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Further Loss Calculations for Dipole 001

1.  Introduction

The note presents some new estimates of loss per cycle in the first GSI prototype dipole, calculated using the new wire data analysed in Rep 21(1) and the latest estimates of inter-strand contact resistance from Arup Ghosh reproduced in Appendix 22-1.  

Although these results probably supersede Rep 14(4), I have not updated that report because its results still stand as a different estimate of loss using different input data.  All the methods of calculation are the same as Rep 14(4) so I will not describe them in detail.  There is however one difference in that I calculate inter-filament coupling over the volume enclosed by the filament boundary, as discussed in Rep 19(2)

2. Iron Losses

Iron losses (calculated by Carsten Muehle) are exactly the same as set out in Appendix 14-2(5), fitted with my function:
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where


A = -1.51


C = 1.70


D = 1.54


g = -1.50

3. Wire Data

From Rep 21(1) I take the fitted expression for Jc(B):  
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with the coefficients


Jo = 3.50(10 10 A.m-2


B0 = 0.149 T


A0 = 5.00(10 9 A.m-2


A1 = -7.00(10 8  A.m-2.T -1

For the transport current correction to hysteresis, I use the simple Kim Anderson model
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with 


J so = 3.20(10 10 A.m-2


B so = 0.5 T

For the effective transverse resistivity, I use:

 
et (B)= 1.24(10 -10  + 9.0(10 -11 B   
(4)

with et in m and B in Tesla. 

4. Cable Data

Following Appendix 22-1, I take:


Rc = 62.5 m


Ra = 64 

Loss Calculations

Appendix 22-2 gives details of the filament coupling loss calculation, which has been revised to define et  and calculate loss over the volume enclosed by the filament boundary radius.  Appendix 22-3 presents the magnet loss calculations.  In these calculations all cooking factors are set to 1 except the one for loss via Ra in transverse field, which is set to 2.  The sheet 'exp' gives a brief summary of Richard Thomas's results and the sheet 'Sumr'y' gives a summary of the calculations.  Appendix 22-4 summarizes the formulae used and checks the 20( line in the spreadsheet.

Fig 1 presents the calculated total loss compared with measurement.
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Fig 1: Loss per cycle when ramping from zero field up to the maximum field shown, versus ramp rate; points are experiment and lines are theory.

There is much more experimental data than shown in Fig 1.  In order to make a comparison between the totality of experimental data and theory, I use the fitting parameters calculated by Richard Thomas.  Each set of measurements of loss/cycle versus ramp rate has been fitted by a straight line whose intercept is the hysteresis loss and gradient is the coupling loss.   Fig 2 shows a plot of the calculated and experimental gradients.  The experimental errors shown are the standard deviation in fitting to a straight line.  It may now be seen that the theory gets ramp rate dependence about right at low field but underestimates by more than a factor 2 at high field.   

[image: image5.emf]0

10

20

30

0 1 2 3 4

max B (T)

loss per cycle / B`

experiment

theory


Fig 2: Gradient of the loss/cycle versus dB/dt data; points are fits to experimental data, line is theory

Finally, Fig 3 shows a plot of the intercepts for all curves like Fig 2, these are the hysteresis losses (iron + superconductor).  As above, the experimental errors shown are standard deviations from the straight line fit.  
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Fig 4: Experimental and theoretical values of hysteresis loss/cycle; experimental data derived from the intercepts of all curves like Fig 2.

6. Concluding remarks

As in Rep 14(4), the calculated hysteresis losses seem to be about right, in fact there is not much difference between these results and 14(4).  Ramp rate dependence is again underestimated, with somewhat lower filament coupling loss than 14(4) because of the higher et.   Again, the degree of underestimating gets worse at higher field.  Perhaps this indicates that the iron is involved in some way, possibly eddy currents caused by longitudinal fields at the ends.
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Appendix 22-1(1): Email from Arup Ghosh 1 June 04

Dear Juris and Martin,

To set the record straight:
For the first sample of cable with 2-SS foils, GSI-003-E, Rainer reported an average of two measurements for Rc and the average of four measurements of Ra. Ra=21.5 micro-ohm and Rc = 62.5 milli-ohm.

For GSI-004 cable (2-SS foil) which was used to make the first dipole magnet GSI001, Rainer measured  twice  samples taken from the cable at the start of the first coil and the end of the second coil. In this instance only Ra was measured. This appears in the file cited below. Samples were measured on 12/17/03 and 12/18/03. Sample labelled F is more representative of the cable that is in the magnet, as the sample taken front the front end had a smaller mid-thickness. Please see table 2 of the paper presented at WAMS'04 where it is labelled GSI-004-A and -B. The average value of all four samples is 64 micro-ohm., min-value= 47, max-value =81. At best one can say that the cable in the magnet is of the same order. What is the statistical variation in Ra? I do not have an answer for that. 
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