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Remote Field Energy Flow Path at Nonmagnetic Coaxial Tubes
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Abstract : The flow of remote field eddy current energy is studied at nonmagnetic coaxial tubes by using both experiments
and finite element calculations based on commercial software package. The results showed that remote field eddy current
energy at coaxial tubes flow along over the outer surface of external tube, not through the gap between internal and
external tubes. This means that the through wall transmission characteristic of remote field eddy current testing (RFECT)
is still valid at tube in tube configurations and the RFECT could be potential nondestructive technique for crack detection,
spacer location and gap sizing at the coaxial CANDU fuel channel tubes.

Keywords - remote field eddy current testing (RFECT), energy flow, finite element analysis, poynting vector, coaxial
tubes, nuclear fuel channel

1. M B8 (coaxial tubes) Fefolth FeETH Z=golAe] X5
2 A E4L Table 19 7I€=] vk Zr-25Nb &

i FAe ARA JFEAE ddew ARy Foz AdEol ddschy WE & i 7
(through-wall transmission) §73-& ©]83k= ¥43% 9 CANDU ¢#E#2 AR neutron thix)oll <% &}
A5 ArKremote field eddy current testing, RFECT) (irradiation) ZHE F4 PZhAd) g H4), ARsEF
7122 19R0ddie] L dE7h gl F TR Eofz AR 23 $8 TP)a AAE wA 2 Foll wAE
& A7t o)FoA L il = ¥ WEe nkr 3 2L S35 A A
CANDU €4¢] gz Ad-& iyl dgaa) o £ vk B3, Fgoz wixe olFw Ydr Ad

o] Zg=golHoesR TR Fg 17 & oled 9] mAA FAEL el A (sagging)oll 4T &

(A4 2001. 9. 3) = POSCO 71&Q14, Al&Ao) 9+ 15 (Technical Research Laboratories, POSCO, Pohang 790-751)



T AAEE A A 21 @ A5 5

(20013 10¢) 527

A8 7 B Afzelth23] ol& % A rE
& A e Aol ZRlEE z
Z(gap) Wstel F BAlel9 VAL fA|A7)IE AAU
(garter spring)®] $1#] W3E v
& gart gl

CANDU 949 siddg sdst o) o)Fde] tisiA
447 odF A sl afe 549 $Ed &
o] AHgdrhd, - & Alole] gap FHoE A A
=8 W7HE = g ¥ ofuet garter spring®] $1]
FAh f - e Ul - el EAse Ade T
o7 B F dy #F8% = @ F gle Aot
[451.

olo) wh, B ATE A4 P FRsssS
o1& AH oz WA olFel gloln U7
F AT AU A ARE FEe, R 9
sAd Al 94 AT A4 71Ee S8 e
AgeaA AEHAt F olFqel 94T AR
AU R e e Al - s
88 Fsle] 9pw 922 w52 F AU
ddoll o) R Tk Agsls wuTa 5
o

2.1, SRS H2E oRT oy

1970 Zof Colorado ™h&he] Lord Soll olsted =
A BAL gatom AP WE 83 gasAo)
A=E AT 1980l FWtells RFECT Hls7AL ¥
o fighassidE Hesiedl, oxlelA 4 A
Holzl YRjoll A A Al Hpotential valley) 2L NS
(phase knot)o] S W5t Mo|oidde] A8 B
Ak ob&E] ARl ZE WEE ANsle] TA|

°© 18t
o2ZX RFECTe #¥EM HAL /AHoE RHAFY

oh ®A, feked S ol8W LU B B
[e]

AA71 % 741* Z2 9

ful

2 Ad7E 48 AR Y 2RO shul Ay
t} Infolyticarle] MagNetE o]&ste] = ACH6L
Fig. 1¢] TAlg CANDU #dsad-g ez A%
XS asly] st Fig 29 (@)% 22 iddd9E
AR dxmde wi# Fol gAse HElEoR
27 %6mm 2 Zo] 30mmel™, BMFE 20 AWG 4
o] e F Aoz 7ot 203 & 31tk Dirichlet 7
AzA 2AE 95t B9 (calandria tube outer
diameter, CTOD)] 48] F717] =& Hos MAs)

Atk olF YA AR AN EAe & diA Y g

B e trom FARAR, S 9 W
UM 3 2017t Qo1 A8 meshel 44 % 4
of Faalt weld, Fig 29 M9 o] sS4 v

>~

HA UFoll A e 27 o3 23 meshE A
713, ol&o] 4% A4S AW dA&Heg 277t
HslEEE st fEiaside] AHgd ANEE
(solver)& TH2DZA], A71¥E] A (magnetic vector
potential, A)2 FEAIE 3 2 IS s

E/\/\E}'

Calendria Tube (CT) n

—— : i
U esstra Tube (PT) 104 manl}D om (8.“

Fig. 1 Typical coaxial CANDU nuclear fuel channel
tubes

Table 1 Specifications of coaxial tubes
pressure tube | calandria tube
material Zr-2.5%Nb Zircaloy-2
conductivity (6, 27'm ) 1.89%x10° 1.43x10°
relative permeability ( o) 1.0 1.0

¢ =104 @i =130
dimensions (mm) v = 114 @, = 133

t =50 t=15
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Fig. 2 (a) geometry model and
(b} mesh generation for coaxial tubes

1DE9 .
3 5
[ N e 2mm cuter CT
£ TOET0E — gap centar
< ——— 2mm inner PT
B 1061 N
_E). \I ‘.\\
T0E-12 b e
% '\‘\\' el
£ 19813 S T
s Tl \‘_\'-"'-.4.
= "w-.‘__- T
g; 1.0E-14 applied frequenrny © 6 kHz T
g applied coren 0130 A -
P =71 A E I E IS R
0.0 1.0 2.0 3.3

Inier-cail Separation (xPTID)

Fig. 3 Megnitude of magnetic vector potential along
inter—coil distance between exciter and sensor coils

VA - jo o oA = — uo] n

e

Fig. 19] o}$% 2Z9$& dde= Table 19 B2 4
£ ol g3l Atet AreE Tl A9 =r|ob 44
o] WstE Fg. 37} 4ol 217} wAjstsirt. 944 84
e BRI Hste] oAxplek BAY] Alele] A
(inter—coil separation)& HSAIF|HA o]FHe] U,
A a8z 9RE uEr Akke ApldE XRde A7)5
Fg. 3o Bk 6kHz FuolA fA3e yaus
(pressure tube imer diameter, PTID)9] ¢F 10aiRE &
oW Al FE Fds] HPES ¢ ¢ Uk Fe 49
@ e 27 olFde] & dwdA HE zelde] A
7] BES S8 BE AN Atelr). 6kHz Fuigeoll
Me &5 et o 07 PTID A% Aglelr 4473 ¢
AFe) Heoldd A AAFHpotential valley) D 9%
"l 5(phase knot)o] FAEULE & F Sk

N

o

o L of

10000 ) ) . . )
133 {mra) N ! ¢ 7 i e

30PTD

(312 mm)
00 I | _center of tibes |
note " ratio between adjacent lines is approximately exp(0.58) times
(a)
- 266mm e =
(20CTOD) -

iR Q312057+
¥ ma 0

3M2mm (3.0 PTID;

(b

Fig. 4 Distribution of magnetic vector potential at
nonmagnetic coaxial tubes, (a) logarithmic
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Fig. 5 Time averaged poynting vector which shows
power flow at coaxial tubes
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Table 2 Dimensions of Al ring and block

block shape | ring shapTa‘

outer diameter(¢ o, mm) 350 128
inner diameter( g, mm) 135 116
thickness(t, mm) 47 47

external block —

Internal ring cT

1

SPT
center line

Fig. 6 Experimental design with an extemal block
over an outer tube and an intemal ring
between two tubes
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Fig. 7 Remote field eddy current signal with an
external block over an outer tube, (a) radial
amplitude and (b) radial phase-lag profiles
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Fig. 8 Remote field eddy current signal with an internal

ring between inner and outer tubes, (a) radial
amplitude and (b) radial phase-lag profiles
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