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Research on crack detection performance of absolute Koch
planar eddy current sensor

Chen Guolong,Zhang Shuaishuai,Cao Zheng,Li Zhaofei,Jin Wuyin

(School of Mechanical and Electrical Engineering, Lanzhou University of Technology ,Lanzhou 730050, China)

Abstract : The traditional eddy current probes may neglect short cracks in special orientation. To address this issue, an absolute Koch
planar eddy current probe is proposed. Both the excitation coil and the pickup coil of the probe adopt the Koch snowflake curve based
on fractal self-similarity theory. Firstly, the finite element analysis for the Koch probe and the circular probe with the same dimension
is conducted. Then, for cracks with different lengths, directions, widths and depths, the difference of response signals of two probes
is compared. Finally, an experimental system is established to evaluate the finite element analysis results. Results show that for the
inspection of cracks with different lengths, directions and widths, the finite element analysis results are qualitatively consistent with the
experimental results. For the inspection of the crack with 3 and 5 mm in lengths, the variations of signals output from the Koch probe
are at least 40% higher than those of the circular probe. In the detection of crack in different orientations, the variation of signal output
from the Koch probe is at least 49% higher than that of the circular probe for the inspection of the 90° crack which is difficult to be
detected. In the detection of crack in different widths, the variation of signal output from the Koch probe is at least 29% higher than
that of the circular probe. In the detection of crack in different depths, the variation of signal output from the Koch probe is at least 6%
higher than that of the circular probe. The Koch probe has more significant edge for the inspection of short cracks relative to the
circular probe. The research result has important reference significance for the design of the electromagnetic structure of planar eddy
current probe.
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Fig.2 Diagram of equivalent circuit without specimen
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Fig. 3 Diagram of equivalent circuit with specimen
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Fig. 6 Eddy current distribution of the Koch excitation coil
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Fig.7 Eddy current distribution of the circular excitation coil
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crack detection in different depths
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Fig. 19  Detection of cracks with different geometric parameters

on specimen surface by two current sensors

SHGEER R 6 F AN [A]K BE S0 A I 7 A
3.5 mm 55 24U BH L S I BUE S ARt AV 43
MR AL RS B 5 49. 7% F1 40. 2% , B RL kA% B 25 XF
TSR R T4, 13X 5 FRIT o BT 1 45 3R — 2
X AN [R) 7 1) 240 R, B 25 4880 # B (R 38 T TR0 A%



106 f# £ ¥

43

JECHSASIN 2 () R A 5 19 AV (B8N, B80T 1) Y A8 Ak
Xof 1B T A7 S 149 5% W) B A T A e 2 J e A 10 380 14 Pl T
G50 AVAERA W28 Ak, AR 7 1) i) 4 8080 A 4
TR PRSI AR | S BR 2 R S5 A B TT o b 25 SR AR ) 5 X
AN B8 B 24 50 1 A6r T, Bk o A% e A 00 380 JR 7 Rl e 1
AVAEK T B AL e, AV (5 L 1R AL 2% - 34 5
263% , Ui BB A% B A5 i A I 14 B TR 47, 5 A BRIt 20 bt
B 235 SR — 30 S R R U BE 2 a0 i 4G DU, o £ JER 4% 114
AV HZE D m FRIBAZ RS 273%

PR R A e X AN [ 7 ] 460 G H SR AN 8] 20 FiTR
Bl T A A BE AV (AR fb #3254 BRI 45 S+
], Bh b 14 8 25 X T A5 J7 [n] 4 80K U 1 AV (H ¥ K F
9 mV, 1M ALEESLE AV R 9 mV B, HAEK I 247 BR
AT RS, UL B AR AR X BT A 7 n] 24 80 RS
TE Y RAGE N TR LIRSS

o f=3
=3 =3
]

&
(=1

o4

[
(=1

e AR
< .

ANFI T 16 ZBUR 2 /%
[N}
=3

(=1

4 12 10 8 6 4
AV/mV
20 WAL R X AN ] 7 ) 2B A 1 5
Fig.20  Probability of detection of the two sensors to crack

in different directions

TIA NS A SR ] LA B B A S5 R Bl
TEIHIERIAN R R IEE RS0 S 5, X 46 PG AR oy S i id
T F A Tl G B A S DR B R, N S e R R =
W ERS S T AL AR Y TR 22 R L IR
FERE S THA o AR A ) £ Pl 4% DAy B[ 4R A S ik
PR B S O I MO A S5 22 IS e B N A
SR IR Bl Y I A A e ke

4 & i

AR SCEEIE LA 55 5 17 R A5 IR i 45 A, Bt —Fh
2 %ot 2RI AT - T I8 37 A St | 2 A BT A AT, X L
IR Rl F 5 T 2 Bl 0 308 53 A1, LA S 7 A A% S X6 AN
[ Dy 1) BE R R B 8 iR TN R, O30 3o 5 o
95 Wb A BRI BT &8s R SR LI T 458 .

1) BHBRAE AR AE Bl 0 48R0 H 1 308 T 76 Jm) 35 IX
SRR LR T 22y ) L A R ROR R D sk B

2) TEABRICAIHrEE R 3T 5 mm KA A (i) 22
SRR | b S X T 750 7 1) 480 1y i 7 155 5 1)
AVAA L RDE AL AR 19K 45% LA L,

3) FEAN[A)J5 1) R 2L BRI I, B A SR A 0 (BT

TR B RIBUE B

(1] farsdse, 2R, SIREE, 5. AR ko i A4 s

M= 4eE & S e BT [T ] AU R 4R,
2010, 31(2) . 347-351.
HE Y Z, LUO F L., HU X CH, et al. Quantitative defect
detection based on 3D magnetic field measurement of
rectangular pulsed eddy current sensor [ J ]. Chinese
Journal of Scientific Instrument, 2010, 31 (2):
347-351.

[ 2] BERNIERI A, BETTA G, FERRIGNO L, et al. Crack
depth estimation by using a multi-frequency ECT
method[ J]. IEEE Transactions on Instrumentation and
Measurement, 2013, 62(3) : 544-552.

[ 3] SOPHIAN A, TIAN G Y, FAN M B. Pulsed eddy
current non-destructive testing and evaluation; A
review[ J|. Chinese Journal of Mechanical Engineering,
2017, 30(3) . 500-514.

[ 4] XIESJ, ZHANG L, ZHAO Y, et al. Features extraction
and discussion in a novel frequency-band-selecting pulsed
eddy current testing method for the detection of a certain
depth range of defects [ J]. NDT & E International,
2020, 111 102211.

(5] XUIEND, 2255 ) AEME, S5 AR 1R 0O i b 38 ) s U

Rl BRSBTS MERE LR 20 [T ). H 7t 540
R, 2021, 35(9) : 170-178.
LIUZH SH, LI Y, REN SH T, et al. Novel structure
and performance analysis of pulse-modulation eddy
current probes for testing of damages in structural
components| J]. Journal of Electronic Measurement and
Instrumentation, 2021, 35(9) . 170-178.

[6] WIHHR, DG, ME, S5 s e 04 B i X
KM ZAGE[J]. JCie, 2011, 33(3) : 59-62,65.
HU X CH, LUO F L, TANG Y, et al. A novel system of
integrated  eddy
aviation[ J ]. Nondestructive Testing, 2011, 33 (3):
59-62,65.

[ 7] WEBB, #8R, DRR. ZEBEELWREN RS
BERILY]. AT 5 AR 2 4, 2020, 34 (5):
51-57.

MENG F Y, HAN Z D, SHI CH H. Research on

multichannel online eddy current testing system [ J].

current nondestructive  testing  for

Journal of Electronic Measurement and Instrumentation,
2020, 34(5) . 51-57.

[ 8] PATTOM T, FILKINS R, FULTON J, et al. Recent
advances and implementations of flexible eddy current

probe technology[ J]. Review of Progress in Quantitative



5510 1]

W Je 45 - 2 o X 3T T i U 1 St 2L S0 AGHI P REVF 5 107

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

Nondestructive Evaluation, 1998, 17 1809-1816.
PATTOM T, FILKINS R, FULTON J, et al.
Development of a hand-held, flexible eddy current probe
for inspection of curving surfaces[ J]. Review of Progress
in Quantitative Nondestructive Evaluation, 1997, 16:
2107-2111.

BRIGERE, FFall, Api, 55, HAS-1R T U — 1Ak
TR e m N RITR[T]. AR ZE R,
2020, 41(6) . 197-207.

YIN X K, FUJ M, GU Y, et al. Investigations into the
influential factors for the inspection performance of
dual

Chinese Journal of Scientific

capacitive-eddy  current modality  integrated
probe[ J].
2020, 41(6) : 197-207.

FRIRRE, Z50R, 24k, 55, 2R LR TC B AG T S 56 T
BRIF R[] SRR SEHE, 2017, 34(3):
90-96.

YIN X K, LI CH, LI ZH, et al. Development of NDT
experimental platform based on capacitance imaging
[T 1.
Management, 2017, 34(3) . 90-96.

R, BRGERE, AR, 4. JET COMSOL iy i 28 %
RIS BT[], TR, 2017, 40(9)
1-5.

LI ZH, YIN X K, LI CH, et al. Simulation study of
COMSOL

Instrument ,

technology Experimental ~ Technology — and

capacitance imagine sensor based on
software[ J]. Electronic Measurement Technology, 2017,
40(9): 1-5.

BEAEUE, BRVE, (L, . MR R B a5
PLE i W HE AR [ 0], 74 22 3858 K428 i, 2021,
55(9): 97-104.

FAN X H, CHEN T, HE Y T, et al. In-Situ quantitative
monitoring of crack propagation by flexible eddy current
sensor[ J ]. Journal of Xi’ an Jiaotong University, 2021,
55(9): 97-104.

FAN X H, CHEN T, HE Y T, et al. Influence of spatial
winding distribution of flexible eddy current sensor on
quantitative monitoring of subsurface cracks [ J ].
Measurement , 2021 ,178 . 109382.

ZHANG HY, MALY, XIE F Q. A method of steel ball
surface quality inspection based on flexible arrayed eddy
current sensor[ J|. Measurement, 2019, 144 192-202.
SHE S B, LIU Y Z, ZHANG S J, et al. Flexible
differential butterfly-shape eddy current array sensor for
defect detection of screw thread [ J]. IEEE Sensors

Journal, 2021, 21(18) : 20764-20777.

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

DING H, HE Y T, JIAO S B. Rosette eddy current
sensor for structural health monitoring [ C ]. Applied
Mechanics and Materials, Trans Tech Publications Ltd,
2013, 330. 430-436.

YE C F, ZHANG N, LEI P, et al. Flexible array probe
with in-plane differential multi-channels for inspection of
micro-defects on curved surface[ J]. IEEE Transactions
on Industrial Electronics, 2021, 69(1) : 900-910.
ROSADO L S, SANTOS T G, RAMOS P M, et al. A
eddy
dynamically controlled induction pattern[J]. NDT & E
International , 2015,70. 29-37.

CHEN G L, ZHANG W M, PANG W H. Koch curve
fractal geometry excitation probe for eddy current non-

2018, 124.

new dual driver planar current probe with

destructive testing [ J ]. Measurement,
470-478.

CHEN G L, CAO Z, ZHANG W M. A novel planar
differential Koch fractal eddy current probe with parallel
wound topological structure [ J ]. Journal of Sensors,
2021,DOI;10. 1155/2021/6671189.

CHEN G L, SONG Z B, JIN W Y. A novel planar
differential excitation eddy current probe based on the
fractal Koch curve [ J]. 2022, 193.
110947.

DENG W Q, BAO J, LUO S Q, et al.

analysis of eddy current testing parameters for surface and

Measurement ,

Simulation

subsurface defect detection of aviation aluminum alloy
plate[ J]. Journal of Sensors, 2022, DOI;org/10. 1155/
2022/8111998.

ONA D I, TIAN G Y, SUTTHAWEEKUL R, et al.
Design and optimisation of mutual inductance based
pulsed eddy current probe [ J]. Measurement, 2019,
144.402-409.

fEEE N

|

- FRER GEfFEH) 2010 4F THLa(H T
RAFRAFF A4, 2018 4 FL 503 TR A%
AT 250, N 22 ML TR BB, £
TERIFSE 7 i) Ay LR TC ARSI I A% s
E-mail ; ¢gl20061273@ 126. com

Chen Guolong ( Corresponding author )

received his B. Sc. degree from Beijing Institute of Technology in

2010, and received his Ph. D. degree from Beijing Institute of

Technology in 2018. He is currently an associate professor at

Lanzhou University of Technology. His main research interests

include electromagnetic NDT and eddy current sensors.



