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71-030211-CLN-01

TO: DISTRIBUTION
FROM: C NEUMEYER
SUBJECT:  RESISTIVE WALL MODE SYSTEM SCOPING STUDY

Reference: 72-030123-JM-01 “Preliminary Requirements For NSTX Resistive Wall Mode And Error Field Feedback Coils And Power Supplies”, J. Menard, S. Sabbagh

Summary

The purpose of this memo is to 1) identify the design issues, 2) develop the design concepts and 3) outline the tasks related to the implementation of a Resistive Wall Mode (RWM) and error field correction system on NSTX. 

Since a GA/PPPL collaboration has already deployed an RWM system on DIIID it is advantageous for NSTX to build upon this experience and utilize coil and power supply concepts already developed. Therefore a starting point for this study is to determine to what extent the GA coil and power supply designs can be adopted for NSTX duty. 

It is concluded herein that the DIIID internal coil design can be adopted on NSTX, but there are many challenges to in-vessel installation. As an alternative, external coils can formed from power cables (preferably 2 turns), but installation will again be challenging due to small available space and many obstructions. Further study is necessary to 1) quantify the performance difference (VALEN code) and 2) quantify the cost/schedule difference between internal and external coils. The information contained herein should provide the necessary input to these steps.

The Robicon Switching Power Amplifiers (SPAs) used by GA appear to be suitable for the NSTX application. However, one or more DC source power supplies need to be identified.  The PPPL Transrex power supplies could be used, but their voltage does not match. The cost of procuring new DC source power supplies needs to be traded off against the cost of modifying one or more Transrex supplies to run at a lower voltage. It does appear that the SPAs and DC source supplies can be installed at FCPC without excessive DC line impedance. However, this needs to be confirmed.

More effort is required to estimate the costs. However, some information is already in hand regarding the cost of the main components, namely the coil and power supplies. Based on the GA experience the GA style coils, assembled in-vessel, would cost $100K-$150K per coil, so 6 coils would cost $600K-$900K. If they could be assembled ex-vessel and passed through a port then the cost could be significantly less, but this needs to be determined. External coils formed from cable would be less expensive, but their performance and feasibility needs to be demonstrated. 

The GA style SPA costs approximately $150K. If a new DC source power supply is required, then the cost of one 1.5MW unit which would feed one SPA would be of order $175K. For the SPA/DC source combination, ultimately three units would be required, but initial operations could commence with one unit. So, the initial cost for the power supplies, might be of order $325K, and for the final system, $975K.

It must be kept in mind that the above costs are only those of the main components. There will be other costs associated with other components and the overall system integration.

Follow-on work outlined in this memo aims to develop a design concept and cost estimate for the entire system.

Requirements

Per the reference memo and discussions with J. Menard et al the proposed NSTX system requirements are summarized in the following table.

RWM System Requirements Summary

	Number of Coils
	6

	Coil Location
	Centered about midplane

	Coil Connections
	Diametrically opposite coils connected in anti-series forming 3 independently controllable circuits

	Coil height
	Approximately equal to gap between passive plates ~ 1 m.

	DC Field at r=R0+0.6*a
	50 gauss

	AC Field at 1kHz, r=R0+0.6*a
	10 gauss

	Maximum Ripple
	+/- 2% of full load DC

	Pulse Length
	5 sec

	Repetition Period
	300 sec


GA RWM System

Coil Systems

GA started their RWM experimental program with a coil system consisting of a set of 6 external coils centered about the mid-plane
. The coils were wound using 4 turns of 750MCM cable carrying up to 5kA for 10s. These were designed to produce 30 gauss at the plasma edge. They were located at approximately R=2.56m, or 0.22m from the plasma edge. See figure 1. Note the support scheme, including the struts mounted off of the VV on the right hand side of the figure.
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Figure 1 – DIIID External Coils

More recently an internal coil system has been added which consists of 12 coils, 6 above and 6 below midplane
. See figure 2.
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Figure 2 – DIIID Internal Coils

The coils are approx. 0.5 m tall by 2.0 meter wide, single turn water cooled tubular copper conductors (14.4mm OD, 8.6mm ID) wrapped with one half-lapped layer of polyamide (0.5mm (0.002”) thickness Kapton) insulation, a 1.7 mm thick Vespel spacer, and an additional layer of Kapton tape, all encased in a 304SS tube (19mm OD). The coils are capable of 7kA continuous with 5.5m/sec water cooling. Because a fully assembled coil cannot be passed into the vessel, the coil is fabricated outside the vessel in three pieces; a lower conductor assembly, an upper conductor assembly and a 35 mm diameter concentric lead assembly. Leads are brought out from two coils at a time through 10” diameter openings.

The design requires in-vessel joining of copper with three induction brazes and six orbital welds of the stainless vacuum jacket. The coils are installed under PFC tiles and are baked to 350°C. The design provides a double barrier of copper and stainless steel against water leakage into the machine. In order to detect water leaks in the copper or leaks through the stainless into the vessel, the insulation space is sealed in two places outside the vessel using machined polyamide and “O” rings. During the initial bake of the vessel, this space is vacuum pumped to remove moisture and gases that evolve. After cool down, dry nitrogen gas is back filled to about 0.7 bar, and sealed off. The pressure in this trapped volume is monitored to detect either water leaks through the copper (higher pressure) or stainless sheath leaks to the vacuum (lower pressure). During vessel baking, the cooling water in the coils is replaced with dry nitrogen in order to limit oxidization of the copper. 

An extensive R&D program was conducted in ’00 and ’01 which led to the installation of two prototype coils in DIIID. After their removal they were hipot tested (to destruction) and found to withstand 5kV. 

The 12 production coils were fabricated during the first 6 months of ’02 and then installed during a 3 month opening. So far there have been no leaks or any other problems with the coils. 

The total cost associated with the fabrication and installation of the 12 production coils was $2M, most of which was for labor costs. However this figure includes costs for a significant amount of PFC tile removal, modification, and re-installation, along with the relocation and replacement of some magnetic diagnostics. So the cost associated with the coils themselves was perhaps of the order of $1.5-$1.8M or approx. $100K-$150K per coil.

If NSTX elects to install internal coils, the GA design could be adapted, taking advantage of their prior R&D and experience. Furthermore the coils could be fabricated by GA and they could lead in the installation task, especially the in-vessel brazing and welding operation. In fact the NSTX installation would be simpler and less demanding due to the lower bakeout requirement (the coils would be attached to the vessel wall at 150°C), simpler geometry (the coils on the mid-plane would conform to the cylindrical shape of the vessel), and lower fields (and forces). It may be possible to install the coils through Bay K on NSTX (future NBI port) and avoid much of the in-vessel fabrication, which would be a great simplification. Similarly, if the coils were installed during a center stack removal then would be possible to pass them into the vessel via the opening at the top of NSTX. One additional challenge presented by NSTX is the CHI operation which places a 1kV bias on center stack casing. But part of the voltage can appear on the resistive grounded outer VV. So RWM coils mounted on the outer VV of NSTX should be designed for a hipot of 2*1+1=3kV. GA tests of their insulation scheme, to destruction, indicate a dielectric strength of 5kV.

Power Supplies

The power supplies consist of two parts, a rectifier DC source and an IGBT chopper “Switching Power Amplifier” (SPA)
. One DC source can be connected to supply one or more SPA units.  

The SPA choppers are subdivided into three parallel modules which can be controlled separately and connected to three independent loads or combined in parallel to drive one load. The DC inputs to the three chopper modules are connected in parallel, and each to chopper module input includes an input filter capacitor and output filter inductor.  See figure 3.
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Figure 3 – DIIID DC Supply and SPA Configuration

The SPAs were specified and procured by PPPL and manufactured by Robicon. Cost per SPA is of order $150K. The DC source supplies were obtained from LLNL surplus. SPA characteristics are given in the following table.

	Pulse Current per Module
	1.667kA

	Pulse Current (3 parallel module)
	5kA

	Pulse Duration
	10 sec

	Pulse Period
	180 sec

	Input Voltage
	300Vdc

	Switching Frequency
	3.5kHz (first version)

7.0kHz (second version)

	Input Filter Capacitance (3 parallel module)
	0.2835 millifarad, 800V

	Output Filter Inductor (per module)
	11 microhenry

	Output Filter Inductor (3 parallel module)
	3.67 microhenry

	Cabinet Footprint Dimensions
	6’ wide x 6’ deep x 8’ tall


The SPA IGBTs consist, in each bridge arm, 2 parallel IGBT devices (EUPEC 400A/1200V).

If NSTX elects to procure the same SPA units then there is a possibility that they could be operated at a somewhat higher voltage. The 300Vdc number probably originated from the surplus LLNL supplies. The IGBTs and caps can probably operate a bit higher. 

For the DC source, it may be possible to utilize PPPL Transrex rectifiers which at present produce a DC voltage of 1012.85Vdc at alpha=0. It would be necessary to either supply the Transrex units with a lower AC input voltage (e.g. 4.16kV would yield approx. 300Vdc) or control them to a lower voltage with suitable accessories to prevent overvoltage. Alternativly, new DC source power supplies could be procured or obtained from surplus TBD.

Analysis of Implementation Options

A spreadsheet analysis was performed for several NSTX design options. This was helpful in identifying the issues. The GA internal and external coil designs were also analyzed so as to provide a benchmark. 

The complexities of the magnetics (mutual coupling to VV and resultant eddy current effects) were not included in the model. However, skin effect was accounted for. In arriving at the results in the GA cases, the physical dimensions, circuit resistances and inductances, including choke values, were based on information extracted from several GA publications1,2,
. In the NSTX cases the choke value was chosen so as to limit the peak-to-peak ripple to 4% of the total amp-turns.

The following table provides a summary of the cases studied.

	
	GA 

Internal 

Coil
	GA 

External 

Coil
	NSTX 

Internal 

Coil
	NSTX External 

Coil
	NSTX External 

Coil

	#Turns
	1
	4
	1
	1
	2

	Peak DC Current
	5kA/5kA-turn
	5kA/20kA-turn
	5kA/5kA-turn
	5kA/5kA-turn
	5kA/10kA-turn

	Rcoil
	R0+a=2.34m (note 1)
	2.56m
	1.68m (5/8” inside VV wall)
	1.85m (6” outside VV wall)
	1.85m 

	dZcoil
	1.02m
	1.6m
	1.0m
	1.0m
	1.0m

	Rpoint (target for field)
	R0+0.6*a=2.07m
	2.07m
	R0+0.6*a=1.26m
	1.26m
	1.26m

	Br @ Rpoint  (note 2)
	9.6e-3 gauss/amp-turn
	6.65e-3 gauss/amp-turn
	9.05e-3 gauss/amp-turn
	6.98e-3 gauss/amp-turn
	6.98e-3 gauss/amp-turn

	Br @ Rpoint @ Peak DC Curr
	48.1 gauss
	133.0 gauss
	45.2 gauss
	34.9 gauss
	69.8 gauss

	Br @ Rpoint @ 1kHz
	4.8 gauss
	1.1 gauss
	6.3 gauss
	4.9 gauss
	4.9 gauss

	Coil Conductor
	GA
	750MCM cable
	GA
	500MCM cable
	250MCM cable

	Coil Impedance
	Rdc=1.33mΩ

L=6.6µH
	Rdc=1.64mΩ

L=128µH
	Rdc=1.1mΩ

L=5.1µH
	Rdc=0.5mΩ

L=5.25µH
	Rdc=1.86mΩ

L=22.6µH

	#Series Coils
	2
	2
	2
	2
	2

	DC Feed Cable
	Rdc=6.3mΩ

L=32.8µH
	Rdc=6.3mΩ L=32.8µH
	2x250’ 500MCM cable

Rdc=35.1mΩ

L=56.3µH
	2x250’ 500MCM cable Rdc=35.1mΩ

L=56.3µH
	2x250’ 500MCM cable Rdc=35.1mΩ

L=56.3µH

	SPA Switching Frequency
	3.5kHz
	3.5kHz
	7.0kHz
	7.0kHz
	7.0kHz

	SPA Voltage
	300V
	300V
	300V
	300V
	300V

	Lchoke
	50µH
	0
	1.4µH
	1.2µH
	0

	Peak-peak ripple (note 3)
	5.7%/

2.8gauss
	1.9%/

2.5gauss
	4.0%/

1.8gauss
	4.0%/

1.4gauss
	4.0%/

2.8gauss


Notes:

1) GA Internal coils consist of 2 sets, one above and one below mid. This radius chosen to simulate such coils using 1 set centered about the mid-plane.

2) Br estimated based on planar, anti-series coil pair

3) % based on amp-turns
The following curves depict the dependence of current, field, and pulse length on frequency for the various cases, considering the variation in inductive impedance as well as the skin effect on resistance. 
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Figure 4 – Available Peak Current (amp-turns) vs. Frequency
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Figure 5 – Radial Field  vs. Frequency
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Figure 6 – Available Equivalent Square Wave vs. Frequency for Cable Formed Coils
Based on the analysis performed, the following observations are made.

1 – All of the designs come close to meeting the requirement for 50 gauss under DC conditions. However they all fall short of the requirement for 10 gauss at 1kHz, even with the simple model used which does not simulate the demagnetizing effect of the eddy currents in the VV. It appears that 10 gauss is only available up to around 500Hz.

2 – The necessity of the additional choke, and higher switching frequency for the new GA internal coils so as to keep the ripple down, appears evident.

3 – At least for the simple model used herein, the ripple requirement dictates the minimum allowable circuit inductance for a given driving voltage. This imposes, therefore, a fundamental limit on system performance. It may actually be advantageous to reduce the base DC voltage (nominally 300 volts) under certain conditions to reduce the ripple. 

4 – The effect of the VV is probably very important in determining the ripple response. Considering that the NSTX VV is 5/8” (0.625”) thick 304SS, and the skin depth at 1kHz is only 0.550” in 304SS (resistivity = 7.7e-7 ohm-m), the VV may serve as an effective ripple filter, reducing or eliminating the need for external inductance (choke).

5 – If the VV does serve effectively as a ripple filter, then the noise pick-up on in-VV magnetic diagnostics would be reduced in the case of external RWM coils.

6 – For NSTX, it would appear that the resistive and inductive impedance of a cable run from the NTC to FCPC, assumed here to be 250’, can be tolerated, allowing the equipment to be installed at FCPC. If closer study finds too small a margin in this regard, perhaps the DC source voltage can be increased above 300V to compensate.

7 – For the cable formed coils (the GA external coil from 4 turns @ 750MCM, the NSTX external coil from 2 turns @ 250MCM, the NSTX coil from 1 turn @ 500MCM) the available pulse length (equivalent square wave) is a function of frequency. For the 500MCM and 750MCM conductors, the allowable pulse length at peak DC current exceeds 5 seconds with a 300 second repetition rate (rated NSTX pulse length and duty factor). However, if a 250MCM cable is used (e.g. to conserve space and allow a 2 turn external coil to be formed) then the pulse length at the low end of the frequency range would be less than 5 seconds as shown in figure 6.

8 – Since the water cooled GA conductor is designed for 7kA continuous then, as long as the DC feeds, etc., are 500MCM or larger, then the RWM could run at rated current for the full 5 second pulse.

9 – The net field available from 3 coil pairs will be higher than that available from one. Figure 7 shows the spatial variation of Br (at r=R0+0.6*a) on the mid-plane for the case of the 1 turn NSTX external coil when all three coil pairs are identically operated. The ratio of multi-coil to single coil field in this case is 2.37. 
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Figure 7 – Spatial Variation of Br at r=R0+0.6*a on Midplane for 1T External Coil
Installation Issues

Installation of either internal or external coils on NSTX will be extremely challenging due to the limited space. 

Internal Coils

Since there are 6 coils there will be pairs of vertical limbs every 60 degrees in the toroidal direction. Since the NSTX RF antennae span a 90 degree sector (associated with ports C, D, and E), there must be two passages of vertical limbs in the antenna region. As can be seen in Figure 8 there is insufficient room to pass the vertical limbs in the gaps between the faraday shields and boron nitride shields.   There is a gap, however, of order 3/4" between the inner wall of the VV and the boron nitride mounting plate, on the outboard side of the box (note gap on left side of figure 8). This gap could be increased by perhaps 1/4" by removing some of the material on the mounting plate. If the conductor (assume GA conductor 19mm dia, approx 3/4") was routed in this location then the current center would be, at best, 3/4"+1/4"-(3/4")/2 = 5/8" from the inside edge of the wall. The edge of the conductor would be 1/4" from the wall. 
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Figure 8 – NSTX RF Antenna Assembly

Another potential interference exists with the NBI protective plates which are centered at port H. See figure 9. 
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Figure 8 – NSTX NBI Protective Plates
These plates consist of 1" graphite tiles attached to 0.5" SS backing plates. There are four  plates (2 x 2) ~20" high by 26" wide. The radial gap to the VV wall is estimated by D. Loesser to range from 2.5-4.0". 

Finally, there may be interferences with the heating/cooling tubing associated with the passive plate sytem.

Based on these considerations it seems that the best orientation for the RWM coils would be 6 spans as follows: B-D, D-F, F-H, H-J, J-L, L-B. Coil leads would, presumably, be brought out via penetrations in existing port covers. But it is concievable that new penetrations could be created, e.g. on the midplane in the gap between existing midplane ports. 

The feasibility of in-VV coil installation needs to be confirmed, and the extent of tasks (e.g. modifying/relocating other parts) needs to be quantified. 

External Coils

An external coil system could be installed using the route presently taken by the locked mode sensor coils. The horizonal limbs of the coils would follow the bore of the PF5 coils and could be supported from same. The vertical limbs could perhaps use the PF5 U/L support struts for mechanical support.  However, the space is extremly tight and congested. It is unlikely that an ideal picture frame shape could be realized. The effect of non-ideal coil configuration would need to be addressed. Because of the superior performance, a 2 turn system would be preferred, if it can fit. The coils would be formed using 250MCM, 600V power cable which has an OD of 0.92 inches and a minimum bend radius of 4*0.92=3.6”.

Coil Supports

The RWM coils, whether inside or outside the VV, will experience EM forces due to interaction with the TF, and the poloidal field from the PF coils and plasma. The forces need to be calculated and the support system designed accordingly.
Power Supplies

It appears that the inductance and resistance of a 500MCM cable run from FCPC to the NTC, assumed 250’, is tolerable in terms of circuit performance. This means that the SPA and DC source power supplies could be located in FCPC. On the other hand, the SPA power supplies could be located in the NBPC building at the present location of the workshop mezzanine. The cable run exposed to the high frequency current would then be reduced to perhaps 100’.  However it is likely that the DC source power supplies need to be located at FCPC due to the high AC power input (3*5kA*0.3kV=4.5MW) and the possibility of use of one or more of the Transrex units. 

Implementation Plan

NSTX Physics would like, ideally, to install the RWM system during the summer ’03 opening. This of course depends on funding availability, and feasibility of completing the work during the available time (the in-VV coils may prove impossible because of this). To reduce initial cost impact, the power supply system should be divided into two stages. The first consisting of one SPA and one DC source power supply, and the second stage adding two more SPA units and, if necessary, two more DC source units.

Job Planning

In order to develop a plan for the job, cost and schedule estimates need to be performed. The following table lists the tasks to be performed, along with proposed assignments. It would be highly desirable to develop an estimate by March 15, 2003. The estimate should include M&S, labor, and minimum calendar time to accomplish each task.

	Task
	Assignment

	Compare performance of in-VV vs. ex-VV (1T and 2T) coils, including power supply response model
	J Bialek

	Estimate forces on coils
	C Neumeyer

	Assess feasibility and cost of in-VV coils
	L Dudek

	a. Interference with RF antenna system
	

	b. Interference with NBI protective plate
	

	c. Interference with passive plate cooling lines
	

	d. Attachment technique
	

	e. Lead penetrations
	

	f. Fabrication/assembly tasks (can coils be passed through bay K, other modifications/interferences)
	

	Estimate costs to fabricate in-VV coils
	P Anderson (GA)

	Assess feasibility and cost of ex-VV coils (preferrably 2T)
	G Labik

	a. Routing
	

	b. Method of support
	

	c. Extent of deviation from ideal rectangular shape
	

	Develop concept for power supply design 
	S Ramakrishnan

	a. Identify DC source
	

	b. Select location(s) for SPA and DC source(s)
	

	c. Develop design of DC circuit including cable runs, disconnect/grounding switches
	

	d. Develop protection/interlock design
	

	Model power supply performance using PSCAD, include model of coupling to VV
	R Hatcher

	Develop concept for control system (interface with existing Sky PSRTC/PCS)
	R Marsala


cc:
T Egebo
J Menard
M Ono

M Peng


A Von Halle
M Williams


� “Resistive Wall Mode Feedback System on DIIID”, J. Scoville et al, 18th SOFE, Albuquerque, Oct. 1999


� “Design, Fabrication, Installation and Testing of In-Vessel Control Coils for DIIID”, P. Anderson et al, 22nd SOFT, Helsinki, Sept 2002


� Operating & Maintenance Manual, PU PO#S-04108-G, Robicon SO#1-64739


� “Modeling and Design of A Resistive Wall Mode Stabilization System with Internal Field Coils In DIIID”, G. Jackson et al, 44th APS, Orlando, Nov. 2002
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Base

						IC		OC (1T)		OC (2T)		GA (IC)		GA (4T)				GA				IC		OC

		mu0		0.0000012566		0.0000012566		0.0000012566		0.0000012566		0.0000012566		0.0000012566		T/amp-m		mu0		0.0000012566				0.0000012566		0.0000012566

		R0		1.67		0.854		0.854		0.854		1.67		1.67

		A		2.5		1.25		1.25		1.25		2.5		2.5

		Current/Turn		5000.0		5000.0		5000.0		5000.0		5000.0		5000.0		Amp		Current/Turn		5000.0		5000.0		5000.0		5000.0		Amp

		#Turns		4		1		1		2		1		4				#Turns		1		1		1		1

		Current		20000.0		5000.0		5000.0		10000.0		5000.0		20000.0		Amp-turn		Current		5000.0		5000.0		5000.0		5000.0		Amp-turn

		Radius		2.560		1.680		1.848		1.848		2.338		2.560		m		Radius		2.340		2.340		1.680		1.813		m

		#Coils		6.000		6.000		6.000		6.000		6.000		6.000				#Coils						6.000		6.000

		Toroidal Length		2.681		1.759		1.935		1.935		2.448		2.681		m		Toroidal Length		2.000		2.000		1.759		1.898		m

		Poloidal Length		1.600		1.000		1.000		1.000		1.020		1.600		m		Poloidal Length		0.510		0.510		1.000		1.000		m

		Length per lead		1.000		0.500		1.000		1.000		0.500		1.000		m		Length per lead		0.546				0.500		0.500		m

		Turn Length		8.562		5.518		5.870		5.870		6.937		8.562		m		Turn Length		5.020				5.518		5.797		m

		Conductor Length per Coil		36.247		6.518		7.870		13.740		7.937		36.247		m		Conductor Length per Coil		6.113				6.518		6.797		m

		Rpoint		2.071		1.264		1.264		1.264		2.071		2.071		m		Rpoint		2.140				1.264		1.264		m

		dtlp		0.938		0.650		0.769		0.769		0.576		0.938		m		dtlp		0.324				0.650		0.743		m

		dplp		1.427		0.973		1.130		1.130		1.253		1.427		m		dplp		1.020				0.973		1.097		m

		abtp		0.5		0.7		0.9		0.9		0.5		0.5		rad		abtp		0.7				0.7		0.8		rad

				31.4		39.7		49.4		49.4		27.7		31.4		deg				38.1				39.7		47.7		deg

		abpp		0.3		0.4		0.5		0.5		0.2		0.3		rad		abpp		0.2				0.4		0.5		rad

				20.1		25.3		31.1		31.1		12.3		20.1		deg				11.3				25.3		30.0		deg				0		1		1.0014

		Btlp		42.7		15.4		13.0		26.0		17.4		42.7		gauss		Btlp		30.9				15.4		13.5		gauss				0.5		1.0003		1.0018

		Bplp		28.0		10.3		8.8		17.7		8.0		28.0		gauss		Bplp		9.8				10.3		9.1		gauss				0.6		1.0007		1.0013

		Brp		125.5		42.2		32.1		64.1		46.4		125.5		gauss		Brp		67.8				42.2		33.9		gauss				0.7		1.0012		1.0010

				6.27E-03		8.45E-03		6.41E-03		6.41E-03		9.27E-03		6.27E-03		gauss/amp-turn				1.36E-02				8.45E-03		6.78E-03		gauss/amp				0.8		1.0021		1.0011

		dtlop		4.699		2.986		3.152		3.152		4.438		4.699		m

		dplop		4.821		3.072		3.259		3.259		4.576		4.821		m

		abtop		1.4		1.4		1.4		1.4		1.5		1.4		rad

				80.2		80.4		80.9		80.9		83.4		80.2		deg

		abpop		1.3		1.3		1.3		1.3		1.3		1.3		rad

				73.9		73.4		72.7		72.7		74.5		73.9		deg

		Btlop		8.5		3.3		3.2		6.3		2.3		8.5		gauss

		Bplop		8.3		3.3		3.1		6.1		2.2		8.3		gauss

		Brp		7.5		3.0		2.8		5.7		1.7		7.5		gauss

				3.76E-04		5.97E-04		5.66E-04		5.66E-04		3.37E-04		3.76E-04		gauss/amp-turn																0.1		1.015		1.0026

		∑Brp		133.0		45.2		34.9		69.8		48.1		133.0

				6.65E-03		9.05E-03		6.98E-03		6.98E-03		9.61E-03		6.65E-03		gauss/amp-turn

		Inductance (Grover eq58 p60)		1.28E-04		5.14E-06		5.25E-06		2.26E-05		6.64E-06		1.28E-04		Henry		Inductance (Grover eq58 p60)		4.25E-06		3.50E-06		5.14E-06		5.18E-06		Henry				0.2		1.02		1.0030

		Tinit		35.0		20.0		35.0		35.0		37.0		35.0		degC		Tinit		37				20.0		40.0		degC				0.3		1.026		1.0029				Cu		304SS

		Tmax		105.0		85.0		105.0		105.0		100.0		105.0		degC		Tmax		100				85.0		50.6		degC				0.4		1.033		1.0024		Resistivity		1.72E-08		7.70E-07

		∆Tmax		70.0		65.0		70.0		70.0		63.0		70.0		degC		∆Tmax		63				65.0		10.6		degC				0.5		1.042		1.0018		Conductivty		5.81E+07		1.30E+06

		Ginit		7.04E+15		4.13E+15		7.04E+15		7.04E+15		7.42E+15		7.04E+15		(A/m^2)^2-sec		Ginit		7.42E+15				4.13E+15		7.98E+15		(A/m^2)^2-sec				0.6		1.052		1.0013		Frequency		1.00E+03		1.00E+03

		Gmax		1.89E+16		1.58E+16		1.89E+16		1.89E+16		1.81E+16		1.89E+16		(A/m^2)^2-sec		Gmax		1.81E+16				1.58E+16		9.92E+15		(A/m^2)^2-sec				0.7		1.064		1.0010		Skin Depth (m)		2.09E-03		1.40E-02

		∆G		1.18E+16		1.16E+16		1.18E+16		1.18E+16		1.07E+16		1.18E+16		(A/m^2)^2-sec		∆G		1.07E+16				1.16E+16		1.95E+15		(A/m^2)^2-sec				0.8		1.078		1.0011		Skin Depth (in)		0.082		0.550

		Tpulse		7.4		2.5		14.2		4.3		2.3		7.4		sec		Tpulse		4.5				2.5		5.0		sec				1		1.111		1.0032

		DC ESW		11.7		2.5		6.7		2.6		2.3		11.7																												0.625

		fmax		1000		1000		1000		1000		1000		1000		Hz		fmax		1000		1000		1000		1000		Hz				1.2		1.152		1.0087

		x		7.46E+00		4.88E+00		6.08E+00		4.31E+00		4.88E+00		7.46E+00				x		4.88E+00				4.88E+00		6.09E+00						1.4		1.201		1.0186

		R'/R		1.134		1.999		2.136		1.799		1.999		1.134				R'/R		1.999				1.999		2.135						1.6		1.256		1.0336

		Skin Depth		7.22E-03		2.11E-03		2.43E-03		2.12E-03		2.11E-03		7.22E-03				Skin Depth		2.11E-03				2.11E-03		2.43E-03						1.8		1.318		1.0545

		K		9.253		1.999		2.136		1.799		1.999		9.253				K		1.000				1.999		1.000						2		1.385		1.0816

		K-R'/R		8.119E+00		-5.786E-08		-5.474E-07		1.159E-07		4.529E-05		8.119E+00				K-R'/R		-9.986E-01				-5.786E-08		-1.135E+00						2.2		1.456		1.1153

		J		1.31E+07		4.86E+07		1.98E+07		3.93E+07		4.86E+07		1.31E+07		A/m^2		J		4.86E+07		1.56E-02		4.86E+07		1.97E+07		A/m^2				2.4		1.529		1.1557

		Cu CSA/turn		3.80E-04		1.03E-04		2.53E-04		1.27E-04		1.03E-04		3.80E-04		m^2		Cu CSA/turn		1.03E-04				1.03E-04		2.53E-04		m^2				2.6		1.603		1.2027

		Coolant Passage Dia		0.000		0.344		0.000		0.000		0.344		0.000		in		Coolant Passage Dia		0.344				0.344		0.000		in				2.8		1.678		1.2561

				2.54E-06		8.74E-03		2.54E-06		2.54E-06		8.74E-03		2.54E-06		m				8.74E-03				8.74E-03		2.54E-06		m				3		1.752		1.3156

		Conductor OD		2.20E-02		1.44E-02		1.79E-02		1.27E-02		1.44E-02		2.20E-02		m		Tubular Conductor OD		1.44E-02		1.44E-02		1.44E-02		1.80E-02		m				3.2		1.826		1.3805

				0.866		0.567		0.706		0.501		0.567		0.866		in				0.567				0.567		0.707		in				3.4		1.899		1.4502

		CoeffCu		0.0041		0.0041		0.0041		0.0041		0.0041		0.0041		1/degC		CoeffCu		0.0041				0.0041		0.0041		1/degC				3.6		1.971		1.5237

		ResCu		1.72E-08		1.72E-08		1.72E-08		1.72E-08		1.72E-08		1.72E-08		ohm-m		ResCu		1.72E-08				1.72E-08		1.72E-08		ohm-m				3.8		2.043		1.6000

		Rohmic DC 20C		1.64E-03		1.09E-03		5.35E-04		1.86E-03		1.33E-03		1.64E-03		ohm		Rohmic DC 20C		1.02E-03		7.50E-04		1.09E-03		4.61E-04		ohm

		Rohmic AC Tmax		2.04E-02		2.76E-03		1.54E-03		4.51E-03		3.52E-03		2.04E-02		ohm		Rohmic AC Tmax		1.36E-03				2.76E-03		5.19E-04		ohm

		Flow Rate		0.000		5.500		0.000		0.000		5.500		0.000		m/sec		Flow Rate		5.5				6.500		0.000		m/sec				xm0		1.0014		1.0014

		WP		0.00		0.03		0.00		0.00		0.03		0.00		m		WP		0.03				0.03		0.00		m				xm1		0.016365		0.016365

		FlowH20		5.07E-16		3.30E-04		5.07E-16		5.07E-16		3.30E-04		5.07E-16		m^3/sec		FlowH20		3.30E-04				3.90E-04		5.07E-16		m^3/sec				xm2		-0.049855		-0.049855

				0.0		5.2		0.0		0.0		5.2		0.0		GPM				5.2				6.2		0.0		GPM				xm3		0.039715		0.039715

		SHH20		4238.39		4204.41		4238.39		4238.39		4229.50		4238.39				SHH20		4229.50				4204.41		4164.64						xm4		-0.0044264		-0.0044264

		ViscH20		5.24E-04		5.24E-04		5.24E-04		5.24E-04		5.24E-04		5.24E-04				ViscH20		5.24E-04				1.00E+00		2.00E+00

		DensH20		978.26		978.89		978.26		978.26		978.21		978.26				DensH20		978.21				978.89		984.96

		TconH20		0.68		0.67		0.68		0.68		0.68		0.68				TconH20		0.68				0.67		0.64

		PrandtLH20		1.77		2.13		1.77		1.77		1.86		1.77				PrandtLH20		1.86				2.13		3.37

		Reynolds		0.00		89774.98		0.00		0.00		89713.33		0.00		N-sec/m^2		Reynolds		89713.33				55.57		0.00		N-sec/m^2

		Friction factor		2.141		0.019		2.141		2.141		0.019		2.141				Friction factor		0.019				0.116		16.804

		∆P		0.0		30.8		0.0		0.0		37.5		0.0		psi		∆P		30.7				264.5		0.0		psi

		Massflow		0.000		0.323		0.000		0.000		0.323		0.000		kg/sec		Massflow		0.323				0.382		0.000		kg/sec

		Rmassflow		4.76E+08		7.37E-04		4.76E+08		4.76E+08		7.33E-04		4.76E+08		degC/watt		Rmassflow		7.33E-04				6.23E-04		4.81E+08		degC/watt

		Rfilm		2.04E+02		2.55E-04		9.39E+02		5.38E+02		2.19E-04		2.04E+02		degC/watt		Rfilm		2.84E-04				9.40E-02		6.50E+05		degC/watt

		Rambient		1.00E+02		1.00E+02		1.00E+02		1.00E+02		4.95E-04		1.00E+02		degC/watt		Rambient		3.95E-04				1.00E+02		1.00E+02		degC/watt

		Rthermal		4.76E+08		9.92E-04		4.76E+08		4.76E+08		8.85E-04		4.76E+08		degC/watt		Rthermal		8.98E-04				9.45E-02		4.81E+08		degC/watt

		Tssmax		90		76		90		90		90		90				Tssmax		90				76		90

		∆Tssmax		55		56		55		55		53		55				∆Tssmax		53				56		50

		Tssavg		62.5		48		62.5		62.5		63.5		62.5				Tssavg		63.5				48		65

		Pssmax		0.0		56470.5		0.0		0.0		59902.3		0.0				Pssmax		59000.0		59000		592.5		0.0

		Issmax DC		0.0		6818.8		0.0		0.0		6189.8		0.0				Issmax DC		7000.1		7.00E+03		698.4		0.0

		Vol Cu		1.30E-02		5.68E-04		1.48E-03		1.49E-03		7.14E-04		1.30E-02		m^3		Vol Cu		5.17E-04				5.68E-04		1.47E-03		m^3

		DensCu		8940.00		8940.00		8940.00		8940.00		8940.00		8940.00		kG		DensCu		8940.00				8940.00		8940.00		kG

		SHCu		386.00		386.00		386.00		386.00		386.00		386.00		kg/m^3		SHCu		386.00				386.00		386.00		kg/m^3

		Mass Cu		116.47		5.08		13.27		13.35		6.38		116.47		J/kg-degC		Mass Cu		4.62				5.08		13.13		J/kg-degC

		Cthermal		44959.3		1959.3		5121.0		5153.3		2462.8		44959.3		J/degC		Cthermal		1782.5				1959.3		5069.2		J/degC

		Tau		2.14E+13		1.94E+00		2.44E+12		2.45E+12		2.18E+00		2.14E+13		sec		Tau		1.60E+00				1.85E+02		2.44E+12		sec

		5*Tau		1.07E+14		9.71E+00		1.22E+13		1.23E+13		1.09E+01		1.07E+14		sec		5*Tau		8.01E+00		8		9.26E+02		1.22E+13		sec

		#Series Coils		2		2		2		2		2		2				#Series Coils		1		1.00E+00		2		2

		Lchoke		0.00E+00		1.37E-06		1.18E-06		0.00E+00		4.90E-05		0.00E+00		H		Lchoke		5.80E-05				0.00E+00		0.00E+00		H

		Lexternal		3.28E-05		5.63E-05		5.63E-05		5.63E-05		3.28E-05		3.28E-05		H		Lexternal		3.28E-05				1.26E-04		1.26E-04		H

		Ltotal		2.90E-04		6.79E-05		6.79E-05		1.02E-04		9.50E-05		2.90E-04		H		Ltotal		9.50E-05		9.50E-05		1.36E-04		1.36E-04		H

		Rchoke DC		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		ohm		Rchoke		0.00E+00				0.00E+00		0.00E+00		ohm

		Rchoke AC		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00		0.00E+00

		Rexternal DC		6.33E-03		3.51E-02		3.51E-02		3.51E-02		6.17E-03		6.33E-03		ohm		Rexternal		6.15E-03				4.16E-03		4.16E-03		ohm

		Rexternal AC		1.27E-02		7.01E-02		7.01E-02		7.01E-02		1.23E-02		1.27E-02

		Rtotal DC Tmax		1.30E-02		4.72E-02		4.87E-02		5.23E-02		1.17E-02		1.30E-02

		Rtotal AC Tmax		1.77E-02		4.06E-02		3.81E-02		4.41E-02		1.32E-02		1.77E-02		ohm		Rtotal		7.50E-03				9.68E-03		5.20E-03		ohm

		Xmax		1.82E+00		4.27E-01		4.27E-01		6.38E-01		5.97E-01		1.82E+00		ohm		Xmax		5.97E-01				8.57E-01		8.57E-01		ohm

		Zmax		1.82E+00		4.29E-01		4.29E-01		6.39E-01		5.97E-01		1.82E+00		ohm		Zmax		5.97E-01				8.57E-01		8.57E-01		ohm

		fImax		3.3%		14.0%		14.0%		14.0%		10.0%		3.3%				fImax		10.1%				7.0%		7.0%

		Imax		164.9		700.0		700.0		700.0		502.5		164.9		Amp		Imax		502.6				350.0		350.0		Amp

		Br @ Imax		1.1		6.3		4.9		4.9		4.8		1.1

		Vmin rms		212.1		212.1		212.1		316.4		212.1		212.1		Volt		Vmin rms		212.1				212.1		212.1		Volt

		Vpeak		300.0		300.0		300.0		300.0		300.0		300.0		Volt		Vpeak		300.0				300.0		300.0		Volt

		Vpeak/R		23156.2		6362.6		6159.0		5738.8		25593.7		23156.2		Amp-turn

		fswitching		3500.00		7000.00		7000.00		7000.00		3500.00		3500.00		Hz		fswitching		3500.00		3.50E+03		7000.00		7000.00		Hz

		Iripple rms		33.3		70.7		70.7		70.7		101.5		33.3		Amp		Iripple rms		101.5				35.4		35.4		Amp

		Iripple peak-peak (amp-turn)		376.9		200.0		200.0		400.0		287.1		376.9		Amp-turn		Iripple peak-peak		287.2				100.0		100.0		Amp

		Iripple peak-peak (%)		1.9%		4.0%		4.0%		4.0%		5.7%		1.9%		%

		Bripple (peak-peak)		2.5		1.8		1.4		2.8		2.8		2.5		gauss

		f		0.00		100.00		200.00		300.00		400.00		500.00		600.00		700.00		800.00		900.00		1000.00

		x		0.00		2.36		3.33		4.08		4.72		5.27		5.78		6.24		6.67		7.07		7.46

		R'/R		1.00		1.15		1.43		1.71		1.95		2.10		2.16		2.10		1.92		1.60		1.13

		R		1.30E-02		1.45E-02		1.65E-02		1.87E-02		2.05E-02		2.21E-02		2.32E-02		2.38E-02		2.38E-02		2.33E-02		2.21E-02

		X		0.00		0.18		0.36		0.55		0.73		0.91		1.09		1.27		1.46		1.64		1.82

		Phi		0.00		85.46		87.40		88.04		88.38		88.61		88.78		88.93		89.06		89.19		89.30

		Z		0.01		0.18		0.36		0.55		0.73		0.91		1.09		1.27		1.46		1.64		1.82

		Irms		14142.14		4649.87		2329.86		1553.93		1165.67		932.63		777.25		666.24		582.99		518.23		466.42

		P		2592331.67		312576.67		89831.89		45049.73		27922.10		19217.40		14014.99		10563.64		8102.21		6251.82		4804.30

		Ipeak		20000.00		6575.91		3294.91		2197.60		1648.50		1318.94		1099.19		942.21		824.47		732.89		659.62

		ESW		11.67		94.29		301.82		565.96		884.20		1278.53		1792.27		2506.10		3587.02		5448.19		9474.36

		Brpoint		132.96		43.72		21.91		14.61		10.96		8.77		7.31		6.26		5.48		4.87		4.39

		GA (4T)

		f		0.00		100.00		200.00		300.00		400.00		500.00		600.00		700.00		800.00		900.00		1000.00

		x		0.00		2.36		3.33		4.08		4.72		5.27		5.78		6.24		6.67		7.07		7.46

		R'/R		1.00		1.15		1.43		1.71		1.95		2.10		2.16		2.10		1.92		1.60		1.13

		R		1.30E-02		1.45E-02		1.65E-02		1.87E-02		2.05E-02		2.21E-02		2.32E-02		2.38E-02		2.38E-02		2.33E-02		2.21E-02

		X		0.00		0.18		0.36		0.55		0.73		0.91		1.09		1.27		1.46		1.64		1.82

		Phi		0.00		85.46		87.40		88.04		88.38		88.61		88.78		88.93		89.06		89.19		89.30

		Z		0.01		0.18		0.36		0.55		0.73		0.91		1.09		1.27		1.46		1.64		1.82

		Irms		14142.14		4649.87		2329.86		1553.93		1165.67		932.63		777.25		666.24		582.99		518.23		466.42

		P		2592331.67		312576.67		89831.89		45049.73		27922.10		19217.40		14014.99		10563.64		8102.21		6251.82		4804.30

		Ipeak		20000.00		6575.91		3294.91		2197.60		1648.50		1318.94		1099.19		942.21		824.47		732.89		659.62

		ESW		11.67		94.29		301.82		565.96		884.20		1278.53		1792.27		2506.10		3587.02		5448.19		9474.36

		Brpoint		132.96		43.72		21.91		14.61		10.96		8.77		7.31		6.26		5.48		4.87		4.39

		GA (IC)

		f		0.00		100.00		200.00		300.00		400.00		500.00		600.00		700.00		800.00		900.00		1000.00

		x		0.00		1.54		2.18		2.67		3.09		3.45		3.78		4.08		4.36		4.63		4.88

		R'/R		1.00		1.03		1.11		1.22		1.34		1.47		1.59		1.71		1.82		1.92		2.00

		R		1.17E-02		1.26E-02		1.38E-02		1.50E-02		1.62E-02		1.75E-02		1.87E-02		2.00E-02		2.12E-02		2.23E-02		2.34E-02

		X		0.00		0.06		0.12		0.18		0.24		0.30		0.36		0.42		0.48		0.54		0.60

		Phi		0.00		78.04		83.43		85.22		86.12		86.65		87.01		87.26		87.46		87.62		87.75

		Z		0.01		0.06		0.12		0.18		0.24		0.30		0.36		0.42		0.48		0.54		0.60

		Irms		3535.53		3476.85		1765.31		1180.55		886.46		709.58		591.52		507.13		443.81		394.55		355.13

		P		146586.78		152835.52		42868.21		20850.76		12736.71		8796.35		6552.18		5133.68		4168.69		3475.42		2955.96

		Ipeak		5000.00		4917.01		2496.53		1669.55		1253.64		1003.50		836.54		717.20		627.65		557.97		502.22

		ESW		2.27		2.28		8.19		16.67		26.89		38.38		50.93		64.51		79.20		95.13		112.54

		Brpoint		48.05		47.25		23.99		16.04		12.05		9.64		8.04		6.89		6.03		5.36		4.83

		PPPL IC

		f		0.00		100.00		200.00		300.00		400.00		500.00		600.00		700.00		800.00		900.00		1000.00

		x		0.00		1.54		2.18		2.67		3.09		3.45		3.78		4.08		4.36		4.63		4.88

		R'/R		1.00		1.03		1.11		1.22		1.34		1.47		1.59		1.71		1.82		1.92		2.00

		R		4.72E-02		5.17E-02		5.63E-02		6.11E-02		6.59E-02		7.06E-02		7.54E-02		8.02E-02		8.49E-02		0.09		0.09

		X		0.00		0.04		0.09		0.13		0.17		0.21		0.26		0.30		0.34		0.38		0.43

		Phi		0.00		39.55		56.57		64.49		68.90		71.68		73.58		74.97		76.03		76.86		77.54

		Z		0.05		0.07		0.10		0.14		0.18		0.22		0.27		0.31		0.35		0.39		0.44

		Irms		3535.53		3165.82		2074.64		1495.78		1159.68		944.01		794.90		686.00		603.12		537.99		485.49

		P		589428.82		517845.16		242484.89		136653.23		88561.40		62948.42		47653.80		37733.65		30890.63		25941.50		22225.89

		Ipeak		5000.00		4477.14		2933.99		2115.35		1640.03		1335.03		1124.16		970.15		852.94		760.83		686.59

		ESW		2.46		2.99		6.45		11.29		17.09		23.58		30.68		38.35		46.65		55.65		65.50

		Brpoint		45.23		40.50		26.54		19.13		14.84		12.08		10.17		8.78		7.72		6.88		6.21

		PPPL OC (1T)

		f		0.00		100.00		200.00		300.00		400.00		500.00		600.00		700.00		800.00		900.00		1000.00

		x		0.00		1.92		2.72		3.33		3.84		4.30		4.71		5.09		5.44		5.77		6.08

		R'/R		1.00		1.07		1.23		1.42		1.62		1.79		1.94		2.06		2.13		2.16		2.14

		R		4.87E-02		5.35E-02		5.85E-02		6.35E-02		6.85E-02		7.35E-02		7.84E-02		8.33E-02		8.82E-02		0.09		0.10

		X		0.00		0.04		0.09		0.13		0.17		0.21		0.26		0.30		0.34		0.38		0.43

		Phi		0.00		38.57		55.58		63.62		68.14		71.00		72.97		74.42		75.53		76.40		77.12

		Z		0.05		0.07		0.10		0.14		0.18		0.23		0.27		0.31		0.35		0.40		0.44

		Irms		3535.53		3098.09		2049.71		1484.05		1153.03		939.75		791.94		683.83		601.47		536.69		484.44

		P		608888.68		513856.18		245773.74		139857.20		91076.50		64898.74		49189.40		38963.97		31891.07		26764.39		22908.42

		Ipeak		5000.00		4381.36		2898.73		2098.76		1630.62		1329.01		1119.98		967.09		850.60		758.99		685.10

		ESW		6.71		8.18		16.21		26.77		39.09		53.05		68.95		87.31		108.96		135.12		167.64

		Brpoint		34.90		30.58		20.23		14.65		11.38		9.28		7.82		6.75		5.94		5.30		4.78

		PPPL OC (2T)

		f		0.00		100.00		200.00		300.00		400.00		500.00		600.00		700.00		800.00		900.00		1000.00

		x		0.00		1.36		1.93		2.36		2.73		3.05		3.34		3.61		3.86		4.09		4.31

		R'/R		1.00		1.02		1.07		1.15		1.24		1.33		1.43		1.53		1.62		1.71		1.80

		R		5.23E-02		5.71E-02		6.21E-02		6.72E-02		7.24E-02		7.76E-02		8.28E-02		8.80E-02		9.32E-02		9.84E-02		1.04E-01

		X		0.00		0.06		0.13		0.19		0.26		0.32		0.38		0.45		0.51		0.57		0.64

		Phi		0.00		48.17		64.05		70.65		74.16		76.33		77.79		78.85		79.65		80.27		80.78

		Z		0.05		0.09		0.14		0.20		0.27		0.33		0.39		0.46		0.52		0.58		0.65

		Irms		7071.07		4956.72		2990.66		2092.14		1599.93		1292.75		1083.63		932.38		817.99		728.51		656.62

		P		2614147.12		1402516.19		555293.70		294109.89		185234.47		129628.29		97208.60		76499.28		62362.84		52216.43		44642.74

		Ipeak		10000.00		7009.86		4229.44		2958.73		2262.64		1828.22		1532.49		1318.58		1156.81		1030.27		928.61

		ESW		2.55		5.11		13.32		25.42		40.35		57.39		76.09		96.21		117.64		140.42		164.61

		Brpoint		69.80		48.93		29.52		20.65		15.79		12.76		10.70		9.20		8.08		7.19		6.48
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Field

		Cables		500MCM

		Length		100		feet

		Vrating		5		kV

		CSA		500MCM

		#Parallel		1

		Conductor OD		0.813		inch

		Conductor Radius		0.4065		inch

		Insulation Thk		0.1735		inch

		Radius over Insulat		0.58		inch

		Shield Mat'l		Cu

		Shield Thk		0		inch

		Overlap		12.5		%

		Equiv Thk		0		inch

		Radius over Shield		0.58		inch

		Jacket Thk		0		in

		Overall OD		1.16		in

		Radius over Jacket		0.58		in

		dp-n1		1.16		in

		dp-n2		3.48		in

		dp-n3				in

		dp-n4				in

		dp-n5				in

		dp-n6				in

		GMD		2.0

		Lloop		22.5		µH





		Cond resistivity @ 20C		Ω-cm		1.73E-06		1.73E-06		1.73E-06

		Cond res temp coeff		1/degC		0.0041		0.0041		0.0041

		Cond heat capacity		J/gm-degC		0.386		0.386		0.386

		Cond density		gm/cc		8.89		8.89		8.89

		Convective heat xfr @ ∆T=100C		Watt/in^2-degC		0.005		0.005		0.005

		Ambient Temperature		deg C		35.0		35.0		35.0

						95.0		95.0		95.0

		Max Current		amp		5000.0		5000.0		5000.0

		Min ESW		sec		2.553		6.722		11.688

		Max ∫i^2dt		A^2-s		6.38E+07		1.68E+08		2.92E+08

		Min Repetition Period		sec		300.0		300.0		300.0

		Max RMS Current		amp		461.3		748.4		986.9

		Cable Conductor Length Per Pole		feet		26.2		100.0		100.0

		Cable CSA		MCM		250.0		500.0		750.0

				sq cm		1.26675		2.5335		3.80025

		packing factor				0.87		0.87		0.87

		Cable Dia		in		0.57		0.81		1.00

		# Cable Conductors				1		1		1

		Total Cable CSA		sq cm		1.26675		2.5335		3.80025

		Cable Res @ 20C per pole		Ω		1.09E-03		2.08E-03		1.39E-03

		Cable Allowable Tmax		degC		105.0		105.0		105.0

		Cable Res per inch @ Tmax		Ω		4.67E-06		2.34E-06		1.56E-06

		Cable Thermal Resistance per inch		degC-in/Watt		56.8		46.7		41.6

		Cable Thermal Capacitance per inch		Joule/degC-in		11.0		22.1		33.1

		Cable Thermal Time Constant		min		10.5		17.2		23.0

		Cable Adiabatic Temp rise per pulse		deg C		27.0		17.8		13.7

		Cable Avg Temp rise		deg C		56.5		61.1		63.1

		Cable Tmax		deg C		105.0		105.0		105.0

		Cable Res per pole @ Tmax		Ω		1.47E-03		2.80E-03		1.87E-03

		Total Conductor Resistance @ 20C (+&-)		Ω		2.18E-03		4.16E-03		2.77E-03

		R'/R at 1kHz





		Rp		2.0708

		Rcp		2.56

		thetac		1.0471975512																		0

		Rct		2.2170250337

		dlp		1.6

		dp		0.8132538106

		delta		1.3900106945

		thetap				x		y		z		d2		alpha		beta		gamma		d1		theta1		B1r		B2r		B3r		∑Br		0		60		120		180		240		300		∑

		0.000		0		-1.035		1.793		0.767		1.288		0.114		1.280		0.146		1.288		0.114		0.0015423714		0.0015423714		0.0048383554		0.0079230983		0.0079230983		0.0010701257		-0.0003443982		0.0050940505		-0.0003443982		0.0010701257		0.0144686039

		0.052		3		-0.940		1.845		0.715		1.181		0.127		1.388		0.149		1.396		0.107		0.001430165		0.0016663552		0.0048317246		0.0079282447		0.0079282447		0.000981528		-0.0003340692		0.0050876006		-0.000355729		0.0011693179		0.014476893

		0.105		6		-0.842		1.892		0.668		1.075		0.147		1.496		0.158		1.505		0.105		0.0013291418		0.0018015404		0.0048118504		0.0079425326		0.0079425326		0.0009030397		-0.0003246541		0.0050682701		-0.0003681624		0.0012784062		0.0144994322

		0.157		9		-0.742		1.933		0.627		0.971		0.178		1.604		0.172		1.613		0.107		0.0012382647		0.001944659		0.0047787872		0.0079617109		0.0079617109		0.0008337208		-0.0003160755		0.0050361166		-0.0003818136		0.0013939844		0.0145276435

		0.209		12		-0.640		1.969		0.591		0.871		0.222		1.711		0.191		1.721		0.111		0.0011563905		0.0020866316		0.0047326257		0.0079756479		0.0079756479		0.000772515		-0.0003082656		0.0049912359		-0.0003968152		0.0015068161		0.014541134

		0.262		15		-0.536		2.000		0.560		0.775		0.284		1.816		0.217		1.829		0.119		0.0010824198		0.0022064271		0.0046734924		0.0079623394		0.0079623394		0.0007184008		-0.000301165		0.004933762		-0.0004133195		0.0015956921		0.0144957098

		0.314		18		-0.431		2.026		0.534		0.686		0.369		1.920		0.248		1.936		0.128		0.0010153557		0.0022600699		0.0046015494		0.007876975		0.007876975		0.0006704519		-0.0002947211		0.0048638667		-0.0004315023		0.001616433		0.0143015032

		0.367		21		-0.324		2.045		0.515		0.608		0.485		2.022		0.284		2.042		0.139		0.0009543205		0.0021655871		0.0045169939		0.0076369014		0.0076369014		0.0006278538		-0.000288888		0.0047817592		-0.0004515671		0.0014868333		0.0137928927

		0.419		24		-0.216		2.059		0.501		0.545		0.639		2.122		0.325		2.147		0.152		0.0008985525		0.0017995593		0.0044200576		0.0071181694		0.0071181694		0.0005899027		-0.0041979368		0.004687686		-0.0004737502		-0.0028311063		0.0048929648

		0.471		27		-0.108		2.068		0.492		0.504		0.830		2.220		0.372		2.251		0.166		0.0008473962		0.0010555969		0.0043110062		0.0062139993		0.0062139993		0.0005559952		-0.0043366831		0.0045819301		-0.0004983263		-0.0037589355		0.0027579798

		0.524		30		0.000		2.071		0.489		0.489		1.047		2.315		0.424		2.354		0.181		0.0008002885		-2.47302320039953E-18		0.0041901387		0.0049904272		0.0049904272		0.0005256163		-0.0044648109		0.0044648109		-0.0005256163		-0.0049904272		-1.01481323344643E-16

		0.576		33		0.108		2.068		0.492		0.504		1.264		2.408		0.480		2.455		0.197		0.0007567461		-0.0010555969		0.0040577863		0.0037589355		0.0037589355		0.0004983263		-0.0045819301		0.0043366831		-0.0005559952		-0.0062139993		-0.0027579798

		0.628		36		0.216		2.059		0.501		0.545		1.455		2.497		0.542		2.555		0.214		0.0007163538		-0.0017995593		0.0039143117		0.0028311063		0.0028311063		0.0004737502		-0.004687686		0.0041979368		-0.0005899027		-0.0071181694		-0.0048929648

		0.681		39		0.324		2.045		0.515		0.608		1.609		2.583		0.608		2.654		0.231		0.0006787537		-0.0021655871		0		-0.0014868333		-0.0014868333		0.0004515671		-0.0047817592		0.000288888		-0.0006278538		-0.0076369014		-0.0137928927

		0.733		42		0.431		2.026		0.534		0.686		1.725		2.666		0.678		2.751		0.249		0.0006436368		-0.0022600699		0		-0.001616433		-0.001616433		0.0004315023		-0.0048638667		0.0002947211		-0.0006704519		-0.007876975		-0.0143015032

		0.785		45		0.536		2.000		0.560		0.775		1.811		2.744		0.753		2.846		0.268		0.0006107351		-0.0022064271		0		-0.0015956921		-0.0015956921		0.0004133195		-0.004933762		0.000301165		-0.0007184008		-0.0079623394		-0.0144957098

		0.838		48		0.640		1.969		0.591		0.871		1.873		2.819		0.831		2.939		0.287		0.0005798155		-0.0020866316		0		-0.0015068161		-0.0015068161		0.0003968152		-0.0049912359		0.0003082656		-0.000772515		-0.0079756479		-0.014541134

		0.890		51		0.742		1.933		0.627		0.971		1.917		2.889		0.914		3.030		0.306		0.0005506746		-0.001944659		0		-0.0013939844		-0.0013939844		0.0003818136		-0.0050361166		0.0003160755		-0.0008337208		-0.0079617109		-0.0145276435

		0.942		54		0.842		1.892		0.668		1.075		1.947		2.955		1.000		3.120		0.326		0.0005231341		-0.0018015404		0		-0.0012784062		-0.0012784062		0.0003681624		-0.0050682701		0.0003246541		-0.0009030397		-0.0079425326		-0.0144994322

		0.995		57		0.940		1.845		0.715		1.181		1.968		3.017		1.089		3.207		0.346		0.0004970373		-0.0016663552		0		-0.0011693179		-0.0011693179		0.000355729		-0.0050876006		0.0003340692		-0.000981528		-0.0079282447		-0.014476893

		1.047		60		1.035		1.793		0.767		1.288		1.981		3.073		1.182		3.293		0.367		0.0004722458		-0.0015423714		0		-0.0010701257		-0.0010701257		0.0003443982		-0.0050940505		0.0003443982		-0.0010701257		-0.0079230983		-0.0144686039

		1.100		63		1.128		1.737		0.823		1.396		1.987		3.125		1.277		3.376		0.388		0.000448637		-0.001430165		0		-0.000981528		-0.000981528		0.0003340692		-0.0050876006		0.000355729		-0.0011693179		-0.0079230983		-0.0144717466

		1.152		66		1.217		1.675		0.885		1.505		1.989		3.172		1.375		3.457		0.409		0.0004261021		-0.0013291418		0		-0.0009030397		-0.0009030397		0.0003246541		-0.0050682701		0.0003681624		-0.0012784062		-0.0079282447		-0.0144851444

		1.204		69		1.303		1.609		0.951		1.613		1.988		3.213		1.475		3.536		0.430		0.0004045439		-0.0012382647		0		-0.0008337208		-0.0008337208		0.0003160755		-0.0050361166		0.0003818136		-0.0013939844		-0.0079425326		-0.0145084652

		1.257		72		1.386		1.539		1.021		1.721		1.983		3.249		1.577		3.612		0.452		0.0003838756		-0.0011563905		0		-0.000772515		-0.000772515		0.0003082656		-0.0049912359		0.0003968152		-0.0015068161		-0.0079617109		-0.014527197

		1.309		75		1.464		1.464		1.096		1.829		1.976		3.280		1.681		3.686		0.474		0.000364019		-0.0010824198		0		-0.0007184008		-0.0007184008		0.000301165		-0.004933762		0.0004133195		-0.0015956921		-0.0079756479		-0.0145090183

		1.361		78		1.539		1.386		1.174		1.936		1.966		3.306		1.786		3.757		0.495		0.0003449039		-0.0010153557		0		-0.0006704519		-0.0006704519		0.0002947211		-0.0048638667		0.0004315023		-0.001616433		-0.0079623394		-0.0143868676

		1.414		81		1.609		1.303		1.257		2.042		1.955		3.325		1.893		3.826		0.518		0.0003264667		-0.0009543205		0		-0.0006278538		-0.0006278538		0.000288888		-0.0047817592		0.0004515671		-0.0014868333		-0.007876975		-0.0140329663

		1.466		84		1.675		1.217		1.343		2.147		1.942		3.339		2.001		3.893		0.540		0.0003086498		-0.0008985525		0		-0.0005899027		-0.0005899027		0.0041979368		-0.004687686		0.0004737502		0.0028311063		-0.0076369014		-0.0054116969

		1.518		87		1.737		1.128		1.432		2.251		1.928		3.348		2.109		3.957		0.562		0.000291401		-0.0008473962		0		-0.0005559952		-0.0005559952		0.0043366831		-0.0045819301		0.0004983263		0.0037589355		-0.0071181694		-0.0036621498

		1.571		90		1.793		1.035		1.525		2.354		1.913		3.351		2.217		4.018		0.585		0.0002746722		-0.0008002885		0		-0.0005256163		-0.0005256163		0.0044648109		-0.0044648109		0.0005256163		0.0049904272		-0.0062139993		-0.0012235721

		1.623		93		1.845		0.940		1.620		2.455		1.898		3.348		2.325		4.076		0.607		0.0002584198		-0.0007567461		0		-0.0004983263		-0.0004983263		0.0045819301		-0.0043366831		0.0005559952		0.0062139993		-0.0049904272		0.0015264881

		1.676		96		1.892		0.842		1.718		2.555		1.881		3.339		2.433		4.132		0.630		0.0002426036		-0.0007163538		0		-0.0004737502		-0.0004737502		0.004687686		-0.0041979368		0.0005899027		0.0071181694		-0.0037589355		0.0039651356

		1.728		99		1.933		0.742		1.818		2.654		1.863		3.325		2.541		4.185		0.652		0.0002271866		-0.0006787537		0		-0.0004515671		-0.0004515671		0.0047817592		-0.000288888		0.0006278538		0.0076369014		-0.0028311063		0.0094749531

		1.780		102		1.969		0.640		1.920		2.751		1.845		3.306		2.648		4.235		0.675		0.0002121345		-0.0006436368		0		-0.0004315023		-0.0004315023		0.0048638667		-0.0002947211		0.0006704519		0.007876975		0.0014868333		0.0141719035

		1.833		105		2.000		0.536		2.024		2.846		1.827		3.280		2.753		4.282		0.698		0.0001974156		-0.0006107351		0		-0.0004133195		-0.0004133195		0.004933762		-0.000301165		0.0007184008		0.0079623394		0.001616433		0.0145164508

		1.885		108		2.026		0.431		2.129		2.939		1.808		3.249		2.857		4.327		0.721		0.0001830003		-0.0005798155		0		-0.0003968152		-0.0003968152		0.0049912359		-0.0003082656		0.000772515		0.0079756479		0.0015956921		0.0146300099

		1.937		111		2.045		0.324		2.236		3.030		1.788		3.213		2.959		4.368		0.744		0.000168861		-0.0005506746		0		-0.0003818136		-0.0003818136		0.0050361166		-0.0003160755		0.0008337208		0.0079617109		0.0015068161		0.0146404753

		1.990		114		2.059		0.216		2.344		3.120		1.768		3.172		3.059		4.407		0.767		0.0001549718		-0.0005231341		0		-0.0003681624		-0.0003681624		0.0050682701		-0.0003246541		0.0009030397		0.0079425326		0.0013939844		0.0146150104

		2.042		117		2.068		0.108		2.452		3.207		1.748		3.125		3.157		4.442		0.791		0.0001413083		-0.0004970373		0		-0.000355729		-0.000355729		0.0050876006		-0.0003340692		0.000981528		0.0079282447		0.0012784062		0.0145859814

		2.094		120		2.071		-0.000		2.560		3.293		1.727		3.073		3.252		4.475		0.814		0.0001278476		-0.0004722458		0		-0.0003443982		-0.0003443982		0.0050940505		-0.0003443982		0.0010701257		0.0079230983		0.0011693179		0.0145677961

		2.147		123		2.068		-0.108		2.668		3.376		1.707		3.017		3.345		4.504		0.837		0.0001145677		-0.000448637		0		-0.0003340692		-0.0003340692		0.0050876006		-0.000355729		0.0011693179		0.0079230983		0.0010701257		0.0145603443

		2.199		126		2.059		-0.216		2.776		3.457		1.685		2.955		3.434		4.531		0.860		0.000101448		-0.0004261021		0		-0.0003246541		-0.0003246541		0.0050682701		-0.0003681624		0.0012784062		0.0079282447		0.000981528		0.0145636326

		2.251		129		2.045		-0.324		2.884		3.536		1.664		2.889		3.520		4.554		0.884		0.0000884684		-0.0004045439		0		-0.0003160755		-0.0003160755		0.0050361166		-0.0003818136		0.0013939844		0.0079425326		0.0009030397		0.0145777842

		2.304		132		2.026		-0.431		2.991		3.612		1.643		2.819		3.603		4.574		0.907		0.0000756099		-0.0003838756		0		-0.0003082656		-0.0003082656		0.0049912359		-0.0003968152		0.0015068161		0.0079617109		0.0008337208		0.0145884029

		2.356		135		2.000		-0.536		3.096		3.686		1.621		2.744		3.681		4.592		0.930		0.000062854		-0.000364019		0		-0.000301165		-0.000301165		0.004933762		-0.0004133195		0.0015956921		0.0079756479		0.000772515		0.0145631324

		2.409		138		1.969		-0.640		3.200		3.757		1.599		2.666		3.756		4.606		0.954		0.0000501828		-0.0003449039		0		-0.0002947211		-0.0002947211		0.0048638667		-0.0004315023		0.001616433		0.0079623394		0.0007184008		0.0144348166

		2.461		141		1.933		-0.742		3.302		3.826		1.577		2.583		3.826		4.617		0.977		0.0000375787		-0.0003264667		0		-0.000288888		-0.000288888		0.0047817592		-0.0004515671		0.0014868333		0.007876975		0.0006704519		0.0140755644

		2.513		144		1.892		-0.842		3.402		3.893		1.555		2.497		3.892		4.625		1.000		0.0000250248		-0.0003086498		-0.0039143117		-0.0041979368		-0.0041979368		0.004687686		-0.0004737502		-0.0028311063		0.0076369014		0.0006278538		0.005449648

		2.566		147		1.845		-0.940		3.500		3.957		1.532		2.408		3.954		4.629		1.024		0.0000125041		-0.000291401		-0.0040577863		-0.0043366831		-0.0043366831		0.0045819301		-0.0004983263		-0.0037589355		0.0071181694		0.0005899027		0.0036960573

		2.618		150		1.793		-1.035		3.595		4.018		1.510		2.315		4.010		4.631		1.047		2.1824373749997E-19		-0.0002746722		-0.0041901387		-0.0044648109		-0.0044648109		0.0044648109		-0.0005256163		-0.0049904272		0.0062139993		0.0005559952		0.0012539511

		2.670		153		1.737		-1.128		3.688		4.076		1.487		2.220		4.062		4.629		1.071		-0.0000125041		-0.0002584198		-0.0043110062		-0.0045819301		-0.0045819301		0.0043366831		-0.0005559952		-0.0062139993		0.0049904272		0.0005256163		-0.0014991981

		2.723		156		1.675		-1.217		3.777		4.132		1.465		2.122		4.109		4.625		1.094		-0.0000250248		-0.0002426036		-0.0044200576		-0.004687686		-0.004687686		0.0041979368		-0.0005899027		-0.0071181694		0.0037589355		0.0004983263		-0.0039405595

		2.775		159		1.609		-1.303		3.863		4.185		1.442		2.022		4.150		4.617		1.117		-0.0000375787		-0.0002271866		-0.0045169939		-0.0047817592		-0.0047817592		0.000288888		-0.0006278538		-0.0076369014		0.0028311063		0.0004737502		-0.00945277

		2.827		162		1.539		-1.386		3.946		4.235		1.419		1.920		4.186		4.606		1.141		-0.0000501828		-0.0002121345		-0.0046015494		-0.0048638667		-0.0048638667		0.0002947211		-0.0006704519		-0.007876975		-0.0014868333		0.0004515671		-0.0141518387

		2.880		165		1.464		-1.464		4.024		4.282		1.396		1.816		4.217		4.592		1.164		-0.000062854		-0.0001974156		-0.0046734924		-0.004933762		-0.004933762		0.000301165		-0.0007184008		-0.0079623394		-0.001616433		0.0004315023		-0.014498268

		2.932		168		1.386		-1.539		4.099		4.327		1.373		1.711		4.243		4.574		1.188		-0.0000756099		-0.0001830003		-0.0047326257		-0.0049912359		-0.0049912359		0.0003082656		-0.000772515		-0.0079756479		-0.0015956921		0.0004133195		-0.0146135057

		2.985		171		1.303		-1.609		4.169		4.368		1.350		1.604		4.262		4.554		1.211		-0.0000884684		-0.000168861		-0.0047787872		-0.0050361166		-0.0050361166		0.0003160755		-0.0008337208		-0.0079617109		-0.0015068161		0.0003968152		-0.0146254737

		3.037		174		1.217		-1.675		4.235		4.407		1.327		1.496		4.276		4.531		1.234		-0.000101448		-0.0001549718		-0.0048118504		-0.0050682701		-0.0050682701		0.0003246541		-0.0009030397		-0.0079425326		-0.0013939844		0.0003818136		-0.0146013591

		3.089		177		1.128		-1.737		4.297		4.442		1.304		1.388		4.285		4.504		1.257		-0.0001145677		-0.0001413083		-0.0048317246		-0.0050876006		-0.0050876006		0.0003340692		-0.000981528		-0.0079282447		-0.0012784062		0.0003681624		-0.014573548

		3.142		180		1.035		-1.793		4.353		4.475		1.281		1.280		4.288		4.475		1.281		-0.0001278476		-0.0001278476		-0.0048383554		-0.0050940505		-0.0050940505		0.0003443982		-0.0010701257		-0.0079230983		-0.0011693179		0.000355729		-0.0145564652

		3.194		183		0.940		-1.845		4.405		4.504		1.257		1.172		4.285		4.442		1.304		-0.0001413083		-0.0001145677		-0.0048317246		-0.0050876006		-0.0050876006		0.000355729		-0.0011693179		-0.0079230983		-0.0010701257		0.0003443982		-0.0145500153

		3.246		186		0.842		-1.892		4.452		4.531		1.234		1.064		4.276		4.407		1.327		-0.0001549718		-0.000101448		-0.0048118504		-0.0050682701		-0.0050682701		0.0003681624		-0.0012784062		-0.0079282447		-0.000981528		0.0003340692		-0.0145542175

		3.299		189		0.742		-1.933		4.493		4.554		1.211		0.956		4.262		4.368		1.350		-0.000168861		-0.0000884684		-0.0047787872		-0.0050361166		-0.0050361166		0.0003818136		-0.0013939844		-0.0079425326		-0.0009030397		0.0003246541		-0.0145692056

		3.351		192		0.640		-1.969		4.529		4.574		1.188		0.849		4.243		4.327		1.373		-0.0001830003		-0.0000756099		-0.0047326257		-0.0049912359		-0.0049912359		0.0003968152		-0.0015068161		-0.0079617109		-0.0008337208		0.0003160755		-0.014580593

		3.403		195		0.536		-2.000		4.560		4.592		1.164		0.744		4.217		4.282		1.396		-0.0001974156		-0.000062854		-0.0046734924		-0.004933762		-0.004933762		0.0004133195		-0.0015956921		-0.0079756479		-0.000772515		0.0003082656		-0.0145560318

		3.456		198		0.431		-2.026		4.586		4.606		1.141		0.640		4.186		4.235		1.419		-0.0002121345		-0.0000501828		-0.0046015494		-0.0048638667		-0.0048638667		0.0004315023		-0.001616433		-0.0079623394		-0.0007184008		0.000301165		-0.0144283727

		3.508		201		0.324		-2.045		4.605		4.617		1.117		0.538		4.150		4.185		1.442		-0.0002271866		-0.0000375787		-0.0045169939		-0.0047817592		-0.0047817592		0.0004515671		-0.0014868333		-0.007876975		-0.0006704519		0.0002947211		-0.0140697312

		3.560		204		0.216		-2.059		4.619		4.625		1.094		0.438		4.109		4.132		1.465		-0.0002426036		-0.0000250248		-0.0044200576		-0.004687686		-0.004687686		0.0004737502		0.0028311063		-0.0076369014		-0.0006278538		0.000288888		-0.0093586968

		3.613		207		0.108		-2.068		4.628		4.629		1.071		0.340		4.062		4.076		1.487		-0.0002584198		-0.0000125041		-0.0043110062		-0.0045819301		-0.0045819301		0.0004983263		0.0037589355		-0.0071181694		-0.0005899027		0.0041979368		-0.0038348036

		3.665		210		0.000		-2.071		4.631		4.631		1.047		0.245		4.010		4.018		1.510		-0.0002746722		-8.46529264607564E-19		-0.0041901387		-0.0044648109		-0.0044648109		0.0005256163		0.0049904272		-0.0062139993		-0.0005559952		0.0043366831		-0.0013820789

		3.718		213		-0.108		-2.068		4.628		4.629		1.024		0.152		3.954		3.957		1.532		-0.000291401		0.0000125041		-0.0040577863		-0.0043366831		-0.0043366831		0.0005559952		0.0062139993		-0.0049904272		-0.0005256163		0.0044648109		0.0013820789

		3.770		216		-0.216		-2.059		4.619		4.625		1.000		0.063		3.892		3.893		1.555		-0.0003086498		0.0000250248		-0.0039143117		-0.0041979368		-0.0041979368		0.0005899027		0.0071181694		-0.0037589355		-0.0004983263		0.0045819301		0.0038348036

		3.822		219		-0.324		-2.045		4.605		4.617		0.977		-0.023		3.826		3.826		1.577		-0.0003264667		0.0000375787		0		-0.000288888		-0.000288888		0.0006278538		0.0076369014		-0.0028311063		-0.0004737502		0.004687686		0.0093586968

		3.875		222		-0.431		-2.026		4.586		4.606		0.954		-0.106		3.756		3.757		1.599		-0.0003449039		0.0000501828		0		-0.0002947211		-0.0002947211		0.0006704519		0.007876975		0.0014868333		-0.0004515671		0.0047817592		0.0140697312

		3.927		225		-0.536		-2.000		4.560		4.592		0.930		-0.184		3.681		3.686		1.621		-0.000364019		0.000062854		0		-0.000301165		-0.000301165		0.0007184008		0.0079623394		0.001616433		-0.0004315023		0.0048638667		0.0144283727

		3.979		228		-0.640		-1.969		4.529		4.574		0.907		-0.259		3.603		3.612		1.643		-0.0003838756		0.0000756099		0		-0.0003082656		-0.0003082656		0.000772515		0.0079756479		0.0015956921		-0.0004133195		0.004933762		0.0145560318

		4.032		231		-0.742		-1.933		4.493		4.554		0.884		-0.329		3.520		3.536		1.664		-0.0004045439		0.0000884684		0		-0.0003160755		-0.0003160755		0.0008337208		0.0079617109		0.0015068161		-0.0003968152		0.0049912359		0.014580593

		4.084		234		-0.842		-1.892		4.452		4.531		0.860		-0.395		3.434		3.457		1.685		-0.0004261021		0.000101448		0		-0.0003246541		-0.0003246541		0.0009030397		0.0079425326		0.0013939844		-0.0003818136		0.0050361166		0.0145692056

		4.136		237		-0.940		-1.845		4.405		4.504		0.837		-0.457		3.345		3.376		1.707		-0.000448637		0.0001145677		0		-0.0003340692		-0.0003340692		0.000981528		0.0079282447		0.0012784062		-0.0003681624		0.0050682701		0.0145542175

		4.189		240		-1.035		-1.793		4.353		4.475		0.814		-0.513		3.252		3.293		1.727		-0.0004722458		0.0001278476		0		-0.0003443982		-0.0003443982		0.0010701257		0.0079230983		0.0011693179		-0.000355729		0.0050876006		0.0145500153

		4.241		243		-1.128		-1.737		4.297		4.442		0.791		-0.565		3.157		3.207		1.748		-0.0004970373		0.0001413083		0		-0.000355729		-0.000355729		0.0011693179		0.0079230983		0.0010701257		-0.0003443982		0.0050940505		0.0145564652

		4.294		246		-1.217		-1.675		4.235		4.407		0.767		-0.612		3.059		3.120		1.768		-0.0005231341		0.0001549718		0		-0.0003681624		-0.0003681624		0.0012784062		0.0079282447		0.000981528		-0.0003340692		0.0050876006		0.014573548

		4.346		249		-1.303		-1.609		4.169		4.368		0.744		-0.653		2.959		3.030		1.788		-0.0005506746		0.000168861		0		-0.0003818136		-0.0003818136		0.0013939844		0.0079425326		0.0009030397		-0.0003246541		0.0050682701		0.0146013591

		4.398		252		-1.386		-1.539		4.099		4.327		0.721		-0.689		2.857		2.939		1.808		-0.0005798155		0.0001830003		0		-0.0003968152		-0.0003968152		0.0015068161		0.0079617109		0.0008337208		-0.0003160755		0.0050361166		0.0146254737

		4.451		255		-1.464		-1.464		4.024		4.282		0.698		-0.720		2.753		2.846		1.827		-0.0006107351		0.0001974156		0		-0.0004133195		-0.0004133195		0.0015956921		0.0079756479		0.000772515		-0.0003082656		0.0049912359		0.0146135057

		4.503		258		-1.539		-1.386		3.946		4.235		0.675		-0.746		2.648		2.751		1.845		-0.0006436368		0.0002121345		0		-0.0004315023		-0.0004315023		0.001616433		0.0079623394		0.0007184008		-0.000301165		0.004933762		0.014498268

		4.555		261		-1.609		-1.303		3.863		4.185		0.652		-0.765		2.541		2.654		1.863		-0.0006787537		0.0002271866		0		-0.0004515671		-0.0004515671		0.0014868333		0.007876975		0.0006704519		-0.0002947211		0.0048638667		0.0141518387

		4.608		264		-1.675		-1.217		3.777		4.132		0.630		-0.779		2.433		2.555		1.881		-0.0007163538		0.0002426036		0		-0.0004737502		-0.0004737502		-0.0028311063		0.0076369014		0.0006278538		-0.000288888		0.0047817592		0.00945277

		4.660		267		-1.737		-1.128		3.688		4.076		0.607		-0.788		2.325		2.455		1.898		-0.0007567461		0.0002584198		0		-0.0004983263		-0.0004983263		-0.0037589355		0.0071181694		0.0005899027		-0.0041979368		0.004687686		0.0039405595

		4.712		270		-1.793		-1.035		3.595		4.018		0.585		-0.791		2.217		2.354		1.913		-0.0008002885		0.0002746722		0		-0.0005256163		-0.0005256163		-0.0049904272		0.0062139993		0.0005559952		-0.0043366831		0.0045819301		0.0014991981

		4.765		273		-1.845		-0.940		3.500		3.957		0.562		-0.788		2.109		2.251		1.928		-0.0008473962		0.000291401		0		-0.0005559952		-0.0005559952		-0.0062139993		0.0049904272		0.0005256163		-0.0044648109		0.0044648109		-0.0012539511

		4.817		276		-1.892		-0.842		3.402		3.893		0.540		-0.779		2.001		2.147		1.942		-0.0008985525		0.0003086498		0		-0.0005899027		-0.0005899027		-0.0071181694		0.0037589355		0.0004983263		-0.0045819301		0.0043366831		-0.0036960573

		4.869		279		-1.933		-0.742		3.302		3.826		0.518		-0.765		1.893		2.042		1.955		-0.0009543205		0.0003264667		0		-0.0006278538		-0.0006278538		-0.0076369014		0.0028311063		0.0004737502		-0.004687686		0.0041979368		-0.005449648

		4.922		282		-1.969		-0.640		3.200		3.757		0.495		-0.746		1.786		1.936		1.966		-0.0010153557		0.0003449039		0		-0.0006704519		-0.0006704519		-0.007876975		-0.0014868333		0.0004515671		-0.0047817592		0.000288888		-0.0140755644

		4.974		285		-2.000		-0.536		3.096		3.686		0.474		-0.720		1.681		1.829		1.976		-0.0010824198		0.000364019		0		-0.0007184008		-0.0007184008		-0.0079623394		-0.001616433		0.0004315023		-0.0048638667		0.0002947211		-0.0144348166

		5.027		288		-2.026		-0.431		2.991		3.612		0.452		-0.689		1.577		1.721		1.983		-0.0011563905		0.0003838756		0		-0.000772515		-0.000772515		-0.0079756479		-0.0015956921		0.0004133195		-0.004933762		0.000301165		-0.0145631324

		5.079		291		-2.045		-0.324		2.884		3.536		0.430		-0.653		1.475		1.613		1.988		-0.0012382647		0.0004045439		0		-0.0008337208		-0.0008337208		-0.0079617109		-0.0015068161		0.0003968152		-0.0049912359		0.0003082656		-0.0145884029

		5.131		294		-2.059		-0.216		2.776		3.457		0.409		-0.612		1.375		1.505		1.989		-0.0013291418		0.0004261021		0		-0.0009030397		-0.0009030397		-0.0079425326		-0.0013939844		0.0003818136		-0.0050361166		0.0003160755		-0.0145777842

		5.184		297		-2.068		-0.108		2.668		3.376		0.388		-0.565		1.277		1.396		1.987		-0.001430165		0.000448637		0		-0.000981528		-0.000981528		-0.0079282447		-0.0012784062		0.0003681624		-0.0050682701		0.0003246541		-0.0145636326

		5.236		300		-2.071		0.000		2.560		3.293		0.367		-0.513		1.182		1.288		1.981		-0.0015423714		0.0004722458		0		-0.0010701257		-0.0010701257		-0.0079230983		-0.0011693179		0.000355729		-0.0050876006		0.0003340692		-0.0145603443

		5.288		303		-2.068		0.108		2.452		3.207		0.346		-0.457		1.089		1.181		1.968		-0.0016663552		0.0004970373		0		-0.0011693179		-0.0011693179		-0.0079230983		-0.0010701257		0.0003443982		-0.0050940505		0.0003443982		-0.0145677961

		5.341		306		-2.059		0.216		2.344		3.120		0.326		-0.395		1.000		1.075		1.947		-0.0018015404		0.0005231341		0		-0.0012784062		-0.0012784062		-0.0079282447		-0.000981528		0.0003340692		-0.0050876006		0.000355729		-0.0145859814

		5.393		309		-2.045		0.324		2.236		3.030		0.306		-0.329		0.914		0.971		1.917		-0.001944659		0.0005506746		0		-0.0013939844		-0.0013939844		-0.0079425326		-0.0009030397		0.0003246541		-0.0050682701		0.0003681624		-0.0146150104

		5.445		312		-2.026		0.431		2.129		2.939		0.287		-0.259		0.831		0.871		1.873		-0.0020866316		0.0005798155		0		-0.0015068161		-0.0015068161		-0.0079617109		-0.0008337208		0.0003160755		-0.0050361166		0.0003818136		-0.0146404753

		5.498		315		-2.000		0.536		2.024		2.846		0.268		-0.184		0.753		0.775		1.811		-0.0022064271		0.0006107351		0		-0.0015956921		-0.0015956921		-0.0079756479		-0.000772515		0.0003082656		-0.0049912359		0.0003968152		-0.0146300099

		5.550		318		-1.969		0.640		1.920		2.751		0.249		-0.106		0.678		0.686		1.725		-0.0022600699		0.0006436368		0		-0.001616433		-0.001616433		-0.0079623394		-0.0007184008		0.000301165		-0.004933762		0.0004133195		-0.0145164508

		5.603		321		-1.933		0.742		1.818		2.654		0.231		-0.023		0.608		0.608		1.609		-0.0021655871		0.0006787537		0		-0.0014868333		-0.0014868333		-0.007876975		-0.0006704519		0.0002947211		-0.0048638667		0.0004315023		-0.0141719035

		5.655		324		-1.892		0.842		1.718		2.555		0.214		0.063		0.542		0.545		1.455		-0.0017995593		0.0007163538		0.0039143117		0.0028311063		0.0028311063		-0.0076369014		-0.0006278538		0.000288888		-0.0047817592		0.0004515671		-0.0094749531

		5.707		327		-1.845		0.940		1.620		2.455		0.197		0.152		0.480		0.504		1.264		-0.0010555969		0.0007567461		0.0040577863		0.0037589355		0.0037589355		-0.0071181694		-0.0005899027		0.0041979368		-0.004687686		0.0004737502		-0.0039651356

		5.760		330		-1.793		1.035		1.525		2.354		0.181		0.245		0.424		0.489		1.047		9.3658797597429E-17		0.0008002885		0.0041901387		0.0049904272		0.0049904272		-0.0062139993		-0.0005559952		0.0043366831		-0.0045819301		0.0004983263		-0.0015264881

		5.812		333		-1.737		1.128		1.432		2.251		0.166		0.340		0.372		0.504		0.830		0.0010555969		0.0008473962		0.0043110062		0.0062139993		0.0062139993		-0.0049904272		-0.0005256163		0.0044648109		-0.0044648109		0.0005256163		0.0012235721

		5.864		336		-1.675		1.217		1.343		2.147		0.152		0.438		0.325		0.545		0.639		0.0017995593		0.0008985525		0.0044200576		0.0071181694		0.0071181694		-0.0037589355		-0.0004983263		0.0045819301		-0.0043366831		0.0005559952		0.0036621498

		5.917		339		-1.609		1.303		1.257		2.042		0.139		0.538		0.284		0.608		0.485		0.0021655871		0.0009543205		0.0045169939		0.0076369014		0.0076369014		-0.0028311063		-0.0004737502		0.004687686		-0.0041979368		0.0005899027		0.0054116969

		5.969		342		-1.539		1.386		1.174		1.936		0.128		0.640		0.248		0.686		0.369		0.0022600699		0.0010153557		0.0046015494		0.007876975		0.007876975		0.0014868333		-0.0004515671		0.0047817592		-0.000288888		0.0006278538		0.0140329663

		6.021		345		-1.464		1.464		1.096		1.829		0.119		0.744		0.217		0.775		0.284		0.0022064271		0.0010824198		0.0046734924		0.0079623394		0.0079623394		0.001616433		-0.0004315023		0.0048638667		-0.0002947211		0.0006704519		0.0143868676

		6.074		348		-1.386		1.539		1.021		1.721		0.111		0.849		0.191		0.871		0.222		0.0020866316		0.0011563905		0.0047326257		0.0079756479		0.0079756479		0.0015956921		-0.0004133195		0.004933762		-0.000301165		0.0007184008		0.0145090183

		6.126		351		-1.303		1.609		0.951		1.613		0.107		0.956		0.172		0.971		0.178		0.001944659		0.0012382647		0.0047787872		0.0079617109		0.0079617109		0.0015068161		-0.0003968152		0.0049912359		-0.0003082656		0.000772515		0.014527197

		6.178		354		-1.217		1.675		0.885		1.505		0.105		1.064		0.158		1.075		0.147		0.0018015404		0.0013291418		0.0048118504		0.0079425326		0.0079425326		0.0013939844		-0.0003818136		0.0050361166		-0.0003160755		0.0008337208		0.0145084652

		6.231		357		-1.128		1.737		0.823		1.396		0.107		1.172		0.149		1.181		0.127		0.0016663552		0.001430165		0.0048317246		0.0079282447		0.0079282447		0.0012784062		-0.0003681624		0.0050682701		-0.0003246541		0.0009030397		0.0144851444

		6.283		360		-1.035		1.793		0.767		1.288		0.114		1.280		0.146		1.288		0.114		0.0015423714		0.0015423714		0.0048383554		0.0079230983		0.0079230983		0.0011693179		-0.000355729		0.0050876006		-0.0003340692		0.000981528		0.0144717466
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