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H 7305 : 2010 (IEC 61788-3 : 2006)

Foreword

This translation has been made based on the original Japanese Industrial Standard
revised by the Minister of Economy, Trade and Industry, through deliberations at
the Japanese Industrial Standards Committee as the result of proposal for revision
of Japanese Industrial Standard submitted by International Superconductivity
Technology Center (ISTEC)/Japanese Standards Association (JSA) with the draft being
attached, based on the provision of Article 12 Clause 1 of the Industrial Standardization
Law applicable to the case of revision by the provision of Article 14.

Consequently JIS H 7305:2003 is replaced with this Standard.
This JIS document is protected by the Copyright Law.

Attention is drawn to the possibility that some parts of this Standard may conflict
with a patent right, application for a patent after opening to the public, utility model
right or application for registration of utility model after opening to the public which
have technical properties. The relevant Minister and the Japanese Industrial Standards
Committee are not responsible for identifying the patent right, application for a patent
after opening to the public, utility model right or application for registration of utility
model after opening to the public which have the said technical properties.
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JAPANESE INDUSTRIAL STANDARD JIS H 7305 : 2010
(IEC 61788-3 : 2006)

Superconductivity—Part 3: Critical
current measurement—DC critical current
of Ag- and/or Ag alloy-sheathed Bi-2212

and Bi-2223 oxide superconductors

Introduction

This Japanese Industrial Standard has been prepared based on the second edition
of IEC 61788-3 published in 2006 without modifying the technical contents and the
structure.

The portions underlined with dots are the matters not stated in the original Inter-
national Standard.

The test method covered in this Standard is intended to give an appropriate and
agreeable technical base to those engineers working in the field of superconductivity
technology.

The critical current of composite superconductors like Ag-sheathed Bi-oxide super-
conductors depends on many variables. These variables need to be considered in both
the testing and the application of these materials. Test conditions such as magnetic
field, temperature and relative orientation of the specimen and magnetic field are de-
termined by the particular application. The test configuration may be determined by
the particular conductor through certain tolerances. The specific critical current cri-
terion may be determined by the particular application. It may be appropriate to
measure a number of test specimens if there are irregularities in testing.

1 Scope

This Standard covers a test method for the determination of the dc critical current
of short and straight Ag- and/or Ag alloy-sheathed Bi-2212 and Bi-2223 oxide super-
conductors that have a monolithic structure and a shape of round wire or flat or square
tape containing mono- or multicores of oxides.

This method is intended for use with superconductors that have critical currents
less than 500 A and n-values larger than 5. The test is carried out with and without
an applying external magnetic field. For all tests in a magnetic field, the magnetic
field is perpendicular to the length of the specimen. In the test of a tape specimen in
a magnetic field, the magnetic field is parallel or perpendicular to the wider tape sur-
face (or one surface if square). The test specimen is immersed either in a liquid he-
lium bath or a liquid nitrogen bath during testing. Deviations from this test method
that are allowed for routine tests and other specific restrictions are given in this Stan-
dard.

NOTE : The International Standard corresponding to this Standard and the sym-
bol of degree of correspondence are as follows:

IEC 61788-3:2006 Superconductivity—Part 3: Critical current measure-
ment—DC critical current of Ag- and /or Ag alloy-sheathed Bi-2212 and
Bi-2223 oxide superconductors (1IDT)
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The symbols which denote the degree of correspondence in the con-
tents between the relevant International Standard and JIS are IDT
(identical), MOD (modified), and NEQ (not equivalent) according to ISO/
IEC Guide 21-1.

2 Normative reference

The following standard contains provisions which, through reference in this text,
constitute provisions of this Standard. The most recent edition of the standard
(including amendments) indicated below shall be applied.

JIS H 7005 International Electrotechnical Vocabulary—Part 815: Superconductivity

NOTE : Corresponding International Standard: IEC 60050-815:2000 Interna-
titonal Electrotechnical Vocabulary—Part 815: Superconductivity (MOD)

3 Terms and definitions

For the purposes of this Standard, the terms and definitions given in JIS H 7005,
and the following apply.

3.1 critical current I,

maximum direct current that can be regarded as flowing without resistance

NOTE : I is a function of magnetic field strength and temperature.

3.2 critical current criterion (I. criterion)
criterion to determine the critical current, I, based on the electric field strength, E or
the resistivity, p

NOTE 1 E=10 uV/m or E=100 uV/m is often used as the electric field strength
criterion, and p=10"" Q+m or p=10"'* Q+m is often used as the resis-
tivity criterion.

NOTE 2 For short high temperature oxide superconductor specimens, less sen-
sitive criteria than those shown in NOTE 1 are sometimes used as /.
criterion.

3.3 n-value (of a superconductor)

exponent obtained in a specific range of electric field strength or resistivity when the
voltage/current U-I curve is approximated by the equation Uoccl”

NOTE : In the case for high temperature oxide superconductors, the equation
Uccl™ does not hold in a wide range of UU. The voltage range shall be
limited.

3.4 quench

uncontrollable and irreversible transition of a superconductor or a superconducting
device from the superconducting state to the normal conducting state

NOTE : A term usually applied to superconducting magnets.

3.5 Lorentz force (on fluxons)

force applied to fluxons by a current
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NOTE 1 The force per unit volume is given by JxB, where J is a current den-
sity, and B is a magnetic flux density.

NOTE 2 “Lorentz force” is defined in IEV 121-11-20.

3.6 current transfer (of composite superconductor)

phenomenon that a dec current transfers spatially from filament to filament in a com-
posite superconductor, resulting in a voltage generation along the conductor

NOTE : In the I. measurement, this phenomenon appears typically near the cur-
rent contacts where the injected current flows along the conductor from
periphery to inside until uniform distribution among filaments is accom-
plished.

3.7 constant sweep rate method

a U-I data acquisition method where a current is swept at a constant rate from zero
to a current above /. while continuously or frequently and periodically acquiring U-/
data

3.8 ramp-and-hold method

a U-I data acquisition method where a current is ramped to a number of appropriately
distributed points along the U-I curve and held constant at each one of these points
while acquiring a number of voltages and current readings

3.9 Bi-2212 and Bi-2223 oxide superconductors

oxide superconductors with layered structure containing CuQs: sheets and chemical
formulae, BisSr:CaCuq0x (x=8) and (Bi,Pb):Sr:Cas,CusOx« (x=10), respectively

4 Principle

The critical current of a composite superconductor is determined from a voltage (U) -
current (/) characteristic measured at a certain value of a static applied magnetic field
strength (magnetic field) and at a specified temperature in a liquid cryogen bath at a
constant pressure. To get a U-I characteristic, a direct current is applied to the su-
perconductor specimen and the voltage generated along a section of the specimen is
measured. The current is increased from zero and the U-I characteristic generated is
recorded. The critical current is determined as the current at which a specific elec-
tric field strength criterion (electric field criterion) (E.) or resistivity criterion (p.) is
reached. For either E. or o, there is a corresponding voltage criterion (U.) for a speci-
fied voltage tap separation.

5 Requirements

The target precision of this method is a coefficient of variation (standard deviation
divided by the average of the critical current determinations) that is less than 5 % for
the measurement at 0 T and near 4.2 K or 77 K.

The use of a common current transfer correction is excluded from this test method.
Furthermore, if a current transfer signature is pronounced in the measurement, then
the measurement shall be considered invalid.
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It is the responsibility of the user of this Standard to consult and establish appro-
priate safety and health practices and to determine the applicability of regulatory limi-
tations prior to use. Specific precautionary statements are given below.

a) Hazards exist in this type of measurement. Very large direct currents with very
low voltages do not necessarily provide a direct personal hazard, but accidental
shorting of the leads with another conductor, such as tools or transfer lines, can
release significant amounts of energy and cause arcs or burns. It is imperative
to isolate and protect current leads from shorting.

b) Also the energy stored in the superconducting magnets commonly used for the
background magnetic field can cause similar large current and/or voltage pulses
or deposit large amounts of thermal energy in the cryogenic systems, causing rapid
boil-off or even explosive conditions.

¢) Under rapid boil-off conditions, cryogens can create oxygen-deficient conditions
in the immediate area and additional ventilation may be necessary. The use of
cryogenic liquids is essential to cool the superconductors to allow the transition
into the superconducting state. Direct contact of skin with cold liquid transfer
lines, storage Dewars or apparatus components can cause immediate freezing, as
can direct contact with a spilled cryogen.

d) Ifimproperly used, liquid helium storage Dewars can freeze air or water in pres-
sure vent lines and cause the Dewar to over-pressurize and fail despite the com-
mon safety devices. It is imperative that safety precautions for handling cryogenic
liquids be observed.

6 Apparatus

6.1 Measurement holder material
The measurement holder material shall be as follows.

a) The measurement holder shall be made from an insulating material or from a
conductive non-ferromagnetic material that is either covered or not covered with
an insulating layer.

b) The critical current may inevitably depend on the measurement holder material
due to the strain induced by the differential thermal contraction between the speci-
men and the measurement holder.

The total strain induced in the specimen at the measuring temperature shall
be minimized to be within +0.1 %. If there is an excess strain due to the differ-
ential thermal contraction of the specimen and the holder, the critical current shall
be noted to be determined under an excess strain state by identification of the
holder material.

¢) Suitable measurement holder materials are recommended in A.3.1. Any one of
these may be used.

When a conductive material is used without an insulating layer, the leakage
current through the holder shall be less than 1 % of the total current when the
specimen current is at /. (see 9.5).
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