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Abstract

The International Electrotechnical Commission (IEC) 61788-26:2020 provides guidelines for measuring the critical current of
Rare-earth barium copper oxide (REBCO) tapes using two methods: linear ramp and step-hold methods. The critical current
measurement criterion, 1 or 0.1 uV/cm of electric field from IEC 61788-26 has been normally applied to REBCO coils or magnets.
No-insulation (NI) winding technique has many advantages in aspects of electrical and thermal stability and mechanical integrity.
However, the leak current from the NI REBCO coil can cause distortion in critical current measurement due to the characteristic
resistance which causes the radial current flow paths. In this paper, we simulated the NI REBCO coil by applying both linear ramp
and step-hold methods based on a simplified equivalent circuit model. Using the circuit analysis, we analyzed and evaluated both
methods. By using the equivalent circuit model, we can evaluate the critical current of the NI REBCO coil, resulting in an estimation
error within 0.1%. We also evaluate the accuracy of critical current measurement using both the linear ramp and step-hold methods.
The accuracy of the linear ramp method is influenced by the inductive voltage, whereas the accuracy of the step-hold method
depends on the duration of the hold-time. An adequate hold time, typically 5 to 10 times the time constant (t), makes the step-hold

method more accurate than the linear ramp method.
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Fig. 1. Equivalent circuit model for insulated high
temperature superconducting coil.
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Fig. 2. Equivalent circuit model for No-insulation high
temperature superconducting coil.

TABLE |
PHYSICAL DIMENSIONS AND SPECIFICATIONS OF THE REBCO TAPE AND
THE DOUBLE PANCAKE COILS

Parameter Simulated Coil
Conductor (REBCO, SuperPower)
Width; thickness [mm; um] 6; 75
Cu stabilizer thickness [um] 40
Average I, @ 77 K, self-filed [A] 265
Minimum I, @ 77 K, self-filed [A] 255
Double Pancake Coil
(design) inner diameter [mm] 196.90
(design) outer diameter [mm] 211.15
(design) height [mm] 12.127
# of turns (upper single pancake coil) 96
# of turns (lower single pancake coil) 92
G10 spacer thickness [mm] 0.127
Index-n value [null] 15
Inductance [mH] 16.8
Characteristic Resistance, R, [nQ] 600
Time constant, [s] 28.25
Coil length [m] 120
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Fig. 3. Ips — Veoil curve applying (a) linear ramp and (b) step-
hold current for insulated high temperature coil based on the
critical current criterion of Ec = 0.1 pV/cm.

TABLE I
CRITICAL CURRENT AND N-VALUE OF INSULATED HIGH TEMPERATURE
COIL APPLYING lps BY LINEAR RAMP OR STEP-HOLD METHOD

= Insulated coil
Linear ramp Step-hold
I 65.18 64.89 65.18
(Ec=0.1 pV/em) 99.6% 100.0%
n-value 15 15
(Ec=0.1 pV/cm) 100.0% 100.0%
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Fig. 4. 1g— Veoi and lps — Vi curves applying (a) linear ramp
and (b) step-hold current for No-insulation high temperature
superconducting based on the critical current criterion of
Ec=0.1 pV/em.

TABLE III
CRITICAL CURRENT AND N-VALUE OF NO-INSULATION HIGH
TEMPERATURE SUPERCONDUCTING COIL APPLYING lps BY LINEAR RAMP
OR STEP-HOLD METHOD BASED ON THE CRITICAL CURRENT CRITERIA OF
Ec=0.1 uV/em, I =65.18 A, N—VALUE = 15

No-insulation coil

Linear ramp Step-hold (5 7) Step-hold (10 7)
Iy s ly los ly Ips
| 65.78 69.36 65.18 67.10 65.18 67.11
¢ 100.9% 106.4% 100.0% 102.9% 100.0% 103.0%
n- 16.13 9.57 14.99 8.36 15.00 8.37
value 107.5% 63.8%  99.9%  55.7%  100.0%  55.8%
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Fig. 5. (a) 1o — Vo and (b) lps — Veoil curves applying step-
hold current for No-insulation high temperature

superconducting coil based on the critical current criterion
of Ec = 0.1 pV/cm with five varieties of R¢.

TABLE IV
CRITICAL CURRENT AND N-VALUE OF NO-INSULATION HIGH
TEMPERATURE SUPERCONDUCTING COIL APPLYING Ips BY STEP-HOLD
METHOD BASED ON THE CRITICAL CURRENT CRITERIA OF
E.=0.1 uV/em, I =65.18 A, N— VALUE = 15

Re
200uQ  400pQ  600pQ  800uQ  1000pQ
Ie(ly) 6518 6518 6518 6518  65.18
n-value(ly) 1500 1500 1500 1500  15.00
Ie(lpe) 7206 6855 6711  66.33 6583
n-value(l)  7.01 7.83 8.37 8.78 9.12
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