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1. INTRODUCTION 
 

Many superconducting apparatuses, such as 
superconducting fault current limiter, superconducting 
transformer and superconducting cable are operated in a 
cryogenic high voltage under AC and DC condition. One of 
the faults in high voltage operation is dielectric breakdown 
accident. Thus, the superconducting coil must consider an 
unexpected dielectric breakdown accident for developing 
the superconducting apparatuses [1, 2]. This paper deals 
with the degradation characteristics of 2G HTS wires with 
respect to an electrical breakdown, to establish a 
fundamental database for designing high voltage 
superconducting systems. In this study, three kinds of 2G 
HTS wires which have stainless steel(STS), brass and 
copper stabilizer are prepared to verify the degradation 
effect of 2G HTS wires according to the stabilizer material. 
The degradation characteristics of 2G HTS wires, such as 
Ic and index number are measured by performing electrical 
breakdown tests. It is found that the characteristics, such as 
Ic and index number are degraded by an electrical 
breakdown. Also, the degradation characteristics of 2G 
HTS wires are more degraded as the applied breakdown 
voltage increases. The degradation characteristics of 2G 
HTS wire stabilized by stainless steel are the most robust 
among the 2G HTS wires. It is concluded that the 

degradation characteristics of 2G HTS wires are affected 
by the magnitude of applied voltage and stabilizer material. 
To investigate relationship between degradation 
characteristics and micro-structure of 2G HTS wires, the 
cross-sectional view of 2G HTS wires is observed by using 
a SEM.  

 
 

2. EXPERMENTS 
 
2.1. Experimental Set-up 

All experiments are performed in liquid nitrogen to 
verify the degradation characteristics of 2G HTS wires with 
respect to AC and DC electrical breakdown tests. The 
electrical breakdown voltages applied to the 2G HTS wires 
are 50, 70, and 100kV, with AC and DC voltage. Also, the 
electrical breakdown tests is successively repeated three 
times because the degradation characteristics of 2G HTS 
wires are severely degraded by the number of electrical 
breakdown test. The detail phenomenon of this study will 
be dealt with another successive paper. The electrical 
characteristics such as Ic and index number of 2G HTS 
wires are measured by using a four probe method with a 
1µV/cm criterion in saturated liquid nitrogen at a 
temperature of 77K [3]. To analyze the degradation 
characteristics according to electrical breakdown, the three 
kinds of 2G HTS wires manufactured by SuNAM 
Company Limited are used in this study. The specimens of  
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Abstract  
 

Recently, the electrical insulation design for electrical apparatuses is important to cope with the tendency of high voltage. The 
degradation characteristics of a superconducting coil due to an electrical breakdown should be considered to design a high voltage 
superconducting coil. In this paper, the degradation characteristics of 2G high temperature superconducting (HTS) wires are 
studied with respect to electrical breakdown tests. To analyze the dependency of the degradation characteristics of 2G HTS wires, 
the electrical breakdown tests are performed with AC(alternating current) and DC(direct current) voltage. All tests are performed by 
applying various magnitudes of AC and DC breakdown voltages. To verify the degradation characteristics of 2G HTS wires, the 
tests are performed with various 2G HTS wires with respect to stabilizer materials. The degradation characteristics of 2G HTS wires, 
such as Ic(critical current) and index number are measured by performing electrical breakdown tests. It is found that the 
characteristics such as Ic and index number can be degraded by an electrical breakdown. Moreover, it is concluded that the 
degradation characteristics of 2G HTS wires are affected by the stabilizer material and applied voltages. The cross-sectional view of 
2G HTS wires is observed by using a scanning electron microscope (SEM). As results, it is found that the degradation 
characteristics of 2G HTS wires are concerned with hardness and electrical conductivity of stabilizer layers. 
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Fig. 1. Cross-sectional view of 2G HTS wires used in this 
study. (a) specimen 1. (b) specimen 2. (c) specimen 3. 

 
TABLE I  

SPECIFICATIONS OF 2G HTS WIRES. 

 Specimen 1 Specimen 2 Specimen 3 

Manufacturer SuNAM SuNAM SuNAM 

Ic [A] 204 201 245 

Width [mm] 4  4 4  

Stabilizer material STS 
(lamination) 

Brass 
(lamination) 

Copper 
(bare) 

Stabilizer thickness on 
one side [μm] ~45  ~45 ~20  

Substrate thickness 
[µm] 105±4 105±4 105±4 

Total thickness [μm] 230  230  140  
Hardness of stabilizer 

[H·V] 220 110 80 

Electrical 
conductivity of 
stabilizer [S/m] 

1.35 x 106 1.5 x 107 5.95 x 107 

 
2G HTS wires are composed with different stabilizer 
materials respectively. Fig. 1 and Table I show the 
cross-sectional view and brief specifications of the 
specimen. As shown in Table I, the stabilizer of the 
specimen 1 is composed of copper laminated by stainless 
steel; that of the specimen 2 is composed of copper 
laminated by brass; and finally, specimen 3 is stabilized 
with copper only. Thus, stabilizer thickness of specimen 1 
and 2 on one side are 45µm respectively and that of 
specimen 3 on one side is 20µm. It is verified that the 
degradation characteristics are not largely affected by 
thickness of stabilizer in the past study [4].  In this paper, 
the electrical breakdown tests are performed by using a 
sphere-to-plane electrode system. A sphere electrode 
(diameter : 2mm) made of stainless steel is used to apply 
the electrical breakdown voltages (50, 70 and 100kV). A 
2G HTS specimen is put on a plane electrode, which is 
grounded and immersed in liquid nitrogen. The electrical 
breakdown voltages are applied to the 2G HTS wires by 
adjusting gap between a sphere electrode and a plane 
electrode. The electrical breakdown voltage is applied to 
the 2G HTS wires by using an AC (60Hz) power supply 
with a capacity of 100kV, and a DC power supply with a  
capacity of 200kV. The AC or DC voltage is applied at the 
rate of 1kV/s until breakdown, when the short current is 
flowed to ground electrode. The electrical breakdown test  

 
 

Fig. 2. The schematic drawing of electrical breakdown 
experiments. 
 
is conducted with the interval of 30min after every 
electrical breakdown to minimize the influence of void, 
which may cause the electrical breakdown [2]. The 
schematic drawing of electrical breakdown experiments is 
shown in Fig. 2. The length of each specimen is 70mm and 
the voltage tap is set at 30mm to measure the Ic and index 
number. The power supply used in the measurement of Ic is 
EMS 208VAC, manufactured by TDK-Lambda, and the 
nanovoltmeter is 2182A, manufactured by Keithley.     
 
2.2. Degradation of critical current by electrical breakdown 
tests 

The Ic of the specimen degraded by the breakdown tests 
is measured with AC and DC breakdown voltages. The 
breakdown test is successively repeated three times with 
AC and DC voltage. The Ic of specimens is measured after 
performing every test. Fig. 3 (a), (b), and (c) indicate the 
V-I curves of specimen 1, 2, and 3 respectively with the 
magnitude of breakdown voltages (50, 70, and 100kV, 
respectively). The labels ‘specimen 1 intrinsic’, in Fig. 3 (a) 
indicates the V-I curve for a 2G HTS wire not affected by 
breakdown test. The labels ‘specimen 1 AC 100kV’ 
represents the V-I curve for 2G HTS wires degraded by 
breakdown voltages tests with AC 100kV. The Ic of 
intrinsic specimen 1 stabilized by stainless steel is 
measured as 204A. The Ic of specimen 1 is degraded as 
200A after the AC breakdown voltage of 50kV and that of 
specimen 1 is measured as 197.6A after the AC breakdown 
voltages of 100kV. It is found that the Ic of specimens is 
much damaged as the applied AC breakdown voltage 
increases. Also, the Ic of 2G HTS specimens damaged by 
DC breakdown voltages are degraded with respect to the 
applied breakdown voltage. The decreasing rate of Ic, with 
respect to the applied breakdown voltages, is shown in Fig. 
4. As shown in Fig. 4, the Ic decreasing rate of specimen 
degraded by DC breakdown voltage is similar to that of 
specimen degraded by AC breakdown voltage. However, 
the degree of Ic degradation is differently measured with 
respect to stabilizer material of 2G HTS wires. The Ic 
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decreasing rate of specimen 3 stabilized by copper layers is 
much dependent on the applied breakdown voltage than 
that of specimen 1 stabilized by stainless steel layers. 
 
2.3. Degradation of index number by electrical breakdown 
tests 

The index number characteristics of the specimen with 
respect to the electrical breakdown tests are observed. The 
index number presents the sharpness of phase transition of 
superconducting wires. The index number of 2G HTS wires 
is calculated using Eq. (1). Typically, E1 is 0.1µV/cm and 
E2 is 1.0µV/cm when the voltage tap is set at 10mm. I1 and 
I2 are the current values which correspond to E1 and E2, 
respectively.  

 

)ln(
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In this study, E1 is 0.3µV/cm and E2 is 3.0µV/cm because 

the voltage tap is set at 30mm. The initial index numbers of 
specimen 1, 2, and 3, are measured as 41.2, 38.1, and 38.7, 
respectively. The index numbers of specimens after the AC 
breakdown voltage with 100kV are measured as 24.8, 10.1, 
and 4.82 respectively. It is inferred that the index number of 
2G HTS wires is degraded according to the electrical 
breakdown voltage. The decreasing rate of index number 
with respect to the applied breakdown voltages is shown in 
Fig. 5. As shown in Fig. 5, the index number decreasing 
rate of specimen 3 is measured as 37% after the AC 
breakdown voltage of 50kV; the specimen 3 is measured as 
87% after the AC breakdown voltage of 100kV. It is 
considered that the decreasing rate of 2G HTS specimens is 
much degraded as the applied breakdown voltage increases. 
The index number decreasing rate of specimen degraded by 
DC breakdown voltage is similar to that of specimen 
degraded by AC breakdown voltage. The decreasing rate of 
specimen 1 stabilized by stainless steel is lowest among the 
2G HTS specimens, while that of specimen 3 stabilized by 
copper is highest among the 2G HTS specimens. It is 
concluded that the index number degradation 
characteristics of 2G HTS wires are affected by the 
stabilizer material and the magnitude of breakdown 
voltages.  
 
 

3. DISCUSSION 
 

Fig. 6 shows the cross sectional view of 2G HTS wires 
by using SEM. The micro-structural degradation of 2G 
HTS wires is observed with the AC and DC breakdown 
voltage of 100kV in Fig. 6. It shows that specimen 1 
stabilized by stainless steel is most robust among the 2G 
HTS wires against breakdown voltage tests; while 
specimen 3 stabilized by copper is most vulnerable against 
breakdown voltage tests. It is considered that this result 
may be influenced by the different hardness and electrical 
conductivity of the stabilizer layers. The destruction of 2G 
HTS wires is caused by the kinetic energy of electrons. The 

 
(a) 

 

  
(b) 

 

 
(c) 

Fig. 3. V-I curves of 2G HTS wires degraded by AC and 
DC breakdown tests. (a) specimen 1. (b) specimen 2. (c) 
specimen 3. 
 

 
Fig. 4. Decreasing rate of Ic with respect to the applied 
breakdown voltages. 
 

 
Fig. 5. Decreasing rate of index number with respect to the 
applied breakdown voltages. 
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kinetic energies of electrons are similar with each other for 
AC and DC voltages because the drift velocities of 
electrons for AC and DC are similar each other. Also, the 
degradation characteristics of 2G HTS wires are dependent 
on the magnitude of breakdown voltage and stabilizer 
material. In this paper, the stabilizer hardness for specimen 
1, 2, and 3 is measured as 220, 110, and 80H.V(this unit is 
hardness constant), respectively. It is found that 2G HTS 
wires are better protected from the electrical breakdown 
voltage, when the stabilizer is made with a robust material. 
Also, the electrical conductivity of specimen 1, 2, and 3 are 
measured as 1.35ｘ106S/m, 1.5ｘ107S/m, and 
5.95ｘ107S/m, It is inferred that the high electrical 
conductivity of copper causes a relatively large current in 
the superconductor and it may generate heat or local 

quench according to Ohm’s law. As results, it may lead to 
micro-structural destruction. It is concluded that the robust 
performance against the electrical breakdown tests is 
determined by the hardness and electrical conductivity of 
the stabilizer material.     
 
 

3. CONCLUSIONS 
 

The degradation characteristics of 2G HTS wires, such 
as Ic and index number, are examined by performing 
electrical breakdown tests according to the type of applied 
voltage (AC and DC) and stabilizer material (stainless steel, 
brass, and copper). The electrical breakdown tests are 
successively repeated three times for each condition. The 
experimental results on the degradation characteristics of 
2G HTS wires are described as follows: 
 
 The degradation characteristics of 2G HTS wires are 

dependent on the type of stabilizer layer and the 
magnitude of applied breakdown voltage. 

 The Ic and index number of 2G HTS wires are more 
degraded as the applied breakdown voltage increases. 

 The degradation characteristics of specimen degraded by 
DC breakdown voltage are similar to those of specimen 
degraded by AC breakdown voltage.   

 The degradation characteristics of specimen 1 stabilized 
by stainless steel are the most superior among the sample 
wires, while those of sample 3 stabilized by copper are 
the most vulnerable among the sample wires with respect 
to the breakdown voltage test. 

 The degradation of 2G HTS wires is dependent on the 
hardness and electrical conductivity of a stabilizer 
material. 
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Fig. 6. Corss sectional view of 2G HTS wires by using 
SEM when AC and DC voltage of 100kV is  applied. (a) 
specimen 1. (b) specimen 2. (c) specimen 3. 
 

40


