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SCOPE AND PURPOSE OF THIS DOCUMENT
TD-5220-OP-464130 governs the routine operations of the IB3-A high-field magnet systems at 4.2 K using liquid helium to support critical current testing of strands and cables.  This document outlines the operation of the same cryogenic systems at variable cryogenic temperatures, including:

(a) testing in pumped helium below 4.2 K; 
(b) testing in pressurized helium between 4.2 and 4.5 K; 
(c) testing in flowing helium vapor up to ~60 K; 


REFERENCED DOCUMENTS
The following documents are referenced in this document:
1) TD-5220-OP-464131General activities in IB3-A lab (https://vector.fnal.gov/OPs/V56/1768/911440.docx)
2) TD-5220-OP-464130 CRYOGENIC HIGH-MAGNETIC-FIELD HIGH-CURRENT TESTING OPERATIONS IN IB3-A (https://vector.fnal.gov/OPs/V56/1768/911439.docx)
3) TD-5220-OP-464132-Teslatron Cryogen and Probe Procedures in IB3-A (https://vector.fnal.gov/OPs/V56/1768/911441.docx)


GENERAL DESCRIPTION OF OPERATIONS
The Operations make use of two (2) different cryogenic systems:  
· Teslatron 1 (T1), a 15 T / 17 T superconducting magnet system used mostly for strand critical current and Jc strain sensitivity testing;
· Teslatron 2 (T2), a 14 T/ 16 T superconducting magnet system used mostly for strand critical current and magnetization testing, cable critical current testing, YBCO coil testing; 

T1 and T2 are equipped with a Variable Temperature Insert (VTI) to allow adjusting the temperature of a sample continuously over a wide range. The sample temperature can be controlled over the range from 1.5 K to 60 K. This is done by balancing the cooling power of a flow of liquid helium with a heater, using a dedicated PID temperature controller. The liquid helium is drawn from the main reservoir through a needle valve. This valve is adjusted manually or by an auto needle valve stepper motor to control the flow. Temperature below 4.2 K is obtained by reducing the vapor pressure of liquid helium in the sample space connecting the VTI to a rotary pump. The needle valve can be set to fill the sample space with liquid helium continuously. If the flow rate is set correctly, this flow can just replace the evaporating liquid and maintain a constant liquid level. Lower temperatures can usually be achieved for a limited time by putting the insert into ‘single shot’ mode. The sample space is filled with liquid and the needle valve is closed completely.



Testing in pumped helium below 4.2 K

1) Teslatron 1
a) Prepare the system for 4.2 K operations according to 464130, with a fresh helium fill in the sample space (see 464132 Teslatron Cryogen and Probe Procedures in IB3-A).
b) Ensure the lock is on the HV-112 valve.
c) CHECK THE SHED to make sure nobody is present prior to energizing the vacuum pump.
d) Unlock the main switch of the Vacuum pump electrical panel.
e) Turn on the vacuum pump by pulling the red button on the box labeled “vacuum pump.”  The light should illuminate.  Let the pump run for 15 minutes if the weather is cold before use.
f) Energize the magnet in the same fashion as is instructed for operation at 4.2 K.
g) When the magnet is at the appropriate field, check to see that the VTI is full of helium. When the VTI is as full as possible, open the valves HV-114 and HV-115 to connect the VTI to the Vacuum line and reduce the vapor pressure and close the VTI vent valve HV-116 simultaneously.
h) Adjust the needle valve to control the helium flow and get the desired test temperature and pressure.
i) When stable, continue procedure 464130 and commence procedure 464131 to measure critical current.
j) Monitor helium level and pressure.
k) To refill with helium the Teslatron 1 main bath close the HV-114 and/or HV-115 and open the HV-116 simultaneously. Follow the TD 5220 -OP- 464132 Teslatron Cryogen and Probe Procedures in IB3-A.
l) To resume testing after the refill procedure is completed go to point e).
m) When the test is finished return the system to its 4.2 K state closing the valves HV-114, HV-115 and opening the valve HV-116.
n) Turn off the vacuum pump and lock the main switch of the electrical panel.
o) The system is returned to the 4.2 K state and any further actions are governed by 464130.


2) Teslatron 2

a) Prepare the system for 4.2 K, with a fresh helium fill in the sample space (see Teslatron Cryogen and Probe Procedures in IB3-A).
b) Ensure the lock is on the HV-212 valve.
c) CHECK THE SHED to make sure nobody is present prior to energizing the vacuum pump.
d) Unlock the main switch of the Vacuum pump electrical panel.
e) Turn on the vacuum pump by pulling the red button on the box labeled “vacuum pump.”  The light should illuminate.  Let the pump run for 15 minutes if the weather is cold before use.
f) Energize the magnet in the same fashion as is instructed for operation at 4.2 K.
g) When the magnet is at the appropriate field, check to see that the VTI is full of helium. When the VTI is as full as possible, open the valves HV-214 and HV-215 to connect the VTI to the Vacuum line and reduce the vapour pressure and close the VTI vent valve HV-217 simultaneously.
h) Adjust the needle valve to control the helium flow and get the desired test temperature and pressure.
i) When stable, continue procedure 464130 and commence procedure 464131 to measure critical current.
j) Monitor helium level and pressure.
k) To refill with helium the Teslatron 1 main bath close the HV-214 and/or HV-215 and open the HV-217 simultaneously. Follow the TD 5220 -OP- 464132 Teslatron Cryogen and Probe Procedures in IB3-A.
l) To resume testing after the refill procedure is completed go to point e).
m) When the test is finished return the system to its 4.2 K state closing the valves HV-214, HV-215 and opening the valve HV-217.
n) Turn off the vacuum pump and lock the main switch of the electrical panel.
o) The system is returned to the 4.2 K state and any further actions are governed by 464130.

Testing in pressurized helium between 4.2 K and 4.5 K.

A 5 psig relief valve is installed on each VTI to prevent physical damage of the system. This limits the maximum temperature achievable in the pressurized VTI space to ~4.5 K. ?? How can it be exceeded if we have a relief valve there?

1) Teslatron 1
a) Prepare the system for 4.2 K, with a fresh helium fill in the sample space (see Teslatron Cryogen and Probe Procedures in IB3-A).
b) Close the VTI needle valve.
c) Close the vent valve HV-116 to increase the vapour pressure of liquid helium in the sample space.
d) Wait until the sample temperature is stabilized.
e) Meanwhile energize the magnet in the same fashion as is instructed for operation at 4.2 K.
f) Commence procedure OP-464131 to measure critical current.
g) To refill the main bath follow the TD 5220 -OP- 464132 Teslatron Cryogen and Probe Procedures in IB3-A.
h) When the test is finished return the system to its 4.2 K state opening the valve HV-116.
i) The system is returned to the 4.2 K state and any further actions are governed by 464130.

2) Teslatron 2
a) Prepare the system for 4.2 K, with a fresh helium fill in the sample space (see Teslatron Cryogen and Probe Procedures in IB3-A.
b) Close the VTI needle valve.
c) Close the vent valve HV-216 to increase the vapor pressure of liquid helium in the sample space.
d) Wait until the sample temperature is stabilized.
e) Meanwhile energize the magnet in the same fashion as is instructed for operation at 4.2 K.
f) Commence procedure OP-464131 to measure critical current.
g) To refill the main bath follow the TD 5220 -OP- 464132 Teslatron Cryogen and Probe Procedures in IB3-A.
h) When the test is finished return the system to its 4.2 K state opening the valve HV-216.
i) The system is returned to the 4.2 K state and any further actions are governed by 464130.

Testing in flowing helium vapor up to ~60 K;
1) Teslatron 1
a) Prepare the system for 4.2 K, with a fresh helium fill in the sample space (see Teslatron Cryogen and Probe Procedures in IB3-A).
b) Open the VTI needle valve by half a turn.
c) Open the vent valve HV-116.
d) Activate the appropriate PID temperature control program on the computer and set the temperature of the sample under test.
e) Wait until the sample temperature is stabilized.
f) Meanwhile energize the magnet in the same fashion as is instructed for operation at 4.2 K.
g) Commence procedure OP-464131 to measure critical current.
h) To refill the main bath turn off the temperature control program and follow the TD 5220 -OP- 464132 Teslatron Cryogen and Probe Procedures in IB3-A.
i) When the test is finished return the system to its 4.2 K state turning off the PID program.
j) The system is returned to the 4.2 K state and any further actions are governed by OP-464130.

2) Teslatron 2

a) Prepare the system for 4.2 K, with a fresh helium fill in the sample space (see Teslatron Cryogen and Probe Procedures in IB3-A).
b) Open the VTI needle valve by half a turn.
c) Open the vent valve HV-216.
d) Activate the appropriate PID temperature control program on the computer and set the temperature of the sample under test.
e) Wait until the sample temperature is stabilized.
f) Meanwhile energize the magnet in the same fashion as is instructed for operation at 4.2 K.
g) Commence procedure OP-464131 to measure critical current.
h) To refill the main bath turn off the temperature control program and follow the TD 5220 -OP- 464132 Teslatron Cryogen and Probe Procedures in IB3-A.
i) When the test is finished return the system to its 4.2 K state turning off the PID program.
j) The system is returned to the 4.2 K state and any further actions are governed by OP-464130.


AUTHORIZATION
The lab manager shall conduct OJT, observe the competence of workers, and, when convinced of worker competence, shall recommend to the dept. head that person and be  added to the list of workers authorized to conduct 1.5-4.2 K operations under this procedure.

HAZARDS AND CONTROLS
A Failure Mode and Effect Analysis (FMEA) representing the Hazard Analysis of the complete Cryogenic System has been submitted and reviewed by the Cryogenic Safety Panel. See SRCD-G-4 FMEA on https://sharepoint.fnal.gov

The specific hazards associated with this procedure are outlined in the attached Hazard Analysis form, per FESHM 2060
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