting and monitoring. The performance of the eddy current probe system was tested by detecting
crack of reference aluminum sheet at different depths from the surface (standard number 2.165-551

S/N 2941). It was found that the position of (.2 mm depth crack can be detected.

Keyword: Non-Destructive Testing, Eddy Current, LabVIEW

Introduction

Eddy current testing (ECT) is the non-
destructive testing (NDT) based on the principle of
eddy current induced in conductive materials [1].
When external alternating magnetic field is applied to
the conductor, the eddy currents are induced. The
direction of the eddy current is such as to oppose the
change of magnetic flux through the conductor. The
current density is highest at the surface of the
conductor, and will gradually decrease into the
conductor. The skin depth, the depth at which the
current density reduce to 37% of that of the surface
can be written as

1

Jafua (1
Where f is the frequency of alternating
magnetic field, ¢ is the conductivity, and  is the
permeability of the conductor. Eddy current probe can
be applied in many applications such as the detection
of cracks [2], determination of coating thickness and
material thickness [3], and measurement of
conductivity and permeability of material [4]. Defects
such as flaws and cracks near the surface of material
disrupt the path of eddy current resulting in a decrease
of their strength. The change of eddy current at the
surface of material results in the variation of
impedance of the probe [5]. In this paper, the low-cost
eddy current probe is designed and used as
nondestructive testing probe for detecting cracks and
flaws in material.

0=
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Materials and Methods

The eddy current probe was fabricated by
winding 900 turn of 40 AWG copper wires around
0.75 mm-diameter and 7.5 mm-long ferrite core. In
order to increase the sensitivity of the detection, a
variable capacitor was connected in series with the
probe to adjust the resonance condition in the circuit.
Resistor R=10 k€ and Rf =10 € was also connected
to the circuit in fig. 1 to provide a ground reference
for the sound card output and adjust range of
measurement respectively.

Buffer

Line in Right+Left

Line in

Figure 1. Block diagram of eddy current probe
system.

The three AC voltage measurement based LCR
meter [6, 7] was used to compare signal from the
circuit as shown in fig. 2. The three voltages in fig. 2
that were measure were voltage across R (VA),
voltage across Rf (VI) and voltage across the probe
and capacitor (VZ). The phase angle (Q) between
current and voltage in unknown at the moment but
can be calculated from the voltages.
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Figure 2. Vector diagrams of three AC voltages.

LabVIEW program was used to control the
soundcard to generate sine wave for the circuit and
measure voltage drop across each part [8, 9]. In order
to find characteristic of the circuit, the sine wave from
line out of the sound card was supplied to the circuit
and the voltage drop across each part of the circuit
was measured by a digital voltmeter (Agilent U3402).
Finally, a reference aluminum sheet standard number
2.165-551 S/N 2941 as was used to test the
performance of the eddy current probe system. The
uncertainty of measurement was expressed at a level
of confidence of 95%.

Results and Discussion

Figure 3 show the designed program for eddy
current probe system adjusting and monitoring. The
program can operate as LCR meter or flaw evaluation.
The measurement can be performed at the frequency
of 10 kHz to 20 kHz with supply voltage of 1 V., and
sampling rate of 44.1 kSa/s.

The dependence of voltage VZ and VA on the
frequency for normal surface and 1.00 mm-depth flaw
of reference aluminum sheet is shown in Fig. 6. The
supply voltage was kept constant at 1.0 Vp-p. In
frequency regime lower than 20 kHz, voltage across
the probe measured at the flaw is smaller than that of
measured at normal surface. At the frequency of
supply voltage of 20 kHz, voltage across the probe
measured at the flaw is higher than that of measured
at normal surface due to the strong skin effect.

Figure3. LabVIEW program for adjusting
measurement  condition  and  monitoring
measurement result.
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Right's Voltage of normal surface

Right's voltsge of flaw

Left's voltage of normal surface
L Left's vohage of flaw
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Figure 4. Frequency dependence of voltage measure
at line in of sound card.

1.20 4
100
080
0.60
0.40
0.20
0.00

Phase angle (Degree)

\
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Figure 5. Variation of phase angle as a function of
flaw depth.

Figure 6. Reference aluminum sheet standard
number 2.165-551 S/N 2941.

The phase angle ) at difference flaws was
calculate by using the three AC voltage method in
Fig. 5. The phase angle dependency on the flaw depth
is linear and can be fitted with linear function as

y=1.083x-0.034. The obtained transfer function used

to convert the voltage measuring to depth of flaw in
real measurement by using LabVIEW program.

The performance of the system was test by
scanning the probe on the reference aluminum sheet at
different depths from the surface (standard number
2.165-551 S/N 2941) as shown in Fig. 6. The position
of flaw with the depth of 0.20 to 1.00 mm can be
detected accurately.

The measured depths were compared to the
depth of the reference material in Table 1, where
measuring depth was the average of ten reading and
uncertainty was calculate accordance with UKAS
document M3003 [10].
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Table 1: Performance of the measurement system.

flaw  frequenc measure m‘::s(:::e uncertai
depth y d depth nty
ment
(mm) (kHz) (mm) (mm) (mm)
1.00 20 1.04 0.04 0.05
0.50 20 0.46 -0.04 0.05
0.20 20 0.15 -0.05 0.05
Conclusions

The non-destructive testing probe system based
on eddy current have been studied and developed. A
sine wave with amplitude of I Vp-p and frequency of
20 kHz from line out of the sound card is sent to the
probe and the variation of voltage due to the flaw is
detected by line in of the sound card. The probe can
detect position of the flaw accurately. The uncertainty
of measurement in measuring the depth of 0.2 mm-
wide flaw is +0.05 mm at a level of confidence of
95%. In conjunction with the computer’s sound card,
the eddy current can be used as low-cost
nondestructive testing system for flaw detection on
the surface of conductor.
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