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Abstract

Since superconducting wires have no resistance, electromagnets based on the superconducting wires produce no resistive
heating with DC current as long as the current does not exceed the critical current of the wire. However, unlike resistive
wires, superconducting wires exhibit AC heat loss. Embedding fine superconducting filaments inside copper matrix can
reduce this AC loss to an acceptable level and opens the way to AC-capable superconducting coils. Here, we introduce an
easy and accurate method to measure AC heat loss from sample superconducting coils by measuring changes in the rate of
gas helium outflow from the liquid helium dewar in which the sample coil is placed. This method provides accurate
information on total heat loss of a superconducting coil without any size limit, as long as the coil can fit inside the liquid
helium dewar. With this method, we have evaluated AC heat loss of two superconducting solenoids, a 180-turn solid NbTi
wire with 0.127 mm diameter (NbTi coil) and a 100-turn filamented wire with 1.4 mm diameter where 7 NbTi filaments were
embedded in a copper matrix with copper to NbTi ratio of 6.7:1 (NbTi-Cu coil). Both coils were wound on 15 mm-diameter
G-10 epoxy tubes. The AC heat losses of the NbTi and NbTi-Cu coils were evaluated as 53 + 4.7 pW/A’Hzem® and 0.67 +
0.16 pW/A*Hzem’, respectively.
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Fig. 1. Sample coils of superconducting wires. (a) (above)
Single enamel-insulated NbTi wire with no Cu matrix. (b)
(below) Uninsulated multi-filament wire with seven NbTi
filament encased in Cu matrix and 6.7:1 Cu-NbTi ratio,
insulated with heat-shrink tube.
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II1. Experiment
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Fig. 2. AC loss measurement setup. The current source was
controlled by the lock-in amplifier via offset & amplitude
adjuster circuit. The voltage across the sample test coil was
picked up via 4-wire Kelvin connection and was fed to the
lock-in amplifier for accurate voltage reading. The heat
generated by the coil was measured via change in helium
gas outflow measured with a flow meter. The gas outflow
measurement was further calibrated with a liquid helium
level meter.
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Table 1. Heat dissipation measurements for NbTi coil.
indicates the frequency of the AC current, Py the calculated
heat dissipation, and I the amplitude of the AC current.
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Table 2. Heat dissipation measurements for NbTi-Cu coil.
The symbols are the same as in Table 1.

f P I P,/ Py’
(Hz) (W) (A) (mW/A%) | (LW/A’Hz)
1k 0.42 5.8 6.2 6.24
333k 1.26 5.8 18.7 5.62
10k 2.52 4.9 52.5 5.25
17.05k 3.36 35 137 8.04
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Table 3. Heat dissipation measurements for NbTi-Cu coil
with a fixed frequency of 5 kHz and variable currents. The
symbols are the same as in Table 1.

I P4 Py PJ/I’f

(A) (W) (mW/A%) | (UW/A’Hz)

15.4 6.84 28.8 5.77

115 3.92 29.6 5.93

7.6 1.6 28 5.7

3.76 0.53 375 7.50

1.83 0.21 63.3 12.7
V. Discussion
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