INTERNATIONAL IEC
STANDARD 61788-4

Second edition
2007-04

Superconductivity —

Part 4:

Residual resistance ratio mea.ur>ment —
Residual resistance ratic o” Nb-Ti
composite superconducto\s

Commission Electrotechnique Internationale PRICE CODE T
International Electrotechnical Commission
MexayHapoaHaa dnekTpoTexHuyeckas Komuceus

For price, see current catalogue


https://www.stdhive.com/standards/iec-61788-4-ed-20-en2007-pdf/

-2- 61788-4 © IEC:2007(E)

CONTENTS

O L L @ 1 I PP 3
LN 75 1 L@ N 1 ] 5
S T o1 o o 1= TP 6
2 NOIMaAtiVe FEfEIENCES . o 6
3 Terms and definition ... ..o e 6
N = Yo LU 11 =Y 0 0= o1 £ T
LT o o = 1 = (U3 7
5.1 Material of measuring mandrel or of measuring base plate ......................ohl v
5.2 Diameter of the measuring mandrel and length of the measuring base riato....... 4
5.3 Cryostat for the resistance, Ry, measurement ...............cooevviiiiieiieinienans e 8
6 Specimen preparation.... ... e 8
Data acquisition and analysis ........ccoviiiiiiiii e T e 8
7.1 Resistance (Rq) at room temperature ...........coooooiiiiiiiii i 8
7.2 Resistance (R>*) just above the superconducting transitioti.... ..., 8
7.3 Correction on measured Ro* for bending strain.............c...ci i 11
7.4 Residual resistance ratio (RRR) .....o.iiuiiiiiii e e e 11
8 Uncertainty and stability of the test method ................ 11
8.1  TeMPEratUre.. ..o e 11
8.2  Voltage MeasUrEmMeNt. ... e e e 11
8.3 UMt . e e e 11
I S B 111 0 1=1 o E-] [0 o E e PP 12
1S T 1= 1= =Y o o o 12
9.1 RRR VAIUE ... e 12
S BT o 1= o [ 1= o TP 12
9.3 TSt CONAITIONS ... et 12
9.3.1 Report of test CONAIUONS ... 12
0.3.2  REPOI Of R e e 13
0.3.3  RePOMt O o e 13
Annex A (informativ.) A dditional information relating to the measurement of RRR............... 14
Annex B (informiative) Jtatistical definitions ..., 22
Figure 1 — Rulationship between temperature and resistance ..., 7
Figure z — Voltage versus temperature curves and definitions of each voltage........................ 9

FCigure A. — Bending strain dependency of RRR for pure Cu matrix of Nb-Ti composite
sunerconuuctors (comparison between measured values and calculated values).................. 15
Fiqure A.2 — Bending strain dependency of RRR for round Cu Wires...........cooeeoviiiiiiniineennnes 15
rigure A.3 — Bending strain dependency of normalized RRR for round Cu wires................... 16
Figure A.4 — Bending strain dependency of RRR for rectangular Cu wires ...............cccccoeevnen. 16
Figure A.5 — Bending strain dependency of normalized RRR for rectangular Cu wires .......... 17
Figure A.6 — Distribution of observed RRR of Cu/Nb-Ti composite superconductor ............... 19

Figure A.7 — Definition of VOItages ... 20


https://www.stdhive.com/standards/iec-61788-4-ed-20-en2007-pdf/

61788-4 © IEC:2007(E) -3-

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SUPERCONDUCTIVITY -

Part 4: Residual resistance ratio measurement —
Residual resistance ratio of Nb-Ti composite superconductors

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization corn nrising
all national electrotechnical committees (IEC National Committees). The object of IEC is to« pro.note
international co-operation on all questions concerning standardization in the electrical and electroric fic'ds. To
this end and in addition to other activities, IEC publishes International Standards, Technica. Spe ificaions,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referrec to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committe. interested
in the subject dealt with may participate in this preparatory work. International, goveiymental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC cc'laborates closely
with the International Organization for Standardization (ISO) in accordance with ccadition determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as i 2e/ly s pussible, an international
consensus of opinion on the relevant subjects since each technical commii.re h s representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for internationai "1s2 and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to enc ire that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for th': wav n which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Cmn.'ttees undertake to apply IEC Publications
transparently to the maximum extent possible in their ~.ciion.! and regional publications. Any divergence
between any IEC Publication and the corresponding natio ral oi regional publication shall be clearly indicated in
the latter.

IEC provides no marking procedure to indicateits approval and cannot be rendered responsible for any
equipment declared to be in conformity with an !=C Rubi.cation.

All users should ensure that they have the laic=t wdiuon of this publication.

No liability shall attach to IEC or its dire itors, employees, servants or agents including individual experts and
members of its technical committees and . -C "{ational Committees for any personal injury, property damage or
other damage of any nature whatshev.r, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publice‘ion, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Noi vutivi2 references cited in this publication. Use of the referenced publications is
indispensable for the corr=ct ap2'ication of this publication.

Attention is drawn to-..> pcrsibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC si. Il no be held responsible for identifying any or all such patent rights.

International <.andard |EC 61788-4 has been prepared by IEC technical committee 90:
Superconduc. vity.

This sezond edition cancels and replaces the first edition published in 2001. It constitutes a
techrica revision. The main revisions are the replacement of “accuracy” by “uncertainty” and
a c.oange in Figure 1, where the relationship between temperature and voltage is changed to
to e relaticaship between temperature and resistance.

The text of this standard is based on the following documents:

FDIS Report on voting
90/203/FDIS 90/205/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 61788 series, published under the general title Superconductivity,
can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

* reconfirmed;

* withdrawn;

+ replaced by a revised edition, or
*+ amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

Copper is used as a matrix material in multifilamentary superconductors and works as an
electrical shunt when the superconductivity is interrupted. It also contributes to recovery of
the superconductivity by conducting heat generated in the superconductor to the surrounding
coolant. The cryogenic-temperature resistivity of copper is an important quantity, which
influences the stability of the superconductor. The residual resistance ratio is defined as a
ratio of the resistance of the superconductor at room temperature to that just above the
superconducting transition.

In this International Standard, the test method of residual resistance ratio of Nb-Ti composite
superconductors is described. The curve method is employed for the measurement o: the
resistance just above the superconducting transition. Other methods are describxd 'n
Clause A.4.
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1 Scope

This part of IEC 61788 covers a test method for the determination of the residual resis.ance
ratio (RRR) of a composite superconductor comprised of Nb-Ti filaments and Cu, Cu-Ni or
Cu/Cu-Ni matrix. This method is intended for use with superconductors that have a mcnoithic
structure with rectangular or round cross-section, RRR less than 350, and crosg-sec‘ional
area less than 3 mm2. All measurements are done without an applied magnetic fie. d.

The method described in the body of this standard is the “reference” methcd and optional

acquisition methods are outlined in Clause A.4.

2 Normative references

The following referenced document is indispensable for the ~p»nlication of this document. For
dated references, only the edition cited applies. For undatcd 1oferences, the latest edition of
the referenced document (including any amendments) apy.'ies:

IEC 60050-815, International Electrotechnical Voczlula:v (IEV) — Part 815: Superconductivity
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