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Eddy Current Testing
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Optimisation of pulsed eddy current probe for detection of

sub-surface defects in stainless steel plates

V. Arjun, B. Sasi, B. Purna Chandra Rao, C.K. Mukhopadhyay, T. jayakumar

Highlights

« For effective detection of deeper defects,
probe design plays a major role.

*FEM based approach for optimizing probe
configuration and dimensions.

*Send-receive type ferrite cored probe of 19mm
outer diameter shows better detection sensitivity.
* Experimental study also confirms its detection
sensitivity for sub-surface defects.

Induced current density, Alm’

For defect detection, Excitation characteristics of
the probe also play a crucial role.
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* I: FEM of PEC

» Optimization of rise time for enhancement in detection of defects in a
SS plate of 5 mm,8 mm,10 mm and 12 mm thickness.

« |I: Analysis using Frequency spectrum.
* [lI: Study of different conductivity specimens.

Specimen
thickness

Objective

A

Defect depth
below |
surface ‘I

Defect detection

nt (A)

Curre

Rise time

/ PuIsIampIitude
4—

Pulse width >
Time (s)

Exciter Signal




Modelling Study

Geometry

Ferrite-1

T

PROBE

SPECIMEN

Ferrite-2

Receiver /
Exciter

DEFECT

Ferrite-1 1
Receiver 10 3
Ferrite-2 20 3
Exciter 15 3
Specimen  Variable(5,8,10,12) 50
Defect Variable(l—ll) 5
Lift-off
W--
Ferrite 1500
Copper 1 1 6e7

Stainless 1 1 1.34e6
steel

Air 1 1 5




Typical Model
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Magnetic insulation
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As defect depth increases, peak amplitude decreases, time to peak increases and
the difference (in pa & ttp) between successive defects also decreases.

So, the effect of rise time on the difference(in pa & ttp) is studied for enhanced
defect detection.




Rise Time Study
SS plate (2.23 % IACS)

In this study, pulse amplitude is fixed at 0.5 A.

Pulse width is fixed at 150 % of rise time.

Rise time is varied to examine the sensitivity parameters.
Rise times considered:

5 mm plate: 100 us, 200 ps, 400 ps, 800 us, 900 ps.

8 mm plate: 200 us, 400 ps, 800 ps, 900 us, 1000 ps.

10 mm plate: 800 us, 900 ps, 1000 ps, 1200 ps, 1500 ps.
12 mm plate: 1250 ps, 1500 ps, 1750 us, 2000 us, 2250 ps.




5 mm thick plate

Peak amplitude and time to peak variation with defect depth at
different rise times
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Peak amplitude reduces with increase in rise time.
Time to peak increases with increase in rise time.




Difference,V

Difference variation with rise time
(Defect at 4 mm and defect-free plate)
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Good difference is obtained in peak amplitude and time to peak at rise time of 400 ps.




8 mm thick plate

Difference variation with rise time
(Defect at 7 mm and defect-free plate)
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Good difference is obtained in peak amplitude and time to peak at rise time of 800 ps.
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Difference

10 mm thick plate

Difference variation with rise time
(Defect at 9 mm and defect-free plate)

3.0x10"{ = 2.0x107 - —

2.5x10™ \ 0 1.8x107 -
w_ |—m—defect=9 mm & defectfree] m
2.0x10™ \ > 1.6x10”

S

1.4x107

Difference

[—n—defect=9 mm & defectfree|

[ ]
1.5x10™ \

1.0x10™ -\
]

5.0x10™"

1.2x107

1.0x107

Defect-free

800p 900y  1000p  1200p 1500 800p  900p  1000p 12000 1500y

risetime,s risetime,s

Good difference is obtained in peak amplitude and time to peak at rise time of 1200 ps.




12 mm thick plate

Difference variation with rise time
(Defect at 11 mm and defect-free plate)
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Good difference is obtained in peak amplitude and time to peak at rise time of 2000 ps.




Optimised Risetime variation with specimen thickness
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As specimen thickness increases, optimised risetime also increases.




Time Frequency Analysis
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dominant frequency and its energy.
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Correlation of rise time with specimen thickness

Thickness Rise time Dominant frequency

skin depth  1/(7uof)1/2

5mm 400pus 1302.1 Hzess) 11.97 mmmmm) 2.39*thickness

8mm 800us 673 Hz =) 16.64 mmmmm) 2.08*thickness
10 mm 1200 ps 454.6 Hz ===) 20.25 mmm===) 2 03*thickness

12 mm 2000 pus 279 Hz =) 25.85 mmmmm) 2.15*thickness

For any specimen thickness, the optimised rise time has

dominant frequency that has skin depth at twice the
specimen thickness.




Hastelloy Plate (1.5 % IACS)
Difference variation with rise time
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Optimum rise times obtained are 200 ps, 500 ps and 1000 ps for 5 mm, 8 mm and 10 mm
plates respectively.




Difference,s

Aluminium plate (30 % IACS)
Difference variation with rise time
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Optimum rise times obtained are 7 ms, 10 ms and 13 ms for 5 mm, 8 mm and 10 mm plates
respectively.




Empirical Relation

Optimum rise time = poy + P1g* T + Po; * C + Py * T2 +p;,*T*C + p,*C?
(T — Thickness; C — Conductivity)

Conductivity(% Thickness Actual Rise time Empirical Rise Error(%)
IACS) (mm) (us) time(ps)
5 200

Dy = 202.3;
Por = 29.47; _

p20 - _7778’ 10 1000 881.573 11.84
pll — 3744’ 5 400 333.053 16.74

p02 = O . 8302 ) Stainless Steel 2.23 8 800 887.084 -10.89

172.623 13.69

10 1200 1178.659 1.78
5 7000 7093.03 1.33
8 11000 10766.19 2.13

Aluminium 30

10 13000 13137.18 -1.06



Summary

 Pulsed eddy current rise time has been optimized for enhanced
sub-surface defect detection in SS plate, Hastelloy plate and
Aluminium plate of thickness 5 mm, 8 mm, 10 mm and 12 mm.

« An empirical relation is given for optimum pulse rise time as a
function of specimen thickness and conductivity.

 Further, time-frequency analysis of the excitation signals
revealed that the optimized rise time has dominant frequency
that has skin depth at twice the specimen thickness.
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