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Investigations into the influential factors for the inspection performance of
capacitive-eddy current dual modality integrated probe

Yin Xiaokang, Fu Jiaming, Gu Yue, Li Wei, Chen Guoming
(School of Mechanical and Electronic Engineering, China University of Petroleum ( East China) , Qingdao 266580, China)

Abstract : Capacitive-eddy current dual modality integrated non-destructive testing method combines the advantages of capacitive
inspection technique in the inspection of insulators and eddy current inspection technique in the inspection of conductors, and can fulfill
the overall inspection requirement of “insulator-conductor” hybrid structures such as glass fiber composite repair structure. The
principles of the capacitive mode and eddy current mode of dual modality integrated inspection technique are analysed, respectively, the
influential factors of the inspection performance for dual modality integrated probe are identified. The influences of excitation signal
frequency, lift-off distance, probe scan direction and coil design parameters on the inspection performance are studied in experiment.
Normalized variation ratio (NVR) at the center of the target defect in the inspection characteristic signal variation ratio curve is taken as
a quantitative indicator to intuitively characterize the influential pattern and degree of various factors on the inspection performance. The
results indicate that experiment conditions and design parameters have different influential patterns on the inspection performance, among
which the lift-off distance and coil parameters have obvious influence. Comprehensive considering the influential patterns of various
factors may hopefully achieve the inspection performance improvement and guide the optimal probe design.
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Fig. 1 Dual planar coil capacitive-eddy current dual

modality probe
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Fig.2  Wiring schematic diagram of the capacitive

and eddy current modes
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Fig.3 Principle of the capacitive mode
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Fig.4 Principle schematic diagram of the eddy current mode
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Fig. 5 Block diagram of the dual modality inspection

experiment system
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Table 1 Parameter table of the planar coil
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Fig.7 Specimen for capacitive mode
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Fig. 8 Specimen for eddy current mode
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TEHL AR (B 10(a) ), BT 78 B R A9 33D
15 5 A5 R B N, o e AR 182 ST, 7T 2 A A% HL 3
5590 ARG Sh , DR L0 3R %) A o A B e R
N N 7/ N R S (1 R O N R O o B
B (B 10(b)) , 7EEARIINR A 3 L (5,10 Hz)
W R A 8 52 B 24 20 A TR PR R A A A R
T B T U A R R AR N R I £ B v 1 S R FEL Bl B
BN,

g BV 80 15 5 49 8 ( S AR SC TS St 9T 4% T
) X WURSE e 0 4 R 14 52 M, 3 BRCAR Ak 3 il £ B bR
BB rfocs 07 B AL B NVR by B AR 38 AR (fRTRR o0 AR Ak
) K TR AE PR 28 G 0 e A 5 e AR R R AT A



202 % # N R ¥ W

rRC AR A R IR AR A 3R 2 v B B A E AT O I
B3 0 5 0% S AR X BRI 1) 2 M, I 25 A T I XA 5
PR AR 45 78 I 25 1 T AR 5 X B s Sl 19 g 7 R
B30 A 1E R R AE 48 A xR 86 45 SR kAT Ak . o
SR B 2 5 0 A A A i 2 PO AR R R A, IR 4
il P A AE 2 e A b S B 38l A 5 R AR AL R an
E 11 FiR,

V7735 Hz 1.001
20 Hz

BEEionz
0.8k E=1000Hz
i [ 10 000 Hz
i 99 000 Hz 0.678
go.e-
&
2
0.4

0.17 0.172  0.176
L0680 Gam1 0178

AR
BT A S S iR oA A R
Fig. 11  Central NVRs for different excitation signal

frequencies

e 8 COR [ AR T 9 o AR A R FE AR -
MRS AR 88 (1 kHz DL L) | il A8 A 5k
KO 1 kHz &b 0. 106 33 99 kHz 4k 1. 001) , [H]
— R T 7 A AT T R AR R AT LA A A S
T Rl P AT 3 224 32k 48 A v AR ) I e e 3 A ARG ) R
BE AR TS AR AR SO 56 R Y 2 1 i B 4 R il
Qe ) S AR R o T 2 T PR IRl A 3 X 2R 0 TR R Y
AL

2) LR I 5

SIS IR S At B P X A U s e il I 6
TN T AR XUk , R FHIE 5% HL R 33030 ( pk-pk 10 V,
10 kHz) ,FEAFHREIEE T (1~7 mm) X350 &
FRRH o AT T i AR 5 R T =X A 12X &5
R 12(a) ((b) 7R,

0.03F
0.02
N
& 001t
T B
| it
h I mm
g " 553 mm
1 ~0.02F o 5%4 mm
# e
o . HBr7 mm
~0.04 s . , . .
0 10 20 30 40 30 50
FHREEE B /mm
(a) AR BRFE RS R

(a) Scan result of capacitive mode defect

a1k
030 Em
FEE2 33
025 3 mm
M e i
ﬁ’}( 0.15 §mm
ﬂE
% 0.10
£ 005 :
K 9 ?
W
-0.05 20 30 50 30 100 0
A IE S /mm
(b) IRFEL R ERE ERE R

(b) Scan result of eddy current mode defect

B2 fR R E e e 4 R

Fig. 12 Experiment results of lift-off distance influence
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