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1.
Introduction
This document covers the operating procedures of critical current (Ic) measurements of superconductors using a multiple-sample probe and a 100L portable liquid helium Dewar. The test and operations involved are similar to tests that are commonly performed at IB3A to determine the dependence of critical current of superconducting strands as a function of magnetic field and temperature. However, this multi-sample allows Ic measurements without the presence of any external fields to be performed in relatively faster manner, therefore saving helium and time for switching samples. Since self-field tests do not involve magnetic field hazard, this probe has the flexibility of being used with various cryogenic vessels in IB3A, including the 100L portable Dewar, the Teslatron and liquid nitrogen Dewars. With the 100L portable Dewar, tests can be done either in IB3A (with the Dewar placed in one of the Teslatron magnet pits) or in IB3. General guidelines for handling cryogens are similar to those for superconducting strand critical current tests at IB3A and therefore only briefly described. This document described the specification of the probe and the portable Dewar, and defines procedures taken to minimize hazards associated with such a test.  Appropriate operator training requirements are described
2.
Description of the samples to be tested
Typical samples for self-field Ic measurements with this probe include all superconducting strands studied at Fermilab, mostly Ag-sheathed Bi-2212 superconductor wire and tapes, YBCO tapes and MgB2 wires. The basic information of these samples is listed in table 1.
Table1: Specifications of superconductor test samples
	Specifications
	

	Dimension
	Typical samples are superconducting strands with a length of 4-5 cm. Samples can be either round wire with a diameter in the range of 0.5-2mm or tape conductor with a width of ~ 10mm and a thickness of ~ 0.1mm

	Critical current
	<800A (4.2 K, self-field).


3.         Specification of the probe: 
The multiple-sample probe holds up to 8 short samples and reduces time and helium consumption in Ic measurements.
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Figure 1: Multiple-sample probe (MSP). 
The major specification of the probe is listed in table 2.

Table2: Specifications of the probe
	Specifications
	

	Dimension
	~195cm long

	Weight
	42 Lb

	Material
	copper (current leads); silver-plated brass (socket connector); 304 stainless steel (body); G10(sample holder and top insulation plate)

	Current capability
	Maximum current of 800 A in a linear current ramping mode, with the ramping rate varying from 1 A/s to 10 A/s, depending on the critical current and n-values of superconductor samples being measured. 260 A in a steady-state current mode.

	Working temperature
	4.2K. Probe head can is soaked in liquid helium. A Cernox sensor is installed ~7.5cm above the samples to ensure that the samples are well below the cryogenic liquid level.


4.        Specification of the Dewar
The Dewar is a CMSH-100 type 100L liquid helium Dewar manufactured by CROFAB. The Dewar is compatible with AMSE pressure vessel standard and has a MAWP of 25 psig. The detailed specification can be found in the attached TA5031 form.
Table 3: Specification of the Dewar
	Specification
	

	MAWP 
	25psig

	Maximum capacity
	110L

	Height
	152.4cm

	Pressure relief valves 
	0.5psig relief valve(Generant VRV-250B),
15 psig relief valve(Kunkle 542-CO1AKM)


[image: image2.png]



Figure 2: 100L Dewar. A: level meter; B: 0.5 psig pressure relief valve; C: 15 psig pressure relief valve.
5.
General operation procedure
            5.1 Sample preparation and installation
a. Mount samples onto the probe at room temperature. 
b. Apply some amount of paraffin wax to mechanically fix the samples if desired. 
            5.2 Inserting the probe into the Dewar
a. Set up restricted working area with clear signs and warnings for cryogenic and pressure hazards.

b. Lock the wheels to secure the Dewar from moving.

c. Use Roust-A-Bout lift at work location to lift the probe and then lower the probe into the Dewar slowly. This operation requires 2m overhead space and can be done either in IB3 or in IB3A with the Dewar placed in one of the pits for Teslatron magnets.
d. Make sure all the relief valves are open during probe insertion. 
e. After insertion, tighten the quick-disconnect coupler.

5.3 Perform measurement

a. Test I-V characteristics of samples at 4.2 K and self field and determine their critical current.
5.4 After measurement

a. Turn off the power supply.

b. Disconnect all connection cables from the probe.

c. Make sure all the relief valves are open.

d. Remove the quick-disconnect coupler. 
e. Use Roust-A-Bout to slowly lift the probe till the end of the probe is outside the Dewar.


Operations may include:
1) Operation of Roust-A-Bout.

2) Use of cryogen.

3) Use of pressure vessel.

4) Use of electricity, electronics, and computer.

5) Soldering work.

6       Cryogen Precaution
General guidelines for handling cryogens are similar to those for superconducting strand critical current tests at IB3A. Refer to the document “IB3A Cryogenic Systems: Teslatron Systems Operating Procedure”.
      7.     PPE, training requirement, and operation control
           In addition to work-area specific PPE, the following applies.

Personnel must wear thermal gloves when handling cold probe and other low temperature objects. Steel toed shoes are required when handling lift or when moving heavy probes.  

Handling of liquid cryogen is restricted to personnel who have been authorized by the head of TD/SCRD. This authorization is contingent upon successful completion of general cryogen, ODH training outlined below as well as other training consistent with TD/SCRD requirements.  

1. Up to date Fermilab training record for the following trainings as required by the Individual Training Needs Assessment (ITNA)
a. “Cryogenic safety training” (FN000434/CR) 
b. “O.D.H. training (FN000029/CR/01)” 
c. “Electrical Safety in the Workplace (NFPA 70E) (FN000385/CR/01)” 

d. “Basic Computer Security (FN000374/CB/01)”
e. “Computer Workstation Ergonomics (FN000324 / CR)”
2. Review of the following document with the TD/SCRD Responsible Engineer:  
a. Cryogenic operations and probe use: “IB3A Cryogenic Systems: Teslatron Systems Operating Procedure”, 
b. CMSH-100 liquid helium Dewar pressure hazards: engineering note, Pei Li 
c. Critical current testing of superconducting strands: “General procedure for testing critical current of superconducting strands”, TD-5220-OP-464129, D. Turrioni.
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