
  
In order to improve performance of fusion devices, it 

is necessary to develop superconducting coils with high 
stability and low losses. Recent development of technology 
that creates wire from high-temperature superconductors 
(HTS) progresses. Developments of superconducting 
devices that use HTS wire are also on going. In order to 
evaluate ac losses in HTS conductors with large current 
capacity, both of proposal and demonstration of a new 
measuring method were carried out (1). 

 In general, HTS wires are formed into tape shape. So, 
there are anisotropy on ac losses in their wires under 
external transverse magnetic fields. Therefore, 
controlling direction of the external transverse magnetic 
fields applied to the HTS wires is taken as following 
measure: Firstly, the measuring sample shape is short 
and straight, and its length is about 100 mm. Secondly, 
the sample is put in uniform magnetic field. Finally, the 
sample is rolled around its axis to control the angle of 
direction magnetic fields applied to the sample. 
However, length of superconducting conductors for 
fusion devices is required more than a few meters to 
evaluate their properties, because the conductors are 
composed of a several tens or hundreds wires to be 
achieved large current capacity. 

In this study, a new method to measure the 
electromagnetic properties of the conductors mentioned 
above had been proposed and the validity of the method 
had been clarified. In this method, samples were formed 
into coil shape. In order to control the angle of the 

direction of the magnetic fields that were applied to the 
sample coil, the sample coils were put near edge of the 
magnet that generate the external magnetic fields. In this 
area, external magnetic fields spread to radial direction 
of the magnet. ”Magnetizaiton method” that is well 
known as a method of measuring ac losses is the sample 
with coil shape, cannot be applied under spreading 
magnetic fields. In this study, the measuring method, 
that can measure ac losses in the sample coils under 
spreading magnetic fields by measuring Poynting’s 
vectors around sample coils, are introduced.  

Fig. 1 shows the measuring system.  In this year, 
magnetic fields were applied to the sample without 
transport currents. In this case, electric fields around 
sample coils are only inductive components of electric 
fields, and their direction is circumferential direction. 
Therefore, electric fields can be measured by one-turn 
pick-up coils. Magnetic fields with direction of sample 
axis on inner and outer surfaces of the sample coil are 
measured. On top and bottom surfaces of the sample coil, 
magnetic files with radial direction are measured. 

The sample coil is wound with Bi-2223 
multifilamentary tape. Turns of the coil are 19 turns x 2 
layers. Ac losses in the sample coil under spreading 
magnetic fields were measured. Angles of the magnetic 
fields applied to the tape face are 4 – 6 degree. The sample 
coil was cooled by liquid nitrogen. Frequency of the 
magnetic fields is 100 Hz. Fig. 2 shows the results of the 
measurements. Horizontal axis is amplitude of magnetic 
fields applied to the center of wound area of the sample coil. 
Experimental data are shown by plots. A solid line shows 
theoretical values calculated by Bean-London model. 
Experimental and theoretical values agree well. It is 
confirmed that our method can obtain exactly the ac loss 
values of the sample coil under spreading magnetic fields. 

 
1) T. Shiraki, et al., Abstracts of CSSJ Conference, Vol. 
90 (2014), p. 174. 

 

  
Fig. 1 Configuration of new measuring system  Fig. 2 Measuring results 

 

High temperature superconductors such as BSCCO
and YBCO, are very promising for high field super-
conducting magnets. However, the mechanical stresses
in these superconductors lower their critical currents.
Especially, the windings of helical coils have three-
dimensional complex shapes, meaning that it may be
difficult to manufacture the helical windings without a
decrease in the critical current. Due to this, special con-
siderations are required for the coil manufacturing pro-
cesses. The objective of this work is to investigate the
feasibility of the conduction cooling method using exter-
nal jacket configurations for high temperature supercon-
ducting helical windings.

Fig. 1 shows a schematic illustration of the helical
winding technique using the external jacket configura-
tions. After the copper jacket is formed into the shape
of the helical winding, the YBCO conductors is wound
onto the jacket in order to minimize the applied mechan-
ical stresses during the winding process. In this configu-
ration, the copper jacket is used as a thermal stabilizer
for the quench protection, and also is used as a heat
exchanger for the conduction cooling of the high tem-
perature superconducting coil.

As a first step of this work, the authors examined
the short sample test of the external jacket concept using
an experimental model as shown in Fig. 2. The copper
jacket model has 10 mm in width, 1 mm in thickness and
400 mm in length. In order to simulate the conduction
cooling conditions, the copper jacket model is covered
with the thermal insulators, and only both ends is cool-
ing with liquid nitrogen. In this case, the interval of the
cooling points is 200 mm. After the liquid nitrogen cool-
ing, the initial temperature at the middle point of the
copper jacket model was 94 K.

In order to estimate the required cross section of
the copper jacket for the quench protection, the authors
investigate the relationship between the cooling tempera-
ture at the middle point of the copper jacket model and
the current density. From the experimental results in
Fig. 3, the increase in the temperature can be controlled
less than 200 K when the current density is lower than
almost 30 A/mm2. As a further step of this work, the au-
thors is planning to demonstrate the cooling tests using
YBCO tapes, and evaluate the current sharing between
the YBCO tapes and the copper jackets.

Fig. 1: Schematic illustration of the helical windings
using the external jacket configurations.

Fig. 2: Experimental setup of an external copper jacket
model.

Fig. 3: Cooling temperature at the middle point of the
copper jacket dependence on the current density.
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