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 Table A1 lists properties for a number of the Nb3Sn conductors analyzed in these studies.  Raw scaling data were obtained by registering FP–B pinning-force curves into unified master scaling curves for each wire, using the automated procedure given in this website.  Master curves built up by this procedure are shown below in appendices A1.1–A1.7.  Appendices A1.1 and A1.2 also show additional master curves to illustrate the effects of magnetic self-field corrections.  Listings of raw scaling data for Bc2*(T,ε) and K(T,ε) for these conductors are tabulated below, and also supplied as Excel™ files in this website.   Complete Ic(B,T,ε) source data for the first three NIST conductors are also given as Excel™ files in this website.

Table A1.  Properties of the Nb3Sn conductors analyzed in this study.
	
	Conductor
	Type
	Jc
	Application
	# Sub Elements,
Diffusion barrier
	Cu : Non-Cu ratio
	Doping
	Diam. (mm)
	Reference

	A1.1
	Oxford Superconducting Technology*
	Internal tin (RRP®)
	High
	HL-LHC & NMR
	54,
Nb distributed
	0.855
	Ta     7.5 wt% 
	0.7 
	Present article 

	A1.2
	Western Superconducting Technology*
	Internal tin
	Moderate
	ITER-TF
	19,
Ta single
	1.031
	Ti
	0.82
	[bookmark: _GoBack]Present article 

	A1.3
	Luvata
	Internal tin
	Moderate
	ITER-TF
	19,
Ta single
	1.1
	Ti
~2 wt%
	0.83
	Goodrich (2009)
Cheggour et al. (2014)

	A1.4
	Vacuumschmelze
	Bronze
	Moderate
	ITER
	
	
	
	0.81
	Taylor and Hampshire (2005)†

	A1.5
	Oxford Superconducting Technology
	Internal tin
	Moderate
	ITER-TF
	Ta single
	1.5
	Ti
1.5%
	0.81
	Goodrich and Stauffer (2005)

	A1.6
	Furukawa
	Bronze
	Moderate
	ITER
	
	
	
	
	Taylor and Hampshire (2005)†

	A1.7
	EM-LMI
	Internal tin
	Moderate
	ITER
	Nb distributed
	
	Ta
	0.81
	Taylor and Hampshire (2005)†


† Source Ic(B,T,ε) data were obtained online at  http://www.dur.ac.uk/superconductivity.durham/ from the Durham group (Taylor and Hampshire 2005).
A1.1  Oxford Superconducting Technology (OST), high-Jc, RRP® conductor for HL-LHC accelerator magnets and NMR magnets

Wire characteristics  
The Nb3Sn conductor was manufactured with a RRP® process by Oxford Superconducting Technology (figure A1.1.1).  It is a high-Jc strand, 0.7 mm in diameter, and designed for the LHC high luminosity upgrade and for NMR magnets, billet #8781, 54/61 sub-element configuration, and given a final heat treatment at 640 °C for 48 h.  Critical-current measurements were made at NIST by Goodrich and Cheggour.  The complete Ic(B,T,ε) dataset is given as an Excel™ file in this website.  
[image: ]


Figure A1.1.1.   Micrograph of the OST high-Jc, RRP® conductor, designed for HL-LHC accelerator magnets and NMR magnets (micrograph courtesy of Peter Lee, Florida State University).  

[image: ]Master scaling curves, both uncorrected and corrected for magnetic self field

Figure A1.1.2.  Master scaling curves f(b) for the OST-RRP® dataset, which provided raw scaling data for Bc2*(T,ε) and K(T,ε).  (Values of FPmax(T,ε) used in the figures are related to K(T,ε) by a proportionality constant; see footnote in section 2.1)  Values of Bc2*(T,ε) and K(T,ε) are tabulated below in table A2 and also given as Excel™ files in this website.   (a) Data uncorrected for magnetic self-field effects: here p was fixed at the default value p=0.5 because there was insufficient data below the pinning-force peak to determine p.  (b) Self-field corrected data: here p was fixed at p=0.4 (for direct comparison with magnetization data in section 5.5).  Data were trimmed below FP < 200 AT.  The precise values used for the trim level, and for fixing p had only a ~1 % effect on the scaling parameter values calculated from these raw scaling data (section 5.1).   Critical-current measurements were made at NIST by Cheggour and Goodrich. 







Table A2.  Example tabulation of raw scaling data for the effective upper critical field Bc2*(T,ε) and scaling law prefactor K(T,ε) used to form the master scaling curves in figure A1.1.2 for the OST-RRP® conductor .  B_num gives the number of data points in each FP vs. B curve; B_min and B_max are the minimum and maximum magnetic fields for each curve. 
Specific factors for the values tabulated below are as follows:  
Data uncorrected for self-field: fixed p=0.5 and q=1.997 (q was obtained from a simultaneous fit to all the data).  
Data self-field corrected:  fixed p=0.4 and q=2.12 (q was obtained from a simultaneous fit to all the data).
Data were trimmed below FP < 200 AT and removed where only 2 or 3 magnetic field points were left (B_num ≤ 3).
Approximate intrinsic strain ε0 is calculated assuming εm = 0.3 %.
None of the above factors had a significant effect (Δ < ~1 %) on the scaling constants derived from these raw scaling data.   
	
	
	
	
	
	
	
	
	
	Self-field corrected

	Index
	Strain, ε
	Approx. ε0
	      T
	Bc2*(T,ε)
	K(T,ε)
	B_num
	B_min
	B_max
	Bc2*(T,ε)
	K(T,ε)

	 
	     (%)
	      (%)
	      (K)
	(T)
	(AT)
	
	    (T)
	    (T)
	(T)
	(AT)

	1
	-0.755
	-1.016
	2.45
	16.86
	24951
	11
	8.0
	16
	17.07
	27394

	2
	-0.755
	-1.016
	3.32
	16.18
	22696
	10
	7.0
	16
	16.36
	25001

	3
	-0.755
	-1.016
	4.07
	15.48
	20559
	11
	6.0
	16
	15.62
	22762

	4
	-0.755
	-1.016
	5.00
	14.49
	18353
	9
	7.0
	15
	14.66
	20165

	5
	-0.755
	-1.016
	6.00
	13.37
	15205
	8
	6.0
	13
	13.52
	16705

	6
	-0.755
	-1.016
	8.00
	10.72
	9498
	7
	4.0
	10
	10.81
	10528

	7
	-0.755
	-1.016
	10.00
	7.77
	4666
	7
	2.5
	7
	7.79
	5193

	8
	-0.755
	-1.016
	12.00
	4.73
	1436
	7
	1.0
	4
	4.55
	1658

	9
	-0.661
	-0.927
	4.07
	16.07
	22192
	10
	7.0
	16
	16.26
	24398

	10
	-0.661
	-0.927
	5.00
	15.11
	19699
	9
	7.0
	15
	15.28
	21637

	11
	-0.661
	-0.927
	6.00
	13.91
	16615
	9
	6.0
	14
	14.07
	18276

	12
	-0.661
	-0.927
	8.00
	11.21
	10603
	7
	5.0
	11
	11.34
	11623

	13
	-0.661
	-0.927
	10.00
	8.24
	5360
	8
	2.5
	8
	8.25
	6010

	14
	-0.661
	-0.927
	12.00
	5.11
	1771
	6
	1.5
	4
	5.10
	1958

	15
	-0.566
	-0.837
	4.07
	16.67
	23786
	10
	7.0
	16
	16.87
	26144

	16
	-0.566
	-0.837
	5.00
	15.66
	21359
	9
	8.0
	16
	15.86
	23392

	17
	-0.566
	-0.837
	6.00
	14.52
	17985
	9
	7.0
	15
	14.70
	19685

	18
	-0.566
	-0.837
	8.00
	11.79
	11645
	8
	5.0
	12
	11.93
	12790

	19
	-0.566
	-0.837
	10.00
	8.75
	6073
	7
	3.0
	8
	8.81
	6726

	20
	-0.566
	-0.837
	12.00
	5.54
	2135
	7
	1.5
	5
	5.51
	2387

	22
	-0.472
	-0.748
	4.08
	17.44
	25271
	10
	7.0
	16
	17.65
	27709

	23
	-0.472
	-0.748
	5.00
	16.38
	22880
	9
	8.0
	16
	16.59
	25014

	24
	-0.472
	-0.748
	6.00
	15.21
	19399
	9
	7.0
	15
	15.40
	21206

	25
	-0.472
	-0.748
	8.00
	12.48
	12657
	8
	5.0
	12
	12.62
	13879

	26
	-0.472
	-0.748
	10.00
	9.33
	6775
	8
	3.0
	9
	9.39
	7515

	27
	-0.472
	-0.748
	12.00
	6.06
	2572
	7
	1.5
	5
	6.01
	2900

	29
	-0.378
	-0.659
	4.04
	18.18
	27465
	9
	8.0
	16
	18.42
	29952

	30
	-0.378
	-0.659
	5.00
	17.16
	24051
	36
	7.0
	16
	17.37
	26327

	31
	-0.378
	-0.659
	6.00
	15.93
	21066
	10
	7.0
	16
	16.14
	22992

	32
	-0.378
	-0.659
	8.00
	13.08
	14215
	8
	6.0
	13
	13.25
	15503

	33
	-0.378
	-0.659
	10.00
	10.02
	7655
	7
	3.5
	9
	10.13
	8391

	34
	-0.378
	-0.659
	12.00
	6.61
	3088
	7
	2.0
	6
	6.61
	3408

	36
	-0.190
	-0.480
	4.07
	20.08
	30432
	9
	8.0
	16
	20.38
	32849

	37
	-0.190
	-0.480
	5.00
	18.87
	28252
	8
	9.0
	16
	19.16
	30539

	38
	-0.190
	-0.480
	6.00
	17.60
	24753
	8
	9.0
	16
	17.85
	26845

	40
	-0.190
	-0.480
	8.00
	14.82
	16533
	9
	6.0
	14
	15.03
	17874

	41
	-0.190
	-0.480
	10.00
	11.40
	9850
	7
	5.0
	11
	11.57
	10628

	42
	-0.190
	-0.480
	12.00
	7.88
	4340
	6
	3.0
	7
	8.00
	4665

	43
	-0.190
	-0.480
	14.00
	4.27
	1053
	5
	1.0
	3
	4.15
	1173

	45
	0.000
	-0.302
	4.10
	22.19
	33531
	8
	9.0
	16
	22.58
	35681

	46
	0.000
	-0.302
	5.00
	20.93
	31324
	7
	10.0
	16
	21.30
	33387

	47
	0.000
	-0.302
	6.00
	19.57
	27402
	8
	9.0
	16
	19.90
	29267

	48
	0.000
	-0.302
	8.00
	16.60
	19125
	10
	7.0
	16
	16.87
	20448

	49
	0.000
	-0.302
	10.00
	13.12
	11651
	8
	5.0
	12
	13.32
	12456

	50
	0.000
	-0.302
	12.01
	9.30
	5697
	6
	3.5
	8
	9.46
	6074

	51
	0.000
	-0.302
	14.00
	5.51
	1709
	6
	1.5
	4
	5.52
	1836

	53
	0.035
	-0.267
	2.45
	24.15
	39961
	5
	12.0
	16
	24.62
	42313

	54
	0.035
	-0.267
	3.32
	23.24
	37307
	6
	11.0
	16
	23.68
	39581

	55
	0.035
	-0.267
	4.07
	22.46
	34872
	9
	10.0
	16
	22.88
	37034

	56
	0.035
	-0.267
	5.00
	21.18
	32178
	7
	10.0
	16
	21.56
	34315

	57
	0.035
	-0.267
	6.00
	19.86
	28129
	8
	9.0
	16
	20.21
	30029

	58
	0.035
	-0.267
	8.00
	16.90
	19667
	10
	7.0
	16
	17.18
	21001

	59
	0.035
	-0.267
	10.00
	13.45
	11871
	9
	5.0
	13
	13.67
	12640

	60
	0.035
	-0.267
	12.00
	9.59
	5853
	8
	3.0
	9
	9.72
	6278

	61
	0.035
	-0.267
	14.00
	5.67
	1834
	7
	1.0
	4
	5.54
	2072

	63
	0.091
	-0.214
	4.10
	22.86
	35334
	9
	10.0
	16
	23.30
	37450

	64
	0.091
	-0.214
	5.00
	21.65
	33094
	6
	11.0
	16
	22.06
	35174

	65
	0.091
	-0.214
	6.00
	20.24
	29230
	7
	10.0
	16
	20.60
	31170

	66
	0.091
	-0.214
	8.00
	17.26
	20475
	10
	8.0
	16
	17.56
	21818

	67
	0.091
	-0.214
	10.00
	13.79
	12498
	8
	6.0
	13
	14.03
	13280

	68
	0.091
	-0.214
	12.00
	9.95
	6185
	7
	3.5
	9
	10.12
	6572

	69
	0.091
	-0.214
	14.00
	5.98
	2027
	7
	1.5
	5
	5.98
	2192

	71
	0.183
	-0.127
	4.07
	23.67
	36152
	7
	10.0
	16
	24.13
	38164

	72
	0.183
	-0.127
	5.00
	22.27
	34107
	6
	11.0
	16
	22.70
	36161

	73
	0.183
	-0.127
	6.00
	20.89
	30043
	7
	10.0
	16
	21.28
	31903

	74
	0.183
	-0.127
	8.00
	17.86
	21347
	9
	8.0
	16
	18.16
	22701

	75
	0.183
	-0.127
	10.00
	14.27
	13302
	8
	6.0
	13
	14.52
	14111

	76
	0.183
	-0.127
	12.00
	10.42
	6638
	7
	3.5
	9
	10.60
	7041

	77
	0.183
	-0.127
	14.01
	6.27
	2305
	7
	1.5
	5
	6.28
	2510

	79
	0.257
	-0.057
	4.08
	23.98
	36598
	8
	10.0
	16
	24.46
	38578

	80
	0.257
	-0.057
	5.00
	22.64
	34322
	6
	11.0
	16
	23.09
	36288

	81
	0.257
	-0.057
	6.00
	21.19
	30474
	7
	10.0
	16
	21.59
	32310

	82
	0.257
	-0.057
	8.00
	18.14
	21552
	9
	8.0
	16
	18.45
	22866

	83
	0.257
	-0.057
	10.00
	14.57
	13412
	9
	6.0
	14
	14.83
	14176

	84
	0.257
	-0.057
	12.00
	10.61
	6810
	8
	3.5
	10
	10.78
	7226

	85
	0.257
	-0.057
	14.00
	6.42
	2432
	7
	1.5
	5
	6.38
	2671

	86
	0.257
	-0.057
	15.00
	4.35
	1047
	6
	1.0
	3.5
	4.23
	1160

	87
	0.313
	-0.004
	4.08
	24.16
	36557
	7
	10.0
	16
	24.65
	38481

	88
	0.313
	-0.004
	5.00
	22.75
	34326
	6
	11.0
	16
	23.20
	36250

	89
	0.313
	-0.004
	6.00
	21.37
	30183
	7
	10.0
	16
	21.78
	31897

	90
	0.313
	-0.004
	8.00
	18.24
	21605
	9
	8.0
	16
	18.55
	22905

	91
	0.313
	-0.004
	10.00
	14.69
	13331
	9
	6.0
	14
	14.97
	14051

	92
	0.313
	-0.004
	12.00
	10.73
	6780
	8
	3.5
	10
	10.91
	7173

	93
	0.313
	-0.004
	14.00
	6.64
	2392
	7
	1.5
	5
	6.64
	2583

	94
	0.313
	-0.004
	15.00
	4.48
	1052
	6
	1.0
	3.5
	4.36
	1155





A1.2  Western Superconducting Technology (WST), moderate-Jc, internal-tin conductor for ITER TF magnets

Wire characteristics  
The Nb3Sn conductor was manufactured with an internal-tin process by Western Superconducting Technology (Li et al. 2010).  It is a moderate--Jc strand, 0.82 mm in diameter, and designed for the International Thermonuclear Experimental Reactor (ITER) toroidal-field magnets, billet #01CW0014A01.  It consists of a stack of 19 sub-elements containing Cu-clad Nb filaments placed around Sn cores, as well as a single Ta diffusion barrier surrounding the stack for protecting the outer stabilizing Cu sheath.  As shown in figure A1.2.1, Sn-Ti cores supplied the Sn and Ti during the final reaction heat treatment at 650 °C for 100 h, ITER heat cycle B. Critical-current measurements were made at NIST by Cheggour and Goodrich.  
[image: ]
Figure A1.2.1.   Micrograph of the WST moderate-Jc, internal-tin conductor, designed for ITER toroidal-field magnets (micrograph courtesy of Peter Lee and Charlie Sanabria, Florida State University).  

[image: ]Master scaling curves, uncorrected and corrected for magnetic self field
Figure A1.2.2.  Master scaling curves f(b) for the WST-ITER dataset, which provided raw scaling data for Bc2*(T,ε) and K(T,ε).  (a) Data uncorrected for magnetic self field. (b) Self-field corrected data.  The raw scaling data for both master curves were determined with p and q fitted (since for this dataset there were sufficient data below the peak in the master scaling curve to determine p).  Data below FP < 125 AT were trimmed for both curves.  Raw scaling data for Bc2*(T,ε) and K(T,ε) obtained from these 84 scaled curves are tabulated below and given as Excel™ files in this website, along with the source Ic(B,T,ɛ) data.  (Measurements by Cheggour and Goodrich.)  



Table A3. Raw scaling data for the effective upper critical field Bc2*(T,ε) and scaling law prefactor K(T,ε) for an internal-tin conductor for the  ITER toroidal-field (TF) magnets manufactured by Western Superconducting Technology (WST), billet #01CW0014A01.
	Fixed p=0.566 and fitted q=1.8111
	
	
	
	
	
	

	Trimmed FP < 125 AT

	Approximate intrinsic strain ε0 is calculated with εm = 0.305%.

	ID
	Strain, ε
	 Approx. ε0
	      T
	    Bc2*(T,ε) 
	  K(T,ε) 
	B_num
	   B_min
	  B_max

	 
	(%)
	    (%)
	       (K)
	       (T)
	  (AT)
	 
	      (T)
	     (T)

	1
	-0.723
	-1.028
	4.03
	16.55
	8381
	19
	2.0
	16

	2
	-0.723
	-1.028
	6.00
	14.04
	6366
	16
	2.0
	15

	3
	-0.723
	-1.028
	8.00
	11.11
	4096
	14
	1.5
	12

	4
	-0.723
	-1.028
	12.00
	4.17
	646
	7
	1.0
	5

	5
	-0.630
	-0.935
	4.03
	17.36
	9061
	17
	2.5
	16

	6
	-0.630
	-0.935
	8.00
	11.88
	4567
	15
	1.5
	13

	7
	-0.630
	-0.935
	10.00
	8.49
	2420
	11
	1.0
	9

	8
	-0.630
	-0.935
	12.00
	4.81
	829
	8
	1.0
	6

	9
	-0.537
	-0.842
	4.03
	18.26
	9766
	17
	2.5
	16

	10
	-0.537
	-0.842
	6.00
	15.74
	7577
	17
	2.5
	16

	11
	-0.537
	-0.842
	8.00
	12.72
	5092
	16
	1.5
	14

	12
	-0.537
	-0.842
	10.00
	9.29
	2804
	12
	1.0
	10

	13
	-0.445
	-0.750
	4.03
	19.24
	10543
	17
	3.0
	16

	14
	-0.445
	-0.750
	4.23
	19.00
	10342
	16
	3.0
	16

	15
	-0.445
	-0.750
	6.00
	16.65
	8251
	16
	3.0
	16

	16
	-0.445
	-0.750
	8.00
	13.61
	5646
	15
	2.0
	14

	17
	-0.445
	-0.750
	10.00
	10.14
	3224
	13
	1.0
	11

	18
	-0.445
	-0.750
	12.00
	6.29
	1309
	9
	1.0
	7

	19
	-0.352
	-0.657
	4.03
	20.24
	11365
	15
	3.5
	16

	20
	-0.352
	-0.657
	6.00
	17.66
	8989
	14
	3.5
	16

	21
	-0.352
	-0.657
	8.00
	14.52
	6256
	16
	2.5
	15

	22
	-0.352
	-0.657
	10.00
	10.93
	3670
	14
	1.0
	11

	23
	-0.352
	-0.657
	12.00
	7.13
	1606
	9
	1.0
	7

	24
	-0.259
	-0.564
	4.03
	21.31
	12200
	15
	3.5
	16

	25
	-0.259
	-0.564
	6.00
	18.66
	9739
	14
	3.5
	16

	26
	-0.259
	-0.564
	8.00
	15.49
	6891
	16
	2.5
	16

	27
	-0.259
	-0.564
	10.00
	11.90
	4176
	13
	1.5
	12

	28
	-0.259
	-0.564
	12.00
	7.95
	1927
	10
	1.0
	8

	29
	-0.167
	-0.472
	4.03
	22.39
	13029
	15
	3.5
	16

	30
	-0.167
	-0.472
	6.00
	19.66
	10503
	13
	4.0
	16

	31
	-0.167
	-0.472
	8.00
	16.45
	7532
	15
	3.0
	16

	32
	-0.167
	-0.472
	10.00
	12.78
	4696
	13
	1.5
	12

	33
	-0.167
	-0.472
	12.00
	8.79
	2274
	10
	1.0
	8

	34
	-0.167
	-0.472
	14.00
	4.35
	632
	5
	1.0
	4

	35
	-0.074
	-0.379
	4.03
	23.38
	13827
	14
	4.0
	16

	36
	-0.074
	-0.379
	6.00
	20.59
	11214
	13
	4.0
	16

	37
	-0.074
	-0.379
	8.00
	17.32
	8143
	15
	3.0
	16

	38
	-0.074
	-0.379
	10.00
	13.60
	5162
	13
	2.0
	13

	39
	-0.074
	-0.379
	12.00
	9.44
	2627
	11
	1.0
	9

	40
	-0.074
	-0.379
	14.00
	4.93
	796
	7
	1.0
	5

	41
	0.019
	-0.286
	4.03
	24.36
	14641
	14
	4.0
	16

	42
	0.019
	-0.286
	10.00
	14.34
	5645
	13
	2.5
	14

	43
	0.019
	-0.286
	12.00
	10.19
	2950
	12
	1.0
	10

	44
	0.019
	-0.286
	14.00
	5.55
	978
	8
	1.0
	6

	45
	0.111
	-0.194
	4.03
	25.04
	15184
	13
	4.5
	16

	46
	0.111
	-0.194
	6.00
	22.14
	12455
	12
	5.0
	16

	47
	0.111
	-0.194
	8.00
	18.81
	9162
	14
	4.0
	16

	48
	0.111
	-0.194
	10.00
	14.95
	5985
	14
	2.5
	15

	49
	0.111
	-0.194
	12.00
	10.80
	3175
	11
	2.0
	11

	50
	0.111
	-0.194
	14.00
	6.16
	1121
	8
	1.0
	6

	51
	0.185
	-0.120
	4.03
	25.46
	15542
	13
	4.5
	16

	52
	0.185
	-0.120
	6.00
	22.56
	12802
	12
	5.0
	16

	53
	0.185
	-0.120
	8.00
	19.18
	9533
	13
	4.0
	16

	54
	0.185
	-0.120
	12.00
	11.10
	3361
	11
	2.0
	11

	55
	0.185
	-0.120
	14.00
	6.45
	1235
	8
	1.0
	6

	56
	0.259
	-0.045
	4.03
	25.74
	15742
	13
	4.5
	16

	57
	0.259
	-0.045
	6.00
	22.84
	12976
	12
	5.0
	16

	58
	0.259
	-0.045
	8.00
	19.39
	9709
	13
	4.0
	16

	59
	0.259
	-0.045
	10.00
	15.59
	6372
	14
	2.5
	15

	60
	0.259
	-0.045
	12.00
	11.30
	3457
	11
	2.0
	11

	61
	0.259
	-0.045
	14.00
	6.61
	1292
	8
	1.0
	6

	62
	0.315
	0.010
	4.03
	25.85
	15798
	13
	4.5
	16

	63
	0.315
	0.010
	4.23
	25.59
	15555
	13
	4.5
	16

	64
	0.315
	0.010
	6.00
	22.97
	12982
	12
	5.0
	16

	65
	0.315
	0.010
	8.00
	19.50
	9716
	13
	4.0
	16

	66
	0.315
	0.010
	10.00
	15.65
	6411
	14
	2.5
	15

	67
	0.315
	0.010
	12.00
	11.42
	3469
	10
	2.5
	11

	68
	0.315
	0.010
	14.00
	6.68
	1311
	8
	1.0
	6

	69
	0.371
	0.066
	4.03
	25.81
	15744
	13
	4.5
	16

	70
	0.371
	0.066
	6.00
	22.92
	12925
	11
	6.0
	16

	71
	0.371
	0.066
	8.00
	19.51
	9592
	13
	4.5
	16

	72
	0.371
	0.066
	10.00
	15.62
	6244
	13
	3.0
	15

	73
	0.371
	0.066
	12.00
	11.28
	3373
	11
	2.5
	11

	74
	0.463
	0.158
	4.03
	25.29
	15366
	13
	4.5
	16

	75
	0.463
	0.158
	6.00
	22.40
	12592
	13
	5.0
	16

	76
	0.463
	0.158
	8.00
	18.86
	9376
	14
	3.5
	16

	77
	0.463
	0.158
	10.00
	15.06
	6133
	14
	2.5
	14

	78
	0.463
	0.158
	12.00
	10.78
	3234
	13
	2.0
	11

	79
	0.463
	0.158
	14.00
	6.21
	1127
	8
	1.0
	6

	80
	0.556
	0.251
	4.03
	24.19
	14650
	13
	4.5
	16

	81
	0.556
	0.251
	5.00
	22.83
	13429
	12
	5.0
	16

	82
	0.556
	0.251
	8.00
	17.83
	8754
	14
	3.5
	16

	83
	0.556
	0.251
	10.00
	14.07
	5641
	14
	2.5
	15

	84
	0.556
	0.251
	12.00
	9.90
	2846
	9
	2.5
	10








A1.3  Luvata, moderate-Jc, internal-tin conductor for ITER TF magnets 

Wire characteristics  
The Nb3Sn conductor is an internal-tin Nb3Sn pre-production ITER strand, billet #NT8404, 0.82 mm diameter, designed for the toroidal-field magnets, and fabricated by Luvata (Pyon et al. 2007).  As shown in figure A1.3.1, it consists of a stack of 19 sub-elements containing Cu-clad Nb filaments placed around Sn cores, as well as a single Ta diffusion barrier surrounding the stack for protecting the outer stabilizing copper.  The strand also has Sn-core spacers inserted between the outermost and middle rows of Nb sub-elements, in addition to the Sn cores located at the center of each sub-element.  Copper to non-copper ratio was 1.1.  It was given a reaction heat treatment of 650 °C for 100 h.  Temperature measurements Ic(B,T) were conducted by Goodrich et al. (2013), and strain measurements Ic(ε) at 12 T were made by Cheggour et al. (2014).  Both datasets are given as Excel™ files in this website. Since the strain measurements were conducted at a fixed magnetic field, the master scaling curve shown in figure A1.3.2 was generated from the temperature data only.
 
[image: ]

Figure A1.3.1.   Micrograph of the Luvata internal-tin, Nb3Sn pre-production ITER strand, designed for the ITER toroidal-field magnets (micrograph courtesy of T. Pyon, Luvata Waterbury Inc.).  




Master scaling curve
The effect of magnetic field corrections on the master scaling curve was shown earlier for this conductor in figure 14.  A comparison of figure A1.3.2 with figure 14 illustrates the relatively small effect of the trim level on the master scaling curve.  The earlier data were obtained for a trim level of FP < 125 AT, whereas in figure A1.3.2 a trim level of only FP < 25 AT was used, one fifth the size.  Despite the large difference in relative trim level, the fitted curve shape parameters are little changed:  p = 0.564 and q = 1.742 for FP < 25 AT in figure A1.3.2, vs. p = 0.563 and q = 1.721 for FP < 125 AT in figure 14. 



[image: ]Figure A1.3.2.  Master scaling curve f(b) for the Luvata ITER-TF Nb3Sn conductor, variable temperature data only, with fitted p=0.56 and q =1.74 (for this dataset, there were sufficient magnetic-field data below the peak in the master scaling curve to fit p).  Pinning-force data were trimmed below FP < 25 AT.  Raw scaling data obtained from this master curve are tabulated below and given as Excel™ files in this website, along with the source Ic(B,T) dataset.  Measurements by Goodrich. 



Table A4  Raw scaling data for the effective upper critical field Bc2*(T,ε) and scaling law prefactor K(T,ε) for an  internal-tin Nb3Sn conductor manufactured by Luvata for ITER-TF magnets, billet #NT8404.  Source data for this tabulation are from variable-temperature measurements on a cylindrical sample holder made of Ti-%Al-4%V (ITER barrel).  The sample was not soldered to the sample holder, except for the attachment to the current contacts at both sample ends.  Lorentz force was directed inward.  
	Fitted p=0.564 and  q=1.742
	
	
	
	

	Trimmed FP  < 25 AT
	
	
	
	

	ID
	    T
	Bc2*(T,ε) 
	K(T,ε) 
	B_num
	B_min
	B_max

	 
	      (K)
	(T)
	(AT)
	 
	(T)
	(T)

	1
	  2.26
	   27.3490
	  13279.65
	     14
	     5.50
	    16.0

	2
	  3.05
	   26.1437
	  12787.79
	     11
	     9.00
	    16.0

	3
	  3.53
	   25.8294
	  12223.30
	     18
	     3.50
	    16.0

	4
	  4.03
	   25.1968
	  11729.19
	     24
	     3.50
	    16.0

	5
	   6.00
	   22.2952
	   9600.14
	     15
	     4.50
	    16.0

	6
	    7.00
	   20.5950
	   8381.02
	     17
	     3.50
	    16.0

	7
	 8.00
	   18.7634
	   7124.96
	     17
	     3.00
	    16.0

	8
	10.00
	   14.7721
	   4636.82
	     18
	     2.00
	    14.0

	9
	12.00
	   10.3204
	   2436.81
	     18
	     1.00
	    10.0

	10
	13.00
	    8.2837
	   1485.25
	     13
	     1.75
	     7.0

	11
	14.00
	    5.9338
	    802.88
	     13
	     0.75
	     5.0

	12
	15.00
	    3.5940
	    310.22
	      9
	     0.25
	     2.5








A1.4  Vacuumschmelze, moderate-Jc, bronze-process conductor
Wire characteristics  
The Nb3Sn conductor is a multifilamentary, bronze-process wire, 0.81 mm in diameter, manufactured by Vacuumschmelze.  It was given a heat treatment that terminated at 650 oC for 175-200h (Taylor and Hampshire 2003, 2005).  Source Ic(B,T,ε) data were obtained from http://www.dur.ac.uk/superconductivity.durham/,  measured by the Durham group (Taylor and Hampshire 2005).  
Figure A1.4.1 is a good illustration of how higher temperature data (blue square symbols) usually provides more data on the low-field side of the pinning force peak, sufficient to determine the low-field curve shape parameter p.  In contrast, the 4.2 K data (the red star symbols near the middle of the curve) occupy only a limited section on the high-field side of the peak.  



[image: ]Master scaling curve


Figure A1.4.1  Master scaling curve f(b) for the Vacuumschmelze dataset, which provided raw scaling data for Bc2*(T,ε) and K(T,ε).  Values of p and q were fitted, p = 0.58 and q = 1.74.  Note that the 4.2 K data (the red symbols near the middle of the curve) occupy only a limited section on the high-field side of the peak, and thus the higher temperature 12 K  (blue square symbols) were essential for determining the low-field shape parameter p.   Data below FP < 25 AT were trimmed.  Raw scaling data obtained from this master curve and are tabulated below and given as Excel™ files in this website.  Measurements by Taylor and Hampshire (Taylor D M J and Hampshire D P 2005 Supercond. Sci. Technol. 18 S241-52).  



Table A5.  Raw scaling data for the effective upper critical field Bc2*(T,ε) and scaling law prefactor K(T,ε) for a bronze-process conductor fabricated by Vacuumschmelze.
	Fitted p=0.575 and  q=1.745
	
	
	
	
	
	

	Trimmed FP  < 25 AT
	
	
	
	
	
	

	Approximate intrinsic strain ε0 is calculated with εm = 0.311%

	ID
	Strain
	Approx. ε0
	T
	Bc2*(T,ε) 
	K(T,ε) 
	B_num
	B_min
	B_max

	 
	(%)
	(%)
	(K)
	(T)
	(AT)
	 
	(T)
	(T)

	1
	-0.73
	-1.041
	4.2
	16.08
	4038
	23
	4.00
	15.00

	2
	-0.73
	-1.041
	8.0
	10.92
	1894
	17
	3.25
	10.50

	3
	-0.73
	-1.041
	12.0
	4.47
	302
	12
	0.50
	3.25

	4
	-0.48
	-0.791
	4.2
	18.28
	4867
	22
	4.50
	15.00

	5
	-0.48
	-0.791
	8.0
	12.96
	2534
	16
	5.00
	12.50

	6
	-0.48
	-0.791
	12.0
	5.96
	566
	14
	0.75
	5.00

	7
	-0.24
	-0.551
	4.2
	21.16
	5775
	21
	5.00
	15.00

	8
	-0.24
	-0.551
	8.0
	15.45
	3290
	18
	6.75
	15.00

	9
	-0.24
	-0.551
	12.0
	7.91
	926
	17
	1.00
	7.00

	10
	0.00
	-0.311
	4.2
	24.09
	6657
	18
	6.00
	15.00

	11
	0.00
	-0.311
	8.0
	18.06
	4108
	24
	9.25
	15.00

	12
	0.00
	-0.311
	12.0
	10.07
	1348
	18
	1.75
	9.00

	13
	0.24
	-0.071
	4.2
	26.00
	7086
	31
	7.50
	15.00

	14
	0.24
	-0.071
	8.0
	19.70
	4505
	18
	10.75
	15.00

	15
	0.24
	-0.071
	12.0
	11.38
	1606
	17
	2.50
	10.50

	16
	0.37
	0.059
	4.2
	25.88
	7188
	34
	6.75
	15.00

	17
	0.37
	0.059
	8.0
	19.80
	4494
	20
	10.25
	15.00

	18
	0.37
	0.059
	12.0
	11.41
	1621
	17
	2.50
	10.50

	19
	0.49
	0.179
	4.2
	25.52
	6959
	29
	8.00
	15.00

	20
	0.49
	0.179
	8.0
	18.71
	4419
	24
	9.25
	15.00

	21
	0.49
	0.179
	12.0
	10.55
	1521
	16
	2.00
	9.50

	22
	0.73
	0.419
	4.2
	21.06
	6207
	11
	6.50
	15.00

	23
	0.73
	0.419
	8.0
	15.22
	3619
	17
	6.50
	14.50

	24
	0.73
	0.419
	12.0
	7.79
	993
	13
	1.00
	7.00





A1.5  OST-ITER

The internal-tin multifilamentary Nb3Sn conductor is 0.811 mm in diameter, with a Cu/non-Cu ratio of 1.5, and made by OST for ITER TF magnets.  Source Ic(B,T) data are from Goodrich and Stauffer (2005).

Master scaling curve
[image: ]
Figure A1.5.1.  Master scaling curve f(b) for the OST-ITER dataset, calculated from raw scaling data for Bc2*(T,ε) and K(T,ε), which were determined by the automated procedure given in this website from variable temperature data only, with p and q fitted, p=0.558 and q =1.845.  Data below FP < 50 AT were trimmed.  Raw scaling data are tabulated below and also given as an Excel™ file in this website.  Source Ic(B,T) data are from Goodrich and Stauffer (Goodrich L F and Stauffer T C 2005 IEEE Trans. Appl. Supercond. 15, 3356-3359)




Table A6  Raw scaling data for the effective upper critical field Bc2*(T,ε) and scaling law prefactor K(T,ε) for an  internal-tin conductor manufactured by OST for ITER.  Source data are variable temperature only.
	Fitted p=0.558 and  q=1.845
	
	
	
	
	
	

	Trimmed FP  < 50 AT
	
	
	
	
	
	

	ID
	T
	Bc2*(T,ε) 
	K(T,ε) 
	B_num
	B_min
	B_max

	 
	(K)
	(T)
	(AT)
	 
	(T)
	(T)

	1
	4.04
	26.82
	15970
	11
	6.0
	16

	2
	4.23
	26.57
	15716
	11
	6.0
	16

	3
	5.02
	25.41
	14599
	11
	6.0
	16

	4
	6.02
	24.11
	12904
	10
	5.0
	14

	5
	7.02
	22.33
	11218
	10
	5.0
	14

	6
	8.02
	20.36
	9533
	11
	4.0
	14

	7
	10.01
	16.06
	6150
	12
	3.0
	14

	8
	12.01
	11.37
	3210
	10
	1.5
	10

	9
	14.01
	6.56
	1081
	7
	0.5
	5

	8
	12.01
	11.37
	3210
	10
	1.5
	10

	9
	14.01
	6.56
	1081
	7
	0.5
	5




A1.6  Furukawa, moderate-Jc, bronze-process conductor

Wire characteristics  
The multifilamentary, bronze-process Nb3Sn conductor was made by Furukawa.  Source Ic(B,ε) data were obtained online at  http://www.dur.ac.uk/superconductivity.durham/ (Taylor D M J and Hampshire D P 2005 Supercond. Sci. Technol. 18 S241-52).  

[image: ]Master scaling curve
Figure A1.6.1.  Master scaling curve f(b) for the Furukawa dataset, calculated from raw scaling data for Bc2*(T,ε) and K(T,ε) (tabulated below), which were determined by the procedure given in Appendix A3.  The raw scaling data for this conductor were determined with p fixed at the canonical value p=0.5 (because of a lack of sufficient data below the peak in the FP curve to determine p), and q fitted, q = 1.573.  Data below FP < 50 AT were trimmed.  Source Ic(B,ε) data are variable strain only, measured at 4.2 K.  



Table A7.   Raw scaling data for the effective upper critical field Bc2*(T,ε) and scaling law prefactor K(T,ε) for a Furukawa bronze-process conductor.  Source Ic(B,ε) data are variable strain only, measured at 4.2 K.
	Fixed p=0.5 and fitted q=1.573
	
	
	
	
	
	

	Trimmed FP < 50 AT

	Approximate intrinsic strain ε0 is calculated with εm = 0.305%

	ID
	Strain, ε
	T
	Bc2*(T,ε) 
	K(T,ε) 
	B_num
	B_min
	B_max

	 
	        (%)
	   (K)
	   (T)
	  (AT)
	 
	   (T)
	   (T)

	1
	-1.22
	4.2
	12.23
	2631
	7
	5
	11

	2
	-0.97
	4.2
	13.87
	3203
	9
	5
	13

	3
	-0.73
	4.2
	15.71
	3886
	10
	6
	15

	4
	-0.48
	4.2
	17.76
	4759
	9
	7
	15

	5
	-0.36
	4.2
	19.00
	5245
	14
	8.5
	15

	6
	-0.24
	4.2
	20.63
	5608
	14
	8.5
	15

	7
	-0.12
	4.2
	22.15
	6035
	13
	9
	15

	8
	0
	4.2
	23.50
	6367
	12
	9.5
	15

	9
	0.12
	4.2
	24.56
	6692
	11
	10
	15

	10
	0.24
	4.2
	24.98
	6853
	11
	10
	15

	11
	0.37
	4.2
	25.02
	6795
	11
	10
	15

	12
	0.49
	4.2
	24.13
	6605
	12
	9.5
	15

	13
	0.61
	4.2
	22.50
	6176
	13
	9
	15

	14
	0.73
	4.2
	20.45
	5700
	13
	9
	15







A1.7  EM-LMI, moderate-Jc, internal-tin conductor

Wire characteristics  
The multifilamentary, internal-tin Nb3Sn conductor is 0.81 mm in diameter, and made by Europa Metalli-LMI.  It was given a heat treatment that terminated at 650 oC for 175-200h (Taylor and Hampshire 2003, 2005).  Source Ic(B,T,ε) data were obtained online at  http://www.dur.ac.uk/superconductivity.durham/ from the Durham group (Taylor D M J and Hampshire D P 2005 Supercond. Sci. Technol. 18 S241-52).  

[image: ]Master scaling curve
Figure A1.7.1.  Master scaling curve f(b) for the EMLMI dataset, calculated from raw scaling data for Bc2*(T,ε) and K(T,ε) (tabulated below), which were determined by the procedure given in Appendix A3.  The raw scaling data for this conductor were determined with p fixed at the canonical value p=0.5 (because of a lack of sufficient data below the peak in the FP curve to determine p), and q fitted, q = 1.980.  Data below FP < 25 AT were trimmed.  



Table A8.  Raw scaling data for the effective upper critical field Bc2*(T,ε) and scaling law prefactor K(T,ε) for an internal-tin conductor fabricated by Europa Metalli-LMI.  .  
	Fixed p=0.5 and  fitted q=1.980
	
	
	
	
	
	

	Trimmed FP < 25 AT
	
	
	
	
	
	

	Approximate intrinsic strain ε0 is calculated with εm = 0.273%

	ID
	  Strain, ε
	Approx. ε0
	      T
	Bc2*(T,ε) 
	K(T,ε) 
	B_num
	B_min
	B_max

	 
	  (%)
	        (%)
	       (K)
	     (T)
	     (AT)
	 
	      (T)
	     (T)

	1
	-0.48
	-0.75
	4.2
	17.59
	6525
	8
	8.0
	15.0

	2
	-0.48
	-0.75
	5.0
	16.74
	5658
	8
	11.5
	15.0

	3
	-0.48
	-0.75
	6.0
	15.44
	4916
	12
	9.0
	14.5

	4
	-0.48
	-0.75
	6.1
	15.13
	5050
	2
	9.5
	11.0

	5
	-0.48
	-0.75
	6.2
	14.96
	4996
	2
	9.5
	11.0

	6
	-0.48
	-0.75
	6.3
	14.83
	4877
	2
	9.5
	11.0

	7
	-0.48
	-0.75
	6.4
	14.68
	4804
	2
	9.5
	11.0

	8
	-0.48
	-0.75
	6.5
	14.95
	4218
	3
	7.0
	11.0

	9
	-0.48
	-0.75
	6.6
	14.78
	4190
	4
	7.0
	11.0

	10
	-0.48
	-0.75
	6.7
	14.56
	4157
	4
	7.0
	11.0

	11
	-0.48
	-0.75
	6.8
	14.46
	4069
	3
	7.0
	9.5

	12
	-0.48
	-0.75
	6.9
	14.27
	4006
	2
	7.0
	9.0

	13
	-0.48
	-0.75
	7.0
	14.02
	3985
	12
	7.5
	13.0

	14
	-0.48
	-0.75
	7.1
	13.96
	3814
	2
	6.5
	9.0

	15
	-0.48
	-0.75
	7.2
	13.77
	3752
	2
	6.5
	9.0

	16
	-0.48
	-0.75
	7.5
	13.75
	3370
	2
	6.0
	6.5

	17
	-0.48
	-0.75
	7.6
	13.45
	3331
	2
	6.0
	6.5

	18
	-0.48
	-0.75
	8.0
	12.50
	3083
	13
	5.5
	11.5

	19
	-0.48
	-0.75
	9.0
	10.85
	2255
	13
	4.0
	10.0

	20
	-0.48
	-0.75
	10.0
	9.06
	1543
	11
	3.0
	8.0

	21
	-0.48
	-0.75
	11.0
	7.20
	955
	9
	2.0
	6.0

	22
	-0.48
	-0.75
	12.0
	5.36
	491
	6
	1.5
	4.0

	23
	-0.48
	-0.75
	13.0
	3.47
	193
	4
	0.5
	2.0

	24
	-0.24
	-0.51
	4.2
	20.52
	7926
	6
	10.0
	15.0

	25
	0.00
	-0.27
	4.2
	23.43
	8926
	5
	11.0
	15.0

	26
	0.00
	-0.27
	6.0
	21.11
	7253
	3
	13.0
	15.0

	27
	0.00
	-0.27
	7.0
	19.38
	6428
	4
	12.0
	15.0
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