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Notes from Trip to Major Tool, August 9, 2005
Hutch Neilson 
PPPL:  Larry Dudek, Mike Viola, Hutch Neilson

DOE-PSO: Jeff Makiel

EIO: Nancy Horton, Roy Sheppard

Major Tool:  Kevin Bowling, Mark Sweeney, Mike Manuel, Doug McCorkle, Jim Flanagan

· 
· 
Modular Coil Winding Forms (Kevin Bowling, Mark Sweeney)
· They introduced Mark Sweeney, new Head of Technical Services. Recently rehired away from Rolls Royce by Major Tool. Previously had 20 years experience with Major Tool.  He was brought in to take machine tool process design to a greater level of detail. With the support of three programmers, he developed a much more detailed set of CNC programs for the 5-axis machining of the MCWF.

· We toured the shop and saw the C1 being machined on the U5 5-axis machine, and the C2 being machined on the 40-foot Mitsubishi.

· The 5-axis machining involves 4 set-ups, 2 on each side. One on each side is on the fixture, the other is off the fixture
. Currently they are on the second set-up. Schedule forecast:

· July 18-  Started 5-axis work (first set-up)

· Aug. 3 (approx.)-  Completed first setup

· Aug. 13- Complete second setup

· Aug. 21- Complete third setup.

· Aug. 26- Complete fourth setup (complete 5-axis work).

· Sept. 2-  Complete poloidal break and hand work (complete machining operations)

· Sept. 16-  Complete inspections and tests and ship to PPPL.
· We asked about the confidence in these forecasts, given the history of delays and apparent non-convergence.

· They are making tangible progress, it’s just slow. It actually looks like our part now with many of the details machined.

· They have planned the job in much finer detail (maybe by a factor of 100) than before.  Mark Sweeney showed us a spreadsheet, where each line of the spreadsheet represents a machine program segment (or “tape”). There are hundreds of programs.  Some programs just drill a couple of holes. Another might machine a length of the tee spanning just a few holes. Each program has a certain cut time (tool cutting metal time).  A typical cut time is 120 minutes, some longer.  But the actual elapsed time (counting things like tool changes and machine motions) is much longer, typically by a factor of 5.  They have done enough of each type of operation to believe that they have an accurate calibration factor for each.

· They argue that the above machining operations schedule forecast (thru Sept. 2) has much more confidence than previous forecasts, based on: 1) the process design and estimating is now done at much finer granularity, and 2) they have calibrated all types of operations left to do (in terms of actual time vs. cut time), so they can accurately forecast them.
· The 5-axis practicing with the prototyping was not as valuable as expected. The part was not rough-machined like the real thing, which limited what they could do.
· There is no “schedule contingency.”  They are working 2-3 shifts six days a week and one shift on Sundays so there are no make-up days.

· Since starting the 5-axis machining, 22 days have elapsed and they are through one and one-half of the four setups (14 days per set-up). They predict completing the remaining the two and one-half setups in 17 days (7 days per set-up). They are predicting a doubling of efficiency in the 5-axis operations, by this crude measure.

· Our assessment of delivery forecasts:

· Major Tool:  They are now “very confident” in the Sept. 16 date.

· Neilson:  Convinced that their forecasts seem much better now, but zero schedule contingency leaves no allowance for machine breakdowns or problems such as when they finish the poloidal break, or if they have to repair tooling gouges. Inspections and tests could easily grow from two weeks to four.  So delivery could stretch to mid-October.

· Dudek: I would agree that they finally seem be getting serious about quantifying the schedule.  In spite of running all of the tool paths needed to complete the part they could still find a situation where a finishing tool like a ¼” ball mill can’t be run at the reach required.  This may require unplanned programming, additional setups or moving the part to a new machine tool.  While September 16 is possible I believe early to mid October is more realistic.
· Makiel: The MTM folks provided a detailed explanation of their work plans, and discussed their actions to remedy past performance problems, however, I continue to have reservations about the C-1 shipping date of Sept 16th. Although they appeared to have gained knowledge and confidence, it appears that there is no contingency built into their schedule for mishaps such as machining repairs (over cutting), unplanned machine downtime, the discovery of tolerances not being met on the back end just prior to delivery, or any other glitch that they cannot control or forecast. Compound this by the fact that there is no free machine time available anymore since they are already running 24x7 and 24x6 to ‘make-up’ time. I suggest we follow the progress of “part setups”  (see schedule, above) to gage their progress.
· Viola:
· Major Tool corporate commitment: Reasonably convincing. They have now dedicated significant resources to planning and programming. They are working a lot of shifts per week, including third shifts and Sundays. They plan to dedicate four machines to the NCSX production program.

· How is the C2 progressing?  Continues to progress very well with no recurrence of the surprises that plagued the C1.  The initial set-up cost them several days because the C2 was stocked differently than the C1.  Otherwise, all the programs arrived at after trial and error on the C1 are working well on the C2. After 3 weeks of machining they had accomplished what took 6 weeks on the C1.
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NCSX Vacuum Vessel Sub-Assemblies (Mike Manuel)
· 
· Panels: They seem to have finally gotten out front on panel production. The focus now is on sector fabrication and ports.

· Sector fabrication:  they have finished the first 60, nearly finished the second, starting on the third.  There are dimensional control issues. The attempted repair of the 0.3-in. OOT condition on the first 60 did not work quite as well as first reported. Now they have more OOT areas, as much as 0.375-in., near the ICRF “dome” port. McCorkle said they are “at an impasse,” not sure what to do. They are hoping they are in areas we can accept as is.  Some argue that it will be easier to make corrections after the port holes are cut. They plan to go ahead and marry the first two 60’s this week.  (I think this is probably not a bad idea, but it’s troubling that they don’t have a strategy for correcting the geometry should it be necessary.)

· Ports are being fabricated by outside vendors. Hard to say where it stands, schedule-wise, but it’s pretty close to the critical path.
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