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1. INTRODUCTION  
 

Second generation (2G) high temperature 

superconductor (HTS) is one of the most promising 

candidates for the development of magnets that generate 

high field, such as wind power generator, nuclear magnetic 

resonance, and magnetic resonance imaging due to their 

high critical temperature, high current density under high 

magnetic field and high energy margin. However, one of 

the most fundamental issues of 2G HTS is self–protected in 

the unexpected quench unlike the low temperature 

superconductor because of low normal–zone propagation 

velocity [1, 2]. Therefore, detection and protection 

schemes have been developed for the reliable operation of 

HTS magnet applications. Although the no-insulation 

winding technique can significantly enhance the electrical 

and thermal stabilities for the HTS magnets, it suffers from 

the charging delay time (τd) under time varying condition, 

leading to limitation in the electrical applications that 

require fast charging such as superconducting rotating 

machines and superconducting magnetic energy storage 

systems [3–9].  

Recently, the metal insulation (MI) winding technique, 

which employs metal insulation material between 

turn-to-turn layers, has been proposed to overcome slow 

charge–discharge rate in no–insulation coil as well as the 

thermal and electrical stabilities in insulated coil [10–14]. 

We have already reported the advantages of MI winding 

technique co-wound with stainless steel (SS) tapes in the 

form of racetrack type coils, which were applied for the 

field windings of 10 MW class HTS generator used in an 

offshore wind turbine environment, under steady and 

transient states [15–17]. The MI winding technique shows 

a good balance in terms of charging time and thermal 

stability during the steady and transient states. However, in 

the practical partially superconducting rotating machine 

application, the HTS field coils are subjected to an external 

magnetic ripple field which is generated by the armature 

windings. Therefore, it is essential to investigate the effect 

of external magnetic field on the electrical and thermal 

characteristics of MI racetrack coil for further development 

reliable large scale rotating machines. 

In this study, we estimate the effect of external magnetic 

field, which was generated by 75 kW class induction motor, 

on the electrical and thermal behaviors of MI–SS racetrack 

type coil cooled by conduction cooling system. First, the 

major parameters of MI racetrack coil and 75 kW class 

induction motor were demonstrated. In addition, the 

various components of the conduction cooling system were 

designed and assembled. Then, the current–voltage (I–V) 
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This paper presents the analysis and experiment results on the electrical and thermal characteristics of metal insulation (MI) 

REBCO racetrack coil, which was wound with stainless steel (SS) tape between turn–to–turn layers, under rotating magnetic field 
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thermal characteristics of MI–SS racetrack coil for further development reliable HTS field windings of superconducting rotating 

machine. First, the major components of the experiment test (i.e., HTS racetrack coil construction, armature winding of 75 kW class 

induction motor, and conduction cooling system) were fabricated and assembled. Then, the MI racetrack coil was performed under 

liquid nitrogen bath and conduction cooling conditions to estimate the key parameters (i.e., critical current, time constant, and 

characteristic resistance) for the test coil in the steady state operation. Further, the test coil was charged to the target value under 

conduction cooling of 35 K then exposed to the rotating magnetic field, which was generated by three phrase armature windings of 

75 kW class induction motor, to investigate the electrical and thermal characteristics during the transient state. 
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tests for MI–SS racetrack coil were conducted in various 

cryogenic cooling conditions (i.e., liquid nitrogen (LN2) 

bath and conduction cooling of 35 and 77 K) to estimate the 

critical current (Ic) value for the test coil. Moreover, the 

charging and discharging tests were performed in the LN2 

bath and conduction cooling conditions to investigate the 

effect of cryogenic cooling on the characteristic resistance 

(Rc) and τd for MI–SS racetrack coil. Finally, to estimate 

the electrical and thermal stabilities for the MI–SS 

racetrack coil in the transient state, the test coil was charged 

to the target value under conduction cooling system of 35 K 

then exposed to the rotating magnetic field generated by 

armature windings of 75 kW class induction motor. The 

center magnetic field and temperature of the MI–SS 

racetrack coil were analyzed and discussed according to the 

variation in external magnetic field.  

 

 

2. EXPERIMENTAL SETUP 

 

2.1. Fabrication of MI-SS racetrack coil 

The major parameters of the REBCO coated conductor, 

which was manufactured by SuNAM Co., Ltd., and the 

MI–SS racetrack coil are listed in Table. 1. The width and 

thickness of the REBCO tape are 12.1 mm and 0.14 mm, 

respectively. The racetrack bobbin was made of stainless 

steel with outer diameter at curvature of 40 mm and straight 

section of 140 mm, as shown in Fig. 1. The thickness of SS 

tape is a factor that effect to the thermal stability of the 

MI–SS racetrack coil as shown in our previous study [17]. 

The thermal stability of the test coil increased with an 

increase in the thickness of SS tape used between 

turn–to–turn layers because thicker SS tape could absorb 

more joule heat energy generated by hot spot. Therefore, to 

increase the thermal stability for the test coil, the stainless 

steel thickness of 120 μm was used to fabricate the MI–SS 

racetrack coil. During fabrication the test coil, the winding 

tensions for 2G HTS and SS tapes were maintained at 10 

and 5 kgf, respectively. The center bore and shoe cover 

were made of carbon steel (S45C) to concentrate and 

increase the magnetic field. The test coil was wound 

directly onto the center bore of SS racetrack bobbin and 

covered by conduction guide with oxygen–free high 

conductive copper (OFHC) to enhance heat transfer 

characteristic of conduction cooling system. Various signal 

sensors were used to measure the electromagnetic behavior 

during coil operation. Three voltage taps (V1–V3) were 

installed in every ten turns, starting from the innermost turn, 

and terminal voltage tap (Vt) was inserted between two 

terminals to measure the voltage signal in the steady and 

transient states. In addition, a Hall sensor was located at the 

center of the bobbin to measure the center magnetic field 

density of the test coil. 

   

2.2. Fabrication of conduction cooling system integrated 

MI–SS racetrack coil 

The MI–SS racetrack coil was placed inside the cryostat 

part in vertical direction as shown in Fig. 2. A pair of HTS 

current leads was utilized to supply an input current (It) into 

the test coil with minimizing heat intrusion. Each current  

TABLE 1 

PARAMETERS OF REBCO COATED CONDUCTOR AND MI-SS RACETRACK 

COIL. 

ITEMS UNIT VALUES 

REBCO Coated Conductor 

Manufacturer – SuNAM Co. Ltd 

Conductor model – SCN12500 

Conductor width [mm] 12.1±0.1 

Conductor thickness [μm] 140±15 

Max./Min. critical current [A] 808/676 

Critical temperature [K] 91 

MI-SS Racetrack Coil 

Number of turns – 32 

Insulation material – SS 310S 

Insulation width/thickness [mm] 12/0.12 

Winding tension REBCO/SS [kg·f] 10/5 

Bobbin material – Copper and S45C 

Conductor length [m] 17.8 

Inner radius at curvature [mm] 40 

Outer radius at curvature [mm] 48.64 

Length of straight portion [mm] 140 

Criterion voltage [mV] 1.78 

Ic @ 77 K, self-field * [A] 239 

Coil inductance [μH] 577 

Rc @ 77 K [μΩ] 144.3 

Rct @ 77 K [µΩ·cm2] 304.7 

* Measured using 1–μV/cm criterion 

 
lead included two 2G HTS tapes, which are the same 

properties with 2G HTS tape used to fabricate the test coil, 

and fiber reinforced plastic sheets to insulate and protect 

the HTS tapes. The inlet of both HTS current leads were 

connected to the first–stage of cryocooler. Both HTS 

current leads were cooled down to approximately 80 K 

which can transport the It of 1352 A ( 2  676 A) into the 

test coil. The test coil was electrically closed with two HTS 

current leads through OFHC terminal lead blocks. Then, 

they were thermally connected with the second–stage of 

cryocooler through conduction structure (i.e., OFHC–bars 

and –braided wires) to cool down the test coil to 35 K. 

Cernox® , DT–670 Silicon Diodes, and PT–1000 sensors 

were attached at various locations inside cryostat to 

measure the temperature, as shown in Fig. 3. In addition, to 

reduce thermal radiation from room temperature, thermal 

shield cylinder with multi–layer insulation of aluminum foil 

was utilized to cover all structures below the first–stage of 

cryocooler, as shown in Fig. 2. The configuration of 75 kW 

class induction motor, which was used to generate AC 

external magnetic field on the MI–SS racetrack coil, is 

shown in Fig. 4. The length of stator core, inner and outer 

diameters of induction motor were 214, 281 and 435 mm, 

respectively. The stator had 72 slots and double layer 

windings. During the experiment tests, the external 

magnetic field, which was generated by three phase 
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armature windings, was controlled by the frequency and 

current amplitude. The MI–SS racetrack coil was placed 

parallel to the stator to investigate the effect of the external 

magnetic field on the Ic and center magnetic field (Bz) of the 

test coil, as shown in Fig. 4. A data acquisition system was 

used to measure the Bz fluctuation according to variation of 

the external magnetic field generated by 75 kW class three 

phase armature windings, which was controlled by variable 

voltage and frequency inverter. The experiment setup for 

estimating the electrical and thermal characteristics of the 

MI–SS racetrack coil under rotating magnetic field is 

shown in Fig. 5. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1. Cooling and vacuum test 

Fig. 6 (a) shows the experimental results of vacuum and 

cool down temperature during the 1st and 2nd stages of 

cryocooler. It took around 13 and 19 hours to reach the 

steady state temperature for the 1st and 2nd stages, 

respectively. The vacuum pressure was decreased to 4.7  

10–3 Torr using a turbo molecular pump. Then, the 

cryocooler started to reduce the vacuum pressure as well as 

temperature inside the cryostat part. In the initial hours, the 

temperature inside the cryostat part remained stable at 

room temperature. Subsequently, the temperature was 

maintained at 10 K under vacuum pressure of 4.06  10–8 

Torr during around 15 hours after turning on the cryocooler, 

as shown in Fig. 6 (a). 

Fig. 6 (b) shows the experimental result of temperature 

variation with respect to joule heat generation by a heater 

power of 50 Ω which was installed at the 2nd stage of the 

cryocooler. The temperature of the stage could be 

controlled by this heater power. However, the electrical and 

thermal characteristics of the test coil were not affected by 

the operation of the heater power because they had separate 

thermal link model and most of heat generation by the 

heater power was absorbed by the cryocooler. When the 

heater power was zero, the temperature of the 2nd stage 

remained at 10 K. To maintain the target operating 

temperature of 35 and 75 K for the MI–SS racetrack coil, 

the heater power of 9.245 and 15.125 W were respectively 

supplied to the cryocooler, as shown in Fig. 6 (b). 

 

 
 

Fig. 1. Photographs of MI–SS racetrack coil. 

 
 

Fig. 2. Photographs of assembly MI-SS racetrack coil into 

the conduction cooling environment. 

 

 
 

Fig. 3. Schematic drawings of the internal cryostat part with 

positions of temperature sensors. 

 

 
 

Fig. 4. Photographs of assembly cryostat part into induction 

motor. 

 

 
 

Fig. 5. Photographs of experiment setup.    

 

3.2. Current-voltage test 

To investigate the Ic value for MI–SS racetrack coil, the 

I–V tests were performed in the LN2 bath and conduction 

cooling conditions. The test coil was charged with a current 

ramp rate of 1 A/s until the Vt increased over the Vc of 1.78 

mV which was calculated by multiplying the length of HTS 

tape and an electric field criterion of 1–μV/cm. Then, It was 

turned off to prevent the test coil from permanent damage. 

Fig. 7 (a), (b), and (c) show the experiment Ic results under 

LN2 bath, conduction cooling of 77 and 35 K, respectively. 

The Ic values of the test coil under LN2 bath and conduction  
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Fig. 6. Experiment results of (a) cool down temperature of 

cryocooler and (b) temperature variation with respect to 

heater power. 

 

cooling of 77 K were respectively 239 and 236 A. However, 

the Ic value under conduction cooling of 35 K was assumed 

to be 500 A due to the limitation of power supply current. It 

should be noted that the Ic value under conduction cooling 

of 35 K may exceed 500 A because the Vt did not increase 

over the Vc of 1.78 mV.  

The Ic value decreases significantly under a perpendicular 

magnetic field. Fig. 8 shows the Ic value reduction versus 

perpendicular flux density of 2G HTS tape manufactured 

by SuNAM Co., Ltd. The numerical approach was 

suggested to investigate the Ic value of the MI–SS racetrack 

coil using a three-dimensional finite element analysis (3D 

FEA). The test coil is charged to 500 A which is equal to 

the limitation value of the experimental power supply 

current. Fig. 9 (a) and (b) show the simulation Ic results 

under conduction cooling of 77 and 35 K, respectively. The 

Ic value is determined at the intersection point between the 

transport current and critical current at perpendicular flux 

density. The Ic value under the conduction cooling of 77 K 

is estimated as 245 A which are 2.45% and 3.67 % higher 

than those of experimental results obtained from LN2 bath 

and conduction cooling condition of 77 K, respectively. In 

the case of conduction cooling of 35 K, the Ic value for the 

test coil is evaluated over 500 A which is similar to the 

experiment result. Overall, the simulation results were in 

good agreement with the experimental results, which 

proved that the validity of the developed 3D FEA model. 
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Fig. 7. Critical current results under (a) LN2 bath, (b) 

conduction cooling of 77 K, and (c) conduction cooling of 

35 K. 

 

3.2. Charging and discharging test 

To characterize time constant (τ) and Rc for the MI–SS 

racetrack coil, the charging and discharging tests were 

performed under the LN2 bath and conduction cooling 

conditions. It increased up to 221 A with charging rate of 

0.6 A/s under LN2 bath and 1 A/s under conduction cooling. 

Then, It was maintained at that level so that the test coil was 

in a steady state condition. Finally, It was decreased to zero 

with discharging rate of 0.6 A/s under LN2 bath and 1 A/s 

under conduction cooling. Fig. 10 (a), (b), and (c) show the 

experiment results of the It and Vt under LN2 bath and  
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Fig. 8. Reduction of Ic value according to perpendicular 

flux density. 
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Fig. 9. Simulation critical current results under (a) 

conduction cooling of 77 K and (b) conduction cooling of 

35 K. 

 

conduction cooling conditions of 77 and 35 K, respectively. 

The τ values of the test coil under LN2 bath and conduction 

cooling conditions of 77 and 35 K, which was determined 

at a normalized Vt value of 0.63, were 4, 4, and 9 s, 

respectively. The inductive voltage was determined at an 

average value (i.e., VL = [Vmax + Vmin]/2) during the 

discharging phase due to heavy noise in the charging phase. 

Based on the average inductive voltage and current ramp 

rate (i.e., VL = Lc  di/dt), coil inductance (Lc) under LN2 

bath and conduction cooling conditions of 77 and 35 K 

were estimated to be 517, 609, and 581 μH, respectively. 

The Lc value under LN2 bath was smaller than those of 

conduction cooling conditions. This may be because the 

small current ramp rate of 0.6 A/s under LN2 compared to 1 

A/s under conduction cooling. In general, the difference in 

Lc value between cooling methods may be the measurement 

error of experiment data owing to heavy noise measured in 

the VL. Therefore, we utilized the average Lc obtained from 

three cooling methods to estimate Rc value for the test coil. 

The Rc value under conduction cooling of 35 K (63.2 μΩ), 

which was calculated using the values of Lc and τ (i.e., Rc = 

Lc/ τ), was smaller than those of LN2 bath (142.3 μΩ) and 

conduction cooling of 77 K (142.3 μΩ). These results 

demonstrated that the Rc decreased as the temperature 

cooling decreased because joule heat generation inside the 

MI–SS racetrack coil was effectively eliminated at low 

temperature. Table 2 summarizes the experiment results of 

τ, Lc, and Rc for MI–SS racetrack coil under the charging 

and discharging tests with respect to LN2 bath and 

conduction cooling conditions. Fig. 11 (a) and (b) show the 

temperature results inside cryostat part during the charging 

and discharging tests under conduction cooling conditions 

of 77 and 35 K, respectively. The temperatures at the 

channel C, which measured the temperature for the test coil, 

were maintained approximately 77 and 35 K, implying that 

joule heat generation was equilibrated with conduction 

cooling. Fig. 12 (a), (b), and (c) show the experiment 

results of It, Vt, and Bz versus time curves under LN2 bath 

and conduction cooling conditions of 77 and 35 K, 

respectively. As expected, the τd under conduction cooling 

of 35 K (28 s) was slower than those of LN2 bath (18 s) and 

conduction cooling of 77 K (14 s). This was because the 

test coil under conduction cooling of 35 K could enhance 

heat dissipation owing to its high performance cooling, 

which resulted in a decrease in Rc. Thus, the conduction 

cooling system of 35 K can be considered as an effective 

method for improving the thermal stability of the test coil. 

 
3.3. Characteristic tests under various AC rotating 

magnetic field 

To investigate the effect of external magnetic field on the 

Ic characteristic of the test coil cooled by the conduction 

cooling system of 35 K, the transient tests were performed 

under various rotating magnetic field generated by three 

phrase armature windings. The armature current (Ia)= 28.5, 

42.5, and 57.6 Arms and its frequency ( fs)= 0.5, 1, and 1.5 

Hz were utilized to generate the rotating magnetic fields.   

The numerical approach was suggested to evaluate Ic value 

by using the 3D FEA model. The Ic values of the test coil 

were 421, 416, and 413 A at Ia= 28.5 Arms and fs= 0.5 Hz, 

Ia= 42.5 Arms and fs= 1.0 Hz, and Ia= 57.6 Arms and fs= 1.5 

Hz, respectively. Although the accuracy of Ic value under 

conduction cooling system of 35 K cannot be obtained by 

the experiment test due to the limitation of the power  
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Fig. 10. Time constant results under (a) LN2 bath, (b) 

conduction cooling of 77 K, and (c) conduction cooling of 

35 K. 

 

supply current, the effect of rotating magnetic field on the Ic 

characteristic under conduction cooling of 35 K may be 

investigated by the experiment test based on the trend 

curves of It and Bz values due to bypass current  

phenomenon. It is assumed that the Ic value is 500 A which 

is the maximum value of power supply current. Fig. 13 (a), 

(b), and (c) show the experiment results of the test coil 

under AC excitation in armature windings according to Ia= 

28.5 Arms and fs= 0.5 Hz, Ia= 42.5 Arms and fs= 1.0 Hz, and 

Ia= 57.6 Arms and fs= 1.5 Hz, respectively. It is noted that the  
 

TABLE 2 

EXPERIMENT RESULTS OF THE TEST COIL UNDER LN2 BATH AND 

CONDUCTION COOLING CONDITIONS. 

Items Unit Values 

Cooling approach – LN2 Conduction Conduction 

Temperature  [K] 77 77 35 

Inductance  [μH] 517 609 581 

Average 

inductance 
[μH] 569 

Time constant [s] 4 4 9 

Characteristic 

resistance 
[μΩ] 142.3 142.3 63.2 
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Fig. 11. Temperature results during charging and 

discharging test under (a) conduction cooling of 77 K, (b) 

conduction cooling of 35 K. 

 

Bz curve only shows the trend of the center magnetic field 

for the test coil due to heavy noise. At Ia= 28.5 Arms and fs= 

0.5 Hz, the magnetic field started to decrease at the It value 

of 497 A which was higher than those of Ia= 42.5 Arms and 

fs= 1.0 Hz (463 A) and Ia= 57.6 Arms and fs= 1.5 Hz (433 A). 

The experimental results demonstrated that the Ic value of 

the test coil was affected by the rotating magnetic field. The 

Bz value decreased as the strength of Ia and fs increased. The 

bypass current phenomenon occurred as the external 

magnetic field applied to the test coil due to low Rc value. 
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Fig. 12. Charging delay time results under (a) LN2 bath, (b) 

conduction cooling of 77 K, and (c) conduction cooling of 

35 K. 

 
It is assumed that It (= Isc + Ir, where Isc and Ir represent 

the current flow along the spiral and radial directions, 

respectively) is constant value, Ir increases due to bypass 

current, leading to a decrease in Isc. This causes a decrease 

in Bz value because a large amount of It flows along the 

radial direction. Further, the starting saturation of Bz under 

Ia= 57.6 Arms and fs= 1.5 Hz occurred at the It value of 389 

A which was smaller than those of Ia= 28.5 Arms and fs= 0.5 

Hz (450 A) and Ia= 42.5 Arms and fs= 1.0 Hz (417 A). The 

results demonstrated that the saturation of Bz occurred early 

under high strength of Ia and fs due to bypass current 

phenomenon. The effects of external magnetic field on the 

electrical behavior of the test coil are shown in the table 3.  

Figure 14 (a), (b), and (c) show the experiment 
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Fig. 13. Test results under external magnetic field of (a) 

28.5 Arms and 0.5 Hz, (b) 42.5 Arms and 1 Hz, and (c) 57.6 

Arms and 1.5 Hz. 

 
temperature results according to Ia= 28.5 Arms and fs= 0.5 

Hz, Ia= 42.5 Arms and fs= 1.0 Hz, and Ia= 57.6 Arms and fs= 

1.5 Hz, respectively. When the external magnetic field 

applied to the test coil, the temperature channels A, B, and 

C were decreased to zero. However, the temperature 

channels Ch1, Ch2, and Ch7 operated normally during the 

test. This is because the temperature sensors were affected 

by the three phrase armature windings. The magnitude of 

this effect depends on the distance between the temperature 

sensors and the armature windings. Thus, the temperature 

channels A, B, and C were installed inside the armature 

windings of 75 kW class induction motor, resulting in a 

stronger effect than those of Ch1, Ch2, and Ch7, which 

were located far enough to avoid signal interference . 
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Fig. 14. Temperature results under external magnetic field 

of (a) 28.5 Arms and 0.5 Hz, (b) 42.5 Arms and 1 Hz, and (c) 

57.6 Arms and 1.5 Hz. 

 
Therefore, the initial and final temperature values of these 

channels were utilized to estimate the influence of the 

external magnetic field on the temperature characteristic 

for the cryostat part. In general, the average increasing 

temperature were approximately 3.04 and 3.31 K at Ia= 

28.5 Arms and fs= 0.5 Hz and at Ia= 42.5 Arms and fs= 1.0 Hz, 

respectively, which were smaller than that of 3.96 K at Ia= 

57.6 Arms and fs= 1.5 Hz. Overall, the temperature inside 

cryostat part increased as the Ia and fs of external magnetic 

field increased, leading to the decrease of stable operation 

for the test coil. Table 3 summarizes the increasing 

TABLE 3 

EFFECTS OF EXTERNAL MAGNETIC FIELD ON ELECTRICAL AND THERMAL 

CHARACTERISTICS OF THE MI-SS RACETRACK COIL UNDER CONDUCTION 

COOLING OF 35 K. 

Channel 

Name 
Position 

Increasing temp. (K) 

Ia= 28.5 Arms, 

fs= 0.5 Hz 

Ia= 42.5 Arms, 

fs= 1.0 Hz 

Ia= 57.6 Arms, 

fs= 1.5 Hz 

A 2nd stage 0.48 0.52 0.52 

B 
Coil lead 

block 
2.28 2.75 3.56 

C 
Coil lead 

block 
1.96 2.47 3.30 

Ch1 
1st stage lead 

block 
6.71 7.57 8.64 

Ch2 
1st stage lead 

block 
6.53 6.69 7.60 

Ch5 1st stage 3.08 3.36 4.01 

Ch6 HTS lead 1.82 1.94 2.63 

Ch7 HTS lead 1.49 1.16 1.42 

AC External 

magnetic field  

Ia= 28.5 Arms, 

fs= 0.5 Hz 

Ia= 42.5 Arms, 

fs= 1.0 Hz 

Ia= 57.6 Arms, 

fs= 1.5 Hz 

It at starting  

decrease of Bz [A] 
497 463 433 

It at starting 

saturation of Bz [A] 
450 417 389 

 
temperature at all positions inside cryostat part during the 

characteristic test under conduction cooling of 35 K and 

various AC external magnetic field. 

 
 

4. CONCLUSIONS 

 

In this study, we have investigated the effects of 

cryogenic cooling approach and rotating magnetic field on 

the electrical and thermal characteristics of the MI-SS 

racetrack coil. The conduction cooling system was 

successfully operated to maintain the target operating 

temperature of 35 and 77 K for the test coil. The charging 

and discharging test results demonstrated that the Rc, which 

is key factor affecting the τd and thermal stability of the test 

coil, decreased as the temperature cooling decreased 

because the generated heat inside the test coil was 

dissipated effectively under low temperature cooling. 

During the transient test under rotating magnetic field, the 

temperature inside the cryostat increased as the rotating 

magnetic field increased, resulting in a decrease of thermal 

stability for the test coil. In addition, when the Ia and fs 

increased, the Ic value of the test coil decreased, leading to 

a decrease in the Bz value. Although, the test coil under 

conduction cooling of 35 K showed slower τd than those of 

LN2 and conduction cooling of 77K during the charging 

and discharging test, the conduction cooling of 35 K 

effectively improved the thermal stability of the test coil 

under transient operation owning to high performance 
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cooling. Furthermore, the 3D FEA model was suggested to 

estimate the Ic value for the test coil under conduction 

cooling conditions of 35 and 77 K. The simulation results 

agreed well with the experiment ones, which proved that 

our simulation model is valid. 
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