February 28, 2007
From: W. Reiersen

To: S. Ramakrishnan
Subject: Power supply requirements for the MIE project
Introduction

The solenoid coils, PF1-3, were removed from the MIE project as part of ECP39.  The baseline was changed to incorporate the excess PF1A coils from NSTX in place of PF1-3.  The purpose of this memo is to update the current waveforms and power supply requirements for the new baseline, the PF1A option.
The PF1A option
The PF 1A coils were replaced on NSTX in order to provide an improved equilibrium.  The replacement coils are shorter, allowing the current centers to be moved further from the midplane.  The original coils are available to be used on NCSX. 
Positioning PF1A at an elevation of 0.4m provides the best fit to an ohmic (nullapole) distribution.  A 1-Wb nullapole fit was generated which still provides a vertical field on the midplane of less than 16 gauss as shown in Figure 1.
Figure 1 Vertical field on midplane with 1 Wb nullapole current distributions
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There is a clear constraint looming in powering this coil set.  When we used PF1-3, the solenoid coils had 432 turns with a maximum current of nearly 5kA. When we replace PF1-3 with PF1A, the number of turns is reduced to 96, the maximum current can be expected to jump inversely as the number of turns and indeed it does.  The maximum current in PF1A jumps to 17kA with a maximum voltage of 280V.  This dictates that the Robicon-20 (R20) supply be put in the PF1A circuit.

The modular coils, which originally were all planned to be run in series using the R20 supply, require almost 10kA in the First Plasma scenario.  If all the modular coils were run in series, the required voltage would be about 400V, twice the nominal rating of the R10 supply.  This can be solved by powering the Type A modular (MA) coils only using the R10 supply.  The Type B (MB) and Type C (MC) modular coils, connected in series, could be powered by two R5 supplies in parallel.

PF4 requires 850V and 2.9kA which can be provided by putting the UCLA supply in series with the remaining R5 supply.  However, that leaves no power supply for the TF circuit.  In the original C-site option, the TF circuit had a maximum current of 93A, providing 1% of the toroidal field with the modular coils providing the balance.  This extremely low level of current seems inconsequential.  Conversations with Michael Zarnstorff confirmed that the TF circuit is not required for the First Plasma scenario.

The power supply assignmenst for the PF1A option are shown in Table 1. Current waveforms for the First Plasma Scenario were generated based on the assumption of a plasma self inductance of 2.68 H with a constant IR drop of 0.7V when plasma current is present.  The current waveforms are shown in Table 2.  Maximum and minimum currents are tabulated along with the circuit I2t and tESW values.  The ESW time was kept at or below 1.5s because of power supply constraints
.
Power supply voltage requirements for each circuit are shown in Table 3.  The minimum and maximum voltages and the minimum voltage margin are also tabulated in Table 3. The calculated circuit inductance matrix is shown in Table 4.  These values include the bus and cabling inductance values shown in Table 5.

In addition to the First Plasma Scenario, the facility must be able to support the Field Line Mapping (FLM) Scenario.  The FLM Scenario is characterized by ramping the coils to a magnetic field on axis of 0.1T and maintaining a constant field for 10s.  (The First Plasma Scenario has a field on axis of 0.5s which is maintained for 0.13s.)  The power supply assignments for the FLM Scenario are the same as for the First Plasma Scenario.  Flattop currents for the FLM Scenario are 20% of the t=0 values for the First Plasma Scenario.  This can readily be accomplished with the power supply assignments for the First Plasma Scenario.  In fact, 30s flattops should be attainable.  The capability to readily reassign power supplies to other coil circuits to support field line mapping, e.g. move the R20 from the PF1A circuit to the TF circuit, should be provided.
In addition to these two reference scenarios specified in the GRD, the Project Execution Plan (PEP) requires that coils “be operated at cryogenic temperature and energized with the baseline power supplies (except as noted) to the following currents”

· Modular coils: 12kA

· TF coils: 2kA

· PF1/2 coils: 12kA

· PF3/4 coils: 3kA

· PF5/6 coils: 2kA

· External trim coils: 1kA (w/temporary power supplies)

Revision 3 of the PEP was approved in June 2005 when the baseline design was different from today.  Please provide the following capabilities using the baseline power supplies, but not necessarily connected per the First Plasma Scenario assignments.

· The modular coils are only powered to 9.1kA in the First Plasma Scenario.  Assume that is adequate.
· TF coils are not powered in the First Plasma Scenario.  Provide the capability to temporarily connect all the TF coils to one of the power supplies and power the circuit to 2kA.  Assume the TF coils have an inductance of 0.0527H when connected in series.

· PF1A is powered to almost 17kA, exceeding the 12kA requirement for the PF1/2 coils which are no longer in the baseline.
· The PF3 coils are no longer in the baseline.

· The PF4 coils are powered to 2.8kA in the First Plasma Scenario.  3kA should be readily attainable with the assigned power supply.

· The PF5 coils are not powered in the First Plasma Scenario.  Provide the capability to temporarily connect PF5U/L to one of the power supplies and power it to 2kA.  Assume the PF5U/L coils have an inductance of 0.0128H when connected in series.
· The PF6 coils are only powered to 0.2kA in the First Plasma Scenario.  2kA should be readily attainable with the assigned power supply.

· The trim coils are not powered in the First Plasma Scenario.  Provide the capability to temporarily connect the external trim coils to one of the power supplies and power it to the required 1kA.  The trim coils are not yet designed.  Assume the trim coil inductance and resistance are small compared to PF5 values so the same power supply can be temporarily used.
I will update the GRD consistent with this guidance and ask Hutch Neilson to confirm this guidance regarding the PEP requirements.  Meanwhile, please use this document and the GRD (as amended by this guidance) to develop a requirements list that provides the technical basis for the Power Systems design for the re-baselining effort.

Please let me know if any changes or additional information is required.

Cc: Neilson, Strykowsky, Williams, von Halle, Zarnstorff

Table 1 Power supply assignments for PF1A option
	PS assignments
	MA
	MB+MC
	PF1A U+L
	PF4 U+L
	PF6 U+L
	 

	
	R10
	2R5(P)
	R20
	R5+PEI(S)
	R5
	

	
	DF
	T1, T2
	IF
	T3, PEI
	T4
	

	Nominal circuit pulsed current rating (A)
	10000
	10000
	20000
	5000
	5000
	Imax

	OC voltage (V)
	229.58
	344.37
	575.3
	894.55
	344.37
	Vdo

	Equivalent resistance (Ohms)
	0.00458
	0.00632
	0.00414
	0.01808
	0.01272
	Req


Table 2 Current waveforms for First Plasma Scenario
	Time
	Breakpoint
	MA
	MB+MC
	PF1A U+L
	PF4 U+L
	PF6 U+L
	Plasma

	-2.829
	Start
	0
	0
	0
	0
	0
	0

	-2.273
	
	1823
	1823
	0
	0
	0
	0

	-1.717
	
	3646
	3646
	0
	0
	0
	0

	-1.162
	
	5469
	5469
	0
	0
	0
	0

	-0.606
	
	7292
	7292
	0
	0
	0
	0

	-0.050
	MCs at full current
	9115
	9115
	0
	0
	0
	0

	-0.040
	
	9115
	9115
	0
	0
	0
	0

	-0.030
	
	9115
	9115
	0
	0
	0
	0

	-0.020
	
	9115
	9115
	0
	0
	0
	0

	-0.010
	
	9115
	9115
	0
	0
	0
	0

	0.000
	Start Ip ramp
	9115
	9115
	0
	0
	0
	0

	0.014
	
	9115
	9115
	4477
	755
	59
	-7299

	0.028
	
	9115
	9115
	8314
	1403
	109
	-13555

	0.042
	
	9115
	9115
	11512
	1943
	151
	-18769

	0.056
	
	9115
	9115
	14070
	2374
	184
	-22940

	0.070
	Start of flattop
	9115
	9115
	15989
	2698
	209
	-26068

	0.072
	
	9115
	9115
	16252
	2742
	213
	-26068

	0.074
	
	9115
	9115
	16478
	2781
	216
	-26068

	0.076
	
	9115
	9115
	16667
	2812
	218
	-26068

	0.078
	
	9115
	9115
	16818
	2838
	220
	-26068

	0.080
	End of flattop
	9115
	9115
	16931
	2857
	222
	-26068

	0.272
	
	6928
	6928
	12868
	2171
	169
	-19813

	0.464
	
	4923
	4923
	9144
	1543
	120
	-14080

	0.656
	
	3100
	3100
	5758
	972
	75
	-8866

	0.848
	
	1459
	1459
	2710
	457
	36
	-4173

	1.041
	End of discharge
	0
	0
	0
	0
	0
	0

	Max
	A
	9115
	9115
	16931
	2857
	222
	0

	Min
	A
	0
	0
	0
	0
	0
	-26068

	∫I2dt
	A2-s
	1.50E+08
	1.50E+08
	1.10E+08
	3.14E+06
	1.89E+04
	

	tESW
	s
	1.500
	1.500
	0.276
	0.126
	0.001
	


Table 3 Power supply voltage requirements for the First Plasma Scenario
	Time (s)
	Breakpoint
	MA
	MB+MC
	PF1A U+L
	PF4 U+L
	PF6 U+L

	-2.829
	Start
	0
	0
	0
	0
	0

	-2.273
	
	85
	131
	0
	0
	-1

	-1.717
	
	107
	163
	0
	0
	-1

	-1.162
	
	130
	196
	0
	0
	-1

	-0.606
	
	153
	230
	0
	0
	-1

	-0.050
	MCs at full current
	179
	268
	0
	0
	-1

	-0.040
	
	116
	168
	0
	0
	0

	-0.030
	
	116
	168
	0
	0
	0

	-0.020
	
	116
	168
	0
	0
	0

	-0.010
	
	116
	168
	0
	0
	0

	0.000
	Start Ip ramp
	116
	169
	0
	0
	0

	0.014
	
	126
	180
	279
	842
	58

	0.028
	
	124
	179
	254
	733
	50

	0.042
	
	123
	177
	227
	622
	42

	0.056
	
	122
	176
	197
	509
	34

	0.070
	Start of flattop
	121
	174
	166
	395
	26

	0.072
	
	117
	169
	163
	386
	33

	0.074
	
	117
	169
	148
	337
	29

	0.076
	
	117
	169
	133
	287
	24

	0.078
	
	117
	169
	118
	238
	20

	0.080
	End of flattop
	117
	169
	103
	189
	15

	0.272
	
	-130
	-216
	25
	-24
	3

	0.464
	
	-137
	-225
	14
	-28
	2

	0.656
	
	-142
	-230
	4
	-32
	2

	0.848
	
	-145
	-232
	-4
	-34
	1

	1.041
	End of discharge
	-146
	-231
	-12
	-36
	1

	Max
	V
	179
	268
	279
	842
	58

	Min
	V
	-146
	-232
	-12
	-36
	-1

	Min margin
	V
	9
	9
	278
	38
	257


Table 4 Circuit inductance matrix

	Lcircuit (H)
	MA
	MB+MC
	PF1A U+L
	PF4 U+L
	PF6 U+L
	Plasma

	MA
	14232.4
	4948.6
	-18.4
	133.9
	-310.3
	-17.9

	MB+MC
	4948.6
	25405.0
	35.1
	-197.0
	-139.3
	-21.6

	PF1A U+L
	-18.4
	35.1
	817.7
	85.6
	54.8
	4.1

	PF4 U+L
	133.9
	-197.0
	85.6
	15029.5
	590.6
	17.3

	PF6 U+L
	-310.3
	-139.3
	54.8
	590.6
	6230.5
	34.6

	Plasma
	-17.9
	-21.6
	4.1
	17.3
	34.6
	2.7


Table 5 Cabling inductance and resistance values

	Cabling totals
	MA
	MB+MC
	PF1A U+L
	PF4 U+L
	PF6 U+L

	Total loop cable resistance (m)
	4.35
	3.41
	2.62
	11.06
	6.00

	Total loop cable inductance (H)
	4.25
	4.25
	4.25
	4.25
	4.25


� Private communication from S. Ramakrishnan





