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1. INTRODUCTION 
 

Coated conductor is an important candidate for power 
cable applications due to its low cost and high current 
density, which meats increasing demand in electric power 
applications [1, 2]. In order to design a high temperature 
superconducting (HTS) cable, we must study the transport 
properties of HTS tapes even for DC power transmission 
applications, because we should interrupt its current 
immediately if an accident happens. HTS tapes have 
characteristics of hysteresis and are sensitive to the 
magnetic field induced by the applied transport currents, 
which affects their performance in the cable.  

A DC power cable system was conducted since 2009 
when the Ag-sheathed BSCCO tape was relative cheaper 
and had higher critical current than the coated conductor 
[3]. As for a power cable system, high current is required 
for more than 10 kA [4]. Therefore, the magnetic field 
effects become significant which might affect the 
performance of HTS tapes themselves inside the cable [5]. 
Recently, the manufacture sufficiently makes strong and 
high critical current coated conductor, which is called as 
second generation (2G) HTS tape aiming to 1 kA of Ic. 

Residual magnetic field in HTS tapes was studied mostly 
by magnetization through the magnet [5, 6]. However, after 
assembling HTS tapes in the cable, the excited transport 
current produces the magnetic field throughout the cable [7, 
8]. As for increasing electric energy consumption around 
the world, the high current-carrying capacity is needed for 
the power cable applications and finally straightens the 
magnetization of HTS tape in the cable. Thus we try to 

study de-excitation effects of transport current for different 
current cut off operations through the residual magnetic 
field measurements. 

In order to evaluate relation of the magnetic field with 
applied current we developed a scanning magnetic field 
measurements system by employing a Hall probe. This 
work presents the measurements of the vertical component 
of the magnetic fields above an YBCO coated conductor 
tape by varying applied current pattern. The coated 
conductor is placed in the liquid nitrogen bath. In the work, 
a transport current of 100 A, less than the critical current, is 
applied to the YBCO coated conductor. We measured the 
residual magnetic field distributions for slow and fast cut 
off the transport current. The results show differences of 
the magnetic field profiles and the corresponding current 
profiles by an inverse solution from the magnetic field 
measurement between fast and slow cut off current 
operations because of the hysteresis of coated conductor 
excited by the transport current. 
 
 

2. SAMPLES AND EXPERIMENTAL METHOD 
 

2.1. Samples 
The YBCO coated conductors are 2G Amperium 

Copper Laminated Wire in 12 mm (Type 8502) from 
American superconductor (AMSC) [2]. Table I presents 
the specifications of the YBCO coated conductor used in 
the experiment.  

 
2.2. Scanning Hall Probe System 

A scanning Hall probe system was developed to measure 
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the magnetic field around the HTS tape as in Fig.1 [9]. 
Table II shows the specifications of the Hall probe. The 
samples and the Hall probe are immersed into liquid 
nitrogen filled in an open cryostat. The Hall probe is lifted 
above the conductor’s surface at a height h of 0.3 mm as in 
Fig.2. To scan the magnetic field, a DC brushless motor 
with a step of 0.05 mm controls the Hall probe across the 
tape surface at a constant altitude and the accuracy is better 
than 0.0025 mm. The voltage signals and commands are 
embedded into a computer. We developed a software to 
collect the data and control the scan system by a graphical 
LabVIEW language [10]. 
 
2.3. Current operations 

To simulate a current off accident for an YBCO coated 
conductor, a circuit loop is built up. The current flows 
 

TABLE  I 
SPECIFICATIONS OF YBCO COATED CONDUCTOR 

SUPEROX CC SAMPLES. 

 
 

TABLE  II 
SPECIFICATIONS OF THE HALL PROBE  

 
 

 
 

Fig. 1. Photos of the scanning Hall probe system. The inset 
is a zoom of Hall probe setup in liquid nitrogen. 

 
 

Fig. 2. The experimental setup for the magnetic field 
measurement by a Hall probe. A Hall probe is placed above 
the tape surface at an altitude of h. 
 

 
 

Fig. 3. Measured waveforms of the transport current for 
slow (a) and fast (b) cut-off operations.  
 
through a shunt resistor of 0.25 mΩ. The transport current 
can be down quickly by a breaker and slowly by controlling 
the output of the power supply. Firstly a constant current of 
100 A is applied to a coated conductor. The current is cut 
off by two methods: one is slow down the current by a 
controller in a speed of 1 A/s as in Fig. 3a and the other one 
is by a none-fuse break. Fig. 3b shows a measured 
waveform of cut-off 100 A current by an oscilloscope. 
Therefore the cut-off time are about 100 s and 0.1 ms for 
slow and fast operations, respectively. After cut-off the 
current of 100 A, we measured the vertical component of 
the residual magnetic field above the tape surface by a Hall 
probe. 
 
 

3. RESULTS AND CALCULATIONS 
 

3.1. Residual magnetic field measurement 
Fig. 4 presents the vertical component of the residual 

magnetic field profiles after slow and fast cut-off the 
transport current. The profiles are obtained at three 
different positions along the conductor length y-direction 
and they show similar curves between each other. The 
residual magnetic field profiles are almost uniformly 
distributed for different positions at y-direction, which is 
different from that when the current is applied to the 
conductor. Non-uniform exists for magnetic field 
distributions along the conductor width x-direction. 
Magnetic field profiles are almost symmetrical distributed 
along x direction as in Fig. 4.  
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Fig. 4. Measured residual magnetic field profiles above the 
YBCO coated conductor after cut off a current of 100 A by 
slow (a) and fast (b) operations.  
 

As for fast and slow current cut-off operations, the 
residual magnetic profiles are similar and have both peak 
and valley near the conductor’s edge. However, their 
intensity of the observed peak/valley is different between 
slow and fast operations. The peak of magnetic field is 
about 1 mT for fast operation and about four times that 
(0.25 mT) of slow operation as in Fig. 4. 
 
3.2. Current density profiles by an inverse solution 

The corresponding current density profiles are obtained 
by solving an inverse problem from the measured magnetic 
field [11, 12]. We solve the inverse problem on the 
assumption that the current density is uniformly distributed 
along the tape thickness because of high aspect ratio of 
width to thickness, 12 mm / 0.001 mm = 12000 and also 
along the tape length as shown observed magnetic field 
profiles at three different x-direction positions. The 
calculation method is described in detail in [11]. Briefly, 
the measured magnetic field at a constant height above the 
conductor’s surface can be obtained as Equation (1) by 
Biot-Savart law. Fig. 5 shows a scheme of calculated model 
used in the inverse solution. As in Fig. 5, the coated 
conductor is divided into n sub-elements and has a uniform 
sheet current density, Jy(xi,0) across its cross section.  

The sheet current density of ith sub-element Jy(xi,0) is 
obtained by inversely solving the equation, similar to 
Carrera’s groups [12], 

 

,       ( 1 ) 

 

 
 

Fig. 5. A schematic cross-sectional diagram of the 
calculated model used in the inverse solution. 

 
 

Fig. 6. Calculated sheet current density for different current 
cut-off by slow (a) and fast (b) operations in the YBCO 
coated conductor. A solid bar indicates a coated conductors 
width. 
 
where, the vacuum permeability, µ0 = 4π × 10-7 H m-1 and 
the distances between the Hall probe at (xj,h) and ith 
sub-element at (xi,0), (i+1)th sub-element at (xi+1,0) are 
given by respectively. 
 

    ,           ( 2 ) 

and 

    ,          ( 3 ) 

 
A Mathwork code was developed to get an inverse 

solution to Jy(xi,0) from a series of linear equations of (1) 
by Cramer’s rule. Therefore, the sheet current density is 
calculated as above for each magnetic field profile at three 
y-direction positions for slow and fast cut off operations as 
shown in Fig. 6. 

The accuracy of the calculation could be controlled in 
two ways simultaneously as follows. The first check that 
could be done is to calculate the magnetic field profiles by 
means of the direct application of Biot-Savart law for the 
current density profiles shown in Fig. 6, and then to 
compare these calculated magnetic field profiles with the 
measured profiles shown on Fig 4. Fig. 7 shows the 
calculated profiles of the magnetic field from the calculated 
sheet current density in comparison with the measured ones, 
which shows a good agreement with each other. 
Concerning the present calculation the difference between 
measured and calculated values of the magnetic field is less 
than 5%.  

An additional check could be done from the point of 
view that the total residual current in the HTS tape should 
be zero. For the calculation presented above the value of 
residual current varies between 0.005 A and 0.01 A. 

Similar to magnetic field profiles as in Fig. 4, the 
calculated current density profiles are different between 
slow and fast operations because of hysteresis of the 
superconductor excited by the transport current due to 
different operations in corresponding to the residual 
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Fig. 7. Calculated profiles of the magnetic field from the 
calculated sheet current density in comparison with the 
measured ones. 
 
magnetic field. In the center of the tape, the sheet current 
densities are similar with each other and almost zero. The 
sheet current density for fast operation becomes stronger 
than that for slow operation at the tape edges. Big 
difference of sheet current density at the edges of the 
conductor leads to the difference of residual magnetic field 
at the edges between fast and slow operations. From the 
calculated sheet current density for each sub-element, the 
induced total current Itotal can be estimated by  
 

            (4)  

 
The induced total current is about 12.5 A for fast operation 
on contrary to 1.5 A for slow operation. Through the 
measured residual magnetic field and the analysis of the 
current density, we speculates that the quality in the tapes 
from the current cut off operations is needed to be 
considered in the cable applications.  
 
 

4. SUMMARY AND CONCLUSIONS 
 
A scanning Hall probe system is developed to study 

magnetic property of HTS tape conductor. We measured 
different residual magnetic field above YBCO tape coated 
conductor for slow and fast cut off of the transport current.  
Different de-excitation process of the transport current 
affects the magnetic property of the coated conductor. 
Through solving the inverse problem from the measured 
magnetic field, the calculated current density profiles are 
different between slow and fast cut-off the transport current 
due to hysteresis of YBCO coated conductor. The residual 
magnetic field measurements show the instability of 
transport current density and induced current in a coated 
conductor for different current cut off operations. This 
information needs to be considered into the cable 
applications for discharge processes in coated conductors 
due to hysteresis of superconductors. 
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