GSI Fast-Pulsed Synchrotron Magnet Project: MNW Report GSI 3 version 2

Martin Wilson 30 Dec  00

AC Losses for Different Cycles in RHIC Dipole Magnets 

Preface

An error has been found in the field components which are the basis of all ac loss calculations in Reports 1 to 4.  The error occurred in converting from Cartesian to polar  components of field and had the effect of increasing the transverse or ‘’ component of field, particularly near to the poles, thereby increasing the total loss by about a factor 2.  Please destroy Report 3-1  

1. Introduction

This report adds to Report 2 by calculating the losses for two additional cables based on the measured coupling time constant for the Furukawa wire with copper nickel barriers (Kaugerts J, Jungst K-P et al, IEEE Trans. Appl Superconductivity Volume 10 No 1 pp 824).  Cable ‘core 3’ uses the Furukawa wire as it is, core 4 uses a similar wire with smaller filaments.   Everything else is as described in Report 2-1

Table 2: Key parameters of cables used in the ac loss calculations

	parameter
	
	RHIC
	core 1
	core 2
	core 3
	core 4
	unit

	cable half width 
	a
	4.87E-03
	4.87E-03
	4.87E-03
	4.87E-03
	4.87E-03
	m

	cable half thickness 
	b
	5.83E-04
	5.83E-04
	5.83E-04
	5.83E-04
	5.83E-04
	m

	cable twist pitch
	p
	7.40E-02
	7.40E-02
	7.40E-02
	7.40E-02
	7.40E-02
	m

	crossover resistance
	Rc
	5.00E-05
	1.00E-03
	4.00E-03
	4.00E-03
	4.00E-03
	m

	adjacent resistance
	Ra
	3.50E-04
	2.00E-05
	9.00E-05
	9.00E-05
	9.00E-05
	W

	number of strands
	N
	30
	30
	30
	30
	30
	

	crossover resistance. area
	rc
	4.00E-11
	8.00E-10
	3.20E-09
	3.20E-09
	3.20E-09
	m2

	adjacent resistance. area
	ra
	2.80E-10
	1.60E-11
	7.20E-11
	7.20E-11
	7.20E-11
	m2

	effective longitudinal resistivity
	x
	2.89E-08
	1.65E-09
	7.42E-09
	7.42E-09
	7.42E-09
	m

	cable filling factor
	c
	0.826
	0.826
	0.826
	0.826
	0.826
	

	wire filling factor
	w
	0.872
	0.872
	0.872
	0.872
	0.872
	

	filament filling factor
	f
	0.308
	0.308
	0.308
	0.308
	0.308
	

	wire transverse resistivity
	t
	5.67E-10
	5.67E-10
	5.67E-10
	6.13E-09
	6.13E-09
	m

	wire twist pitch
	pw
	1.33E-02
	6.00E-03
	4.00E-03
	5.30E-03
	5.30E-03
	m

	wire coupling time const
	
	4.99E-03
	1.01E-03
	4.49E-04
	7.30E-05
	7.30E-05
	s

	filament diameter
	df
	6.00E-06
	6.00E-06
	6.00E-06
	6.00E-06
	2.00E-06
	m


Table 3: Results of the loss calculations

	cycle #
	cable type (
	RHIC
	core 1
	core2
	core 3
	core 4

	1
	ramping total loss / magnet =    
	956 W
	171 W
	93 W
	77W
	39W

	1
	time averaged total loss / magnet =
	956 W
	171 W
	93 W
	77W
	39W

	1
	transverse crossover loss / total =
	71.8%
	20.0%
	9.2%
	11.1%
	22.1%

	1
	transverse adjacent loss / total =
	0.21%
	20.7%
	8.5%
	10.2%
	20.2%

	1
	parallel loss / total =
	0.01%
	0.69%
	0.28%
	0.34%
	0.68%

	1
	filament coupling loss / total =
	22.0%
	25.0%
	20.4%
	4.0%
	7.9%

	1
	hysteresis loss / total =
	6.0%
	33.6%
	61.6%
	74.3%
	49.1%

	2
	ramping total loss / magnet =    
	943 W
	157 W
	79 W
	63W
	34W

	2
	time averaged total loss / magnet =
	353 W
	59 W
	30 W
	24W
	13W

	2
	transverse crossover loss / total =
	72.8%
	21.8%
	10.8%
	13.5%
	25.0%

	2
	transverse adjacent loss / total =
	0.21%
	22.5%
	9.9%
	12.4%
	22.9%

	2
	parallel loss / total =
	0.01%
	0.75%
	0.33%
	0.42%
	0.77%

	2
	filament coupling loss / total =
	22.3%
	27.1%
	23.9%
	4.9%
	9.0%

	2
	hysteresis loss / total =
	4.6%
	27.7%
	55.0%
	68.8%
	42.3%

	3
	ramping total loss / magnet =    
	187 W
	37 W
	22 W
	19W
	8.9W

	3
	time averaged total loss / magnet =
	113 W
	22 W
	13 W
	11W
	5.3W

	3
	transverse crossover loss / total =
	70.1%
	17.8%
	7.5%
	8.6%
	18.5%

	3
	transverse adjacent loss / total =
	0.21%
	18.4%
	6.8%
	7.9%
	17.0%

	3
	parallel loss / total =
	0.01%
	0.61%
	0.23%
	0.26%
	0.57%

	3
	filament coupling loss / total =
	21.5%
	22.1%
	16.5%
	3.1%
	6.7%

	3
	hysteresis loss / total =
	8.1%
	41.2%
	69.0%
	80.1%
	57.3%
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