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Calculation of Loss in the SIS300 Dipole

1.  Introduction

This Report uses field shape data from Carsten Muehle to set up a new loss calculating spreadsheet for the SIS300 dipole.  It then calculates losses for a range of assumptions about cable parameters and compares the results with an existing calculation by IHEP.

2. Loss Calculation Method

Appendix 20-1(1) reproduces the field shape data provided by Carsten Muehle [1].  The sheets 'Brad' and 'Bphi' sort the data into plots in a radial direction at 1 degree intervals.  As described in my Report 1, this data is then fitted along each degree line by a constant Brad  and a B which varies linearly across the cable width.  Thus at each degree point we a have values for Bparallel  (= Brad)  Btrans (=B at cable centre) and Gtrans  (=gradient of B).  These values are then copied into Appendix 20-4(1) where they are used to calculate losses: note the approximation that 'radial' is parallel to the cable, may not always be exact.

With the correct definition of et [2], it is necessary to define a boundary radius for the filament bundle.  Appendix 20-2(1) calculates this radius for some reasonable assumptions about copper wall thicknesses, but note that this is only an estimate and the feasibility of making a double stack wire with such a low matrix:superconductor ratio and good filament shape has yet to be confirmed.

Appendix 20-3(1) calculates cable size and filling factors and compares them with LHC and RHIC cables.  It also estimates the inter-strand resistances that would arise if the wire surface etc were the same as in Dipole001.

Appendix 20-4(1) calculates losses with the same assumptions that have evolved over my previous Reports, eg Rep 14 and 22.  The main changes are the different field shape and the presence of 2 layers in the coil, which means that the segment volumes for integration must be calculated separately for inner and outer coils.
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Appendix 20-5(1) presents the formulae used in the calculation and checks the numbers for the 20 degree line of the inner coil. 

3. Loss Calculation Input Data.

Most of the input data, I took from [3], but I also used the Jc(B) fit and et(B)  from [2].  Maximum field is 6T, injection field 1.6T and ramp rate 1T/s.  Table 1 lists the main parameters which remained constant throughout the cases.  I ran four cases and Table 2 lists the parameters which I changed between these cases.  As in previous Reports, the wire effective transverse resistivity is fitted by:



[image: image2.wmf]B

m

C

B

et

et

et

+

=

)

(

r


(1)

and the critical current density by the modified Kim Anderson formula
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For the transport current correction to hysteresis loss I use the simple Kim Anderson formula
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Table 1: Parameters which remained constant throughout

	cable half width 
	c       m
	7.64E-03

	cable half thickness 
	b       m
	8.44E-04

	cable twist pitch
	p       m
	1.00E-01

	number of strands
	N
	36

	wire radius
	aw     mm
	0.4125

	radius of filament boundary
	afb   mm
	0.3713

	cable filling factor
	c
	0.880

	wire filling factor
	w
	0.847

	 matrix ratio
	mat
	1.400

	 filament filling factor
	f
	0.417

	filament diameter
	df m
	3.5

	wire twist pitch
	pw mm
	6.0

	 max magnet current
	Iext      A
	5954

	 max aperture field
	Bext     T
	6.00

	 min magnet field 
	Binj     T
	1.6

	 min magnet current
	Iinj      A
	1588

	 cooking factor transverse Rc
	ftc
	1.00

	 cooking factor transverse Ra
	fta
	2.00

	 cooking factor parallel Ra
	fpa
	1.00

	 cooking factor hysteresis
	fh
	1.00


Table 2: Parameters which were changed through the 4 cases

	Case
	
	1
	2
	3
	4

	crossover resistance
	Rc       
	2.00E-02
	2.00E-02
	4.30E-02
	2.00E-02

	adjacent resistance
	Ra      
	1.00E-04
	1.00E-04
	3.88E-05
	1.00E-04

	wire transverse resistivity intercept
	Cret    m
	1.00E-10
	1.24E-10
	1.24E-10
	1.00E-10

	wire transverse resistivity gradient
	mret  mT-1
	2.00E-11
	9.00E-11
	9.00E-11
	2.00E-11

	Modified Kim Anderson 
	J0       Am-2
	3.50E+10
	3.50E+10
	3.50E+10
	1.62E+10

	Modified Kim Anderson
	B0      T
	0.149
	0.149
	0.149
	1.00

	Modified Kim Anderson
	A0
	5.00E+09
	5.00E+09
	5.00E+09
	0.00E+00

	Modified Kim Anderson
	A1
	-7.0E+08
	-7.0E+08
	-7.0E+08
	0.0E+00

	Kim Anderson 
	Jso       Am-2
	3.20E+10
	3.20E+10
	3.20E+10
	1.62E+10

	Kim Anderson 
	Bso     T
	0.5
	0.5
	0.5
	1.00


4. Loss Calculation Results.

Table 3 summarizes my results, with the final column reproducing the IHEP results reported in [4].  With the specified [3]  et(B), it may be seen that filament coupling via the matrix dominates.  Using the et(B) measured for RHIC wire  in case 2 reduces this loss appreciably, and I can see no good reason for using the lower resistivity.  Case 2 is my best estimate of the loss at present.

Table 3: Summary of Loss Results

	 
	loss per cycle per metre of magnet (Joules)

	 
	 1) spec
	2) RHIC
	3) dip001
	4) IHEP
	5) IHEP [4]

	transverse field  via Rc
	3.2
	3.2
	1.5
	3.2
	8.9

	transverse field  via Ra
	21.3
	21.3
	54.9
	21.3
	15.6

	parallel field  via Ra
	0.2
	0.2
	0.5
	0.2
	0.2

	filament coupling via et 
	89.7
	39.2
	39.2
	89.7
	122.9

	hysteresis loss
	46.9
	46.9
	46.9
	42.6
	42.3

	transport current correction to hysteresis
	1.0
	1.0
	1.0
	1.1
	0

	total hysteresis
	47.9
	47.9
	47.9
	43.7
	42.3

	total magnet loss
	162.4
	111.9
	144.2
	158.2
	189.9


In case 3, I use the values of Rc and Ra obtained in Appendix 20-3(1) by scaling the Dipole 001 numbers, ie this is what we expect to get if we do nothing different.  The transverse field coupling via Ra now dominates, so there will clearly be some benefit in trying to increase Ra, eg by the CERN heat treatment. 

In case 4 I try to reproduce the IHEP calculation using the numbers given in [4].  The only difference from case 1) is that, for hysteresis loss, I use a simple Kim Anderson model of Jc(B) with Jo adjusted to get the specified Jc  of 2700Amm-2  at 5T and do not apply a transport current correction.  Column 5) reproduces the IHEP results in [4].  It may be seen that we agree well on hysteresis and parallel field losses, but less well on the rest.  For filament coupling via et the difference may be because I now calculate loss within the filament boundary radius [Rep 19(2)].  For the transverse field I have applied the cooking factor of 2, which roughly estimates the measured effect of Ra being lower at the cable edges.  Without the factor 2, I am calculating lower than IHEP, also for the transverse field loss via Rc.  I have no explanation for these discrepancies, we need to chase them. 
5. Conclusions

a) Case 2 is my best estimate of SIS300 loss

b) IHEP and I agree on hysteresis loss, and my corrections and more complicated  Jc(B) model don't make much difference

c) We should definitely increase the Ra of Staybrite via the CERN heat treatment, or think about a different coating.
d) The specified et(B) gives much high inter-filament coupling loss than the measured values.   However, going to the low matrix:superconductor of  1.4:1 means that the inter-filament spacing will be lower in SIS300, so et(B) is also likely to be lower.  Perhaps this lower et(B) with copper should encourage us to use CuMn.

e) IHEP and I disagree on cable losses in both perpendicular and parallel field - we need to sort this out, perhaps by calculating a very simple magnet, eg uniform field.

Appendices

Appendix 20-1(1): SIS300 field shape

Appendix 20-2(1): Internal dimensions of the wire
Appendix 20-3(1): SIS300 Cable Parameters

Appendix 20-4(1): Hysteresis and coupling losses in SIS300

Appendix 20-5(1): Formulae used in magnet loss calculation, plus numerical check
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