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INTERNATIONAL ELECTROTECHNICAL COMMISSION  83 

____________ 

 
SUPERCONDUCTIVITY– 84 

 
Part 27: Twist pitch measurement of practical superconducting wires—85 

Twist pitch measurement of Nb-Ti/Cu and Nb-Sn/Cu composite 86 

superconductors 87 

 
 

FOREWORD 88 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 89 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 90 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 91 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 92 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 93 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 94 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 95 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 96 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.  97 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 98 
consensus of opinion on the relevant subjects since each technical committee has representation from all 99 
interested IEC National Committees.  100 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 101 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 102 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 103 
misinterpretation by any end user. 104 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 105 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 106 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.  107 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 108 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 109 
services carried out by independent certification bodies.  110 

6) All users should ensure that they have the latest edition of this publication.  111 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 112 
members of its technical committees and IEC National Committees for any personal injury, property damage or 113 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 114 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.  115 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 116 
indispensable for the correct application of this publication.  117 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 118 
rights. IEC shall not be held responsible for identifying any or all such patent rights.  119 

International Standard IEC 61788-27 has been prepared by IEC technical committee 90: 120 

Superconductivity. 121 

The text of this International Standard is based on the following documents:  122 

FDIS Report on voting 

XX/XX/FDIS XX/XX/RVD 

 

Full information on the voting for the approval of this International Standard can be found in the 123 

report on voting indicated in the above table. 124 

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.  125 

The committee has decided that the contents of this document will remain unchanged until the 126 

stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 127 

the specific document. At this date, the document will be  128 
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• reconfirmed, 129 

• withdrawn, 130 

• replaced by a revised edition, or 131 

• amended. 132 

 

The National Committees are requested to note that for this document the stability date 133 

is 20XX. 134 

THIS TEXT IS INCLUDED FOR THE INFORMATION OF THE NATIONAL COMMITTEES AND WILL BE DELETED 135 

AT THE PUBLICATION STAGE. 136 
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INTRODUCTION 137 

Twisting of multi-filamentary superconductors is an important step in the development of wires 138 

with AC losses at an acceptable level for AC applications. The necessary twist pitch depends 139 

on wire architecture, critical current density, matrix material, and external factors such as 140 

temperature, frequency and applied magnetic field.  141 

Therefore, twist pitch is a very important parameter in the design and application of composite 142 

superconducting wires, which often needs to be inspected in the last stage of fabrication. Due 143 

to the different architectures of different composite superconductors, appropriate test methods 144 

should be adopted for specific architectures.  145 

This standard specifies the untwisting method for measuring the twist pitch of Nb-Ti/Cu and Nb-146 

Sn/Cu composite superconductors [1]. As supplementary methods, the direct measurement 147 

method and the image processing method [1] are specified in Annex A and Annex B, 148 

respectively. 149 
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SUPERCONDUCTIVITY – 150 

 151 

Part 27: Twist pitch measurement of practical superconducting wires – 152 

Twist pitch measurement method of Nb-Ti/Cu and Nb-Sn/Cu composite 153 

superconductors 154 

1 Scope 155 

This International Standard specifies a test method for the twist pitch measurement of Nb -Ti 156 

and Nb-Sn/Cu composite superconductors by an untwisting method.  157 

The test method is applicable to Nb-Ti/Cu and Nb-Sn/Cu composite superconducting wires with 158 

monolithic structures, which have either a round cross section with a diameter ranging from 0,2 159 

mm to 2 mm or a rectangular cross section that is equivalent in area to the round cross-sectional 160 

wires. These wires possess a filament diameter ranging from 6 m to 200 m, a twist pitch 161 

between 5 mm to 50 mm, and a matrix of copper or copper alloy. This standard uses nitric acid 162 

to remove the matrix (copper or copper alloy), so the surface of the composite superconducting 163 

wire is allowed to be plated with a material that is dissolvable by nitric acid.  164 

Though uncertainty may increase, the method could apply to Nb-Ti/Cu or Nb-Sn/Cu composite 165 

superconducting wires when the parameters of cross-sectional area, filament diameter and/or 166 

twist pitch are out of the limit.  167 

The test method described in this standard is expected to apply to other types of composite 168 

superconducting wires after some appropriate modifications. 169 

2 Normative references 170 

The following documents are referred to in the text in such a way that some or all of their 171 

contents constitute requirements of this document. For dated references, only the edition cited 172 

applies. For undated references, the latest edition of the referenced document (including any 173 

amendments) applies. 174 

IEC 60050-815, International Electrotechnical Vocabulary  (IEV) – Part 815: Superconductivity  175 

3 Terms and definitions 176 

For the purposes of this document, the following terms and definitions apply.  177 

ISO and IEC maintain terminological databases for use in standardization at the following 178 

addresses:  179 

• IEC Electropedia: available at http://www.electropedia.org/  180 

• ISO Online browsing platform: available at http://www.iso.org/obp 181 

3.1 182 

twist 183 

turns made by a filament around a central wire axis 184 

[SOURCE: IEC 60050-815，815-13-46 Modified] 185 

3.2  186 

twist direction 187 

direction of a filament in twist, which can be divided into two types: Z-twist (sometimes referred 188 

to as right-hand twist) and S-twist (sometimes referred to as left-hand twist) 189 

NOTE It is called Z-twist when the filament or strand is twisted in a clockwise direction, otherwise it is called S-twist. 190 

3.3  191 
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twist pitch  192 

𝐿𝑝 193 

axial length in which a filament firstly returns to its original relative position in a twisted 194 

superconducting wire 195 

[SOURCE: IEC 60050-815，815-13-47 Modified] 196 

3.4 197 

twist angle/untwist angle 198 

𝜃 199 

angle at which all filaments of a twisted superconducting wire return to parallel original axial 200 

positions during the untwisting process 201 

4 Principle 202 

Low temperature superconducting wire is usually composed of tens to even thousands of 203 

superconducting filaments embedded in copper and/or copper alloy matrix. After the 204 

superconducting wire is twisted, the inner filaments are also regularly twisted with a specific 205 

twist pitch. This standard specifies an untwisting method to measure the twist pitch (see Figure 206 

1). 207 

 

Figure 1–Principle demonstration 208 

The untwisting method can be briefly described as follows:  209 

a) Fix the two ends of the specimen (Figure 1a). 210 

b) Remove the copper or copper alloy matrix in the middle section of the specimen with HNO3 211 

solution (Figure 1b). 212 

c) Measure the length of the dissolved zone (denoted as 𝑙, explanation see 8.4). 213 

d) Rotate one end of the wire to untwist it until the filaments in the dissolved zone are parallel 214 

(Figure 1c and d). Record the rotated angle (denoted as 𝜃). 215 

e) Calculate the twist pitch 𝐿𝑝 using 𝑙 and  (see Eq. (1) and (2)). 216 

The other two normative methods, the direct measurement method and the image processing 217 

method, are specified in Annex A and Annex B, which are recommended as equivalent 218 

alternatives. 219 

5 Reagents and auxiliary materials 220 

The following reagents shall be prepared for specimen preparation: 221 

— detergent and/or degreaser 222 

θ 
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— anhydrous ethanol 223 

— nitric acid solution (40% to 65%, mass percentage concentration, recommend) 224 

NOTE Rubber gloves and acid resistant tweezers should be used when handling acid solution.  225 

The following auxiliary materials and tools shall be prepared for specimen preparation: 226 

— 300 to 800 mesh fine sandpaper (apply to Nb-Sn/Cu specimens only) 227 

6 Apparatus and tools 228 

The apparatus and tools required for measurement shall include: 229 

— an auxiliary tool for twist pitch measurement, which has an angle scale  with accuracy 5° 230 

or better (an example in Annex C) 231 

— fume hood 232 

— slide gauge (accuracy 0,02 mm or better) 233 

— oven or dryer 234 

7 Specimen preparation 235 

7.1 Requirements 236 

It is recommended to use the untwisting method for twist pitches in the range of 5 mm to 50 mm 237 

to ensure adequate accuracy for the measurement. The specimen length shall be longer than 238 

6 times of the nominal twist pitch. 239 

The specimen shall be free from torsion and bend. 240 

7.2 Cleaning 241 

Detergent and/or degreaser shall be used to remove oil stains and other contamination from 242 

the specimen. Then, the specimen shall be rinsed repeatedly with running water, and finally 243 

dehydrated by anhydrous ethanol. 244 

7.3 Drying 245 

After cleaning, the specimen shall be dried completely in an appropriate manner. For example, 246 

dried with hot air or placed into an oven (60 ℃ to 70 ℃). 247 

7.4 Removing matrix copper and sanding barrier (apply to Nb-Sn/Cu specimen of 248 

external stabilizer type only) 249 

Some Nb-Sn/Cu wires have a Nb or Ta external diffusion barrier that is diffusional nitric acid. 250 

When the external copper stabilizer is dissolved, this barrier prevents the inner copper from 251 

being corroded by nitric acid, therefore needs to be removed. The following steps are 252 

recommended when removing the barrier: These steps are not applied to distributed barrier 253 

wires. 254 

a) Removing matrix copper: Immerse the Nb-Sn/Cu specimen in nitric acid solution, and leave 255 

the container in a fume hood for about 15 minutes until the copper sheath of the specimen 256 

is completely dissolved. Take the specimen out by acid resistant tweezers, rinse it with 257 

running water, and then dehydrate it with anhydrous ethanol, and dry it.  258 

NOTE For safety, wearing long sleeves, trousers, and rubber gloves to prevent nitric acid from splashing on the skin.  259 

b) Inspecting barrier surface for barrier seam: If the barrier has a seam, inspect the surface 260 

of the barrier which will follow the filament position underneath. If a seam is clearly visible, 261 

the specimen needs no further preparation.  262 

c) Sanding barrier: Take a fine sandpaper, evenly sand the measuring section until the 263 

internal coppery red is completely exposed. 264 

NOTE Use fume hood during sanding.  265 
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