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1 Scope

1.1 Introduction

The Modular Coil Manufacturing Facility is divided into 6 workstations.  Each workstation has a specific set of tasks that will be performed as part of the overall fabrication process.  This procedure addresses the manufacturing, inspection, test and QC inspection points for a specific workstation.

· Station No. 1…
Casting Preparation

· Station No. 2…
Winding Station A

· Station No. 3…
Winding Station B

· Station No. 4…
Molding and VPI Preparation

· Station No. 5…
VPI and Autoclave Activities

· Station No. 6…
Coil 

1.2 Scope

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 the following Sections:

2
Applicable Documents

3   
Safety Requirements

4
General notes for fabrication of Modular Coils.

5
Materials and Parts

6
Fabrication Process

7
Documentation Requirements

8
Quality Assurance/Quality Control Requirements

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 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

	Procedure Number (Latest Version)
	Title

	
	

	ESH-004
	Job Hazard Analysis

	ES&H 5008
	PPPL Environmental, Safety and Health Manual

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

	ENG-014
	Hydrostatic and Pneumatic Testing

	ENG-021
	Hoisting & Rigging Procedure

	EM-002
	General Welding & Brazing Requirements


2.2 NCSX Project Documents for Modular Coils

	Document No.
	Title

	
	

	NCSX-CSPEC-142-03
	Modular Coil Assembly Specification

	NCSX-CSPEC-141-02
	Modular Coil Castings Specification

	NCSX-CSPEC-142-04
	Modular Coil Conductor Specification

	NEPA No. 1283
	Modular Coil Development and Production

	NCSX-PLAN-MCWFCP-00
	Modular Coil Winding Facility Operations Plan 

	WP-1138
	Manufacturing of Production Coils

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

	WP-1019
	Winding Prototype Modular Coil

	
	


2.3 Modular Coil Manufacturing Procedures 

	Document No.
	Title

	
	

	NCSX-PROC-MCF-001
	Mod Coil Fabrication-Material Receipt 

	NCSX-PROC-MCF-002
	Mod Coil Fab-Station No. 1 Activities

	NCSX-PROC-MCF-003
	Mod Coil Fab-Station No. 2 & 3 Activities

	NCSX-PROC-MCF-004
	Mod Coil Fab-Station No. 4 Activities

	NCSX-PROC-MCF-005
	Mod Coil Fab-Station No. 5 Activities

	D-NCSX-OP-G-159
	Coil Test Facility Operation

	D-L-NCSX-983
	Lifting Modular Coil Castings

	D-L-NCSX-984
	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:

	Drawing No.
	Drawing Description

	
	

	
	

	[image: image1.png][ LM-5E144-001 {Active) WS: ncsx_new - Pro/ENGINEER

Bl Edt Vew Insert Analysis Info Applcations Uities Window Help

=T R =Tl A

J

%8 A

[ &

=

BRI

Model notes wil not be displayed.
Spin Center wilnot be displayed.

LN L -0

L b R

s

Astart || 1] @ =1 O

|| spEudoraby qua...| Byort

[ workspace . | &NBC10.com-H... | EJLM-sE144-001 ...| odel Tree

Component
Feature
Modfy
Restructure
Mecharism
Sipfd Rep
Design Mar
Explodestate
Regenerate
Relations:
Faniy Tab
Set Up
Program
Integrate

BB BY so7am




	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


2.6 Permits

2.6.1 D-site work permits: 

Required whenever work is being performed at D-site.  It identifies the type of work and procedures being used. 

2.6.2 Confined space permits: 
Required whenever a person is entering a confined space.  It identifies any restrictions, requirements and personnel who are authorized for entry. The PPPL Industrial Hygienist (IH) representative issues the permit.  [Requires a “safety watch”]  (Example: Autoclave entrances when the dome is in position)

2.6.3 Flame/Fire Permit:  

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 Safety Requirements:

3.1 Integrated Safety Management: 

All work will be performed in accordance with PPPL safety policies ES&H 5008 and “Integrated Safety Management” (ISM) policy.
3.2 Job Hazard Analysis: 

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 IH representative will review the JHA’s for accuracy as well as completeness.  It will be reviewed with all activity participants at the Pre-Job briefings.
3.3 Personal Protective Equipment: 

The PPPL Industrial Hygiene and Construction Safety representatives will work together with the Modular Coil Facility Manager to identify the necessary and correct personal protective equipment (PPE’s) needed to ensure a healthy and safe work environment for the work force.

3.4 Radiation Controlled Area: 

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 Food and Beverage

No food, gum, or beverage will be allowed in the MC manufacturing facility.

4 General Notes for Modular Coil Fabrication:
4.1 General Operating Plan:

Document “NCSX-PLAN-MCWFOP-01-00” describes the general operating plan that will be used for the coil manufacturing facility. 
4.2 Cleanliness:

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.
Coil parts that are inadvertently handled with bare hands or otherwise soiled must be replaced or cleaned using acetone.

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

4.3 Housekeeping: 

Good Housekeeping is an essential element to the success of the manufacturing of the modular coils.  It is required that all stations be maintained in as clean a state as is reasonable for the specific activities being performed.

4.4 Markers and Pencils:

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

4.5 Chips and Filings:

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.

4.6 Critical Lifts:

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 Materials and Parts

	General Description
	Material
	Reference Document/Product No.

	
	
	

	Conductor
	CDA 101 compacted copper rope
	NCSX-CSPEC-142-04

	Turn Insulation- glass tape
	S-2 Dry glass
	NCSX-CSPEC-142-03

	Ground insulation-glass tape
	S-2 Dry glass
	NCSX-CSPEC-142-03

	Ground insulation - Kapton- 5mil
	Type HN
	NCSX-CSPEC-142-03

	Ground insulation - Kapton- 2mil
	Type HN
	NCSX-CSPEC-142-03

	Solvent 
	Chlor-Free Degreaser
	CRC Product No. 03185 [MSDS #05032]

	Solvent
	Acetone
	MSDS# 00561

	Fillers
	G-10
	NCSX-CSPEC-142-03

	Chill Plates
	Copper
	NCSX-CSPEC-142-03

	Coil Leads
	TBD
	NCSX-CSPEC-142-03

	Studs for coil clamp to casting stud
	Stainless steel grade????
	TBD

	Coil clamps 
	Copper- grade?????
	NCSX-CSPEC-142-03

	Associated clamp hardware
	
	

	Mold release
	Release agent dry lubricant
	“Miller-Stephenson”   -PTFE  MS122DF

	Vacuum Pressure Impregnation Epoxy System
	Resin/ Hardener/Accelerator
	CTD-101K (Composite Tech Dev. Corp.) 3-part system

	Epoxy system for shell mold
	Resin/hardener
	CTD-540 [2-part air cure system]

	Bag mold material
	Self-fusing Tape
	Product no.7643A24 2 in. wide gray silicone tape

	Bag mold shell material
	Nomex Felt
	Stk. No. NX 08-6 Nomex fabric 1/8 in. thick x 6 in.

	
	
	

	
	
	

	
	
	

	
	
	


6 Fabrication Process

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

1.1.1 Transport the modular coil casting (MCC) from its storage area to the Modular Coil Winding Facility (MCWF).
1.1.2 Perform a visual inspection of the casting. Look for any obvious defects or damage as a result of shipment.
1.1.3 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.
1.1.4 MCC to Support Ring Assembly

1.1.4.1 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.

1.1.4.2 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.
1.1.4.3 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.

1.1.4.4 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.

1.1.5 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.
1.1.6 Secure the MCCRA to the turning fixture.  

1.1.6.1 Align the guide rollers to the support ring

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

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

1.1.7.1 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.
1.1.7.2 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.
1.1.8 Thoroughly clean the entire MCC using CRC Industrial “Chlor-Free Degreaser.
1.1.9 Apply (3) coats of mold release to the winding surfaces [more detail required]
1.1.10 Inner wall chill plates

1.1.10.1 Clean the inner wall chill plates that are to be used for the coil type being manufactured.  
1.1.10.2 Fitup the chill plates to the inner wall per ???????????
1.1.10.3 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.

1.1.11 Install the inner wall diagnostics that need to be positioned on the inner surface of the coil prior to winding. [details required]
1.1.12 Transfer the prepared MCC to the winding station [either station 2 or 3].
This section of the MIT/QA plan outlines the processes that are to be performed and procedures required to complete the fabrication of the Modular coils.  Procedures for performing the activities are covered by the Modular Coil Fabrication procedures (MCFP).  Each station will have a separate MCFP detailing the manufacturing processes; inspection points and test plan for that station.












Figure 1- Modular Coil Fabrication Plan Outline

7 Documentation Requirements:

7.1 Document Control:

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

7.2 Field Package: 

Each coil will have a “Field Package” that will include all coil related documentation associated with the manufacturing of modular coils.  Documentation in this package will include Travelers, test reports, data sheets, photographs, etc.

7.3 Traveler:

A “Traveler” will be used to document the completion of the various manufacturing phases of the Modular Coil, and will remain with the coil from station to station.  The traveler will be used in conjunction with the manufacturing procedures as a signoff/approval form noting that critical manufacturing steps have been completed.  Authorized personnel associated with the manufacturing processes will perform the signoff’s. In addition, it will provide witness points as well as reference for test results, and measurements.  

7.4 Traveler Completion:

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.

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

7.5 Authorized Signoff’s for Manufacturing Completions:  

The manufacturing procedures will identify what level of signoff is required for a particular step.  The following disciplines are the authorized signatures for the in-process Travelers.

-Station Lead Technicians

-Field Supervisors

-Quality Control Representative

-Manufacturing Facility Manager

7.6 Final Document Storage:

All documents (hard copy) associated with the manufacturing will be stored in the PPPL Operations center for a period of time that is defined by the NCSX Project and PPPL.  Documents may be stored either electronic or hard copy.

8 Quality Assurance/Quality Control Requirements

8.1 Mission Statement: -Modular Coil QA/QC Plan

“To observe and obtain any required information as may be necessary to assure that the manufacturing of the Modular Coils is being performed in accordance with the Manufacturing Facility Operations plan; Modular Coil Specifications and the NCSX Modular Coil Manufacturing Procedures”. [See section 2] 

8.2 Inspection/Surveillance and Audit:

Authorized representatives of the NCSX project will perform inspection and surveillances all during the manufacturing of modular coils. These representatives will include the Field Supervisors; lead technicians as well as the Quality Control (QC) representatives.  

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

Independent Audits may be performed by the Quality Assurance group to ensure that approved manufacturing processes and quality of product is being observed.

8.3 Inspection and Test Procedures:

Inspections and tests shall be performed in accordance with written/approved procedures referencing criteria for acceptance or rejection.  Adequate records shall be maintained and available for NCSX Project reviews.

8.4 Document Traceability and Records:

The Modular Coil manufacturing team 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 and legible and validated by responsible personnel and shall be traceable to subject items. 

8.5 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 use of tags, stamps, serial numbers or other positive means. 
8.6 Nonconformance’s & Corrective Actions:

Nonconforming items shall be positively identified, and, where possible, segregated to prevent use.  The Modular Coil Manufacturing Team shall document each non-conformance in accordance with PPPL procedure QA-005 “Control of Nonconformance’s”. 
8.7 Calibration of Test and Measuring Equipment:

Inspections and tests shall be performed using properly calibrated measuring and test equipment in accordance with PPPL procedure ENG-002  “Control of Measurement Test Equipment & Calibration”. 
8.8 Release for Station Transfer:

Prior to releasing a modular coil from one station to the next it is required that the all-responsible individuals sign the release indicating that all processes at that station have been satisfactorily completed.  The release (on the Traveler) will include signatures from the Station Lead Technician, Field Supervisor and the QC representative. 

8.9 Process History:

The Modular Coil Manufacturing team shall provide a Process History for the modular coils that 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:

8.9.1 Material Certifications: 

 The Modular Coil Manufacturing Team shall compile 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. {Certifications for the insulation, epoxy, conductor as well as chill plates and lead materials are required as a minimum}
8.9.2 Inspection/ Test Documents:  

Original or copies of filled in and completed process planning and control documents (travelers, etc.), which verify controlled execution of the required work.  Each modular coil will have its own set of process planning and control documents.

8.9.3 Inspection Reports: 

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

8.9.4 Test Reports:  

Copies of the original test data sheets or reports  of all required tests, both in-process and acceptance, properly validated by authorized personnel.
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Winding Facility Activities





Basement Activities





Coil Testing Activities


Cold test the modular coil


Store tested MC





VPI/Autoclave Activities


Install coil in autoclave and prep for VPI


Vacuum impregnate coil


Cleanup and install final coil clamps


Transport coil to test facility





Molding & VPI Preparation


Install outer Diagnostics


Install Outer Chill plates


Install bag mold


Vacuum leak check bag mold


Install coil molding clamps








Winding Operations


Install inner ground wrap insulation


Position leads for side “A” winding


Wind side “A” of modular coil


Complete leads for side “A” winding


Coil Measurements/electrical tests


Reposition coil in turning fixture


Position leads for side “B” winding


Wind side “B” of coil


Complete leads for side “B” winding


Complete ground wrap sides A & B
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Casting Preparation





Material Receipt


Conductor receipt & inspection 


Casting receipt & inspection


General product inspection guidelines





TBD
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Figure 1- Turning Fixture





Turning Fixture Support Frame





Turning Fixture Support Ring Guide Rollers





Turning Fixture Drive System





Turning Fixture-Upper Support/Lifting Beam





Turning Fixture Support Plates & spaces assembly
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Casting Preparation


Mount casting to support ring


Measure/inspect casting surfaces


Install coil clamp studs


Clean & mold release winding surfaces


Install inner chill plates


Install Diagnostics





Turning Fixture Support Ring
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