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Abstract— The knowing the critical current density J¢ is
important to calculate AC losses in superconducting
applications. UsuallyJc can be obtained from magnetization
measurements or electric measurements based on gib
quantities as the magnetic flux or the voltage. Inthis paper a
quick and direct magnetic method for determining Jc is
proposed. It is based on direct measurements of lacmagnetic
field in the gap between two bulk HTS pellets. Fiel
penetration measurements were carried out on HTS fiets at
77 K by applying increasing axial magnetic fields wh a quasi
constant sweep rate. This determination oflc is theoretically
based on Bean modelJ: is deduced from the complete
penetration magnetic field Bp. Bp is deduced from the delay
Tp between the applied magnetic fielB,(t) and the magnetic
field at the center between the two pellet8y(t). Numerical
calculations allow deducinglc more precisely from theoretical
calculations and measurements. The numerical calcations
are made with the power law E=Ec(J/Jc)". For the
determination of Jc the influence of the gap due to Hall probe
sensor and the applied magnetic field rise rate artaken into
account. The influence of thermal is also studied.

Index Terms— Superconductor, magnetic field diffusion,
critical current density

I. INTRODUCTION

he value of Jc can be derived from different

experimental techniques as transport current,

magnetization cycle [1], [2] or ac susceptibilitg].
The electrical transport method is not valid in tase of
pellet because this method practically only words Vfire.
Magnetic methods are called indirect method because
relation between measurement aldd is not direct.
Magnetization methods need complex and expensive
devices as Physical Properties Measurement System o
other set up [1], [2]. For AC susceptibility methdide
relation between measure afglis complicated because it
needs calculation of demagnetizing factor, integratind
so on [3], [4].

The main contribution of the present work is topgoee a
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new direct magnetic)c determination method. In this
method HTS sample is submitted to an axial applied
magnetic fieldB,(t) (Fig. 1). By(t) is considered as linear
function of times even if the shape Bf(t) does not matter
with Bean model:

B,(t)=V,t (2)

At the center of the pellet the magnetic fieldjips to
increase with delay timepwhenB, reaches the complete
magnetic fieldBr (Fig. 2). For short cylinders and with the
Bean model [5], an explicit expression of the peat&in
magnetic fieldBr can be calculated as the axial magnetic
field created in the center of solenoid of nulleimal radius

[6]:

2
s
B, =todel | )
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L is the length of the cylinder alits radius.
(2) is equivalent oB, formula given by different authors

(2], [7], [8].

—-> )

Fig. 1. A cylindrical superconducting sample witkisaparallel to the
applied magnetic field

The principle of this method is measurir@p and
deducingJc. In this paper, firstly, experimental results are
presented and discussed. Secondly, computationgddoche
is exposed. Thirdly numerical simulations with COMMS
Multiphysic 4.1 software allow studying the influan of
Hall probe depth and rise rate.

Il. EXPERIMENTAL SETUP ANDRESULTS

Some authors already used Hall probes to determine
magnetic field distribution in superconducting séenf®]-
[13]. In our method the complete penetration magrfetid
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is detected with an axial Hall probe placed betwbgea measured with Hall probe. Figure 5 shows the erpamtal
HTS pellets (Fig. 3) at the center of pellet. Asthoint the results. As you can see in surrounded part of Eigrthe
magnetic field has only axial component so magnigid beginning ofBy(t) has not exactly the same shape as the
is well measured with this Hall probe. These twbepe are beginning ofB,(t). As it will be confirmed in section IV,
theoretically considered as one pellet. So inst fime the this is due to the necessary space between ptlgikace
influence of the Hall probe thickness is neglected. Hall probe. So the determination of the penetratiore Tp
Discussion about this hypothesis will be done ittisa V. is done as follow. The measured magnetic field eatvthe
JRe pellet center is modified arounid to be a copy of applied
’ magnetic fieldB4(t) (dotted line in Fig. 5). All along time
4 B, (dashed ’ . -
line) R the difference between curves is constant and equBl.
e Tp determined theByp is deduced from the curves.
//
Br ’ T >
e By (full line)
n 7| e
z % " center of th
P of the pellet BEA = /M pellet (T
/ R T - ’ / ‘
> T ’
0 T, t B(T) I A
1 < ;//
Fig. 2. Linear magnetic applied fieB, and theoretical magnetic field at B o )4 - Ba appliec
the center of the pell& versus time L’ / field(T)
Superconducting 05T 4 ./
pellets e
/ ) “Tos ‘fs--2% 35 a4k s
t(ms)
. probe
K Ba Fig. 5. Applied magnetic field and measured magnetéuction at the
/ center of the pellet
4
5mm . _
For our two YBCuoO pellets (Fig.3), measuigdis 1 T
< (Fig.5). Jc deduced from Band (2) is 110 A/mma2. It seems
2cm a realistic value odc at 77 K.

Three questions remain. What are the influence af H
probe depth and the influence of rise rate on this
determination? What about thermal effect? To anshese
qguestions numerical simulation is necessary.

Fig. 3. Hall probe location and HTS pellet dimensi

K1 K2 ' Hall probe

current
supply I1l. COMPUTATIONAL METHOD

Pellet magnetization with axial applied magnetiaigD
axisymetric problem. PDE interface of COMSOL 4.1 is
used with or without heat transfer module. Thddfie
profiles can be computed by Faraday's law, Ampere’s
theorem and constitutive laws of superconductingened
usually used for numerical simulation [14]-[15]:

— X

=400V Bl

Fig. 4. Experimental set up -
| o - oxE=-2 ®

Fig. 4 shows our experiment with the pulsed field ot
magnetization process [14] that is used to applgmatc OxH=7J 4)
field with a copper coil. A previously charged caipar is |J| -1
discharged through this copper coil. It allows afitey _ . _E¢
quasi constant rise raté, equals to 660 T/s. With this E=p(3)3 with 'O(J)_I(IJ ©)
process there is no need of superconducting caitder to
obtain high magnetic field of several Tesla. Thelio B=/,H 6)
magnetic fieldB,(t) is deduced from copper coil current and To allow computing convergence a small vapgeequals
the magnetic field at the center of the two pelR4f) is le-3xEc/Jc, is added tgo(J) [16]. The common parameters
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used in these simulation are the value of n (=1Eealstic
value for HTS at 77 K) and the dimensions of pdliet 1
cm andL = 1 cm for one pellet study ox@.5 cm for two
pellets study). In PDE interface the applied maigrfeeld
Ba(t) is a condition applied at the external boundany: F
thermal study convection cooling is used in heahgfer
module. Thermal parameters are taken from [14].

IV. [INFLUENCE OFRISE RATE, THERMAL EFFECT AND
SENSORTHICKNESS

To answer to the three questions of section Igdtsets
of simulation are made.

The value of rise ratd/, changes the distribution of
magnetic field and current density due to the poaer (5)
instead of Bean model [17]. So the measBg#alue must
depend on rise rate. To study this phenomena @jg.
simulation is made with one pellet with constasenatev,
equals 1, 10 and 100 T/s and with= 1 A/m2. For this
value ofJ¢, Bp equals 9.1 mT.

B(T) |

0.015

N

0.01 =B,
Br "30 1T/
| b— S
9.1mT —V,=10 T /s
0.005 _V,=100T/s
0 /
0 0.005 001 0015 0.02

tVy(T)

Fig. 6. Applied magnetic field and magnetic indaotiat the center of the
pellet for different rise rates.

To allow comparison between rise rates on one digur
magnetic field in Figure 6 is represented versys The
measuredBp increases withV,. This is due that] in
superconductor is higher thdp until almost two times for
100 T/s (Fig. 7). So if J is high&p andBr are also higher.
To correctly using (2), based on Bean model, swellies
of rise rate, lower than 1 T/s, are necessary. rEutu
experiments with superconducting coil and low risge
will be made to confirm this.

To study the influence of Hall probe thicknesg@ig. 8)
simulation is made with two pellets with two diféet
thicknessesg= 0.5 and 1 mm) typical of Hall probe depth
and compare with one pellet without hall probe=(0mm).
Figure 8 shows that measurésland By increase witte. It
is due to the shape of the current density disiibbunear
the centre of the pellets [Fig.9]. Without Hall peo(one
pellet on Fig.7) the null current density area kasular
shape. But due to Hall probe, this null currenadsecomes
two areas with almost circular shape. So with Hatibe

current density penetrates quicker than withoutbero
(Fig.8). As expected the probe depth should be mmalky
reduce but with numerical simulatid andJc values can
be corrected.
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Fig. 7. Current density distribution in supercortihg pellet at Vb = 100
T/s a) andvb = 1 T/s b) forB;=Bp.

B(T)
0.015 T
0.010 -=B,
-—c=1 mm
, —e=05mm
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Fig. 8. Applied magnetic field and magnetic fietdlze center of the pellet
for different Hall probe thicknesses.
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Thermal effects odc determination are also numerically
studied. For thige(T) is taken and heater module is used in
COMSOL.

T.-T
JAT)= 3| =— 7
(1) C[TC_TJ (7)
To= 77 K is the liquid nitrogen bath constant tempee
andT¢= 100 K [14].

Surface J/Jc

4
(cm)
0.6 | 0
04 |

-0.5
02 |
0 -1
-0.2

-1.5
-0.4
-0.6| -2

0 0.5 1 1.5r(cm

Fig. 9 Current density distribution in superconéhgipellet fore= 1 mm.

Quicker rise rate is higher thermal effects are.tlSe
value ofV, taken for simulation is a quick rise rate 660 T/s
and corresponds to measurement. For this valudanit
equals 100 A/mmz, thermal effects are negligible Ban
because temperature rising in superconductor ik wbaut
1° K or 2° K. As a result th@ variation in superconductor
due to thermal effects is also weak during the retign
field penetration phase. In this determination method
thermal effects can be neglected.

Finally, the bestlc value are numerically determine to
have closest numerical and experimental result8q().
For n-value fixed at 15efixed at 0.5 mm, the found bekt
equals 55 A/mmaz. It is about half of measured oht0(
A/mm2) mainly because rise rate is very high.

V. CONCLUSION

In this article a new direclc determination method is
presented. The experimental set up is relativelypke
because it needs only one copper coil and one itapac
bank. It is a relatively precise method but it mspbrtant
taking into account rise rate and sensor depth.riiale
effects can be neglected. The corrected valuk o lower
than measured one mainly because of high experahent
rise rate. The influence ofvalue has to be studied because
it is related to the influence of rise rate. A nidgapoint is
this method does not allow to determid&B) but it is a
good method to quickly obtain a first value Xf for bulk
HTS samples.
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