2013/12/16-17 PXIE RFQ Meeting @ LBNL
Attendees:
Jim Steimel and Curt Baffes (FNAL)
Steve Virostek,  John Staples, Matt Hoff, Tianhuan Luo, Derun Li, Andrew Lambert, Rick Kraft (Machine Shop Head)
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[bookmark: _Toc376430387]Fabrication Status
· General Fabrication status
· Applied Fusion is doing E-beam welding, which has been completed.  All vane plugs are  leak-checked vacuum tight by the vendor
· Module machining is progressing – the first module 2 vanes are nearly ready for modulation
· Shop tour
· Moving through incremental roughing with inspections in between
· Have all plugs welded, and are doing flow checks to confirm lack of obstruction
· Almost ready to start vane final machining
· Machining, handling, inspection of vanes restrained on steel strongback
· Removed, then mounted to U-fixture, then cleaned in tanks
· Attachment is via helicoil insert holes (helicoils are not in yet, bolts attach to special threads now)
· Vane profile is machined on horizontal mill (recently calibrated).  Have spare vane cutters ready, and will monitor tool wear
· CMM inspection equipment is in place
· Shop schedule meeting with Rick Kraft (shop manager) on 2013-12-17
· Module 2 machining complete in 4-6 weeks, starting 2nd week in January
· Module 1 ~12weeks, module 3 ~16 weeks, approximately 4 week period therafter
· Assembly fixturing coming into the shop now, and is less formally planned.  Shop has capacity to accommodate this.  
· Tuning components for bead pull  of modules are in process
· This is a very simple bead pull to make sure end tuners match body.
· Allen DeMello has more information about status of temporary tuners and cutback machining.
· Other components in work, e.g. pi mode rods and ferrules
· Bead pull will probably occur in the shop building (#77), but temperature control is important and may be lacking
· Discussion of assembly and bead pull fixture on wheels.  Could potentially bead pull in CMM room, which has good temperature control
· May also perform bead-pull in magnet test room (where spare copper is stored) if available.
· Steimel – when do we need system for module 2 bead pull?  A: ~Early February at the earliest
· Could choose to make RF port blankoff for initial pre-braze bead pull, but may not be necessary.  Will probably use sensing loop port for excitation for the antenna.  No further fabrication needs for this.    
· Andy working on cutback AL endplates’ drawings for module 2 testing.  Looking for +/- 1MHz in this measurement.  This included EDM machining of the vane end profile, and will be put into the shop soon.  
· Base plates may not be complete for bead pull.  We may need to design a kluge to get cutbacks on ends without a place to bolt them. 

[bookmark: _Toc376430388]Transient Turn-on Analysis (Andrew L.)
· Intro
· Cold-start transient comes to steady state in ~10 minutes IF we can keep cavity on resonance this time such that power reflection is low
· Steimel thinks LLRF can track frequency changes without much problem
· We don’t know if LLRF and water system will play well enough together to accomplish this
·  These analyses assume system/water is at constant 30C Two engineering notes will be provided
· Thermal inputs and outputs of the Finite Element Model
· RF calculated on internal volume, mapped as surface heat flux
· Cooling is modeled with film coefficient
· This is all a ¼ model (i.e. ½ vane + ½ vane)
· Vane tip analysis
· Vane tip rises ~6C with Time constant of ~150s
· Frequency drops ~42kHz, then rebounds
· Frequency is following vane tip displacement
· Initially, vane tip grows towards axis and frequency drops
· Then, remainder of cavity expands and vane tip is pulled back.  Frequency increases
· Sensitivity to cooling water was shown
· Analysis prescribes compensation of this effect by DT of <1C per circuit
· What if RF power is ramped smoothly over 10 or 20 minutes?
· Frequency deviations are smaller by a factor of 4 or 8.
· Steimel thinks that the ~40khz drop during cold turn-on is not a big problem for our SS amplifier or LLRF
· Steimel thinks LLRF will find and track frequency of RFQ to optimize power input
· Steimel thinks big problem is sparking – if we have to wait 10-20 minutes after a spark to return beam, this could be a problem.  If there is a transient and we shut off for ~seconds, how do we tell LLRF to switch to tracking mode?  
· Said differently, if you kill RF, what is the transient in this case?  How quickly does it go off frequency?  
· Staples – look at this for 1s after trip.  Then turn RF back on and monitor response
· Staples – APEX RF cavity comes up by gradually lengthening duty cycle in pulse mode.  Steimel says we will have this ability.  This also facilitates measuring resonant frequency by measuring ring-down after pulse 
· Analysis highlights importance of strong cooling water interface.  (Further discussion collected in cooling interface section of these notes)
[bookmark: _Toc376430389]Cooling Interface Discussions
· Cooling Water Instrumentation
· Virostek – sensors should be on manifold that feeds everything
· FNAL would need requirements for when to trip things
· Andrew L is working on flow schematics, calls out schematic locations
· FNAL buys, installs on FNAL manifold
· Steve V. recommends biogenic inhibitor
· Not RAW – we can probably do this
· LBNL just uses ~10% alcohol
· Probably no corrosion inhibitor
· All agree that there is a need for a water interface meeting
· Skid pressure is TBD. We should provide them a spec soon. 
· LBNL should hydrostatic test to 1.5X skid MAWP, with leak check after
· Curt says skid MAWP is likely ~100 psi
· Flow testing is occurring at 30psi per single channel.  This does not count as “pressure testing” formally.  
· Andy L. showed flow P&ID for all circuits.
· They will do manifolds on or near the modules
· FNAL interface is in manifolds before T,P, F instrumentation
· FNAL to provide instrumentation
· Andy to provide pressure drop calcs and water temperature rise results.  
· Steimel notified LBNL colleagues of plan to work on interface specs soon
· Would hope to purchase skid next FY
· Channel separation sleeve: hollow to permit flow through, retained by c-bore and outside
· Circuits are not truly separated
· Pressure on one circuit and not on the other is not an issue
· Circuits will have to be pressure tested together if you’re looking for pressure drop
· If water-to-vacuum leak develops, could be hard to localize a circuit.  If we get to this point, we already have a huge problem
[bookmark: _Toc376430390]Discussion of Supports, Fixtures, Assembly Techniques
[bookmark: _Toc376430391]Vane assembly fixture
· Bottom vane mounted hard
· Each vane then brought on kinematic mount
· Then braze clamps installed, kinematic mounts can be removed
· Pi-mode rods and ferrules loaded with SS all-thread and Inconel washers from outside
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· Support structure design (Allan DeMello with some involvement from Steve V.)
· Kinematic mount 6-strut design
· Rod ends with tight-tolerance balls
· ~1” dia rod ends.   Probably differential thread design.  100um resolution.  
· Design does have hard-stop to prevent rod from coming all the way out, as requested by FNAL alignment.  
· Total weight is ~5000kg
· Drawings of stand ready to be completed.  
· Will build stand in house, ~1 month task duration
· They would like to start stand machining in February.
· Analysis
· ~100um deflection under 1g
· ~25um shape deflection along the length -  beam will follow this bow
· 1st mode stated to be in the ~15Hz range
· Earthquake load – 0.7g
· Vertical loads are reacted to a main central beam – 12X8”
· FNAL has stand color code?  LBNL recommends black
· Steve V. reports that IMP support is not kinematic, more conventional.  
· Steve V. recommends adding some additional vertical support for pumps, though allowing them to be supported only by the RFQ would be OK.  Curt doesn’t like the idea of spoiling the kinematic nature of the mount.  Possibly compliant gravity offload for pumps?
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· Rigging for assembly:
· Single chain-fall in center takes weight, three others control angles
· One module held rigidly, the other brought in on crane and drawn closed with fasteners
· Temporary kinematic supports (3DOF) added w/ each module
· Then, final mounts installed in intended positions
· Steimel suggests that there could be fewer temporary supports (3) if permanent support is installed early.  It sounds like we could do this.  LBNL agrees to assess
· Coil springs and O-rings
· Grooves are dovetail, very nice.
· Both O-ring and spring are well retained for planned vertical-face assembly
· O-rings will be lubed prior to assembly
· Spring and O-ring grooves have been tested and work well
· Straight springs on vanes have different groove design that will allow springs to snap in
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· Temporary supports would stay on for transport 
· RFQ overconstrained at transport
· This is probably OK if support of base frame is compliant and vibration isolated
· Base frame would have sub-frame with vibration isolation
· Matt thinks likely engineering foam 
· LBNL suggests to always use a forklift to go on/off of truck, and then roll RFQ into place
· Curt doesn’t trust forklifts
· PXIE would not want to be constrained to have rolling access for RFQ
· Steimel suggests keeping options open until RFQ is ready to ship
· Curt says we should have interfaces for lifting fixture
· LBNL will not do lift – high value lift is problematic on their end
· Virostek suggests tether approach rather than above-CG lift
· Curt suggest lifting fixture that goes under RFQ stand and puts CG high
· LBNL has truck in mind – side loading.  For a lift, we need another truck
· Matt suggests shipping container.
· Curt to think about how best to lift RFQ at FNAL and ask for appropriate interfaces
· Curt requests interfaces for a deck over the flat part of the stand
· Stand clearance to floor?  Curt should provide survey data of CMTF floor 
[bookmark: _Toc376430395]Update on FNAL progress (Given by Jim Steimel)
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· Steimel provided bead pull update, which lead to Staples expressing a number of concerns:
· Staples – have to watch sag of bead, because gradient can be strong, making measurement touchy.  
· Staples advocates allowing bead to roll on surface.  This was done for SNS
· Staples reiterates that transverse field gradients are much worse in the RFQ than in the SRF cavities that Timer and co. might be used to
· Resolution along Z does not have to be high – compare to spacing of tuners
· Staples says we need to keep away from pi mode rods due to local field perturbations that do not carry over.
· Staples reiterates that bead must be able to pull completely out of end plates at each end
· Staples wonders why Timer wants to measure magnetic fields, given that almost all the action is in the Electric fields
· Staples recommends a big bead, big enough to be captured by the vane tips and not be able to move transverse too much
· Staples would like to know plans for sag, bead material, bead size.  He recommends a big bead (~10mm order of magnitude) no matter what.  
· Matt H. knows of a company that makes precision beads – “Ball-Tec”
· Staples asks about timing
· Mechanical parts ~1 month
· Will test setup to characterize sag
· Staples requests that Timer assesses sensitivity of bead transverse mis-position and expected field gradient on measurement.  Comes back to his concern that the known-sag method is not the right one.
· Staples – what is time of measurement?  You may want analyzer to run in averaging mode with very slow or bead pull to beat down signal-to-noise issues.  On SNS, staples also averaged several pulls.  
· LBNL experience is that even threading the string through without scratching the copper is a challenge.  
· For SNS, bead pull perturbation was 200 or 400 khZ.  For this, Staples expects <100 khz.   About 1 part in 1000 in round numbers.      
· Steimel – are there S/N issues because we’re working at lower frequency?  Staples – no, analyzer resolution should be a few Hz.  Thermal drifts is the big issue affecting noise component.  
· Follow-up on 12/17: staples ran a sensitivity study; fields vary by ~10%/mm in the region of interest.  For 1% accuracy, looking at 100um accuracy in bead position.  This is most critical for the whole-RFQ measurement.  Staples requests we discuss this with Timer
· For a ceramic bead on the SNS RFQ, it picked up copper particles via wear.  Whether or not these particles happened to be in contact with the vane affected the frequency a little bit.  Sapphire was much smoother and suffered from this less.    
· Steimel – what about Timer’s design precludes Staples from doing what he wants to do?
· Staples – we can drag bead along vane, that’s OK
· Must be a hole for bead to come all the way out of end plate
· Bead size of ~1cm gives a small perturbation, but Staples thinks we could make that work
· Possible fallback is cylinder rather than bead
· Matt recommend making it possible for the bead to go over the pulley – this makes it possible to have 2 different size beads on the same string in a continuous loop
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· [bookmark: _GoBack]Sergei Kazakov (FNAL) in the process of designing the components to test the coupler
· Steimel is working on safety aspects of the design.  What are the issues?
· Steimel worries about high voltage on coupler, possible shorting and grounding issues
· Steimel notes possible issue with hot exhaust of air cooling system
[bookmark: _Toc376430399]Summary of Near-Term Requests
[bookmark: _Toc376430400]FNAL Requests from LBNL:
· Updated solid model of stand design.  To be used for establishing envelopes 
· Pressure drop and flow rate calculation results (Andy L. has these)
· Request holes to allow a deck to be installed on support stand
[bookmark: _Toc376430401]LBNL Requests from FNAL
· Funding increment should be established shortly after the holiday
· Staples’ concerns with bead pull measurement plan should be communicated to Timergali
· Ability to pull bead through endplate is a must
· Planned flow interface documentation will be a help
· Curt to provide CMTF floor survey data to ensure adequate clearance under stand
· Bead pull setup could be needed as early as early February
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· Steve V. showed pictures from LBNL team’s recent visit to IMP (China).  
· All four modules are brazed
· Pictures showed face machining of the ends of module 4 on a horizontal mill
· First they do a flat skin cut to facilitate leak check of module
· Then they machine in O-ring and RF seal features.  ~4mm material removal
· E-beam weld penetration ~10mm
· O-ring path actually goes over plug spotface, not plug itself
· We will follow same general path
· Their braze fixture uses bolts and Belleville washers at each corner (no spanning structure).  Steve V. suspects this is the cause of a leak they had in module 1
· Leaking through the wall at a T-profile braze, 3” from end
· Rework – machined through joint locally, to within ~3mm of wall
· They plan to plug an o-ring panel, still working on fixing this.  
· Steve V. believes that LBNL braze practices are better and will prevent this sort of issue
· Will be staking braze wire preform in place (plastically deforming with a punch to hold in place)
· Cleaning very well
· May work in portable cleanroom at Bodycote (though later discussions indicated they most likely will not)
· Several pictures showed details of the module-end interface
· 0.25mm raised lip around ID.
· This is the feature that bottoms out and serves as primary RF seal 
· Spring is secondary RF seal on periphery, only RF seal on vane
· IMP has an aluminum “cold model” with tuning slugs to set up bead pull
· Bead pull to be completed by ~end of year.  Waiting on canted springs from LBNL.  
· HWR cryomodule was shown (2 cavity).  Will also be building 4 and 8 cavity
· 325 MHz RFQ from Curling Co (sp?) Shanghai, shown in bead pull
· Vane RFQ
· No pi-mode rods
· Wall in the middle for RF coupling between two halves.  Similar to LANL LEDA design
· CW power up to 340kW.  But haven’t got that power yet.  
· Almost ready to put four modules together
· Using water w/ differential cooling as primary tuning.  JS: will be impressive at this power level if it works.  
· Their ion source is up and running
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