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1.0 Introduction and Scope

1.1 Introduction

The National Compact Stellerator Experiment (NCSX) Modular coils will be manufactured at Princeton Plasma Physics Laboratory for the NCSX Project.  This document describes the general operating plan that will be used during the manufacturing of the modular coils. 

1.2 Scope

1.2.1 This document addresses the manufacturing, inspection, test and Quality Assurance (QA) plan to complete and deliver the modular coils to the NCSX Project.  This document includes:

1.2.1.1 Safety Requirements

1.2.1.2 General notes for fabrication of Modular Coils.

1.2.1.3 Materials and Parts

1.2.1.4 Fabrication Process

1.2.1.5 Metrology and Tolerance Control

1.2.1.6 Documentation Control

1.2.1.7 Quality Assurance/Quality Control Plan

1.2.2 This document along with the “Winding Facility Operations Plan” [NCSX-PLAN-MCWFOP-00] will govern the processes by which the modular coils will be fabricated.

2.0 Applicable Documents

Identified below are the primary laboratory and project documents that that will be needed to complete the production of the Modular coils.  

2.1 Laboratory Procedures

2.1.1 ESH-004……………
Job Hazard Analysis

2.1.2 ES&H 5008…………
PPPL Environmental, Safety and Health Manual

2.1.3 ESH-008 ……………
Access to Radiological Areas (RCA’s)

2.1.4 ENG-014 ……………
Hydrostatic and Pneumatic Testing

2.1.5 ENG-021 ……………
Hoisting & Rigging Procedure

2.1.6 EM-002.…………….
General Welding & Brazing Requirements

2.2 NCSX Project Documents for Modular Coils 

2.2.1 NCSX-CSPEC-142-03…Modular Coil Assembly Specification
2.2.2 NCSX-CSPEC-141-02…Modular Coil Castings Specification
2.2.3 NCSX-CSPEC-142-04…Modular Coil Conductor Specification
2.2.4 NEPA No. 1283………
Modular Coil Development and Production

2.2.5 NCSX-PLAN-MCWFCP-00…. “Modular Coil Winding Facility Operations Plan”

2.2.6 WP-1138…. Manufacturing of Production Coils

2.2.7 WP-1125…. Mod coil Winding R&D (Twisted Racetrack coil)

2.2.8 WP-1019…. Winding Prototype Modular Coil

2.3 Modular Coil Manufacturing Procedures 
2.3.1 NCSX-PROC-MCF-007….
Coil Test Stand
2.3.2 L-NCSX-XXXX
Lifting Modular Coil Castings
2.3.3 L-NCSX-XXXX
Lifting Mod Coil Casting & Windings
2.4 Modular Coil Manufacturing Travelers
2.4.1 NCSX-TRAV-MCF-001….
Mod Coil Fabrication Traveler
2.5 Drawings:
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2.6 Permits

2.6.1 D-site work permits: are required whenever work is being performed at D-site.  It identifies the type of work and procedures used. 
2.6.2 Confined space permits: are required whenever a person is entering a confined space.  It identifies any restrictions, requirements and personnel who are authorized for entry. The permit is issued by PPPL Industrial Hygienist (IH) representative.  [Requires a “safety watch”]  (Example: Autoclave entrances when the dome is in position)
2.6.3 Flame/Fire Permit:  are required whenever open flame activities such as welding, soldering, grinding, etc. are being performed.  The permit is issued by PPPL’s Emergency Service Unit (ESU) and requires a fire watch.
3.0 Safety Requirements:

3.1 All work will be performed in accordance with PPPL safety policies ES&H 5008 and “Integrated Safety Management” (ISM) policy.
3.2 JHA’s will be generated for each workstation, identifying existing or potential workplace hazards and to evaluate the risk of worker injury or illness associated with job tasks. (Reference document ESH-004 “Job Hazard Analysis”)  The JHA’s will be reviewed by the IH representative for accuracy as well as completeness.  It will be reviewed with all activity participants at the Pre-Job briefings.
3.3 The PPPL Industrial Hygiene and Construction Safety representatives will work together with the Coil Facility Manager to identify the necessary and correct personal protective equipment needed to ensure a healthy and safe work environment for the work force.
3.4 The modular coil manufacturing facility is located in a Radiation Controlled Area (RCA). As a result, all personnel entering or working in the area must be radiation qualified, or be escorted by a qualified escort.
3.5 No food, gum, smoking or beverage will be allowed in the MC manufacturing facility.
4.0 General Notes for Modular Coil Fabrication:

4.1 Document “NCSX-PLAN-MCWFOP-01-00” describes the general operating plan that will be used for the coil manufacturing facility. 
4.2 Clean lint-free cotton, or latex gloves will be worn at all times during the handling of modular coil conductor, insulation or any cleaned component that will become a part of the finished modular coil.
4.3 Coil parts that are inadvertently handled with bare hands or otherwise soiled must be replaced or cleaned using acetone.

4.4 All coils, conductors or parts will be covered at all times.  Windings will also be covered during work stoppage.

4.5 The use of lead pencils or non-approved markers is prohibited in the fabrication stations. “Sharpie” permanent markers may be used without prior approval by the Field Supervisor.

4.6 Extreme care must be taken when using files, grinders, etc that could generate metal chips or filings.  Surrounding areas must be protected from these activities.

4.7 All lifting of modular coil castings and/or completed coils will be considered a “Critical” lift that requires the presence of a lift engineer.  Note: The lift engineer may later identify the lift as repetitive, in which case his presence would not be required.

5.0 Materials and Parts

	Material or Part
	Reference Document/Product No.

	Conductor
	NCSX-CSPEC-142-04

	Turn Insulation
	NCSX-CSPEC-142-03

	Ground insulation
	NCSX-CSPEC-142-03

	Kapton
	NCSX-CSPEC-142-03

	Solvent- “Chlor-Free Degreaser”- CRC Product
	MSDS #05032

	Acetone
	

	Fillers
	NCSX-CSPEC-142-03

	Chill Plates
	NCSX-CSPEC-142-03

	Coil Leads
	NCSX-CSPEC-142-03

	Stainless steel studs
	XXXXXXXXXX

	Coil clamps and associated hardware
	

	Mold release
	

	VPI Epoxy
	CTD-101K

	
	

	
	

	
	

	
	


Note: See sections 6.4 & 6.5 for materials used during mold and VPI operations

6.0 Fabrication Process

This section of the MIT/QA plan describes the processes that are to be performed to complete the fabrication of the Modular coils.  Each station will have a separate section detailing the manufacturing processes; inspection points and test plan for that station.
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6.1 Receipt of Material:  

6.2 Station No.1- Casting Preparation: 

This station receives and prepares the Modular Coil Castings (MCC) for winding operations.

6.2.1 Transport the modular coil casting (MCC) from its storage area to the Modular Coil Winding Facility (MCWF).
6.2.2 Perform a visual inspection of the casting. Look for any obvious defects or damage as a result of shipment.
6.2.3 Using a bottlebrush, clean cotton rags and “Chlor-Free Degreaser”; thoroughly clean the tapped holes in the MCC removing any chips or oil residue remaining from the casting manufacturing process.
6.2.4 MCC to Support Ring Assembly

6.2.4.1 Position one of the turning fixture support rings on the floor and mount the appropriate support plates/spacer hardware to the ring using ____________ hardware.  Hand-tighten the hardware.
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6.2.4.2 Rotate the support ring with plates 180 degrees so that the support plates are facing the floor.  Position the ring assembly onto the casting/ring assembly fixture.  Ensure that the ring is properly positioned and secured.
6.2.4.3 Position the appropriate (Type A, B or C) MCC into the casting/ring assembly fixture ensuring that the casting is properly engaged with the fixture, and that the holes in the support plates are aligned.

6.2.4.4 Secure the support plates to the MCC using hardware______________.  Torque all of the hardware between the MCC, support plates and support ring to ___ft-lbs.

6.2.5 Secure the support/lifting beam to the MCC/Ring Assembly (MCCRA), and carefully raise the MCCRA until it is in the vertical position.  Transport and install into the Station No. 1 turning fixture using Lift procedure L-NCSX-xxxx.
6.2.6 Secure the MCCRA to the turning fixture.  

6.2.6.1 Align the guide rollers to the support ring

6.2.6.2 Verify that the support rack gear rack is engaged with the drive unit.

6.2.6.3 Verify that the upper support/lift beam is in proper position and secured with appropriate hardware that is torqued to _____ft-lbs.
6.2.7 Station No. 1 Activities:

6.2.7.1 Using metrology equipment ____________ thoroughly measure the position of the MCC winding surfaces. Include all data in the MCC traveler package.  Details of measurement method required.
6.2.7.2 Install stainless steel studs on each side of the castings for the winding and coil clamps.  
· Obtain Flame/Fire Permit form the ESU prior to starting stud-welding activities.

· Position stud alignment fixture onto the casting using the inner web tapped hole to secure the fixture in place. (add figure)
· Using stud welder, weld XXXXX stainless steel studs on each side of the winding.
· Remove alignment fixture and clean weld
· Repeat process for clamp position, until all studs have been installed
· Quality Control inspector shall inspect each welded stud.   Welded studs rejected by QC will be removed, cleaned and replaced with a new stud.
6.2.8 Thoroughly clean the entire MCC using CRC Industrial “Chlor-Free Degreaser.
6.2.9 Apply (3) coats of mold release to the winding surfaces [more detail required]
6.2.10 Inner wall chill plates

6.2.10.1 Clean the inner wall chill plates that are to be used for the coil type being manufactured.  
6.2.10.2 Fitup the chill plates to the inner wall per ???????????
6.2.10.3 Once all of the chill plates have been fit, remove and apply (2) half-lapped layer of Kapton (size & thickness) to the side facing the winding surfaces.  Secure in place with adhesive back Kapton tape.

6.2.11 Install the inner wall diagnostics that need to be positioned on the inner surface of the coil prior to winding. [details required]
6.2.12 Transfer the prepared MCC to the winding station [either station 2 or 3].
6.3 Station No.2 & 3- Winding Stations:

There are (2) winding stations in the Modular Coil Winding Facility.  Each station is housed in a closed room to control the cleanliness of the winding environment.  The coils are wound onto the MCC at these stations.

6.3.1 Mount the MCC into the winding station.
6.3.2 Install the inner wall ground wrap insulation. [add detail]
6.3.3 Mount the winding clamps to the MCC.
6.3.4 Position the first set of coil leads for coil-1. [add detail]
6.3.5 Wind the conductor onto the MCC.

6.3.6 Position the second set of coil leads for coil-1. [add detail]
6.3.7 Complete the outer ground wrap insulation.

6.3.8 Lift and rotate the Modular coil casting & windings [MCCW] and reposition in the turning fixture.

6.3.9 Install the inner wall ground wrap insulation.
6.3.10 Position the first set of coil leads for coil-2.

6.3.11 Wind the conductor onto the MCC.

6.3.12 Position the second set of coil leads for coil-2.

6.3.13 Complete the outer ground wrap insulation.

6.3.14 Transfer the MCCW to station 4 to prepare the MCCW for epoxy impregnation.

6.4 Station No.4-Mold Preparation Station:

There are (2) winding stations in the Modular Coil Winding Facility.  Each station is housed in a closed room to control the cleanliness of the winding environment.  Additional ventilation will be provided to minimize fumes from the epoxy work being performed inside of the enclosure.

6.4.1 Procedure:  All work will be performed per NCSX-PROC-MCF-004
6.4.2 Equipment & Parts:  Turning fixture; molding clamps; outer chill plates; diagnostic loops; bag mold components
6.4.3 Outline of Steps:

6.4.3.1 Mount the MCCW into the turning fixture.
6.4.3.2 Install the outer diagnostic loops.
6.4.3.3 Install the outer chill plates and cooling tubes.
6.4.3.4 Install the bag mold, epoxy entry/exit sprues and the mold clamps.
6.4.3.5 Perform preliminary vacuum leak test of bag mold.
6.4.3.6 Transfer the MCCW with mold to station 5 for vacuum-pressure-impregnation [VPI] of the wound coils.
6.5 Station No.5- Vacuum-Pressure-Impregnation Station (VPI):

This station is comprised of the autoclave [vacuum/pressure oven], epoxy mixing station and epoxy control station for performing the epoxy vacuum-pressure-impregnation of the modular coils.

6.5.1 Procedure:  All work will be performed per NCSX-PROC-MCF-005
6.5.2 Equipment & Parts:  Autoclave; epoxy delivery system; MCCW stand; epoxy components; vacuum leak checking equipment;
6.5.3 Position the MCCW into the support frame in the autoclave [vacuum/pressure oven].
6.5.4 Connect the MCCW to the epoxy delivery system and vacuum leak check.
6.5.5 Epoxy-vacuum-impregnate the modular coil windings.
6.5.6 Remove the impregnated modular coil from the autoclave.
6.5.7 Return impregnated modular coil to either station 1 or 4 [open station]
6.6 Station 5a- Final Coil Activities

At this station the final coil clamps are installed. This work will be performed in either station no. 1 or 4 depending upon availability of a turning fixture.

6.6.1 Procedure:  All work will be performed per NCSX-PROC-MCF-006
6.6.2 Equipment & Parts:  Turning fixture; final coil clamps
6.6.3 Install the modular coil into the turning fixture.
6.6.4 Remove the molding clamps and install the final coil clamps.
6.6.5 Remove the finished modular coil from the turning fixture and transfer coil to station 6.
6.7 Station No.6-Coil Test Stand:

This station is located in the Test Cell basement.  Each of the modular coils will be electrically tested at liquid nitrogen temperatures to ensure the integrity of the coils.

6.7.1 Procedure:  All work will be performed per NCSX-PROC-MCF-007????
6.7.2 Equipment & Parts:  Test stand; cryostat
6.7.3 Transfer the completed modular coil via the Mock-up building elevator to the Test Stand located in the Test Cell basement.
6.7.4 Position the coil in the Test Stand enclosure and cryostat.
6.7.5 Complete coil testing per procedure XXXXXXXXXXXXX. 
6.8 Coil Storage:

6.8.1 Remove the modular coil from the test stand and store in the Test cell basement in a safe area until needed for the Field Period Assembly.
6.8.2 The stored coils will be covered with a plastic sheet to protect the coils from dirt.

6.8.3 Protective caps will be stored over the nitrogen cooling fittings to keep debris from the nitrogen flow path.

6.8.4 The area around the coils will be roped off to minimize traffic around the coils.

6.8.5 When needed for Field Period Assembly, the modular coil will be transported using the Moc

7.0 Documentation Control:

7.1 House-Keeping Rules:

“Good House-Keeping” is an essential element to the success of the manufacturing of the modular coils.  The following steps will be taken to enforce this practice.

7.1.1 The coil winding and molding stations [Work Stations #2-4] will be housed in a clean environment with walls, ceiling and filtered airflow.

8.0 Documentation 

8.1 All NCSX associated documents used for manufacturing the modular coils will be under NCSX Project document control. 

8.2 Each coil will have a separate “Traveler” that will follow the coil from station to station.  It will be used to document completion of major activities as well as test results, and measurements.  The Traveler will be further discussed in the MIT plan.

8.3 The Lead Technician or Field Supervisor will document all critical completions on the traveler.  This will be completed using the signer’s initials or pre-approved stamps identifying the signer.

8.4 The “Travelers” will be filled out in a timely fashion once a particular activity has been completed.

8.5 All documents associated with the manufacturing will be stored in an appropriate location for an indefinite period of time or until the project authorizes their destruction.  Documents may be stored either electronic or hard copy.

9.0 Quality Assurance/Quality Control

9.1 Quality control during manufacturing will be the responsibility of the field supervisors, lead technicians as well as the Quality Control Representative.  

9.2 All measurements and tests will be performed by the work crews and engineering and do not require, unless outlined in the procedures, the presence of the QC representative.

9.3 The QC representative will review the field activities on a daily basis.  They will be checking for completion of documentation as well as non-compliance with the approved procedures.

9.4 The QC representative will be a required signature that the station activities have been completed and that the coil may move to the next station.

9.5 The QC representative will report to the laboratory appointed NCSX QA representative.  He/she will also inform the Coil Facility Manager of any issues or findings that may be uncovered.
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Figure No. 2- Coil Winding Facility Layout
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Figure 1- Turning Fixture
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