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Foreword

The text of document 90/243/FDIS, future edition 2 of |EC 61788-§, prepared by IEC TC 90,
Superconductivity, was submitted to the IEC-CENELEC parallel vote and was approved by CENELEC as
N 61788-8 on 2010-10-01.

This European Standard supersedes EN 61788-8:2003.
The main changes with respect to the previous edition are listed below:

— extending the applications of the pickup coil method to the a.c. loss measurements in metallic and
oxide superconducting wires with a round cross section at liquid helium temperature;

— u1in accordance with the decision at the June 2006 IEC/TC90 meeting in Kyoto.

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

The following dates were fixed:

— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2011-07-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2013-10-01

Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 61788-8:2010 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards indicated:
121 NOTE Harmonized as (not modified).
[3] NOTE Harmonized as (not modified).
[9] NOTE Harmonized as EN 61788-2.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

NOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD
applies.

Publication Year Title EN/HD Year
IEC 60050-815 2000 International Electrotechnical Vocabulary - -
(IEV) -

Part 815: Superconductivity
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INTRODUCTION

Magnetometer and pickup coil methods are proposed for measuring the AC losses of composite
superconducting wires in transverse time-varying magnetic fields. These represent initial steps
in standardization of methods for measuring the various contributions to AC loss in transverse
fields, the most frequently encountered configuration.

It was decided to split the initial proposal mentioned above into two documents covering two
standard methods. One of them describes the magnetometer method for hysteresis loss and low
frequency (or sweep rate) total AC loss measurement, and the other describes the pickup coil
method for total AC loss measurement in higher frequency (or sweep rate) magnetic fields. The
frequency range is 0 Hz to 0,06 Hz for the magnetometer method and 0,005 Hz to 60 Hz for the
pickup coil method. The overlap between 0,005 Hz and 0,06 Hz is a complementary frequency
range for the two methods.

This standard covers the pickup coil method. The test method for standardization of AC loss
covered in this standard is partly based on the Versailles Project on Advanced Materials and
Standards (VAMAS) pre-standardization work on the AC loss of Nb-Ti composite

superconductors [1]7).

1) Numbers in square brackets refer to the bibliography. Documents
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SUPERCONDUCTIVITY -

Part 8: AC loss measurements —
Total AC loss measurement of round
superconducting wires exposed to a transverse alternating
magnetic field at liquid helium temperature by a pickup coil method

1 Scope

This part of IEC 61788 specifies the measurement method of total AC losses by the pickup coil
method in composite superconducting wires exposed to a transverse alternating magnetic field.
The losses may contain hysteresis, coupling and eddy current losses. The standard method to

measure only the hysteresis loss in DC or low-sweep-rate magnetic field is specified in
EC 61788-13 [2].

In metallic and oxide round superconducting wires expected to be mainly used for pulsed coil
and AC coil applications, AC loss is generated by the application of time-varying magnetic field
and/or current. The contribution of the magnetic field to the AC loss is predominant in usual
electromagnetic configurations of the coil applications. For the superconducting wires exposed
to a transverse alternating magnetic field, the present method can be generally used in
measurements of the total AC loss in a wide range of frequency up to the commercial level,
50/60 Hz, at liquid helium temperature. For the superconducting wires with fine filaments, the
AC loss measured with the present method can be divided into the hysteresis loss in the
individual filaments, the coupling loss among the filaments and the eddy current loss in the
normal conducting parts. In cases where the wires do not have a thick outer normal conducting
sheath, the main components are the hysteresis loss and the coupling loss by estimating the
former part as an extrapolated level of the AC loss per cycle to zero frequency in the region of
lower frequency, where the coupling loss per cycle is proportional to the frequency.

2 Normative references

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments) applies.

IEC 60050-815:2000, International Electrotechnical Vocabulary (IEV) - Part 815:
Superconductivity

3 Terms and definitions

For the purposes of this document, the following terms and definitions, as well as those of
IEC 60050-815, apply.

3.1

AC loss

P

power dissipated in a composite superconductor due to application of time-varying magnetic
field or electric current

[IEC 60050-815:2000, 815-04-54]
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3.2

hysteresis loss

Py

loss of the type whose value per cycle is independent of frequency arising in a superconductor
under a varying magnetic field

NOTE This loss is caused by the irreversible magnetic properties of the superconducting material due to pinning of
flux lines.

[IEC 60050-815:2000, 815-04-55]

3.3

eddy current loss

Pe

loss arising in the normal conducting matrix of a composite superconductor or the structural
material when exposed to a varying magnetic field, either from an applied field or from a
self-field

[IEC 60050-815:2000, 815-04-56, modified]

3.4
(filament) coupling (current) loss
P

C
loss arising in multi-filamentary superconducting wires with a normal matrix due to coupling

current

[IEC 60050-815:2000, 815-04-59]

3.5

(filament)coupling time constant

T

characteristic time constant of coupling current directed perpendicularly to filaments within
a strand for low frequencies

[IEC 60050-815:2000, 815-04-60]

3.6

shielding current

current induced by an external magnetic field applied to a superconductor and which includes
coupling current and eddy current after a field change in composite superconductors

3.7

critical (magnetic) field strength

Hc

magnetic field strength corresponding to the superconducting condensation energy at zero
magnetic field strength

[IEC 60050-815:2000, 815-01-21]

3.8

magnetization (of a superconductor)

magnetic moment divided by the volume of the superconductor

NOTE The macroscopic magnetic moment is also equal to the product of the shielding current and the area of
the closed path in a composite superconductor together with the magnetic moment of any penetrated trapped flux.
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3.9

magnetization method for AC loss

method to determine the AC loss of materials from the area of the loop of the magnetization
curve

NOTE When pickup coils are used to measure the change in flux, which is then integrated to get the magnetization
of stationary coiled specimens, the method is called the pickup coil method.

[IEC 60050-815:2000, 815-08-15, modified]

3.10

pickup coil method

method to determine the AC loss of materials by evaluating electromagnetic power flow into the
materials by pickup coils

NOTE The pickup coil arrangement consists essentially of a primary winding (a superconducting magnet supplied
with a time varying current) and a pair of secondary windings (pickup coils), one of which (the main pickup coil)
contains the specimen to be measured and the other (the compensation coil) plays two roles: 1) it compensates the
signal from the main pickup coil when empty; 2) it supplies the field sweep information.

Here the coaxial and concentric arrangement of the pickup coils as shown in Figure 1 is used as the standard one for
the AC loss measurement. In order to obtain sufficient volume of the wire specimen to be measured and at the same
time to expose it to a transverse magnetic field, it must be wound into a coil. The specimen so prepared is also referred
to as the “coiled specimen”.

3.1

background loss

apparent loss obtained by the pickup coil method in the case where no specimen is located
inside the pickup coils

NOTE The background loss gives the experimental error in the system of the AC loss measurement by the pickup coil
method. It results from phase shift of electrical signal in the compensation process, an additional magnetic moment
induced in many components of experimental hardware, and external noise. The background loss can be reduced by
adjusting the experimental setup and compensated by subtracting it from measured AC loss as shown in 7.4.2.

3.12
effective cross-sectional area of the coiled specimen
total specimen volume divided by the larger of the specimen coil height or the pickup coil height

3.13

bending strain

€p

strain in percent arising from pure bending defined as &, = 100 r / R, where r is a half of
the specimen thickness and R is the bending radius

[IEC 60050-815:2000, 815-08-03]

NOTE In the pickup coil method, the coiled specimen by react and wind technique is prepared with an attention to the
permissive level of bending strain.

3.14

n-value (of a superconductor)

n

exponent obtained in a specific range of electric field strength or resistivity when the voltage
current U(/) curve is approximated by the equation Ue</"

[IEC 60050-815:2000, 815-03-10]

4 Principle

The test consists of applying an alternating transverse magnetic field to a specimen and
detecting the magnetic moment of shielding currents induced in the specimen b\bmeans of
pickup coils for the purpose of estimating the AC losses defined in 3.1. ocuments
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5 Apparatus

5.1 Testing apparatus

The testing apparatus shall be constructed such that the pickup coils and a coiled specimen are
arranged in a uniform alternating magnetic field applied by a superconducting magnet.

The coils of the testing apparatus are arranged as described below. Typically, the main pickup
and compensation coils are coaxially positioned on the outside and inside of the coiled
specimen, respectively.

The applied alternating magnetic field shall have a high uniformity as shown in 7.1.5.

The testing apparatus has a sub-system that calculates the magnetization and the AC loss of the
specimen by integrating the signal of the pickup coils. A typical electrical circuit for the AC loss
measurement is given in Figure 2.

5.2 Pickup coils

Pickup coils shall be made of very fine insulated wire, such as insulated copper wire with
a diameter of 0,1 mm, to avoid eddy currents at low temperatures.

The pickup coil formers shall be made of non-metallic and non-magnetic material such as glass
fiber reinforced plastic, phenol resin, etc.

The main pickup coil shall be arranged coaxially and adjusted concentrically outside the
compensation coil. The standard arrangement is shown schematically in Figure 1, where the
height of the compensation coil is the same as that of the main pickup coil. The number of turns
in the compensation coil shall be usually adjusted to be a little larger than the balance level in
which the total interlinkage flux of the applied magnetic field into the compensation coil is equal
to that into the main pickup coil.

The pickup coil system shall be constructed so that the coiled specimen can be taken in and out
easily from the system.

The pickup coil method has geometrical errors in relation with the arrangement of the coiled
specimen and the pickup coils. The geometrical error is mentioned briefly in Annex C. To
achieve a low uncertainty due to geometrical effects of less than 1 %, the following arrangement
for the coiled specimen and the two pickup coils shall be the standard one; a height of 30 mm for
the coiled specimen, a height of 10 mm for the pickup coils, a coil radius of 18 mm for the
specimen, and a 2 mm difference between the radii of the specimen and each pickup coil. In the
case where the arrangement of the specimen and pickup coils are a little different from the
above standard one, the geometrical error in the arrangement shall be estimated, as shown
in Annex C. If the geometrical error cannot be estimated quantitatively, the calibration
indicated in Annex D may need to be performed.

5.3 Compensation circuit

The total interlinkage flux of the applied field in the compensation coil is usually a little larger
than that in the main pickup coil by adjusting the number of turns. The signal from the main
pickup coil is counterbalanced against a reduced signal of the compensation coil by means of
the compensation circuit. For delicate adjustment of the reduction ratio, called the compensation
coefficient, the compensation circuit usually has the structure of a resistive potential divider with
a wide adjustable range of four or five digits, namely minimum adjustable unit of 1 partin 104 or
1 part in 10°. The delicate adjustment using the wide range of the circuit results in a full
compensation to almost remove the tilt in the magnetization loop in accordance with the
procedures in 7.4.1. The number of digits for the compensation circuit is designed with the
condition that the minimum adjustable unit is sufficiently fine in comparison with thetatio of the
moment-related component to the field-related one in the signal from the main-pick Qau ments
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