Talking Point List of Potential Changes to Reduce Machining / Inspection Time
(1/4/06 at Major Tool, Indianapolis, IN)
1. Inspection grid 
a. Reduce measurements on as cast surfaces

i. NCSX does not currently get MTK data.  It’s available on the EIO web.  (RS- check if data is available in IGES form for NCSX)
b. Increase grid size in the other areas or change the grid to one “following the contours”.  A 50% reduction in the current 3800 points would save about 8 hrs. per casting.  
c. Actions:
i. For as cast surfaces, provide 50 points distributed over the surfaces (inside & outside surfaces).  (PH- modify spec.)_
ii. NCSX will provide a defined pattern for Types A and B - i.e.,  4 measurements on each side along the path at each T hole.  For Type C, T region, the grid MTM provided for C2 should be repeated For the flanges, a defined pattern will be given for Types A and B.  For type C, repeat flange measurements as performed for C2, with the option of performing the flange measurements in two rows 2” apart.   (DW- will make dwg.; MTM will implement;  PH will make spec, change required . )
iii. Machined wing areas will be inspected on an approximately 4” grid.  
iv. 
d. Possible changes in CMM technique; MTM is working to “automate” the CMM / Verisurf reporting.  
2. 
a. 
b. 
4.2.6 Verification of Dimensions and Tolerances 

All cast surfaces, machined surfaces and features such as holes, ports, supports, etc. shall be dimensionally checked to assure compliance with Section 3.2.2. Cast surfaces shall be checked with measurements taken to approximate 4” x 4” grid; machined surfaces shall be checked with measurements taken to approximate a 2” x 2” grid; features such as holes, ports, supports, etc. shall be verified per standard machine shop practices. On the winding tee flange, where a 2” x 2” grid would result in a single line of measurements, a minimum of 2 readings (two lines of measurements) shall be recorded.

3. Wing surface (40T)

Wing surface measurements and grinding.  (Applicable to A
 and B….Not C.) 
a. Back side of extended wing is presently cut on the 40T Mitsu – it will be  done on the Lucas for all future castings.  ( MTM-make program sheet changes as required)
b. MTM proposes that the tolerance be made unilateral to the small side and increased from 1/8” to -3/16 / +0.00”.  (DW- make dwg. Change) (MTM-make program sheet changes as required).  
c. This would reduce the Mitsu time by ~ 20 hrs.  or more.

d. Have  a “proof cut” on the Mitsu to verify that the part didn’t move enough to put the wing out of tolerance.  (MTM-make program sheet changes as required)
4. 
a. 
i. 
b. We can  accept more scalloping in the wing mating surfaces.:(PH- revise spec as required)
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  MTM proposes to machine guide grooves and then grind off the tips of the waves.  

c. MTM sees grinding tips off waves painless, but smoothing edges to unground area is time consuming.  Transition:  NCSX will accept a 2” “blend in” .  This is typically ½” deep.  Scallops are OK. (PH  revise spec;  MTM revise program sheets)
d. 
5. Tolerance on flange holes 
a. Need to bore because of back spot faces.  

b. NCSX will change true position to 0.040, and will tighten bore to +/- 0.003”.    (NOTE:  THESE VALUES NEED TO BE VERIFIED BY MTM YET). (DW- make drawing changes) (MTM-make program sheet changes)
c. MTM cuts the major holes first and cuts the polidal break and welds in the shim before boring the holes because the part “walks” during these operations. 
6. Inspection of T holes:

a. NCSX agrees that CMM  inspection of every other hole would be acceptable. Thread guage will be run in every hole and every one will be checked for cleanliness.   
b. MTM will propose a tolerance that matches the current process for consideration.  (If required, DW changes dwg.; PH change spec if necessary).  
7. Tolerance on T rib 
a. 
i. 
ii. Maintain +/- 0.010” profile tolerance on the “L” surfaces  but change to +0.030”/-0.010 on the T height.  (DW-revise dwgs.)
b. 
8. Handwork- See notes in 2.  Concerning wing mating pocket.  As for the T surfaces, MTK’s measurements currently show the amount of “padding”.   
a. EIO should consider asking MTK to grind pocket areas which exceed tolerance prior to shipping to MTM (based on their metrology measurements).  As long as “pocket” areas are within tolerance, no further working would be required at MTM.  (This would only apply to the Type A and B castings). 
This will  require re-scheduling metrology to before heat treatment.  
b. (RS to discuss with EIO team)

c. Grinding of base T –Larry will review and try to define areas where the stud welder won’t fit and eliminate grinding in these areas.   Will  require more than 1 gauge;  will define “no grind” areas by hole number.  (LD to provide guidance required and work with DW on formalities).
9. Intermediate CMM  poloidal break inspection – roughly 1 day savings
a. MTM proposes to eliminate the separate CMM check of the poloidal break holes (gun-drilled with drill bushings on both sides of flange and in between flange) and flange surface flatness– argument is that if it assembles OK, it is right.  
i. MTM individually fits each stud bushing.

ii. Change to a fit-up check with feeler gauges.  (0.002” feeler gauge on shim parallelism and bushing fit check by QA).  (MTM to add inspection steps for verification of assembly)
10.  DISCUSSION POINT ONLY:  VPI groove- ~ 12” length where groove cannot be machined.  So they rough out with ¼” tool and then hand die grind groove checking with dowel gauge.  It takes a shift.  Propose that they use 3/8” tool and come in at an angle
a. 
b. Can we accept a length ~12” that has the groove at an ~45 degree up angle?    No.  
11. 
a. 
b. 
c. 
d. 
12. MTM TO CONTINUE TO BRAINSTORM:    Corner radius - First cut leaves ½” radius, then they cut a ¼” radius with ½” ball, then cut 1/8” using a ¼” ball nose.  Change from 1/8” to ¼”.  Would save one entire pass, could save more than one week. (but to increase delivery they also need to get the Mitsu time down)
a. Could significantly reduce time on the U5 by over a week.   

b. Problem is that some of the ball nose cutters are 20” high and repeated cuts are required.

c. Propose to change 1/8” bottom T corner radius to ¼”.
d. This looks difficult for NCSX- the turn wouldn’t be supported in the corner.  

e. MTM should focus on improving the machining process or consider grinding.  
f. Since A and B is not yet programmed, more “thinking out of the box” is possible on these!  
13. Elimination of machining for non-critical surfaces such as the arc surfaces of the feet.   These are not currently specified as machined surfaces, but NCSX is concerned about weight if machining is totally eliminated  
a. “Go to finish” on the Lucas currently specified  “as cast” flange & feet  out facing  surfaces & eliminate re-machining these surfaces on the Mitsu or U5.  (MTM routing and program change)
b. MTM will verify that specified non-machined surfaces are within tolerance while on the Lucas.  (MTM routing change)
c. NCSX will make these surfaces either “as cast” or for reference only. (DW- drawing changes, on A, B, and C)
d. MTM will check other measurements that may also be possible to change to reference only to eliminate unnecessary reporting and disposition.    (MTM to review and determine) 
14. Elimination or reduction of magnetic permeability measurements.
a.  Continue current weld permeability  inspections, but drop grid and do 3 checks per side at every 5th  hole (T,and 2 flanges) .   No maps, no grids, just a certification that it was done and , of course, any non-conforming areas reported with location.  (PH- make spec change and ECN)
15. Cutting of port holes in the winding forms.- MTM is not getting true hole to drawing due to coming in at an angle.  They are ellipses where top/bottom meet drawing circle and sides are flattened somewhat.  This may only affect the key-hole cut-out on the Type C casting.
a. Sheet tolerances are presently used – ie, +/- 0.010.  (DW- check and change to reference if possible)
b. NCSX may be able to accept changes for these as long as all are the same for mating part fit-up and as-built information is provided.  

c. ACTION:   MTM will give NCSX an IGES showing how holes are actually cut, as a RFD.  
d. Also some details of holes in the A castings could save time on the Mitsu if changed.  MTM will draw up and propose,. submit along with expected time impact for types A, B,and C.  (MTM to advise)
16. Spherical Seats

a. Change to chamfered holes for Type A and B, with possible mating alignment feature changes:

i. Master alignment feature conical seat shown below. Consider various angles (30 or 45 degrees)
ii. Depth alignment feature, simply a counterbored hole to a precise depth.

iii. Stop feature, essentially a chamfered groove across the width of the flange.  
 Continue with current spherical seats for the Type C3 but change to conical seat for C4,5, and 6 along with the A’s and B’s.  Need to decide on angle yet and geometry of the other two features, if that option is chosen.   (TB, DW, and MC to review and develop).  


Grind line at something under high side of tolerance





MTM typically uses 4-6” dia. Cutting wheels.  








