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1.0 INTRODUCTION AND SCOPE:

1.1 Introduction: The National Compact Stellarator Experiment (NCSX), which is currently in its conceptual design stage, is the first of a new class of stellarators knows as “compact stellarators”.  This draft specification and specified attachments are to be the basis of a manufacturing study for the fabrication of the (18) Modular coils for NCSX.  It is expected that the design will evolve during the Conceptual Design Phase and a final specification will be developed for the actual manufacture of components.  
1.2 Scope:
1.2.1 One sub-contractor will be selected who will have the responsibility to coordinate and oversee the fabrication of the (18) Modular coils.  Included in the responsibility will be the procurement of the copper conductor, insulation and winding forms (stainless steel casting) plus the winding, testing and completion of the coils.

1.2.2 This specification defines the manufacturing requirements for the National Compact Stellarator Experiment (NCSX) Modular Coils. The specification is divided into (3) sections.  

1.2.2.1 Fabrication of the Compacted Copper Cable

1.2.2.2 Manufacturing of Winding Form Casting

1.2.2.3 Casting Preparation & Modular coil Winding

1.2.3 To minimize the risk of coil failure, for any reason, strict adherence to these specifications and the associated drawings is essential.

1.2.4 Subcontractor shall furnish all material, labor and facilities, unless otherwise noted, necessary to complete the work as defined in the contract documents subject to the qualifications, conditions, or exceptions noted herein.

2.0
APPLICABLE DOCUMENTS:
2.1 Drawings and Models

2.1.1 Due to the complex geometry of the stellarator components, Computer Aided Design (CAD) drawings and models primarily define them. The Pro Engineering (“Pro-E “) files identified in Appendix I describe the equipment to be provided under this specification.  The vendor is required to have the capability to accept and work with these files.  
2.1.2 Dimensions in drawings and specifications refer to conditions at room temperature (20° C/ 68° F).

2.1.3 Measurement Units:  It is currently planned to use inches as the primary unit of measure. The drawings will be dual dimensioned (inches and millimeters) for reference.  

2.2 Standards and Codes:

2.2.1 Materials and manufacturing/test methods used in fabrication of the equipment covered by this specification shall comply with the latest revision, in effect at date of purchase order, of the following currently approved applicable regulations, safety codes, specifications and standards, including applicable technical definitions as acknowledged and accepted in industry.  

ASTM American Society for Testing and Materials

A351/A351M-00 “Standard Specification for Castings, Austenitic, Austenitic-Ferric (Duplex). For Pressure-Containing Parts”

A703/A703M “Specification for Steel Castings”

IEEE- Institute of Electrical and Electronic Engineers



IEEE #4, Techniques for Dielectric Tests

NEMA-National Electrical Manufacturers Association
Grades and specifications for materials developed for the electric and electronics industries.

Copper Development Association (CDA) Standards

ASME Boiler and Pressure Vessel Code



Sections II, V, VIII and IX

2.2.2 The above Standards and Codes set forth the minimum requirements.  Subcontractor may exceed them with written permission from the NCSX Project, if in Subcontractor’s judgment; superior or more economical designs or materials are available.

2.3
General Statement


Subcontractor agrees, represents and warrants that all services, designs, equipment and materials sold or otherwise provided by Subcontractor comply with applicable, Federal, State and Local laws, regulations and codes, and all applicable specifications and standards including those specified above, in each case as in effect at the date of order placement. Subcontractor shall provide the NCSX Project with a Certificate of Compliance identifying the codes, standards and regulations complied with, and any exceptions taken, in the design and fabrication of deliverable items.

3.0
REQUIREMENTS

3.1 Coil Description

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 required to make up the complete coil set.  Each modular coil is constructed by winding pre-insulated rectangular compacted copper cable onto a stainless steel cast winding form. The winding forms are bolted together to form a complete torus and are electrically insulated from each other at the bolted flange interfaces.  Each coil consists of two double pancake windings.  Once wound, the entire coil will be vacuum-pressure impregnated (VPI) with epoxy. The coil set will be pre-cooled to cryogenic temperatures before each experimental pulse by helium or nitrogen gas.
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Figure 3.1-1.  Winding of the Cable Conductor on a NCSX Modular

Coil Casting
3.1.1 General Design Features

3.1.1.1 Modular Coil Parameters are identified in Table 3.1.

Table 3.1 Modular Coil Parameters

	Parameter
	Unit
	Value

	Number of field periods
	#
	3

	Number of Modular Coils
	#
	18

	Number of turns per coil (2 double pancakes)
	#
	32

	Winding length along winding center
	Meters (inches)
	6.3-7.1 

(248-280)

	Winding cross-section (gross area for each double pancake)
	cm2 (inches2)
	48 (7.4)

	Winding current center accuracy requirement
	mm  (inches)
	+/- 1.5    (+/-0.060)

	Maximum design current
	KA
	24.0

	Maximum t-t voltage
	V
	300

	Maximum turn-ground voltage
	KV
	3 


3.1.1.2 Tolerances are indicated on the Pro-E provide Cad drawings. Strict adherence to these dimensions is critical to the assembly and performance of the subject equipment. Supplier is requested to recommend tolerances for the various machined surfaces and sub-assembly dimensions necessary to achieve the +/-1.5 mm overall winding tolerance indicated in Table 3.1  

3.1.2 Materials in Specification:

3.1.2.1 Copper Conductor… see section 3.2

3.1.2.2 Insulation…. See section 3.2 and 3.4

3.2
Cable Fabrication

3.2.1
Introduction:
This section describes the requirements for the flexible copper conductor for winding the NCSX Modular Coils.  The Subcontractor shall submit for approval by the NCSX Project, a Manufacturing, Inspection, and Test (MIT) plan.  No deviations from the approved MIT plan will be accepted without NCSX Project approval.  

3.2.2
General Description:

The cable consists of a rope lay copper bundle compacted into a rectangular cross-section.  The cable is insulated with fiberglass cloth tape at manufacture to maintain the cross-section. A protective cover is applied over this, which is removed just prior to the application of the remaining electrical insulation.  Details are given in Sect. 3.2.2. thru 3.2.9.  

3.2.3
Materials:
3.2.3.1
Copper wire 

-12,240 strands of AWG 36 

-Min. packing fraction:  75 %

-CDA Grade: C11000 (ETP)  

-Minimal ultimate tensile strength of compacted cable:  to be measured and used as a quality control parameter.  

-Minimal electrical resistance of compacted cable: 3.8 x 10 -5 ohms/ft. @ 680 F  

-Min. weight per foot for finished cable (with serve, prior to insulation): 0.98 lbs./ft.

3.2.3.2 
Insulation:

Glass Tape – (turn to turn)
(Glass tape identifier: ECG150-2/2)
Glass tape:  S-Glass (Four Harness Satin weave) with reactive amino silane finish

Temperature Class: 180° C

Nominal Thickness: 0.006 in. (0.254 mm.) tape




Nominal Width:  
1.0 in. tape
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3.2.4
The subcontractor shall supply the conductor as flexible spooled copper cable in 100-meter lengths.  It will be manufactured using 12,240 strands of 36 AWG copper strands constructed as a round conductor then compacted into a rectangular cross-section.  (See figure 3-3).  A layer of filamentary “serve” shall be applied to the cable prior to compaction to assist in holding the compacted cable shape.

 [image: image2.wmf]Parameter

Unit

Value

Maximum current

kA

24

Pulse length (ESW)

s

1

Repetition rate

min

10

Total number of cycles

-

130,000

Conductor width

mm

16.9

Conductor height

mm

13.3

Max continuous length

m

120

Copper strand size

AWG

36

Conductor packing fraction

%

75

Insulation thickness

mm

0.8

Insulation rating

kV

3

Minimum bend radius

cm

8

Table of Conductor Parameters


 Figure 3-3 Copper Cable  
3.2.5
The cable subcontractor shall ensure that the finished conductor has been thoroughly cleaned and degreased using a solvent, which has been agreed upon by both parties prior to compacting.  This solvent must be able to dissolve grease, oils and other soils, and be residue free.   

3.2.6
The subcontractor shall take the necessary precautions to ensure that the conductor remains clean following degreasing.  The conductor shall be protected from skin oil, etc., by requiring shop personnel to handle/touch conductors only while wearing clean, lint free, white cotton gloves.  

3.2.7
The copper cable, once manufactured shall be shall be compacted to the cross sectional dimensions defined in Figure 3.3.

3.2.8
One half-lapped layer of fiberglass insulation defined in 3.2.2.2 shall be applied to the outside surface of the compacted conductor.

Note:  Care shall be taken to avoid damage to the insulation in subsequent handling.  Damaged insulation shall be replaced with new insulation in accordance with an approved repair procedure, which will maintain insulation continuity.

3.2.9
One-layer of protective tape shall be applied over the E-glass insulation.

3.2.10
Test requirements:

3.2.10.1
The copper strand material shall be tension tested to assure that its strength meets the requirements of Sect. 3.2.2.1.  Samples shall be tested from the beginning and end of each spool of supplied copper strand.

 3.2.10.2
All of the supplied cable shall be resistance tested and shall meet the requirements of Sect. 3.2.2.1.  

3.3.10.3 
Samples of the compacted cable shall be cut from the beginning and end of each cable spool and weighed.  The cable weight shall meet the requirements of Sect. 3.2.2.1.  

3.4.1.5
The turn insulation shall consist of (1) half-lapped layer of S-glass insulation (applied by cable manufacturer), and (1) half-lapped layer of S-glass/ co-wound with Kapton tape (applied by subcontractor just prior to winding the cable on the coil forms).  Alternatively, the cable manufacturer could apply both layers of insulation if the subcontractor can assure that the Kapton/Glass is not damaged by interim handling operations and the electrical properties are maintained.
Glass Tape 
(Glass tape identifier: ECG150-2/2)
Glass tape:  S-Glass (Harness Satin weave) with reactive amino silane finish

Temperature Class: 180° C

Nominal Thickness: 0.010 in. (0.254 mm.) tape



Nominal Width:  
1.0 in. tape

5.0 
QUALITY ASSURANCE REQUIREMENTS
5.1 
Inspection/ Surveillance/Audit by NCSX Project


Authorized representatives of NCSX Project and the U. S. Government shall have the right at all reasonable times to visit the Subcontractor's premises and those of Subcontractor's suppliers during the performance of the procurement for the purposes of inspection, surveillance, audit and/or obtaining any required information as may be necessary to assure that items or services are being furnished in accordance with specified requirements. Such visits shall be coordinated with the Subcontractor's personnel to minimize interference with the normal operations of said premises. The Subcontractor shall make available records and documentation necessary for this function and shall provide all reasonable facilities and assistance for the safety and convenience of NCSX Project and/or U. S. Government representatives in the performance of their duties.   NCSX Project and the U. S. Government recognize the Subcontractor's right to withhold information concerning proprietary processes. The Subcontractor agrees to insert the paragraph above in each lower-tier procurement issued hereunder.

5.2 
Subcontractors Responsibility for Conformance

Neither NCSX Project review and/or approval of Subcontractor's documents nor NCSX Project inspection of Subcontractor's items or services shall relieve the Subcontractor of responsibility for full compliance with requirements of the purchase order/contract.

5.3 
Quality Assurance Plan

Subcontractor shall submit within 30 days of contract award, two (2) copies of its Quality Assurance Plan, describing the specific quality assurance and quality control procedures and practices to meet the requirements of this particular subcontract/purchase order, for NCSX Project review and approval. (Reference Section 6.2)

5.4 
Manufacturing, Inspection and Test Plan (MIT)


Subcontractor shall prepare and submit for NCSX Project review and approval a Manufacturing/Inspection/Test Plan, which identifies parts, sub-assemblies, etc.; shows their integrated flow into end items; and identifies critical manufacturing operations as well as inspections and tests. Procedures and/or protocols for contaminate control and cleanliness shall be included with the MIT (see 3.4). 

Preparing the Plan may include developing a flow chart and generating Process Sheets/Shop Travelers, etc. NCSX Project may designate selected manufacturing, inspection and/or test operations as mandatory “witness” points based on the MIT plan. Subcontractor shall provide NCSX Project with five (5) working days notice in advance of such witness points.

5.5 
Inspection and Test Procedures
Inspections and tests shall be performed in accordance with written procedures referencing criteria for acceptance or rejection.  Actual data and accept/reject status for each inspection and test shall be documented.

5.6 
Document Traceability and Records

The Subcontractor shall maintain a system of documentation whereby objective evidence of required operations, inspections, examinations, and tests is systematically compiled, indexed and stored.  Such objective evidence may include "travelers"; and material test, certification, inspection, examination, test and discrepancy reports; which shall be complete, legible, and validated by responsible personnel and shall be traceable to subject items.

5.7 
Equipment/Material Identification and Status


Material and equipment identification shall be maintained throughout the program and be traceable to the records. Status of acceptability shall be readily discernible through the Subcontractor's use of tags, stamps, serial numbers or other positive means.

5.8 
Calibration of Test and Measuring Equipment

Inspections and tests shall be performed using properly calibrated measuring and test equipment. Subcontractor shall have in its possession the necessary equipment to perform the required inspections and tests. Calibration standards shall be traceable to the National Institute for Standards and Technology (NIST) or equivalent. Subcontractor shall impose these calibration requirements on sub tier suppliers.

5.9      Control of Special Processes

Subcontractor shall use trained and qualified personnel and qualified written procedures in accordance with specified requirements for the performance of certain special processes, including but not limited to, soldering, electronic assembly, brazing, welding, plating, heat treatment, nondestructive examination, etc. Copies of special process procedures shall be available for review by Princeton and submitted to Princeton for review and approval if requested.

5.10 
Release for Shipment Form

Subcontractor shall have a signed "Product Quality Certification and Shipping Release" Form to be provided by NCSX Project Quality Assurance Representative prior to NCSX Project acceptance of procured items or services for full or partial shipment. NCSX Project reserves the right to refuse to accept shipments unless accompanied by a signed "Shipping Release Form”.

5.11 
Process History

Subcontractor shall provide to NCSX Project a Process History, which includes a compilation of documents, detailing the objective evidence of the acceptability of the work performed. The Process History shall include as a minimum, but not be limited to, the following:

5.11.1 
Material Certifications

The Subcontractor shall submit copies of inspection reports, test data, and/or certifications from vendors, showing relevant chemical, mechanical and electrical properties of materials used, where applicable, as well as documents showing adherence to in-process requirements. Material certifications from sub-tier suppliers shall also be submitted.

5.11.2
Inspection and Test Reports

Copies of the original reports of all required inspections, tests and examinations, properly validated by authorized personnel.

5.11.3
Fabrication Drawings


Copies of the final fabrication “as built” drawings that include all approved changes made during the fabrication.

5.11.4
Certificate of Compliance (C of C)
Subcontractor's C of C, stating that the work performed conforms in every respect to the physical configuration and functional inspection/test requirements. Subcontractor’s Quality Assurance (QA) Manager shall sign the C of C. Where NCSX Project -furnished material has been used by the Subcontractor, such certification shall also include the statement: "Material furnished by NCSX Project has been inspected by the Subcontractor and used by the Subcontractor as specified by NCSX Project with no unauthorized substitutions.

5.12 
NCSX Project Receiving and Inspection


NCSX Project will perform Receiving Inspection on items or services supplied by Subcontractor, using either a sampling plan or 100% inspection. Discrepant items or services will be rejected and returned to Subcontractor or reworked by NCSX Project.  Costs caused by rejects will be charged to Subcontractor. 

6.0 
DOCUMENTATION REQUIREMENTS
6.1 Proposal Technical Documentation

6.1.1 Subcontractor shall submit as part of his proposal documentation in preliminary or outline form, the QA Plan (refer to section 5.3), the Manufacturing/Inspection/Test Plan (refer to section 5.4), and procedures for tests (refer to section 5.5). 

6.1.2 Subcontractor shall submit as part of the proposal a preliminary description of the press mold, and winding tooling (refer to sections 3.3.7 and 3.3.12).

6.2 Documentation After Contract Award and Prior to Fabrication

6.2.1 Subcontractor shall submit (2 copies) final versions of the QA Plan (refer to section 5.3), the Manufacturing/Inspection/Test Plan (refer to section 5.4), and procedures for tests (refer to section 5.5) for PPPL review and approval within 30 days of contract award. 

6.2.2 Subcontractor shall submit (2 copies) a final description of the press mold and winding tooling (refer to sections 3.2.6 and 3.2.12) for NCSX Project review and approval within 30 days of contract award.

6.2.3 Subcontractor shall submit (2 copies) of final fabrication drawings for NCSX Project review and approval within 30 days of contract award.

6.3 Documentation Prior to Shipment

6.3.1 Subcontractor shall submit (2 copies) all documents identified in section 5.11, Process History.

6.3.2 Subcontractor shall submit an inventory of excess materials provided by NCSX Project.

7.0 SHIPPING STORAGE AND HANDLING

7.1 The Modular coils shall be individually crated for shipment.  The crate shall be built for moving on rollers, handling with slings from overhead cranes and forklifts.

7.2 The crate shall protect the Modular coils from shock and weather conditions, including precipitation and protection against freezing.  Subcontractor’s name, shipper, purchase order number, contents and gross weight shall be marked on the shipping container.  Subcontractor is responsible arranging shipment, and for the safe arrival of the Modular coils at PPPL in Princeton, New Jersey, USA.

7.3 The Modular coils shall be prepared for shipment is such a manner as to ensure acceptance by common carrier for transportation at the lowest applicable rate and to afford protection from normal hazards of transportation.
8.0 DELIVERABLES

The Subcontractor is responsible for delivering to PPPL (NCSX Project) the following:

8.1 All documentation listed in section 6.0.
8.2 Twenty-one completed Modular coils, which have successfully passed all acceptance tests and criteria. 

8.3 Fixtures or tooling fabricated solely for the fabrication of the Modular coils.













