23 July 2004
From: Wayne Reiersen

To: Ron Strykowsky

Subject:  Thoughts on re-planning

I just wanted to pass on some thoughts to you before I left and you carried on re-planning activities in WBS 14.  The activities I would like to focus on relate to being ready to wind the first production coil in January 2005.  Let us draw a line in the sand right now that we will accomplish that objective.
There are three lines of activities that have to be completed before we can accomplish that objective:

1. Twisted Racetrack Coil (TRC).  Coil design and fabrication methods have been qualified by testing and dissecting the coil.

2. Modular Coil Winding Form (MCWF).  The first production MCWF has been delivered.
3. Modular Coil Assembly. The final design of the Type C winding assembly has been completed.  Fabrication of winding assembly components, e.g. cladding, chill plates, clamps, conductor, etc., is on track to support winding the first production coil on schedule.

I would like to go through these lines of activities (which cut across jobs and responsibilities and need to be tightly coupled), propose the schedule logic I would like to see reflected in the revised Performance Measurement Baseline (PMB), and identify key design reviews.  It is essential that these activities be actively tracked and expedited in order to have any hope of being ready to wind the first production coil in January 2005.  Target dates are suggested which appear necessary if we are to meet the January milestone.

I will be out the week of July 26.  You will be integrating changes proposed by the Job Managers in a revised PMB while I am away.  I hope you find the logic presented here sound.  Please look to Brad for guidance resolving issues in my absence.
I would like to schedule a regular weekly telecon between PPPL and ORNL at 10am on Mondays, preceding the SIT meeting at 11am.  The purpose of the meeting will be to review progress in critical activities in the past week and to identify areas where workarounds are required for these activities to stay on track.  If you could provide a bar chart each week of the critical activities that we could use as a basis for discussion, it would be very helpful.  The status quo is not working and needs to be changed.  I contend that we need to meet more regularly for the sole purpose of identifying (technical, cost, and schedule) problems as they arise and deal with them on the spot with the right (small) cast of people present.  What cannot be dealt with on the spot can be bumped up to Hutch’s SIT meeting at 11am for resolution.  Requested attendees will include Nelson, Williamson, Chrzanowski, Heitzenroeder, and yourself.  Dudek and Neilson with have a standing invitation.  Other Job Managers will be called in when appropriate.  PPPL folks will meet in the Engineering Conference Room. The meetings will be focused and brief.  I think they will help us all a lot.
Twisted Racetrack Coil

Activities required to complete the TRC are listed in Table 1 at the end of this memo.  The following paragraphs review that logic that went into developing that schedule.

Complete TRC Final Design. The first step here is completing the final design of the TRC.  There is still much to do here, including:
· Finalizing the lead block design

· Defining the instrumentation

· Developing a product spec and drawings for the TRC

We should have an FDR for the TRC Winding Assembly the week of August 9 (Williamson).

Modify TRC Winding Form.  Hopefully, the TRC winding form will be delivered by July 30.  We need to design modifications to the TRC winding form to accommodate the new lead block design and instrumentation and install fiducials (Williamson).  Once the TRC winding form is delivered, we can make these modifications.  We also need to complete aspects of the fabrication that Magna Machine failed to complete.  We should plan to complete these modifications the week of August 9 (Chrzanowski).
Measure TRC Winding Form.  We need to scan the winding form so we know the part we are dealing with and can compare it with the CAD model.  In order to scan it, we need to get the Romer arm repaired and complete training with the laser scanner.  We should be ready to scan the winding form as soon as modifications are completed the week of August 9 (Raftopoulos).
Complete Preparations for Winding Facility Operation.  It is important that before we put a facility into operation for the first time, we conduct an independent review to verify that construction is complete, the equipment has been tested and found to be working properly, and the facility can be operated safely.  WP requirements have been addressed.  Job hazard analyses have been performed and appropriate safety controls have been implemented.  Appropriate procedures are in place for operating the equipment, putting it in a safe state for maintenance, and responding to abnormal conditions.  Operators have been properly trained in the use of the equipment.  The Preliminary Hazard Analysis (PHA), which is required for a moderate hazard facility, is approved.
On NCSX, we will follow the model set by NSTX of using a standing Activity Certification Committee (ACC) to conduct these reviews.  The NCSX ACC has been appointed by the PPPL Deputy Director, Rich Hawryluk, and consists of Dori Barnes (Chairperson), Dennis Mueller, Henry Carnevale, Ray Camp, and Charlie Gentile.  The Modular Coil Winding Facility will be the first facility the NCSX ACC will review.  I will draft a charter for the ACC and a procedure for initiating an ACC review.  The charter should be drafted by August 6.
The Winding Facility Operations Plan (WFOP) has already been approved.  It is the umbrella document that should cover all issues germane to the ACC Review.  It should be reviewed again by the originator (Chrzanowski) in this context.  There may be other changes in order from moving content from the current MIT/QA Plan which is more appropriate for the WFOP.  The ACC Review should be conducted by August 20 so it does not conflict with the TRC Fabrication FDR in late August.
Complete Preparations for TRC Fabrication.  The TRC is a demonstration coil.  Its main purpose is to demonstrate that that we can build a prototypical modular coil, that it will meet requirements, and that we can predict coil performance with our analysis tools.  Nelson has an excellent tabulation of TRC objectives.  The TRC design is prototypical of the production articles.  We should build what we designed.  Any design changes should be coordinated with ORNL.  We will follow the same documented procedures for building the TRC that we would follow if it was a production article.  The only difference is that the procedures will not be under change control.  This is to facilitate fine tuning them for use on the production articles.  However, development and documentation of these procedures must be complete.  The process for fabricating the TRC winding assembly will be documented in an MIT/QA Plan and supporting procedures.  This documentation should be complete and reviewed, with comments resolved, prior the TRC Fabrication FDR, which should be held before the end of August (Chrzanowski).  The TRC Fabrication FDR will assess whether [1] development and documentation of the MIT/QA Plan and supporting procedures is complete; [2] appropriate training for the engineers and technicians for winding the TRC has been provided; and [3] appropriate measurement equipment and techniques are ready for use.
Procure and Fabricate TRC Winding Components.  Procurement of the conductor and clamps has already been initiated or completed.  Procurement of the copper sheet required to fabricate the cladding and chill plates should be initiated, if it has not been already.  The first fabricated items that will be needed are the cladding pieces.  These will be fabricated at PPPL on the water jet cutter.  Fabrication of these should begin immediately upon successful completion of the TRC Design FDR.  The first parts will be required as soon as the TRC winding form has been measured and the Fabrication FDR successfully completed, hopefully by the end of August.  Procurement and fabrication of other winding assembly components should be expedited to ensure that the fabrication of the TRC winding assembly proceeds without interruption (Chrzanowski).
Fabricate TRC Winding Assembly.  Fabrication of the TRC winding assembly, from starting to apply the mold release to installation of the last permanent clamps, should take about three months.  If we get start before the end of August, then we should be ready to test the TRC come the beginning of December (Chrzanowski).
In order to meet this schedule, we need to be properly staffed.  We need to identify who are the essential personnel (Chrzanowski) and get a commitment from PPPL Management that these people will be available to the NCSX Project and will not be diverted to rebuild NSTX hub assemblies (Reiersen).
Prepare Coil Test Facility (CTF).  The CTF must be ready by the end of November for testing the TRC.  The current schedule shows a simply cooled facility being available by mid-September and a closed loop facility being available by mid-October.  However, that schedule shows a peer review (should be an FDR
 in the schedule) in mid-July.  Gettelfinger is still gathering design requirements (such as pump requirements) from ORNL, so the above dates may be optimistic.  An ACC Review should scheduled once the closed loop facility has been completed, assuming we do not plan to operate but merely test the facility in the simply cooled configuration.  It appears that there is a comfortable period between when ACC Review could be conducted (mid-October) and when TRC testing would commence (early December).  It would be prudent to perform some prototypical tests on the planar racetrack coil during this period to debug the test procedures and equipment and gain operating experience before testing the TRC (Gettelfinger).
Prepare Coil Test Plans and Simulations.  The TRC will be tested in the CTF.  The testing serves two purposes.  It demonstrates that the TRC design works as advertised and confirms our ability to predict coil performance.  Both of these are required to qualify the design of the production articles.  What do we need prior to testing?

1. Test Plans.  We need a test plan that defines the current waveform, coolant flow requirements, and instrumentation requirements for each test.  These plans will be used by the operator to set up and conduct the tests.
2. Simulations.  We need a simulation of each test that predicts what the performance will be.  The simulation will include structural, thermal-hydraulic, and electrical circuit analyses.  The simulations will also confirm that the test parameters will not jeopardize the integrity of the TRC.

Test plans and simulations should be completed well in advance of TRC testing (end of October) to assure that the CTF can be properly configured to conduct the tests (Williamson).
Develop Techniques and a Fixture for Current Center Location.  The idea has been put forward that we could better accommodate imperfect coils if we knew the location of the current center and could therefore compensate for it during field period and final assembly.  Magnetic measurements have been proposed as a means of locating the current center.  Strickler and Hirshman are investigating techniques for locating the current center to an accuracy better than we can achieve by in-process measurement of the winding form and outer turn locations.  If they succeed in developing a promising technique, the TRC provides a perfect, timely opportunity to validate the technique.  After coil testing is complete, the TRC could be installed in a fixture in which magnetic measurements are taken.  The location of the current center would be inferred on the basis of the magnetic measurements.  Dissection of the TRC would show whether the magnetic measurements significantly enhance our ability to locate the current center.  If so, we might pursue them as a risk mitigation measure for the production coils.  However, in order to validate this technique, it needs to be developed in time to build a fixture with which the magnetic measurements can be taken by mid-December (Nelson).
Conduct Coil Tests.  There is precious little time to actually conduct coil tests, perhaps a week.  This underscores the importance of the facility and test plans being ready on time.  The main reason the time available for testing is so short is that we want to dissect the TRC to [1] demonstrate that our coil winding assembly procedures do indeed result in controlling the location of the current center to within the prescribed tolerance and [2] demonstrate our ability to provide an improved estimate of the current center location through magnetic measurements.  The dissection qualifies the procedures for fabricating the winding assembly.  The dissection and related analyses should be complete before fabricating the first production coil.
The schedule for coil testing might be as follows.  Coil testing is performed the first week in December.  Results are compared with simulations by the end of the second week of December, qualifying the design of the production articles.  Magnetic measurements are completed the second week in December.  The coil is dissected in many pieces and the current center located by physical measurement by the first week in January (with realistic allowances for the holidays).  Comparison with tolerance requirements and inferred current center locations are documented the second week in January.  If we meet the tolerance requirements, then we have qualified the winding assembly procedures and we are good to go for winding the first production coil.  If not, we are in potentially deep trouble, which underscores the importance of building the TRC right the first time.
Modular Coil Winding Form (MCWF)

The second line of activity is getting the MCWF delivered by mid-January.  There are many risks, especially in the next couple of months, which we have to be prepared to address.  These risks include:

1. Failure to achieve adequate fracture and other properties for the casting alloys.  We have not yet established that the fracture properties of either alloy are acceptable.  Guaranteed minimum properties have not yet been provided by the suppliers.  We should be prepared to expeditiously negotiate changes in the alloy composition to improve properties as required.  The alloy composition and guaranteed minimum properties need to be included in the product specification which forms the basis of this procurement.  Reed and Keilbach would be excellent resources for suggesting improved compositions.
2. Failure to get DOE buy-in on terminating further work on the prototype MCWF.  Our plan is to go ahead with the MCWF procurement as scheduled and to suspend further work on the prototype MCWFs.  Minimal machining has been done by one machining house whose participation in the production phase looks doubtful.  Their replacement basically has no opportunity to do any machining on the prototype before submitting their proposal.  The other machining house would not receive the prototype to begin machining until after we would already have made a selection and would be in final negotiations.  We had scheduled six weeks to machine the prototype MCWF, so even if they received it at this time, there would be no apparent benefit to the project if they initiated machining.

Heitzenroeder was disinclined to have the prototypes delivered to PPPL for evaluation.  He said there was nothing we could do with them that would be beneficial in evaluating the proposals.  That being the case, I propose that we make the prototypes available to the teams that submit bids.  They can use them where it suits them best to minimize their risks (which are also our risks), but on their dime.
DOE apparently does not find this logic compelling.  We must anticipate the possibility that DOE will recommend machining the prototypes to completion.  If so, we should push for approval to go ahead with the VVSA procurement and extend the work on the first production MCWF under the existing contracts, thereby mitigating the schedule impact.
3. Failure to get affordable bids or acceptable delivery schedules for the production articles.  It may well be that, because of lack of experience machining the prototypes, the bids come in with more cost or schedule contingency built in than we can afford.  First off, we would need to sit down with the suppliers and assess whether this was indeed the case.  The only way to pare down this contingency would be to give them an opportunity to get more experience.  We would like for them to get this experience on the first production article(s), which has some value to us, rather than on the prototype.  This would argue for further extending the work on the first production MCWF (and second production casting) under the existing contracts and asking them to re-submit their bids upon completion of their respective first articles.
If the lack of an acceptable delivery schedule was due to limited machining throughput and each team had exhausted their options for expanding the machining throughput, then we might consider taking delivery of upgraded castings of a given type (perhaps Type B castings) and having them machined under a separate contract with a machining house we found acceptable.  This might be better than having an entire second team if machining was the only bottleneck.  Another alternative would be to offer schedule incentives, which might open possibilities that the suppliers had previously been ruled out as too expensive.
4. Failure to get timely approval of CD-3 by DOE.  We are pushing for approval of CD-3 by mid-August.  For whatever reason, it is possible that DOE might not grant CD-3 on our timeframe.  That would put us in basically the same situation as failure to get DOE buy-in on terminating further work on the prototype MCWF, which was previously discussed.  The mitigation plan would be the same - push for approval to go ahead with the VVSA procurement and extend the work on the first production MCWF under the existing contracts.
These are risks that we must manage, but what is the plan?  The plan consists of the following activity groups.
Provide a raw casting under the current contracts.  The project decided to authorize both suppliers to proceed with the initial steps to fabricate the first production winding form.  The suppliers will do the flow solidification modeling and mold design and fabrication.  It is expected that we will already have made a recommendation to the SSO by the time our suppliers request authorization to pour the casting.  If so, we will authorize the recommended supplier.  If not, we may opt to have both suppliers pour castings.  This is as far as we thought the suppliers would get by mid-September when the production contract should be awarded.  If the suppliers are proceeding at a faster rate or if award of the production contract appears to be lagging, we must be ready to keep this work going.
I do not know what the schedule is for this work.  We went ahead with this work because we knew it was critically important, and we did process an ECP for an additional $75K to fund the duplicate work by the second supplier.  However, I do not believe we identified the supporting activities in the PMB.  It is essential that this be done so that we can track the work and earn value for the money spent (Heitzenroeder).
Evaluate proposals and make recommendation.  We are not where we hoped to be at the start of the manufacturing development and prototype fabrication phase for the MCWFs.  We had hoped to have two completed prototypes that qualified two suppliers and the fabricability of the design.  Our primary evaluation criterion was to evaluate these prototypes against the spec.  The fact that both prototypes are unfinished makes this more difficult.  Nevertheless, the project (Heitzenroeder) will provide an objective evaluation of the suppliers’ past performance against the product specification and SOW during the manufacturing development and prototype fabrication phase.  This evaluation along with the suppliers’ assessments of their past performance will be used by the SPEB to score the proposals.  Proposals are due August 2.  A recommendation will be made by the SPEB to the SSO by August 6 (Heitzenroeder).

Get approval for the start of construction (CD-3).  OFES will be briefed the week of August 9.  If all goes well, we could get approval for the start of construction in mid-August.  If we miss this window of opportunity, CD-3 could be delayed by several weeks, which would likely delay award of the VVSA contract and could also delay award of the MCWF contract.
Determine chemistry and material properties (including fracture properties) of casting alloys.  Fracture properties were raised as a concern at the FDR.  We had not considered fracture mechanics when establishing our design criteria and setting up our test program.  It is possible that fracture considerations and not static allowables will limit operation of the modular coils.  We need to make this determination ASAP.
I am not aware of the schedule for establishing the fracture properties of the two casting alloys.  We went ahead with this work because we knew it was critically important, but did not follow up by developing schedule and budget requirements, and updating the PMB via an ECP.  It is essential that this be done so that we can track the work and earn value for the money spent (Heitzenroeder).
In order to determine the fracture properties, we need to get material from the suppliers, fabricate test samples, and have the samples tested outside PPPL (probably the NHFML).  In addition to the fracture properties, the chemistry and other properties of the casting alloys are also being tested.  It seems likely that the recommendation to the SSO will be made without having the test results.  We are betting that [1] determination of these properties will not influence the choice of supplier and [2] the properties of the recommended supplier’s casting alloy are adequate.  This appears acceptable provided the testing is completed and the product specification updated prior to award of the contract.  I would be surprised if all of the testing was completed before August 13.
Update product specification and drawings.  The product specification needs to be updated to reflect supplier casting alloy composition and guaranteed properties.  We need to have the fracture properties determined before finalizing the specification to assure that casting alloy does indeed have adequate fracture properties at cryogenic temperature.  Hopefully, the specification and drawings can be updated by August 20.
The models and drawings also have to be updated, at least to identify the areas where a second round of radiographic inspections is required.

Complete negotiations and finalize the contract.  Negotiations need to focus on what can be done to reduce the price and accelerate the delivery schedule for the winding forms.  Schedule incentives should be discussed.  In order to finalize the contract, we need to have [1] an updated product specification and models/drawings and [2] completed negotiations for an affordable product with an acceptable delivery schedule.  Both have the potential to be the long pole in the tent.  If the negotiations go well, the contract should be finalized by August 27.
Award contract.  The Princeton Site Office needs to approve the contract before award.  In addition, we need CD-3 before contract award.  Assuming CD-3 approval is given in mid-August and the Princeton Site Office approves the contract in two weeks, it is not unreasonable to expect that the MCWF production contract will be in place in mid-September.
Provide first production MCWF to PPPL.  We authorized the start of work on the first production MCWF in July under the existing contract.  If the production contract goes into effect in mid-September, the supplier would have almost four months to upgrade the casting, machine it, and ship it to PPPL by mid-January.  This seems quite reasonable if the supplier is geared up to meet the schedule for the balance of the production articles.

Modular Coil Assembly

Complete the final design of the modular coil winding assemblies.  In May, we had a Design FDR for the MCWF.  We still need a comprehensive Design FDR for the balance of the Modular Coil System (WBS 14).  We need to show that the final design of the modular coils is complete, that the detail design meets all requirements, and that the design documentation (specification and models/drawings) is ready for fabrication (at least for the Type C coils).
There is much work required to close out the final design of the MC Winding Assembly.  Material tests have to be completed.  Analyses have to be completed, documented, and checked.  Interfaces have to be finalized.  Drawings have to be developed.  As we well know, this takes time and effort.  At the conclusion of the FDR, the design documentation should be ready to fabricate components for the Type C modular coil.  Subsequent FDRs for the Type A and B coils should only have to verify that the design documentation is ready for fabricating components for those coil types.
In the present PMB, the FDR for the Type C modular coil is forecast for mid-November.  By that time, fabrication of the TRC should be nearly complete.  The bag mold should be applied and the TRC should be ready for the autoclave.  From the standpoint of design verification, this is excellent because we would already have fabricated a prototype coil with the process and components featured in the Type C coil design (Williamson).

Procure and Fabricate Type C Winding Components.  The main concern with a November Design FDR is whether it leaves enough time to procure and fabricate winding assembly components such that fabrication of the first production coil can start in mid-January and proceed without interruption.  A detailed schedule should be developed that identifies how late the FDR could be held without impacting the schedule (Chrzanowski).

Complete Preparations for Type C Fabrication.  The TRC will have provided a trial for the MIT/QA Plan and supporting procedures.  Process improvements should already have been made and reflected in the process documentation.  The documentation should be placed under formal change control.  The main uncertainties are whether the TRC worked as predicted and whether we can wind the coils to the required tolerance using the winding process demonstrated on the TRC.  We should hold a Type C Fabrication FDR after testing and dissection of the TRC to assess whether [1] development and documentation of the MIT/QA Plan and supporting procedures is complete; [2] appropriate training for the engineers and technicians for winding Type C coils has been provided; and [3] appropriate measurement equipment and techniques are ready for use.

A supplemental ACC Review may also be in order if we are going to use equipment that was not operational at the time of the AAC Review for the TRC.

Table 1 - TRC Activities

[image: image1.emf]Activity description Early start Early finish Original duration Free float

Resolve FDR Issues 9-Jun-04 22-Jun-04 10 33

Release spec and dwgs for the prod MCWF 16JUL04* 0 0

Develop TRC product spec 19-Jul-04 23-Jul-04 5 11

Define instrumentation for TRC 19-Jul-04 23-Jul-04 5 0

Finalize shim design 19-Jul-04 23-Jul-04 5 1

Finalize lead block design 06JUL04* 26-Jul-04 15 0

Develop and promote TRC winding drawings 27-Jul-04 9-Aug-04 10 0

TRC Design FDR 9-Aug-04 0 0

Define monuments 19-Jul-04 23-Jul-04 5 6

Design modification to accommodate lead block 27-Jul-04 2-Aug-04 5 0

Design mods for instrumentation 26-Jul-04 30-Jul-04 5 1

****  Receive TRC from EIO  **** 30JUL04* 0 1

Prep TRCWF (machine, instr, monuments) 3-Aug-04 9-Aug-04 5 0

Repair Romer arm 09JUL04* 22-Jul-04 10 0

Complete training with laser scanner 23-Jul-04 5-Aug-04 10 2

Measure TRCWF 10-Aug-04 16-Aug-04 5 9

Develop measurement techniques, identify equip 19JUL04* 13-Aug-04 20 0

Complete MIT/QA Plan, supporting procedures 19JUL04* 27-Aug-04 30 0

TRC Fabrication FDR 27-Aug-04 0 0

Fabricate TRC Cladding 10-Aug-04 7-Sep-04 20 4

Fabricate TRC winding clamps 02JUL04* 27-Aug-04 40 10

Prep TRC Casting & Instl Cladding (station 2) 30-Aug-04 13-Sep-04 10 0

Install grnd wrap & lay in conductor (station 2) 14-Sep-04 11-Oct-04 20 0

Fabricate TRC Chill Plates 10-Aug-04 5-Oct-04 40 4

Fabricate TRC Tubing 10-Aug-04 5-Oct-04 40 4

Install chill plates & tubing (station 4) 12-Oct-04 25-Oct-04 10 0

Apply Bag mold (station 4) 26-Oct-04 8-Nov-04 10 0

VPI in autoclave 9-Nov-04 22-Nov-04 10 0

Order TRC permanent clamps 02JUL04* 13-Sep-04 50 50

Instl permanent clamps 23-Nov-04 1-Dec-04 5 0

TRC Fabrication Complete 1-Dec-04 0 0

Develop TRC test procedure 10-Aug-04 16-Aug-04 5 0

Predict TRC behavior 17-Aug-04 7-Sep-04 15 59

Test TRC 2-Dec-04 8-Dec-04 5 0

Document test results, compare with predictions 9-Dec-04 15-Dec-04 5 0

Coil design qualified 15-Dec-04 0 97

Develop techniques for locating current center 19JUL04* 13-Sep-04 40 0

Fabricate test stand for magnetic measurements 14-Sep-04 8-Nov-04 40 20

Perform magnetic measurements 9-Dec-04 15-Dec-04 5 0

Infer current center location 16-Dec-04 22-Dec-04 5 92

Develop plan, arrange for coil dissection 19JUL04* 13-Aug-04 20 182

Dissect coil, locate actual current center 16-Dec-04 7-Jan-05 10 0

Document dissection, comparison with predictions 10-Jan-05 14-Jan-05 5 0

Coil fabrication qualified 14-Jan-05 0 82


� On NCSX, Peer Reviews are conducted to formally collect and process expert input on some aspect of a design.  Design reviews that are conducted to review the final design and assess readiness to process with fabrication are by definition Final Design Reviews and should be so designated.
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