BS EN IEC 61788-27:2025

Superconductivity

Part 27: Twist pitch measurement of practical superconducting wires — Twist

pitch measurement of Nb-Ti/Cu and Nb-Sn/Cu composite superconductors

°
bSl. Documents

Document Sharing Hub

Full document details: BS EN IEC 61788-27:2025


https://doi.org/10.3403/BSENIEC61788?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-iec-61788-27-2025
http://www.avadocuments.com/doc/bs-en-iec-61788-27-2025

BRITISH STANDARD

National foreword

This British Standard is the UK implementation of EN IEC 61788-27:2025.
It is identical to IEC 61788-27:2025.

The UK participation in its preparation was entrusted to Technical
Committee W/-, Miscellaneous Standards.

A list of organizations represented on this committee can be obtained on
request to its committee manager.

Contractual and legal considerations

This publication has been prepared in good faith, however no
representation, warranty, assurance or undertaking (express or
implied) is or will be made, and no responsibility or liability is or will be
accepted by BSI in relation to the adequacy, accuracy, completeness or
reasonableness of this publication. All and any such responsibility and
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are
responsible for its correct application.

© The British Standards Institution 2025
Published by BSI Standards Limited 2025

ISBN 978 0 539 20620 3
ICS 29.050

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 30 April 2025.

Amendments/corrigenda issued since publication

Date Text affected

Documents

Document Sharing Hub

Full document details: BS EN IEC 61788-27:2025


https://doi.org/10.3403/BSENIEC61788?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-iec-61788-27-2025
http://www.avadocuments.com/doc/bs-en-iec-61788-27-2025

I
EUROPEAN STANDARD EN IEC 61788-27

NORME EUROPEENNE
EUROPAISCHE NORM April 2025

ICS 29.050
English Version
Superconductivity - Part 27: Twist pitch measurement of
practical superconducting wires - Twist pitch measurement of
Nb-Ti/Cu and Nb-Sn/Cu composite superconductors
(IEC 61788-27:2025)
Supraconductivité - Partie 27: Mesurage du pas de torsade Supraleitfahigkeit - Teil 27: Messung der Schlaglange von
de fils supraconducteurs pratiques - Mesurage du pas de technischen supraleitenden Drahten - Messung der
torsade des composites supraconducteurs Nb-Ti/Cu et Nb- Schlaglange von Nb-Ti/Cu- und Nb-Sn/Cu-Verbund-
Sn/Cu Supraleitern
(IEC 61788-27:2025) (IEC 61788-27:2025)

This European Standard was approved by CENELEC on 2025-04-01. CENELEC members are bound to comply with the CEN/CENELEC
Internal Regulations which stipulate the conditions for giving this European Standard the status of a national standard without any alteration.

Up-to-date lists and bibliographical references concerning such national standards may be obtained on application to the CEN-CENELEC
Management Centre or to any CENELEC member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation
under the responsibility of a CENELEC member into its own language and notified to the CEN-CENELEC Management Centre has the
same status as the official versions.

CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Croatia, Cyprus, the Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the
Netherlands, Norway, Poland, Portugal, Republic of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkiye and the United Kingdom.

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Européisches Komitee fiir Elektrotechnische Normung

CEN-CENELEC Management Centre: Rue de la Science 23, B-1040 Brussels

© 2025 CENELEC All rights of exploitation in any form and by any means reserved worldwide for CENELEC Members.

o NREUMENES ¢

Document Sharing Hub

Full document details: BS EN IEC 61788-27:2025


https://doi.org/10.3403/BSENIEC61788?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-iec-61788-27-2025
http://www.avadocuments.com/doc/bs-en-iec-61788-27-2025

I |
EN IEC 61788-27:2025 (E)

European foreword

The text of document 90/532/FDIS, future edition 1 of IEC 61788-27, prepared by TC 90
"Superconductivity" was submitted to the IEC-CENELEC parallel vote and approved by CENELEC as
EN IEC 61788-27:2025.

The following dates are fixed:

» latest date by which the document has to be implemented at national (dop) 2026-04-30
level by publication of an identical national standard or by endorsement

+ latest date by which the national standards conflicting with the (dow) 2028-04-30
document have to be withdrawn

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC shall not be held responsible for identifying any or all such patent rights.

Any feedback and questions on this document should be directed to the users’ national committee. A
complete listing of these bodies can be found on the CENELEC website.

Endorsement notice

The text of the International Standard IEC 61788-27:2025 was approved by CENELEC as a European
Standard without any modification.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SUPERCONDUCTIVITY -

Part 27: Twist pitch measurement of practical superconducting wires —
Twist pitch measurement of Nb-Ti/Cu and
Nb-Sn/Cu composite superconductors

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users shall ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC 61788-27 has been prepared by IEC technical committee 90: Superconductivity. It is an
International Standard.

The text of this International Standard is based on the following documents:

Draft Report on voting

90/532/FDIS 90/540/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

Documents

Document Sharing Hub

Full document details: BS EN IEC 61788-27:2025


https://doi.org/10.3403/BSENIEC61788?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-iec-61788-27-2025
http://www.avadocuments.com/doc/bs-en-iec-61788-27-2025

-6 - IEC 61788-27:2025 © |IEC 2025

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

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 document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,
e withdrawn, or

e revised.
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INTRODUCTION

Twisting of multi-filamentary superconductors is an important step in the development of wires
with AC losses at an acceptable level for AC applications. The necessary twist pitch depends
on wire architecture, critical current density, matrix material, and external factors such as
temperature, frequency and applied magnetic field.

Therefore, twist pitch is a very important parameter in the design and application of composite
superconducting wires, which is often inspected in the last stage of fabrication. Due to the
different architectures of different composite superconductors, appropriate test methods should
be adopted for specific architectures.

This document specifies the untwisting method for measuring the twist pitch of Nb-Ti/Cu and
Nb-Sn/Cu composite superconductors [1]1. As supplementary methods, the direct measurement
method and the image processing method [1] are specified in Annex A and Annex B,
respectively.

T Numbers in square brackets refer to the Bibliography. Documents
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SUPERCONDUCTIVITY -

Part 27: Twist pitch measurement of practical superconducting wires —
Twist pitch measurement of Nb-Ti/Cu and
Nb-Sn/Cu composite superconductors

1 Scope

This part of IEC 61788 specifies a test method for the twist pitch measurement of Nb-Ti/Cu and
Nb-Sn/Cu composite superconductors by an untwisting method.

The test method is applicable to Nb-Ti/Cu and Nb-Sn/Cu composite superconducting wires with
monolithic structures, which have either a round cross section with a diameter ranging from
0,2 mm to 2 mm or a rectangular cross section that is equivalent in area to the round
cross-sectional wires. These wires possess a filament diameter ranging from 6 ym to 200 ym,
a twist pitch between 5 mm and 50 mm, and a matrix of copper or copper alloy. This document
uses nitric acid to remove the matrix (copper or copper alloy), so the surface of the composite
superconducting wire can be plated with a material that is dissolvable by nitric acid.

Though uncertainty can increase, the method can apply to Nb-Ti/Cu or Nb-Sn/Cu composite
superconducting wires when the parameters of cross-sectional area, filament diameter and twist
pitch are out of the limit.

The test method specified in this document is expected to apply to other types of composite
superconducting wires after some appropriate modifications.

2 Normative references

There are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1
twist
turns made by a filament around a central wire axis

[SOURCE: IEC 60050-815:2015 [2], 815-13-46, modified — In the definition, "or strand" has
been deleted and "conductor" has been replaced with "central wire".]
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3.2
twist direction
direction of a filament in twist

Note 1 to entry: There are two types of twist direction: Z-twist (sometimes referred to as right-hand twist) when the
filament or strand is twisted in a clockwise direction and S-twist (sometimes referred to as left-hand twist) when the
filament or strand is twisted in an anticlockwise direction.

3.3

twist pitch

Lp

axial length in which a filament firstly returns to its original relative position in a twisted
superconducting wire

[SOURCE: IEC 60050-815:2015 [2], 815-13-47, modified — The preferred term "twist pitch
length" has been deleted. In the definition, "or strand" has been deleted and "conductor" has
been replaced with "superconducting wire".]

3.4

twist angle

untwist angle

0

angle at which all filaments of a twisted superconducting wire return to parallel original axial
positions during the untwisting process

4 Principle

Low temperature superconducting wire is usually composed of tens to even thousands of
superconducting filaments embedded in copper and copper alloy matrix. After the
superconducting wire is twisted, the inner filaments are also regularly twisted with a specific
twist pitch. This document specifies an untwisting method to measure the twist pitch
(see Figure 1).

a)li i|
HNO3
, 000 00 00 |
b)li =
- ! B
c)IE T I CQ

d) EIE:IZ
IEC

Figure 1 — Principle demonstration

The untwisting method can be briefly described as follows.

a) Fix the two ends of the specimen (Figure 1a).

b) Remove the copper or copper alloy matrix in the middle section of the specimen with HNO4
solution (Figure 1b).

c) Measure the length of the dissolved zone (denoted as /, explanation see 8.4).

d) Rotate one end of the wire to untwist it until the filaments in the dissolved zone are parallel
(Figure 1c and Figure 1d). Record the rotated angle (denoted as 6). Documents
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e) Calculate the twist pitch L, using / and @ (see Formulae (1) and (2)).

The other two normative methods, the direct measurement method and the image processing
method, are specified in Annex A and Annex B, which are equivalent alternatives.

5 Reagents and auxiliary materials

The following reagents shall be prepared for specimen preparation:

— detergent and degreaser;

— anhydrous ethanol;

— nitric acid solution (40 % to 65 % mass percentage concentration is recommended).
Rubber gloves and acid-resistant tweezers shall be used when handling acid solution.

The following auxiliary materials and tools shall be prepared for specimen preparation:

— 300 to 800 mesh fine sandpaper (apply to Nb-Sn/Cu specimens only).
6 Apparatus and tools

The apparatus and tools required for measurement shall include the following:

— an auxiliary tool for twist pitch measurement, which has an angle scale with an accuracy of
5° or better (an example is given in Annex C);

— fume hood;
— calliper (accuracy 0,02 mm or better);

— oven or dryer.
7 Specimen preparation

7.1 Requirements
The untwisting method shall be used for twist pitches in the range of 5 mm to 50 mm to ensure

adequate accuracy for the measurement. The specimen length shall be longer than six times of
the nominal twist pitch.

The specimen shall be free from torsion and bending.

7.2 Cleaning
Detergent and degreaser shall be used to remove oil stains and other contamination from the

specimen. Then, the specimen shall be rinsed repeatedly with running water, and finally
dehydrated by anhydrous ethanol.

7.3 Drying

After cleaning, the specimen shall be dried completely in an appropriate manner. For example,
drying with hot air or placed into an oven (60 °C to 70 °C).
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