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[bookmark: _Toc411421045]Cryopumps
[bookmark: _Toc411421046]General Description
High capacity cryopumps and accessories are required for fast pump down of the very large vacuum chamber dedicated to the plasma physics experiments, located in experimental hall E3 of the ELI Beamlines facility. The vacuum chamber will have an approximate volume of 45 m3 and will weigh in excess of 20 tons. Such high capacity cryopumps will be used for pumping atmospheric air or puffed inert gases (Neon, Argon, etc) at 20 ± 5 ° C and humidity of 40-80%. These high capacity cryopumps will not be baked during operation, but can be heated from the outside during regeneration. It is not required that the pump be designed to pump reactive or corrosive gases. However, pumping of non inert gases like Hydrogen, Deuterium, Nitrogen is required. Such gases wil be puffed into the experimental chamber for various experiments at extremely dilute concentrations of about 0.05 lit-atm molecules in the whole chamber.
[bookmark: _Toc411421047]Operational Conditions
The conditions under which the high capacity cryopumps will be operated are: 
· temperature of 20 ± 5 ° C, 
· humidity of 40-80%, 
· clean room environment: ISO 7 (according to EN ISO 14644-1) 
· Operation of cryopumps must be continuous (several weeks without downtime) or intermittent. When the pumps are running, they may be isolated from the main chamber by a gate valve.
· The pumps might be exposed to high radiation environment (neutrons, protons, electrons, gamma rays). The pump shall be able to withstand a dose of 100 Gray without any impact on its performance. 
[bookmark: _Toc411421048]Scope of Delivery
The following shall be supplied: 
· Two high capacity cryopumps according to the technical specifications described below.
· A remote compressor unit for each of the cryopump
· It must be possible to monitor the status of the cryo pump and compressor remotely. The status shall include at least the He pressure in the lines and the temperature measurement from the diode on the cryo pump. It is also required that the compressor can be turned off safely remotely. If these functions cannot be achieved via remote communication with the compressor unit, then the supplier shall provide a separate controller unit for each pump which provides this functionality. It is not essential to be able to control the regeneration cycle remotely and automatically.
· Compressed Helium lines connecting each pump to its corresponding compressor unit.
· Any cabling required for the power, control and safety of the pump, compressor and the controller.
· The pump shall include a thermocouple gauge, a purge valve and the roughing valve.

It must be possible to regenerate the pumps with an externally connected source of dry nitrogen. Regeneration using electrical heating elements is not planned for these pumps. Thus, accessories like an external electric heating element for regeneration are not required.

[bookmark: _Toc411421049]International Standards 
Delivered high capacity turbo molecular pumps shall conform to the following standards: 
ISO 1609: 1986 - Vacuum technology - Flange dimension 
ISO 2861: 2013 - Vacuum technology - Dimensions of Clamped - type quick-release couplings 
ISO / TS 3669-2: 2007 - Vacuum technology - Bakable flanges 
[bookmark: _Toc411421050]ISO 21012:2006 Cryogenic Vessels: Hoses

[bookmark: _Toc411421051]Life time of equipment 
The life of the cold head and compressors must exceed 10,000 hours of cryopump operation. 
[bookmark: _Toc411421052]Maintenance 
Preventive maintenance procedure shall be described in the manual. 

[bookmark: _Toc411421053]Technical specifications 
· If cooling water is required for the compressors, it shall be possible to use standard water (16-20 0C).
· The pumps, compressor and controller shall be able to withstand a loss of power and not be damaged.
· The pumps must be protected against damage during sudden temperature rise. 
· The pumps shall use an ISO500F input flange.
· The cold head of the pumps shall be optimized for reducing the vibrations.
· The compressed He lines connecting the compressor to the pump shall be of length 30 m and have a nominal diameter of less than 3 cm. The compressor lines shall be super flexible (bendable) and optimized for damping vibrations from the compressor. The bending radius of the compressor lines shall be less than 30 cm.
· Pumping rate of each pump shall be at least 27000 liters/sec (for water vapor) and at least 12000 liters/sec for hydrogen at an operating pressure of 10-6 mbar. Each pump shall be able to pump out at least 30 standard liters of hydrogen before requiring regeneration. Each pump shall be independently be able to pump the chamber described above with starting pressure less than 0.01 mbar.
· Each compressor unit shall weigh less than 150 kg, and should fit within a volume of 600 cm x 600 cm x 600 cm.
· The compressor shall use 3 phase power - 3Ø, 400V 50Hz. The controller (if required) shall use single phase 230V 50Hz.
· The power cables for each system shall be 2.5 – 3.5 m in length. The cables connecting the compressor to the controller shall be between 4.5-5.5 m in length. Any cables between the pump unit and the compressor or controller shall be 30 m in length (for measuring temperature, etc).
· The compressor/pump system shall have adequate safety mechanisms to prevent overpressure of pressurized Helium beyond the rated limits.
· The controller (if required) or the compressor shall be able to relay the status and diagnostic information of the compressor and the pump to a remote host computer. The communication shall be over an ethernet interface (preferred) or a serial interface (like RS-232 interface).
· The controller shall be able to relay the commands from/to a host computer to control  blanket heater, purge valve and the roughing valve.

[bookmark: _Toc411421054]Other required hardware
 
The following hardware shall be included with each pump –
· Necessary connectors to connect the coolant to the compressor
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