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An Implementation of Resonant ECT Sensor

B Rk
Kazuya OKUDA
fEEHE Rkl

EBR PR B TR e R R R T e L ake

This paper describes the resonant connection for constructing a resonant circuit without any

external capacitor. Resonance connection is an ingenious circuit connection which makes it possible to

utilize the line to line capacitor and inductance for resonance not requiring any additional external

capacitors. In this paper, we try to develop a resonance type eddy current sensor using a resonant

connection.

As a result, good results have been obtained.
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Fig.1 Tested coil and the measurement conditions.
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Fig.2 Frequency characteristics of the ECT proves.
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Fig.3 Comparison of the normal and resonant coil
connections.
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Fig. 4 Example of a pair of twisted coils
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(c) Equivalent electric circuit of the resonant coil connection.
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(d) Modified equwalent circuit of the resonant coil
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Fig. 5 Principle of an ingenious resonant coil connection.
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Table.1 Tested twist coils.

Twist pitch Number of layers Resonant frequency
[turn/m] [layer] [kHz]
1470.6 1 309.0
1250.0 1 481.5
500.0 1 543.0
3333 1 580.5
200.0 1 570.0
142.9 1 679.5
1470.6 2 2335
500.0 2 173.0
3333 2 181.5
200.0 2 180.0
142.9 2 252.5
1470.6 3 194.0
333.3 3 196.0
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Fig.6 A x,y,z coordinate system, where x,y,z are
corresponding to the twist pitch, number of layers and
resonant frequency, respectively.
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Fig.7 Design curves for the ingenious connection resonant
circuit as a function of the twist pitch as well as number of
layers.
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Table.2 Various constants of the tested sensor.

Length of entire coil 2260mm
Coil diameter 0.1mm
Number of turns 120turns
Length of solenoidal coil 30mm
Number of layer 1




Fig.8 Tested target metal sheet having the 2mm width and

1mm depth artificial line defect.
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(c)2-layers of resonant connection.

Fig.9 The frequency vs. impedance characteristics of the
twist coils
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Fig.10 3D plot of empirical formula
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Fig.11 Schematic diagram of a self induction type ECT
probe.
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Table.3 Various constants of the conventional

self-induction type ECT sensor.

Table.5 Various parameters of the signal processor ET-5002
made by the EMIC Co. Japan and output results by
self-induction.

Resonant
connection No Yes
e 256 | 512 | 1024 | 256 | 512 | 1024
requency [kHz]
Setting 30
sensitivity [dB]
Max voltage
(Defect) [3] 0.48 | 256 | 0.12 | 1.68 | 2.88 | 0.16
Max voltage
(Non-Defect) 0.16 | 356 | 0.12 | 0.16 | 0.20 | 0.04
[Vl
S/N ratio 3.00 | 0.72 | 1.00 | 10.50 | 14.40 | 4.00

_ Ferrite core material MnZn
/" Ferrite core size 6xXmx30mm
ﬁ Coil diameter 0.2mm
wﬂ Sensing coil
. Number of turns 106turns
Resonant frequency 8.9MHz

Table.4 Various constants of a new self-induction
type ECT sensor employing the resonance

connection to the sensing coils.

Ferrite core material MnZn
Ferrite core size 6Xmx30mm
' Coil diameter 0.2mm
w Sensing coil
Number of turns 61turns
Resonant frequency 1.2MHz
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Fig.12 Schematic diagram of a mutual induction type ECT
probe.
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Table.6 Various constants of the conventional mutual
induction type ECT sensor.

Ferrite core material MnZn
Ferrite core size 6xx30mm
Coil diameter 0.2mm
Exciting coil
Number of turns 106turns
Resonant frequency 8.9MHz
Sensing coil
Number of turns 61turns
Resonant frequency 8.9MHz

Table.7 Various constants of a new mutual induction
type ECT sensor employing the resonance connection
to the sensing caoils.

Ferrite core material MnZn
Ferrite core size 6xtx30mm
Coil diameter 0.2mm
Exciting coil
Number of turns 106turns
Resonant frequency 750.1kHz
Sensing coil
Number of turns 61turns
Resonant frequency 700.1kHz

Tabel.8 [ZHH A FHEC K 2 it RESS: TET-5002)
DOFEFM T OEERE R A2 RT.

Table.8 Various parameters of the signal processor ET-5002
made by the EMIC Co. Japan and output results by mutual

induction.

Resona_nt No Yes
connection

Exciting 256 | 512 | 1024 | 256 | 512 | 1024
frequency [kHz]

Setting 30
sensitivity [dB]

Max voltage

(Defect) [V] 0.48 | 256 | 012 | 1.68 | 2.88 | 0.16
Max voltage

(Non-Defect) 0.16 | 0.20 | 0.12 | 0.16 | 0.20 | 0.04

V]

S/N ratio 3.00 | 12.80 | 1.00 | 10.50 | 14.40 | 4.00
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A Study of Eddy Current Testing
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Previously, we have succeeded in exploiting a new high sensibility eddy current testing (ECT)
sensor called the infinite (o) coil. This paper proposes the other new ECT sensor to realize a further
higher sensibility sensor than those of our previous one. The new sensor utilizes the magnetic fields in
the parallel directions to a tested target surface, and this makes it possible to construct a shape whose

sensing coil could be entirely surrounded by the exciting coil. Surrounding the sensing coil entirely by
the exciting coil makes it possible to work the exciting coil as if a shielding coil to the external
electromagnetic noise. Thus, good signal to noise ratio is expected and has been confirmed by the

numerical simulations as well as practical experiments.

Key Words : Eddy current testing, Non-destructive testing, o coil
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Fig.1 Schematic diagram of the o coil, where the circular coils
on both side are the planar exciting coils. The rectangular box
located between a mid point of both exciting coils is the sensing
coil wound around a ferrite bar. The thin grey colored arrows
show the magnetic fluxes caused by the exciting currents when
no target metallic materials.
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Fig.2 Simulated magnetic flux density distributions due

to the « coil.

(2) FHEHE oA LOBERE

00 I A L RIED R MER T YRR S FICERE LT
BE, RERER & T B3 72 DR SR I i RGE
PO T ENCIRETR RIS . PRI RIS OIRE I
Lo THEL DA ITERRZFT BT H M Th D720
R = A LV OENIKR U CHEATRSG &7 0, FHEEEILR
ALV, L, HREISSAEE TRESISICK
BERNFIET 2856, KEZEET 5 L 9 ITmEmRI I,
R = A Vi ﬂbfﬁﬁ@m%m“m%éﬁé N0}
2%, M aA VICHEREESEEL, KIBOFEEH
BT 5 Z ENAIREICIR B

Fig.1 &4 mlco = 1 L O ENEF B A BRFET 5 7=
DAL JSOL O = A REFH LNy 77— IMAG
ZHAWTY I 2l —ar&179.

Table 1 IZfihf=A L L a4 L ENENDOFHEEL
Zord. Moo o A L EHE 100mm, #f200mm, E &
Imm O EIC) 7 47 0.2mm & L TEE I TE
D, itk = A A ~FERE 300mA, 256kHz O IE K it
BB RE LEET D, RENLRWES, Rl A L
OB KT LCREN 0 B, 90 FF 45 FEOZHIZOW
TyIalb—varyz{r).



Table 1 Various constants of the simulation model.

Exciting coil
Coil outer diameter 9.0 [mm]
Coil inner diameter 1.0 [mm]
Coil length 0.2 [mm]
Number of turns 20 turn
Input voltage (peak) 25[V]
Frequency 256 [kHz]

Sensing coil

Coil outer diameter 1.4 [mm]x2.4 [mm]

Coil inner diameter 1.0 [mm]x2.0 [mm]

Coil length 6 [mm]
Number of turns 100 turn
MnZn/ferrite

AXis core

(permiability:3000)
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(c) A line defect is Iocated 45 degree to the sensor coil axis.
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(d) A line defect is located in 90 degree to the sensor coil axis.

Fig.3 Eddy current distributions in various defect conditions.
Black solid lines are the outline of the coils.
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Fig.4 Each of the induced voltages depends on the angle
between the sensor coil axis and the magnetic flux flowing
direction.
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Fig.5 A new flat ECT sensor whose sensing coil located in a
center and is entirely surrounded by the square shape exciting
coil. Surrounding the sensing coil entirely by the exciting coil
makes it possible to shield the sensor coil to the external
electromagnetic noise.
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Table 2 Various constants for the simulations and experiments.

Circular exciting coils

Outer diameter 9.0 [mm]
Inner diameter 0.5 [mm]
Coil length 0.2 [mm]
Number of turns 20 turn
Input voltage(peak) 25[V]
Frequency 256 [kHz]

Rectangular exciting coil

Outer length 13.5%14.0 [mm]

Inner length 4.5x5.0 [mm]
Coil length 0.2 [mm]
Number of turns 20 turn
Input voltage(peak) 25[V]
Frequency 256 [kHz]
Sensing coil
Outer diameter 1.5 x 2.8 [mm]
Inner diameter 0.5 x 2.0 [mm]
Length 4.5 [mm]
Number of turns 100 turn
MnZn/ferrite

AXis core

(Permeability: 3000)




(b) A new flat ECT coil
Fig.6 The simulated magnetic flux density distributions of the
flat circular o (a) and new flat ECT (b) coils. Black solid
lines are the outline of the coils.
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Fig.8 (a) Tested o coils, and (b) Tested new flat ECT sensor.
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Table 3 S/N ratios and peak detected voltages.

Tested oo coils A new flat ECT sensor

Simulation | Experiment | Simulation | Experiment
No-defect |5.7.E?[mV] 3.5[mV][1.7.EmV] 34 [mV]
45° 25.2 [mV] 18 [mV]| 420 [mV]| 504 [mV]
S/N ratio 4.4 E2 5.10 9.8.E2 16.7
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