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[bookmark: bmkTxtStartText][bookmark: _Ref169057151][bookmark: _Toc239838003]Introduction
Up to now the rebuild of the cold head (part of the refrigerator system) is being rebuild every 2 years. After years of experience we introduce with this newsletter a new rebuild interval which is an optimum between:

· costs of cold head parts
· cost of liquid helium
· risks of corrective actions


[bookmark: _Toc239838004]Conclusion
The new rebuild interval is depending on how the performance of the refrigerator system is being watched. The longer a cold head is in the system without a rebuild the higher the risk of a dip in the performance or complete shutdown. If the refrigerator system is checked on a regular basis the rebuild interval is longer. 


New recommended service intervals:

	Cold head type
	Planned rebuild interval
	Maximum interval with regular performance check

	10K cold head
	3 year
	4 year

	4K cold head
	3 year
	4 year

	adsorber
	3 year
	4 year
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This newsletter is valid for the following magnet systems:
F2000 magnets (10K)
HFO magnet systems (4K)
Titan magnets 3T (10K)
Rex Magnets 3T (4K)


[bookmark: _Toc239838006]Legend
	Legend
	Description

	Cold head
	Part of the refrigerator system mounted on top of the magnet

	Displacer
	Part of the cold head which is moving up and down

	Cylinder
	Part of the cold head which is welded inside the magnet

	Compressor
	Part of the refrigerator system located in the technical room

	Refrigerator system
	Combination of the compressor gas lines and cold head

	F2000
	Cylindrical magnet 0,5T 1T and1.5T Al F2000 magnet have a 10K cold head

	HFO
	High Field Open magnet; Open 1T magnet used in Panorama systems, always 4K

	Titan
	First Philips 3T magnets with a look of an F2000 magnet, Always 10K

	Rex
	2e version of 3T magnets. Always 4K

	10K
	Temperature of the cold head in F2000 magnets, Reduce the boil off

	4K
	Temperature of the cold head in HFO and REX magnets. 
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	Refrigerator part
	12nc

	Compressor HC8-C4
	4522 150 12241

	Compressor HC8-E
	4522 150 22982

	Compressor F50
	4522 133 06131

	Cold head SC-8C
	4522 150 11821

	Cold head F2000
	4522 150 22732

	Replacement parts 408C2
	4522 150 42991

	Replacement parts 415 C2
	4522 150 37731

	10k refrigerator maintenance tool
	4522 150 21652

	4k refrigerator maintenance tool
	4522 150 42711

	Adsorber 4K
	4522 150 38241

	Adsorber 10K
	4522 130 74033




[bookmark: _Toc239838008]Parameters
Extending the cold head rebuild will reduce the cost of planned maintenance. Extending the maintenance interval has also a risk. A not performing cold head or a cold head which is down will increase the boil off. In some situations the displacer of the cold head will break. If a displacer is broken a 3e line action will have to be performed with use of special tools to get the broken part out of the magnet. 

In extreme situations the complete refrigerator system will have to be exchanged because of contaminated helium gas. Although we have never run in this problem there is a risk that the cylinder of the magnet will be damaged by the displacer. If a cylinder of a F2000 magnet is damaged the magnet has to be returned to the factory for repair

Taken all these parameters into account results in recommended rebuild intervals. See the table on page 1.


[bookmark: _Toc239838009]Cold head PM part of the new (10K) PM manual
Perform a planned rebuild every 3 year. If the performance of the refrigerator system is still ok it is allowed to extend the rebuild to maximum 4 years. See next paragraph to check the cryogenic performance of a 10K magnet system.


[bookmark: _Toc239838010]Check of the cryogenic performance of the (10K) magnet system
To check the helium boil-off, you have to use the daily table of the helium level, entered by the customer or from release R6.1, logged by the software. Calculate the boil-off over a long period (longer than 3 weeks). Look in the logbook to make sure that there were no cryogenic actions or magnetic field changes in the chosen period. Calculate the boil-off as follows:




The capacity of the magnets (100% full) is and maximum boil off is:
	F2000 magnet types
	1650 litre   maximum boil off 0,075 litre/hour

	3T magnet
	1500 litre   maximum boil off 0,200 litre/hour
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Perform a planned rebuild every 3 year. If the performance of the refrigerator system is still ok is allowed to extend the rebuild to maximum 4 years. See next paragraph to check the cryogenic performance of a 4K magnet system.


[bookmark: _Toc239838012]Check of the cryogenic performance of the (4K) magnet system

	1. 
	Make a graphs (*), with on the horizontal axis time and on the vertical axis:
- The helium level in % or for 1T panorama magnets:
- The helium level in % in the upper bath.
- The helium level in % in the lower bath.
If the helium levels decrease, there is a leak. 
Find the leak and repair it. In case of a leak continue with step 2 after a month.


	2. 
	Make a graph(*) , with on the horizontal axis time and on the vertical axis:
- The power to the bath heater.
- The helium pressure in the cryostat.


	3. 
	Conclude if the refrigerator system degrades:
- Has the cold head been operating for more than 3 years?
- Does the bath heater power show a bath curve similar to Figure 1 over at least a year?
- Has the helium pressure risen above 150 hPa?

If the answer to the 3 questions is “Yes”: Or the coldhead is operational > 4 years plan a cold head rebuild.
If the cryogenic performance is not ok and the cold head operated < 3 years, perform corrective actions like:
1. Setting the pressure of the compressor
1. Correct  the water (temp / flow) of the compressor
1. De-icing
1. Charge run and Vent procedure
(*) tools and description to make a graphs using the STT_magne.txt file, will  be available on InCenter.
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[bookmark: _Ref211328268]Figure 1 - Typical graph of degradation of the cold head 
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In the figure above, the power to the bath heater decreases slowly in time. The cause is that the cold head cooling power decreases. If the cooling power is reduced, the boil-off simply increases and the helium pressure rises. At a helium pressure of 150 hPa mBar the cold head has to be replaced.
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