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TD Note 00-016
Effect of thin core on strand contact
in superconducting cables

Seog-Whan Kim
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I. Model and Equations
· Let’s think about a strand in a cable. For simplicity, I assume the cross-sectional shape of the strand consist of straight lines and arcs as shown in the following figure.
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· Cross-sectional area of the strand As and packing factor pf are given by the following equations.
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· Contact area between two strands is proportional to the contact length in the cross-section. The contact length L1 can be calculated by the following equation.
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· When we put a thin core between two layers of the cable the cross-section of the strand will change as shown in the following figure. In this figure W means thickness of the core.
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· Cross-sectional area of the strand is;
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· This area should be the same as the area before putting core, and;
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· From this relationship the contact length after putting the core is presented by the following equation.
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· The packing factor after putting core pfnew is;
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or by using the cross-sectional area before putting core (this area does not change);
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II. When we know packing factor and cable size

· R1 and L1 are not given in a real case, and we need to consider the case pf and a are given. 

· When pf and a are given, R1 can be calculated by using equation 
( 2 );
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· From the R1, we can calculate all the necessary values for the comparisom.
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III. Examples

· Let the thickness of a cable be 1.4 mm, and packing factor be 95%. We can calculate the difference of the packing factor and contact length before and after putting a core of 25 (m thickness.

· For convinience, I will present all the length in (m unit.

· The thickness of the cable is 1400 (m, which means a is 700.

· From the equations above, calculated values are;

R1 = 168.94

L1 = 362.117

pfnew = 96.73%

L2 = 416.59 = L1(1.150 : 15% increased

· This result shows that putting a 25 (m core increased the packing factor only by 1.73%, but increased the contact length between strands by 15%.

· If the packing factor was 90%

R1 = 238.92

L1 = 222.16

pfnew = 91.63%

L2 = 254.42 = L1(1.145 : 14.5% increased

· A 25 (m core increased the packing factor only by 1.63%, but increased the contact length between strands by 14.5%.

IV. Concluding discussions

· A core between the two layers of a cable (such as a Rutherford type cable) can increase contact area between strands much, even thought thickness of the core is small (1 mil or 25 (m for example), and even the increment of packing factor is small.

· The increment in contact area decreases the adjacent contact resistance between strands. This will give less resistance between superconducors (bundles of filaments).

· Also the increased contact area may provide more volume for eddy current as shown in the following illustration (if you want to calculate that, you may consider penetration of the field and the skin depth.).
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· The area (volume) between two lines shows the effective thickness for the eddy current of each case. 

· Inserting core reduces the ac loss much, by increasing the cross-over resistance. 

· However, the effect discussed in this note will give a negative effect on “reducing loss.” Some people think that the negative effect is small.
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