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Design and optimization of remote field eddy current
sensor for crack detection around the hole of aircraft fasteners

Liu Pingzheng', Song Kai', Ning Ning”, Huang Huabin®, Zhang Lipan'
(1.Key Laboratory of Nondestructive Testing, Ministry of Education, Nanchang Hangkong University, Nanchang 330063, China;
2. Aircraft Strength Research Institute, Xi'an 710065, China)

Abstract: As an important bearing component of the aircraft, the multi-layer metal fastener structure is subjected to continuous ground-
air-ground cyclic loading. The fatigue cracks occur around the hole of fastener, such as rivets and high-lock bolts due to the stress
concentration. The traditional non-destructive testing method, however, is difficult to detect those cracks under in-situ conditions. The
remote field eddy current testing technology breaks the skin effect limitation in principle, and has great advantages in detecting deep
hidden defects. Therefore, this paper proposes a new design of remote field eddy current sensor with different structure from the
traditional method. The excitation coil is placed coaxially with the detection coil, which is located inside the excitation coil with a
magnetic field shunt between them. This kind of structure can greatly reduce the sensor size. The optimal design of the new sensor is
obtained by utilizing the finite element simulation. This method analyzes the size of the excitation coil, structure material and composition
of the magnetic field shunt. Experimental results show that the new sensor can detect perforation of the fasteners by the 2x0.2x4 mm
(lengthxwidthxdepth) at a depth of 4mm. With the increasing of the defect length, the signal amplitude is increased greatly.

Keywords : remote field eddy curren; Ti-6Al-4 V fastener; finite element simulation; hidden defect around hole
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Fig.1 Principle of traditional planar remote field eddy

current testing
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Fig.2 Principle of new planar remote field eddy current testing
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Fig.3 The ANSYS model of new planar remote field

eddy current probe
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Table 1 Physical property of fastening structure

P R s Ji= A fH %/ ( Ohm-cm) AHXT R %
WZFAR 7075-T651 5. 15e-006 1. 000 022
% ] 41 Ti-6Al-4 V 1. 78e-004 1. 000 050

R2 HERSIREMWEEEE
Table 2 Physical property of magnetic field shunt structure

o =] HIBH#/ (Ohm-cm)  HIX G 5%
iqERE:| 23QG085 4. 4e-007 10 000
T2 25 T2 1. 72e-008 0. 999 994
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Fig4d The model of excitation coil and magnetic field shunt structure
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Table 3 Parameters of excitation coil finite element model

4%/ mm AME/mm 5 B/ mm I %K
9.3 10. 3 8 360
12.4 13.4 8 360
15.5 16.5 8 360
18.6 19.6 8 360

KIS BRI &) 73
Fig.5 Model meshing



4 o & 2 R

SN ERAT S AR FEL A 4 3 il 2 P S AR A
PRI, R PR R R B S B R XA
W B SRR I 2R Ve o SRl 2 B i A ) i i % 2
BERRAE T, R T TR ST i 3 , XU 2k
FEINEL 0.5 kHz ARSI e o 55 A, PR35 SR 26 18 I
Bk 360 [M v BE 8 mm ARG BT , 73 5l B B U &
BIRNAE N 9.3.12.4.15.5.18.6 mm, 7E 10 V0.5 kHz
(O IESZ RN T, BB A AR 1 P AR R W 205
0.2.4.6.8 mm ##42 I ARG < A, 1 B4 2R Al

6 F%
5000
—o— 0 mm
4000F —+—2mm
—o— 4 mm
E —%*— 6 mm
< 3000F —%— 8 mm
=
2
2 000
il
T
R
w 1000
0 -
Il Il 1 1 L
-0.02 -0.01 0.00 0.01 0.02
BEIURNAR B L BE B /m
(a) BRI P A 20493 mm
(a) The 9.3 mm inner diameter of excitation coil
5000
7 7 —o— 0 mm
4000} —4—2mm
—o— 4 mm
/\E\ —#— 6 mm
< 3000 —%— 8§ mm
=
2
2000
g
Y
K
#1000
0 -
1 L L 1 1
-0.02 -0.01 0.00 0.01 0.02
BRI B 0 BE S /m
(b) BB B A2 912.4 mm
(b) The 12.4mm inner diameter of excitation coil
5000
gy ?  —o—O0mm
4000} —4—2mm
—o— 4 mm
E —%— 6 mm
< 3000F —%— 8 mm
=
o
20001
=
=
g 1000
0 -
1 1 1 L L
-0.02 -0.01 0.00 0.01 0.02
BEPURNAR B D BE B /m

(c) WRHEZR B8 P92 915.5 mm

(c) The 15.5 mm inner diameter of excitation coil

405
5000
7 2 —o— 0mm
4000F —4— 2mm
—o— 4 mm
/\E\ —#— 6 mm
< 3000F —%— 8 mm
=
2
2000
il
il
§ 1 000
0 -
L L L 1 1
-0.02 -0.01 0.00 0.01 0.02
B N 28 P RO B B /m

(d) Bhfrh 2k BBl N % 5918.6 mm

(d) The 18.6 mm inner diameter of excitation coil
K6 A[FURIZ P N AR T 2% BE A 03700 <
Fig.6  Vector sum of magnetic field strengths of paths

under different excitation inner diameters
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Fig.7 The relationship between plate depth and

normalized sensitivity
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Fig.8 Vector sum of magnetic field strength in the

depth direction of the plate
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Fig.9 The relationship between different combinations

of magnetic field shunt structure and vector sum of magnetic

field strength
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Fig.10 The structure of remote field eddy current sensor
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Fig.11  The results of defect detection simulation at

different drive frequencies
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Fig.12  The remote eddy current testing system of

hidden defect around fast-hole
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drive frequencies

~PTHIZ it i A% I g, SR SBCIRI il £ Rl 5 G ) £ P T i e

B, ANk Pl 5 T 2k Bl A, EL A AGHIN 28 Pl 5 9 i 2

Rl Z R B RG34 i 4k o S8 A BR T o3BT, X Ul

LRI RCT W oy RS M R RE B 7 s A5 o3 #r, O

e TR A U T3 7 T U e o L B LA

LTI EE ST, AL S 1L JE] B0 A A D) i i

TP ORFRIN A 0 AR 8 37 T A2 SR

2) A [) By B R SR g 7 328 AN ) RO AR A 2 e, >4
BREEHT N 4 mm I, BRI EAS N 1A% SR A ELAR Y
WAk Bl LU — b R e o

3) RS 53 s R v A ) e B B A B8 AR — 1K
G A ANNGINERIB AR . 4873 A A P B e 0+
T2 S+ ) A2 AT e BRGS0 AL RE

4) FESZBrAG I T AL 37 T Ui A 8 T ARG T4 I

4 mm GG RS (KX TEXER) 2%0. 2x4 mm (14 B [ 4L &

2490, IF HBEAE BRI BRI R 5 S IR Rk

[ 1] FEUTER. P 737 WL IEAFR R ITFE LT ] i il
EERAR, 2013(13) : 96-99.

CUI M H. Fastener application in Boeing 737 aircraft[ J].
Aeronautical Manufacturing Technology, 2013 ( 13):
96-99.

[ 2] RAKOW A, CHANG F K. A structural health monitoring
fastener for tracking fatigue crack growth in bolted
metallic joints [ J ]. Structural Health Monitoring; An
International Journal, 2011, 11(3) . 253-267.

[ 3] Rakow A, Banik J, Sanford G E, et al. Experimental and
analytical characterization of a slit-lock TM composite
boom [ CJ.4" AIAA Spacecraft Structures Conference.
2017 0174.

[ 4] BABBAR V K, UNDERHILL P R, STOTT C, et al.



3 ook % B40%
Finite element modeling of second layer crack detection in YANG B F, XU J M, WANG X F, et al. Research on
aircraft bolt holes with ferrous fasteners present[ J]. NDT remote field eddy current technique applied to inspect
& E International, 2014, 65. 64-71. riveted structure [ J ]. Chinese Journal of Sensors and

[5] CHEN G L, ZHANG W M, ZHANG ZH J, et al. A new Actuators, 2017,30(10) :1493-1496.
rosette-like eddy current array sensor with high sensitivity [14] HRE =g, TRE, & OIHES W E R I rhimls
for fatigue defect around bolt hole in SHM[ J]. NDT & E WAL A AL B 1T [T ] HLAR TR 2 4, 2017,
International, 2018, 94 70-78. 53(14) :120-127.

[ 6] STOTT C A, UNDERHILL P R, BABBAR V K, et al. XU J M, YANG B F, WANG X F, et al. Optimal design
Pulsed eddy current detection of cracks in multilayer of remote field eddy current sensor for detection of cracks
aluminum lap joints[ J]. IEEE Sensors Journal, 2015, in riveted structure [ J ]. Journal of Mechanical
15(2) : 956-962. Engineering, 2017,53(14) .120-127.

[ 7] BARBATO L, POULAKIS N, TAMBURRINO A, et al. [15] SOPHIAN A, TIAN G Y, TAYLOR D, et al. Design of a
Solution and extension of a new benchmark problem for pulsed eddy current sensor for detection of defects in
eddy-current  nondestructive testing [ J ].  IEEE aircraft lap-joints [ J ]. Sensors and Actuators A;
Transactions on Magnetics, 2015, 51(7) . 1-7. Physical, 2002, 101(1-2) : 92-98.

(87 bl Z5/0h IZELE 2 4 A I i e 1 R i [16] SCHMIDT T R. History of the remote-field eddy current
AR S AN T ] XS ZE2241 2019 ,40( 1) : 12- 20, inspection technique [ J ]. Materials Evaluation, 1989,
ZHANG W, LI 'Y J, SHI Y B, et al. Feature analysis 47(1): 14-22.
and processing of pulsed remote field eddy current signal [17] MORECROFT J H, TURNER A. The shielding of electric
in oil pipes[J]. Chinese Journal of Scientific Instrument, and magnetic fields[ J]. Radio Engineers Proceedings of
2019.40( 1) :12-20. the Institute of, 1925, 13(4) . 477-505.

(0] frai  AREE 20 4 A S B R T B 2t [18] SA?A]?A I, NAKASHIMA Y. A new .method of ma.lgnetlc
TR T[] ALY 222 4 2017.38(5) - Shleldlr.lg: Combination of flux repulsion an('i backmg up
1119-1195. magnetic pathways [ J ]. Journal of Applied Physics,
XU ZH Y, LIN ZH P, YUAN X M, et al. External :888’ 103(7) :07E932.
remote field eddy current probe for defect detection at & E . N .
pipe elbows[ J]. Chinese Journal of Scientific Instrument, . S?JIF‘EZ ;2017 ﬁiﬂ:ﬁﬁ% iz ?3}(13?
2017.38(5) - 1119-1125, I?—"{E ﬁ&ﬁfﬁ%ﬁﬁ?ﬁpﬁ??ﬁﬁff@ﬂﬂ%ﬂ(?ﬁ

[10] R, 14508 P IR TP R o 5 L B
%ﬂzﬁﬂﬂ-EE?UWJ%%W%??[%,?D]?,%(Z) :80- 87'- . E-mail; 1pz033710@ qq.com
XU ZH Y, XIAO Q. Outside inspection and quantitative Liu Pingzheng received his B. Sc. degree
evaluation of pipe defects based on pulsed remote ficld from Nanchang Hangkong University in 2017. He is currently a
eddy currents [J]. Journal of Electronic Measurement M. Sc. student in the Key Laboratory of Nondestructive Testing,
and Instrumentation, 2019,33(2) :80-87. Ministry of Education at Nanchang Hangkong University. His

[11] SUN Y S, OUANG T, UDPA S. Remote field eddy main research interests include new electromagnetic testing
current testing: One of the potential solutions for technology and nondestructive testing.
detecting deeply embedded discontinuities in thick and YL GE SV H) L 4 B HE 1999 4F Fil
multilayer metallic structures [ J ]. Materials Evaluation, 2005 4E 1 B 25 o2 4 W AR AR 22 -2 i
2001, 55(5) ; 632-657. FI L2400, 2012 4 TAE R K 3150

[12] MBSz, PINFRG , Hh B 2. 7 37 1 I = 2k S5 46 0 HL 2 e PR R E LS K S, IS
A FRTT T L) ] B s R R4k, 1993 (1) F7 11 L RE TC R A
18-27. E-mail; kevin.song@ foxmail.com
LIN'HY, SUN'Y SH, QU M X. Finite element analysis of Song Kai ( Corresponding author) received his B. Sc. degree
3-D defect detection physics in remote field eddy current and M. Sc. degree both from Nanchang Hangkong University in
inspection technique[ J ]. Journal of Nanjing University of 1999 and 2005 respectively, and received his Ph. D. degree from
Aeronautics & Astronautics,1993(1) :18-27. Huazhong University of Science and Technology in 2012. He is

[13] Mpm=is, BRI, e, & LB BIGE I currently a professor at Nanchang Hangkong University. His main

TR I AB TS [T ] AL AR H12,2017,30(10) -
1493-1496.

interest is non-destructive

research

electromagnetic testing

technology.



