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Remote Field Eddy Current Technique Development for Gap
Measurement of Neighboring Tubes of Nuclear Fuel Channel
in Pressurized Heavy Water Reactor
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Abstract Liquid Injection Nozzle(LIN) tube and Calandria tube(CT) in Pressurized Heavy Water Reactor
(PHWR) are cross-aligned horizontally. These neighboring tubes can contact each other due to the sag of the
calandria tube resulting from the irradiation creep and thermal creep, and fuel load, etc. In order to judge the
contact which might be the safety concern, the remote field eddy current (RFEC) technology is applied for the
gap measurement in this paper. LIN can be detected by inserting the RFEC probe into pressure tube (PT) at
the crossing point directly. To obtain the optimal conditions of the RFEC inspection, the sensitivity, penetration
and noise signals are considered simultaneously. The optimal frequency and coil spacing are 1 kHz and 200
mm respectively. Possible noises during LIN signal acquisition are caused by lift-off, PT thickness variation,
and gap variation between PT and CT. The simulated noise signals were investigated by the Volume Integral
Method(VIM). Signal analysis on the voltage plane describes the amplitude and shape of LIN and possible
defects at several frequencies. All the RFEC measurements in the laboratory were done in variance with the
CT/LIN gap and showed the relationship between the LIN gap and the signal parameters by analyzing the
voltage plane signals.
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Fig. 2 Voltage plane diagram for RFEC probe-in
CANDU fuel channel
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Fig. 3 Schematic arrangement of fuel channel and
LIN for signal modeling

Table 4 Tube Dimensions and Properties

Components Values
Material Zr-2.5%Nb
Conductivity 17866 2'm’”!
Pr?jzzre Relative Permeability 1.0
Outside Dia. 1124 mm
Inside Dia. 104 mm
Material Zircaloy—2
Conductivity 1.43E6 @'m"
Ciig‘iﬂa Relative Permeability 1.0
Outside Dia. 133 mm
Inside Dia. 130 mm
Material Zircaloy-2
Conductivity 1.43E6 9'm”
LIN Tube |Relative Permeability 1.0
Qutside Dia. 62 mm
Inside Dia. 564 mm

T3 RFEC ZdRe $412d9 4% 2g A
£ EHEYWY] ¥l 2Y F5 F 30 mm Z
9 mm#z 7}HEEY5 =

[¢)

EA 62 turng 7}
A8 Z2d €& £ 10mm
wire gage #2724 500 turne ZgoHF o]
Az Abkg LIN A3 2ddg $l8] dEsido
2dy 235 A BW Fig 4oiMes S544l
FZYU7A 0] 200mmo] i LINo] CTo]A] 10mm o] &
Hol g wf, Fu4 FFo] dig =l Zde] 4l

o odo N e ©

¥ o

Mo

s3a/1e @EA oleAgel s} AE A
RolFa gled tig 12 kHzoll A =7t

ro
B SO i

N
|~

UC T

7y Wsls gEal o)A s A 2
5 HAF3 ded, FoF St o 9
wal7h =24 UebdS & 4 ok Fig 62 44
dg 7oz GET HolwEe

A4S 9A9F ASEES Jean 9lon[9)]
2l 7 A7} 150 mm ool A A A Ao)
Ao v AhAoz =4 JebdS ¢
o] 150-250 mm ¥ 7ol YAEF oA
Ab 2R0E AFES ¢ 5 Uk Fig 7oA
%441 Y7ol 200 mmel F4 1 KHz A,
CTs} LING| 74A& HFE st 9 HHA] A
st Vel CT/LIN
Aol A&4E QEo] AA UEds RAFAT

r
4
ar ol ¥ i

d

=
ot
>
Ml
e
o,
it
ol
r

Amplitude [m V]
S
;

10K

0.00 T VI - T T T I' T T T
500 400 -300 -200 -100 O 100 200 300 400 500

Position [mm]

Fig. 4 Computed amplitude change with the
different frequencies at 200 mm coil spacing
and 10 mm CT/LIN gap distance
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different frequencies at 200 mm coil spacing
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Fig. 7 Computed voltage plane signal in variance
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