PRINCETON UNIVERSITY:  PLASMA PHYSICS LABORATORY


Electrical Design Branch

TO: M. Zarnstorff, Distribution
DATE: Wednesday, August 25, 2004

FROM: R.E. Hatcher
SUBJECT: NCSX C-Site Power Option


INTEROFFICE MEMORANDUM

I’ve done a preliminary analysis of the suitability of the ESAT rectifiers based on data presented in your memo “NCSX CD4 with C-site Supplies.” The analyses were performed with currents generated by linearly interpolating between the coil-current break-points from the table presented in that memo (see Fig. 1). In this scenario, the currents are somewhat idealized given that they are not the result of a control system acting on a physical system. As such, they are in some respects a “best case” scenario. The power supplies were configured per the memo. The currents were “run” through the differential equation to get required voltage waveforms (see Fig. 2).
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Figure 1 Field Coil Currents from Breakpoints

The pulse ratings of the ESAT rectifiers were accurately stated in the previous memo and won’t be restated here. What wasn’t stated in that memo is that the Robicon power supplies have a 25 % thermal rating. This will have some implications when considering running these supplies at repetition rates other than 1.5 seconds every 180 seconds (0.833 % duty cycle).
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Figure 2 Voltage Requirements from Current Breakpoints

Maximum voltages in each coil system (allowable and simulated) for this scenario are presented in Table 1.

	System
	Vmax (allowable)
	Vmax (simulated)

	Modular Coils
	500
	515

	PF1 + PF2
	600
	537

	PF3
	300
	254

	PF4
	500
	461

	PF5
	N/A
	N/A

	PF6
	200
	88

	TF
	300
	133


From this table it is clear that the modular coils require voltage in excess of what is available (as has been previously stated) and three other systems are close enough that they warrant further investigation (PF1 + PF1, PF3, and PF4). This will be even more of an issue when power supply regulation is included (e.g, at 10 kA the IF supply loses 28 V of voltage sourcing capability).

To assist in more accuracy in future simulations I’ve included calculated equivalent series regulation resistances for the Robicon supplies (see Table 2)
. These can be included in future Matlab™ simulations that can refine the present scenario voltage requirements.

	Robicon Trim Supply
	8.6 mΩ

	Robicon DF Supply
	3.2 mΩ

	Robicon IF Supply
	2.8 mΩ

	UCLA Supply
	?? mΩ


Table 1 PS Equivalent Series Regulation Resistance

Finally, these results also do not include any resistive heating of the coils. I will add this to the present calculation once I’m able to compile the necessary data for the coil construction properties.

At this time it is probably prudent to iterate on this set of calculations before we make any decisions on the suitability of using these supplies for this purpose.
� The UCLA supply was not purchased by PPPL and will require additional effort to provide and equivalent series regulation resistance.





