NCSX metrology
· We need to start defining the detailed elements of the metrology for the various WBS elements.
· This should be done ASAP, as we are already starting to design the tooling for the assembly of the Field Period and the Machine.  If we don’t incorporate the metrology in the front end, we could end up compromising our ability to assemble the machine to the required tolerances. 

· We need to develop detailed requirements for assembly/metrology.  These requirements will drive the design of the design of the assembly tooling which will in turn determine the design positioning of the metrology equipment.  

· We need to define the schedule/timeframe of assembly sequences so that we can determine the usage requirements for the metrology equipment and the associated manpower.   For example, the FPA task appears to be the most demanding period for metrology usage.  If there are parallel assembly tasks requiring metrology, we’ll have to either constantly relocate the equipment, purchase additional equipment or take a hit on the schedule.
· A note to those individuals designing large fixtures that will position parts of the device – you might want to have several locations for metrology targets on each moving part of your mechanism.  These target locations will have to be within the field of view of the metrology station.  When we lock in on the equipment that will be used to perform the measurements, I’ll be able to give you the requirements and details of these targets.  Also, don’t forget that a global coordinate system (typically referenced off the building walls) needs to be incorporated into the process.
Who does what?
*items in red are performed by the WBS and 1804

WBS elements 
· Plan for and incorporate the metrology into the front end of their tasks.  By this I mean:

· Develop (as detailed as possible) a requirements document that defines the assembly process and the metrology requirements.

· Identify the specific metrology equipment that will be used for the assembly process.

· If necessary, perform a CADD study to identify the locations for the metrology equipment and lines of sight to the part(s) being measured.

· Incorporate features for the mounting of monuments (i.e., corner cube reflectors for laser tracker; tooling balls for Romer) into both the parts being assembled and the assembly fixture.
Metrology support (1804)

· Work with all WBS elements to develop its assembly/metrology requirements/definition.

· Coordinate the utilization of metrology hardware so that schedule and cost guidelines are optimized.

· Provide verification that a WBS’ chosen metrology method will indeed meet the assembly requirements.

· Train/certify metrology technicians.

· Maintain metrology hardware in calibration.

· Provide a Back-Office for support of field metrology tasks.

· Generate software models for use by the metrology software

· Analyze field data and provide feedback in the event that positional tolerances cannot be met.

· Generate As-built models of the measured parts and assemblies.

Metrology task force
Metrology task force should be re-assembled.  The individuals responsible for the design (directly overseeing the design at the detail level) should be involved.  I recommend that we keep the group as small as possible and bring in involved parties as necessary.
Key areas represented should be:

· Modular coils

· FPA

· Machine assembly
Propose that the following individuals be involved.

· S. Raftopoulos – Mod. Coils; Overall metrology development
· Mike Cole or Tom Brown - FPA

· Geoff Gettelfinger – Machine assembly

· Tom Brown – Tooling; General CADD support

· Art Brooks – Analysis/impact on machine performance
Unresolved Questions

· Who are the metrology technicians and to whom do they report?  Are they an independent group that reports to 1804, or are they the same individuals that are turning the wrenches for their particular WBS? 
· Who pays for the verification stage?

· Who makes up the “back office”?  (Tom Brown, Steve Raftopoulos and Art Brooks??)  Whoever it is, at times they will have to drop everything else and resolve issues – unless we are willing to stop work in the field while questions are resolved in a “convenient” timeframe.

· How much consideration do we give to PFCs and Diagnostics?  These are items not included in the first plasma ops, however it may be very advantageous to take care of (at least some) their metrology needs while we have easier access to the vacuum vessel.
· 
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WBS element (Coils, FPA, Machine assembly, etc)





Define assembly requirements





Define assembly process





Define metrology process





Design assembly hardware





Design metrology station(s)





Fabricate assembly hardware





Fabricate metrology station(s)/purchase metrology equipment





Install assembly hardware





Install metrology station(s)





Training & practice in the assembly and measurement processes





Assemble device using metrology system to guide.





Post-process metrology data





Generate “as-built” models.





Feeds next step (i.e., the mod coil “as-built” data will be incorporated into the FPA assembly





This step will typically require a CADD study to determine “lines of sight” and locations of metrology targets.





Here is where we need a support system where the data is analyzed, decisions are made and path forward is fed to the field.  





CADD models/data need to be provided to measure against during the assembly process.





Perform verification of proposed metrology process








