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Present TF operational limits were set in ref. [1] based on a prospective adiabatic ∆T of 20C in the TF inner legs, which would lead to a 0.7*20C = 14C ∆T between turn 6A and the other turns of the bundle during cooldown. According to projections made at that time this would cause a shear stress of 1400 psi in the turn insulation, which would be 48% of the ultimate shear strength of 2942 psi assumed at that time. 

Since then the follow-on work in ref. [2] and ref. [3] has shown that:

· indeed at a ∆T of 20C between turns the insulation shear stress is of order 2ksi (actual max. value projected to be 2.07ksi);

· shear strength, even at zero compression, is considerably larger (5883 psi) than that assumed earlier (2942 psi).

The above findings, along with the possibility of resurrecting the Rochester Instrument System (RIS) “1/2LI^2” module, improve the prospects for operating at 4.5kG under the present conditions. 

The 1/2LI^2 module introduces a variability into the RIS trip setting which continuously anticipates the additional I2T which would be deposited into the coil should an L/R decay occur from the current at that moment (the equivalent square wave (ESW) of an L/R decay from an initial current Io is Io^2*/2, where  = L/R and is adjustable on the module). This feature allows an extension of the available flat top from that otherwise available according to the following logic:

Without the feature, the trip setting I2Ttrip is chosen such that, in case of a trip at full current, the final value of I2T will not exceed the maximum allowable I2Tmax. Then in order to avoid trips on each shot, the end of flat top (EOFT) I2T is limited such that, after the current is ramped down, the additional I2Tramp added to the prior accumulation of I2T will not exceed the trip value, i.e. I2TEOFT + I2Tramp < I2Ttrip. 

With the feature, the trip point varies with current, increasing as the current decreases according to I2T’trip = I2Tmax - Io^2*/2.

The effect of the module is illustrated in the following feature which depicts the per unit TF current and I2T for three cases, namely 1) L/R decay at EOFT after I2T reaches I2Ttrip, which ultimately deposits I2Tmax = 1.0 p.u. into the coil, 2) Ramp down of current at EOFT such that the at the completion of ramp down the total I2T is equal to a constant trip (CT) I2Ttrip and therefore no trip occurs, and 3) Ramp down of current at EOFT such that the variable trip (VT) I2T’trip is never exceeded and no trip occurs. It is evident from this figure, which was run for the 4.5kG case, that an additional ≈ 100mS of flat top can be gained. 
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The following table summarizes the options, assuming that we want ≈ 500mS flat top at 4.5kG:


3.5kG w/o RIS Module
3.5kG w/RIS module
4.5kG w/o RIS module
4.5kG w/RIS Module

Max Flat Top Time (ms)
595
663
505
497

Fault Condition……





∆T Adiabatic (degC)
20
20
33
30

∆T Turn-Turn (degC)
14
14
23.1
21

Shear (psi)
1449
1449
2390.85
2173.5

Shear (%Ultimate)
24.6%
24.6%
40.6%
36.9%

No-fault Condition……





∆T Adiabatic (degC)
14.3
14.3
23.4
23.1

∆T Turn-Turn (degC)
10.01
10.01
16.38
16.17

Shear (psi)
1036
1036
1695
1673

Shear (%Ultimate)
17.6%
17.6%
28.8%
28.4%

It appears that an increase to 4.5kG, 500mS flat top time is feasible without substantial increase in risk from the insulation shear perspective. The incorporation of the extra RIS module would slightly reduce the exposure to temperature and stress but probably not enough to justify the cost and effort of implementation.
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NSTX File

Allowable Adiabatic ∆T
20
deg C

T0
12
deg C

G0
2.53E+15
(A/m^2)^2-sec

Tmax
32
deg C

Gmax
6.47E+15
(A/m^2)^2-sec

∆Gmax=J2Tmax
3.93E+15
(A/m^2)^2-sec

L
4.37E-03
Henry

Rcircuit (cold)
7.81E-03
Ohm

Rcircuit (hot)
8.19E-03
Ohm

Rpsequiv
4.03E-03
Ohm

∑R (cold)
1.18E-02
Ohm

∑R (hot)
1.22E-02
Ohm

CSA inner leg
6.74E-04
m^2

Bt
3.5
kG

Iflat
4.15E+04
Amp

J2T L/R decay
1.06E+15
(A/m^2)^2-sec

J2T Trip (RIS)
2.87E+15
(A/m^2)^2-sec

I2T Trip (RIS)
1.31E+09
A^2-sec

Trise
0.245
sec

J2T Rise
3.62E+14
(A/m^2)^2-sec

Tfall
0.202
sec

J2T Fall
2.55E+14
(A/m^2)^2-sec

J2T Flat
2.26E+15
(A/m^2)^2-sec

Tflat
0.595
sec

Gfinal
5.41E+15
(A/m^2)^2-sec

Tfinal
26.3
deg C

∆Tfinal
14.3
deg C

Gfinal (fault)
6.47E+15
(A/m^2)^2-sec

Tfinal (fault)
31.8
deg C

Bt
Iflat
Trise
Tfall
Tflat
∑T
Tfinal
∆T

(kG)
(Amp)
(sec)
(sec)
(sec)
(sec)
(deg C)
(deg C)

3.0
35580.00
0.198
0.179
0.897
1.274
26.3
14.3

3.1
36766.00
0.207
0.184
0.826
1.217
26.3
14.3

3.2
37952.00
0.216
0.188
0.761
1.166
26.3
14.3

3.3
39138.00
0.225
0.193
0.702
1.120
26.3
14.3

3.4
40324.00
0.235
0.197
0.646
1.079
26.3
14.3
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NSTX_TF_Coils_001205.xls

		Coil		Cnd Width		Cnd Height		Hole Dia		Corner Radius		Turn-Turn		CSA		Length		R@T0		#/Circuit		∑R@T0		Max Curr		Max ESW		∑I^2*R		Max ∫i^2(t)dt		Max ∫j^2(t)dt		Tfinal		∑Wloss		Avg Loss		Hole Dia		Hole Area		Velocity		Flow		Total Flow		Reynolds No		Friction		∆P		Rthermal		Cp		Net Cp		Tau Thermal		Vmax		Stress Factor		Emax						Test Case ∆T		20.0		deg C				Bt		Iflat		Trise		J2T Rise		Tfall		J2T Fall		J2T Flat Possible		J2T Flat		∑J2T		∑I2T		Tflat		∑T		Gfinal		Tfinal		∆T

				(in)		(in)		(in)		(in)		(in)		(in^2)		(in)		(Ω)						kA		sec		(MW)		Amp^2-sec		(A/m^2)^2-sec		deg C		Joule		Watt		cm		cm^2		m/sec		GPM		GPM		N-sec/m^2		Factor		PSI		degC/watt		Joule/degC		Joule/deg C		sec		(V)				(V/mil)						Insulation Shear Stress @ Test Case ∆T		2000.0		psi				(kG)		(Amp)		(sec)		((A/m^2)^2-sec)		(sec)		((A/m^2)^2-sec)		((A/m^2)^2-sec)		((A/m^2)^2-sec)		((A/m^2)^2-sec)		A^2-sec		(sec)		(sec)		((A/m^2)^2-sec)		(deg C)		(deg C)

								Note 4																																																								Note 1		Note 2		Note 3						Allowable Adiabatic ∆T		20		deg C				3.0		35580.00		0.198		2.09E+14		0.179		1.66E+14		2.50E+15		2.50E+15		2.87E+15		1.31E+09		0.897		1.274		5.41E+15		26.3		14.3

		Inner Leg, Inner Turn						0.249				0.064		1.054		223.000		1.389E-04		12		1.67E-03		35.58		5.3		2.110		6.711E+09		1.45E+16		93.1818		1.12E+07		3.73E+04		0.6312		0.3129		5.0		2.5		29.8		31559.5		0.023		37.7		1.53E-03		1.33E+04		1.03E+05		157.4		1012.9		1.000		15.8						Peak Differential		0.7		p.u.				3.1		36766.00		0.207		2.35E+14		0.184		1.82E+14		2.46E+15		2.46E+15		2.87E+15		1.31E+09		0.826		1.217		5.41E+15		26.3		14.3

		Inner Leg, Outer Turn						0.249				0.064		1.045		203.000		1.275E-04		24		3.06E-03		35.58		5.3		3.875		6.711E+09		1.48E+16		94.7837		2.05E+07		6.85E+04		0.6312		0.3129		5.0		2.5		59.5		31559.5		0.023		34.3		1.53E-03		1.20E+04		1.02E+05		155.4		1012.9		1.000		15.8						Actual ∆T		14.0		deg C				3.2		37952.00		0.216		2.63E+14		0.188		1.99E+14		2.41E+15		2.41E+15		2.87E+15		1.31E+09		0.761		1.166		5.41E+15		26.3		14.3

		Flag, Inner Turn		1.000		5.000		0.750		0.063				4.555		12.532		1.867E-06		24		4.48E-05		35.58		5.3		0.057		6.711E+09		7.77E+14		15.7833		3.01E+05		1.00E+03																																				Shear at Actual ∆T		1400.0		psi				3.3		39138.00		0.225		2.93E+14		0.193		2.17E+14		2.36E+15		2.36E+15		2.87E+15		1.31E+09		0.702		1.120		5.41E+15		26.3		14.3

		Flag, Outer Turn		1.000		5.000		0.750		0.063				4.555		10.922		1.628E-06		48		7.81E-05		35.58		5.3		0.099		6.711E+09		7.77E+14		15.7833		5.24E+05		1.75E+03																																				Ultimate Shear Strength		2942		psi				3.4		40324.00		0.235		3.26E+14		0.197		2.35E+14		2.31E+15		2.31E+15		2.87E+15		1.31E+09		0.646		1.079		5.41E+15		26.3		14.3

		Connector		1.000		5.000		0.000		0.063				4.997		15.000		2.038E-06		72		1.47E-04		35.58		5.3		0.186		6.711E+09		6.46E+14		15.1403		9.85E+05		3.28E+03																																				% Shear Loading		48%						3.5		41510.00		0.245		3.62E+14		0.202		2.55E+14		2.26E+15		2.26E+15		2.87E+15		1.31E+09		0.595		1.042		5.41E+15		26.3		14.3

		Outer Leg		2.000		3.000		0.436		0.125		0.064		5.837		271.825		3.057E-05		36		1.10E-03		35.58		5.3		1.393		6.711E+09		4.73E+14		14.2980		7.39E+06		2.46E+04		1.1074		6.2144		0.25		2.5		89.3		2788.1		0.043		0.1		1.53E-03		8.97E+04						1012.9		0.917		14.5						T0		12		deg C

		Joint																1.000E-06		216		2.16E-04		35.58		5.3		0.273								1.45E+06		4.83E+03																																				G0		2.53E+15		(A/m^2)^2-sec				3.0		0.897

		Total TF Circuit																				6.314E-03		35.58		5.3		8.0				Max Temp		94.8		4.24E+07		1.41E+05										89.3						37.8																				Tmax		32		deg C				3.1		0.826

																																																																										Gmax		6.47E+15		(A/m^2)^2-sec				3.2		0.761

		Coil		Cnd Width		Cnd Height		Coolant Hole Dia		Corner Radius		Turn-Turn		CSA		Length																																																										∆Gmax=J2Tmax		3.93E+15		(A/m^2)^2-sec				3.3		0.702

				(cm)		(cm)		(cm)		(cm)		(cm)		(cm^2)		(cm)																																																										L		4.37E-03		Henry				3.4		0.646

																																																																										Rcircuit (cold)		7.81E-03		Ohm				3.5		0.595

		Inner Leg, Inner Turn		0.000		0.000		0.631		0.000		0.163		6.800		566.420																																																										Rcircuit (hot)		8.19E-03		Ohm

		Inner Leg, Outer Turn		0.000		0.000		0.631		0.000		0.163		6.742		515.620																																																										Rpsequiv		4.03E-03		Ohm

		Flag, Inner Turn		2.540		12.700		1.905		0.160				29.386		31.831																																																										∑R (cold)		1.18E-02		Ohm

		Flag, Outer Turn		2.540		12.700		1.905		0.160				29.386		27.742																																																										∑R (hot)		1.22E-02		Ohm

		Connector		2.540		12.700		0.000		0.160				32.236		38.100																																																										CSA inner leg		6.74E-04		m^2

		Outer Leg		5.080		7.620		1.107		0.318		0.163		37.660		690.435																																																										Bt		3.5		kG

		Joint																																																																								Iflat		4.15E+04		Amp

																																																																										J2T L/R decay		1.06E+15		(A/m^2)^2-sec

		Note 1: Total Terminal to Terminal Voltage																																																																								J2T Trip (RIS)		2.87E+15		(A/m^2)^2-sec

		Note 2: Ratio Vturn-turn to Vterm-term																																																																								I2T Trip (RIS)		1.31E+09		A^2-sec

		Note 3: Extra 0.040 in layer between input and output terminals																																																																								Trise		0.245		sec

		Note 4: Hole dia given for flags results in same csa as four bolt holes																																																																								J2T Rise		3.62E+14		(A/m^2)^2-sec

																																																																										Tfall		0.202		sec

		OUTER LEG LENGTH CALC																																																																								J2T Fall		2.55E+14		(A/m^2)^2-sec

		Parameter		Value		Units																																																																				J2T Flat		2.26E+15		(A/m^2)^2-sec

		Conductor Height		3.000		in																																																																				Tflat		0.595		sec

		Angle 1		39.750		degrees																																																																				Gfinal		5.41E+15		(A/m^2)^2-sec

		R1 to Conductor		49.500		in																																																																				Tfinal		26.3		deg C

		R1 to Conductor CL		51.000		in																																																																				∆Tfinal		14.3		deg C

		Length 1		35.382		in																																																																				Gfinal (fault)		6.47E+15		(A/m^2)^2-sec

		Angle 2		49.400		degrees																																																																				Tfinal (fault)		31.8		deg C

		R2 to Conductor		103.500		in

		R2 to Conductor CL		105.000		in

		Length 2		90.530		in

		Straight Section		10.000		in

		Total Length		271.825		in

		Parameter		Value		Units

		Resistivity (20C)		1.724E-06		Ω-cm

		Density		8.9400		gm/cc

		Specific Heat		0.3860		J/gm-degC

		Res Temp Coeff		0.0041		1/degC

		Initial  Temp		12.0		degC

		G(zero)		2.53E+15		(A/m^2)^2-sec

		H(zero)		4.07E+07		Joule/m^3

		Min Rep Period		300.00		sec
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		1.22		1.22		1.22		1.22		1.22		1.22

		1.24		1.24		1.24		1.24		1.24		1.24

		1.26		1.26		1.26		1.26		1.26		1.26

		1.28		1.28		1.28		1.28		1.28		1.28

		1.3		1.3		1.3		1.3		1.3		1.3

		1.32		1.32		1.32		1.32		1.32		1.32

		1.34		1.34		1.34		1.34		1.34		1.34

		1.36		1.36		1.36		1.36		1.36		1.36

		1.38		1.38		1.38		1.38		1.38		1.38

		1.4		1.4		1.4		1.4		1.4		1.4

		1.42		1.42		1.42		1.42		1.42		1.42

		1.44		1.44		1.44		1.44		1.44		1.44

		1.46		1.46		1.46		1.46		1.46		1.46

		1.48		1.48		1.48		1.48		1.48		1.48

		1.5		1.5		1.5		1.5		1.5		1.5



I(L/R)

I2T(L/R)

I(CT)

I2T(CT)

I(VT)

I2T(VT)

Time after SOFT (sec)

Per Unit

1

0.0921787709

1

0.0921787709

1

0.0921787709

1

0.1114310626

1

0.1114310626

1

0.1114310626

1

0.1306833542

1

0.1306833542

1

0.1306833542

1

0.1499356458

1

0.1499356458

1

0.1499356458

1

0.1691879374

1

0.1691879374

1

0.1691879374

1

0.1884402291

1

0.1884402291

1

0.1884402291

1

0.2076925207

1

0.2076925207

1

0.2076925207

1

0.2269448123

1

0.2269448123

1

0.2269448123

1

0.2461971039

1

0.2461971039

1

0.2461971039

1

0.2654493955

1

0.2654493955

1

0.2654493955

1

0.2847016872

1

0.2847016872

1

0.2847016872

1

0.3039539788

1

0.3039539788

1

0.3039539788

1

0.3232062704

1

0.3232062704

1

0.3232062704

1

0.342458562

1

0.342458562

1

0.342458562

1

0.3617108536

1

0.3617108536

1

0.3617108536

1

0.3809631453

1

0.3809631453

1

0.3809631453

1

0.4002154369

1

0.4002154369

1

0.4002154369

1

0.4194677285

1

0.4194677285

1

0.4194677285

1

0.4387200201

1

0.4387200201

1

0.4387200201

1

0.4579723117

1

0.4579723117

1

0.4579723117

1

0.4772246034

1

0.4772246034

1

0.4772246034

1

0.496476895

1

0.496476895

1

0.496476895

1

0.5157291866

1

0.5157291866

1

0.5157291866

1

0.5349814782

1

0.5349814782

1

0.5349814782

1

0.5542337698

1

0.5542337698

1

0.5542337698

1

0.5734860615

1

0.5734860615

1

0.5734860615

1

0.5927383531

1

0.5927383531

1

0.5927383531

1

0.6119906447

1

0.6119906447

1

0.6119906447

1

0.6312429363

1

0.6312429363

1

0.6312429363

1

0.6504952279

0.9262970462

0.6504952279

1

0.6504952279

1

0.6697475196

0.8525940925

0.6670141989

1

0.6697475196

1

0.6889998112

0.7788911387

0.6810090109

1

0.6889998112

1

0.7082521028

0.7051881849

0.6926888258

1

0.7082521028

1

0.7275043944

0.6314852312

0.7022628051

1

0.7275043944

1

0.746756686

0.5577822774

0.7099401107

1

0.746756686

0.9648875556

0.7660089777

0.4840793236

0.7159299042

0.9262970462

0.7660089777

0.931007995

0.7839330151

0.4103763698

0.7204413475

0.8525940925

0.7825279486

0.8983180286

0.8006204372

0.3366734161

0.7236836021

0.7788911387

0.7965227606

0.8667758868

0.8161565606

0.2629704623

0.7258658299

0.7051881849

0.8082025755

0.8363412667

0.8306208158

0.1892675085

0.7271971926

0.6314852312

0.8177765548

0.8069752805

0.8440871529

0.1155645548

0.7278868518

0.5577822774

0.8254538604

0.7786404058

0.8566244205

0.041861601

0.7281439694

0.4840793236

0.8314436539

0.7513004379

0.8682967168

0

0.728177707

0.4103763698

0.8359550972

0.7249204431

0.879163718

0

0.728177707

0.3366734161

0.8391973518

0.6994667143

0.889280983

0

0.728177707

0.2629704623

0.8413795796

0.6749067282

0.8987002377

0

0.728177707

0.1892675085

0.8427109423

0.6512091033

0.907469639

0

0.728177707

0.1155645548

0.8434006015

0.6283435599

0.9156340218

0

0.728177707

0.041861601

0.8436577191

0.6062808816

0.9232351274

0

0.728177707

0

0.8436914567

0.5849928779

0.9303118175

0

0.728177707

0

0.8436914567

0.564452348

0.9369002726

0

0.728177707

0

0.8436914567

0.5446330463

0.9430341769

0

0.728177707

0

0.8436914567

0.5255096488

0.9487448909

0

0.728177707

0

0.8436914567

0.5070577205

0.9540616113

0

0.728177707

0

0.8436914567

0.4892536845

0.9590115205

0

0.728177707

0

0.8436914567

0.4720747917

0.9636199255

0

0.728177707

0

0.8436914567

0.4554990918

0.9679103874

0

0.728177707

0

0.8436914567

0.4395054053

0.9719048418

0

0.728177707

0

0.8436914567

0.4240732962

0.9756237107

0

0.728177707

0

0.8436914567

0.4091830462

0.9790860074

0

0.728177707

0

0.8436914567

0.3948156293

0.9823094334

0

0.728177707

0

0.8436914567

0.3809526874

0.9853104687

0

0.728177707

0

0.8436914567

0.3675765074

0.9881044565

0

0.728177707

0

0.8436914567

0.3546699977

0.9907056815

0

0.728177707

0

0.8436914567

0.3422166672

0.9931274429

0

0.728177707

0

0.8436914567

0.3302006035

0.995382122

0

0.728177707

0

0.8436914567

0.3186064532

0.9974812463

0

0.728177707

0

0.8436914567

0.3074194018

0.9994355478

0

0.728177707

0

0.8436914567

0.2966251551

1.0012550181

0

0.728177707

0

0.8436914567

0.2862099209

1.0029489596

0

0.728177707

0

0.8436914567

0.276160391

1.0045260326

0

0.728177707

0

0.8436914567

0.2664637246

1.0059943001

0

0.728177707

0

0.8436914567

0.2571075319

1.007361269

0

0.728177707

0

0.8436914567

0.248079858

1.0086339279

0

0.728177707

0

0.8436914567

0.2393691678

1.0098187836

0

0.728177707

0

0.8436914567

0.2309643312

1.0109218936

0

0.728177707

0

0.8436914567



Sheet1

		I2TRise		1.65E+08

		tau		0.560

		I2Tmax		1.79E+09

		Btmax		3.5

		Iflat		41510.0

		I2Tdecay		4.82E+08

		I2TTrip		1.31E+09

		dI/dt		-152970.480549199

		Tramp		0.271

		I2Tramp		1.90E+08

		dt		0.020

		t		I		I2T		I2TTrip		EOFT		Tflat		Trip		p.u. I2TMax		p.u. I2TTrip		I		I2T		I2TTrip		EOFT		Tflat		Trip		p.u. I2TMax		p.u. I2TTrip		I		I2T		I2TTrip		EOFT		Tflat		Trip		p.u. I2TMax		p.u. I2TTrip

		0.000		41510.0		1.65E+08		1.31E+09		0		0.000		0		0.09		0.13		41510.0		1.65E+08		1.31E+09		0		0.000		0		0.09		0.13		41510.0		1.65E+08		1.31E+09		0		0.000		0		0.09		0.13

		0.020		41510.0		1.99E+08		1.31E+09		0		0.020		0		0.11		0.15		41510.0		1.99E+08		1.31E+09		0		0.020		0		0.11		0.15		41510.0		1.99E+08		1.31E+09		0		0.020		0		0.11		0.15

		0.040		41510.0		2.34E+08		1.31E+09		0		0.040		0		0.13		0.18		41510.0		2.34E+08		1.31E+09		0		0.040		0		0.13		0.18		41510.0		2.34E+08		1.31E+09		0		0.040		0		0.13		0.18

		0.060		41510.0		2.68E+08		1.31E+09		0		0.060		0		0.15		0.21		41510.0		2.68E+08		1.31E+09		0		0.060		0		0.15		0.21		41510.0		2.68E+08		1.31E+09		0		0.060		0		0.15		0.21

		0.080		41510.0		3.03E+08		1.31E+09		0		0.080		0		0.17		0.23		41510.0		3.03E+08		1.31E+09		0		0.080		0		0.17		0.23		41510.0		3.03E+08		1.31E+09		0		0.080		0		0.17		0.23

		0.100		41510.0		3.37E+08		1.31E+09		0		0.100		0		0.19		0.26		41510.0		3.37E+08		1.31E+09		0		0.100		0		0.19		0.26		41510.0		3.37E+08		1.31E+09		0		0.100		0		0.19		0.26

		0.120		41510.0		3.72E+08		1.31E+09		0		0.120		0		0.21		0.28		41510.0		3.72E+08		1.31E+09		0		0.120		0		0.21		0.28		41510.0		3.72E+08		1.31E+09		0		0.120		0		0.21		0.28

		0.140		41510.0		4.06E+08		1.31E+09		0		0.140		0		0.23		0.31		41510.0		4.06E+08		1.31E+09		0		0.140		0		0.23		0.31		41510.0		4.06E+08		1.31E+09		0		0.140		0		0.23		0.31

		0.160		41510.0		4.41E+08		1.31E+09		0		0.160		0		0.25		0.34		41510.0		4.41E+08		1.31E+09		0		0.160		0		0.25		0.34		41510.0		4.41E+08		1.31E+09		0		0.160		0		0.25		0.34

		0.180		41510.0		4.75E+08		1.31E+09		0		0.180		0		0.27		0.36		41510.0		4.75E+08		1.31E+09		0		0.180		0		0.27		0.36		41510.0		4.75E+08		1.31E+09		0		0.180		0		0.27		0.36

		0.200		41510.0		5.10E+08		1.31E+09		0		0.200		0		0.28		0.39		41510.0		5.10E+08		1.31E+09		0		0.200		0		0.28		0.39		41510.0		5.10E+08		1.31E+09		0		0.200		0		0.28		0.39

		0.220		41510.0		5.44E+08		1.31E+09		0		0.220		0		0.30		0.42		41510.0		5.44E+08		1.31E+09		0		0.220		0		0.30		0.42		41510.0		5.44E+08		1.31E+09		0		0.220		0		0.30		0.42

		0.240		41510.0		5.79E+08		1.31E+09		0		0.240		0		0.32		0.44		41510.0		5.79E+08		1.31E+09		0		0.240		0		0.32		0.44		41510.0		5.79E+08		1.31E+09		0		0.240		0		0.32		0.44

		0.260		41510.0		6.13E+08		1.31E+09		0		0.260		0		0.34		0.47		41510.0		6.13E+08		1.31E+09		0		0.260		0		0.34		0.47		41510.0		6.13E+08		1.31E+09		0		0.260		0		0.34		0.47

		0.280		41510.0		6.47E+08		1.31E+09		0		0.280		0		0.36		0.50		41510.0		6.47E+08		1.31E+09		0		0.280		0		0.36		0.50		41510.0		6.47E+08		1.31E+09		0		0.280		0		0.36		0.50

		0.300		41510.0		6.82E+08		1.31E+09		0		0.300		0		0.38		0.52		41510.0		6.82E+08		1.31E+09		0		0.300		0		0.38		0.52		41510.0		6.82E+08		1.31E+09		0		0.300		0		0.38		0.52

		0.320		41510.0		7.16E+08		1.31E+09		0		0.320		0		0.40		0.55		41510.0		7.16E+08		1.31E+09		0		0.320		0		0.40		0.55		41510.0		7.16E+08		1.31E+09		0		0.320		0		0.40		0.55

		0.340		41510.0		7.51E+08		1.31E+09		0		0.340		0		0.42		0.57		41510.0		7.51E+08		1.31E+09		0		0.340		0		0.42		0.57		41510.0		7.51E+08		1.31E+09		0		0.340		0		0.42		0.57

		0.360		41510.0		7.85E+08		1.31E+09		0		0.360		0		0.44		0.60		41510.0		7.85E+08		1.31E+09		0		0.360		0		0.44		0.60		41510.0		7.85E+08		1.31E+09		0		0.360		0		0.44		0.60

		0.380		41510.0		8.20E+08		1.31E+09		0		0.380		0		0.46		0.63		41510.0		8.20E+08		1.31E+09		0		0.380		0		0.46		0.63		41510.0		8.20E+08		1.31E+09		0		0.380		0		0.46		0.63

		0.400		41510.0		8.54E+08		1.31E+09		0		0.400		0		0.48		0.65		41510.0		8.54E+08		1.31E+09		0		0.400		0		0.48		0.65		41510.0		8.54E+08		1.31E+09		0		0.400		0		0.48		0.65

		0.420		41510.0		8.89E+08		1.31E+09		0		0.420		0		0.50		0.68		41510.0		8.89E+08		1.31E+09		0		0.420		0		0.50		0.68		41510.0		8.89E+08		1.31E+09		0		0.420		0		0.50		0.68

		0.440		41510.0		9.23E+08		1.31E+09		0		0.440		0		0.52		0.71		41510.0		9.23E+08		1.31E+09		0		0.440		0		0.52		0.71		41510.0		9.23E+08		1.31E+09		0		0.440		0		0.52		0.71

		0.460		41510.0		9.58E+08		1.31E+09		0		0.460		0		0.53		0.73		41510.0		9.58E+08		1.31E+09		0		0.460		0		0.53		0.73		41510.0		9.58E+08		1.31E+09		0		0.460		0		0.53		0.73

		0.480		41510.0		9.92E+08		1.31E+09		0		0.480		0		0.55		0.76		41510.0		9.92E+08		1.31E+09		0		0.480		0		0.55		0.76		41510.0		9.92E+08		1.31E+09		0		0.480		0		0.55		0.76

		0.500		41510.0		1.03E+09		1.31E+09		0		0.500		0		0.57		0.78		41510.0		1.03E+09		1.31E+09		0		0.500		0		0.57		0.78		41510.0		1.03E+09		1.31E+09		0		0.500		0		0.57		0.78

		0.520		41510.0		1.06E+09		1.31E+09		0		0.520		0		0.59		0.81		41510.0		1.06E+09		1.31E+09		0		0.520		0		0.59		0.81		41510.0		1.06E+09		1.31E+09		0		0.520		0		0.59		0.81

		0.540		41510.0		1.10E+09		1.31E+09		0		0.540		0		0.61		0.84		41510.0		1.10E+09		1.31E+09		0		0.540		0		0.61		0.84		41510.0		1.10E+09		1.31E+09		0		0.540		0		0.61		0.84

		0.560		41510.0		1.13E+09		1.31E+09		0		0.560		0		0.63		0.86		41510.0		1.13E+09		1.31E+09		1		0.560		0		0.63		0.86		41510.0		1.13E+09		1.31E+09		0		0.560		0		0.63		0.86

		0.580		41510.0		1.16E+09		1.31E+09		0		0.580		0		0.65		0.89		38450.6		1.16E+09		1.31E+09		1		0.560		0		0.65		0.89		41510.0		1.16E+09		1.31E+09		0		0.580		0		0.65		0.89

		0.600		41510.0		1.20E+09		1.31E+09		0		0.600		0		0.67		0.92		35391.2		1.19E+09		1.31E+09		1		0.560		0		0.67		0.91		41510.0		1.20E+09		1.31E+09		0		0.600		0		0.67		0.92

		0.620		41510.0		1.23E+09		1.31E+09		0		0.620		0		0.69		0.94		32331.8		1.22E+09		1.31E+09		1		0.560		0		0.68		0.93		41510.0		1.23E+09		1.31E+09		0		0.620		0		0.69		0.94

		0.640		41510.0		1.27E+09		1.31E+09		0		0.640		0		0.71		0.97		29272.4		1.24E+09		1.31E+09		1		0.560		0		0.69		0.95		41510.0		1.27E+09		1.31E+09		0		0.640		0		0.71		0.97

		0.660		41510.0		1.30E+09		1.31E+09		0		0.660		0		0.73		1.00		26213.0		1.26E+09		1.31E+09		1		0.560		0		0.70		0.96		41510.0		1.30E+09		1.31E+09		0		0.660		0		0.73		1.00

		0.680		41510.0		1.34E+09		1.31E+09		1		0.680		1		0.75		1.02		23153.5		1.27E+09		1.31E+09		1		0.560		0		0.71		0.97		41510.0		1.34E+09		1.31E+09		1		0.680		0		0.75		1.02

		0.700		40052.5		1.37E+09		1.31E+09		1		0.680		1		0.77		1.05		20094.1		1.28E+09		1.31E+09		1		0.560		0		0.72		0.98		38450.6		1.37E+09		1.38E+09		1		0.680		0		0.77		1.05

		0.720		38646.1		1.40E+09		1.31E+09		1		0.680		1		0.78		1.07		17034.7		1.29E+09		1.31E+09		1		0.560		0		0.72		0.99		35391.2		1.40E+09		1.44E+09		1		0.680		0		0.78		1.07

		0.740		37289.1813664297		1.43E+09		1.31E+09		1		0.680		1		0.80		1.10		13975.3		1.30E+09		1.31E+09		1		0.560		0		0.72		0.99		32331.8		1.43E+09		1.50E+09		1		0.680		0		0.80		1.09

		0.760		35979.8670601641		1.46E+09		1.31E+09		1		0.680		1		0.82		1.12		10915.9		1.30E+09		1.31E+09		1		0.560		0		0.73		0.99		29272.4		1.45E+09		1.55E+09		1		0.680		0		0.81		1.11

		0.780		34716.5259796378		1.49E+09		1.31E+09		1		0.680		1		0.83		1.14		7856.5		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		26213.0		1.46E+09		1.60E+09		1		0.680		0		0.82		1.12

		0.800		33497.5438925196		1.51E+09		1.31E+09		1		0.680		1		0.84		1.16		4797.1		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		23153.5		1.48E+09		1.64E+09		1		0.680		0		0.83		1.13

		0.820		32321.3632461212		1.53E+09		1.31E+09		1		0.680		1		0.86		1.17		1737.7		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		20094.1		1.49E+09		1.68E+09		1		0.680		0		0.83		1.14

		0.840		31186.4811772364		1.55E+09		1.31E+09		1		0.680		1		0.87		1.19		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		17034.7		1.50E+09		1.71E+09		1		0.680		0		0.84		1.14

		0.860		30091.4475918599		1.57E+09		1.31E+09		1		0.680		1		0.88		1.20		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		13975.3		1.50E+09		1.74E+09		1		0.680		0		0.84		1.15

		0.880		29034.8633123312		1.59E+09		1.31E+09		1		0.680		1		0.89		1.22		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		10915.9		1.51E+09		1.76E+09		1		0.680		0		0.84		1.15

		0.900		28015.3782895378		1.61E+09		1.31E+09		1		0.680		1		0.90		1.23		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		7856.5		1.51E+09		1.77E+09		1		0.680		0		0.84		1.15

		0.920		27031.6898778915		1.62E+09		1.31E+09		1		0.680		1		0.91		1.24		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		4797.1		1.51E+09		1.78E+09		1		0.680		0		0.84		1.15

		0.940		26082.5411708748		1.64E+09		1.31E+09		1		0.680		1		0.92		1.25		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		1737.7		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		0.960		25166.7193950304		1.65E+09		1.31E+09		1		0.680		1		0.92		1.26		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		0.980		24283.0543603416		1.67E+09		1.31E+09		1		0.680		1		0.93		1.27		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.000		23430.4169650234		1.68E+09		1.31E+09		1		0.680		1		0.94		1.28		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.020		22607.7177528146		1.69E+09		1.31E+09		1		0.680		1		0.94		1.29		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.040		21813.9055209262		1.70E+09		1.31E+09		1		0.680		1		0.95		1.30		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.060		21047.9659768689		1.71E+09		1.31E+09		1		0.680		1		0.95		1.31		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.080		20308.9204424417		1.72E+09		1.31E+09		1		0.680		1		0.96		1.31		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.100		19595.8246032277		1.72E+09		1.31E+09		1		0.680		1		0.96		1.32		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.120		18907.7673019973		1.73E+09		1.31E+09		1		0.680		1		0.97		1.32		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.140		18243.8693744785		1.74E+09		1.31E+09		1		0.680		1		0.97		1.33		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.160		17603.2825260058		1.75E+09		1.31E+09		1		0.680		1		0.98		1.34		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.180		16985.1882476132		1.75E+09		1.31E+09		1		0.680		1		0.98		1.34		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.200		16388.796770185		1.76E+09		1.31E+09		1		0.680		1		0.98		1.34		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.220		15813.3460553297		1.76E+09		1.31E+09		1		0.680		1		0.99		1.35		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.240		15258.1008216863		1.77E+09		1.31E+09		1		0.680		1		0.99		1.35		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.260		14722.35160542		1.77E+09		1.31E+09		1		0.680		1		0.99		1.36		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.280		14205.4138537052		1.78E+09		1.31E+09		1		0.680		1		0.99		1.36		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.300		13706.6270500393		1.78E+09		1.31E+09		1		0.680		1		1.00		1.36		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.320		13225.3538702687		1.79E+09		1.31E+09		1		0.680		1		1.00		1.37		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.340		12760.9793682488		1.79E+09		1.31E+09		1		0.680		1		1.00		1.37		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.360		12312.910190097		1.79E+09		1.31E+09		1		0.680		1		1.00		1.37		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.380		11880.5738160362		1.80E+09		1.31E+09		1		0.680		1		1.00		1.37		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.400		11463.417828858		1.80E+09		1.31E+09		1		0.680		1		1.00		1.37		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.420		11060.9092080725		1.80E+09		1.31E+09		1		0.680		1		1.01		1.38		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.440		10672.533648842		1.80E+09		1.31E+09		1		0.680		1		1.01		1.38		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.460		10297.794904829		1.81E+09		1.31E+09		1		0.680		1		1.01		1.38		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.480		9936.2141541177		1.81E+09		1.31E+09		1		0.680		1		1.01		1.38		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		1.500		9587.3293874005		1.81E+09		1.31E+09		1		0.680		1		1.01		1.38		0.0		1.30E+09		1.31E+09		1		0.560		0		0.73		1.00		0.0		1.51E+09		1.79E+09		1		0.680		0		0.84		1.15

		Time		I(L/R)		I2T(L/R)		I(CT)		I2T(CT)		I(VT)		I2T(VT)

		0.00		1.00		0.09		1.00		0.09		1.00		0.09

		0.02		1.00		0.11		1.00		0.11		1.00		0.11

		0.04		1.00		0.13		1.00		0.13		1.00		0.13

		0.06		1.00		0.15		1.00		0.15		1.00		0.15

		0.08		1.00		0.17		1.00		0.17		1.00		0.17

		0.10		1.00		0.19		1.00		0.19		1.00		0.19

		0.12		1.00		0.21		1.00		0.21		1.00		0.21

		0.14		1.00		0.23		1.00		0.23		1.00		0.23

		0.16		1.00		0.25		1.00		0.25		1.00		0.25

		0.18		1.00		0.27		1.00		0.27		1.00		0.27

		0.20		1.00		0.28		1.00		0.28		1.00		0.28

		0.22		1.00		0.30		1.00		0.30		1.00		0.30

		0.24		1.00		0.32		1.00		0.32		1.00		0.32

		0.26		1.00		0.34		1.00		0.34		1.00		0.34

		0.28		1.00		0.36		1.00		0.36		1.00		0.36

		0.30		1.00		0.38		1.00		0.38		1.00		0.38

		0.32		1.00		0.40		1.00		0.40		1.00		0.40

		0.34		1.00		0.42		1.00		0.42		1.00		0.42

		0.36		1.00		0.44		1.00		0.44		1.00		0.44

		0.38		1.00		0.46		1.00		0.46		1.00		0.46

		0.40		1.00		0.48		1.00		0.48		1.00		0.48

		0.42		1.00		0.50		1.00		0.50		1.00		0.50

		0.44		1.00		0.52		1.00		0.52		1.00		0.52

		0.46		1.00		0.53		1.00		0.53		1.00		0.53

		0.48		1.00		0.55		1.00		0.55		1.00		0.55

		0.50		1.00		0.57		1.00		0.57		1.00		0.57

		0.52		1.00		0.59		1.00		0.59		1.00		0.59

		0.54		1.00		0.61		1.00		0.61		1.00		0.61

		0.56		1.00		0.63		1.00		0.63		1.00		0.63

		0.58		1.00		0.65		0.93		0.65		1.00		0.65

		0.60		1.00		0.67		0.85		0.67		1.00		0.67

		0.62		1.00		0.69		0.78		0.68		1.00		0.69

		0.64		1.00		0.71		0.71		0.69		1.00		0.71

		0.66		1.00		0.73		0.63		0.70		1.00		0.73

		0.68		1.00		0.75		0.56		0.71		1.00		0.75

		0.70		0.96		0.77		0.48		0.72		0.93		0.77

		0.72		0.93		0.78		0.41		0.72		0.85		0.78

		0.74		0.90		0.80		0.34		0.72		0.78		0.80

		0.76		0.87		0.82		0.26		0.73		0.71		0.81

		0.78		0.84		0.83		0.19		0.73		0.63		0.82

		0.80		0.81		0.84		0.12		0.73		0.56		0.83

		0.82		0.78		0.86		0.04		0.73		0.48		0.83

		0.84		0.75		0.87		0.00		0.73		0.41		0.84

		0.86		0.72		0.88		0.00		0.73		0.34		0.84

		0.88		0.70		0.89		0.00		0.73		0.26		0.84

		0.90		0.67		0.90		0.00		0.73		0.19		0.84

		0.92		0.65		0.91		0.00		0.73		0.12		0.84

		0.94		0.63		0.92		0.00		0.73		0.04		0.84

		0.96		0.61		0.92		0.00		0.73		0.00		0.84

		0.98		0.58		0.93		0.00		0.73		0.00		0.84

		1.00		0.56		0.94		0.00		0.73		0.00		0.84

		1.02		0.54		0.94		0.00		0.73		0.00		0.84

		1.04		0.53		0.95		0.00		0.73		0.00		0.84

		1.06		0.51		0.95		0.00		0.73		0.00		0.84

		1.08		0.49		0.96		0.00		0.73		0.00		0.84
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