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AC Losses in High T, Superconductors

— AC Loss Characteristics of Tapes and Power Transmission Cables —

Naoyuki AMEMIYA*

Synopsis: The AC loss characteristics of high 7, superconductors are reviewed. AC losses are organized according to their
generating mechanism and the magnetic field components generating them. Useful analytical formulae of hysteresis losses are
presented for the superconductor slab exposed to a parallel magnetic field, for the thin strip exposed to a transverse magnetic field,
and for the strip and ellipse carrying transport currents. Experimental and numerical methods for evaluating AC loss are reviewed,
and these methods are applied to quantify AC losses in some practical superconductors. The AC loss characteristics of single-
coated conductors are shown together with the reduction of their AC losses through striation. The AC loss characteristics of
mono-layer as well as multi-layer superconducting power transmission cables are explained, and reduction of their AC losses by

means of using narrower coated conductors is discussed.
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Fig. 1 Fluxoids in the type-II superconductor.
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Fig. 2 Superconductor slab exposed to a parallel

magnetic field.
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Strip

Fig. 3 Superconductor strip exposed to a perpendicular

magentic field.
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Fig. 4 Divided superconductor strips: (a) original wide strip,
(b) divided narrow strips decoupled electromagnetically, and
(c) divided narrow strips coupled electromagnetically.
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Fig. 5 Electromagnetic behavior of the divided superconductor
in an applied magnetic field.
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Fig. 6 Experimental set-up for measuring AC loss.
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Fig. 12 Measured AC losses of the coated conductors
carrying an AC transport current in an AC transverse magnetic
field of various orientations. « is the angle of the applied
magnetic field measured from the normal vector of the tape
face, I; ac is the amplitude of the AC transport current, /I is the
critical current at self field, H ac is the amplitude of the AC

transverse magnetic field, respectively'®.
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Fig. 13  Normalized total AC losses plotted against
normalized perpendicular magnetic field component H/H..
Symbols represent measured AC losses in various field angles.
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considering the magnetic field dependence of J., and that
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Fig. 15 Model of striated and twisted coated conductors
based on the thin-strip approximation for electromagnetic field
analysis. L, is the twist pitch, py. is the equivalent resistivity of

superconductor, and p,. is the equivalent interfilament

resistivity, respectively'?.
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Fig.16  Current lines in the striated and twisted coated
conductors in a transverse magnetic field'?.
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Fig. 17  Overall magnetization losses and loss components of
striated coated conductor vs. frequency of external magnetic
field, where R, = 10 pQ, L, = 200 mm, and g/, = 100 mT: QO
is hysteretic loss component, O, is coupling loss component,
and Qy,, is overall magnetization loss of conductor (Qs + Qcp);
Orip and Q. p are magnetization losses at completely
decoupled state and completely coupled state, respectively,
calculated using one-dimensional model for flat conductor'?.
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(b) polygonal assemblies of the superconductor strips, and

(a) Cross-sections of the superconductor cylinder,

(c) a group of isolated superconductor strips.
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coated conductors in the mono-layer cable, generating magnetic
field components normal to the tape.
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Fig. 20  Calculated AC losses in the mono-layer cable (closed
circles), compared with analytical values derived using Norris’s
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Table 1 Specifications of mono-layer cables

Name of conductor 1C-ND
Former diameter 20 mm
Number of coated conductor 6
Width of coated conductor 10 mm
Gap between coated conductors 0.47 mm
Critical current 885.7 A

1C-D3S 1C-D3L
19.2 mm 20 mm
18 18
3.18 mm 3.18 mm
0.17 mm 0.31 mm
861.1 A 819.5 A
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Fig. 21  Measured AC losses in 1C-ND (w = 10 mm, N = 6),
1C-D3L (w = 3.18 mm, N = 18, larger space between coated
conductors), and 1C-D3S (w = 3.18 mm, N = 18, smaller space
between coated conductors) versus normalized transport current,
together with analytical values: Owp/l> (mono-block model),
and QOng/I.> (Norris strip model) '®.
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Fig. 22  Calculated AC loss in each layer of the four-layer
1'%,

cable. Qys is the analytical value of Norris's strip mode
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Table 2 Specifications of 1 kA-class multi-layer superconducting cable models

Name of conductor
Outer diameter

Number of layer
Number of coated conductor

Width of coated conductor strip
Gap between coated conductors
Critical current

3C-A 3C-B
19.6 mm 19.6 mm
3 3
85 51
1.8 mm 3.1 mm
0.20 mm — 0.21 mm 0.24 mm — 0.25 mm
2183 A 2301 A
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