Major Tool & Machine, Inc.

NCSX VVSA Distortion Control / Risk Mitigation Synopsis.


  As a primary function of job planning activities for complex fabrications, Major Tool & Machine, Inc. develops, reviews, evaluates, and critiques numerous distortion control strategies.  Prior to production, the actual welding distortion for complex fabrications (such as the VVSA) can only be estimated.  The estimating process is based on the following factors:
· Material type(s)
· Number of welds, orientation of welds

· Welding processes

· Weld Joint configuration / number of individual passes required per weld

· Consistency of form of the fabrication.  (the more consistent the form, the more predictable the resulting distortion)
· Specific welding sequencing / welding techniques

· Fixturing / supporting structure / holding mechanisms
· Previous knowledge and experience with similar components and materials
· Actual distortion realized during simulation exercises / prototyping
  Based on the above information, we can strategically position and/or restrain key features to provide the best approach to achieving the desired end results.

To date, our focus has been the following:

· Compiling all previous test results, facts, knowledge and opinions possible

· Reviewing, evaluating and critiquing each point
· Implementing the results into the design of the panel forming dies, fabrication support fixturing, and welding processes / techniques where possible.
The result of these activities has provided the following viewpoints:

  MTM believes that based on current design limits, the NCSX VVSA manufacturing plan has been refined to the extent that the risk of excessive distortion has been reduced to the minimum possible.  As with any risk mitigation, it is never completely eliminated.
  MTM believes that in some areas, the joining and welding of the vessel wall segments will likely consume the entire profile deviation allowance.  This belief is supported by the PVVS profile inspection results.
  MTM believes the welding of the large ports will create additional localized inward distortion within the general area of each port.  This local distortion is expected to be minimal at the round pipe / tubing ports (estimating 0.06-0.08”).  The installation / welding of the spherical dome is expected to experience more distortion (estimating 0.08-0.125”).  The installation / welding of the large fabricated ports (made from ½” thick material) is expected to produce the largest amount of local inward distortion (estimating 0.125-0.250”).  The exception to this estimate is the Neutral Beam Port.  This Port is positioned on the Vessel in a manner that appears to be less prone to inward distortion than Ports 4 and 12 (more self-supporting).  The estimated inward distortion of the NB port is expected to be less than the other large fabricated ports (estimating approximately 0.08-0.125”).
  It is anticipated that this localized inward distortion at each port extension will gradually improve as you move away from the port welds, and return to the normal welded profile (estimating within approximately 4.0-8.0”).
  It is anticipated that during the welding of the large fabricated ports, the opposing vessel wall profile will likely move outward (estimating approximately 15% of the inward distortion).  Supporting techniques and installation sequencing can minimize this result where possible.
A slight modification to the weld joint design where the large ports attach to the vessel could reduce the anticipated inward distortion by approximately 50%.  Sketches will be provided to PPPL for evaluation.  MTM highly recommends the implementation of these changes.

The result of the risk evaluation / mitigation process has developed into two slightly different manufacturing approaches.  One option will position the primary risk of tolerance breach inward, and the other will position the primary risk of tolerance breach outward.  The details of each option follow:
Option #1:  Produce the tooling and fixturing to “nominal” profile.  

  Manufacturing the fixturing and producing the formed panel segments to nominal profile geometry will minimize the risk of having areas of the profile protrude outside of the desired tolerance band.  Normal positioning and fitting would provide a starting profile ranging from nominal to somewhere near the high limit of tolerance.  The concept ensures that no fixture contacting surface can shrink inward further than nominal shape, and areas that either do not shrink, or may potentially grow (e.g. mid-panel areas) will remain within the outer profile limit.  This option was used successfully during the production of the PVVS.  This option would also be selected without concern if there were no large fabricated Port Extensions to install after welding the Vessel.
  The primary risk of this approach is that the local areas where the large Port Extensions are welded in place may protrude inside the inner limit of the desired profile tolerance band.  This condition will be more likely where the Port Extension attaching weld crosses a Vessel Panel Segment weld.
Option #2:  Produce the tooling and fixturing to “high limit” profile.  

  Manufacturing the fixturing and producing the formed panels to the outer limits of the tolerance band would provide more room for the unavoidable inward distortion resulting from welding the Port Extensions to the Vessel wall.  Normal positioning and fitting would provide a starting profile ranging from slightly above nominal to slightly outside the high limit of tolerance.

  The primary risk of this approach is that a large portion of the Vessel profile (where no Port Extensions are welded) may protrude outside the outer limit of the desired profile tolerance band (Estimating 0.06-0.125”).  This condition will be more likely where there are no Port Extensions, or Panel Segment welds.

  With the ultimate goal of producing the VVSA within the 3/8” profile variation tolerance, MTM desires input from PPPL in choosing the better of the two risk management options.  Option #1 will greatly reduce the risk of outward deviation, and option #2 will greatly reduce the risk of inward deviation.  Option #1 plus the included weld joint design recommendations would provide the least overall risk.
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