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19.f.	Accomplishments in FY04





The Cryogenics Department is responsible for operations and maintenance of the Tevatron cryogenic system in support of Collider Run II.  Collider Run II is the first long-term low temperature (<4.5 °K) operation of the cryogenic system during a physics run.  Reliability issues related to cold compressor and sub-atmospheric operation were identified and studied.





The AD/Cryogenics Department also operates a three-satellite refrigerator cryogenic test facility (CTF) that once was used to cool superconducting magnet beam lines to the Meson Fixed Target area.  Superconducting magnets are not required in the 120 GeV Fixed Target program and it was determined that the existing refrigeration system would be an appropriate cryogenic test facility.  The primary use of the facility is to help understand existing systems and to test designs for future systems.  The system has been upgraded to allow testing down to 1.8 °K.  This system is currently performing tests operating at 4.5 °K. 





The CTF is used to perform cryogenic tests related to better understanding the Tevatron, future accelerator R&D and basic cryogenic R&D.  The test facility continued the program to generate a hydrodynamic performance map of the Tevatron centrifugal cold compressors as well as detailed vibration measurements.  This information will be used during the Collider Run II to avoid operating the cold compressors near critical speeds and to avoid compressor surge.  These measures should help prolong the lifetime of the high speed bearings used in the centrifugal cold compressors.








19.g.1.	Accomplishments Expected in FY05





It is expected that operation of the Tevatron cryogenic system in the current higher energy (sub-atmospheric) condition will be routine.  During the shutdown towards the end of FY05, the cryogenic system will be warmed to 80K for routine helium repurification.





Provisions will be made to reconfigure the Tevatron lattice in the C0 region to remove existing components from the C0 detector hall.  This will provide the space necessary to insert sections of the new BTeV detector as they are completed.





A cryogenic test cryostat will be constructed and installed in the Cryogenic Test Facility for a test run.  First tests will be performed at 4.5 °K, geared toward better understanding the operation of the Tevatron.








19.g.2.	Future Accomplishments Expected in FY06 and Beyond





Sub-atmospheric operating experience gained to this point in Collider Run II will be used to make improvements to the cryogenic system.  Improvements will address cryogenic system reliability and availability issues pertinent to the remainder of the Collider Run II.  Areas of concern are cold compressor bearings, reliable liquid helium measurement, sub-atmospheric operation and automatic recovery.





We will complete the installation of the CHL controls upgrade.  This will put us in a position to have repairable controls throughout the end of Collider Run II.


Cryogenic testing in the Meson Cryogenic Test Facility will become more routine, with a test queue developed.  Testing at 1.8 °K will begin, with an emphasis on understanding designs for future accelerators.








Maintenance


19.f.	Accomplishments in FY04





Maintenance within the Cryogenics Department fell within three major categories; corrective maintenance during accelerator operation, preventative maintenance during accelerator shutdown periods, and system improvements.





Preventive maintenance in the Tevatron cryogenic system was accomplished during the Tevatron shutdown.  The next major preventative maintenance period is expected in the accelerator shutdown scheduled for late FY04.





�
The majority of cryogenic downtime is associated with maintenance requirements on reciprocating expanders in the satellite refrigeration system.  Trending analysis was used to address reduction in mean time between failures (MTBF).  Further improvements are being implemented to increase the MTBF of the wet expander main shaft and bearings.





Following the maintenance period in early FY04, we experienced a series of premature wet expander failures.  The cause of the failures was determined to be loose fibers from the grease-impregnated felts resulting in excessive wear of the sealing o-rings.  The loose fibers were traced to an assembly technique used by a newly-assigned technician.  The subassemblies cannot be traced to individual expanders and so we are overhauling each of the twenty-four expanders as downtime presents itself.  Since this incident, the procedures have been modified to make the assembly process more specific and this event has pointed out issues that can arise when the expander maintenance crew has to be supplemented during shutdown periods in order to meet the schedule.





Cold compressor bearing lifetime is still an open issue.  We placed an order in FY03 for enough bearings to overhaul all the Tevatron cold compressors.  The order is to be received in FY04.  We also placed an order for several replacement cold compressor shafts, to regain a spare supply.  The shafts are of a unique design that is only available from the original manufacturer.  The bearings were also purchased from the original manufacturer, although we are working with another source to develop an alternative bearing.  To date, the new bearing was not technically or economically in a position to be considered for a large quantity order.





The 400 HP Mycom compressor motor starters have not been manufactured for about fifteen years and spare parts are no longer available.  A study to investigate alternative starters began in FY01/02.  Late in FY02 we purchased enough starters to replace one-third of the total.  They were installed in the early FY03 shutdown.  It is hoped that the FY04 budget will allow a further third of the total to be purchased and installed.





The thirty-six 400 HP motors for the Mycom compressors are individually being removed for dynamometer testing and preventative maintenance. We are finding that the efficiency of the motors has degraded to the point of warranting replacement.  To date, twenty new motors have been purchased to replace inefficient motors with less than a five-year payback.  We completed the installation of the twenty motors during FY03.  It is planned to continue this process.





The PLC controls used over the last twenty years in the Central Helium Liquefier (CHL) facility have also become obsolete.  We are in the process of replacing individual systems as budgets and downtime permits.  CHL compressor D controls will be replaced during the shutdown scheduled for the end of FY04.  





It was recognized early in the low temperature upgrade project that additional cold compressor spares were warranted.  As a result, we developed, with industry, a reciprocating cold compressor to be used in high flow rate satellite refrigerators.  The reciprocating cold compressors have been operating in the Tevatron low beta houses.  During FY03, spare parts were ordered to allow for a major overhaul of these cold compressors.  The overhauls were completed in early FY04 exhausting the inventory of spare parts.  New spare parts will be ordered.  It is anticipated that the parts will be required during the shutdown in 2006.





It has been shown that there are additional cryogenic maintenance requirements due to lower temperature/higher energy operation of the Tevatron.  In particular, cold helium vapor compressors require periodic bearing replacement and the system will require more frequent re-purification due to sub-atmospheric operation.  We are actively investigating both performance and failure issues of the Tevatron cold helium vapor compressors.  We are also concerned with the level of spare parts as well as having a single source for these spare parts.  We are pursuing possible alternative sources for the bearings.  In the meantime, we have ordered spare compressor rotors from the original manufacturer in order to regain a reasonable backup.





The helium header system at the B11 low beta magnet system was modified in early FY04 to allow for additional shielding.  








19.g.1.	Accomplishments Expected in FY05





We continue to systematically address aging infrastructure issues in the Tevatron cryogenic system.  The original cooling towers for the CHL compressors are from the 1970’s.  We have replaced three of the four cooling towers.  Only compressor A remains to be replaced.  Lead time for the cooling tower is one year.  It is hoped that the FY05 budget will support the purchase of the tower and that FY06 will support the installation.





The controllers used by the satellite refrigerator wet expanders are no longer manufactured.  Parts availability has become an issue that needs to be addressed.  We have investigated alternative controls packages that can be used for this application.  We are hopeful that the budget will allow for the replacement of a significant portion of the controllers, with the remainder replaced in FY06.


It is hoped that the FY05 budget will support the controls upgrade for Cold Box II.





19.g.2.	Future Accomplishments Expected in FY06 and Beyond





Engineering for a new, moderate capacity Helium II refrigerator system to support the superconducting RF cavity R&D as well as the Photoinjector operation is being performed for possible future installation.





Engineering is underway to prepare for Tevatron lattice modification to allow for a low beta system installation in the C0 area for the BTeV experiment.  Preparation is being made to modify the C0 lattice in the FY05 shutdown to make room for the BTeV detector.  Design and construction of the necessary cryogenic components will take place in order to meet the FY09 low beta system installation schedule.





Each year, there will be a shutdown period for preventive maintenance.  During this maintenance period, all twenty-four Tevatron wet expansion engines are overhauled.
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