
  
Increase of resistivity of composite conductors made 

from aluminum and copper in the magnetic field is 
experimentally confirmed, and its theoretical explanation is 
also developed1), 2). The increase of resistivity is cased by 
the opposite direction electric field which is induced by 
interaction between the external magnetic field and the Hall 
current that is induced by the difference of Hall voltage in 
the two material. The additional loss caused by the electric 
field is equal to the Joule heating of the Hall current. The 
influence of Hall current on the thermal conductivity, 
however, is not clearly understood. Since the influence of 
electric field on the thermal properties is small, it is 
considered that the decrease of the thermal conductivity 
caused by the Hall current is as small as the thermoelectric 
effect. The purpose of this research is to quantitatively 
examine the influence of Hall current in a composite 
conductor on the thermal conductivity for more precise 
analysis of the propagation of a normal-zone in the LHD 
helical coil conductor. 

A schematic design of a testing sample is shown in 
Fig. 1. A copper clad aluminum wire with a diameter of 
2.09 mm is prepared. The ratio of cross-sectional area of 
aluminum is 77%. The wire is helically wound in one of 
double thread grooves on a plastic pipe, turned back at the 
bottom end, and wound back in the rest groove. The wire is 
covered with an outer concentric plastic pipe for preventing 
the movement by the electromagnetic force. The assembly 
is installed in a vacuum chamber for thermal insulation, and 
the terminals of the wire are connected to a pair of current 
leads, the upper parts of which are immersed with liquid 
helium. The wire is heated by its own joule heating in the 
external magnetic field. Since the wire is cooled with 
thermal conduction to the current leads, the bottom of the 
wire is the hot end. Au-Fe chromel thermocouples are used 
to measure the temperature gradient in the wire. The 
thermal conductivity of the wire can be estimated from its 
temperature gradient and the heating power. We plan to 
estimate the effect of Hall current by holding the heating 
power with the current control in deferent external fields. 
The increase of resistivity of the aluminum is given by 

  Δρ = π
4
RAlB( )2

RHC
 (1) 

where RAl, B, RHC are the Hall coefficient of aluminum, 
external magnetic field, and resistance of Hall current 
circuit in the wire cross-section, respectively. Since the 
effect of magnetic field on the thermal conductivity of 
aluminum itself is small, the effect of Hall current on it can 
be estimated from the dependence of temperature gradient 
to the external field. 
 
1) Eckels, P. W. et al.: Cryogenics, 29 (1989) 748-752. 
2) Kaneko, H. et al.: Cryogenics, 32 (1992) 1114-1120. 
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Fig. 1. Schematic drawing of a testing sample. A copper 
clad aluminum wire is wound on a plastic tube that is 
inserted in a vacuum chamber. 

Establishment of Partial Discharge Protection Technology 
for Reliability Improvement of Electrical Insulation of LHD 

Nagao, M., Murakami, Y., Kawashima, T. 
(Toyohashi University of Technology) 

Suehiro, J. (Kyushu University) 
Shimizu, Y., Muramoto, Y. (Meijo University) 
Mizuno, Y. (Nagoya Inst. of Technology) 
Minoda, A. (Mastue College of Technology) 
Yamada, S. (National Institute of Fusion Science) 

The world’s largest class superconducting coil is used in
the “Large-scale Helical Device” in NIFS. Its electrical 
insulation system is exposed to considerably severe multiple 
stresses including cryogenic temperature, large mechanical 
stresses and strong magnetic fields. It is therefore very 
important to study its electrical insulation performance 
under these severe conditions in order to establish the 
reliability of the coil. If a superconductor quenches, the 
liquid coolant vaporizes very easily and turns into high-
density gas at cryogenic temperature. In these bubbles, 
partial discharge (PD) easily occurs and would lead to the 
electrical breakdown. The PD detection by impedance is 
often used but it is difficult to connect the detecting 
impedance into the actual equipment. So, PD detection 
using an antenna has more advantage than that using the 
detecting impedance in some cases. However, the radiation 
of EM waves may be detected directly from the PD source 
and indirectly from the circuit current around the PD 
source. We already detected radiation of EM waves from 
the circuit current and investigated the effect of the 
discharge type on frequency spectrum of the radiation of 
EM waves. In this paper, for the creeping discharge or the 
gap discharge, it is investigated the voltage application 
dependence of radiation intensity of EM waves from 
circuit current  

Figure 1 shows the PD generation and measurement 
circuit system. The arbitrary pulse voltage was applied to 
two needle - plane electrode systems with the detection 
side and the voltage source side. During the measurement 
of the EM wave radiation from the PD source, the 
electrode with the voltage source side was shorted, and PD 
was generated on the electrode system with the detection 
side. Further, when the EM wave radiation from the circuit 
current is measured, PD was generated on the electrode 
with the voltage source side, and the electrode with the 
detection side was shorted. The radiation of EM waves was 
measured using discone antenna with frequency band from 
30 MHz to 3 GHz. The discone antenna was placed 15 cm 
from the needle - plane electrode 2. In this circuit, we 
connected 50 Ω to measure the PD charge amount.

Figure 2 shows the PD current waveform. In Fig.2, the 
PD current waveform is also changed by PD characteristics 
not only by the circuit constants. In this study, we estimated 
the charge amount by using the area of the internal envelope 
as shown in Fig.2. Figures 3 and 4 show frequency 
spectrum of the radiation of EM waves for two discharge 

types and the voltage application dependence of EM 
intensity or charge amount, respectively. In Fig.4, the used 
EM intensity was the maximum value near 0.2GHz in which 
significant increase of EM intensity can be found under 
voltage application in Fig.3. In this result, the EM intensity 
and charge amount increased with increasing of applied 
voltage regardless of the discharge type. In general, an 
antenna was set the near the PD source. Form the above 
result, it is suggested that it is possible to detect the PD by
leaked EM radiation form the connecting electric circuit. 

Fig. 1. PD generation and measurement circuit system 
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Fig.2. Example of measured PD current
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Fig.3. Frequency spectrum of radiation EM
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Fig. . The applied voltage dependence of EM intensity and 
PD charge amount by different discharge type 
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