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We designed and constructed a non-destructive evaluation system using an HTS

DC SQUID electronic gradiometer.

Our DC SQUID electronic gradiometer is

composed of two DC SQUID magnetometers. The system included a non-magnetic
stainless steel cryostat and a set of coaxial exciting coils, which were used to
induce an eddy current in the test material. We also have calculated the eddy
current density produced by an exciting coil in any direction of the testing object.
We could compute the eddy current density distribution in 3D. The SQUIDs were
computer controlled and the output data from the electronic gradiometer was

obtained by using a Labview software.
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23 1. DC SQUID NDE system.

2wz Q] phto-lithograpy ¥ 3} ion etching *#
M AHgsHd YBCO filmo] dry etching® AH8
3y SQUID patterng 31t} Junction F3 Z
ol Zzt m, 6um oIk B AFdME F
Me] DC SQUIDE  A&3l9  Electronic
gradiometerg TA%tEd 2P & FA 4y
Ao g AgEe gradiomterE magnetometer$}
' g 92 ArFoy ko= AHdAx
AL § e AHe] sled, =3 uwiwd FH
AgH e AR Adgrde A3
gradients Z33sle Ro] "F3Folmz ¥
gradiometerE A &Hsle A& vimtm FAL A=)
o AEe gsNEe "FFHo|t. gradiometers
magnetometersh=  BE AVFE HES}=E
pick-up loop7} % 7jojt}. gradiometer®] 7-¢-
5 7RY loopA A7|FE HESEYW AT A
NZFAE ARF A71Fe F 7Y loop A F
Aol Z2RHEZ & A9 looplr FHE A7)
o) T2 loopdlX 38 AVFH s
Hatsge A7)3ge] SAHEE R 7%
U o)zt e AHAME A & F Aok
2749] loop W&ol e} BH ] ¥ E balanced}

31 F=23 gradiometer?] A%5E Yrhe
parameter?] 3hE Hojgt I ZHEA

SQUID®e] 73 9o+ balancert $& gradiometer
o] Azo] &oldx %] WE) £ dFJME
% 789l DC SQUID magnetometerE Al-8-3}o]
%% SQUIDS data #}bo]] we} gradiometere] 7]
T2 & F UE dA2] gradiometerg T3t

g A}83}o) NDE system®& T33{TH 21¥
Megxeltt. Y 2+

12 NDE system9]

electronic gradiometer2] 7}'dx o]t} electronic
gradiometero] & F 7§18 DC SQUID7t &4z
=99 Channele 7HA3 ZEstn 27 ol
= data® A}83}e] gradient outputg LAEG
2.

Magnetometer A g Ejectronics A

.m Electronics B

[ Gradient o

Y 2. Electronic gradiometers] 7@ x.

% 1] DC SQUIDE A}83l9  electronic
gradiometerE T-43}7] i3t HEF PCB 2
=2 s3] ©] PCBEE+x probec)}
25)o] liquid-N; deward) F7)A Bch £ AF
oA A}8¥ dewart non-magnetic stainless
steel= Holgla oleZ o tailo] glej 2 <ol
electronic gradiometer7} ¥olAl Hi HEZF
exciting coile] $}x]3}A €k 1@ 3& & AF
oA AREE coile] TAglolrh. exciting coil&
inner-coil framed} outer coil frame ¥ H-E O =2
FA50] 9t} inner frameS R Fo] 2cm, outer
frame 42 Ho} low, ZY wired] AFL
001lmm ©)X, frame-2 2}2Z} 200Q¢] A% L 7}
A 2 d7oMe tAAE coild s 2A
5E eddy current EEXE AP on =T
Labview software® o]-&3to zZtzhe} SQUID
channeldA] AojxE datad ARgsle]  field
gradientE 3}k

- MWD

~  loner frame

-

- Nlagnut wire

Probe

SQUID
Cryostat

39 3. exciting coil Tz}

3. 2 o nF

-121-



exciting coilg TAAE7] 3td 98 I
finite plated] WAA|71E  Eddy current EEX&

O 2 o2 Asstgt
Jolr2)= —%’,—’ [lexp(-kb/ @)}, (k) er 1 0)-

(ku, +q) explg(c—2)/a) - (ku, ~q)exp{-g(c=2)/a} , .
(hut, +q)’ explge/ a)—(ku, —q)* exp(~gc/ a)

¢ =k +p*)'? p = Juooca®

H= [y, H, k are the relative permeability of
the medium and the constant of separation

g 4% Eddy current EXE AU ZARE
Baz3 gk o] AFE coild] WAF FHF
= AF9 frequencyd] Wt cuirent density7}
g #BAE AL YEAE B F9
ARXe 2cme} FAE 7HAE plated] 10mAS] A
22 T3PS 1 59 eddy current £¥E Y
Bl Aotk 1g4e] A2 RE 70Hze FFH
Y] 718E Wl Fd9 Eddy current® @
F AT ¢ F U

=
=

o
=1

Edily Current Distribution

W 240-280
E1200~240
W 160-200
3120-180
080-120
| 40-30
£20-40

RIEVES

19 4. Computation result of an Eddy

current distribution.

1 inch $79] plate 9} excting coil A}o}e]
magnetic filed2¥ & Ao ol 1" 5
of Jeht QlE ulgk 2ok 19 59 EHE AL
g3te] 713 AM7I7E coilw)t plated] Aol
e} oW RTE 2EAT oA

B d3drs SQUIDE control 3l7] 43l
Conductus PC-1000 SQUID controller& A}-&3}
gon & blanceE: A7) 98t Labview
softwareE A3ttt 28 60l Mu-matal
shielding $7 3tolA &A% SQUID Zzte]

B (Tesla)

-0.08 -0.02 ~0.01 0.00 0.0 0.
Z (meter)

18 5, exciting coil¥} plate Aol
w2 magnetic. fielde] X,

output®} o] AF}ZRE o] gradiometers]
outputS RoF31 glth

Flux ( Qg )

334 600

time( ms)

% 6. Mu-metal shielding 734 9]
Z}7+e] SQUID channel &3 A3 2
gradiometer(Ch1-Ch2)¢] output A3}

a9 791 Un-shielding &7l 4 Z23% 2+
z}e] SQUID®} output éiq-é} gradiometer<]
output 2% RejFm itk o e BogA
3 Q& ¥lgt Zo] Mu-matal shielding 87 38
AA 3% Ago] wizte AR vl B noise
7 2288 ¢ & Aok oldl T BHE A%
o] Z2AAFHET Labview softwareE A3}
spectrum £4-& 3tk 1Y 89E Mu-matal
shielding &7 3to]M 9] gradiometer®] output
AH}E spectrum £AFH AWE BAFT Yov
29  9dl® unshielding #7349
gradiometer®] output ZAF}E spectrum B X%
278 RAF3 o 27 87 1Y 994 E
4 9)%o] shieldingg 3tA @& ZAfol ¢ 1
order of magnituded] Z}ol7} & & & UTh

~122 -



Tem i
I Chz o~
ChI-Chz

t;'me( mé )

1Y 7. Z42z}e} SQUID channele] &3 43
2 un-shielded gradiometer?) output
2345

Se (@7/Hz)

— .ﬁ_;c;l;;ncy (Hz)“

13 8. un-shielded gradiometero]
outpute]] T3t spectrum £,

“Frequency 2y

213 9. shielded gradiometer?]
outputel o spectrum ¥4Z 7.

3% 102 electronic gradiometerg ApE-3lH
4% NDE system9 AlgE $8te] weak
magnet test pieceZ scandt AF{E RAFT g
o} E A3 A magnet test piece?] A
7178 A7lE 2em Aol ¢ 1.5Gaussd] A
718 UEt A test pieceE e
6cm/s ©]3, gradiometer$} test piece A}ol 2]
AgEe ¢ 2m oAtk ¥ 109 Ane

scan3l

output signal$ 15Hz low pass filter® 123
Aol

SOED T
40 T

us‘“: MM&W‘W’MM"WM’M [’4 )
“”I mwfumaﬁﬁul‘mrmmwﬁ“m

Distance (Cm)

i
h
T
§

" - Distance ((":m‘) .

1Y 10. magnetic test piece® NDE
system 3}ollA] scangt A}
(%] 1Y chlch2,chl-29] $34)

4. 4 2
B A7dxdE 2tz SY¥E Ad9 YBCO DC

SQUIDE ©o]&3}4 Electronic Gradiometerg& -
Astack. =8 8lAzl AH8F 3ol weak

magnetg scan 3} o244 AFxE NDE
system& Al F3H .

Ztalel 2

2 AFE gEAZTARY MN2AFEATEAY

z=2agd 9% AYYch

ro

HNEE

[1] V. Schultze, R. Stolz, and V. Zakosarenko
High Tc SQUIDs for Unshielded Measuring
in Disturbed Environments JOURNAL DE
PHYSIQUE 1V, vol 6, C3-367, 1996.

2] F. Schmid, S. Wunderlich and H. Specht

HTSC-dc-SQUID Gradiometer for a

nondestructive ‘testing system, Inst. Phys.

Conf. No158, pp. 651-654, 1997.

Bl J. Y. Kim, J. H. Kang, E. H. Lee, I. H.

Song, J. H. Gohng , and T. 5. Hahn,
Construction and Measurements -of HTS DC
SQUID Electronic Gradiometer to be used in
NDE Systems, IEEE Transaction on Appl
Supercond

-123-



