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1 
Introduction

1.1 PURPOSE

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 three-dimensional plasma physics for fusion and basic science.

One of the primary components of the NCSX Core is the Modular coil.  There are three different coil shapes with a quantity of total of (18) modular coils divided into three different types identified as Types A, B and C. There are quantities of six coils for each type of casting. 

Each modular coil is wound using compacted copper rope conductor.  This specification establishes the manufacturing and acceptance requirements for the compacted copper rope conductor that will be used in the fabrication of the modular coils.

1.2  SCOPE

This manufacturing specification will include the subcontractor shall supply the conductor as flexible spooled copper cable in minimum 300-ft lengths.  It will be manufactured using 3240 strands of 34 AWG copper strands constructed as a round conductor then compacted into a rectangular cross-section.  (See figure 1-1).  A layer of filamentary nylon “serve” shall be applied to the cable prior to compaction to assist in holding the compacted cable shape.
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Figure 1 -CompactedCopper Rope Conductor

1.3 Applicable Documents

N/A

2 Requirements

2.1 General Conductor Description:

The subcontractor shall supply the conductor as flexible spooled copper cable in minimum 300-ft lengths.  It will be manufactured using 3240 strands of 34 AWG copper strands constructed as a round conductor then compacted into a rectangular cross-section.  (See figure 1-1).  A layer of filamentary nylon “serve” shall be applied to the cable prior to compaction to assist in holding the compacted cable shape.  NCSX supplied glass tape insulation will then be applied to the outside surface prior to spooling.

2.2 Conductor Parameters

Table 1- NCSX Conductor Parameters
	Parameters
	Value
	Units

	
	
	

	Width of conductor w/ nylon serve
	0.391 +/- 0.008
	Inches

	Height of conductor w/nylon serve
	0.350 +/- 0.008
	Inches

	Individual wire gauge
	34
	AWG

	Individual wire size
	0.063
	Inches

	Copper Grade
	CDA102
	OFHC

	Number of strands per conductor
	3240
	#

	Cable copper fraction after compaction
	0.75 minimum,
	%

	Length (minimum)
	300
	Feet

	Nylon Serve thickness
	0.004
	Inches

	Insulation thickness (nominal)
	0.004
	Inches

	Conductor Weight/ 1000 feet
	409.2
	Lbs.

	Conductor Resistance/1000 ft. Nominal (Calculated)
	0.086 
	Ohms

	Conductor Resistance/1000 ft. Maximum (Calculated)
	0.089 
	Ohms



Figure 2- Typical Conductor with Serve and Insulation Builds
2.3 Cable Construction

The cable will be constructed using a series of sub cables with the correct number of strands, lay length and direction as developed during the R&D program. 
12x5/54/34 bare OFHC copper with single Nylon serve Formed to 0.391" +/-0.008" by 0.350" +/-0.008" 

2.3.1 Cable Construction Details

2.3.1.1 Nine sub-cables 

54/34 Bare OFHC copper at 2-1/2" Right Hand Lay (RHL) to .053" +/-.002"   

5/54/34 Bare OFHC copper at 3-1/2" RHL to .103" +/-.003"   

2.3.1.2 Three sub-cables for core

    
54/34 Bare OF copper at 2-1/2" Left Hand Lay (LHL) to 0.053" +/-0.002"    

 
5/54/34 Bare OF copper at 3-1/2" LHL to 0.103" +/-0.003"    

2.3.1.3 Cable 

9X5/54/34 Bare OF copper at 5-1/2" LHL around 3X5/54/34 at 5-1/2"

RHL to 0.440" +/-0.009"  (409.2#/M')                                    

2.3.1.4 Single nylon serve 

Nylon serve- 0.004 inch thick applied to outside bare cable surface, and formed to 0.391 inch +/-0.008 inch by 0.350 inch +/-0.008 inch

2.3.1.5 Turn Insulation

The NCSX Project will supply the glass turn-insulation.  Apply one (1) half lapped layer of the glass tape to the completed conductor prior to final spooling.

Insulation Reference Information:

· Size: 1 inch wide x by 0.004-inch thick S-2 glass tape heat treated with S920 Silane finish.

· Weight:  3.6 oz./sq. yard
· Approximate thread count per inch:  50 (warp)/ 20 (fill)
· Weave:  Plain
· Final Measurements of final conductor with insulation:  0.407-inch +/-0.010 inch by 0.366 inch +/-0.010 inch

3 MANUFACTURING Requirements
3.1 No lubrication:

The cable subcontractor shall ensure that the finished conductor has been thoroughly cleaned and that no lubricants are used during the cable forming operations.

3.2 Cleanliness:

The subcontractor shall take the necessary precautions to ensure that the conductor remains clean, free of any oils, or dirt related to processing or handling.

3.3 Dimensional Control:

The copper cable, once manufactured shall be compacted to the cross sectional dimensions defined in Figure 2.  Random dimension measurements are required.

3.4 Turn Insulation:

One half-lapped layer of fiberglass insulation defined in 2.3.1.5 shall be applied to the outside surface of the compacted conductor.  The NCSX Project will provide the glass insulation.

3.5 RESISTANCE MEASUREMENTS

Each completed spool of conductor shall be resistance measured and weighted. Table 1- NCSX Conductor Parameters
4 Quality Assurance Provisions

4.1 Quality Assurance

4.1.1 Inspection, Surveillance and Audit:
Authorized representatives of PPPL 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 Subcontract 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 PPPL and/or U. S. Government representatives in the performance of their duties. PPPL and the U. S. Government recognize the Subcontractor's right to withhold information concerning proprietary processes.
4.1.2 Compliance:
Neither PPPL review and/or approval of Subcontractor's documents nor PPPL inspection of Subcontractor's items or services shall relieve the Subcontractor of responsibility for full compliance with requirements of the purchase order/contract. The Subcontractor is responsible for assuring that all requirements and restrictions are imposed on any sub-tier suppliers.

4.1.3 Quality Assurance Program:

The Subcontractor shall establish and maintain an effective Quality Assurance Program to assure that the Subcontractor’s work meets the required quality and is performed in accordance with contractual requirements. Subcontractor’s quality assurance function shall be organized to have sufficient authority and independence to identify quality problems, verify conformance of supplied items or services to specified requirements and obtain satisfactory resolution of conflicts involving quality.

4.1.4 Inspection and Testing:
Each item to be delivered to Princeton shall be inspected and tested by the Subcontractor to verify that such items meet Princeton's requirements (acceptance/rejection criteria). Unless otherwise agreed to in writing, inspection shall include verification of all dimensions for all items. 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 dimension and each test performed.
4.1.5 Calibrated Measuring and Inspection Equipment:
Inspections and tests shall be performed using properly calibrated measuring and test equipment. Calibration standards shall be traceable to the National Institute for Standards and Technology (NIST) or equivalent acceptable to PPPL and shall not be used for shop inspections, but instead be protected against damage or degradation.
4.1.6 Material and equipment identification:

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.
4.1.7 Qualified Personnel:

Subcontractor shall use trained and qualified personnel and qualified written procedures in accordance with specified requirements for the performance of special processes.

4.1.8 Nonconformance’s:

Nonconforming items shall be positively identified, and, where possible, segregated to prevent use. The Subcontractor shall document each nonconformance. The written approval of Princeton is required prior to the use of the nonconforming item. The Subcontractor's system shall provide not only for timely resolution of nonconformance’s but also for analysis of nonconformance’s to determine root causes and to implement appropriate and effective corrective actions.
4.1.9 Shipping Release:
Subcontractor shall have a signed "Product Quality Certification and Shipping Release" Form (Attachment 1 of this SOW) 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”.

4.1.10 Receiving Inspection:
PPPL 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.

5 DOCUMENTATION REQUIREMENTS

5.1 
Process History:

Subcontractor shall provide one copy of a Process History with the shipping release request (see 4.1.9) and two copies with the completed assembly. The Process History shall include the following:

5.1.1 Original Reports:

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

5.1.2 Material Test Reports
Material Test Reports traceable to the actual material and showing actual relevant chemical, and mechanical properties of Subcontractor-provided materials used. One copy is to be submitted upon Subcontractor acceptance for use.

6 DELIVERABLES

6.1 Documentation:

All documentation as identified listed in section 4.1 above with one copy delivered with the shipping release and two additional with the shipment.

6.2 Copper Conductor

The quantity of spools of copper conductor manufactured per this specification as noted in the purchase order.

7 PREPARATION FOR DELIVERY

7.1 Conductor Spooling

The conductor will be wound onto the wooden spools with the narrow side (0.350 inch) of the conductor lying flat on the spool.  The wider side (0.391 inch) will be up and down.  See Figure 3- Conductor and Spool Layout{Note: reference dimensions are without insulation)


Figure 3- Conductor and Spool Layout
7.2 Conductor Protection

Each conductor filled spool will be plastic wrapped Plastic wrap the spooled insulated conductor to protect the conductor from dirt and foreign materials.

7.3 CRATING

The spools shall be crated to protect the insulated conductor from shock and weather conditions, including precipitation. The crate shall be built for handling with slings from overhead cranes, and transport by forklifts.

7.4 SHIPPING

Subcontractor is responsible arranging shipment, and for the safe arrival of the twisted tee

Winding form at PPPL in Princeton, New Jersey, USA. Subcontractor’s name, shipper, purchase order number, contents and gross weight shall be marked on the shipping container.
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SUPPLIER'S CERTIFICATION

This s to certify that the products and services identified herein have been produced under a controlled
quality assurance program and are in conformance with the procurement requirements including applicable
codes, standards and specifications as identified in the above-referenced documents unless noted below
Any supporting documentation will be retained in accordance with the procurement requirements.

SIGNED. DATE

TITLE COMPANY.

PPPL(AUTHORIZED REPRESENTATIVE) SHIPPING RELEASE

This is to certify that evidence supporting the above Supplier's Certification statement has been audited and
no product/service nonconformances from procurement requirements have been found unless noted below
This productservice is hereby released for shipment

This section serves as the Quality Assurance release for the above described product for shipment. It does
not constitute an acceptance thereof and does not relieve the Vendor, Manufacturer or Contractor of any and
all responsibility or obligation imposed by the purchase contract. It does not waive any rights the Purchaser
may have under the purchase contract, including the Purchaser's right to reject the above described material
upon discovery of any deviations from requirements of the purchase contract, drawings and specifications.

NONCONF ORMANCES FROM PROCUREMENT QUALTTY REQUIREMENTS:

REMARKS/PRODUCT SERIAL NUMBERS,

BY PPPL QA REPRESENTATIVE (OR DESIGNEE) DATE
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Controlled Document


THIS IS AN UNCONTROLLED DOCUMENT ONCE PRINTED.


Check the NCSX Engineering Web prior to use to assure that this document is current.
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