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Simulation and Evaluation of ECT Signals from MRPC Probe in Combo
Calibration Standard Tube Using Electromagnetic Numerical Analysis
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Abstract Signals captured from a Combo calibration standard tube paly a crucial role in the evaluation of
motorized rotating pancake coil (MRPC) probe signals from steam generator (SG) tubes in nuclear power plants
(NPPs). Therefore, the Combo tube signals should be consistent and accurate. However, MRPC probe signals are
very easily affected by various factors around the tubes so that they can be distorted in their amplitudes and phase
angles which are the values specifically used in the evaluation. To overcome this problem, in this study, we
explored possibility of simulation to be used as a practical calibration tool for the evaluation of real field signals.
For this purpose, we investigated the characteristics of a MRPC probe and a Combo tube. And then using
commercial software (VIC-3D) we simulated a set of calibration signals and compared to the experimental signals.
From this comparison, we verified the accuracy of the simulated signals. Finally, we evaluated two defects using
the simulated Combo tube signals, and the results were compared with those obtained using the actual field
calibration signals.
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2. MRPC Probe

2.1. MRPC Probe2l +4
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prober A 7}A FH((b) primary pancake coil,
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(a) +point MRPC probe

(b) primary
pancake coil

{d) high freq.
pancake coil

() +point coil

Fig. 1 An example of the head of a +point
MRPC probe adopted for inspecting a
straight pipe
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FYUHST 210 85 46
£hd: 1.0mm
L4 .
i 1.0mm X2 16mm 1.0mm
=Hd: 1.8mm
ZUQH 3.0mm XA 2.4mm 1.5mm
AU=0| 1.5mm 1.3mm 1.5mm
FAUE 1.0mm 0.4mm 0.25mm
30{9Y 1.0mm 1.0mm
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Operating characteristics of a primary
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Top view Side view

(b) Circumferential coil

Fig. 3 Operating characteristics of a +point coil
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Fig. 5 A Combo calibration standard tube for
+point MRPC probes

Table 2 Deliberated flaws in the combo calibration standard tube

Deliberated AxiaD) | OD Axial(F) | OD Circ.(H) ID Axial(K) | ID Circ.iM)
TWH(A) | FBH(B) | FBH(C) TSR : -
Defect Circ{E) | OD Axial(G) | OD Circ.(l) ID Axiall) | ID Circ.(N)
. ., . . 100 % 60 % 80 % 40 % 40 %
%o Depin | 100 % | 60 % | 0% | 5o 40 % 0% | PR 2w 20 %

Table 3 Material properties of the combo calibration tube

Material Conductivity Rel. Rel. Inner radius | Outer radius | Thickness | Length
(S/m) Permeability | Permittivity (mm) (mm) (mm) (mm)
Inconel Combo Tube 1.1E6 1 1 8433 9.525 1.092 275.05

Tube Support Ring (TSR) 6.7E6 50 1 9.525 15.875 6.35 19.05
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(b) Experimental C-scan image

----- Experimental Signals(MIZ)
T—Simulated Signals(VIC:3D)

Impedance, Yolts
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Distance, mm

{(c) Comparison of B-scan curves along the center a
line of the defects

----- Experimental Signats(MIZ)
—simulated Signals(VIC-3D)

D WA
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° S0 fale 150
Distance, mm

(d) Comparison of B-scan curves along the center 8
line of the defects

Fig. 6 C-scan images and B-scan curves for
the primary pancake coil of Combo iube
in 300kHz
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Fig. 7 G-scan images and B-scan curves for
the +point coil of Combo tube in 300kHz
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5.3. High frequency shielded pancake coil

Fig. 89} high frequency shielded pancake coil-
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{(c) Comparison of B-scan curves along the center
a line of the defects

20

I Signals(MIZ
aﬁls(\/l"';—”vf

Impedance, Volts

00 T30
Distance. nun

(d) Comparison of B-scan curves along the center
B line of the defects

Fig. 8 C-scan images and B-scan curves for the
high frequency shielded pancake coil of
Combo tube in 300kHz
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Fig. 9 Real defect signals in steam generator
tubes of nuclear power plants
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Table 4 Comparison of signal evaluation results using real defects

Real Combo signals Simulated Combo signals
Defect Flaw for - Flaw for (Callibration)— (Calibration)— Discrepancy
types | normalization calibration Real SCI signals Real SCI signals

Volts Phase 'angle | Volts Phase angle Volts Phase angle
SCl 1 A E20V, M:15° | 976V 96° 9.84v 94.3° 0.08v 1.7°
SCl 1 D E20V, M:15° | 9.76V 96° 9,53V 91° 0.23v 5°
SCi 2 A E20v, M:15° | 255V 96° 257V 94.3° 0.02v 1.7°
SCI 2 D E20V, M:15° | 255V 96° 249V 91° 0.06V 5°
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Table 5 Comparison of signal evaluation resulis using deliberated defects
Simulated Combo
Real Combo signals signals Simulated Combo signals
Defect types, Flaw for Flaw for (Calibration)— (Calibration)— (Calibration)—
% OD depth | normalization calibration | Deliberated defect signals| Deliberated defect Simulated defect signals
signals
Volts Phase angle Volts | Phase angle Volts Phase angle
SCI, 20% A E20V, M:15° | 023V 9%6° 0.22v 105° 0.16v 71°
SCI, 40% A E:20V, M:15° | 0.79V 87° 0.74v 96° 0.70v 78°
SCI, 60% A E20V, M:15° | 2.80V 75° 2.64V 84° 2.15v 65°
SCI, 80% A E20V, M:15° | 659V 64° 6.21V 73° 5.46V 58°
SCI, 100% A E:20V, M:15° | 33.74V 29° 31.76V 38° 29.68V 28°
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