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To:  Hutch Neilson 
From:  Judy Malsbury 
Subject: Audit #0609 – NCSX Modular Coil Fabrication 
Date:  October 31, 2006 
 
 
This report documents audit number 0609, NCSX Modular Coil Fabrication. For this 
audit there were six observations, two recommendations, and three findings. Corrective 
actions for the findings have already been specified and are contained on the findings 
forms.   
 
Reference material pertaining to this audit is available in the audit file and may be 
obtained by contacting the Lead Auditor at x2415. 
 
Responses to the audit will be followed up and corrective action status is reported on a 
monthly basis. 
 
Should you have any questions, please contact the Lead Auditor. 
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Geoff Gettelfinger, Auditor, Engineering  Colin Phelps, Auditor, Quality Control 
 
 
 

_____________________________ 
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_____________________________ 
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T. Brown, NCSX Design Integration (see findings 2 and 3) 
J. Chrzanowski, NCSX MC Fabrication Project Engineer (see finding 1) 
L. Dudek, Head, NCSX Stellerator Core Onsite Fabrication 
F. Malinowski, QA, Procurement Quality Assurance 
B. Nelson, Head, Stellerator Core Design and Procurement 
B. Simmons, NCSX Systems Engineering Support 
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QUALITY ASSURANCE AUDIT REPORT 
 
 

Audit Number:  0609 
Audit Name:  Modular Coil Fabrication 
Date(s) of Audit:  August 15 – 22, 2006 
Place of Audit: PPPL 
Auditors:   Judy Malsbury(Lead Auditor) 

Geoff Gettelfinger, Colin Phelps 
Organizations Audited:  NCSX 
Individuals Contacted:  Wayne Reiersen, NCSX Project Engineer 

Jim Chrzanowski, MC Fabrication Project Engineer 
Brad Nelson, Head, NCSX WBS 1, Stellerator Core 

Design and Procurement (ORNL) 
Art Brooks, NCSX Analysis Engineer 
Larry Dudek, Head, Stellerator Core Onsite 

Fabrication 
Phil Heitzenroeder, WBS 14, Modular Coil 

Winding Forms 
Bob Simmons, Systems Engineering Support 
David Williamson, Head, Modular Coils, Coil 

Services (ORNL) 
Various Lead Technicians and Technicians 

Exit Meeting:  Thursday, September 21, 2006, 9 AM, Eng Conf Rm 
Tom Brown, Mike Cole, Jim Chrzanowski, Larry 
Dudek, Geoff Gettelfinger, Judy Malsbury, Tom 
Meighan,  Hutch Neilson,  Colin Phelps, Wayne 
Reiersen, Bob Simmons, Mike Williams 
 

References: See appendix B 
 
 
Executive Summary 
 
This is the most complicated fabrication effort that has ever been undertaken at PPPL. It 
has required new design tools, such as ProEngineer, a greater dependency upon state-of-
the-art metrology, and more sophisticated tooling. It is a three dimensional design that is 
not easily converted to two dimensional drawings that can then be used for fabrication. 
The tolerances for the windings are tight; the analysis of any tolerance deviations 
sophisticated. The schedule is challenging and staffing limited. The project should be 
commended on the planning for the work performed so far and the quality of the 
completed work.   
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This audit identified issues that, in the opinion of the audit team, present significant risks. 
The most significant are presented in the three findings — change control for the 
fabrication of the modular coils, drawing control, and management of the metrology data 
and photographs. 
Changes to the documents that contain the information necessary for the fabrication of 
the modular coils are not properly controlled. This concern has the potential for important 
changes being missed when a coil is fabricated. A side issue is that the actual 
configuration of a coil will not be completely documented should this information be 
needed in the future. 
Drawings are either not available or not maintained current. Note that the audit team was 
told by the MC Fabrication Project Engineer that the number of drawings needed in the 
field is minimal. If so, perhaps a smaller number of required drawings could be identified 
and maintained. 
Neither the NCSX Data Management Plan nor the NCSX Documents and Records Plan 
discuss records associated with metrology nor the photos taken during the fabrication 
process increasing the risk that such data would not be available when needed in the 
future. 
 
Management Reaction 
 
“The audit caused the project to critically evaluate our work practices which itself was 
beneficial.  The audit committee did a commendable job delving into those work 
practices and identified several areas where improvements were needed.  The project 
appreciated the committee’s focus on risk rather than compliance which greatly enhanced 
the usefulness of the audit.  The project plans to request additional audits for field period 
assembly and final assembly efforts in the future.” 
  
 
I.  Audit Overview   
 

A.  General 
 
This audit reviewed the fabrication of the NCSX Modular Coils, using primarily the 
C-1 coil as the baseline with the other partially completed coils as further input. It 
was performed by reviewing records, interviewing people, and observing work in 
progress. 
 
B.  Objectives of the Audit 
 
The single performance objective is that the process for the fabrication of the 
Modular Coils meets the requirements of the quality assurance program as indicated 
in the PPPL, project, and modular coil-specific MIT/QA Plan. Of specific interest are 
appropriate planning, procurement, fabrication, record keeping, training, process 
assessment, and continuous improvement. 
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b. The course title used for the training records is created using keywords of 
the title of the document. This is a subjective determination. Since most 
documents have a number and revision assigned to them, it is 
recommended that, for at least new training, the course identifier be 
created as a documentation number followed by an “R” followed by the 
revision number. 

5. The NCSX Manufacturing Facility Operations Plan, NCSX-PLAN-MFOP-01, 
January 20, 2006, requires in paragraph 7.3.14 a Daily Summary Report. This 
is not being generated but none of the management personnel felt that it would 
add value. If so, the requirement should be removed. 

6. The NCSX Modular Coil Manufacturing, Inspection, Test and Quality 
Assurance Plan, NCSX-PLAN-MIT/QA-142-00, Rev. 0, dated November 19, 
2004, states in paragraph 2.4.2 that “A complete list of coil drawings for each 
coil type shall be added to the back section of this MIT Plan once they have 
been approved.” This has not been done, nor is it clear that this is worth the 
effort involved in maintaining the list. 

 
Recommendations 

1. Assembly of the machine assume that all the A coils are interchangeable and 
likewise for the B and C coils. However, this may not be a valid assumption, 
based on considerations such as permeability or as-built condition. The 
Project is currently identifying the assembly concerns and reviewing methods 
to reduce the associated risks and should include these considerations in this 
review. 

2. The Project plans to make a copy of the fabrication notebooks for each 
completed coil prior to delivering the original notebook to the Operations 
Center. Prior to making the copy, the Project should perform a final review of 
the notebook to assure that the information is complete. 

 
II.  History 

 
This was the first audit of the Modular Coil Fabrication process, though not the first 
audit of NCSX processes. No overlap between these NCSX audits was detected. 
Note, however, that a problem with assuring that ECN information was added to 
drawings in a timely manner was also identified in audit 0308, Drafting. 

 
 
Appendix A - Audit Finding Reports 

 
Appendix B - References 
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AUDIT FINDING REPORT 

 
AUDIT NO.: 0609   FINDING NO: 1 

 
AUDIT NAME: NCSX Modular Coil Fabrication 
 
AUDITED ORGANIZATION: NCSX 
 
DATE OF AUDIT: August 15 – 22, 2006 
 
REFERENCES:    
 

NCSX Project Execution Plan, Rev. 3, June 2005 
NCSX Configuration Management Plan, Rev. 3, May 2005 
NCSX-PROC-002, REVISION 3, NCSX Configuration Control 
NCSX-PROC-006, Rev. 4, Control of NCSX Supplier and In-house Fabrication 
Information 
NCSX-PROC-007, Rev. 2, NCSX Electronic Model and Drawing/INTRALINK 
Processes 
NCSX-PROC-009, Rev. 4, NCSX Request for Deviation Process 
D-NCSX-MCF-001, Modular Coil Fabrication – Winding Form Preparation 
Activities 
D-NCSX-MCF-002, Modular Coil Fabrication – Winding Station Activities  
D-NCSX-MCF-003, Modular Coil Fabrication-VPI/Autoclave Activities 
D-NCSX-MCF-004, Modular Coil Fabrication-Post VPI Activities 
 

PROGRAM REQUIREMENTS:   
 

To improve readability, details on program requirements are contained at the end of 
this finding. Where appropriate, summaries of requirements are provided in this 
section. 
The Project Execution Plan, section 13, Data Management System, describes the 
basic requirements for control of drawings, documents, and data. 
The Configuration Management Plan, in section 3.1.1, states that after a successful 
FDR, key fabrication documents will come under configuration control, which 
includes fabrication drawings.  It also talks about the requirement for stamps 
indicating that one or more approved  Request for Deviations, Nonconformance 
Reports, or Engineering Change Notices  are pending to be incorporated into the 
drawing.  
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but two blocks were installed.” There was no similar note for C2, giving 
the impression that positioning blocks were used on C2. 

c. Revision 1 of D-NCSX-MCF-002 was used for winding station activities 
for both C1 and C2. Both run copies contained a handwritten note that the 
hydrostatic testing specified in the procedure was changed to pressure 
testing with helium, but the note was not initialed by the Field Supervisor.  
Revision 2 of D-NCSX-MCF-002 was revised to specify pressure testing 
with helium with an initial pressure of 200 psi and the acceptance criteria 
of no detectable drop in pressure for at least ten minutes from the time the 
system was isolated. 

d. Revision 1 of D-NCSX-MCF-003, Autoclave Activities, was used for C1, 
while revision 2 was used for C2. Both contain a step for the pump down 
to less than 1 Torr and leak check of the epoxy delivery system with the 
acceptance criteria pressure maintained for one hour with no greater than 
15T rise. There was a comment in the run copy for C1 that the test was run 
for 4 minutes with approximately a 300T rise. There was no further 
information indicating if this represented an acceptable result even though 
it conflicted with the specified success criteria.  A similar situation existed 
for C2 with a test run for 4 minutes with an approximate 242T rise and no 
additional comments. Note that revision 3 of this procedure contains the 
same acceptance criteria, giving the impression that the original criteria 
are still valid. 

2. The audit team reviewed the book for C5 to determine if the issues identified 
above were recurring. While fewer problems were identified giving the 
impression that the procedures have been improved based on experience, the 
following issues were identified: 

a. For MCF-001, Rev. 3, Casting Preparation, step 7.4, a different lift 
procedure was used than the one specified in the procedure without the 
Field Supervisors initials indicating approval (#996 used instead of #983). 

b. Steps were done out of sequence without an approval indicated. 
c. Step 7.12 Establish winding surface baseline values requires "A summary 

of all data shall be inserted into Section 9 of the Coil Field Package." The 
work was done and signed off on 6/12/06 but the summary was not there.  

d.  Figure 22, Install Terminal Lugs, had a note "Kapton sheet added" that 
was not initialed by the Field Supervisor.  

e. Step 8.3 requires multiple signatures prior to releasing the coil to the next 
station. This was moved without all the required signatures. 

 
3. ECN 5140 R1 was approved on August 10, 2006 listing many changes to the 

modular coil lead area design. The ECN listed ten changes to be made, some 
for all coils. They are: 
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�x On the top chill plate (the one with the long fingers that extend parallel to 
the coil) – cut off the fingers and eliminate the chill plate. This change will 
be implemented for the C3 and follow-on coils. 

�x Isolated copper cladding pieces (located on the base of the tee underneath 
the winding pack in the lead area, the vertical cladding pieces in the same 
area, and the cladding in the poloidal break area) – change the material to 
G-11cr.  This change will be implemented starting with the C5 and follow-
on coils. Note: The G-11 pieces should be made to look like the cladding 
(with slots) so that forming to the shape and wicking of epoxy will be that 
same as for other areas. 

�x For the power bus tie-in area, cap the attachment bolt with an epoxy seal 
to mitigate a potentially short tracking path. This will be implemented on 
all coils. 

�x Presently the four bolts that connect the power bus are floating which is an 
undesirable condition  - connect them to one side by eliminating the 
insulating washers on the other side. This will be implemented on all coils. 

�x The bolts that attach the G-11 base plate underneath the jumper stack – 
put a cover (Kapton or thin G-11 sheet) to increase the tracking distance.  
This will be implemented on all coils. 

�x For the three studs that bolt the stack of jumper plates together that are 
isolated – electrically tie them to one of the jumpers.  Also add an 
insulating “plug” at the base of the hole in the G-11 base plate to reduce 
the risk of the studs penetrating the G-11 backing sheet to the winding 
form. This will be implemented on all coils. 

�x Entire lead assembly – manufacture a cover/box over the entire lead 
assembly or spray the exposed surfaces with a cryogenically compatible 
electrical varnish (e.g., Glyptol if cryogenically compatible) in order to 
prevent shorting due to metal chips, bolts, washers, etc. from falling in 
these areas during operation. This will be implemented on all coils. 

�x (words appear to be missing) implemented on the C3 and follow-on coils. 
This will be implemented on all coils. 

�x Improve the insulation between the cladding and the tee, especially at the 
tip of the tee where there is a risk of penetrating the kapton during staking 
– additionally use a metal backing tool (e.g., a putty knife) between the 
copper and kapton during the staking operation. This will serve to spread 
the impact load an protect the kapton. This will be implemented on all 
coils. 

�x Tie the poloidal break shims and bolts electrically to the winding form. 
This will be implemented on all coils. 

 

The audit team reviewed the field notebooks for selected coils to determine if the 
changes identified above were actually implemented and identified the following 
sample discrepancies: 

a. For C3, the run copy for MCF-001 documents, via a hand written note 
from the MC Field Supervisor, that the long copper fingers were removed 
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5. In order to improve understandability of the work to be performed and due to 
the unavailability of drawings, cartoons of various aspects of the modular coil 
fabrication process were generated directly from the model and incorporated 
into the work procedures (MCF-xxx). These cartoons provide the primary 
information to the MC Fabrication Teams on how to do work and is a 
commendable practice. However, there is no change control mechanism for 
these cartoons. 

  
RECOMMENDED CORRECTIVE ACTION:    
Note: Recommendations are suggestions only.  Specific action taken to resolve the 
finding is at the discretion of the audited organization. 
 

1. During the audit, it was recommended to the project that a punch list of 
remaining/late-breaking items to be performed for each coil prior to field 
period assembly be maintained. The project is implementing this 
recommendation. This requires reviewing run copies of field procedures, 
NCRs, ECNs, and notes as well as using the recall of individuals involved in 
the fabrication or procurement work. It might be beneficial to get the work 
teams together to brainstorm any differences between the coils, which might, 
in turn, identify remaining work elements to be performed. 

2. Consider, at the end of each shift, performing a quick review of proper 
completion of work procedures for the work performed during the shift. 
Assure that all changes have been entered and initialed by the MC Field 
Supervisor. Any open issues remaining from the shift’s work should be 
clearly identified so that they are not forgotten. 

3. Review the significance of steps being performed out-of-sequence. If 
appropriate to do, make certain that the MC Field Supervisor documents this 
decision and indicates approval to do this within the work procedures. Where 
appropriate, indicate in the work procedures themselves what steps can be 
performed in parallel or out of sequence. 

4. Review the suggestions made by Lead Technicians within the work 
procedures to determine if they are appropriate to be shared with all those 
involved in the coil fabrication and to be included in revisions to the 
procedures. (observation 3) 

5. Assure that ECNs are properly incorporated into all work procedures. Assure 
that the appropriate information is added to the work procedures, globally or 
for specific coils, to assure that the changes are implemented.  If particular 
requirements of an ECN should not be incorporated based on the opinion of 
the MC fabrication team, assure that the dropping of these requirements is 
properly reviewed,  documented, and the ECN revised. Note that the project 
has already done this for ECN 5140. 

6. Assure that NCRs are dispositioned within ten working days as required by 
QA-005, even if the disposition documents that further analysis is required 
before a final disposition is determined and will be completed by a specified 
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date. Assure that NCRs have their final disposition in time to make any 
corrections on coils in fabrication. 

7. Establish a configuration control mechanism for the use of cartoons in work 
procedures. Minimally, a date and time stamp of when the cartoon was 
generated might be acceptable.
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NCSX Configuration Control Flow/Requirements 
 

 
Project Execution Plan, Rev. 3, June 2005 
13 DATA MANAGEMENT SYSTEM 
A system for controlling documents and drawings, adapted from existing PPPL document 
and drawing control systems using hard copy and electronic media, will be developed to 
ensure the organized and consistent treatment and format of NCSX documents including 
procedures, plans, memos, drawings, calculations, requirement documents, design 
documents, and procurement documents. This system will utilize web-based file servers 
for rapid review, authorization, updating, and retrieval of documents and drawings. The 
majority of project documents (other than drawings) can presently be retrieved from the 
NCSX web page located at http://www.ncsx.pppl.gov. Drawings in electronic format can 
be accessed via the Pro/INTRALINK database. Legacy drawings only in hard copy can 
be obtained from the PPPL Drafting Center. The NCSX project has developed a separate 
Document and Records Plan (NCSX-PLAN-DOC) that identifies documents to be 
controlled on the project, including the document’s purpose, approval level, format, 
naming convention, and records retention requirements. The Data Management Plan 
(NCSX-PLAN-DMP) describes the processes to be used for document and drawing 
control. Processes for effecting changes to controlled documents are described in the 
Configuration Management Plan (NCSX-PLAN-CMP). All participants are encouraged 
to use the project standards for documents of either the MAC or PC versions of Microsoft 
Word, Microsoft Excel, or Microsoft PowerPoint. 
 
 
NCSX Configuration Management Plan, Rev. 3, May 2005 
3.1.1 Placement of Documents Under Configuration Change Control 
Final Design Reviews (FDRs) – At the completion of the final design process, 
specifications, interfaces, models/drawings, and supporting technical information 
will have matured to a level of detail sufficient to permit fabrication and 
assembly. A series of final design reviews or FDRs will be conducted to mark the 
transition point from design to fabrication. These key fabrication documents that 
will now come under configuration control include product specifications, 
fabrication drawings, and any other technical data that is needed to constrain the 
fabricator or assembler. Assembly procedures, testing procedures will also be 
developed, but will come under revision control vs. configuration control. 
 
3.3.1.3.1 Drawings and Models 
During the MIE Project, changes to drawings released for fabrication will also require 
that an Engineering Change Notice (ECN) be prepared as an attachment to the ECP. The 
ECP/ECN connection will be revisited when operations commence. The ECN will be 
processed in accordance with the latest revision to PPPL Engineering Procedure ENG- 
010, “Control of Drawings, Software, and Firmware” with one alteration. When an ECN 



 

Finding 1    page 9 

is pending on a particular drawing the Drafting Supervisor will extract the affected 
drawing from the NCSX Pro/INTRALINK drawing released folder and add an Acrobat 
stamp records the ECN number and any summary description added to the drop-down 
note. Once the Acrobat stamp is added, the Drafting supervisor will place the drawing 
back into the released drawing folder. This process allows all viewers of drawings in the 
Released Drawing folder to be made aware that an ECN is pending on a particular 
drawing. After the ECN changes have been completed a PDF file will be made of the 
revised drawing and placed in the Release Drawing folder and the drawing with the ECN 
Acrobat stamp removed. 
As part of the PPPL Work Planning Process, a decision will be made up front as to 
whether or not as-built drawings will be required and the PPPL Work Planning (WP) will 
be annotated accordingly and approved by the RLM. If the decision is made that as-built 
drawings are not required, the RLM will direct that notations (including red-lining) will 
be made on physical drawings. If there are approved Requests for Deviation (RFD) 
and/or NCR and ECNs impacting that respective model and drawing that have not been 
reflected on those models or drawings, a notation will be made on the pdf version of the 
drawing to indicate that there are approved RFDs/NCRs/ECNs not incorporated into the 
electronic models and drawings. Storage of all release points of the design process will 
allow models to be checked to assure compliance to earlier space allocations. 
 
NCSX-PROC-002, REVISION 3, NCSX Configuration Control 
From Introduction: “Once under configuration control, the “configuration” of the NCSX 
MIE Project may only be changed via the Engineering Change Proposal (ECP) process 
described in this procedure.” 
Also from Introduction: “Once an ECP is approved, the normal time frame between 
ECP approval and revision of the impacted documentation shall not exceed 30 days. 
However, this does not relieve the Project from proper notification of impacted 
WBS elements and impacted Suppliers – contract amendments/addenda shall be 
issued in a timely manner with an indication on when the impacted documentation 
will be updated.” (emphasis in procedure) 
Note that there is no ECP for the changes documented in ECN #5140R1. 
This procedure described two different ECPs – a “standard” ECP that requires a full 
review and approval cycle via the NCSX Change Control Board (CCB) and an 
“expedited” ECB with an abbreviated review.  One of the criteria for the use of expedited 
ECBs includes “If field activities may be delayed by the normal ECP process involving 
full reviews and the CCB” 
The procedure goes on to provide addition information on when ECPs, ECNs, RFDs, and 
NCRs are needed. 
 
Type of Document When Needed When NOT Needed 
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Type of Document When Needed When NOT Needed 
ECP  When there is a design change 

that impacts a Specification 
(Technical Baseline 
Requirements) or the Cost or 
Schedule baselines. Drawing 
changes (technical baseline) will 
also impact a Specification since 
the Specification also contains a 
table that lists the latest drawing 
revisions. 

Minor editorial changes will not 
normally require the processing 
of an ECP. The Systems 
Engineering Manager will 
determine whether an ECP is 
required on a case-by-case basis. 

ECN  Once a drawing is released for 
fabrication (Rev 0), an ECN is 
ALWAYS needed to authorize a 
change (i.e., revision) to that 
drawing. If a drawing is changed 
by an ECN, an ECP will be 
needed to revise the Specification 
at a convenient time. See ENG-
010 and PROC-006 and PROC-
007. 

An ECN is NOT needed to 
utilize the “stamp” process 
outlined in PROC-007 in which 
an implementing RFD or NCR is 
determined by the RLM to be 
relatively minor or that the 
necessary resources and funding 
is not available; in this instance, a 
“stamp” will be added to the 
existing drawing and the drawing 
revision will only be advanced by 
adding a letter (e.g., a, b, etc.) to 
the existing revision. However 
when the released for fabrication 
drawing is next formally revised 
(e.g., number revision), an ECN 
will ALWAYS be required. 

RFD When either the supplier or PPPL 
identify a deviation from the 
established design before the 
component is fabricated (as 
indicated in either a Specification 
or Drawing), a RFD may be 
submitted to request a deviation 
either only for this specific 
component or for all remaining 
components. In dispositioning a 
RFD, the determination needs to 
be made as to whether or not the 
impacted drawing(s) or 
Specification need to be revised; 
if they do, then an ECN and ECP 
will be required. If the 
determination is made to not 
revise either the drawing or 
Specification, the Systems 
Engineering Manager will 
determine if a “stamp” can be 
placed on the impacted drawing 
and a note added to the 
Specification. (See PROC-009) 

A RFD should NEVER be used 
to document an after the fact 
deviation from the requirements – 
the NCR  will be the vehicle to 
document the change. 
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Type of Document When Needed When NOT Needed 
NCR  NCRs are used to identify items, 

services, or activities that fail to 
conform to specified 
requirements. The purpose of the 
NCR is provide a controlled 
method to prevent the inadvertent 
installation or continued use of 
the non-conforming items, 
services, or activities. As part of 
the NCR process outline in QA-
005, the Project must identify, 
evaluate, and disposition the 
specific non-conformance(s), 
including if deemed necessary, 
provisions to segregate the item 
or to stop the specific 
nonconforming activity or 
condition causing the 
nonconformance. 

A NCR should NEVER be used 
to document a deviation 
BEFORE it occurs – a RFD shall 
be used in that case. However, a 
NCR for a specific issue or 
nonconformance can lead to a 
follow-on RFD if it is decided 
that the specific non-conformance 
will be accepted for follow on 
components. 

 
NCSX-PROC-006, Rev. 4, Control of NCSX Supplier and In-house Fabrication 
Information 
II. In-House Fabrications 
“For those components assigned for in-house fabrication, it is equally essential that the 
technical information provided to PPPL fabricators is up-to-date and accurate. The 
NCSX cognizant engineer is responsible for assuring that the necessary technical (e.g., 
signed technical specifications and signed drawings) documentation is available for the 
NCSX personnel assigned the responsibility for in-house fabrication of a component. In 
addition, the NCSX Project utilizes a utility called FroTools to permit access to the 
NCSX model and drawing files via a INTRALINK users account. The cognizant 
engineer will normally utilize this method to view the latest electronic models and 
drawings and Part C of this procedure outlines the process. As an alternative, a special 
“In-House Fabrication” folder has been added to the Supplier FTP site in lieu of 
FroTools.” 
 
NCSX-PROC-007, Rev. 2, NCSX Electronic Model and Drawing/INTRALINK 
Processes 
“It has been noted, especially for the MCWF and VVSA procurements, that we are 
processing and approving RFDs and NCRs that have an impact on existing revisions to 
the drawings, but are relatively minor in nature. Formally revising a drawing each time 
(via ECN to incorporate the RFD or NCR) is both time consuming and has created a real 
budget issue. Accordingly, it has been decided to permit an interim change to the drawing 
using the “Stamp Tool” in Adobe Acrobat to enable either the Design Integration 
Manager or the Systems Engineering Support Manager – these are the only two -- to 
make a change to the PDF drawing using the “Stamp Tool” without changing the full 
revision of the drawing or requiring a full review and approval cycle within INTRALINK 
to change the ProE models and drawings – this proposed change will ONLY impact the 
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signed “Released for Fab” pdf drawings. NOTE: the “Stamp” will only reference the 
RFD or NCR. However, in keeping with the philosophy of PPPL ENG-010, once 
three “stamps” are accumulated against a drawing, the next “stamp” will require a 
formal ECN and drawing revision in a timely manner.” 
 
NCSX-PROC-009, Rev. 4, NCSX Request for Deviation Process 
Introduction 
“Prior to performing a specified step in a manufacturing or fabrication process, either the 
Project or a supplier may identify an alternative design/method/material to the 
requirements or a process change that could result in cost, or schedule savings. The 
documentation to formally define this proposed departure from the established 
performance, design requirements, or processing plan is called a Request for 
Deviation (RFD). The RFD is a specific written request to depart from a particular 
requirement(s) of the item’s current approved documentation (including vendor MIT/QA 
Plan). RFDs shall be processed and adjudicated under the Engineering Change Process 
(ECP) process defined in the NCSX Configuration Management Plan (NCSX-PLAN-
CMP) and the accompanying NCSX Configuration Control Procedure (NCSX-PROC-
002) unless a determination is made by the NCSX Engineering Manager that an ECP is 
not required (generally for editorial-type RFDs or process RFDs). Until the ECP 
associated with the RFD is approved or approval by the NCSX Engineering Manager is 
received to process without an ECP, the item or process may not deviate from the 
technical requirements. The RFD may be either a letter or tabular format and shall 
contain the specific required information as defined in this procedure.” 
This procedure also contains the requirement to update the drawing once 3 RFDs are 
generated against it. 
Note that this procedure talks about changes to the requirements or process change that 
could result in cost or schedule savings. What if a change is made to one coil only to 
expedite its fabrication that will not be done to other coils.  Assuming this decision is 
made prior to performing the applicable work step, then an RFD must be generated to 
document the decision. A stamp is put on the drawing indicating that this RFD exists. At 
some point, the drawing is updated to include this RFD. This reflects Brad’s concern that 
design drawings shouldn’t be updated to reflect these types of changes. Instead the design 
drawing plus the list of RFDs (and ECNs in some cases?) would be adequate to describe 
how something was actually built. 
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 Audit # 0609   Finding # 1 

 
CORRECTIVE ACTION (to be completed by audited organization):  
 
Proposed by: Wayne Reiersen  On date: October 20, 2006 
 

1. The project will develop punchlists clearly indicating what work remains to finish 
each coil.  These punchlists will be affixed to the coils.  Punchlists will be applied 
to all existing coils that have completed post-VPI operations.  Punchlists will also 
be applied to coils as a final step in the post-VPI procedure.  The post-VPI 
procedure (D-NCSX-MCF-004) was updated on October 13th and is now posted. 
The VPI procedure (D-NCSX-MCF-003) will be updated to reflect revised leak 
check requirements [changing the acceptance criteria from 15 to 50 Torr pressure 
drop in 1 hour.  If that level is exceeded, the VPI director shall make the decision 
whether to proceed or to make additional corrections and retest.] (ACTION: J. 
Chrzanowski to update the VPI procedure (MCF-003) by December 22, 
2006)  Status from QA 10/31/06:  D-NCSX-MCF-004-02 completed and 
posted on the web. 

2. The lead technician is responsible for assuring that the work procedures are 
properly signed off for the work completed on that shift.  Any changes shall be 
entered and initialed by the field supervisor.  At the start of a shift, the lead 
technician will review the signoffs in the procedure and question any signoffs that 
are not complete.  (ACTION:  J. Chrzanowski will review these 
responsibilities with lead technicians by November 30, 2006). 

3. The lead technician has the authority to perform steps in the procedure out of 
sequence.  If the lead technician has any question about performing steps out of 
sequence, he should consult the field supervisor. (ACTION: J. Chrzanowski 
will review these responsibilities with lead technicians and field supervisors 
by November 30, 2006) 

4. Suggestions made by the lead technicians are reviewed for relevance.  Procedure 
changes are processed where appropriate at the discretion of the field supervisor.  
Technicians are also encouraged to submit cost saving suggestions which are 
recorded and tracked. (No further action required.) 

5. The Modular Coil Facility Manager is responsible for ensuring that work 
procedures that are impacted by approved ECNs are updated appropriately.  A 
section will be added to the updated procedures noting which ECNs have been 
incorporated in the procedure revision. NCSX-PROC-007-03 is being updated to 
clarify that the Systems Engineering Support Manager notifies the Design 
Integration Manager and the ATI that the ECN has been approved and includes a 
copy of the ECN with the e-mail notification. (ACTION: R. Simmons update 
and post Rev 3 by November 30, 2006.) 

6. NCRs will be dispositioned within 10 days per QA-005. 
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RECORD OF CHANGE 
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1 Scope 
 
1.1 Introduction 
 


The NCSX Coil Manufacturing Facility is divided into 5 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 required to manufacture the modular coils. 
 
- Station No. 1… Winding Form Preparation  or Post VPI Activities 
- Station No. 2… Winding/Bag Mold Station  
- Station No. 3… Winding/Bag Mold Station- Future upgrade 
- Station No. 4… Winding Form Preparation or Post VPI Activities- Future upgrade  
- Station No. 5… VPI and Autoclave Activities 


 
1.2 Scope 
 


This procedure identifies the post VPI activities for each Modular Coil (MC) or Twisted Racetrack 
Coil (TRC).   It includes: 
- Installing the MC into the turning fixture 
- Cleanup of the coil following VPI 
- Preparation of coil for final coil clamps 
- Installation of the coil clamps 
- Room temperature electrical testing of coil 
- Termination of cooling tubes 
- Installation of thermocouples & strain gauges 
- Disassembly of coil/winding form from support ring  


 
1.3 Identification of winding form being prepared: 
 


Station Number: ________ (Location where work will be performed) 
 


Winding Form Type:  _______________ [Type A, B, C or Twisted Racetrack Coil (TRC)] 
 
MC Winding Form ID No: _________________ 
 


 
2 Applicable Documents 


 
2.1 NCSX-MIT/QA-142-01: 


All applicable documents associated with this procedure, are identified in the MIT/QA Plan, 
document number NCSX-MIT/QA-142-01. 
 


2.2 NCSX-PLAN-MFOP-00: 
All Modular Coil work processes are governed by the “Manufacturing Facility Operations Plan”, 
document number NCSX-PLAN-MFOP-00. 
 


2.3 D-NCSX-MCF-005 Dimensional Control & Metrology for the NCSX MC 
 
2.4 D-NCSX-PLAN-MCWDC     Modular Coil Dimensional Control Plan 
 
2.5 D-L-NCSX-984 Lifting Modular Coil Assemblies 
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2.6 D-L-NCSX-996 Lifting Finished Modular Coil Assemblies 
 
 
3 Safety Requirements: 


All work will be performed in a safe manner in accordance with PPPL safety policies ES&H 5008 
and “Integrated Safety Management” (ISM) policy. 


 
3.1 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. 


 
4 Prerequisites & Conditions: 
 
4.1 Pre-Job Briefing: 


A pre-job briefing will be held prior to the first time that revision of the procedure is used or if 
being performed by a new crew.  The briefing will describe the processes and safety issues [JHA] 
associated with procedure.   Attendance shall be documented via training sign-in sheet.   
 
 
Pre job Briefing complete: _______________________________ _________________ 
    MC Field Supervisor                           Date 
 


 
4.2 Daily Operations Startup and Shutdown: 


Each working day, it is required to complete and initial the daily operations startup log to ensure 
that the station is ready to commence work activities for the day.  The signoff log is located in the 
Daily Station Log.  See section 6.1 and 6.2 for details. 


 
4.3 Reference Torque Values: 


Unless a torque value is specified or the fastening material is something other than low carbon steel, 
the following values shall be used whenever the procedure requires a torquing operation: 
 
 3/8-16UNC …… 18 ft-lbs  3/8-24UNF …… 19 ft-lbs  ½-13 UNC …… 38 ft-lbs 
 ½ -20 UNF …… 40 ft-lbs  5/8-11 UNC…. 83 ft-lbs  5/8-18 UNF… 95 ft-lbs 
 ¾-10 UNC..…… 105 ft-lbs ¾-16 UNF ……. 102 ft-lbs 1-8 UNC …       236 ft-lbs
 1-14 UNF …….. 212 ft-lbs 1 1/4 UNC …… 432 ft-lbs 1 ½-6 UNC …...732 ft-lbs 


   
5 Materials and Parts for this station 


The following materials and/or equipment will be used with this procedure.  MSDS’s for chemicals 
will be located in a notebook in the winding facility. 


 
General Description Material Reference Document/Product 


No. 
   
Solvent Acetone MSDS# 00561 
Short Coil Clamp Assembly  316L stainless steel SE1405-257P 
Name tag Aluminum  
MC Turning Fixture Equipment Drawing no.  SE144-008 
Rolled Ring Assembly Fixture Drawing no.  SE144-007 
Casting to Ring Assy. Fixture Fixture Drawing no.  SE144-050 
Multi-Meter Equipment  
Megger Electrical Tester Equipment  
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Swagelock fittings copper  
Teflon tubing for electrical breaks Teflon  
Expandable foam   
Strain gage adhesive M-Bond AE-10 
Modular coil stands Steel SE144-031 
 
6 Fabrication Process 


This fabrication procedure is to be used as guide to complete Post VPI activities.   Deviation from this 
procedure for processes that DO NOT effect the design of the coil can be made with the concurrence 
of the MC Field Supervisor.  These deviations shall be documented in the procedure and initialed by 
the MC Field Supervisor prior to implementing the deviations.  Deviations that may effect the design 
of the coil requires a Request for Deviation “RFD” approval.  The RFD must be approved prior to 
proceeding.  Procedure changes need to be incorporated into the document via “Minor Procedure 
Changes” or “Revisions”. 


 
6.1 Daily Startup Activities:  


6.1.1 Check all daily supplies needed: 
6.1.2 Verify operation of all equipment needed that day. 
6.1.3 Check station for cleanliness 
6.1.4 Check that safety guards are intact 
6.1.5 Check that safety equipment needed for day’s activities are available 
6.1.6 Check that the day’s travelers and procedures are in their document holder. 
6.1.7 Once completed, date and initial daily log at the back of the Station Log Book. 


 
6.2 Daily Shutdown Activities:  


6.2.1 Turn off power to equipment not in use. 
6.2.2 Clean entire workstation area. 
6.2.3 Verify that all Traveler and data sheet information is complete. 
6.2.4 The Lead Technician shall verify that the Station’s Log Book has been completed and signed 


for the day. 
6.2.5 Once completed, date and initial daily log at the back of the Station Log Book. 


 
6.3 Install MC or TRC in Turning Fixture: 


Using the steps outlined in procedure D-NCSX-MCF-003 [VPI], prepare the VPI’d coil for transfer 
from the autoclave. 
Note:  Station 1b or station 4 may not be available to receive a coil from station 5.  If not, transfer 
the coil to station 1a and lower/store coil until station 1b or 4 is available. 


 
6.3.1 Station 1b or 4 Preparations: 


Activities associated with receiving modular coil at winding stations. 
 


6.3.1.1 Prior to installing the MCWF, compress the springs under the gear box (drive system) 
until they are bottomed 
 


6.3.1.2 Measure the inside width of the winding form ring (where the roller guide wheels 
engage) and record the smallest value.  [Narrowest dimension] 


 
6.3.1.3 Adjust the lower wheels on the winding station so that they are centered in the frame and 


are set at a width that is one-half inch greater than the value recorded in the previous step. 
 
6.3.1.4 Lower the MCWF and ring assembly into the turning fixture using the corner brackets for 


alignment.  Bolt up one end loosely (use spud wrenches to align holes). 
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• SAFETY NOTE 1:  Use scaffolding or appropriate ladders while working on upper section 


of turning fixture.  Scaffolding must be inspected prior to use per Section 9 Chapter 5 in 
PPPL ES&H Manual. 


 
6.3.1.5 Install the upper guide rollers and align all of the guide rollers to the support ring.  


NOTE: The rollers are hinged and swing into position.  Lifting is not required. 
 


• SAFETY NOTE 2:  Safety glasses MUST be worn when operating the pneumatic impact 
wrenches 


 
6.3.1.6 Decompress springs under the gear box (drive unit) until gear is fully engaged with ring 


gear rack.  The upper set of springs MUST be completely disengaged.  This must be 
verified prior to proceeding.   


 
 
Verified by: _________________________ Date: __________________ 
  Lead Technician 


 
6.3.1.7 Verify that the upper support/lift beam is in proper position. Then secure the appropriate 


hardware using a pneumatic impact wrench. Hardware shall be torqued to the proper 
value. [See section 4.3] 


 
 
Verified by: _________________________ Date: __________________ 
  Lead Technician 


 


 
 


Figure 1- Upper Support Plates 
 


6.3.1.8 Using a pneumatic impact wrench remove the upper support plates between the support-
ring and lift beam.  This operation must be verified prior to operating turning fixture.  
[See Error! Reference source not found.] 


 
 
Verified by: _________________________ Date: __________________ 
  Lead Technician 


 
 
 


Remove Upper 
Support Plates 
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6.3.1.9 Adjust the upper alignment rollers (both on the vertical and horizontal beams) so that the 
ring is aligned vertically and is centered within the turning fixture frame.  A pry bar can 
be used to position the upper half of the ring so that these adjustments can be made.  The 
rollers should be set so that there is one-quarter inch clearance to the ring flanges. 


 
6.3.1.10 To ensure proper alignment and operation of the turning fixture, rotate the MCWF a full 


two revolution in either direction, using the foot-pedal control.  Re-adjust the alignment 
rollers as required.   Alignment of MCWF to the turning fixture is complete. 


 
 
Verified by: _________________________ Date: __________________ 
  Lead Technician 


 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 


Figure 2- Turning Fixture 
 
6.4 Clamp Removal 
 


6.4.1 Remove the winding clamp side bars, tees and sheet metal mold plates. All hardware and 
components including the shim washers shall be saved, cleaned and reused for the next coil 
impregnation. 


 
6.5 Stud Removal 
 


6.5.1 Identify and mark the studs that should be removed from winding form per appropriate 
drawings provided by NCSX management and the field supervisors.  Carefully remove the 
winding clamp studs using the stud removal tool.  This will break the stud from the winding 
form leaving the stud base. 
 


• SAFETY NOTE:  Technicians shall wear safety glasses and leather gloves while using the 
stud removal tool  


 
 
 


Turning Fixture 
Support Ring 


Turning Fixture 
Support Plates  


Turning Fixture-Upper 
Support/Lifting Beam 


Turning Fixture 
Drive System 


Turning Fixture 
Support Roller Guide 


Turning Fixture 
Support Frame 
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• SAFETY NOTES for Grinding Operations:   


 Ensure that the coil is protected.  Areas that are not protected by the epoxy/glass shell 
must be covered prior to start of grinding 


 Safety glasses, face shields and leather gloves MUST be worn during grinding 
 Notify the ESU and obtain a flame permit prior to starting grinding operations.   


 
6.5.2 Grind away the tack welds holding the stud adapters [Type C only] to the winding form.  


Measure the magnetic permeability of the tack weld locations after grinding. 
 


6.5.3 Grind the stud bases of both the stainless steel and Inconel studs that were removed. If the 
clamp studs were Inconel, it is only necessary to remove [grind] any sharp edges that may 
remain and it is not necessary to measure the permeability.  If the clamp studs were 316SS 
measure the magnetic permeability of the remaining stud base using a calibrated Severn 
permeability indicator to verify that the relative magnetic permeability is below the 
acceptance criteria. If the permeability exceeds the acceptance criteria the stud base must be 
removed by grinding.   


Acceptance Criteria:  <1.02μ 
 


6.5.4 Removal of the studs and stud adapters has been completed and permeability has been 
measured and is in compliance. 


 
 
Verified by: _________________________ Date: __________________ 
  Lead Technician 
 
Quality Control Representative: __________________________ Date: _____________ 
 


 
 
6.6 Prosthetic Filler Removal [Type A and B coils only] 


Remove the stainless steel prosthetic filler pieces. 
 
6.6.1 Carefully remove the stainless steel prosthetic filler by grinding away the tack welds.  


Extreme care shall be taken to ensure that no harm comes to the coil during the removal of 
the prosthetic filler. 


 
6.6.2 DO NOT damage the prosthetic filler during removal since it will be used for multiple 


coils. 
 


6.6.3 Measure the magnetic permeability of the tack weld areas using a calibrated Severn 
permeability indicator to verify that the relative magnetic permeability is below the 
acceptance criteria. If the permeability exceeds the acceptance criteria additional grinding 
will be necessary. 


Acceptance Criteria:  <1.02μ 
 


 
Verified by: _________________________ Date: __________________ 
  Lead Technician 
 
Quality Control Representative: __________________________ Date: _____________ 
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6.7 Bag Removal 
 


6.7.1 Carefully remove the epoxy/glass structure from the coil bundle.  Note: the epoxy shell can 
be removed prior to removing the studs.  This is at the discretion of the field supervisor. 
 


6.7.2 CAUTION NOTE: Extreme care shall be taken around the cooling tubes.  Do not use 
sharp instruments or tools near these tubes without tube protection. 
 


• SAFETY NOTE 1:  Use leather gloves during this process, since the epoxy/glass structure 
has sharp edges.  Safety glasses are also required for this operation. 
 


6.7.3 During the shell/bag removal, do not actively remove the G-11 sprue rings that are attached 
to the chill plates. However, it is acceptable if rings fall off during the bag removal process.  
See Figure 6- G-11 Pad Location 
 


6.7.4 Once the epoxy/glass shell structure has been removed, carefully remove the silicone 
rubber bag mold that surrounds the coil bundles.  This may require some scraping with 
putty knives.  See caution note in 6.7.2. 
 


6.7.5 The epoxy/glass structural shell and bag mold have been removed and the coil is ready for 
final inspection. 


 
 
Verified by: _________________________ Date: __________________ 
                       Lead Technician 


 
6.8 Coil Inspection: 
 


6.8.1 Carefully inspect boundary of winding packs and winding form for any evidence of epoxy 
cracks, gaps between winding and winding form, or other relative motion. 
 


6.8.2 Inspect VPI boundary for leaks, “ballooning” or other defects that could affect coil 
performance or geometry. 


 
Inspection Findings: 
 
 
 
 
 
 
 
 
 
 
Verified by: ____________________________ Date: ____________________ 
                                     Field Supervisor 
 


       ____________________________ Date: ____________________ 
  Q.C. Representative 
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6.9 Termination of cooling tubes: 


Note:  Until the design of the cooling tube terminations has been finalize use the following steps too 
temporally terminate the tubes. 


 
6.9.1 Using a tube cutter cut each of the cooling tubes 12 inches beyond the outside surface of the 


winding form. 
 


6.9.2 Apply heat shrink Teflon tubing over the cooling tubes from the point where the tubes exit 
the chill plates through the clearance holes in the winding forms. [Figure 3 - Cooling Tube 
Sleeving Insulation]  Do not shrink the sleeving at this time.  Pull the sleeving away from 
the clearance holes until the future couplings have been brazed in place. 


 


 
Figure 3 - Cooling Tube Sleeving Insulation 


 
6.9.3 Cooling tubes have been cut and electrical sleeving positioned. 


 
 
Verified by: 
 
Lead Technician: ____________________________ Date: ____________________ 
 
Quality Control: _____________________________ Date: ____________________ 
 


 
6.10 Finalization of Diagnostic Loops 
 


6.10.1 The routing of the diagnostic flux loops needs to be completed.  Actual position will be 
determined by NCSX drawings and the Diagnostic representative. 


 
6.10.2 Notify the Diagnostic representative that the final routing of the flux loops is ready to begin.   


 
 
Verified by: _________________________ Date: __________________ 
  Lead Technician 
 


 


Heat-shrink 
sleeving [typ] 
from chill plates 
through winding 
form 
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6.10.3 Position the diagnostic boxes on the outside of the winding form per direction of the 


Diagnostic representative.  Using the stud gun, weld Inconel studs to the winding form to 
secure the boxes in position. 


 
• Notify the ESU and obtain a flame permit daily prior to starting welding operation.   


 
• SAFETY NOTE: Technician MUST wear fire retardant clothing, safety glasses and leather 


gloves during the stud welding operation. 
 


Verified by Lead Technician 
 
Stud Weld Date: _______________ Obtain Flame Permit: ______________ 
 
Stud Weld Operator: ______________________________ Fire Watch: _____________ 
 


 
6.10.4  Carefully route the twisted flux loops (2 inch pitch) per direction of Diagnostic 


representative from the G-11 lead blocks through the cooling tube clearance holes in the 
winding form and into the previously installed diagnostic boxes.  Initially secure the flux 
loops in place with adhesive tape.  Then tack-weld stainless clips to the winding form. 


 
• Notify the ESU and obtain a flame permit daily prior to starting welding operation.   


 
6.10.5 Route the Flux loop leads through the lead area and exit the coil in a groove in the upper G-


11 lead blocks.   
 


6.10.6 Route the co-wound leads through the clearance holes in the winding form per directive 
from the Field Supervisor.  Note: the diagnostic leads share the clearance hole with the 
cooling tubes. 


 
 
Finalization of Flux Loops complete-Verified: 
 
Lead Technician: ____________________________ Date: ____________________ 
 
Diagnostic Representative: _____________________ Date: ___________________ 
 


 
6.11 Installation of cooling jumper around poloidal break  
 


6.11.1 Once the design of the cooling lines has been finalized fittings will be installed and jumpers 
will be installed. 


 
6.12 Cooling Tube Pressure Tests 


Perform a final pressure test to verify the integrity of the cooling tubes. 
 
6.12.1 Connect the cooling tubes together using compression fittings to form a series connection 


so that the entire system can be tested together.  If there is a problem, the connections can 
be broken and the system tested in sections. See Figure 4- Cooling Tube Zone Identification 
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6.12.2 Using engineering procedure ENG-014 (Guidelines for Hydrostatic and Pneumatic Testing) 


test the individual cooling tubes. See pressure test schematic Figure 5-Pressure Test 
Schematic 


 
• SAFETY NOTE 1:  Each member of the test team shall wear goggles and a full face shield 


whenever pressure is applied to the system being tested. 
 


• SAFETY NOTE 2: The area where the test is being performed shall be roped off to 
prevent access to the general work force with signs posted on the ropes warning about the 
test. 


 
• SAFETY NOTE 3:  The test system MUST have a pressure relief valve that is set no more 


than 25 psig over the test pressure. 
 


• SAFETY NOTE 4: All safety precautions including the use of PPE’s shall be followed as 
outlined in the Job Hazard Analysis sheet and recommendations made by the PPPL 
Industrial Hygienist. 


 
6.12.3 Pressurize the coolant tubes with nitrogen to 200 psi and isolate from the pressure source. 


 
6.12.4 Gauges shall have a minimum 5-psi graduation.   


 
 
Verified by: _________________________________ Date: __________________ 
          Quality Control Representative 
 


 
6.12.5 Acceptance criteria: The test pressure shall be maintained without any detectable drop in 


pressure within the resolution of the gauge for at least ten minutes from the time the system 
was isolated from the pressure source.  Any leaks or failure to maintain pressure requires a 
repair and retesting.   


 
6.12.6 Record test data in the table below [Error! Reference source not found.] 


 
 
6.13 Flow Check:  


Flow nitrogen or air through each flow package to verify that there are no blockages.  
 
6.13.1 Record test data in the table below [Error! Reference source not found.] 
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Figure 4- Cooling Tube Zone Identification 


 
 


 
Figure 5-Pressure Test Schematic 


 
6.14 Cooling Tube Electrical Test:  
 


6.14.1 Verify that cooling tubes are electrically isolated from all of the other cooling tubes and from 
the modular coil winding form using a multi-meter.  Document findings in Error! 
Reference source not found. 


 
 Equipment Name & ID Number: ___________________ Calibration Date: ___________ 
 


Inner Cladding Assembly 


Outer Cladding Assembly 


ZONE 1 


ZONE 3 


ZONE 2 


N2 


Pressure relief 
valve 225 psi 


Pressure gauge 


Nitrogen 
regulator 


Vent valve 
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6.14.2 Record test data in the table below [Table 1- Cooling Tube Test Results]. 


 
Table 1- Cooling Tube Test Results 


Tube designation Flow Path 
Blockage check 


Pressure Leak 
check 


Electrical test, tube to 
ground 


Side A Zone 1 Inner    
Side A Zone 1 Outer    
Side A Zone 2 Inner    
Side A Zone 2 Outer    
Side A Zone 3 Inner    
Side A Zone 3 Outer    
Side B Zone 1 Inner    
Side B Zone 1 Outer    
Side B Zone 2 Inner    
Side B Zone 2 Outer    
Side B Zone 3 Inner    
Side B Zone 3 Outer    
 


Cooling Tube inspections/tests are completed and verified by: 
 
Lead Technician: ____________________________ Date: ____________________ 
 
Field Supervisor: ____________________________ Date: ____________________ 
 
Quality Control: _____________________________ Date: ____________________ 
 


 
6.15 Dimensional Inspection-            DELETE 
 
6.16 Coil Clamp Installation 
 


6.16.1 Remove any excess epoxy that may be on the G-11 pads.  See Figure 6- G-11 Pad Location 
 


6.16.2 Until the design of the coil clamps has been finalized, do not install any clamp at this time. 
 


 
Figure 6- G-11 Pad Location 


G-11 Pad Locations 


G-11Sprue Ring 
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6.17 Modular Coil Electrical Joints: 
 


6.17.1 Measure the joint resistance between the connector and the terminal blocks [points A and B].  
See Figure 7-Electrical Joint Test Setup     [Acceptance criterion is < 1 micro-ohms.] 


 
6.17.2 Verify the torque value of the joint nuts. Torque to 15 ft-lbs 


 
6.17.3 Record the joint resistance and torque verification in Table 2- Joint Resistance below. 


 
6.17.4 Wire-lock and/or tack weld each of the nuts to ensure that during operation they do not 


loosen.  Record verification that joints have been wire tied.  
 


 
Verified by: _________________________ Date: __________________ 
  Lead Technician 


 
 


 
 


 
Figure 7-Electrical Joint Test Setup 


 
Table 2- Joint Resistance 


Joint 
ID 


Joint Resistance 
[μ-ohms] 


Torque 
Verify       
15 ft-lb  


Wire Tie 
Nuts 


Joint 
ID 


Joint Resistance 
[μ-ohms] 


Torque 
Verify     
15 ft-lb 


Wire Tie 
Nuts 


A-1    B-1    
A-2    B-2    
A-3    B-3    
A-4    B-4    
A-5    B-5    
A-6    B-6    
A-7    B-7    
A-8    B-8    


 
 
 
 
 


Flat Washer 


Belleville Washers 


SS Nut 


A


B
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Figure 8- Final Terminal Connections Identification 


 
6.18 Final Electrical Testing of Coil [Room Temperature] 


This series of electrical tests will be performed at room temperature to verify the integrity of the coil 
insulation prior to transporting to the field period assembly area. 
 


  Tests/measurements to be performed: 
o Capacitance 
o Inductance 
o Coil resistance 
o Polarization Index 
o Insulation resistance 


 
6.18.1 Test Director: 


Test Director for this test series is: _______________________ 
 


6.18.2 Safety Requirements & Conditions 
The following safety requirements and prerequisites shall be used for performing tests on 
the Modular Coils. 


 
6.18.2.1 All personnel performing these tests shall be familiar with the hazards and work 


procedure to minimize accidents that may occur. 
 


6.18.2.2 A “Safety Watch” shall be appointed by the Test Director.  The Test Director shall 
clearly describe to the Safety Watch his/her responsibilities. 


 
 
 


Side A 


Side B 


A-1 


A-4 


A-5 
A-6 


A-8 
A-7 


A-2 
A-3 


B-1 


B-4 
B-5 


B-6 


B-8 
B-7 


B-2 
B-3 


Coil Resistance 
measured across 
terminal leads 
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Name of Safety Watch: ______________________    
 
Responsibilities have been clearly discussed with Safety Watch: 
 
Verified: ________________________________ Date: ________________ 
  Test Director 


 
6.18.2.3 Responsibilities of a Safety Watch include as a minimum:  


a) Monitoring the operations in an attempt to prevent careless or unsafe activities. 
b) Shutting down the power in case of an accident. 
c) Contacting ESU in case of accident   
d) Additional responsibilities of a Safety Watch can be found in the ES&H Manual 


Section 2, Chapter 2.2.6.  
 
6.18.2.4 During the test, the “Test Area” shall be roped-off and suitable “danger high voltage” 


signs and flashing lights displayed. 
 


Test Area has been safed: 
 
Verified by: _________________________ Date: __________________ 
  Test Director 


 
6.18.2.5 The test operator shall stand on an electrical safety mat during the test operation. 


 
6.18.2.6 Approved rubber electrical safety gloves shall be worn by test members during grounding 


operations which occur once the test has been completed, and the test equipment turned 
off. 


 
6.18.2.7 Upon completion of test and before the components are declared safe to touch, (dielectric 


joint) being tested shall be properly discharged using a “Ground Hook”.  After a 
minimum period of 10 seconds, while the ground hook is still in place, attach a ground 
cable to the casting and poloidal mid-plane.  The ground hook may be removed once the 
ground cable is in place. 


 
6.18.2.8 Electrically ground the winding form, and chill plate cooling tubes. Care must be taken 


not to damage the tubes with the grounding clips. 
 


6.18.3 Coil Capacitance Measurement 
 


 Equipment Name: ___________________________________________________ 
 


Equipment ID Number: __________________________ Calibration Date: _____________ 
 


6.18.4 Coil Inductance Measurement 
 
 Equipment Name: ___________________________________________________ 
 


Equipment ID Number: __________________________ Calibration Date: _____________ 
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6.18.5 Coil Resistance Measurement 


Measure the resistance of the entire modular coil at the terminal leads. [See Figure 8- 
Final Terminal Connections Identification] 
 


  
Acceptance criteria: As specified in specific Modular coil design specification [A, B and C] 
 
Coil Resistance: ____________________ per specification 
 


 
 Equipment Name: ___________________________________________________ 
 


Equipment ID Number: __________________________ Calibration Date: _____________ 
 


6.18.5.1 Using the bridge probe, make pressure contact on the ends of the system bus being tested. 
 


6.18.5.2 Record the resistance readings in Figure 9- Coil Resistance. 
 


6.18.5.3   Place temperature sensor on the surface of the bus leads and record the temperature of 
the copper after the reading stabilizes.   


R20 =      254.5      x Rc 
            234.5 + Tc 


Where: Rc = measured resistance of the conductor (milliohms) 
 Tc = temperature of coil when resistance measurement is made (degrees C) 
 


Figure 9- Coil Resistance 
Measured  System 


Resistance (Rc) 
mΩ at Tc 


System Resistance 
corrected to 20 deg. C 


(R20) 


Calculated System 
Resistance @ 20 deg.C 
[per MC specification] 


Rc:   
Tc:   


 
 Resistance Results: Acceptable: _______________ Unacceptable: ____________ 
 
 Test Director Signoff: _____________________________ Date: ______________ 
 


6.18.6 Polarization Index [PI] Measurement 
The Polarization Index (PI) is a RATIO. Insulation at the specified voltage is taken at 1 
minute (R1) and at 10 minutes (R10). The ratio R10/R1 is the PI.  


 
 Equipment Name: ___________________________________________________ 
 


Equipment ID Number: __________________________ Calibration Date: _____________ 
 


  
Acceptance criteria:  Polarization Index [PI] >4 
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6.18.7 Insulation Resistance Measurement 
Perform a Final Megger test of the completed coil prior to transporting to the field period 
assembly. 


 
  
Coil Voltage level: 7500 volts 
 
Acceptance criteria: Coil Insulation Resistance:  >1K Meg ohms 


 
6.18.7.1 Complete the steps below and perform the insulation resistance test [Megger] of pancakes 


“A” and “B”. Pancakes “A” and “B” are connected together at the terminal block.   
 


• Test director shall verify that all safety requirements and prerequisites have been 
performed prior to starting the test. 


• Verify that the turning fixture is well grounded to building steel. 
• Place the megger test set on a firm, stable surface. 
• Securely connect a ground cable between building steel and the test unit. 
• Connect the megger ground lead to the coil casting. 
• Connect a ground cable to the chill plates. 
• Connect the megger power lead to the coil leads.  
• Measure the insulation resistance to ground. The test results shall be in compliance 


with the requirements noted in Section 6.17.3. 
 


Table 3 - Final Megger Test Results 
Test 


Voltage 
Insulation 
Resistance 


Minimum 1KMΩ 


Observations 


1000   


2000   


3000   


2500   


5000   


7500   


   
 
 Equipment Name: ___________________________________________________ 
 


Equipment ID Number: __________________________ Calibration Date: _____________ 
 
 Megger Results: Acceptable: _______________ Unacceptable: ____________ 
 


 
 Test Director Signoff: _____________________________ Date: ______________ 
 
 Quality Control Witness: __________________________ Date: ______________ 
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Remarks: 
 
 
 
 
 


 
6.19 Name Tag Installation: 


Mount a permanent name plate to the outside of the winding form adjacent to the leads.  The name 
tag will include the name of the item and the part and serial number of the item. [E.g. NCSX 
Modular Coil Type C Assembly, P/N SE140-103, S/N C1.] See Figure 10- Modular Coil Name Tag 
[example]  Mounting details TBD 


 
Name Tag Information: 
Name of Item: Modular Coil    Coil Type:  __________ S/N: ______________ 
 
Part number [Dwg No.]: ________________________ 
 


 
Installation of name plate complete: 
 
Verified by: _________________________ Date: __________________ 
  Field Supervisor 


 


 
 
                             Figure 10- Modular Coil Name Tag [example] 


 
6.20 Strain Gages and Thermocouples [Optional at this point] 


The strain gages and thermocouples may not be installed at this time.  If that is the case the post VPI 
activities at station 1b are complete.  Otherwise install strain gages and thermocouples to the 
finished coil in the locations identified by the WBS 14 manager. This information will be added as 
an addendum to this procedure.   
 


NCSX Modular Coil Type C Assy 


May 31, 2006  


6050 lbs 


SE141-103 


7.5 kV  


N/A 


N/A 


8 


N/A 


C1 


N/A 
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6.20.1 Use the following steps to attach the strain gages. 
 


6.20.1.1 Degrease and clean the surface with Isopropyl alcohol. 
6.20.1.2 Dry abrade the gauging surface with 220 to 320 grit silicon-carbide paper to remove 


any scales or oxides on the base material to improve adhesion. 
6.20.1.3 Degrease and clean the surface with Isopropyl alcohol. 
6.20.1.4 Dry abrade the gauging surface with 220 to 320 grit silicon-carbide paper to remove 


any scales or oxides on the base material to improve adhesion. 
6.20.1.5 Apply M-Prep Conditioner A and wet-abrade the gage area.  Then repeat procedure by 


wet abrading and wiping using 400 grit silicon-carbide paper. 
6.20.1.6 Apply liberal amount of M-Prep Neutralizer 5A to the gage area.  Remove the 


Neutralizer by slowly wiping through the gage area using a gauze sponge. 
6.20.1.7 Remove the gage from its transparent envelope and place bonding side down on a 


chemically clean glass plate or empty gage box.  Using Kapton tape as a carrier, 
position the gage/tape assembly onto the specimen.  Holding the tape at a shallow 
angle, wipe the assembly onto the specimen surface. 


6.20.1.8 Lift the gage end of the assembly [about a 45 º angle] until the gage and terminal are 
free of the specimen surface. 


6.20.1.9 Apply a thin layer of prepared adhesive [M-Bond AE-10] to both the specimen and 
back of the gage. 


6.20.1.10 Lift the end of the tape and bridge over the adhesive at approximately a 30º angle. With 
a piece of gauze, slowly make a single wiping stroke over the gage/tape assembly.  Use 
a firm pressure with your fingers when wiping over the gage.  


 
6.20.2 Using the “Romer” measuring arm, document the position of the sensors that were just 


installed on to the coil. 
 


Installation of sensors is not required at this time: 
 
Verified by: _________________________ Date: __________________ 
  Field Supervisor 


 
Table 4- Coil Sensor Table 


No. Sensor Type* Description 
1   
2   
3   
4   
5   
6   
7   
8   
9   


10   
11   
12   


* Sensor type: Stain gauge or thermocouple 
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Installation of sensors is complete: 
 
Verified by: _________________________ Date: __________________ 
  Field Supervisor 


 
6.21 Transporting MCWF from Casting Prep Station 1b to Station 1a: 


Using lift procedure D-L-NCSX-984 the modular coil winding form shall be transferred from the 
turning fixture [Figure 2- Turning Fixture] at station 1b to the casting assembly fixture at station 1a.   


 
6.21.1 Install the upper support plates that secure the support ring to the support/lift beam.  This 


operation must be verified prior to proceeding.  See Error! Reference source not found. 
 


 
Verified by: _________________________ Date: __________________ 
  Lead Technician 


 
• SAFETY NOTE 1:  Use scaffolding or appropriate ladders while working on upper section 


of turning fixture.  Scaffolding must be inspected prior to use per Section 9 Chapter 5 in 
PPPL ES&H Manual. 


 
• SAFETY NOTE 2:  Safety glasses MUST be worn when operating the pneumatic impact 


wrenches 
 


6.21.2 Remove the balance weights and plates on the bottom of the ring assembly. 
 


6.21.3 Using the lift procedure data sheet rig the upper support/lift beam to the overhead crane.   
 


6.21.4 Once a slight load has been taken, remove the hardware that secures the upper support/lift 
beam to the turning fixture frame. 


 
6.21.5 Compress the springs under the gear box (drive system) until they are bottomed. 


 
6.21.6 Disengage and remove the upper guide rollers. NOTE: The rollers are hinged and swing 


into position.  Lifting is not required 
 


6.21.7 Carefully raise the winding form/ring assembly from station 1b and transport to stations 1a, 
directly over the casting assembly fixture.   


 
 
Verified by: _________________________ Date: __________________ 
  Lead Technician 


 
6.22 Disassembly of coil/casting from Support Ring Assembly: 
 


6.22.1 Secure the coil support ring to the casting assembly fixture. Figure 11- Casting Assy. 
Fixture- Vertical Position 


 
6.22.2 Using the overhead crane, carefully lower the coil/support ring assembly until the coil is in 


the horizontal position and resting on the support stands. Figure 12- Casting Assy. Fixture 
in Horizontal Position 
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 Figure 11- Casting Assy. Fixture- Vertical Position 
                                                                            Figure 12- Casting Assy. Fixture in Horizontal Position 
 


6.22.3 Disassemble the support/lifting beam and support brackets between the support ring and 
casting 


 
• SAFETY NOTE:  The use of leather gloves and steel tipped shoes is required during the 


assembly of the support brackets to the winding form and ring assembly. 
 


6.22.4 Lift the support ring from the assembly fixture and transport to storage area. Figure 13- 
Assy. Fixture without Lift/Support Beam 


 


            
       Figure 13- Assy. Fixture without Lift/Support Beam 
                                                                                                         Figure 14- Coil without Support Ring 
 


6.22.5 Mount the coil stands to the completed winding form. [SE144-031] 
 


6.22.6 Using lift procedure D-L-NCSX-996 [Finished Modular Coil Lift Procedure] transfer the 
completed modular coil from station 1a to a location determined by the Field Supervisor.  


 
Verified: 
 
Lead Technician: ____________________________ Date: ____________________ 
 
Field Supervisor: ____________________________ Date: ____________________ 
 


 


Secure support ring to assy. 
fixture 
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7 Completion of Activities at Post VPI Station: 
 
7.1 Document Verification: 


Verify that all pertinent data in the procedure and data sheets have been completed.  
 
7.2 Field Package:  


Ensure that all data sheets, photographs, QC inspection sheets, etc are included in the “Coil Field 
Package”.   


 
7.3 Action Ticket: 


An “Action Ticket” shall be generated by the Field Supervisor, identifying outstanding tasks that 
need to be completed prior to the modular coil considered complete.  Once all tasks have been 
completed it shall be signed by the Field Supervisor and QC representative.  The “Action Ticket” 
shall be secured to the winding form/coil and remain until all tasks have been completed.  It shall be 
displayed in plane view.  Place completed “Action Ticket” in the Document Packet once it has been 
completed. 
 


7.4 Approval: 
Prior to releasing a modular coil , it is required that the all-responsible individuals sign the release 
indicating that all processes at the Post VPI station have been satisfactorily completed.  The 
release will include signatures from the Station Lead Technician, Field Supervisor and the QC 
representative.  


 
 
All Post VPI activities have been satisfactorily completed.  
 
Lead Technician: ____________________________ Date: ____________________ 
 
Field Supervisor: ____________________________ Date: ____________________ 
 
QC shall verify completion of documentation: 
 
Quality Control Representative: _________________________ Date: ________ 


 
 
 


Figure 15-Sensor Locations for Type “C” Casting- DELETE 
 


Figure 16- Sensor Locations for Type “B” Casting- DELETE 
 


Figure 17-Sensor Location for Type “A” Casting- DELETE 
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Proposed by: Judy Malsbury   On date: October 24, 2006 
 

7. The Audit Team will review the effectiveness of the changes made as a result of 
findings 1 and 2 prior to closure of the report. (ACTION: J. Malsbury by April 
30, 2007) 
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AUDIT FINDING REPORT 

 
AUDIT NO.: 0609   FINDING NO 2 

 
AUDIT NAME: NCSX Modular Coil Fabrication 
 
AUDITED ORGANIZATION: NCSX 
 
DATE OF AUDIT: August 15 – 22, 2006 
 
REFERENCES:    
 

ENG-010, Rev. 3, Control of Drawings, Software, and Firmware 
NCSX–PROC–007 Revision 2, NCSX Electronic Model and Drawing/INTRALINK 
Processes 

 
PROGRAM REQUIREMENTS:   
 

ENG-010 describes the process for changing already existing drawings including the 
use of the Engineering Change Notice (ECN) form and the indication of pending 
ECNs for drawing, either via placing a paper ECN Sticker on the drawing or using 
the Adobe Acrobat Stamp tool. The procedure also states that only drawings stamped 
“Approved for fabrication” can be used for installation or fabrication, whether at 
PPPL or a supplier’s facility. 
NCSX-PROC-007 defines the project specified processes for the control of drawings, 
including the use of ECNs. 

 
FINDING: THE DRAWING CONTROL PROGRAM USED BY NCSX 
NEEDS IMPROVEMENT. 

This finding is supported by the following: 
1. The ECN form contains the following minimal information in Attachment 1, 

page 1, of ENG-010: the drawings affected, the current revision, and the title. 
Note that ENG-010 Attachment 1, page 2, is inconsistent and lists drawings 
affected, the new revision, and the title, but the intent of the procedure is to 
list the revision level of the drawings  that the cognizant individual wants to 
revise 
 For at least some of the NCSX ECNs, the revision field is used to specify the 
new revision for the drawing. Therefore, some of the ECNs contain drawings 
that are listed as revision 0, which, according to the design engineer, means 
that the drawings are new. This change in meaning in the revision number 
presents some concerns, as follows: 
a. The different uses of the revision number field could be confusing to 

PPPL personnel who work on multiple projects. 
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1. The audit team was told by the MC Fabrication Project Engineer that the 
number of drawings that are needed in the field are minimal. If so, this smaller 
set of drawings should be identified and formally maintained with a higher 
priority, helping to assure that the current versions are always available in the 
field. 

2. This project is the first one at PPPL to be heavily involved with CAD models. 
With the exception of procurements and field work, it is not clear that the 
large number of drawings maintained is value added. The information is 
available within ProEngineer. If a drawing is not needed by someone else in 
the fabrication line, then why take the time to generate it? 

3. The issue with indicating ECNs on approved drawings occurred in an earlier 
audit of the PPPL Drawing Control program (audit #0308, August 2003). The 
project should review why this problem recurred and what can be done to 
prevent it from recurring. 

4. The Project should determine the cause for the time delay between the 
approval of the ECN and the updating of the drawings in the field. 
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 Audit # 0609   Finding # 2 

 
CORRECTIVE ACTION (to be completed by audited organization):  
 
Proposed by: Wayne Reiersen  On date: October 20, 2005 
 
PROJECT RESPONSE 

1. Drawings not yet released for fabrication will be identified as “NEW” per 
TCR-004 to Rev 3 of ENG-010.  The Project will follow the convention in 
ENG-010 of making reference to the current drawing revision.  The NCSX 
ECN form is consistent this practice, but adds in a space for RLM comments 
to state whether or not an immediate update (vs. an ECN stamp) is needed. 
(COMPLETED.) 

2. The Head of Design Integration (Tom Brown) is responsible for posting all 
drawing updates in PDF form within Intralink.  When a drawing is updated 
that relates to modular coil fabrication, the Head of Design Integration is 
responsible for notifying the ATI for the modular coils  (Jim Chrzanowski), 
the ATI for Field Period Assembly (Mike Viola), or the ATI for Machine 
Assembly (Erik Perry) that the drawing(s) has been updated.  The respective 
ATI is responsible for maintaining a current file in the field of all and only 
those drawings required for modular coil fabrication or field period assembly. 
The ATI will update the drawing file in the field when notified of a drawing 
change and the manufacturing procedures when appropriate. The project will 
be diligent in exercising these responsibilities. (ACTION: Tom Brown to 
implement this process effective immediately.) 

3. The Systems Engineering Support Manager (Bob Simmons) is responsible for 
notifying the responsible ATI when an ECN is processed that relates to 
modular coil fabrication.  The ATI is responsible for ensuring that the field 
personnel are properly notified and that appropriate changes are made to the 
manufacturing procedures and drawing file in the field (note on paper copies 
that ECN has been issued if appropriate).  The Systems Engineering Manager 
is involved in every ECN (he or the Design Integration Manager are the only 
ones authorized to obtain an ECN number from the Design Supervisor. 
PROC-007 is being updated to reflect this and the requirement to notify the 
both the Design Integration Manager and the responsible ATI that an ECN 
has been approved. (ACTION:  Bob Simmons to immediately implement 
this process and update NCSX-PROC-007-03 by November 30, 2006) 

4. When an ECN or RFD is approved, a stamp is placed on the drawing 
indicating that there is an outstanding ECN or RFD against that drawing.  
(Note that an ECN stamp may not be applied if the Systems Engineering 
Support Manager determines that a drawing update is imminent.)  Each time a 
stamp is applied, either an ECN stamp or a RFD stamp, the revision level of 
the drawing will be denoted differently in order to uniquely identify the 
drawing.  An “a” will be applied to the revision level for the first stamp, a “b” 
for the second stamp, and so on.  A revision 2 drawing with two stamps on it 
would appear as Rev. 2-b.  Drawings will be updated when there are three 
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stamps requiring drawing changes.  Not all RFDs require drawing changes.  
There are instances when a supplier requests permission to build a part 
differently than the drawing and the project approves the deviation without 
any intent of changing the design or generating an as-built drawing of the 
part.  In those cases, the stamps for the RFDs will not be removed from one 
drawing revision to the next. (ACTION:  Bob Simmons to update NCSX-
PROC-007-03 by November 30, 2006.) 

5. The project will continue to update drawings based on its assessment of 
priorities.  We are working under tight resource constraints and updating 
drawings sometimes takes much longer than desired. The responsible design 
and manufacturing engineers determine if there is an immediate need to 
update the drawing(s) or whether the ECN stamp or RFD stamp will suffice 
and the NCSX ECN form shown in Rev 3 to PROC-007 reflects this.  
Nonetheless, the responsible ATI is notified when either an ECN or RFD is 
approved. (ACTION:  Bob Simmons to update NCSX-PROC-007-03 by 
November 30, 2006.) 

 
 
Proposed by:  Judy Malsbury  On October 24, 2006 
 
 

6. The Audit Team will review the effectiveness of the changes made as a result 
of findings 1 and 2 prior to closure of the report. (ACTION: J. Malsbury by 
April 30, 2007) 
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AUDIT FINDING REPORT 
 

AUDIT NO.: 0609   FINDING NO 3 
 
AUDIT NAME: NCSX Modular Coil Fabrication 
 
AUDITED ORGANIZATION: NCSX 
 
DATE OF AUDIT: August 15 – 22, 2006 
 
REFERENCES:    
 

NCSX Data Management Plan, NCSX-PLAN-DMP-02, April 21, 2005 
NCSX Documents and Records Plan, NCSX-PLAN-DOC-03, December 13, 2005 

 
PROGRAM REQUIREMENTS:   
 

The NCSX Data Management Plan describes the processes by which documents for 
the NCSX project will be stored and managed. 
The NCSX Document and Records Plan defines the official documents and records 
for the design, fabrication, and construction stages of the NCSX project. It defines the 
purpose, content, format, approval level, records retention requirements, and 
file/document naming convention for each document and record. 

 
FINDING: THE DATA MANAGEMENT AND DOCUMENTS AND 
RECORDS PLANS DO NOT INCLUDE TWO IMPORTANT PROJECT 
RECORDS – METROLOGY DATA AND PHOTOS. 

The metrology data is taken at various times throughout the fabrication of the coils 
and determines the actual physical configuration of the coils. This information is 
important to calculate the current center of each coil and should be formally 
protected. It is currently planned to be stored on CDs in the notebook for each coil 
containing all the data associated with the fabrication. 
The photos are a more informal system for documenting aspects of the fabrication of 
the modular coils.  These are currently stored on the computer of the MC Fabrication 
Project Engineer in a structured format within folders and in the Photo Drop area in 
an unstructured format. 
Loss of either data could have a significant impact for the project. While the project 
has established informal methods to save and protect this data, a systemic approach 
should be created so that the methods are consistently used and documented. 

 
 

RECOMMENDED CORRECTIVE ACTION:    
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CORRECTIVE ACTION (to be completed by audited organization):  
 
Proposed by: Wayne Reiersen On date: October 24, 2006 
 

1. The Systems Engineering Support Manager has been charged with developing a 
plan for properly archiving construction data.  NCSX-PROC-012 has been 
developed and is in the review cycle. In addition, Project Personnel were briefed 
at the NCSX Monday morning teleconference on October 16th and are currently 
putting construction information (see VVSA Contract) on this site. (ACTION: 
Bob Simmons to issue PROC-012 by November 15, 2006). 

2. The DMP and DOC will be revised to reflect this plan.  In addition, a new 
procedure will be developed to detail the process. Updates to both have been 
issued for review.  (ACTION: Bob Simmons issue updates to both the DMP 
and DOC by November 15, 2006). Note from QA on 10/31/06: Both the DMP 
and the DOC have been updated – DMP dated October 25, 2006 and DOC 
dated October 26, 2006, and posted on the NCSX website. 

3. Project personnel to be informed about these additions. (ACTION: Bob 
Simmons by November 17, 2006) 



ECN # 3

 
PPPL ENGINEERING CHANGE NOTICE (ECN)   ECN # _____ 

 
COGNIZANT INDIVIDUAL:       
 
ECN TITLE:          
 
CC/WP/Job:  AREA OR PROJECT: 
 
LIMITATION OF SCOPE - NOTE: A Work Planning Form is NOT required if the total change 
to be accomplished (ENG-032): 

�x Is not large or complex or does not represent a new installation into a usable space 
�x Does not have a significant ES&H impact 
�x Does not involve tritium or other radioactive contaminated or activated equipment 
�x Does not impact multiple projects, systems, or groups 

OR does not change the scope or intent of the original design. 
 

Responsible Line Manager CONCURRENCE: __________________________________ 
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PPPL ENGINEERING CHANGE NOTICE (ECN) ECN # _____ 


 
 


COGNIZANT INDIVIDUAL:      
 
ECN TITLE:          
 
CC/WP/Job: AREA OR PROJECT: 
 
 


DRAWING(S) 
AFFECTED NUMBER: 


Current 
Revision 


TITLE 
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