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Written question 1.  Please expand on your fabrication plans. Also, there are several references to “thin wall”.  Are you taking into account that this is 3/8” Inconel?

Dave T.—We will form as large a size as possible and keep welding to a minimum. Forming systems are simple to fab.  This will keep costs low.  We like to keep things as simple as possible.

Don C.—We have understand 3/8” Inconel.  Most of our vacuum vesels are 1/2”, 1/4”, 3/4” wall.  

We want to breakdown this complex shape into segments that are more normal.

We will do cold forming in dies.  NuVac has been building vacuum vesels since 1978, including chambers for MIT, NASA, and double-walled chambers with 3/8” wall with +/- .020” tolerances.

NuVac has several regular subcontractors they use for dies and forming  and expect to use one of these for NCSX.

Dave T.—We discussed and decided another team member was not needed.  The forming is considered to be the more straightforward part of the job and NuVac will subcontract this.  Fixturing, welding, and measurement are key for this work.  

Question: What are your heat treating plans?

We will form, weld, stress relieve and then machine.

Rohwedder’s role is analysis, design and integration for vessel work.  80-85% of their work is vacuum chambers and the rest is alignment systems.    For NCSX Rohwedder provides project management, engineering, and measurement expertise.

Question about metrology.

Rohwedder—we see using welded tabs and CMM or optical.  The tight tolerances are on the ports.  Regiostration and a reference system are critical.  The vessel tolerance is, by comparison, loose.  This is where Rohwedder’s experience will come to play.  

The plan is to form the shape oversized by about 3/8” to allow for weld shrinkage and then machine to the final dimensions.

Q: What similar work have you done?

MIT Tokamak (about 12 years ago).  Perfect Sphere (2 flanged hemispheres) for Marshall Space Center with lots of ports, all aligned within 1/16”.  Used laser guidance.  Sphere was 109” dia. Of 1/2” SS.  We will provide contact info for Dr. Martin at Marshall.  The sphere is finished, but not yet installed and is still in the NuVac shop.

Rohedder has been around as TLD and prior to that RLR.

NuVac built 408 Vacuum chambers last year.  

Written Question #4.

They look at the contract as develop the process and test it by building a prototype.  The first portion is the bulk of the engineering. After the prototype, the engineering should be done, the fixturing, registration, etc. should be established,  and it should be straight fabrication.

Question: Any concern about wall thinning?

NuVac is not totally comfortable with the wall thinning restriction, but they really don’t expect much wall thinning.  

Question: No QA Program manuals submitted.  What QA Programs do you have? Please submit your manuals. 

That was to keep down the bulk.  There was a description in the proposal.

FM: NuVac has ISO 9001 & ASME programs.  Just submit the one you’ll use.

NuVac—We use ISO as overall quality program and invoke ASME when applicable. We’ll submit both since we’ll treat this as ASME work.  Are uncontrolled ok?  Sure

Question: Will the forming, NDE, and other subs be Approved Suppliers?  

Yes.  The Manual describes the qualification process.

Q: tell us about Inventor and how CAD files will be handled.

Inventor is an upgrade of Mechanical Desktop.  We will convert Pro-E to STEP and use STEP files.

Q: What measuring devices to you plan to use?

CMM, possibly laser tracker.  We expect to learn during he PVVS process development stage.  We will also develop our fixturing at that time. 

Q: Is there software for this?

Rohwedder—we expect to use wire modeling to track alignment and registration.  We will have to write code. 

Q: What measuring equipment do you own now?

Autocollimating, position detectors (and other), but do not currently own a CMM or laser tracker. We anticipate purchasing the appropriate equipment, as determined during process development.

MV: We are trying to evaluate your capabilities.

Rohwedder—Evaluate us based on our experience and expertise. The measurement system will be designed to fit the job.

Q: What leak test rates do you typically get for your 400 vacuum chambers?

NuVac—typically 10-8 to 10-10. We do all TIG or fusion welding.  

NuVac—Rohwedder will breakdown the geometry. NuVac will form these segments, trim, weld, gage thickness using UT.  Forming the segments is very manageable.  Rohwedder will develop fixturing and measurement system.

Q: Have you worked with Inconel 625.

NuVac—No, but have worked extensively with 601 and 617.  Inconel is irritating.  Typical rule is you can bend half as much inconel as steel.

 Q: Describe welding process. Do you weld inside to out?

NuVac—625 filler wire.  Studies to determine typical shrinkage in 625. Always weld vacuum chambers inside to out.  Always fill with TIG.

Q: When will you attach ribs?

NuVac—As early as possible.  Sorry we can’t be more specific.  

No, that’s a good answer.

