




B.  Current Distribution in Multi-Layer Helical Cables

   Most HTS transmission cables consist of several layers of
tapes wound helically on a hollow cylindrical former.  Since
the layers are in parallel, the question arises as to how the
current distributes within and among them.  Dresner
considered the case where there are an even number of layers
with adjacent layers having the same number of tapes, the
same winding angle, but opposite sense of winding.
   In the limiting case of incomplete penetration in a two-
layer cable, the cable current is distributed in thin sheaths
near the surfaces of each layer.  In the outer layer, a current of
I⋅cos2Θ is flowing in an outer sheath and of I⋅(sin 2Θ - cos2Θ)
/ 2 is flowing in an inner sheath (Θ is the lay angle).  In the
inner layer, there is a current of I/2 flowing in the outer sheath
and no current is flowing in the inner sheath.  An important
consequence of this result is that under the above
assumptions there is no magnetic field at all within the inner
layer or in the bore of the former.  Thus, in the limit of
incomplete penetration (of the outer two layers), only the
outer two layers carry current, even when there are more than
two layers.  Compare the helical cable with the case where all
the tapes are isolated from one another and share the current
equally, one needs to multiply the above current distribution
factor to the loss for the cable.  In terms of hysteresis power
loss per unit length of a cable, Pcable was found in the limit of
incomplete penetration to be

Pcable D b Q= ? − + − + − ?2 4 1 2 2 2 2 2 4π κ κ κ κ[cos ( sin cos / ) ] , ( )Θ Θ Θ

where D is the diameter of the cable.
   In the limiting case of full penetration, the current is
equally shared among the tapes so that there is no difference
from the situation in which all the tapes of the cable are
isolated from one another.  In this limit, the power loss per
unit length was found to be

P L D b Qcable = ?π , ( )5

where L is the number of layers.  Note also that when
converting the rms or peak current density to cable current
one needs to use the surface area of the tapes of the outer two
layers (2Nab) in the limit of incomplete penetration and the
total surface area of the cable (LNab) in the limit of full
penetration, where N is the number of tapes per layer, and a
is the width of a tape.

V.  COMPARISON OF DIFFERENT MEASUREMENT RESULTS

   The calorimetrically and electrically measured AC losses of
Cable #3 as a function of rms currents are shown in Fig. 1
together with Dresner’s theoretical calculations.  It is seen
that the two sets of data agree with each other reasonably
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Fig. 1    ACloss of Cable #3 measured by two different techniques.

well over the range where the data overlap.  As was noted
earlier, the electrical measuring technique was more sensitive
and data was extended to a far lower loss range.  The
agreement of the data with Dresner’s incomplete penetration
asymptote is surprisingly good.  Note that Dresner’s theory
predicted that (for the situation considered) only the outer two
layers carry currents in this limit.  The data fully confirmed
this prediction.  Note that the two incomplete penetration
asymptotes based on the two different measured Ic’s were
drawn to currents where Ip equaled about 90% of the Ic of the
outer two layers.  It is interesting to note that the data
seemed to follow the same trend beyond these currents.
   Fig. 2 shows similar comparison curves for Cable #9.
This cable was built to simulate a 2-layer winding of a 4-
layer cable.  Namely, the layers were wound with a left-left-
right-right pattern.  The theoretical curves in Fig. 2 were
calculated based on a 2-layer cable with double-tape
thickness, 2b.  The agreement between the two sets of data is
even better. They also agree with the  theoretical curves quite
well.   The two-
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Fig. 2    ACloss of Cable #9 measured by two different techniques.




