Ground Support Equipment (CGSE) Test Procedure
Test with AMS Simulator at SJTU
 Date: 30 August 2007 Issued by: A.Grechko, P.Zhang, Y.Yang, S.Harrison
1 Abbreviations and Acronyms 

The following abbreviations are used in this instruction. 

CGSE Cryogenic Ground Support Equipment
SIM Magnet Simulator 
SJTU Shanghai Jiao Tong University 
EHP External Hold Point
IHP Internal Hold Point 

2 Scope 
This Instruction covers the testing of the AMS-02 CGSE at SJTU, including pre-cool tests, cool down, operation with the MS, and warm up. Operations requiring confirmation by a representative of the AMS collaboration are marked “EHP” for External Hold Point and this instruction should be signed and dated by a responsible person from AMS. Operations marked “IHP” for Internal Hold Point should be confirmed (signed and dated) by an identified and responsible member of the CGSE team. 

3 System Assembly 

To assemble CGSE according to final CGSE scheme (Fig.1) and CGSE lay-out for particular place (SJTU – Fig.2, SCL, CERN, ESA, KSC test area and launch pad). See list of equipment in Table 1. 
3.1. Order of assembly:

3.1.1. Put He cylinders, LN2 tank, heat exchanger VH1, Leybold vacuum pumps, compressor of pneumatical system (not shown) outside of clean room according lay-out drawing

3.1.2. Put AMS SIMulator, L and G valve boxes, LHe transfer and Master Dewars, system 300-80K( cryostate, KNF compressors, heat exchanger HX2), control system (not shown at the drawing) inside clean room according lay-out drawing

3.1.3. Check that positions of such components as LHe Transfer Dewar and Cryostat are good enough for easy connection with supply LN2 and LHe tanks (Length of filling lines PL14 (LHe) and PL11 (LN2) is 10 m)

3.1.4. Put pipes and wires through the wall of the clean room: pipes PL14 (LHe supply), PL11 (LN2 supply), PL13 (GHe output); pipe from GHe cylinders, Pneumatical system pipes, control system wires.

3.1.5. Connect all cryogenics pipes, pneumatical pipes and wires to the components

3.2. At all stage of assembly make photos of the system

3.3. Check visually that safety relief devices are not damaged, clean and that direction of blow off is safe for personnel (see list of safety devices in attachment table 2,3). 

3.4. All components should be fixed at their position by brakes on their wheels that they can’t move during operation.

3.5. During assembly of CGSE components to be sure that dust can’t enter inside the system. For this good practice is to fill component with slightly pressurized gas helium and only then open. Helium goes out and prevents penetration of dust inside the system.
3.6. All cryogenics and vent lines should have appropriate stand supports. No any load is permitted on the AMS vacuum case.
3.7. Responsible person fill and sign table

	EHP 001 
	CGSE system assembled in accordance with drawing “Test in SJTU” 
	Name 
	Sign 
	Date 


4 Leak Testing 

All components must be leak tested using a calibrated helium mass spectrometer. Leak tests should be carried out between cryogenic circuits and vacuum, between atmosphere and vacuum (these two tests should be done on the factory) and between atmosphere and cryogenic circuits (couplings, pressure sensors, valves). For any major system (valve box, cool down system, etc.) the sum of leak rates from cryogenic circuits to vacuum, or from atmosphere to vacuum, or from atmosphere to cryogenic circuits must not exceed 10-7 mbar-l/s. No individual leak may exceed 10-8 mbar-l/s. 

4.1 System 300-80 K 
	IHP 001 
	Confirm no leaks from cryogenic circuits to vacuum exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 002 
	Record the total leak rate from cryogenic circuits to vacuum. 
	Value 
	Name 
	Sign 
	Date 

	IHP 003 
	Confirm no leaks from atmosphere to vacuum exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 004 
	Record the total leak rate from atmosphere to vacuum. 
	Value 
	Name 
	Sign 
	Date 

	IHP 005 
	Confirm no leaks from atmosphere to cryogenic circuits exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 006 
	Record the total leak rate from atmosphere to cryogenic circuits. 
	Value 
	Name 
	Sign 
	Date 

	EHP 002 
	Confirm/witness leak testing on the System 300-80 K. 
	Name 
	Sign 
	Date 


4.2 Gas Valve Box 
	IHP 007 
	Confirm no leaks from cryogenic circuits to vacuum exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 008 
	Record the total leak rate from cryogenic circuits to vacuum. 
	Value 
	Name 
	Sign 
	Date 

	IHP 009 
	Confirm no leaks from atmosphere to vacuum exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 010 
	Record the total leak rate from atmosphere to vacuum. 
	Value 
	Name 
	Sign 
	Date 

	IHP 011 
	Confirm no leaks from atmosphere to cryogenic circuits exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 012 
	Record the total leak rate from atmosphere to cryogenic circuits. 
	Value 
	Name 
	Sign 
	Date 

	EHP 003 
	Confirm/witness leak testing on the Gas Valve Box
	Name 
	Sign 
	Date 


4.3 Liquid Valve Box 
	IHP 013 
	Confirm no leaks from cryogenic circuits to vacuum exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 014 
	Record the total leak rate from cryogenic circuits to vacuum. 
	Value 
	Name 
	Sign 
	Date 

	IHP 015 
	Confirm no leaks from atmosphere to vacuum exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 016 
	Record the total leak rate from atmosphere to vacuum. 
	Value 
	Name 
	Sign 
	Date 

	IHP 017 
	Confirm no leaks from atmosphere to cryogenic circuits exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 018 
	Record the total leak rate from atmosphere to cryogenic circuits. 
	Value 
	Name 
	Sign 
	Date 

	EHP 004 
	Confirm/witness leak testing on the Liquid Valve Box
	Name 
	Sign 
	Date 


4.4 Master Dewar 1
	IHP 019 
	Confirm no leaks from cryogenic circuits to vacuum exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 020 
	Record the total leak rate from cryogenic circuits to vacuum. 
	Value 
	Name 
	Sign 
	Date 

	IHP 021 
	Confirm no leaks from atmosphere to vacuum exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 022 
	Record the total leak rate from atmosphere to vacuum. 
	Value 
	Name 
	Sign 
	Date 

	IHP 023 
	Confirm no leaks from atmosphere to cryogenic circuits exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 024 
	Record the total leak rate from atmosphere to cryogenic circuits. 
	Value 
	Name 
	Sign 
	Date 

	EHP 005 
	Confirm/witness leak testing on the Master Dewar
	Name 
	Sign 
	Date 


4.5 Master Dewar 2 (Spare)
	IHP 025 
	Confirm no leaks from cryogenic circuits to vacuum exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 026 
	Record the total leak rate from cryogenic circuits to vacuum. 
	Value 
	Name 
	Sign 
	Date 

	IHP 027 
	Confirm no leaks from atmosphere to vacuum exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 028 
	Record the total leak rate from atmosphere to vacuum. 
	Value 
	Name 
	Sign 
	Date 

	IHP 029 
	Confirm no leaks from atmosphere to cryogenic circuits exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 030 
	Record the total leak rate from atmosphere to cryogenic circuits. 
	Value 
	Name 
	Sign 
	Date 

	EHP 006 
	Confirm/witness leak testing on the Master Dewar
	Name 
	Sign 
	Date 


4.6 Transfer Dewar 
	IHP 031 
	Confirm no leaks from cryogenic circuits to vacuum exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 032 
	Record the total leak rate from cryogenic circuits to vacuum. 
	Value 
	Name 
	Sign 
	Date 

	IHP 033 
	Confirm no leaks from atmosphere to vacuum exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 034 
	Record the total leak rate from atmosphere to vacuum. 
	Value 
	Name 
	Sign 
	Date 

	IHP 035 
	Confirm no leaks from atmosphere to cryogenic circuits exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 036 
	Record the total leak rate from atmosphere to cryogenic circuits. 
	Value 
	Name 
	Sign 
	Date 

	EHP 007 
	Confirm/witness leak testing on the Master Dewar
	Name 
	Sign 
	Date 


4.7 All Pipelines 
	IHP 037 
	Confirm no leaks from cryogenic circuits to vacuum exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 038 
	Record the total leak rate from cryogenic circuits to vacuum. 
	Value 
	Name 
	Sign 
	Date 

	IHP 039 
	Confirm no leaks from atmosphere to vacuum exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 040 
	Record the total leak rate from atmosphere to vacuum. 
	Value 
	Name 
	Sign 
	Date 

	IHP 041 
	Confirm no leaks from atmosphere to cryogenic circuits exceed 10-8 mbar-l/s. 
	Name 
	Sign 
	Date 

	IHP 042 
	Record the total leak rate from atmosphere to cryogenic circuits. 
	Value 
	Name 
	Sign 
	Date 

	EHP 008 
	Confirm/witness leak testing on All Pipelines
	Name 
	Sign 
	Date 


5 Electrical and Instrumentation Checks 

A full check out should be carried out on the instrumentation system to confirm that sensors are reading properly with the correct calibrations entered in the control system. (At an earlier stage, the positions of all sensors should also have been confirmed by tracing the sensor wiring back through the connectors and cables.) The room temperature readings of the sensors should be recorded. 
5.1 Temperature sensors readings
	Sensor
	Temperature (K)
	Name 
	Sign 
	Date 

	HT (Master Dewar)
	
	
	
	

	HT spare (Master Dewar)
	
	
	
	

	HT (Spare Master Dewar)
	
	
	
	

	HT spare (Spare Master Dewar)
	
	
	
	

	CT1
	
	
	
	

	CT1 spare
	
	
	
	

	CT2
	
	
	
	

	CT2 spare
	
	
	
	

	CT3
	
	
	
	

	CT3 spare
	
	
	
	

	CT4
	
	
	
	

	CT4 spare
	
	
	
	

	CT5
	
	
	
	

	CT5 spare
	
	
	
	

	VT1
	
	
	
	

	VT1 spare
	
	
	
	

	VT2
	
	
	
	

	VT2 spare
	
	
	
	

	VT3
	
	
	
	

	VT3 spare
	
	
	
	

	VT4
	
	
	
	

	VT4 spare
	
	
	
	

	VT5
	
	
	
	

	VT5 spare
	
	
	
	

	ST1
	
	
	
	

	ST2 
	
	
	
	

	ST3
	
	
	
	

	ST4
	
	
	
	

	ST5
	
	
	
	


	IHP 043 
	Confirm all temperature sensors operational. 
	Name
	Sign 
	Date 

	EHP 008 
	Confirm all temperature sensors operational. 
	Name
	Sign 
	Date 


5.2 Pressure sensors
	Sensor
	Pressure, MPa
	Name 
	Sign 
	Date 

	HP (Master Dewar)
	
	
	
	

	HP (Spare Master Dewar)
	
	
	
	

	CP1
	
	
	
	

	CP2
	
	
	
	

	VP1
	
	
	
	

	VP2
	
	
	
	

	VP3
	
	
	
	

	LP
	
	
	
	

	SP
	
	
	
	


	IHP 044 
	Confirm all pressure sensors operational. 
	Name 
	Sign
	Date 

	EHP 009 
	Confirm all pressure sensors operational. 
	Name 
	Sign
	Date 


5.3 Vacuum gauges
	Sensor
	Value of vacuum
	Name 
	Sign 
	Date 

	CP3 (Cryostat)
	
	
	
	

	P2 (Transfer Dewar)
	
	
	
	

	VP5 (G valve box)
	
	
	
	

	VP6 (L valve box)
	
	
	
	

	SP2 (SIMulator)
	
	
	
	


	IHP 045 
	Confirm all vacuum gauges operational. 
	Name 
	Sign
	Date 

	EHP 010 
	Confirm all vacuum gauges operational. 
	Name 
	Sign
	Date 


5.4 Liquid Level Probes
	Sensor
	Value of signal
	Name 
	Sign 
	Date 

	HL (Master Dewar)
	
	
	
	

	HL (Spare Master Dewar)
	
	
	
	

	HL (Transfer Dewar)
	
	
	
	

	CL (Cryostat, LN2 bath)
	
	
	
	

	SL1 (SIMulator, LHe level)
	
	
	
	

	SL2 (SIMulator, LN2 level)
	
	
	
	


	IHP 046 
	Confirm all liquid level probes operational. 
	Name 
	Sign
	Date 

	EHP 011
	Confirm all liquid level probes operational. 
	Name 
	Sign
	Date 


5.5 Flow Meter
	Sensor
	Value of signal
	Name 
	Sign 
	Date 

	CF
	
	
	
	


	IHP 047 
	Confirm flow meter operational. 
	Name 
	Sign
	Date 

	EHP 012
	Confirm flow meter operational. 
	Name 
	Sign
	Date 


5.6 Heater
	Heater
	Value of signal, Ohm
	Name 
	Sign 
	Date 

	SH1 (SIMulator)
	
	
	
	


	IHP 048 
	Confirm flow meter operational. 
	Name 
	Sign
	Date 

	EHP 013
	Confirm flow meter operational. 
	Name 
	Sign
	Date 


Operation of all remotely operated valves should be confirmed. Also operation of pneumatical system should be confirmed. Los of pressure (pressure less than 5.5 bar) in pneumatical system should be alarm condition.
5.7 Remotely operated pneumatical valves
	Valve 
	Confirm opens 
	Confirm closes 
	Name 
	Sign 
	Date 

	VVP1 
	
	
	
	
	

	VVP2
	
	
	
	
	

	VVP3
	
	
	
	
	

	VVP4
	
	
	
	
	

	VVP5
	
	
	
	
	

	VVP6
	
	
	
	
	

	VVP7
	
	
	
	
	

	VVP8
	
	
	
	
	

	VVP9
	
	
	
	
	

	CVP5
	
	
	
	
	

	CVC1
	
	
	
	
	

	CVP1
	
	
	
	
	

	CVP2
	
	
	
	
	

	CVP3
	
	
	
	
	

	CVP4
	
	
	
	
	

	CVP5
	
	
	
	
	

	CVP6
	
	
	
	
	

	CVP7
	
	
	
	
	

	LVP
	
	
	
	
	


	IHP 049 
	Confirm pneumatical system operational. 
	Name 
	Sign
	Date 

	IHP 050 
	Confirm all remotely operated valves operational. 
	Name 
	Sign
	Date 

	EHP 014 
	Confirm all remotely operated valves operational. 
	Name 
	Sign
	Date 


5.8 Manually operated valves with output to the control system
	Valve 
	Confirm opens 
	Confirm closes 
	Name 
	Sign 
	Date 

	VVM1 
	
	
	
	
	

	VVM3
	
	
	
	
	

	VVM4
	
	
	
	
	

	VVM6
	
	
	
	
	

	SV1
	
	
	
	
	

	SV2
	
	
	
	
	

	SV3
	
	
	
	
	

	SV4
	
	
	
	
	

	SV5
	
	
	
	
	

	SV6
	
	
	
	
	


	IHP 051 
	Confirm all valves operational. 
	Name 
	Sign
	Date 

	EHP 015 
	Confirm all valves operational. 
	Name 
	Sign
	Date 


Work of Leybold vacuum pumps should be confirmed. Check work of one pump and work of two pumps together. Check possibility of automatic and manual change of capacity of vacuum pump.

	IHP 052 
	Confirm Leybold vacuum pumps operational. 
	Name 
	Sign
	Date 

	EHP 016 
	Confirm Leybold vacuum pumps operational. 
	Name 
	Sign
	Date 


5.9 Computer system including hardware and software
	Parameter to check 
	Value or signal 

	
	

	
	

	
	

	
	

	
	


	IHP 053 
	Confirm control system operational. 
	Name 
	Sign
	Date 

	EHP 017 
	Confirm control system operational. 
	Name 
	Sign
	Date 


6 Evacuation 

Before cooling down of the system it is important to check insulation vacuum inside vacuum cases of CGSE components (see list of vacuum gauges in the table 4). Degradation of this vacuum can cause big heat leakage to the system and icing of vacuum case. The insulating vacuum of all components should be evacuated to better than 10E-03 mbar before cool down
Evacuate the vacuum spaces of all vacuum insulated components if needed and record the vacuum pressure at room temperature before cooling down. 
6.1 Vacuum pressure before cooling down
	IHP 054 
	Vacuum pressure in the Cryostat of the System 300-80 K. 
	Value 
	Name 
	Sign 
	Date 

	IHP 055 
	Vacuum pressure in the Gas Valve Box. 
	Value 
	Name 
	Sign 
	Date 

	IHP 056 
	Vacuum pressure in the Liquid Valve Box.
	Value 
	Name 
	Sign 
	Date 

	IHP 057 
	Vacuum pressure in the LHe Transfer Dewar
	Value 
	Name 
	Sign 
	Date 

	IHP 058 
	Vacuum pressure in the LHe Master Dewar
	Value 
	Name 
	Sign 
	Date 

	IHP 059 
	Vacuum pressure in the JV pipes
	Value 
	Name 
	Sign 
	Date 

	IHP 060 
	Confirm vacuum pressure operational at room temperature 
	Name 
	Sign
	Date 

	EHP 018 
	Confirm vacuum pressure operational at room temperature 
	Name 
	Sign
	Date 


During cooling down of the system monitor vacuum pressures and make marks according with procedure below. Degradation of vacuum during cooling down means cold leak opens.

6.2 Vacuum pressure after cooling down (fill later after cooling down of equipment)
	IHP 061 
	Vacuum pressure in the Cryostat of the System 300-80 K. 
	Temperature
	Value of vacuum
	Name 
	Sign 
	Date 

	IHP 062 
	Vacuum pressure in the Gas Valve Box. 
	Temperature
	Value of vacuum
	Name 
	Sign 
	Date 

	IHP 063 
	Vacuum pressure in the Liquid Valve Box.
	Temperature
	Value of vacuum
	Name 
	Sign 
	Date 

	IHP 064
	Vacuum pressure in the LHe Transfer Dewar
	Temperature
	Value of vacuum 
	Name 
	Sign 
	Date 

	IHP 065 
	Vacuum pressure in the LHe Master Dewar
	Temperature
	Value of vacuum
	Name 
	Sign 
	Date 

	IHP 066 
	Vacuum pressure in the JV pipes
	Temperature
	Value of vacuum
	Name 
	Sign 
	Date 

	IHP 067 
	Confirm all vacuum pressures after cooling down operational. 
	Name 
	Sign
	Date 

	EHP 018 
	Confirm all vacuum pressures after cooling down operational. 
	Name 
	Sign
	Date 


7 Pump of Cryogenic Circuits and Purge 

Pumping the system down to the order of 1Pa (including GHe supply for SFCL), purging and fill with clean gaseous helium. Check the purity of circulating helium by taking samples of helium through CGA2, VGA1, VGA2, LGA and analyzing them by gas analysis system. Helium purity should be according to Linde helium grade 5 purity (He > 99.999 %, O2 <= 2 ppm, N2 <= 3 ppm, H2O <= 3 ppm, CnHm <= 0.2 ppm). If purity is worse than specified to repeat cleaning procedure.
During work of the system provide continuous monitoring and records of purity of circulating helium. In case purity is worst than specified: alarm condition and stop circulation.
7.1 Results of He gas analyses
	Gas 
	CGA2 Content, % 
	VGA1 Content, %
	VGA2 Content, %
	LGA Content, %

	He
	
	
	
	

	O2
	
	
	
	

	N2
	
	
	
	

	H2O
	
	
	
	

	CnHm
	
	
	
	

	Others
	
	
	
	


	IHP 068 
	Confirm helium purity operational
	Name 
	Sign
	Date 

	EHP 019 
	Confirm helium purity operational
	Name 
	Sign
	Date 


8 Operation of the system 300-80 K
8.1. Notes:
1. It is of great importance the proper work of pressure reducers CVC4, CVC2, CVC3 and LVC as they separate high pressure helium from low pressure CGSE system. 

Check that pressure reducers operational. Before check that high pressure can’t enter CGSE system. Close valves CVM4-CVM7 (KNF compressors), V3 (Transfer Dewar), HV1 (Master Dewar), CVC1, CVP5 (G valve box), SV6 (SIM). Be sure that after test pressure can be released by valves LVP, CVP7, HV2. Open pressure reducer and adjust output pressure in accordance to Table 8.1. Check that it is easy adjustable. Close reducer. Release output pressure. Repeat reducer opens, adjusting. Record and sign Table 8.1.
Table 8.1 Check work of pressure reducers  
	Pressure reducer
	Nominal
	Test 1
	Test 2
	Name
	Sign
	Date

	
	Input pressure, barg
	Output pressure, barg
	Input pressure barg
	Output pressure barg
	Input pressure barg
	Output pressure barg
	
	
	

	CVC4
	200
	9
	
	
	
	
	
	
	

	CVC2
	9
	0.05
	
	
	
	
	
	
	

	CVC3
	9
	0.4
	
	
	
	
	
	
	

	LVC
	9
	1
	
	
	
	
	
	
	


2. Valve CVP7 is used for cleaning of the system and also for releasing gaseous helium from the system in case signal from pressure sensor CP1 exceeds 0.2 barg. To release helium will be mostly during warm up of the system.
Check work of CVP7. First check that valves CVM4-CVM7 at input of KNF compressors are closed. Check that CVP7 and control system are ready for work. At pressure sensor CP1 provide overpressure slightly more than 0.2 barg using pressure reducer CVC2. Check that CVP7 opens at pressure 0.2 barg and closes after releasing pressure. Fill table 8.2 and sign.

 Table 8.2 Check work of valve CVP7  
	Pressure CP1, barg
	Confirm opens
	Confirm closes
	Name
	Sign
	Date

	0.2
	
	
	
	
	

	0.1
	
	
	
	
	

	0.2
	
	
	
	
	

	0.1
	
	
	
	
	


3. Valve CVC1 controls pressure after itself by the signal from the sensor VP1. This pressure should be not more 0.6 barg (to have possibility to change set pressure after first test of the system)
Check work of CVC1 will be done together with G valve box. 
4. Valve CVP4 maintains the pressure CP1 less than 0.16 barg (by signal from CP1)
5. Heat exchanger HX2 warm up back helium flow to the room temperature which is controlled by temperature sensor CT1.

6. In case CT1 goes below 270 K switch off compressors.

7. If pressure after compressors is increasing (it is possible at the beginning of the cooling of the system from the room temperature due to big hydraulic resistance during this period) and reaches 1.8 barg, to reduce capacity of the compressor system by switching off one, two or three compressors until output pressure CP2 stop increasing. Then it is possible to switch on second, third and forth compressors when system getting colder, hydraulic resistance decreases and pressure CP2 also decreases. 
8. During all operations of the system all parameters should be recorded on the hard disc of computer.
8.2. Check the operation of the system.

Initial condition: assembly complete and LN2 filled to the SIM and cryostat. 
Operator should takes care that LN2 bath HX1 in cryostat and LN2 vessel in SIM always full with LN2.
Start helium circulation through the system by switching on compressor system. First to switch on one compressor. Provide circulation through short way HX2, HX1, HX3, valves CVP2, CVP3, CVP4, input of compressor. Valves CVC1, CVP5 are closed. Valve CVP4 controls pressure at the input of the compressor to be not more 0.16 barg, record value here) by the signal of the CP1 pressure sensor. Switch on second, third and fourth compressors.
Table 8.3 Pressure in the system  
	Number of KNF compressors working
	Pressure at input CP1, MPa
	Pressure at output CP2, MPa

	1
	
	

	2
	
	

	3
	
	

	4
	
	


Check the purity of circulating helium using purging procedure (Chapter 7)
Table 8.4 Results of He gas analyses at CGA2 
	Gas 
	CGA2 Content, % 

	He
	

	O2
	

	N2
	

	H2O
	

	CnHm
	

	Others
	


Check the automatic temperature control of the valves CVP1, CVP2, CVP3 making mixture of cold and warm flows with required temperature. To get temperature of mixture of cold and warm flows (temperature sensor CT3) in the range 300-80K by using program to open and close mentioned valves.
Check insulating vacuum (sensor CP3) in the Cryostate during and after its cooling down. During cool down vacuum should improves. If vacuum becomes worst it means cold leak of helium into vacuum insulation. Fill Table 8.5.  
Table 8.5 Check of automatical control of temperatures CT3 
	Temperature CT3 to check, K
	CT2, K
	CT1, K
	CT5, K
	CP1, MPa
	CP2, MPa
	CF, g/s
	CP3, mbar

	300
	
	
	
	
	
	
	

	230
	
	
	
	
	
	
	

	160
	
	
	
	
	
	
	

	90
	
	
	
	
	
	
	


Check the operation of the fan HX2. At any working temperature and helium flowrate temperature CT1 should be not less 283 K. No ice allowed on the pipes after HX2.

Check the operation of the liquid nitrogen system. That CVP6 opens by the signal of the level gauges CL. During filling with LN2 to check that valve CVP6 opens automatically at the minimal level of LN2 and closes at the maximal level of LN2 in the Cryostat.
	IHP 069 
	Confirm all pressure reducers operational
	Name 
	Sign
	Date 

	IHP 070 
	Confirm automatic temperature control of the valves CVP1, CVP2, CVP3 making mixture of cold and warm flows with required temperature CT3 is operational
	Name 
	Sign
	Date 

	IHP 071 
	Confirm vacuum pressure CP3 operational during cooling down (no cold leaks)
	Name 
	Sign
	Date 

	IHP 072 
	Confirm fan HX2 operational
	Name 
	Sign
	Date 

	IHP 073 
	Confirm valve CVP7 opens at CP=0.2 barg and closes at CP=… barg
	Name 
	Sign
	Date 

	IHP 074 
	Confirm liquid nitrogen system operational
	Name 
	Sign
	Date 

	IHP 075 
	Confirm system 300-80K operational
	Name 
	Sign
	Date 

	EHP 020 
	Confirm system 300-80K operational
	Name 
	Sign
	Date 


8.3. Work of the system supplying gaseous helium to the SFCL (Super Fluid Cooling Loop)

Initial conditions: GHe supply for SFCL is connected to SIM, checked for tightness and filled with pure GHe.
Note: Before work check purity of helium by gas analyzer.

During cooling down of the SIM to open SIM valve SV6. Gaseous helium goes from GHe cylinder through the pressure reducer LVC that maintain pressure of the gaseous helium 1 barg at the entrance to SFCL. Gaseous helium is cooled down in SFCL together with LHe vessel and then it liquefies when temperature riches liquid helium level. Then temperature of the liquid helium in SFCL goes down together with all SIM. When temperature in SFCL reaches 2.5 K (control read out of the sensors LP and correct for temperature using ST1), close valve SV6.

In case of warming up of the SIM pressure inside SFCL will rise. To avoid overpressure to open valves SV6 and release helium through the valve LVP to atmosphere. Valve LVP opens automatically by the signal of the pressure sensor LP when pressure becomes more than 4 barg. 
Check work of LVP. First check that valve SV6 is closed. Check that LVP and control system are ready for work. At pressure sensor LP provide overpressure slightly more than 4 barg using pressure reducer LVC. Check that LVP opens at pressure 4 barg and closes after releasing pressure at 1 barg. Fill table and sign.

Table 8.6 Check work of LVP  
	Pressure LP, barg
	Confirm opens
	Confirm closes
	Name
	Sign
	Date

	4
	
	
	
	
	

	1
	
	
	
	
	

	4
	
	
	
	
	

	1
	
	
	
	
	


8.3. Providing circulation through VCS and SFCL of SIM.

Closed valves: CVP4, VVP1, VVP2.
Opened valves: CVC1, CVP5, SV2 (SIM), SV5 (SIM), VVP6, SV6 (for cooling down of SFCL)
Operator should check and make check marks in the Table 8.7
Table 8.7 Tables of valves to be checked for circulation through VCS and SFCL
	Valve
	Confirm opens
	Confirm closes
	Name
	Sign
	Date

	CVP4
	Confirm closes
	-
	
	
	

	VVP1
	Confirm closes
	-
	
	
	

	VVP2
	Confirm closes
	-
	
	
	

	VVP3
	Confirm closes
	
	
	
	

	VVP6
	-
	Confirm opens
	
	
	

	CVC1
	-
	Confirm opens
	
	
	

	CVP5
	-
	Confirm opens
	
	
	

	SV1
	Confirm closes
	-
	
	
	

	SV2
	-
	Confirm opens
	
	
	

	SV3
	Confirm closes
	
	
	
	

	SV4
	Confirm closes
	
	
	
	

	SV5
	-
	Confirm opens
	
	
	

	SV6
	
	Confirm opens
	
	
	


Helium flow circulates through pipe PL3, gas way of the pipe PL1, shield of the L valve box, gas way of the pipe PL2, SIM valve SV2, SIM helium tank, valve SV5, VCS port C7A, pipe PL7, valveVVP6, CVP5, pipe PL5, cryostat, enter compressor.
Operator fills Table 8.8 with main parameters

Table 8.8 Circulation through long by-pass of the SIM through VCS

	CT3, K
	CT2, K
	CT1, K
	CT5, K
	CP1, MPa
	CP2, MPa
	CF, g/s
	VT5, K
	VT1, K
	ST1, K
	ST5, K
	SP, MPa
	SP2, mbar
	VP2, MPa

	300
	
	
	
	
	
	
	
	
	
	
	
	
	

	230
	
	
	
	
	
	
	
	
	
	
	
	
	

	160
	
	
	
	
	
	
	
	
	
	
	
	
	

	90
	
	
	
	
	
	
	
	
	
	
	
	
	


Check the purity of circulating helium by taking samples of helium through CGA2, CGA1, VGA1, LGA and analyzing them by gas analysis system according procedure for checking purity.
8.9 Results of He gas analyses
	Gas 
	CGA2 Content, % 
	VGA1 Content, %
	VGA2 Content, %
	LGA Content, %

	He
	
	
	
	

	O2
	
	
	
	

	N2
	
	
	
	

	H2O
	
	
	
	

	CnHm
	
	
	
	

	Others
	
	
	
	


8.4. Cool down of the SIM from 300 to 80 K.
Open valves SV3, VVP3 providing helium circulation through SIM cool down circuit (CDC). 
To provide big enough flow through CDC to be sure in good cooling of the heater SH close VCS valve SV5 (Screen anyway should be cold as there is LN2 cooling)
Table 8.10 List of valves to be checked for circulation through CDC and SFCL
	Valve
	Confirm opens
	Confirm closes
	Name
	Sign
	Date

	CVP4
	Confirm closes
	-
	
	
	

	VVP1
	Confirm closes
	-
	
	
	

	VVP2
	Confirm closes
	-
	
	
	

	VVP3
	-
	Confirm 100 % opens
	
	
	

	VVP6
	-
	Confirm opens
	
	
	

	CVC1
	-
	Confirm opens
	
	
	

	CVP5
	-
	Confirm opens
	
	
	

	SV1
	Confirm closes
	-
	
	
	

	SV2
	-
	Confirm opens
	
	
	

	SV3
	_
	Confirm opens
	
	
	

	SV4
	Confirm closes
	
	
	
	

	SV5
	-
	
	
	
	

	SV6
	Confirm closes
	
	
	
	


Heater SH, adjustable in the range 0-600 W, is used to provide SIMulation of AMS cold mass and required temperature difference between ST3 and ST2. Be careful with power of the heater. Switch on heater only when there is circulation of helium flow and temperature ST3, ST2 is below 240K. Without helium circulation heater can be burnt. Switch off heater if temperature ST3 is higher than 300K. Start with low heater power, just then go to higher power. Table 8.11 can be used for estimation of heater SH power. 
Table 8.11 Estimation of heater SH power versus DeltaT and flow rate
	DeltaT
	Cp, J/(kg K)
	G, kg/s
	Q, W

	10
	5.19E+03
	0.0005 
	26 

	
	5.19E+03
	0.0010 
	52 

	
	5.19E+03
	0.0015 
	78 

	
	5.19E+03
	0.0020 
	104 

	20
	5.19E+03
	0.0005 
	52 

	
	5.19E+03
	0.0010 
	104 

	
	5.19E+03
	0.0015 
	156 

	
	5.19E+03
	0.0020 
	208 

	30
	5.19E+03
	0.0005 
	78 

	
	5.19E+03
	0.0010 
	156 

	
	5.19E+03
	0.0015 
	234 

	
	5.19E+03
	0.0020 
	312 

	40
	5.19E+03
	0.0005 
	104 

	
	5.19E+03
	0.0010 
	208 

	
	5.19E+03
	0.0015 
	312 

	
	5.19E+03
	0.0020 
	415 

	50
	5.19E+03
	0.0005 
	130 

	
	5.19E+03
	0.0010 
	260 

	
	5.19E+03
	0.0015 
	389 

	
	5.19E+03
	0.0020 
	519 


At first stage of work heater SH should be adjusted. For this to maintain automatically temperature ST2 according Table 8.12. Start helium circulation from temperature ST2=300K, record stabilized parameters. Cool down system. At the temperature ST2=230K switch on heater SH starting with 0 power. Slowly to increase power to get DeltaT=10K, wait stabilization of parameters, record data in Table 8.12. Repeat for different DeltaT and ST2 according Table 8.12. Switch of heater immediately if temperature ST3 does not stabilized and continue to rise at constant heater power.
Table 8.12. Main Parameters during CDC cooling (adjustment)
	ST2, K
	Delta T= ST3-ST2, K
	CT3, K
	CT2, K
	CT1, K
	CT5, K
	CP1, MPa
	CP2, MPa
	CF, g/s
	VT5, K
	VT1, K
	ST1, K
	ST3, K
	QSH,

W 
	ST5, K
	SP, MPa
	SP2, mbar
	VP2, MPa
	LP,

MPa

	300
	0
	
	
	
	
	
	
	
	
	
	
	
	0
	
	
	
	
	

	230
	0
	
	
	
	
	
	
	
	
	
	
	
	0
	
	
	
	
	

	
	10
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	
	20
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	160
	0
	
	
	
	
	
	
	
	
	
	
	
	0
	
	
	
	
	

	
	20
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	
	40
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	
	50
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	80
	0
	
	
	
	
	
	
	
	
	
	
	
	0
	
	
	
	
	

	
	20
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	
	40
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	
	50
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	


Second stage: control of temperature difference. Start with temperature CT3 = 300K and heater power off. Cool down system. Switch on heater when temperature CT2=230K at power 25% less than equivalent DelatT=20K from the Table 8.12.  Control temperature at the output of the cryostat 300-80 K (sensor CT3) by the temperature difference Delta T = TST3-TST2 on the SIM. This temperature difference should be less than 50 K. Control is provided by changing flow rates between valves CVP2 and CVP3. One needs to open valve CVP2 and to close CVP3 to warm up the flow, and to open CVP3 to cool down the flow. Regulation of the valve should be provided slowly. NOTE: This is all done automatically by the software and temp diff >50K can never happen.  Check that if temp diff is greater than 50K then AMS is isolated (cut off flow). Cool down SIM by the temperature 90-80 K. At this level of temperature check vacuum insulation pressure and fill Table 6.2.
At constant power of heater SH automatically maintain temperature difference ST3-ST2 = 20K, 30K, 40K, 50K according Table 8.13.

Table 8.13 Main Parameters during CDC cooling (control of temperature difference)
	ST2, K
	Delta T= ST3-ST2, K
	CT3, K
	CT2, K
	CT1, K
	CT5, K
	CP1, MPa
	CP2, MPa
	CF, g/s
	VT5, K
	VT1, K
	ST1, K
	ST3, K
	QSH,

W 
	ST5, K
	SP, MPa
	SP2, mbar
	VP2, MPa
	LP,

MPa

	300
	0
	
	
	
	
	
	
	
	
	
	
	
	0
	
	
	
	
	

	230
	0
	
	
	
	
	
	
	
	
	
	
	
	0
	
	
	
	
	

	
	10
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	
	20
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	160
	0
	
	
	
	
	
	
	
	
	
	
	
	0
	
	
	
	
	

	
	20
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	
	40
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	
	50
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	80
	0
	
	
	
	
	
	
	
	
	
	
	
	0
	
	
	
	
	

	
	20
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	
	40
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	

	
	50
	
	
	
	
	
	
	
	
	
	
	
	…
	
	
	
	
	


	IHP 076 
	Confirm automatic control temperature at the output of the cryostat 300-80 K (sensor CT3) by the temperature difference on the SIM (between sensors ST3 and ST2) operational
	Name 
	Sign
	Date 

	IHP 077
	Confirm system 300-80K working with SIMulator operational
	Name 
	Sign
	Date 

	EHP 021 
	Confirm system 300-80K working with SIMulator operational
	Name 
	Sign
	Date 


Switch off heater SH. After temperature ST3=ST2 stop He circulation through the SIM. Close valves CVC1 and CVP5. Stop compressors. Go to the cooling by liquid helium from Dewars.
9. Operation of the system during cooling down from 90 K to 4.2 K

9.1. Filling Transfer Dewar with LHe

Initial conditions: LHe Transfer Dewar is clean and filled with gaseous helium at 300 K. Valves V1, V5, V6 are closed. 
Relief valve R1 opens automatically if pressure exceeds 0.69 barg. Check that it opens at specified pressure. For this provide 0.69 barg GHe from GHe cylinders (pressure reducer CVC3, valveV3).

Connect line PL14 to the Transfer Dewar (port C14B) and to the LHe supply tank (port C14A).

Cleaning of the pipe PL14: Pump out line PL14 through valve PL14V1. Fill with clean gaseous helium. Pump again. Fill again with GHe. Check purity of helium inside pipe.
Table 9.1 Results of He gas analyses at valve PL14V1 
	Gas 
	Content, % 

	He
	

	O2
	

	N2
	

	H2O
	

	CnHm
	

	Others
	


Cool down line PL14. Open valve for supplying LHe on the supply tank, open valve PL14V1 (Caution: open this valve only if there is overpressure inside PL14. Otherwise air can contaminate the system). Provide cold helium circulation through the pipe PL14 and valve PL14V1. After cooling down of the pipe PL14 close valve PL14V1.

Open valve V1 for filling with LHe. Open valve V5 for helium gas output to atmosphere (drainage). Open valve V4 to provide work of relief valve R1. Caution: open this valves only if some overpressure exists inside Dewar. Otherwise air can penetrate inside Dewar. 

Fill Dewar with LHe. Watch the LHe level (sensor HL), pressure in the Dewar (sensor P1). The working range of pressure for this operation is 0.05…0.69 barg. Relief valve R1 opens automatically if pressure exceeds 0.69 barg. Open valve V2 if pressure exceeds 0.69 barg and continue to rise. Don’t forget to close valve V2 after getting working range of pressure. Record time of filling and other parameters in Table 9.2. 
Table 9.2 Filling of Transfer Dewar
	Time
	Pressure in supply tank, MPa
	P1, MPa
	T1, K
	HL, %
	P2, mbar
	Name 
	Sign
	Date 

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Total time of Transfer Dewar filling:


Stop filling when LHe Transfer Dewar is full. 

9.2. Filling Master Dewar with LHe

Initial conditions: LHe Transfer Dewar is filled with LHe. Master Dewar is clean and filled with gaseous helium. Valves V1, V5, V6 and HVM1-HVM3 are closed. Line PL8 is connected to the Dewars, is cleaned and filled with gaseous helium. The same about lines PL6.

Create some overpressure inside Transfer Dewar (0.2-0.4 barg) by opening valve V3. 

Cool down line PL8. Open valve V6 at Transfer Dewar and valve HV5 (Caution: open this valve only if there is overpressure inside PL8. Otherwise air can contaminate the system). Provide cold helium circulation through the pipe PL8 and valve HV5. After cooling down of the pipe PL8 close valve HV5.

Open valve HVM1 on the Master Dewar. Open valve HVM2 for helium gas output to atmosphere (drainage) from Master Dewar. Caution: open drainage valve HVM2 only if some overpressure exists inside Dewar. 

Fill Master Dewar with LHe. Watch the LHe levels and pressures in the both Dewars (The working range of pressure for this operation is 0.05…0.69 barg, use drainage valves V2 and HVV if pressure excesses specified range), also pressure drop on the filter 2.  In case pressure drop on the filter is more than 0.5 barg and there is no change of the LHe level, stop filling and recover the filter. Stop filling if the LHe level in Transfer Dewar not far from the bottom or Master Dewar is full. Flow rate is adjusted by pressure in the Transfer Dewar and by valves V6 and HVM1.

Recovering of the filter: Close valve V6 and HVM1. Warm up filter by supplying warm gaseous helium inside the pipe PL8 thought valve HV5. If warming can’t clean the filter disconnect pipe PL8 and replace the filtering element.

Notes:

A. During filling maintain slight overpressure in the LHe Dewar (0.1-0.2 barg) that air can’t penetrate into the system.

B. Keep valves V4, HV7 open. In case of strong overpressure gaseous helium will release through the relief valve R1, HVR1.
Table 9.3 Filling of Master Dewar
	Time
	Transfer Dewar
	Master Dewar
	Name
	Sign
	Date

	
	P1, MPa
	T1, K
	HL, %
	P2,

mbar
	HP, MPa
	T1, K
	HL, %
	P2,

mbar
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Total time of Master Dewar filling:


Optional: For reduce time of filling it is possible to fill Transfer and Master Dewar at once.
Table 9.4 Filling of Transfer and Master Dewar at once (optional)
	Time
	Supply tank
	Transfer Dewar
	Master Dewar
	Name
	Sign
	Date

	
	P, MPa
	LHe level
	P1, MPa
	T1, K
	HL, %
	P2,

mbar
	HP, MPa
	T1, K
	HL, %
	P2,

mbar
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total time of Transfer Dewar and Master Dewar filling at once:


9.3. Cooling down LHe CGSE particularly the main filter

Initial conditions: all system is assembled, cleaned and filled with gaseous helium. System 300-80 K is cut off from CGSE by valves CVP5, CVC1 (valves CVP5 and CVC1 are closed). Possible also that lines PL3 and PL5 are removed and heat insulation plugs are installed in the ports C3B and C5B. Master Dewar is filled with LHe. Check Filter 1 temperature is between X and Y.

Purpose of this operation: to cool down the main LHe filter to the working condition when all gases excepting helium become solid and be stopped by filter. 

Create slight overpressure in the Master Dewar (0.2-0.4 barg). Open valve HVM3 at the Master Dewar.

Open valves VVM1, VVP5, VVP1, VVP2, VVP8. Caution: open drainage valve VVP8 only if some overpressure exists inside the system (check pressure VP2). 

Pass helium through the filter. Cool down the filter and the system below 10 K. During this process to check purity of helium by taking the sample of helium through VGA1. See read out of the temperature sensor VT4 and VT2. After getting liquid in the filter (temperature below 5 K) stop by-pass. If helium is pure enough and filter is cooled down stop by-pass and start cooling down of the SIM. 

Table 9.4 Cooling down CGSE particularly the main filter
	Time
	Master Dewar
	L valve box
	G valve box
	After VH1
	Name
	Sign
	Date

	
	HP, MPa
	T1, K
	HL, %
	P2,

mbar
	VT1, K
	VT2, K
	VT4, K
	VP1, Mpa
	VP3, Pa
	VP6, mbar
	VT5, K
	VP2, MPa
	VP5, mbar
	VT3, K
	VP4, K
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total time of CGSE and filter cooling down:


9.4. Cooling down SIM in the range 90 – 4.2 K and fill with LHe

Notes: 

A. During filling always maintain slight overpressure in the LHe Dewar (0.1-0.2 barg) for protection from air leakage inside the system.

B. Keep valve HV7 open. In case of strong overpressure gaseous helium will release through the relief valve HVR1. 

Provide flow of LHe from the LHe Master Dewar to the SIM. Open valve VVP9 and close VVP5. He flow passes through LHe fill port, SIM valve SV1, SIM LHe vessel. From LHe vessel helium can go by three ways.

First way is through SIM CDC (valve SV3, VVP3). This is the main way that is used for cool down the SIM. SIM temperature sensors ST2, ST3 control the cooling of the SIM. 

Second output is through SIM vapor cooled shield (VCS) (VCS, valves SV5, VVP6). This flow cools down the shield. Sensor ST5 measures its temperature. This temperature should be not more than 90 K. 

Third output is through gas output from LHe fill port (valve SV2, gas way of the line PL2, VCS of L valve box, gas way of the line PL1, line PL10, valve VVP1). This flow provides cooling of the shields for LHe lines PL2, PL1 and VCS of L valve box. The sensor VT1 and VT5 measure temperature of this back flow which always should be less than 80K. Automatic (?) Control temperature VT5 of helium back flow from the PL1, PL2 shields in the range 5-80 K by regulating valves VVP1, VVP6. 

During this stage of cooling check that LHe temperature sensors show correct results (temperature should be around 4.2 K)

Then all three back flows joint in collector of G valve box, pass VVP2, pass heat exchanger VH1 and release into atmosphere through VVP8. The valves VVP3, VVP1 and VVP6 control the distribution of helium between three flows. 

Heat exchanger VH1 warm up back flow to the room temperature by heat exchange with ambient air. Temperature of back flow is monitored by the sensor VT3. This temperature should be not less than 280 K.

Follow level of LHe in the Master Dewar (sensor HL) and in SIM vessel (sensor SL1). Stop filling if Master Dewar is empty or SIM vessel is full. Add which level gauges.  Note: SIM level gauge should be run continuously below 2.2K. 
Recovering of the blocked filter: To stop filling and recover the filter if pressure drop on the filter is more than 0.5 barg (sensor VP3) and there is no change of the LHe level (sensor SL1). Close the valves VVM1, VVP9 and VVP5. Provide circulation of the gaseous room temperature helium through the valves VVM3 and VVM4. Follow the temperature VT4. When temperature becomes more than 290 K stop recovering. Check purity of the gaseous helium at the output of the valve VVM4. Close the valves VVM3 and VVM4. Open valve VVM1 and VVP5 and provide cooling down of the filter by by-passing LHe through VVP5, VVP1, VVP2, VVP8 to atmosphere. Follow temperatures VT4, VT2, VT1. Stop by-pass when these temperatures will be bellow 10 K. Then continue filling SIM with LHe.

Table 9.5 Cooling down SIM in the range 90 – 4.2 K and fill with LHe
	Time
	Master Dewar
	L valve box
	G valve box
	After VH1
	SIMulator

	
	HP, MPa
	T1, K
	HL, %
	P2,

mbar
	VT1, K
	VT2, K
	VT4, K
	VP1, Mpa
	VP3, Pa
	VP6, mbar
	VT5, K
	VP2, MPa
	VP5, mbar
	VT3, K
	VP4, K
	ST1, K
	ST2, K
	ST3, K
	ST5, K
	SL1, %
	SP, MPa
	SP2
	QSH, W
	SL2, %

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total time of cooling and filling with LHe:


Table 9.6 Recovering of the filter
	Time
	Master Dewar
	L valve box
	G valve box
	After VH1
	SIMulator

	
	HP, MPa
	T1, K
	HL, %
	P2,

mbar
	VT1, K
	VT2, K
	VT4, K
	VP1, Mpa
	VP3, Pa
	VP6, mbar
	VT5, K
	VP2, MPa
	VP5, mbar
	VT3, K
	VP4, K
	ST1, K
	ST2, K
	ST3, K
	ST5, K
	SL1, %
	SP, MPa
	SP2
	QSH, W
	SL2, %

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total time of recovering of the filter:


	IHP 078 
	Confirm filling Transfer Dewar with LHe operational
	Name 
	Sign
	Date 

	IHP 079 
	Confirm filling Master Dewar with LHe operational
	Name 
	Sign
	Date 

	IHP 080 
	Confirm cooling down of the main filter operational
	Name 
	Sign
	Date 

	IHP 081 
	Confirm cooling down SIMulator in range 90-4.2K and fill with LHe operational
	Name 
	Sign
	Date 

	IHP 082 
	Confirm recovering of the filter in L valve box operational
	Name 
	Sign
	Date 


10. Operation of the system during cooling down from 4.2 K to 1.8 K (production of superfluid helium).

10.1. Pumping SIM vessel to SFHe at 1.8K through LHe fill port 
Initial conditions: SIM LHe vessel is filled with normal liquid helium at 4.2 K.

The task of this stage of cooling is production of superfluid helium at 1.8 K inside SIM.

Switch on vacuum pump in accordance with the instruction to the pump. Open ways for SIM pumping.

The main way for pumping: SIM valve SV2, gas line of the LHe fill port, gas line of the PL2 pipe, vapor cooled shield of the L valve box, gas line of the PL1 pipe, valve VVP1, VVP2, line PL13, vacuum pump system.

Secondary way for pumping is through SIM VCS: valve SV5, PL7, VVP6.

Auxiliary way for pumping is through the CDC: valve SV3, PL4, VVP3.

Pressure in SIM is measured by the sensor SP, temperature of LHe inside SIM is measured by ST1, level of the LHe inside AMS is measured by the sensors SL1. 

To pump SIM to the pressure 16 mbar in the LHe vessel, and temperature of the liquid 1.8 K at the maximal capacity of the pumps. Then reduce pumping capacity to keep temperature and pressure of the superfluid helium constant (regime of cryostabilization) and start top-up of the vessel. Capacity of the vacuum pump system is automatically controlled by the temperature of LHe inside SIM (sensor ST1). Don’t forget to close valve SV6 at SIM SFCL after temperature ST1 goes down 2.5K (see chapter 8.3)
Calculated time of pumping to 1.8 K is 2.4 hours. After pumping SIM will be filled one-half with superfluid helium.
10.2. Pumping SIM vessel to SFHe at 1.8K through CDC and VCS (optional)
Purpose: To check possibility of AMS pumping through CDC and VCS for the beam test and TVT test.

Initial conditions: SIM LHe vessel is filled with normal liquid helium at 4.2 K.

The task of this stage of cooling is production of superfluid helium at 1.8 K inside SIM.

Switch on vacuum pump in accordance with the instruction to the pump. Open ways for SIM pumping: only secondary way for pumping through SIM VCS: valve SV5, PL7, VVP6 and auxiliary way for pumping through the CDC: valve SV3, PL4, VVP3.

The main way for pumping through SIM valve SV2, gas line of the LHe fill port, gas line of the PL2 pipe, vapor cooled shield of the L valve box, gas line of the PL1 pipes closed.
Pressure in SIM is measured by the sensor SP, temperature of LHe inside SIM is measured by ST1, level of the LHe inside AMS is measured by the sensors SL1. 

To pump SIM to the pressure 16 mbar in the LHe vessel, and temperature of the liquid 1.8 K at the maximal capacity of the pumps. Then reduce pumping capacity to keep temperature and pressure of the superfluid helium constant (regime of cryostabilization). 

10.3. Top-up SIM vessel with SFHe
Initial conditions: SIM LHe tank is partly filled with superfluid helium at 1.8 K. LHe Master Dewar is filled with normal 4.2 K liquid helium. Vacuum pumps continuously pump SIM vessel to keep it at 16 mbar and 1.8 K. 

To pump helium in the Master Dewar to the 53 mbar and 2.2 K. To start pumping slowly open valve VVP7 and HVM2 and SIMultaneously to increase capacity of the vacuum pump system. After temperature of liquid helium reaches 2.2 K and pressure 53 mbar stop pumping of the master Dewar, close valves VVP7 and HVM2. 

Supply LHe from the Master Dewar to the SIM. Open valve HVM3, VVM1, VVP9, SV1. Adjust position of the J-T valve VVP9 by the signal of the temperature inside SIM (sensor ST1) keeping this temperature 1.8 K. Vacuum pump system works on full capacity. Vapors of helium are pumped by the main pumping way: valve SV2, gas line of the LHe fill port, gas line of the PL2 pipe, shield of the L valve box, gas line of the PL1 pipe, valve VVP1, VVP2, line PL13, vacuum pump system. And also by the secondary way for pumping through VCS: valve SV5, PL7, VVP6. If possible also use auxiliary way for pumping through the CDC: valve SV3, PL4, VVP3.

Stop top-up exactly when level of SFHe in SIM is 95 %. Close J-T valve VVP9.
Regime of cryostabilization: Reduce pumping capacity of the vacuum pump system to keep temperature of the SFHe at 1.8 K and pressure 16 mbar. Pump helium vapors only through VCS (valve SV5 opened, valves SV1, SV2, SV3 closed). 
Notes:

A. Be very careful with superfluid (SF) helium level in the SIM vessel. Never make overfull of SIM vessel. Stop top-up of SIM vessel at 95 % of liquid. Overfull of SIM vessel with SFHe can cause big heat leakage to the system, possibly boiling of helium, sharp rise of pressure in the system and rupture of the safety burst disks.  There must be a software loop that senses this condition – both warning (to the operator) and alarm that opens valves, etc, to make the system safe.
It is possible to pump out helium to near super fluidity state at 2.2 K in the Master Dewar preliminarily before 1 day of top-up operation. 

B. After stop of top-up to remove all liquid helium from the lines. For this close SIM valve SV1 not immediately but after some time that liquid can be removed from LHe fill port. 
Table 10.1 Pumping SIM vessel from 4.2 K to 1.8 K through LHe fill port
	Time
	Master Dewar
	L valve box
	G valve box
	After VH1
	SIMulator

	
	HP, MPa
	T1, K
	HL, %
	P2,

mbar
	VT1, K
	VT2, K
	VT4, K
	VP1, Mpa
	VP3, Pa
	VP6, mbar
	VT5, K
	VP2, MPa
	VP5, mbar
	VT3, K
	VP4, K
	ST1, K
	ST2, K
	ST3, K
	ST5, K
	SL1, %
	SP, MPa
	SP2
	QSH, W
	SL2, %

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total time of pumping:


Table 10.2 Pumping SIM vessel from 4.2 K to 1.8 K through CDC and VCS (optional)
	Time
	Master Dewar
	L valve box
	G valve box
	After VH1
	SIMulator

	
	HP, MPa
	T1, K
	HL, %
	P2,

mbar
	VT1, K
	VT2, K
	VT4, K
	VP1, Mpa
	VP3, Pa
	VP6, mbar
	VT5, K
	VP2, MPa
	VP5, mbar
	VT3, K
	VP4, K
	ST1, K
	ST2, K
	ST3, K
	ST5, K
	SL1, %
	SP, MPa
	SP2
	QSH, W
	SL2, %

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total time of pumping:


Table 10.3 Regime of cryostabilization at 1.8 K
	Time
	Master Dewar
	L valve box
	G valve box
	After VH1
	SIMulator

	
	HP, MPa
	T1, K
	HL, %
	P2,

mbar
	VT1, K
	VT2, K
	VT4, K
	VP1, Mpa
	VP3, Pa
	VP6, mbar
	VT5, K
	VP2, MPa
	VP5, mbar
	VT3, K
	VP4, K
	ST1, K
	ST2, K
	ST3, K
	ST5, K
	SL1, %
	SP, MPa
	SP2
	QSH, W
	SL2, %

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Table 10.4.  Top-up SIM vessel with SFHe
	Time
	Master Dewar
	L valve box
	G valve box
	After VH1
	SIMulator

	
	HP, MPa
	T1, K
	HL, %
	P2,

mbar
	VT1, K
	VT2, K
	VT4, K
	VP1, Mpa
	VP3, Pa
	VP6, mbar
	VT5, K
	VP2, MPa
	VP5, mbar
	VT3, K
	VP4, K
	ST1, K
	ST2, K
	ST3, K
	ST5, K
	SL1, %
	SP, MPa
	SP2
	QSH, W
	SL2, %

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total time of top-up:                      


	IHP 083 
	Confirm GHe supply system for SFCL operational
	Name 
	Sign
	Date 

	IHP 084 
	Confirm production of SFHe in SIM at 1.8K operational
	Name 
	Sign
	Date 

	IHP 085 
	Confirm cryostabilization mode at 1.8K SFHe operational
	Name 
	Sign
	Date 

	IHP 086 
	Confirm top up with SFHe operational
	Name 
	Sign
	Date 


11. Warming up operations
11.1. Warming up the SIM in the range 1.8 - 80 K.

Initial conditions: Temperature of the SIM is in the range 1.8 – 80 K, System 300-80 K is connected to the SIM, all lines are clean and filled with pure gaseous helium. 

Start helium circulation through the cryostat HX1, HX2 and HX3 (LN2 bath) to get temperature CT3 approximately 80 K. Open valves SV3, VVP3 providing helium circulation through SIM CDC. 

Control temperature at the output of the cryostat 300-80 K (sensor CT3) by the temperature difference on the SIM CDC (temperature difference between SIM sensors ST3 and ST2). For this regime this temperature difference should be in the range 20 - 80 K. Control is provided by changing flow rates between valves CVP2 and CVP3. One needs to open valve CVP1, CVP2 and to close CVP3 to warm up the flow, and to open CVP3 to cool down the flow. Regulation of the valve should be provided slowly.
Don’t forget to open valve SV6 at SIM SFCL after temperature ST1 goes up 2.5K (see chapter 8.3)
When the SIM is warmed up to 80 K go to the regime “Warming up the SIM in the range 300-80 K” 

Note: 1. The main difference of this regime from the regime of the warming up in the temperature range 80-300 K is that it is not necessary to keep the temperature difference on the SIM less than 50 K. 

2. Temperature sensor CT2 must have the range of measurement 13 – 320 K (platinum resistor)
11.2. Warming up the SIM in the range 300-80 K.
Open valves SV3, VVP3 providing helium circulation through SIM cool down circuit (CDC). Very important!: Control temperature at the output of the cryostat 300-80 K (sensor CT3) by the temperature difference on the SIM (temperature difference between SIM sensors ST2 and ST3). This temperature difference should be less than 50 K. Control is provided by changing flow rates between valves CVP2 and CVP3. One needs to open valve CVP1, CVP2 and to close CVP3 to warm up the flow, and to open CVP3 to cool down the flow. Regulation of the valve should be provided slowly. 

Table 11.1.  Warm up operations
	Time
	Master Dewar
	L valve box
	G valve box
	After VH1
	SIMulator

	
	HP, MPa
	T1, K
	HL, %
	P2,

mbar
	VT1, K
	VT2, K
	VT4, K
	VP1, Mpa
	VP3, Pa
	VP6, mbar
	VT5, K
	VP2, MPa
	VP5, mbar
	VT3, K
	VP4, K
	ST1, K
	ST2, K
	ST3, K
	ST5, K
	SL1, %
	SP, MPa
	SP2
	QSH, W
	SL2, %

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total time of warming up:


	IHP 087 
	Confirm CGSE operational
	Name 
	Sign
	Date 

	EHP 022 
	Confirm CGSE operational
	Name 
	Sign
	Date 
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Fig.1. CGSE scheme for test with SIMulator
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Fig.2. CGSE lay-out for test at SJTU
Table 1 List of AMS CGSE Equipment

	Item
	QTY
	Weight,

kg
	Dimension LxWxH

m
	Power Reqmts.
	Facilities

	Liquid nitrogen tank
	1
	4330
	1.5x3.75x2
	None
	SJTU, SM, CERN, KSC

	1000 liter Liquid Helium Master Dewar
	1(+1 spare)
	890
	1.5x1.5x2
	None
	SJTU, SM, CERN, KSC

	1000 liter Liquid Helium Transfer Dewar
	1
	633
	1.4x1.4x2
	None
	SJTU, SM, CERN, KSC

	Cryostat
	1
	560
	1.36x1.36x2.1
	
	

	System 300-80 K,
KNF Membrane pumps and Fun HX2 Unit


	1
	TBD by SJTU
	2x2x2
	KNF Membrane pumps 4x1 kW, 230/400V, 50/60 Hz,

Fan HX2– 6 kW (220V, 50 Hz)
	SJTU, SM, CERN, KSC

	Gas Valve Box
	1
	356
	1.5x1.5x1.5
	None
	SJTU, SM, CERN, KSC

	Liquid Valve Box
	1
	237
	0.8x0.8x2
	None
	SJTU, SM, CERN, KSC

	Heat exchanger HV1 for warm-up of back helium flow
	1
	300
	2x1x1.8
	None
	SJTU, SM, CERN, ESTEC, KSC

	Vacuum pump LEYBOLD RUTA WS2001FU/SV630F/A
	2
	1200

each
	1x2x2
	400V, 50 Hz, 2x22.5 kW or 460V, 60 Hz, 2x27 kW
	SJTU, SM, CERN, ESTEC, KSC

	Gas Helium cylinders 40 liters
	24
	60

each
	0.2x0.2x1.5

Each
	None
	To be provided at place of test: SJTU, SM, CERN, KSC

	Gaseous helium supply system for SCL
	1
	TBD by SJTU
	TBD by SJTU
	None
	SJTU, SM, CERN, ESTEC, KSC

	Pneumatic system for control EP valves
	1
	TBD by SJTU
	TBD by SJTU
	TBD by SJTU
	SJTU, SM, CERN, ESTEC, KSC

	Helium Leak Detector
	1
	TBD by SJTU
	TBD by SJTU
	TBD by SJTU
	SJTU, SM, CERN, ESTEC, KSC

	Turbo-molecular Vacuum Pump
	1
	TBD by SJTU
	TBD by SJTU
	TBD by SJTU
	SJTU, SM, CERN, ESTEC, KSC

	CGSE-ES electronics rack
	2
	200<

each
	0.61x0.62x1.6
	Power less then 2 kW, 220 V, 50 Hz
	SJTU, SM, CERN, ESTEC, KSC

	LHe transfer lines with He vapor cooled shield (PL1+PL10, PL2)
	2
	160 (PL1+PL10)

80 (PL2)
	5

(length)
	None
	SJTU, SM, CERN, ESTEC, KSC

	Cryogenic pipelines

(PL3-PL14)
	12
	TBD by SJTU
	2.5..10

(length)
	None
	Test Area, PAD (only PL6, PL7, PL10, PL13)

	Vent lines
	3
	TBD by IPP
	15
(length)
	None
	SM, CERN, ESTEC, KSC


Table 2. Burst disks of AMS CGSE

	BD
	Position
	Settings
	Manufacturer
	Comments

	
	
	Burst Pressure /Barg
@ Temperature/K
	ID, mm
	
	

	CBD1
	System 300~80 K,

Input to the compressor
	Burst Pressure: 3 barg @ 300 K

Min-Max MFG Range: 2.70 to 3.00 barg
	38.1
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	CBD2
	System 300~80 K, cooling flow to AMS
	Burst Pressure: 3 barg @ 300 K

Min-Max MFG Range: 2.70 to 3.00 barg
	38.1
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	CBD3
	System 300~80 K, Vacuum case of cryostat
	Burst Pressure: 0.8 barg @ 300 K

Min-Max MFG Range: 0.66 to 0.80 BARG
	38.1
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	VBD1
	G Valve box,

Gas collector
	Burst Pressure: 1.50 barg @ 300 K

Min-Max MFG Range: 1.22 to 1.50 BARG
	38.1
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification



	VBD2
	L valve box. Filter1
	Burst Pressure: 3 barg @ 300 K

Min-Max MFG Range: 2.70 to 3.00 barg
	38.1
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	VBD3
	Vacuum case of G valve box
	Burst Pressure: 0.8 barg @ 300 K

Min-Max MFG Range: 0.66 to 0.80 BARG
	38.1
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	VBD4
	Back flow line near G valve box
	Burst Pressure: 3 barg @ 300 K

Min-Max MFG Range: 2.70 to 3.00 barg
	38.1
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	VBD5
	L Valve box, LHe line
	Burst Pressure: 3 barg @ 300 K

Min-Max MFG Range: 2.70 to 3.00 barg
	38.1
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	VBD6
	G Valve box,

Gas helium output
	Burst Pressure: 3 barg @ 300 K

Min-Max MFG Range: 2.70 to 3.00 barg
	38.1
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	VBD7
	G Valve box,

Output from AMS CDC
	Burst Pressure: 3 barg @ 300 K

Min-Max MFG Range: 2.70 to 3.00 barg
	38.1
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	VBD8
	Vacuum case of L valve box
	Burst Pressure: 0.8 barg @ 300 K

Min-Max MFG Range: 0.66 to 0.80 BARG
	38.1
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	VBD10
	L Valve box, Liquid helium line PL2
	Burst Pressure: 3 barg @ 300 K

Min-Max MFG Range: 2.70 to 3.00 barg
	38.1
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	VBD11
	G Valve box, line PL6
	Burst Pressure: 3 barg @ 300 K

Min-Max MFG Range: 2.70 to 3.00 barg
	38.1
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	LBD
	GHe supply system for AMS Superfluid Cooling Loop
	Burst Pressure: 7.0 barg @ 300 K

Min-Max MFG Range: 6.30 to 7.00 barg
	38.1
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	SBD1
	SCL in AMS SIMulator
	7Barg@26.85degc

Burst Pressure Range: 6.3~7Barg
	10
	BS&B
	Type：Welded FRB Assy. Size：DN10MPT Inlet/MPT Outlet

Material：316LSS Body/316LSS Disk B.P/TEMP:

Special Requirements:

1).Disk is welded in the body and withstand full vacuum;

2).Disk is non-fragmentation after bursting;

3).100% helium leak test after welding. Max leakage<10-7Pa.l/s;

4).Oxygen cleaning class one



	SBD2
	SIMulator LHe vessel
	B.P/TEMP: 3Barg@26.85degc

Burst Pressure Range: 2.7~3Barg
	10
	BS&B
	Type：Welded FRB Assy. Size：DN10 MPT Inlet/MPT Outlet

Material：316LSS Body/316LSS Disk

Special Requirements:

1).Disk is welded in the body and withstand full vacuum;

2).Disk is non-fragmentation after bursting;

3).100% helium leak test after welding. Max leakage<10-7Pa.l/s;

4).Oxygen cleaning class one

	SBD3
	SIMulator, VC
	B.P/TEMP: 0.8Barg@26.85deg.C

Burst Pressure Range: 0.72~0.8Barg


	25
	BS&B
	Material：316LSS Body/316LSS Disk

Special Requirements:

1) Disk is welded in the body and withstand full vacuum;

2) Disk is non-fragmentation after bursting;

3) 100% helium leak test after welding. Max leakage<10-7Pa.l/s;

4) Oxygen cleaning class one

	PL8BD2
	LHe fill port of the Master Dewar
	Burst Pressure: 3 barg @ 300 K

Min-Max MFG Range: 2.70 to 3.00 barg
	38.1
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	PL8BD1
	LHe output port of the Transfer Dewar
	Burst Pressure: 3 barg @ 300 K

Min-Max MFG Range: 2.70 to 3.00 barg
	38.1
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	HBD1
	LHe Master Dewar, LHe vessel
	2 @ 300
	25.4
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	HBD2
	LHe Master Dewar,

LHe vessel
	3 @ 300
	25.4
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	HBD3
	LHe Master Dewar,

VC
	0.3 @ 300
	120
	Wessington
	Vacuum blow off disc

	B1
	LHe Transfer Dewar, LHe vessel
	Burst Pressure: 2.0 barg @ 300 K

Min-Max MFG Range: 1.72 to 2.00 barg
	63.2
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification

	B2
	LHe Transfer Dewar, VC
	Burst Pressure: 0.35 barg @ 300 K

Min-Max MFG Range: 0.21 to 0.35 barg
	152.4
	Fike
	Body Material: SST 316L

Rupture Disc Material: SST 316L

Full vacuum

Non-Fragmenting

Cleaned for Oxygen Service

Helium Leak Rate: 1x10(-8) ATM CC/Sec

CE Certification


Table 3. Relief valves

	RV
	Location
	Function
	Burst Pressure /Bara
@ Temperature/K
	ID, mm
	Commentary

	VVR3
	G Valve box
	Prevent line PL7 from overpressure. Also prevent AMS vessel from overpressure (secondary system)
	1.6 @ 80…300
	40
	Overflow valve

	VVR5
	GHe output into atmosphere
	Prevent system from penetration of air
	1.05 @ 300
	20
	Check valve

	CVR4
	Cryostate 300-80K
	Prevent LN2 line PL11 from overpressure
	3 @ 80…300
	25.4
	Inline relief valve, welded design

	CVR3
	System 300-80K
	Preventing output of KNF compressor from overpressure
	2.1 @ 300
	20
	Overflow valve

	HVR3
	LHe Master Dewar
	Prevent LHe Master Dewar from overpressure as secondary system
	0.69 @ 300
	25.4
	

	R1
	LHe Transfer Dewar
	Prevent LHe Transfer Dewar from overpressure as secondary system
	0.69 @ 300
	25.4
	


Table 4. Vacuum gauges

	Designation
	Location
	Description
	Value of vacuum pressure
	Name
	Sign
	Date

	P2
	VC of LHe Transfer Dewar
	Vacuum gauge ZJ-10B
	
	
	
	

	VP6
	VC of L valve box
	
	
	
	
	

	VP5
	VC of G valve box
	
	
	
	
	

	CP3
	VC of Cryostat
	
	
	
	
	

	SP2
	VC of SIMulator
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Fig.3 Pneumatical system
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