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Review of Cable Loss Formulae 

1.  Introduction

This note arises from discussions about ac losses at the SIS300 Review at GSI on 26-28 Jan 04

2. The Formulae
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Appendices 18-1 and 18-2 present the derivation of losses from crossover resistance and adjacent resistance.  Appendix 18-3 is an update of my old 'cabsum', which compares the loss formulae of various authors, presenting them in a common nomenclature.  All formulae are presented in terms of magnetization, defined per unit volume of cable within the boundary 2b( 2c.  Loss per unit volume is then given by:
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The main change in this update is to standardize on the method of calculating the effective 'shadow area' at crossover and adjacent contacts.  I now calculate the contact areas using the definition of  Devred et al IEEE Trans Appl Sup. Vol 11, No 1(2001) pp2760.

'..........Over a twist pitch, each strand makes (2N-2) crossover contacts and 2N adjacent contacts..........' 

To prove this to oneself, it is necessary to draw a few little sketches of cables with 3, 4, 5 etc strands.  However, having accepted this definition, the area calculation follows very simply.  Incidentally, the reason why there are less crossover than adjacent contacts is that, along the cable edge, the 'crossover' is actually the same strand bending from upper to lower face.

Most of the formulae in Appendix 18-3 agree more or less.  The largest discrepancy is in Campbell's formulae for adjacent resistance.  However, these formulae are given for filament coupling in solid composite bars, and I think the definition of effective resistivity is different in this case.

Minor discrepancies come from geometrical approximations; the most common are:


a) assuming 'square' wires, ie the wire diameter as viewed from the face is b.

b) following on from a), assuming that the number of strands may be calculated from
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c) setting   cos =1

I myself seem to have made an error of 1/cosin all my loss calculating spreadsheets.

For most practical purposes these discrepancies are negligible, but it is obviously better to have the calculations correct.

My recommended formulae are highlighted in blue and green, using the resistances per unit area rc and  ra or resistances per crossover Rc and Ra .  I prefer the former because resistance per unit area depends only on the interface property, whereas the latter depends also on cable geometry.  Thus, in comparing different cable designs, it is not valid to assume a constant Rc and Ra but it is OK to assume constant rc and  ra.  Definitions for c and a are also given in the Appendices for comparison between formulae, but I don't recommend using them because they involve an arbitrary definition of the geometry used to calculate resistivity, ie is it between wires centres or edges.

3. Recommended Formulae

My formulae recommended for future use are thus:

a) Contact geometry


rc and ra  are the resistances per unit (shadow) area of contact,  Rc and Ra  are the resistances per unit area of contact
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b) Loss in transverse field via crossover resistance 


[image: image5.wmf]M

tc

1

c

b

×

B'

t

L

2

×

r

c

c

2

×

×

0

c

y

y

3

-

3

y

2

c

×

+

2

3

c

3

×

-

æ

ç

è

ö

÷

ø

c

y

-

(

)

×

ó

ô

ô

ô

õ

d

×

M

tc

1

60

B'

t

r

c

×

p

2

×

c

2

b

×


[image: image6.wmf]M

tc

1

120

B'

t

R

c

×

N

×

N

1

-

(

)

×

p

×

c

b

×


c) Loss in transverse field via adjacent resistance
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d) Loss in parallel field via adjacent resistance
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Comments are requested
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