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Scope

The National Compact Stellarator Experiment (NCSX) is an experimental research facility that is to be constructed at the Department of Energy’s Princeton Plasma Physics Laboratory (PPPL). Its mission is to acquire the physics knowledge needed to evaluate compact stellarators as a fusion concept, and to advance the understanding of 3D plasma physics for fusion and basic science.

A primary component of the facility is the stellarator core, an assembly of four magnet systems that surround a highly shaped plasma and vacuum chamber. The coils provide the magnetic field required for plasma shaping and position control, inductive current drive, and error field correction.

This document describes the functions, performance requirements, operational requirements, and design constraints for the modular coil subsystem of the stellarator core.  

1.1 Incomplete and Tentative Requirements

Within this document, the term “TBD” (to be determined) indicates that additional effort (analysis, trade studies, etc) is required to define the particular requirement.  The term “TBR” (to be revised) indicates that the value given is subject to change.

2 Applicable Documents

The following documents form a part of this specification to the extent specified herein.  In the event of a conflict, the contents of this specification shall be considered a superceding requirement.

2.1 Government Documents

TBD

2.2 PPPL / NCSX  Documents

General Requirements Document (GRD), NCSX-ASPEC-GRD-00

Work Breakdown Structure (WBS) Dictionary, Stellarator Core Systems

2.3 Other Documents

TBD

3 System Requirements

3.1 System Definition

The modular coil set consists of three field periods with 6 coils per period, for a total of 18 coils.  Due to symmetry, only three different coil shapes are needed to make up the complete assembly.  The coils are connected electrically with three circuits in groups of six coils, according to type.  Figure 1 shows the general arrangement of the coils and structure.

The winding facility consists of fixtures and tooling to support the winding form during coil fabrication, an autoclave and associated equipment to perform vacuum pressure impregnation (VPI) of each coil assembly, and limited cryo-electrical test equipment.  Figure 2 shows the major components of the winding facility.

The work breakdown structure (WBS) for the modular coil system includes the winding forms (WBS 141), coil windings and assembly (WBS 142), local instrumentation (WBS 143), and the winding facility and fixtures (WBS 144).

3.2 Winding Forms (WBS 141)

3.2.1 Functions

The function of the winding forms is to provide an accurate means of positioning the conductor during the winding and vacuum-pressure impregnation (VPI) process.  The winding forms are permanent structures that also provide mechanical support for the windings during coil operation.  The complete assembly of winding forms is referred to as the structural shell.

3.2.2 Configuration Requirements and Essential Features

· Eighteen winding forms of three different types are required to construct the modular coils.

· Each winding form shall be segmented in the poloidal direction to meet the electrical (eddy current) requirements defined in GRD Section 3.2.1.5.2.

· Each winding form shall include accurately machined surfaces.

· Materials used in the construction of the winding forms shall have a relative magnetic permeability <1.02, as specified in GRD Section 3.3.1.1.

· The winding forms shall provide access for tangential Neutral Beam Injection (NBI), Ion Cyclotron Resonance Heating (ICRH), vacuum pumping, diagnostics, and personnel access.

· The winding form assembly shall provide a means of supporting the vacuum vessel (WBS 12).

· The winding form assembly shall itself be supported by TF/PF coil support structure (WBS 15).

3.2.3 Performance and Operational Requirements

Support operational loads with minimum of deflection.  Table 1 lists the range of loads that are expected:

Table 1 – Maximum Operational Loads on Structural Shell

	
	Max  Radial Load (lbf)
	 Max Vertical Load (lbf)
	Avg Inboard Pressure (ksi)
	Avg Outboard Pressure (ksi)
	Max Coil Radial Load (lb/in)
	Max Coil Lateral Load (lb/in)

	Segment / Coil 1
	---
	---
	---
	---
	---
	---

	Segment / Coil 2
	---
	---
	---
	---
	---
	---

	Segment / Coil 3
	---
	---
	---
	---
	---
	---


3.3 Coil Windings and Assembly (WBS 142)

3.3.1 Functions

The function of the modular coil windings is to provide the basic quasi-axisymmetric magnetic configuration for the device.  The windings can produce alternate magnetic configurations by varying the current for each coil type independently.

3.3.2 Configuration Requirements and Essential Features

· A set of 18 modular coils, comprised of three field periods with six coils each, shall be provided.

· Each modular coil shall consist of two winding packs, wound on either side of a structural tee feature on the winding form.  The two winding packs comprise a modular coil.

· The position of the winding center of each modular coil shall conform to the prescribed geometry within a tolerance of +/- 1.5-mm.

· The modular coils shall be connected electrically in 3 circuits, with coils of each type in series.

· The windings shall be designed to operate at a temperature of 80-K for maximum performance and compatibility with existing power supplies.

3.3.3 Performance and Operational Requirements

The modular coil windings shall be capable of meeting the reference scenarios defined in GRD Section 3.2.1.5.3.3 and summarized in Table 2:

Table 2 – Reference Scenarios and Modular Coil Current

	Scenario
	Max Current (kA)
	Max I2t (A2-s)
	Max ESW (s)

	First Plasma (0.5-T)
	225
	93 E6
	0.76

	Field Mapping
	225
	450 E6
	3.6

	1.7-T Ohmic
	763
	1400 E6
	1.0

	1.7-T High Beta
	763
	1350 E6
	0.97

	2.0-T High Beta
	818
	1530 E6
	0.90

	1.2-T Long Pulse
	538
	1300 E6
	2.0

	320-kA Ohmic
	707
	1270 E6
	1.0


3.4 Local Instrumentation and Control (WBS 143)

3.4.1 Functions

Sensors are required on each coil in order to monitor behavior during operation and provide feedback to the coil protection system.  The required data includes voltage, temperature, strain, and flow measurement.

3.4.2 Configuration Requirements and Essential Features

· Each modular coil assembly shall be equipped with multiple Resistance Temperature Detectors (RTDs) in order to provide pre- and post-pulse monitoring of conductor average temperature.

· Each modular coil shall be equipped with voltage taps at the leads.

· Each winding form shall be equipped with strain gages along the length the coil.

3.4.3 Performance and Operational Requirements

TBD

3.5 Winding Facility and Fixtures (WBS 144)

3.5.1 Functions

The function of the winding fixture, tooling, and autoclave is to provide precise support and positioning of the winding form and conductor during the winding process, and to meet the requirements of the VPI process.  

3.5.2 Configuration Requirements and Essential Features

· Larger enough to accommodate modular coils.

· Tooling easy to use, accurately positions conductor.

· Autoclave provides ports for epoxy feed-through, thermocouples, viewports, personnel entry.

3.5.3 Performance and Operational Requirements

· Heat coils to 130-C.

· Positive pressure of 15-psig.

· Achieve vacuum <1-torr in 4-hours

· RT to 45-C in 4-hours

· 45-C to 110-C in 15-hours

· Temperature monitoring and feedback control of heating.



























































































































































































































































































