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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SUPERCONDUCTIVITY —

Part 6: Mechanical properties measurement —
Room temperature tensile test of Cu/Nb-Ti composite superconductors

FOREWORD

1) The IEC(International Electrotechnical Commission) is a world-wide organization for sfandardigation comprising

all national electrotechnical committee ( IEC National Committees). The obJec is to promote
international co-operation on all questions concerning standardization in the ele
this end and in addition to other activities, the IEC publishes International preparation is

the IEC also participate in this preparation. The IEC collaborates closely
Standardization (ISO) in accordance with conditions determined by ag

consensus of opinion on the relevant subjects since each e S G gpresentation from all
interested National Committee.

3) The documents produced have the form of recommend t ge and are published in the
form of standards, technical specifications, i i hey are accepted by the National
Committees in that sense.

4) In order to promote international unification ati i ndertake to apply IEC International
Standards transparently to the maximum 5Si i i

5) The IEC provided no markjng\procegdd

6) Attention is drawn to th
of patent rights. The IE

International Std
na

Superconductivity.

The text of this standard\s base

\/FDIS Report on voting

\ 90/82/FDIS 90/88/RVD

e following documents:

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.
Annex A is for information only.

The committee has decided that the contents of this publication will remain unchanged until
2005. At this date, the publication will be

e reconfirmed;

¢ withdrawn;

* replaced by a revised edition, or

¢ amended.

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

The Cu/Nb-Ti superconductive composite wires currently in use are multifilamentary composite
material with a matrix that functions as a stabilizer and supporter, in which ultrafine
superconductor filaments are embedded. An Nb-40~55 mass% Ti alloy is used as the
superconductive material, while oxygen free copper and aluminum of high purity are employed
as the matrix material. Commercial composite superconductors have a high current density
and a small cross-sectional area. The major application of the composite superconductors is to
build superconducting magnets. While the magnet is being manufactured, complicated
stresses are applied to its windings and, while it is being energized, a large electromagnetic
force is applied to the superconducting wires because of its high current density. It is therefore
indispensable to determine the mechanical properties of the superconductive wires, of which

@
N
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SUPERCONDUCTIVITY —

Part 6: Mechanical properties measurement —
Room temperature tensile test of Cu/Nb-Ti composite superconductors

1 Scope

This part of IEC 61788 covers a test method detailing the tensile test procedures to be carried
out on Cu/Nb-Ti superconductive composite wires at room temperature.

This test is used to measure modulus of elasticity, 0,2 % proof streng
yielding of the copper component, and tensile strength.

The value for percentage elongation after fracture and the second type®
due to yielding of the Nb-Ti component shall serve only as. a refe ent
A.2).

%proof strength
clauses A.1 and

The sample covered by this test procedure sho
with an area of 0,15 mmZ2 to 2 mm? angha cop
without the insulating coating.

2 Normative references

based on this p f
most recent edi
latest edition of th 0

registers of curre

IEC 60050-
conductivi

ISO 6892:18

ISO 376:1999, Metdllic materials — Calibration of force-proving instruments used for the
verification of uniaxial testing machines

ISO 7500-1:1999, Metallic materials — Verification of static uniaxial testing machines — Part 1:
Tension/compression testing machines — Verification and calibration of the force-measuring
system

ISO 9513:1999, Metallic materials — Calibration of extensometers used in uniaxial testing
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3 Terminology

For the purposes of this part of IEC 61788, the definitions given in IEC 60050-815 and
ISO 6892, as well as the following, apply.

3.1
tensile stress
tensile force divided by the original cross-sectional area at any moment during the test

3.2
tensile strength (R,)2
tensile stress corresponding to the maximum testing force

3.3

extensometer gauge length
length of the parallel portion of the test piece used for the m
means of an extensometer

as

3.4
distance between grips (L)
length between grips that hold a test specimen in positio i is started

3.5
0,2 % proof strength (Rp0’2)3) (see figure L
stress value where the copper componegt yie Thé designated stress, Rpo,on OF

stively. This strength is regarded as a

representative 0,2 % proof strength of the ¢ e>second type of 0,2 % proof strength
is defined as a 0,2 % prog here the Nb-Ti component yields by
0,2 %, of which value co gure 1 as described complementarily in

3.6
modulus of elas

gradient of the straid( 3 ti @ gs-strain curve in the elastic deformation region

5 Apparatus

The test machine and the extensometer shall conform to ISO 7500-1 and ISO 9513,
respectively. The calibration shall obey ISO 376. The special requirements of this standard are
presented here.

5.1 Testing machine

A tensile machine control system that provides a constant strain rate shall be used. Grips shall
have a structure and strength appropriate for the test specimen and shall be constructed to
provide an effective connection with the tensile machine. The faces of the grips shall be filed or
knurled, or otherwise roughened, so that the test specimen will not slip on them during testing.
Gripping may be a screw type, or pneumatically or hydraulically actuated.

2 The symbol oyrs is commonly used instead of Rm.

3) The symbol 0p.2 is commonly used instead of Rpo.2.
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5.2 Extensometer

The weight of the extensometer shall be 30 g or less, so as not to affect the mechanical
properties of the superconductive wire. Care shall also be taken to prevent bending moments
from being applied to the test specimen (see clause A.3).

6 Specimen preparation

When a test specimen sampled from a bobbin needs to be straightened, a method shall be
used that affects the material as little as possible.

6.1 Length of specimen

extensometer.

6.2 Removing insulation

If the test specimen surface is coated with an insulatin
removed. Either a chemical or mechanical method sha
the specimen surface (see clause A.4).

clause A.5).

7 Testing con;'

ted on the grips of the tensile machine At this time, the test

7.2 Pre-loading and setting of extensometer

If there is any slack in the specimen when it is mounted, a force between one-tenth and one-
third of the 0,2 % proof strength of the composite shall be applied to take up the slack before
the extensometer is mounted. When mounting the extensometer, care shall be taken to prevent
the test specimen from being deformed. The extensometer shall be mounted at the centre
between the grips, aligning the measurement direction with the specimen axis direction. After
installation, loading shall be zeroed.

7.3 Testing speed

The strain rate shall be 10~4/s to 10~3/s during the test using the extensometer. After removing
the extensometer, the strain rate may be increased to a maximum of 10~3/s.
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7.4 Test

The tensile machine shall be started after the testing speed has been set to the specified level.
The signals from the extensometer and load cell shall be plotted on the abscissa and ordinate,
respectively, as shown in figure 1. When the total strain has reached approximately 2 %,
reduce the force by approximately 10 % and then remove the extensometer. The step of
removing the extensometer can be omitted in the case where the extensometer is robust
enough not to be damaged by the total strain and the fracture shock of this test. At this time,
care shall be taken to prevent unnecessary force from being applied to the test specimen.
Then, increase loading again to the previous level and continue testing until the test specimen
fractures. Measurement shall be made again if a slip or fracture occurs on the gripped surfaces
of the test specimen.

8 Calculation of results

8.1 Tensile strength (R,)

Tensile strength R, shall be the maximum force divided by the © ok onal area of
the wire before loading.

8.2 0,2 % proof strength (Ryg 25 and Ry 2g)

The 0,2 % proof strength of the composite due i he copper component is
determined in two ways from the loading i ss~6train curves as shown in
figure 1. The 0,2 % proof strength und i 024 8hall pe determined as follows: the
initial linear portion under loading of the < ~ i is"moved 0,2 % in the strain axis
(0,2 % offset line under loading) and thie p which this linear line intersects the stress-
strain curve (point A) shall be defined\as Q strength under loading. The 0,2 %

posite e ynloa op shall be determined as follows: the
linear portion under unloading g C
intersection of this line|with tf M CH determines the point B that shall be defined

as the 0,2 % proof.strelagthy, S 3
the composite ith i ye<load specified in 7.2.

Each 0,2 % proof ated using formula (1) given below:

RpO,Zi = Fi / SO (l)

where
Rpo,2i is tp sfrength (MPa) at each point;

=

i is the force

at each point;
S, is the original cross-sectional area (in square millimetres) of the test specimen;

Further, i = A and B.

8.3 Modulus of elasticity (E, and E,)

Modulus of elasticity shall be calculated using the following formula and the straight portion,
either of the initial loading curve or of the unloading one.

E = AF (1 +£,)/S, Ae) 2)
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