Considerations on Conventional (normal conducting, water cooled) Magnet systems (NCM)

Tom Himel’s availability analysis for the ILC which was based on mean time between failure (MTBF) and mean required time for repair (MRTR) as well as assumptions on the operational scenario of the ILC resulted in the conclusion that NCM systems which have a mean time between failure need to be improved to about a twenty times better performance. This was considered a design challenge.

Within WG2, this issue was discussed briefly with the following results:

The main reasons for failures of magnet systems are the following (these findings are based on NCM systems at DESY and at SLAC). They make about 99% of the failure occurrences of normal conducting magnets:

· Failure of temperature survey systems 
· Failure of cooling water flow control systems

· Defect water hoses

· Ground faults and shorts due to activities in the accelerator tunnels

· Leaking water cooling connection and corresponding ground and short problems

· Problems with reversed polarity after works in the tunnel

· Problems with cable connections (not sufficiently tightened and secured screws)

· Accidental overrun of maximum magnet current and voltage

The reason for these frequent failures is an underestimation of the impact of trivial ‘error’ sources. The route to improving on these errors with only moderate effort in R&D and production costs is straight forward:

· It will be necessary to consider temperature survey systems as a serious designs issue. These systems should be design as an integral part of the magnet and not simply as an add-on to an existing design. The contact point, connector and the corresponding cabling should be designed in a robust way so that these systems do not suffer from activities in the vicinity of the magnet.
· Accidental overrun of maximum currents and voltages can be avoided by a formal procedure in distributing the information on the magnet capability over all technical groups involved, by a staged system of maximum current and voltage limitations (DESY: there is a software current limitation, a somewhat larger limit in the power supply controller a hardware limit in the power supply and the available power supply voltage is matched to the maximum of the load).  There should be written procedures on magnet tests and enforced discipline 

· Coolant flow control devices are known to be critical in terms of reliability. A way to deal with flow control is to omit them in the design and replace them by improved temperature survey the magnets and cables.   

· Defect water hoses can be avoided by using copper water piping in the vicinity of magnets and in radiation environments only.

· Conductors in the tunnel should be insulated to avoid shorts and ground faults

· Failures of the magnets due to works and activities around them can be improved by operational procedures like detailed written procedures, documentation of the works and enforced discipline when works is carried out the in accelerator tunnel.

More severe magnet failures which usually go along with a large MRTR are failures of the magnet coil. These are fortunately quite rare. There are certain design features which should be avoided in order to improve on coil failures:

· Braising of conductor ends inside the coil should be avoided by all means to avoid water leaks inside the coil
· Parallel winding of two or more conductors to save on production costs must be avoided to keep the voltage between neighbored conductors as low as possible.
· The current density of the coils should never be pushed to the technological limit

· (J<20A/mm2?)

· The speed of the coolant should not exceed 5m/s?

· The temperature difference of the coolant should be below 40ºC

There are examples of large magnet systems for which most of the above suggestions are implemented which have the large mean time between failures required:

There are about 400 main quadrupoles of the HERA electron ring. They have been operated since 1988. On average, they have been operated 3000 h per year. There is not a single error reported on these magnets. One estimates a mean time between failure of  2∙107 hours for this system which may serve as an existence prove that the required availability for the ILC can be achieved.
