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ABSTRACT In some high temperature superconducting (HTS) applications, HTS coated conductors carry
DC current under external AC magnetic fields. Dynamic resistance occurs when the amplitude of the
magnetic field is greater than the threshold magnetic field of the coated conductors. The resulting AC
loss, termed as total loss, consists of dynamic loss due to dynamic resistance and magnetization loss due
to the shielding currents caused by the AC magnetic field. Conductor on round core (CORC) cables wound
with HTS coated conductors have attracted broad attention due to their large current-carrying capability and
mechanical flexibility for coil applications. However, there has been no report on dynamic resistance and
total loss in CORC cables. In this work, we present 3D FEM simulation results on the dynamic resistance and
total loss of a spiral tape and three CORC cables, based on the T —A formulation. The number of layers of
the CORC cables, the amplitude of the AC magnetic field and transport DC current levels have been varied
to study the impact of those parameters on dynamic resistance and total loss of the three CORC cables. The
simulation results show that magnetization loss without current in a spiral tape can be analytically estimated
by Brandt and Indenbom’s theoretical equation for a superconducting strip under perpendicular AC magnetic
field with a geometric coefficient 2/m. Furthermore, dynamic resistance of the spiral tape and each tape
in a single-layer cable can be predicted by the analytical equation for a strip carrying DC current under
perpendicular AC magnetic field, also taking into account the geometric coefficient 2/7. The simulation
results also show that the difference of total loss values in the three CORC cables depends on the shielding
effect: the more layers of CORC cables, the lower each loss component. The two-layer Cable with each tape
in the outer layer sitting on top of the tape in the inner layer has the lowest loss and the highest threshold
magnetic field.

INDEX TERMS AC loss, CORC cables, dynamic resistance, high temperature superconductors, 3D
modeling, T —A formulation.

I. INTRODUCTION

Rare-Earth Barium Copper Oxide (REBCO) high-
temperature superconducting (HTS) coated conductors
become promising candidates for power applications, such
as rotating machines [1], [2], [3], flux pumps [4], [5] and
persistent current switches [6], [7], [8], due to their excellent
in-field critical current performance. In those HTS devices,
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HTS coated conductors are exposed to an AC magnetic field
while carrying a DC current. Once the applied magnetic field
exceeds the threshold magnetic field, a non-zero DC resis-
tance occurs in the superconductors and this effect is known
as dynamic resistance [9], [10], [11], [12]. Two types of losses
are generated under this condition: one is magnetization loss
due to shielding currents caused by the external magnetic
field; the other is dynamic loss from dynamic resistance due
to the interaction of the DC current and AC magnetic field.
The sum of the two loss components, termed as total loss,
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leads to a parasitic heat load and influences the efficiency of
the cooling system of the HTS devices.

To date, many previous works on dynamic resistance and
total loss have mainly focused on single HTS coated con-
ductor tapes [12], [13], [14], [15], [16], [17] or stacks [3],
[18], [19], [20], [21], [22], [23]. In terms of the operat-
ing conditions, the dependence of dynamic resistance and
total loss of single REBCO coated conductors on magnetic
field/DC current/temperature/frequency have been investi-
gated through experiments [13], [14], [15]. Dynamic resis-
tance and total loss of a three-tape HTS stack have been
measured where both magnetization loss and dynamic loss
in the stack were smaller than a single tape due to the
shielding effect [18]. Simulations based on 2D H -formulation
have studied the dynamic resistance/loss and total loss of
single REBCO coated conductors and stacks [16], [17],
[21]. In addition, the derived analytical equations devel-
oped for dynamic resistance of single REBCO coated
conductors or stacks carrying DC currents under perpendic-
ular magnetic fields had good agreement with both finite-
element model (FEM) simulation and experimental results
[17], [23].

The Conductor on Round Core (CORC) cables offer high
current-carrying capacity and mechanical strength, hence are
becoming one of the most practical HTS conductors for
high-field magnets, compact superconducting power cables
and field windings of rotating machines [24], [25], [26].
Many previous works have measured either magnetization
loss under AC magnetic field without current or transport
loss carrying AC current without the external applied field
[27], [28], [29], [30], [31]. Regarding numerical modellings,
the 3D models based on H formulation or 7 —A formulation
have been carried out to validate the experimental results
[271, [32], [33], [34]. However, there has been no report on
dynamic resistance and total loss on CORC cables up to now,
even though they are critical to the applications mentioned in
the above.

To address the research gap, this paper presents 3D FEM
simulation results of a spiral tape and three CORC cables
(see Fig. 1) assembled with 4mm-wide REBCO coated con-
ductors. The temperature is assumed fixed at 77 K, the
self-field DC critical current of the REBCO tape is set
at 100 A. The FEM simulations are based on T—A for-
mulation and implemented in COMSOL 5.6 [35]. The geo-
metrical and physical properties of the spiral tape and the
three CORC cables are from [27], and the associated param-
eters are listed in Table 1. Magnetization loss, dynamic
resistance/loss, and total loss in the spiral tape and CORC
cables are simulated. The reduced DC current i = Iy /I,
the ratio of transport DC current to the self-field critical
current, ranges from 0.3 to 0.9, and the amplitude of the
external AC magnetic fields is up to 100 mT. The current
density distribution normalized by critical current density,
J/J., and magnetic field lines of the spiral tape and CORC
cables are compared to understand the obtained AC loss
characteristics.
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Il. NUMERICAL MODELLING

A. T-A FORMULATION

3D FEM models were built to simulate the magnetization
loss, dynamic resistance/loss, and total loss in the spiral tape
and three CORC cables, as shown in Fig. 1, based on T —A
formulation [35], [36], [37] using COMSOL 5.6. To reduce
the computation time, only one full twist pitch length of the
four models is considered based on their periodic structures.
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FIGURE 1. Schematics of four models: A spiral tape, one-layer Cable A,
two-layer Cable B with opposite winding direction and two-layer Cable B2
with same winding direction (fully overlapping tapes).
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FIGURE 2. FEM model of T — A formulation using T formulation only for
CORC cable and A formulation for the whole domain, with DC current
transporting along the spiral tape and exposed to AC magnetic field in
the y-direction.

TABLE 1. Key parameters of CORC cables.

Parameters Spiral tape Cable A Cable B/B2
No. of layers / 1 2
No. of tapes per / 3 6
layer
0O.D of layer (mm) / 5.14 5.14/5.28
Winding angle 40° 40° 40°
Width of tape 4 4 4
(mm)
Pitch (mm) 19 19 19
Winding direction / / Opposite/same

In the simulations, the spiral tape and three CORC cables
transport DC currents under an AC magnetic field, which are
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surrounded by an air domain. Fig. 2 gives the schematic of
the modelling for Cable A. For the four studied models, the
current vector potential 7' is applied to the superconductors
and the magnetic vector potential A is imposed to the whole
domain.

J in the superconductors is defined as the curl of the
current vector potential T as shown in Eq. (1). T is always
perpendicular to conductor surface [35], [36], [37], [38].
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where T, Ty and T, are the x, y and z components of T in the
Cartesian coordinates.

According to Faraday’s law (Eq. (2)) and E — J power law
(Eq. (3)), the T-based equation governing equation is derived
as Eq. (4).
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where E and B are the electrical field and magnetic flux
density. E. =1 wV/cm is the characteristic electrical field and
n =31 1is the exponent of E—J curve. p represents the resistiv-
ity of superconductors. J.(B) is the magnetic field-dependent
critical current density of superconductors, given by Eq. (5).

J:0
\[kBlzwra +B per

Jo(B) = &)

I+ )

where Bp,ry and Bpe are the parallel and perpendicular mag-
netic field components, respectively. k = 0.0605, ¢« =
0.7580, By = 103 mT are three fitting parameters from the
previous work [27].

According to Ampere’s law, the A-based governing equa-
tion is given by Eq. (6).

VXV xA=uot 6)

To calculate dynamic resistance and total loss, the numer-
ical simulation was set as a two-step study. The DC current,
14, is first injected to the spiral tape or the CORC cable via a
ramp function, /;(t), and Dirichlet boundary condition is used
for I;(t), as given in Eq. (7).

Idczlr(t)thsz dl=T,—-Ty) -6 @)
where R = 1000 A/s is a constant ramping rate and t is
the ramping time to a given DC current value. 77 and 7>
are the values of T' at both longitudinal edges of the spiral
tape, as shown in Fig. 1(a). § = 1 um is the thickness of the
superconducting layer.

VOLUME 11, 2023

S,
\\\\\‘\‘; \‘\\\\‘\‘
SN

" = ——
=
e A i R
N ‘m‘:‘:‘n ‘\‘o\“x‘tw N
S e~ ‘ SIS

A= \‘Cna““u“g S

FIGURE 3. Mesh configuration of CORC cable with 20 elements along the
lateral direction and 40 elements along longitudinal direction.

TABLE 2. Loss magnitudes and computation time on three mesh
densities.

Mesh DOF Time Ow(JHz)  Quy (J/Hz)
20+40 28215 10min20s 1.1613¢-2 1.4353¢-3
30+60 52449 1h48min 1.1530e-2 1.4479¢-3
40+80 85615 4h28min 1.1485¢-2 1.4559¢-3

The DC current is then held constant while an AC magnetic
field, B, = By sin(2nft) with magnitude By, and frequency f,
is applied onto the air domain in the y-direction via a Dirichlet
boundary condition, given by Eq. (8). The total loss, Qiotal,
can be calculated by Eq. (9), and comprises dynamic loss
Quyn given by Eq. (10) and magnetization loss (Om):

B = (0,B4,0) (®)

1
i
Ororal = fo sdt = f E-JdS=0n+0un O

1

Qdyn = ‘/f Eavelgcdt (10)
0
E()-dS
Egpe = fL (11)
S

where § is the surface of the superconductor, and Ejye i
the average magnetic field along the tape surface, given by
Eq. (11). A frequency of 130 Hz was used in this simulation.

B. THE INFLUENCE OF MESH DENSITY

A mapped mesh is applied to the superconductor and free
tetrahedra to the air domain. To improve the computing effi-
ciency, three different mapped mesh densities were tested for
the spiral tape: 20 4 40; 30 + 60; 40 + 80, where the first
number is the element number across the lateral direction of
the tape and the second one is the element number along the
longitudinal direction. Then the mapped mesh is converted
to triangular elements by inserting diagonal edges. Taking
the spiral tape as an example, two loss components were
calculated at B, = 50 mT and i = 0.3. The loss values
and computation time using the three different mesh densities
are compared in Table. 2. The difference of O and Qgyn
values between the 20440 and 40+-80 is approximately 1.4%
and 1.1%, respectively. However, the computation time for
404-80 is 28 times more than that of 204-40. If scaling up the
spiral tape to the CORC cables using 40+ 80, the computation
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for the CORC cables takes several days only to improve the
accuracy by 2%. Thus, mesh density of 20+40 is selected for
each spiral tape of CORC cables in this work as shown in
Fig. 3.
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FIGURE 4. Magnetization loss per tape of four samples without current,
Qpy, 0. as a function of the magnetic field amplitude up to 100 mT. The
analytical equation with geometric coefficient, Qg x(2/x), is also plotted.
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FIGURE 5. Normalized current density, J/Jc(B), and magnetic field line

distributions of the spiral tape and the equivalent tape of Cable A under
2 mT at t = 0.75 cycle with no transport current.

Ill. SIMULATION RESULTS AND DISCUSSION
A. MAGNETIZATION LOSS
1) ZERO DC CURRENT
Fig. 4 shows the simulated magnetization loss without DC
current, On o, for the four configurations versus the ampli-
tude of the AC magnetic fields up to 100 mT. The loss is
shown per cycle and per tape. The analytical magnetization
loss from Brandt and Indenbom equation for a single super-
conducting strip under an AC perpendicular magnetic field,
QOgp1, multiplied by a geometric coefficient 2/m (effective
width for a spiral tape compared with a straight tape), is also
plotted in Fig. 4 and the length of the strip used in the equation
is the real length of the spiral tape [39].

Fig. 4 shows that the simulated O, o of the spiral tape has
a good agreement with Qpy x (2/r) except the value at 2 mT.
Furthermore, O, o per tape in Cable A below 10 mT is larger
than that in the spiral tape. These differences are explained
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FIGURE 6. Magnetization loss with DC current, Qy, ;, of the spiral tape at
six reduced DC current levels.
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FIGURE 7. Magnetization loss of the spiral tape with DC current, Qpy, ;,

versus reduced current i at magnetic field amplitudes ranging from 2 mT
to 100 mT.

by Fig. 5, where the normalized current density distributions,
J1J., and magnetic field lines around the cross-section (cut
across the black dashed lines) of the spiral tape are compared
with the equivalent tape in Cable A when B, = 2 mT.
At t = 0.75 cycle, the shielding current regions, highlighted
with the red and blues circles, of Cable A are noticeably
wider than those of the spiral tape, where the superconducting
tape is fully penetrated (J/J. > 1) and magnetization loss is
generated. As shown in the the figure, the edges of the spiral
tape in Cable A are exposed to more perpendicular magnetic
field than that of the spiral tape, due to the superposition of
the magnetic fields generated from the neighboring tapes in
Cable A. The larger penetrated regions account for the higher
Om.o values of Cable A at low magnetic field amplitudes.
In addition, there exists clear difference in Fig. 4 that Om o
of two-layer Cables B and B2 are smaller than that of a
spiral tape and Cable A at low and medium magnetic field
amplitudes. This phenomenon stems from the shielding effect
in Cable B and B2 due to their multi-layer structure, and
similar results have been observed in [27]. The difference
in Om o values between Cable B, B2 and the spiral tape,
Cable A becomes smaller with increasing the amplitude of the
magnetic field and ultimately disappears when By, > 90 mT.
This is due to the nature of shielding effect that weakens with
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increasing the magnetic field and completely disappear once
the amplitude of the external magnetic field is much greater
than the effective penetration field [14], [18].

2) NON-ZERO DC CURRENT

Fig. 6 compares the simulated magnetization loss, On, i, of the
spiral tape as a function of the amplitude of the magnetic
field for six DC current levels. Op, ¢ of the spiral tape and
the analytical equation Qpyx(2/m) are also plotted. At i =
0.05, Om,i values nearly overlap with Oy, ¢ values. When By,
< 10 mT, the simulated QO ; values are one to two order
magnitude higher than Qp ¢ for 0.3 < i < 0.9, whilst O, ;
values become smaller than Oy, ¢ at high-B when i > 0.5.
The behaviors have been observed in previous studies for a
single REBCO tape or a three-tape REBCO stack [14], [16].
At low current and low field, the current-carrying capacity
of HTS tape is large enough to accommodate both the DC
current and the shielding current, and Qp,; is determined
by the amplitude of external magnetic field and DC current
nearly has no influence on Qp, ;. For high current and high
field, the region for shielding currents shrinks, and this in turn
causes the reduced Qp, ; values.

To further analyze the magnetization loss values of the
spiral tape, Qi values under different magnetic field ampli-
tudes (up to 100 mT) are replotted versus the reduced DC
current i (0.3 < i < 0.9) in Fig. 7. At 2 mT, Oy, ; grows
monotonically with increasing i; Qi reaches maximum at
i = 0.9 for 10 mT; Qn; values decrease monotonically once
Bm > 30 mT. Similar tendency also has been observed in
a three-tape HTS stack where the magnetization loss O,
behaviors have been explained via remanent magnetization
which was determined by the asymmetric internal current dis-
tribution (consists of the DC current and the induced shielding
currents) in the superconductors [18].

B. DYNAMIC RESISTANCE
The dynamic resistance, Rayn, of a superconducting strip per
unit length per cycle has been analytically obtained through
Eq. (12) [13].
Ran _ 3 5, — B (12)
fL Ieo
where a is the half-width of the superconducting strip, B,
is the amplitude of the applied magnetic field and By, is a
threshold field for the onset of dynamic resistance. The By,
values have been experimentally shown to agree well with
Eq. (13) in the case of i > 0.2 and Eq. (14) fori < 0.2 [14],
[15], [16], [17], [18].

4.9284110J c0d
2700 (1 — i) (13)
2

wodeod (1 1+ 1 -2
Bun = -1 1 14
"= (in<l—i T (4

where d is the half-thickness of the strip. Considering the
shape of the spiral tape, geometric coefficient 2/m should be

B =
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considered into Eq. (12) to obtain the Ray, for the spiral tape,
i. e. Eq. (15) should be used for the R4y, of the spiral tape.
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FIGURE 8. Dynamic resistance comparison between the spiral tape and

each tape of Cable A at four different DC current levels. The analytical
results from the combined Egs. (13) and (15) are also plotted.

Fig.8 compares the simulated Rqy,, values of the spiral tape

Ran _ 2 %2 5, — By (15)
JL 7 o
and each tape of Cable A, plotted as a function of the external
magnetic field amplitude for four different i values. Rgyn
values obtained from combined Eqgs. (13) and (15) for a
spiral tape are also plotted. Fig. 8 shows that analytical Rgyn

801



IEEE Access

Y. Qiao et al.: Simulation of Dynamic Resistance and Total Loss of HTS CORC Cables

0.05 . T . .
. i=0.3
i -m Cable B_inner
«© -@- Cable B_outer
o -g-Cable B2_inner
2 -o-Cable B2 outer
O
G
=
m‘U
0.00 ; ; ; 4
0 20 40 60 80 100
B, (mT)

FIGURE 9. Dynamic resistance comparison between each layer in Cable B
and Cable B2 ati = 0.3.

values from the combined Egs. (13) and (15) have a good
agreement with the simulated results of each tape at each i.
For any given DC current, there is no difference of Rgyn
values between each tape in the Cable A and Rqyn values
of the spiral tape. When i = 0.9, a non-linear flux-flow
resistance occurs at high-B in the spiral tape [16]. This is
because the field-dependent critical current of a HTS tape
falls below the transporting DC current.

Fig. 9 presents the simulated Rqyn values per layer for
Cable B and Cable B2 versus the external magnetic field
amplitude at i = 0.3. In both Cable B and Cable B2, R4y,
values of the inner layer agree well with the values of the outer
layer. The same results are observed for the other DC current
levels. Fig.10 shows the Rgyn values per layer for Cable A,
B and B2 plotted as a function of the external magnetic field
amplitude when 0.3 < i < 0.9. Only Rgy, values from the
inner layer of Cable B and Cable B2 are presented based
on the layer-independent result in Fig. 9. Rqyn values of the
one-layer Cable A remain the highest at each i; the two-layer
Cable B2 with the same winding direction for the tapes in
the inner and outer layers has the strongest shielding effect
(shielding effect is maximized in this case because the inner
and outer layers are perfectly aligned), hence has the lowest
Rgyn values for i = 0.3 and i = 0.5. With increasing i,
the simulated Rgyn values of Cable B and Cable B2 almost
overlap due to diminishing shielding effect.

Fig. 11 compares the simulated By, values per tape of the
spiral tape and three CORC cables. The analytically obtained
B, values from Eq. (13) are plotted as well. The simulated B,
values shown here are obtained by fitting the linear section
of the Rqyn curves which intercept the x-axis. Since there is
no difference in dynamic resistance values between the spiral
tape and each tape in Cable A, as shown in Fig. 8, the By,
values of the spiral tape and Cable A per tape overlap at any
DC current levels. The curve from analytical Eq. (13) is also
close to the simulated results for the spiral tape and Cable A.
For the two-layer CORC cables, Cable B2 has greater shield-
ing effect than Cable B, leading to the largest By, values at
low-i. With the increasing i, the difference between two-layer
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CORC cables becomes smaller due to the weakened shielding
effect.
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FIGURE 10. Dynamic resistance comparison between the inner layers of
Cable A, Cable B and Cable B2 at four DC current levels.

To better distinguish the magnetization loss from dynamic
resistance/loss, Fig. 12 shows the normalized current density
distribution, and only the green spiral tape of Cable A in
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FIGURE 11. Threshold magnetic field comparison between four samples.
Eq. (13) for a superconducting stirp is also plotted.

View A: applied magnetic field

T
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(a) Schematic of view A (b) Time of applied field

(d)i=05

Bm=30mT

FIGURE 12. Normalized current density distribution of the green spiral
tape of Cable A with or without DC current injection when Bz = 5 mT and
Ba = 30 mT respectively at t = 0.75 cycle.

Fig. 12(a) is presented for simplicity. The distributions are
shown for the negative peak of the applied field, as shown
in Fig. 12(b). When B, = 5 mT and B, = 30 mT fori =0
(Fig. 12(c)) and i = 0.5 (Fig. 12(d)). when i = 0, from view
A, it clearly shows only shielding currents are induced at the
edges, as highlighted in black circles where magnetization
loss is generated. No current flows in the central region,
which is consistent to previous papers [14], [15], [16], [17],
[18]. When i = 0.5 and B; = 5 mT, there is no dynamic
resistance as shown in Fig. 8(b). This is because the central
region of the tape is fully shielded and does not experience
any applied field and DC current flows in the central region
of the spiral tape, with J/J. approximately equal to 0.5.
Magnetization loss is generated at the edges of the spiral tape,
as highlighted in the black circles. In contrast, when B, = 30
mT, the amplitude of the external magnetic field is larger than
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FIGURE 13. Total loss Qta) and loss components, Qp, ; and Qgy . for the
spiral tape and Cable A as a function of the magnetic field ampritude at
four DC current levels.

the threshold magnetic field By, (13. 85 mT from Fig. 11), the
central region is no longer shielded such that |J / JC(B)| > 1,
except for a very thin current-reversal region [22]. In this case,
a net flow of magnetic flux traverses the DC current-flowing
region, leading to the occurrence of dynamic resistance/loss.
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FIGURE 14. Loss components Qp, ; and Qqy, of each layer in Cable A,

Cable B and Cable B2 as a function of magnetic field at four DC current
levels.

C. TOTAL LOSS AND LOSS COMPONENT

The simulated total loss (Qrota1) and its components (O ; and
Quyn) per tape between the spiral tape and Cable A are plotted
in Fig. 13, as a function of the magnetic field amplitudes up
to 100 mT when 0.3 < i < 0.9. Qqyn values below threshold
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FIGURE 15. Normalized current density distribution of inner layer of
Cable B and Cable B2 under two different magnetic field amplitudes
while i = 0.3, at t = 0.75 cycle.

magnetic field are omitted in the plot. The loss components
per tape of the spiral tape and Cable A are very similar. From
Fig. 13(a)-(d), the contribution of each loss component to
the total loss varies with the DC current level. On ; plays a
dominant role in Qya throughout the magnetic field range
compared with Qgy, wheni = 0.3 and nearly one order larger
than Qgyn at 100 mT, as shown in Fig. 13(a). When i increases
to 0.5, the dominance of O ; weakens, and Qgyn becomes
slightly lower than O, ; as can be seen in Fig. 13(b). However,
Quyn is greater than O, ; wheni = 0.7, as shown in Fig. 13(c).
Ati = 0.9, Qqyn nearly overlaps with Qrorar (see Fig. 13 (d))
due to the dominance of the flux-flow loss, and similar loss
behaviors have been observed in single REBCO tapes and a
three-tape REBCO stack [14], [15], [18].

Fig. 14 compares the two simulated loss components, O, i
and Qayn, per layer of Cable A, Cable B and B2, plotted as
a function of the magnetic field amplitude at four different i
values. In this figure, we also omit the Qgy, values below the
By, values. For each CORC cable, Qp, ; values are approxi-
mately one order higher than Qgyy at i = 0.3, as shown in
Fig. 14(a). Ati = 0.5 and 0.7, the difference of the two loss
components becomes smaller, and Qqyn ultimately exceeds
Om, ati = 0.9 as can be seen from Fig. 14(d). This is due
to the occurrence of flux-flow loss. Among the three CORC
cables, both loss components of Cable A remain the highest
at any current level, and those of Cable B2 are the lowest for
By > 5 mT due to it having the strongest shielding effect.

To investigate the result at 2 mT, Fig. 15 shows the J/J.
distribution of a tape in the inner layer of Cable B and Cable
B2 ati = 0.3 at 2 mT and 20 mT, respectively. At t =
0.75 cycle, wider shielding current regions at the edges are
observed in Cable B2 at 2 mT compared with that of Cable
B, as highlighted using the black circles where magnetization
loss is generated. This should be due to the difference of
winding direction of Cables B and B2, where the two layers of
Cable B2 are perfectly aligned and applied magnetic field can
freely penetrate at the edges between tapes, while the interwo-
ven cable structure of Cable B only allows the magnetic field
penetration from the small resultant gaps. As a result, Om
value of Cable B2 is greater than that of Cable B at 2 mT.
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When B, = 20 mT, shielding current regions of Cable B2
are smaller than Cable B due to stronger shielding effect of
Cable B2 than that of B leading to a lower Oy, ; value. Thus,
a crossover of Qp,; values appears at the low and medium
magnetic field amplitudes for Cable B and B2, as presented
in Fig. 14.

IV. CONCLUSION

In this work, 3D models based on 7-A formulation have been
built to simulate magnetization loss, dynamic resistance/loss,
and total loss of a spiral tape and three CORC cables which
are assembled from 4 mm-wide REBCO coated conductors.
The normalized DC current i ranges from 0.005 to 0.9 and the
amplitude of the magnetic fields is up to 100 mT.

Om,o of the spiral tape can be analytically estimated using
the analytical equation Oy x (2/m), where 2/ is the geomet-
ric coefficient. Qp, i of the spiral tape are one to two orders
higher than O, o when By, < 10 mT for i < 0.3 and becomes
smaller than Qn ¢ at high-B when i > 0.5. For high i and
high B, the region for shielding currents shrinks, and this in
turn causes the reduction in Qp, ; values.

Rayn of the spiral tape and each tape of Cable A can be
analytically predicted empirically predicted by the combined
Egs. (13) and (15) which considers the geometric coeffi-
cient 2/. No difference has been observed between each
layer of either Cable B or Cable B2 in terms of Rayn values.
Eq. (14), that gives By, expression for a superconducting strip,
is still effective for estimating the threshold magnetic field
of the spiral tape and Cable A when i > 0.3. Because of
the shielding effect from the neighboring layer for two-layer
CORC cables, By, values of Cable B and B2 are higher than
the values for the spiral tape and each tape of Cable A. The
difference of By, values between the four models diminishes
due to the weakened shielding effect at high i.

Total loss (Qrota1) and the two loss components (Qp, ; and
Qdyn) of the spiral tape and each tape in Cable A are indis-
tinguishable. Among the three CORC cables, total loss of
one-layer Cable A remains the highest at each i, and two-layer
Cable B2 has the lowest loss due to the strongest shielding
effect. Ati = 0.9, Qgyn values of all three CORC cables are
higher than Oy, ; due to the occurrence of flux-flow loss.

As far as the authors are aware, the current work is the
first report on simulation results of the total loss and dynamic
resistance for a spiral tape and simple CORC cables. Exper-
iments still need to be carried out to verify these simulation
results.
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