Responses by: Sam Childress (SC), Nancy Grossman (NLG), Steve Hays (SLH) and Dave Pushka (DP), George Krafczyk (GK)

Comments for Review of NuMI magnet power supply system

July 11, 2001

from Bob Brooker

1. Overall remarks

A flexible joint for the horn circuit is still a critical path and time is a factor.  However, Nancy mentioned that someone (I don't recall who) believes they have an engineering solution.

A non-slitted 8” wide strip (versus 12” for the remainder of the transmission line) horn joint has been designed and constructed.  Some testing on single strips have indicated that there is sufficient flex in such a joint (several mm).  This joint is being tested at MI-8.  It has worked fine in the non-offset position.  We will now pulse it offset a few mm for ½ million pulses. NLG

Flanging attempts were unsuccessful on only existing "long" ceramic tubes for the 2-magnet kicker design. Long tubes are no longer available as the sole source vendor has removed its kiln and will no longer manufacture tubes.  Therefore it will now be necessary to do a cost estimate (in progress) for a 3-magnet design, upgrading the MI52 kicker design for this application.  Electrical engineering, at present, is only supported on mechanical issues by a single mechanical draftsman.

A sufficient quantity of long ceramic beam tubes were recovered from decommissioned magnets, to enable standard kicker magnet designs for NuMI use.  There is no longer a need for a different magnet design.  SC

Some power supply cooling issues need to be addressed, especially in regard to high pressures on the horn charging supplies.  It was mentioned that a 100 H.P. phase controller may be available, from fixed target beam lines, should we consider using variable speed pumps.  

There does not appear to be any significant concerns in regard to the conventional power supplies.  Work is ahead of schedule.  A plan exists for improved regulation. 

2. Suggestions, questions and concerns

(1) A mechanical engineer should be assigned to the NuMI kicker, to support electrical engineer with mechanical issues.

Support was given to this project.  The NuMI Kicker design is now complete.  Drafting is in progress and nearly complete.  Support was given to this project.  An extensive internal (EE Support) review of the NuMI kicker power supply is nearly complete and only minor issues remain.  Other reviews have occurred:

http://www-numi.fnal.gov/numwork/reviews/feb_01.html
http://www-numi.fnal.gov/numwork/reviews/jun_14.html
http://www-numi.fnal.gov/numwork/reviews/july_01.html
and we believe the kicker system design is complete and sufficient.  NLG

(2) Flow paths for Bend 3 & 3A power supplies/chokes should be re-evaluated for optimized flow.

With the change in currents on some of the larger magnet loops we are looking at all the power and cooling issues.  We are going to be changing the choke used in the lower current circuit to a better match from the original plan to keep the old main ring chokes for high current operation.  All the power supply cooling should not change, the water flow is controlled by the cooling needed for the semiconductors and not the bus work in the supply.  Filters are being added to all the supplies so the water needed to cool these chokes will be added to the requirement. SLH

(3) Horn power supply flow requirements should be re-evaluated to look at possibility of reducing differential pressure requirements.

The horn supplies are installed on the high pressure system and are not the cause of the high pressure system. SLH

(4) Should we be concerned with build-up of copper oxide silt on the many flow controls (see ME-406228).  Basket strainers will have no impact on silt reduction.  Should additional filtering be considered?

The accelerator operation is being effected by silt blocking magnets, so the same type of problems will show up in NuMI operation.  The correction elements are air cooled because we have moved from main ring type to main injector type.  These chassis would filter the silt out of the water and plug up in both the Tev and Main Injector.  We have added real water filters for all these systems to remove the small things from the water used to cool the channels.  These small elements also filter the entire plant at some level. SLH

(5) What is the operational payback on using variable speed pumps?

To save operation cost the Main Injector pond pumps we changed to two speed for winter summer operation.  FESS has done a good study on the savings and may be able to answer this with a more complete response.  However the use of variable speed drives on the LCW pumps can reduce the pressure exposure on the entire system.  The speed the pumps is then controlled by the time line being played.  This will work for the supplies because we use MEASURE FLOW devices on the equipment which needs a minimum pressure to cool the semiconductors until the pumps can ramp up.  This can be automated by a simple NuMI clock event being added to the water controller.  Variable speed drives will work well on the stand-alone water system installed at MI-62.  It works for all the magnet systems because the thermal time constant is on the order of an hour. SLH

Comments on review of the NuMI magnet power supplies and cables

July 11, 2001

from Robert C. Trendler

1. Overall Remarks:  A good review. As in previous reviews, documentation and presentations were thorough and convincing.  The subject of misdirected beam was discussed as at the June 28 review and it continues to be a critical issue for the beam transport system. It appears from the discussions that all available effort is being done to  mitigate any possible problems.  As in the June 28 review and from what was presented, adequate power supply performance can be provided.  Power supply upgrades and installation appears to going very well.  In my view, the extended schedule for completion and the beginning of experiment running is really unfortunate. Inefficiencies and costs always result from such delays.    

2. Itemized suggestions, questions and concerns    

(1) As I stated in my summary for the June 28 review, all the available design techniques should be implemented to ensure adequate power supply  performance.   

This has been done as necessary, with plans to do more if needed (but not presently envisioned to be needed), see:

http://www-numi.fnal.gov/numwork/reviews/nov_01.html  NLG

(2) As was discussed by a number of us at the review, the 200 supply psi  pressure on the Horn charging power supplies is too high to ensure long term  reliability considering the history of these units. The solutions proposed  (variable speed pump, upgraded power supply hoses and fittings, separate closed loop system, reduced flow operation) should be evaluated, one should  be chosen and implemented.    

The horn charging power supplies are old 240kW PEI supplies.  The Main Injector has five of these supplies installed on the 100 psi differential pressure system.  The water pressure is typically 140 psi supply and 34 psi return.  Of the five supplies installed, we have had 3 that developed water leaks in the transformers in less than 1 year of operation.  We have rebuilt the transformers in all five Main Injector 240kW supplies.  The cost to rebuild the transformers in each 240kW supply is $15,577, and NuMI has two installed in the tunnel and one at MI-8 for Horn development.  The Project will implement this upgrade  SLH.

(3) I encourage a prompt resolution to the kicker 3 magnet, 2 magnet issue.  It is important to be able to build and test the power supply well before it is needed. Early testing and evaluation is necessary to ensure the performance (rise time, pulse shape, etc.) as well as the reliability meet  the goals.

The NuMI Kicker design is now complete.  Drafting is in progress and nearly complete.  Support was given to this project.  An extensive internal (EE Support) review of the NuMI kicker power supply is nearly complete and only minor issues remain.  Other reviews have occurred:

http://www-numi.fnal.gov/numwork/reviews/feb_01.html
http://www-numi.fnal.gov/numwork/reviews/jun_14.html
http://www-numi.fnal.gov/numwork/reviews/july_01.html
and we believe the kicker system design is complete and sufficient.  Testing of a prototype PFN coil was completed in order to determine the design of the final PFN.  Kicker magnet prototype load testing using the kicker cooling system is scheduled for April 2003.  Testing of the power supply with a dummy load is planned for early 2004.  Testing of the complete system is planned for fall 2004, after installation of the kicker magnets in the tunnel in the summer 2004 shutdown.  NLG

Comments for Review of NuMI magnet power supply system

July 11, 2001

from Paul C. Czarapata

1. Overall Remarks    Generally the conventional supply situation looks good.  The kicker system is the obvious exception to this statement.  I believe that Steve Hay's  approach to the regulation needs and his plan to do staged improvements before the system is needed is a good approach.    

2. Itemized suggestions, questions and concerns    

(1) The kicker magnet system needs to be specified so testing can proceed early.  The split in time caused by the funding profile removes critical float time that may be needed if problems develop in the construction, installation or commissioning phases.

The NuMI Kicker design is now complete.  Drafting is in progress and nearly complete.  Support was given to this project.  An extensive internal (EE Support) review of the NuMI kicker power supply is nearly complete and only minor issues remain.  Other reviews have occurred:

http://www-numi.fnal.gov/numwork/reviews/feb_01.html
http://www-numi.fnal.gov/numwork/reviews/jun_14.html
http://www-numi.fnal.gov/numwork/reviews/july_01.html
and we believe the kicker system design is complete and sufficient.  Testing of a prototype PFN coil was completed in order to determine the design of the final PFN.  Kicker magnet prototype load testing using the kicker cooling system is scheduled for April 2003.  Testing of the power supply with a dummy load is planned for early 2004.  Testing of the complete system is planned for fall 2004, after installation of the kicker magnets in the tunnel in the summer 2004 shutdown.  NLG

(2) The E/E support personnel should work with Dave Pushka to refine the cooling flow needs.  In fact, just more communications between the NuMI  project and E/E support would be beneficial.

As we finish the filter designs we will update the water flow requirements. SLH

 (3)  The loss of 4000 gallons of LCW is not an acceptable risk.  It places the NuMI experiment and Main Injector at risk if a catastrophic loss occurs.  The issue of isolation valves must be re-visited.

DP: Several items come to mind.

First, why is this not an acceptable risk.  Environmentally, we would be putting clean water (no floaties in it, no suspended solids, pH of 7.200) on the floor which would end up in the sump and then into either Indian creek or the ponds.  Not really an environmental hazard.  Economically, what is the value of LCW on a per gallon basis?  Even if distilled water were purchased at $1 per gallon (and then polished to become LCW) the loss is likely less than $10k.

Second, the loss of water from the NuMI LCW system would not affect the MI LCW system since these are separate, independent, closed loop systems.

Third, if isolation valves were installed on the lines in the tunnel, it is unlikely that one could access and operate (close) the isolation valves on the supply and return headers before the headers emptied.

In NuMI, there are (unlike in the Main Injector) plans to include isolation valves for EVERY supply and return connection on every magnet.  So, should a magnet need to be changed out, only the volume of water in the magnet would be lost.

Also in NuMI, there are isolation valves in the MI-62 service building right where the pipes enter the penetration to the MI tunnel.  These valves could be accessed quickly (as fast as somebody could drive to the service building, unlock the door, and walk to the end of the hall way) if they needed to be closed.

Including isolation valves in the headers in the tunnel does involve some risk.  Unless the valves are welded in gate valves as are used in the refinery industry, the typical butterfly valve sandwiched between two flanges (as we typically use) offers two gaskets and a stem seal as potential leak paths.  Recall in the early days of the MI operation, one of these flange / valve installation  in MI 30 or MI-40 resulted in a substantial loss of water from the MI LCW system.  We need to be careful that the 'solution' proposed by the comment does not become a 'problem'.

Comments for Review of NuMI manget power supply system

July 11, 2001

from:  Sam Childress

1. Overall Remarks    

2. Itemized suggestions, questions and concerns    

(1) Re. conventional power supplies for HV101, V105, and V110.  The  regulation for these three supplies is expected to dominate beam  instability seen from NuMI line sources.  It seems very cost effective  at $6-7 k per supply to add the Bulb system also to the regulation  control for these three supplies, which is projected to gain a factor of  several in stability.  This should be done.

A JITtER or BuLB system will be used on the main bend strings as described in the Technical Design Handbook:

http://www-numi.fnal.gov/numwork/tdh/tdh_index.html Section 4.3  NLG

(2) Power supply regulation testing in P150 line is very important to verify the projections for regulation.  The ramp and load parameters are very similar to those for NuMI.

The Main Injector is very busy with operations, so the only studies allowed are only be passive in that we can measure the regulation but we are not able to make changes.  The E:HV101 magnet power supply loop is in the main injector tunnel and can be powered when the MI is operating.  I plan to do regulations studies on the loop as soon as the magnets are installed.  I think the can happen in the fall of 2003, after the summer shutdown.  SLH

(3)  For the NuMI kicker supply, we should confirm that a design for 3  shorter magnets can appropriately support the original 2 longer magnet  system.  If this is verified, we can plan for a PS design for 3 shorter  magnets.

This has been done.  NLG

(4)  We need to better understand the impact of extended fall time of the 52 kicker supply, as reported by Chris Jensen.  This could be a problem for the first NuMI batch. 

We are looking into this.  GK

Comments for Review of NuMI manget power supply system

July 11, 2001

from   Age Visser  and  Stan Orr

1. Overall Remarks   Favorable impression, the project is in good hands.

2. Itemized suggestions, questions and concerns 

(1) Power Supply Regulation:  The power supply regulators, firing circuits, etc. have been updated. The specified regulation for series connected supplies is probably hard to meet with conventional supplies ( non upgraded ).  It probably can be met with the new modifications .  Technical Memo # TM-1830 (9204.000) " Magnet Power Supply Regulation - 240kW and 500kW Magnet Power Supplies " Age Visser provides regulation information about these supplies as used in the beamlines.

The power supply regulation is described in the NuMI Technical Design Handbook:

http://www-numi.fnal.gov/numwork/tdh/tdh_index.html  Section 4.3 NLG

(2) Power Supply Water Cooling:  The cooling water pressure of 200 psi ( water hammer of 400 psi?) appears too high and can be expected to cause leaks, especially in the transformers and heatsinks of older power supplies.  Recommendation :  lower the cooling water pressure 

This is true the re-use of old equipment at or above the original design level is a risk.  SLH

(3) Cooling Water Temperature:  The inlet temperature of the cooling water should be above the dew point. The power supplies should be run 'warm' to keep the dry !  The cabling and other items discussed appear well in hand      

We expect the water to be 95 Deg F with a maximum of summer time temperature of 104 Deg F.  We will trip if we exceed 115 Deg F but do not have a lower limit.  The main injector water system will go below 80 Deg F when we are running a low power time line.  There is not enough heat source when the power system is running at a low level or off to regulate the water temperature above the dew point, this should only be a problem during startups. SLH

PS. If the Technical Memo # TM-1830 (9204.000) " Magnet Power Supply Regulation - 240kW and 500kW Magnet Power Supplies " Age Visser is not accessible electronically,  I can provide a paper copy - Stan Orr  x3692 

