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Analysis of VI measurements by Arup Ghosh on Rutherford cables

1. Introduction

This report gathers together in two Excel workbooks all the VI measurements made by Arup Ghosh on the GSI Rutherford cables, together with my analysis of that data.

Two sets of cables were measured, 001 cables made from wires with 6mm twist pitch and 002 from wires with 4mm pitch.  Results are listed in Appendix 1 and Appendix 2 respectively.  In addition to Arup's results, the workbooks contain my plots of the voltage shapes, normalised to unity total voltage and compared with theoretical curves computed using the programme VIRcab of Arjan Verweij.

The simplest case of Rc >> Ra is analysed in Appendix 3.

Finally, Arup's direct measurement of Rc using a cut sample is analysed in Appendix 4.

2 Results of Vi Measurements

Table 1 reproduces the 'global summary' sheet of Appendix 1.  'Plot number' refers to the normalised plots listed on the sheets 'plot' in Appendices 1 and 2.  Ri is the total voltage measured between extreme strands (usually # 1 and 16) divided by the measuring current. 

Table 1: Summary of VI Results

	Cable 001
	
	
	
	
	
	
	

	
	
	heat treatment
	
	
	
	
	

	plot
	core
	temp
	time
	Ri
	Rc/Ra
	Ra/Ri
	Ra
	Rc

	1,9,10
	Ti
	NHT
	0
	4.7
	inf
	8.0
	37
	inf

	3,5
	Ti
	200
	8
	23.2
	20
	14.1
	328
	6552

	2,7,8
	SS
	NHT
	0
	5.4
	inf
	8.0
	43
	inf

	4,6
	SS
	200
	8
	34.3
	inf
	8.0
	274
	inf

	11
	SS
	200
	2
	228.5
	20
	14.1
	3222
	64437

	12
	SS
	200
	4
	387.5
	20
	14.1
	5464
	109275

	13,14
	SS
	200
	8
	752.0
	20
	14.1
	10603
	212064

	Cable 002
	
	
	
	
	
	
	

	1
	Nc
	NHT
	0
	0.67
	2
	44.2
	30
	59

	3
	Nc
	200
	8
	16.8
	2
	44.2
	743
	1485

	2
	SS
	NHT
	0
	6.76
	inf
	8.0
	54
	inf

	4
	SS
	200
	8
	185
	inf
	8.0
	1480
	inf

	5
	Ti
	NHT
	0
	11.8
	inf
	8.0
	94
	inf

	7
	Ti
	HT
	8
	9.5
	inf
	8.0
	76
	inf

	6
	Ka
	NHT
	0
	1.65
	inf
	8.0
	13
	inf

	8
	Ka
	HT
	8
	1337
	inf
	8.0
	10696
	inf


In cases where a credible fit could be made to a computed (VIRcab) curve of voltage versus strand number, a value of the computed Rc/Ra is given and the values for Ra and Rc  are computed from Ri via VIRcab.  In other cases, where the plots showed no clear departure from a straight line, I assumed Rc = ( and calculated Ra from:
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as derived in Appendix 3, where the sample length = cable twist pitch.

3 Direct Measurement of Rc
As detailed in Appendix 4, Arup measured 3 samples by the direct method, in which the edges of the sample are cut away, thereby severing any superconducting link between top and bottom faces of the cable.  Results are summarized in Table 2.

Table 2: Direct Rc measurement

	cable
	Rc

	001SSNHT
	53000 

	001SSNHT and no cure HT *
	18000 

	001TiNHT
	780 


*Recap: almost all our sample have been given a heat treatment simulating the magnet cure cycle; 'HT' signifies an additional oxidizing heat treatment.

4 Concluding remarks

The VI measurements only give a clear indication of Rc  for the no-core cables.  For both HT and NHT samples, they indicate Rc/Ra ~ 2, surprisingly greater than Devred et al (IEEE Trans Appl. Superconductivity Vol 11 No 1 pp 2760), who found Rc/Ra ~ 1/8.   Cable 001 when heat treated gives a VI curve shape which suggests Rc/Ra ~ 20, and the corresponding value of Rc is of the same order as the direct measurement.  However these results are very variable and seem to indicate an increase of Rc and Ra with time on the shelf.

Although they give no real indication of Rc, the NHT measurements do seem to give fairly reliable values for Ra.

The direct measurement of Rc for SSNHT is the best value we have.  The Ti reading is in doubt because of punching through of the core.

Following on from these measurements, we have decided to concentrate on SSNHT cables.  Taking the single direct measurement of Rc and a mean of Ra for cables 001 and 002, the best values we have at present for SSNHT are:


Rc = 53000 Ra = 48  
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