GSI Fast-Pulsed Synchrotron Project:

MNW Report GSI28 version 1 

22 Jul  05
Analysis of Loss Measurements at Twente on Cable GSI-004-SEG B-2F

1.  Introduction
This report analyses some early loss measurements on the cable for Dipole001 [1], which Juris has  recently brought to my notice.

2. Results

Appendix 28-1 is an amended version of the original spreadsheet from Andries LOSS03(1).xls with some additional analysis.  First we look at the VI measurements down at the bottom of the spreadsheet.  Assuming that Rc is large, the adjacent resistance is given by  Ra = 8(Ri  where Ri is the resistance between two strands at opposite sides of the cable, measured over one twist pitch.  Thus we find Ra = 213which may be compared with the range of smaller values ~ Ra =  47 to 81measured at BNL  I have no explanation for the difference.

Fig 1 plots the measured losses in parallel field with four calculations using two different values for Ra  and for Jc(B).  The analysis is detailed in Appendix 28-2 and is essentially the same as that used in [4]. 
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Fig 1: Measured and calculated cable losses in perpendicular field.

It may be seen that the slope of the line, which contains all the coupling terms, is better matched by Ra = 213than by Ra = 64so it looks as if we have a real increase in Ra.   Hysteresis is calculated using two different fits in the modified Kim Anderson formula:
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These values were derived from magnetization measurements at Twente in my Reports 19 and 21 and are listed in Table 1.

Table 1: Coefficients in the modified Kim Anderson formula
	
	Rep 19
	Rep 21

	Jo
	4.16(1010Am-2
	3.5(1010Am-2

	Bo
	0.155T
	0.149T

	A0
	5.0(1010Am-2
	5.0(1010Am-2

	A1
	-7.0(1010Am-2
	-7.0(1010Am-2


It may be seen that the hysteresis losses calculated from these two fits rather nicely bracket the measured value.

Fig 2 plots the same things for parallel field.  Here there is essentially no difference between the two different Ra calculations because the inter-strand coupling is small in parallel field.  The only significant rate dependent term in the calculation is coupling between filaments in the wire.  Measured hysteresis loss is almost exactly the same as in perpendicular field – as of course it should be.  
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Fig 2: Measured and calculated cable losses in parallel field.

3. Concluding Remarks

The measured hysteresis losses agree reasonably with calculation, the differences which are seen emphasize how sensitive losses at low field (zero to 300mT) are to the exact form of Jc(B).   Rate dependent losses agree well with the measured Ra = 213which is considerably higher than we have been accustomed to using.  This would seem to indicate that we need more Ra  measurements in order to quantify the effects of storage, environment etc.

Unfortunately the measurements do not help with Juris’s hope that they may explain ‘the missing Joules in Dipole001’ because they go the wrong way and predict lower losses at high ramp rates, rather than the higher losses that we measured.     
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