GSI Fast-Pulsed Synchrotron Magnet Project: 

MNW Report GSI 11 version 1

Martin Wilson 5 Jun 02

Effect of Different Cores on Magnet Losses

1. Introduction

This short note examines the effect of core resistance by calculating magnet loss for the different values of Rc and Ra recently measured by Rainer Soika.  Appendix 1 reproduces (with slight editing) Rainer’s data, as circulated with his email of 3 Jun.

2. Loss Calculations

Appendix 2 presents the loss calculations, which follow exactly the calculation of section 5 in my Report 8-2.  As before the magnet cycle is defined in Table 1.   
Table 1: Magnet cycle for loss calculation

	extraction aperture field
	Bap
	4.0
	Tesla

	ramp ratio Binj / Bext
	f
	0.1
	

	ramp time
	Tr
	3.6
	sec

	ramp rate
	B`
	1.0
	T/s

	injection time
	Ti
	0
	sec

	extraction time
	Te
	5
	sec


All cables are made from 6 m filament wire with a 4mm twist pitch.  Interstrand resistances are listed in Table 2.  Other parameters are as defined in Report 8-2 and are listed in Appendix 2.

Table 2: Cable interstrand resistances

	cable
	001SSNHT
	B (1 x SS)
	D (2 x SS)
	E (1 x brass)


	Rc
	53m
	14m
	63m
	0.66m

	Ra
	48
	
	
	8.5


Table 3 summarises the losses calculated in Appendix 2.  The first column merely reproduces the ‘preferred’ cable of Report 8-2.

Table3: Summary of losses calculated in Appendix 2

	  cable
	001SSNHT
	003B
	003E
	003F

	  ramping total loss / magnet =
	13.8W
	13.4W
	15.2W
	25.5W

	  time averaged loss / magnet =
	8.2W
	7.9W
	9.0W
	15.0W

	  transverse crossover loss / total =
	0.4%
	1.5%
	0.3%
	16.6%

	  transverse adjacent loss / total =
	11.5%
	7.9%
	19.4%
	35.3%

	  parallel loss / total =
	0.1%
	0.1%
	0.2%
	0.4%

	  filament coupling loss / total =
	30.4%
	31.3%
	27.7%
	16.5%

	  hysteresis loss / total =
	57.5%
	59.2%
	52.4%
	31.2%


3. Conclusions

Crossover loss was negligible in all the stainless cored cables – Rc is always higher than needed.  A factor 10 reduction in Rc would not produce excessive loss.  Unfortunately the brass core gave a factor 100 reduction in Rc and this did produce too much loss.  It would be worth thinking about a core with resistance in between brass and stainless – titanium, nickel??

Greater loss increases come from Ra, because it was already causing significant loss in 001SSNHT, so that relatively small changes cause unacceptable increase in loss.  We need to understand where this increase is coming from.  Perhaps the extra compaction coming from a thicker core while keeping the same outer cable dimension is to blame. 
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