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Analysis of Twente Measurements on Heat Treated RHIC Wire  

1.  Introduction

Andries den Ouden has recently measured [1] the magnetization of RHIC wire sample 91-O-80058-A-11 with the same BNL heat treatment as applied to dipole 001.  This note analyses the data for Jc(B) andet(B) to provide input for an updated estimate of Dipole 001 losses in Rep 22.  The resulting et(B) is compared with calculation.  Methods used are exactly the same as Rep 19(2). 

2. Data Reduction

Appendix 21-1contains all the data produced by Andries, plus my analysis.  Sheet 'M@B B`' extracts the magnetization at defined B points by selecting points on either side of the defined B and using linear interpolation.   Thus, for each value of B, we find 4 values of M in the 4 quadrants of the M vs B plot.  I then take the mean of these 4 values, which eliminates the reversible magnetization and any slant of the M vs B plot.  The sheet 'sum'ry' plots the mean magnetization against B` (=dB/dt) for each of the defined field points and fits a straight line.  The intercept of this line gives the hysteresis magnetization, from which we calculate Jc(B), and the slope gives the inter-filament coupling, from which we calculate et(B). 

3. Calculation of Jc(B) from Magnetization Data

Appendix 21-1 sheet 'Jc(B)' takes the intercepts from the M vs B` plots and uses:
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to calculate  Jc(B).  Fig 1 plots the result.  Using the Excel solve routine, I then fit the data to my usual approximation:
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and find 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

These values may be used in calculating losses.  

For calculating the transport current enhancement of hysteresis loss, the simple Kim Anderson model (which gives a much worse fit) is shown by the green line in Fig 1 and uses the following coefficients:


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


B so = 0.5 T

Also shown are the transport current Jc measurements on the same wire by Arup Ghosh [2].
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Fig 1: Critical current density from magnetization and transport current measurements  
4. Calculation of  et(B) from Magnetization Data
The sheet 'Rho(B)' of Appendix 21-1 uses the fitted slopes of the M vs B` plots to calculate et(B).  Recap that, for this calculation we must use the magnetization Mfb defined over the volume enclosed within the filament boundary (of radius afb) calculated from:
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 Using the relationship:
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the time constant is calculated, and from it the effective transverse resistivity et
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so that
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Fig 2 plots this resistivity against field; fitting it with a straight line we have:


 et (B)= 1.24(10 -10  + 9.0(10 -11 B   
(6)

with et in m and B in Tesla.   Also shown is the result from Report 19(2)
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Fig 2: Measured effective transverse resistivity vs field. 
5. Calculation of  et(B) from Copper Resistivity  

Sheet 'calculate Rho' of Appendix 19-1 calculates et(B)  in just the same way as Report 19-1, using the measured RRR for this wire of 198.  Fig 3 shows the result, using the two usual approximations of good and poor contact between the NbTi filaments and the copper.  It may be seen that the poor contact approximation gives a fairly good fit.
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Fig 3: Calculated effective transverse resistivity compared with measured.

Appendices

Appendix 21-1(1): Analysis of the Twente Magnetization Data
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