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Nondestructive evaluation of steam generator
tube using magnetic sensor
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SUMMARY

I. project Title
Nondestructive evaluation of steam generator tube using magnetic

sensor

II. Objectives and Importance of the Project

The steam generator(SG) tube in nuclear power plant (NPP) are
composed of nickel based alloy called Inconel 600. Eddy current testing
(ECT) has been widely used in in-service inspection as well as pre-service
inspection of the SG tubes in NPP of pressurized water reactor type. ECT
is power technique detecting defects in SG tubes, it has several significant
handicaps. Since the ECT signals represented by the phase difference
between resistance and reactance on the impedance plane, it is difficult to
separate defect signals from other noise source such as premeability
variation clusters. Although this material is paramagnetic in nature,
ferromagnetic phases are created by the SG operating environments. These
ferromagnetic phases significantly alter the eddy current signals, which
result in the significant tube failure like UCN 4. Because of these
ferromagnetic phases, powerful permanent magnets need to be integrated
into eddy current tube designs to magnetically saturate the tube material.
Magnetic saturation is required to ensure adequate eddy current depth of
penetration in order for internal probes to detect defects that initiate from
outer diameter (OD) surface of the tube. It is also needed to eliminate
probe signal distortions from magnet permeability variations that can
obscure defect signals.

In this study, new detecting technology complement the handicaps of
ECT has been introduced, and tested in the Inconel 600 specimen having
artificial cracks. The eddy currents produce their own magnetic fields that
interact with the primary magnetic field of the coil. In conventional eddy
current test, information can be gathered about the test material by
measuring changes in the resistance and inductive reactance of the coil.
However, in this study, the induced magnetic field by the defects can be

measured directly by the magnetic Hall sensor.



III. Scope and Contents of the Project

1. Fabrication of thermal

annealed
condition of ST tube

specimen simulating operation

- Measuring of induced magnetic field by thermal annealed Inconel 600
specimens.

- Measuring the hysteresis loop of the local parts in the same specimen
2. Fabrication of EDM standard defect specimen with different length,

depth, width, and proximity to be used for the evaluation on
magnetic flux leakage signal of each defect

- Construction of X-Y stage and preparation of control soft ware by Lab
View

- Construction of signal acquisition electronic circuit for Hall probe
- Development of precise diagnosis on defect using fabricated DEM
standard flaws

IV. Results of Project

1. Successful detection of magnetic signal in the thermal annealed
specimen by GMI and VSM with different heat treatment conditions

2. Successful detection of the hysteresis loops in the thermal annealed
specimen

Development of new technology detecting SG tube defects with
magnetic sensor,

- This technology measures change of magnetic flux density due to
defects by Hall sensor

- Detection of magnetic flux density of induced field in the standard
defect specimen with different length, depth, width.

- The signals represented as a induced field in the flaws are easier to
understand than ECT.

- It is possible to measure the defect having size of 0.2 mm diameter
and 0.1 mm depth.

V. proposal for application

The method of AC magnetic flux leakage can offers improvement in

speed and resolution compared to the conventional ECT. The information



about the defects in the SG tbue can be represented as a degree of
induced voltage by the defects instead of the phase difference of ECT.
The new technology is free from the signal analysis problems in the
conventional ECT. This new technology can solve the permeability
variation clusters which is the main source of ECT signal distortion, and
can measure circumference cracks with high velocity which is impossible
in the ECT bobbin probe. Therefore this technology can be used as a new

technology substituting or supporting conventional ECT.
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a8 9. A¥AA +F LabView T Z 13,

B oAgox Algd A]H-L Inconel 600 &2 ¥ B 2go] AHS F7)
D7) ThexAE BAREEY ZbZE 360, 480, 600 9 700 C oA 7t&AA
st A (™ 10), Inconel 600 H ol JAFAETS Yo Ago] 274l
) xE 9SS AdstHt 18 112 o] AdA] ALLE inconel600 A]HA
o7 F 18 Zo] AFZAS TtEeAT Ao FRE 4FFE st A
gelel Age A%t Asle 23, Bolw tEA el il ATATL
U8R, B, C, D #lE 7k A R st Ajke JhEskdd Egk 29
I AskEe] Agl= 20 mm ©|t}

_15_



2% 10. A=Y 600 o FFEAAE AH,

Length | Width(m | Depth(m
(mm) m) m)
Al 4 0.2 0.4
A2 4 0.2 0.3
A3 4 0.1 0.2
Ad 4 0.1 0.1
B1 2 0.2 0.4
B2 2 0.2 0.3 1 — 3 4
B3 2 0.1 0.2 A — — — ——
B4 2 0.1 0.1
C1 0.5 ¢ 0.4 B 4 O I O
C2 0.5 ¢ 0.3
C3 0.5 ¢ 0.2 c 20mm
C4 0.5 ¢ 0.1
D1 0.25 ¢ 0.4 5 l 20 mm
D2 0.25 ¢ 0.3 ° ° ° °
D3 0.25 ¢ 0.2
D4 0.25 ¢ 0.1
¥1. Az A =7 719 11. inconel600 EFAIH] AF9]A].

_16_



A3 ATHE

a4 12= 3 HY ELAE ARESEY AEE aFASTFHAEAE &
2} AbRolth, 191104 H 5o U-type Ferrite core®] & = 0.2 mm#g =
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A5t A AA AT & 2AE Tl U2 A5 = AD Converter (DAQ )
=2 B3 AEHE lE-—st Holet2 AAsgon, 218 Lab-VIEWE A}
Stttk WA A AAFEE TAHAZ]AL inconel 600 ASH-S X-Stage?l
TAL A7 & DC motorE FEHA HH, Aol YE FYdA W}
= ll

I

5 & HESHA Ha, olF AAF AV 2 SFHIE
HE 249 2 FHH9], Lock-in Amplifieroll A ©hA] ZH ¥ %
4 2 F33 AT E Digtal Voltmaterdl] EU X1, o] 4l&= AFEo| 9
oF ZA3tAl oAtk EF inconel600 ©] #Zlol= A= (5 XY-stage”}
olFd AZ)ET HFHE AT 4 UM Lab-VIEW Z=2I3S HA 3
Tt HE3 incoenel 6009 #}7]2 A5 7} meketr] wi&oll FY AH7]F Q0 d
S ZH 7] et 1€ 13 I 22 AHAE AlZtete] AaaA e A
o

de =30

a¥ 13« o] ARoA AHEE AHY IFFA B FHFIEEA, oF
T537] 93 AEAYge 7474 +15 V, -15 V & DC Power supplyE ©]&
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NME WIE Hola Utk 45 Y2+ Voltage ¢ W= F347}
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