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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SUPERCONDUCTING AC POWER CABLES AND THEIR ACCESSORIES
FOR RATED VOLTAGES FROM 6 KV TO 500 KV -
TEST METHODS AND REQUIREMENTS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all natfonal electrotechnical committees (IEC National Committees). The object of IEC is_fo promote
internafional co-operation on all questions concerning standardization in the electrical and electronif fields. To
this endl and in addition to other activities, IEC publishes International Standards, Technical, Sp4gcifications,
Technidqal Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred tp as "IEC
Publicafion(s)"). Their preparation is entrusted to technical committees; any IEC National,€ommitteq 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 collabordtes closely
with the International Organization for Standardization (ISO) in accordance with,-eonditions det¢rmined by
agreemgnt between the two organizations.

The forfnal decisions or agreements of IEC on technical matters express, as né€arly as possible, an ifternational
consensus of opinion on the relevant subjects since each technical cammittee has representatipn from all
interested IEC National Committees.

IEC Puplications have the form of recommendations for international, use and are accepted by IHC National
Commiftees in that sense. While all reasonable efforts are made)to’ensure that the technical confent of IEC
Publicafions is accurate, IEC cannot be held responsible for the way in which they are used |or for any
misintefpretation by any end user.

In ordef to promote international uniformity, IEC National Committees undertake to apply IEC Hublications
transpafently to the maximum extent possible in their\nmational and regional publications. Any [divergence
betweeh any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the lattgr.

IEC its¢lf does not provide any attestation of .conformity. Independent certification bodies provide|conformity
assessinent services and, in some areas, agcess to IEC marks of conformity. IEC is not responsiple for any
service$ carried out by independent certification bodies.

All users should ensure that they have the'latest edition of this publication.

No liabjlity shall attach to IEC or its_directors, employees, servants or agents including individual gxperts and
membefs of its technical committees and IEC National Committees for any personal injury, propertyJdamage or
other dgmage of any nature«whatsoever, whether direct or indirect, or for costs (including legal fees) and
expensgs arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any| other IEC
Publicafions.

Attentign is drawn to<the. Normative references cited in this publication. Use of the referenced puljlications is
indispepsable for thelcorrect application of this publication.

Attentign is drawn_to the possibility that some of the elements of this IEC Publication may be thq subject of
patent fights -[EC"shall not be held responsible for identifying any or all such patent rights.

Internatiqnal-Standard IEC 63075 has been prepared by IEC technical committee 2Q: Electric

cables.

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

FDIS Report on voting
20/1858/FDIS 20/1865/RVD

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

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

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it| contains colours which are considered to be useful for “the |correct
unders{anding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

As a result of major developments in superconducting cable systems with cold dielectric for
medium- and high-voltage AC applications, CIGRE study committee B1 set up working group
(WG) B1.31 in 2009 with the aim to prepare recommendations for testing superconducting AC
cable systems for power transmission at a rated voltage of up to 150 kV.

The recommendations of CIGRE WG B1.31 were published in TB 538 in June 2013 [1]1. At
the time of preparation of the CIGRE recommendation, laboratory experience at voltages up
to and including 275 kV was available, but operating experience was limited to 154 kV. At the
time of preparation of this document, several projects up to 220 kV are in progress, and many
others are planned for the near future. As the insulation system of high-temperature
superco -'uutillg (: :TS) cabte systems considered—inthis—document—is uuulpalab:c tq oil-filled
cable sygtems, it was agreed to extend the voltage range to 500 kV in order to bg-compatible
with IEC p0141-1 [2].

In 2014, [TC 20 decided to start the standardization work on testing of HTS AC cables based
on the pliblished CIGRE TB 538. Manufacturers of HTS cable systems. dtilities as [the main
users, and independent test laboratories will benefit from this document:

A list of relevant references is given in the Bibliography (see [3], [4], [5], [6])-

1 Numbers in square brackets refer to the Bibliography.
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SUPERCONDUCTING AC POWER CABLES AND THEIR ACCESSORIES

FOR RATED VOLTAGES FROM 6 KV TO 500 KV -
TEST METHODS AND REQUIREMENTS

1 Scope

This document specifies test methods and requirements for high-temperature superconducting
(HTS) AC power cable systems, cables and their accessories, for fixed installations, for rated

voltages

The requ
dielectric

This doc
limiting @
necessar

This docyiment does not cover test methods and requirements for the cooling system,|

NOTE Fo
2 Norr

The follo
content
cited app

any amemndments) applies.

IEC 6004

IEC 6022
function

IEC 6023

IEC 6033

rom 6 kV (/. = 7,2 kV) up to and including 500 kV (/.. = 550 kV)

rements apply to single-core, three-core and three-phase concentric cables
and their accessories that are not intended for fault current limitation purpo

liment does not cover special cables and their accessories,such as fau
ables or submarine cables, for which modifications to the'‘\Standard tests
y or special test conditions may need to be devised.

considerations regarding cooling systems, refer to AnnexA.
hative references

wing documents are referred to in the text in such a way that some or a

lies. For undated references, the-latest edition of the referenced document

0-1, High-voltage test techniques — Part 1: General definitions and test requ

9:2007, Electric ,cables — Tests on extruded oversheaths with a special [

0, Impulsetests on cables and their accessories

2-1+2,\Tests on electric and optical fibre cables under fire conditions — Part

for vertic|

mixed flame

pl{flame propagation for a single insulated wire or cable — Procedure for 1

with cold
beS.

t current
may be

| of their

onstitutes requirements of this document. For dated references, only th(le edition

including

irements

rotective

1-2: Test
kW pre-

IEC 60811-202, Electric and optical fibre cables — Test methods for non-metallic materials

Part 202:

IEC 60811-203, Electric and optical fibre cables — Test methods for non-metallic materials

Part 203:

IEC 60811-401, Electric and optical fibre cables — Test methods for non-metallic materials

Part 401:

IEC 60811-409, Electric and optical fibre cables — Test methods for non-metallic materials

General tests — Measurement of thickness of non-metallic sheath

General tests — Measurement of overall dimensions

Miscellaneous tests — Thermal ageing methods. Ageing in an air oven

Part 409: Miscellaneous tests — Loss of mass test for thermoplastic insulations and sheaths
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IEC 60811-501, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 501: Mechanical tests — Tests for determining the mechanical properties of insulation and
sheathing compounds

IEC 60811-505, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 505: Mechanical tests — Elongation at low temperature for insulations and sheaths

IEC 60811-506, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 506: Mechanical tests — Impact test at low temperature for PVC insulations and sheaths

IEC 60811-508, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 508: Mechanical tests — Pressure test at high temperature for insulations and sheaths

IEC 6081
Part 509
shock teq

IEC 6081
Part 605
compoun

IEC 6088
dischargs

3 Tern
For the p

ISO and
addressé

e |ECE
e [SOC

3.1 De

3.1.1
nominal
value by

Note 1 to ¢

1-509, Electric and optical fibre cables — Test methods for non-metallie\m
Mechanical tests — Tests for resistance of insulations and sheaths toycrack

t)

1-605, Electric and optical fibre cables — Test methods for non-metallic m
Physical tests — Measurement of carbon black and/or mineral filler in pol)
ds

5-3, Electrical test methods for electric cables — Part 3: Test methods f
P measurements on lengths of extruded power cables

ns and definitions
urposes of this document, the following*terms and definitions apply.

IEC maintain terminological databases for use in standardization at the
S:

lectropedia: available at'hitp://www.electropedia.org/

nline browsing platform: available at http://www.iso.org/obp

finitions of dimensional values (thicknesses, cross-sections, etc.)

value
which a‘quantity is designated and which is often used in tables

hierials —
ing (heat

hterials —
ethylene

Dr partial

following

taking into

ccount snecified tolerances
T

niry:, In this document, nominal values usually give rise to values to be checked by meaIsurements,

3.1.2

median value
middle value if the number of available values is odd, and mean of the two middle values if
the number is even, when several test results have been obtained and ordered in an

increasin

g (or decreasing) succession

3.2 Definitions concerning tests

3.2.1
routine t

est

test made by the manufacturer on each manufactured cable system component to check that

the comp

onent meets the specified requirements
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3.2.2

sample test
test made by the manufacturer on samples of complete cable, or components taken from a
complete cable or accessory, at a specified frequency, so as to verify that the finished product
meets the specified requirements

3.2.3

type test
test made before supplying, on a general commercial basis, a type of cable system covered
by IEC 63075, in order to demonstrate satisfactory performance characteristics to meet the

intended

Note 1 to e
cable or a
which migh

3.2.4

prequali
test mad
by IEC 6
cable sys

3.24

application

t adversely change the performance characteristics.

ication test

b before supplying, on a general commercial basis, a type of cable system
3075, in order to demonstrate satisfactory long-term performance of the
tem

extension of prequalification test

test mad
by IEC 6
cable sys

3.2.5
test afte
test mady

3.3 Ot
3.3.1

b before supplying, on a general commercial basis, a type of cable system
3075, in order to demonstrate satisfactory long-term performance of the
tem, taking into account an already prequalified cable system

[ installation
b to demonstrate the integrity of thecable system as installed

her definitions (general design and cryogenic system)

cable syptem

cable wit

3.3.2
nominal
electrical

3.3.3

h installed terminations and/or joints

electrical'stress
stress _calculated at U, using nominal dimensions

high-tem
HTS

mwmmmmmmmwwiade in the

Ccessory with respect to materials, manufacturing process, design or design electrical /stjess levels,

covered
complete

covered
complete

[perature superconductor

class of superconductors with a critical temperature generally higher than about 25 K

[SOURCE: IEC 60050-815:2015, 815-11-11] [7]

3.3.4

HTS cable
cable comprising one or more phase conductors consisting of HTS material and a cryostat

Note 1 to entry: An HTS cable can be a single-core, a three-core and a three-phase concentric cable, all within a
common cryostat.

3.3.5
cold diel
dielectric

ectric
material which operates within a cryogenic environment


https://iecnorm.com/api/?name=0ee35238c257931643f308400f8cf6ea

3.3.6
HTS cab

-12 - IEC 63075:2019 © IEC 2019

le core

either one or three concentrically arranged phase conductors consisting of HTS material with
cold dielectric insulation and a screen

Note 1 to e

3.3.7

ntry: A screen consists of metal or HTS material, or both.

single-core HTS cable

cable wit

3.3.8
three-co
cable wit
cryostat

3.3.9
three-ph
cable wi
cryostat

3.3.10
cryostat

h HTS cable core comprising one phase conductor placed in a cryostat

re HTS cable

h three HTS cable cores, each comprising one phase conductor placed in-a

pse concentric HTS cable
h an HTS cable core comprising three concentric phase conductors plg

containell that provides the cryogenic environmental conditions to operate a supercq

device
[SOURC

3.3.11
terminat

device fi
system a

Note 1 to e
Note 2 to e

[SOURC

3.3.12
joint
accessor
circuit an

Note 1 to e

3.3.13

E: IEC 60050-815:2015, 815-15-51]

on
ted to the end of a cable to(ensure electrical connection with other par
hd to maintain the insulationtup to the point of connection

htry: The termination is also-an interface between cryogenic temperature and ambient tempg

htry: The termination.could also comprise an interface to the cooling system.

F: I[EC 60050-461:2008, 461-10-01, modified — The notes to entry have been

y making a connection between two HTS cables to form a continuous
d @-continuous thermal insulation

common

ced in a

nducting

ts of the

rature.

added.]

electrical

ntry: The joint could also comprise an interface to the cooling system.

critical current

1

Cc

maximum direct current that can be regarded as flowing without resistance practically

Note 1 to e

ntry: [ is a function of magnetic field strength and temperature.

[SOURCE: IEC 60050-815:2015, 815-12-01, modified — "and strain" has been deleted from
Note 1 to entry.]

3.3.14
fault cur

rent limiting cable

HTS cable that limits fault currents to acceptable values
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3.3.15

AC loss

power dissipated in an HTS cable core owing to application of a time-varying magnetic field,
electric current or voltage

Note 1 to entry: AC loss includes time average hysteresis loss of the HTS material, a coupling current loss and an
eddy current loss of the conductor, an eddy current loss of the structural material, and a dielectric loss of the
electric insulation.

Note 2 to entry: AC loss customarily also includes the power dissipated in the HTS material owing to application
of transient changes in magnetic field or current.

3.3.16
cryogenics
study of fiie production and behaviour of materials at temperatures below 120 K|

3.3.17

cryogen
liquid that boils at cryogenic temperatures below 120 K and is used~to obtain |[very low
temperatpres

Note 1 to éntry: The most common cryogen for HTS cables is liquid nitrogef,dde to its availability, cost and
dielectric pfoperties.

3.3.18
cryogenic refrigeration system

cryogenic cooling system

system that is capable of cooling cryogen at cryogenic,temperatures

3.3.19
maximum allowable working pressure
maximun) pressure (gauge) across the entire operating and testing temperature |range to
which thg superconducting cable system. may be exposed and operated

Note 1 to eptry: The maximum allowable working pressure is referred to for pressure testing.

Note 2 to |entry: The maximum allowable working pressure includes pressure variations within the normal
operation.

Note 3 to entry: The maximum._operating pressure shall be less or equal to the maximum allowalle working
pressure.

4 Voltage and current designations

4.1 R1ted voltages

In this document, the symbols Uy, U and U, are used to designate the rated voltages of
cables and accessories, where these symbols have the meanings given in IEC 60183 [9].

4.2 Rated operating current

In this document, the symbol /. is used to designate the rated operating current of the cable
and accessories. The rated operating current is the RMS value of the current that the system
shall be able to carry continuously under specified conditions of the cryogen. Preferably,
current ratings in accordance with IEC 60059 [10] should be applied.
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e materials

ble conductor materials

This document is applicable to cables having a conductor consisting of HTS material. In

addition,

the cable conductor may comprise metal.

NOTE Commonly used HTS materials for the cable conductor are copper-oxide superconductors (see IEC 60050-
815:2015, 815-11-08) in the form of tapes.

5.2 Ca

ble insulating materials (dielectric insulation)

This document is applicable to cables having a cold dielectric consisting of lapped insulating

tapes impregmated-withtheTryogerm.

NOTE 1 (

NOTE 2 (

ommonly used insulating tapes are kraft paper, polypropylene laminated paper, etc.

ommonly used cryogen is liquid nitrogen.

5.3 Cable screen materials

This doc
metal or

NOTE Co
815:2015,

iment is applicable to cables having a screen consisting ef either HTS m
A combination of both.

mmonly used HTS materials for the cable screen are copper-oxide superconductors (see
15-11-08) in the form of tapes.

5.4 Cdble cryostat materials (thermal insulation)

This doc
cryogenic
insulation

NOTE Th
alloys with

Ument is applicable to cables having a“Cryostat consisting of an inner en
temperature and an outer envelope at ambient temperature with a
in between.

e cable cryostat generally consists*of“an inner and outer tube made of stainless steel orj
A vacuum insulation in between.

5.5 Cdble oversheathing materials (outside cryostat)

The over

If an ove

Tests ardg

sheath is optional.

specified/ for the following types of oversheath:

- ST,

nd’SF, based on polyvinyl chloride (PVC);

sheath is required (e.g. using the cryostat as metal screen), it shall be tested.

hterial or

EC 60050-

elope at
thermal

aluminium

[oN

~ ST,a

e O T la <l 1 ol LD
nmu ot 7 vaoTU UTIT pLuyculylcnc \r I_,

The choice of the type of oversheath will depend on the design of the cable and on the
mechanical, thermal and fire constraints during installation and operation.

6 Cable characteristics

For the purposes of carrying out the cable system tests described in this document and
recording the results, the cable shall be identified. The following characteristics shall be

known or

a) name
b) rated
c) rated

declared:

of manufacturer, type, designation and manufacturing date or date code;
voltage: values shall be given for Uy, U, U, (see 4.1 and 8.4);
operating current: value shall be given for /;

d) maximum and minimum operating temperature of cryogen shall be given;
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e)
f)
g)

maximum and minimum operating pressure of cryogen shall be given;

maximum allowable working pressure of the system shall be given;

type of HTS material, number of HTS tapes in each phase conductor, if applicable nominal
cross-section and type of metal conductor in each phase conductor, design critical current
of each phase conductor at 77,3 K and function of its temperature dependency;

material and minimum thickness of insulation (z,;,) (see 5.2);

type of cryogen;

if applicable, type of HTS material, number of HTS tapes in cable screen and/or nominal
cross-section and type of metal conductor in cable screen, design critical current of screen
conductor at 77,3 K and function of its temperature dependency;

nominal-diameterof the cable core (/I),

nominal inner diameter of the cable cryostat (D,);

mateflial and type of cryostat and type of thermal insulation;

if applicable, material and nominal thickness of oversheath;

nominal overall diameter of the cable (D) (outside the cryostat or oversheath);

nominal inner diameter (d;;) and calculated minimum outer diameter (D;,) of the in

min

imum bend diameter;

nominal capacitance, corrected to 1 km length, and loss angle (tan J) between
screep and insulation screen for each dielectric in the gable core;

calculated maximum electrical stress at conductor ‘screen (E;) and at insulatio
(Eo):
B
' dIn(Dyg / d)
2U4

wherg

E,

- Dy xIn(Dyg / djj)

U; = U, forsingle core/three core and the outer phase of three phase concentri

Ui=T forthe inner and middle phase of three phase concentric cables;

D.

10

d

ii
io

min

= Wi * 2t
issthe declared nominal inner diameter of the insulation;

IS the calculated minimum outer diameter of the insulation;

sulation;

onductor

N screen

(1)

C cables;

IS the declared minimum nsulation thickness.

The values of Uy and of U are given in Table 1.

7 Accessory characteristics

For the purposes of carrying out the cable system or accessory tests described in this
document and recording the results, the accessory shall be identified.

The following characteristics shall be known or declared:

a) cables used for testing accessories shall be correctly identified, as in Clause 6;

b) accessories to be tested shall be correctly identified with respect to

name of manufacturer,
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— type, designation and manufacturing date or date code,

— ra

— ra

ted voltage values U, U, U,, (see 4.1 and 8.4),
ted operating current /,

— maximum and minimum operating temperature for cryogen,

— maximum and minimum operating pressure for cryogen,

— overview drawing with overall dimensions and weight,

— installation instructions (reference and date),

— detailed drawings (reference and date).

8 Test

8.1 An

Unless o

liti

IEC 2019

hbient temperature

herwise specified in the details for the particular test, tests shall he_carried

ambient {femperature of (20 £ 15) °C.

8.2 Frequency and waveform of power frequency test voltages

Unless o
shall be
values qu

therwise indicated in this document, the frequency of the alternating test
in the range 49 Hz to 61 Hz. The waveform shall, be’ substantially sinuso
oted are RMS values.

8.3 Wave form of impulse test voltages

out at an

voltages
dal. The

8.3.1 | ightning impulse voltage

In accordance with IEC 60230, the front timevof the standard lightning impulse voltage shall
be betwgen 1 us and 5 us. The time to\half value shall be 50 ys + 10 us as spegcified in
IEC 60040-1.

8.3.2 Bwitching impulse voltage

In accordance with IEC 60060-1, the standard switching impulse voltage shall have Ja time to
peak of 250 us = 50 ys andva time to half value of 2 500 us £ 1 500 ps.

8.4 Re¢llationship of test voltages to rated voltages

Where tgst voltages are specified in this document as multiples of the rated voltage U,, the
value of {/; for the determination of the test voltages shall be as specified in Table 1.

For cablés—and—accessories—ofrated vu:tayc not-shown—in—the—tabtethe—vatte—of LO for the

determination of test voltages may be the same as for the nearest rated voltage which is
given, provided that the value of U, for the cable and accessory is not higher than the
corresponding value in the table. Otherwise, and particularly if the rated voltage is not close
to one of the values in the table, the value of Uy on which the test voltages are based shall be

the rated

value, i.e. U divided by /3 .

The test voltages in this document are based on the assumption that the cables and

accessor

ies are used on systems of category A or B, as defined in IEC 60183 [9].

For rated voltages up to U = 30 kV under category B, a longer period, not exceeding 8 h on
any occasion, can be tolerated. The total duration of earth faults in any year should not

exceed 1

25 h.
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8.5 Cryogen temperature and pressure

Unless otherwise specified in the details for the particular test, tests shall be carried out at the
specified minimum pressure and maximum temperature in accordance with Clause 6.

9 Routine tests on cables and on prefabricated accessories

9.1 General

9.1.1 Tests on cable core samples

a) AC vogltage test for cable followed by partial discharge test (see 9.2);

b) criticgl current measurement (see 9.3).

The ordef in which these tests are carried out is at the discretion of the manufacturer

NOTE At fthe current time, there is no accepted methodology to allow factory,testing of full cable Igngths after
manufacturjng. Sample testing is performed at various stages during the manufacturing processeqd and after
completion| However, it is impractical to perform AC voltage tests and critical_current measurements op full cable
lengths. THe need to cool the cable to cryogenic temperature and impreghate the dielectric tapes w|th cryogen
makes testp on full reels of finished cable impractical. Further, in some cases, the cable reel at the factofy does not
include thd cryostat. In all cases, the thermal contraction of the cable while on the reel would presgnt extreme
difficulties.|Practical methodologies to enable factory testing of full\¢able lengths, similar to conventional cables,
are likely tq be developed in the future.

For quality control purposes, it is recommended to implement continuous thickness
monitoring, or at least periodical thickness measurements, during manufacturing of full cable
lengths. [This monitoring should ensure thatithe declared minimum insulation thigkness is
achieved|along the complete cable lengths;

9.1.2 Tests on cable cryostat

The testd specified in 9.4 to 9.5 shall be carried out on all finished cable cryostat Iengths at
the factory.

a) presgure test (see 9.4);

b) vacuym leak test (seg 9.5);

c) electrical test on“oversheath of the cable, if required (see 9.6).

The prespure-test shall be performed before the vacuum leak test. Alternatively, thg vacuum
leak test|can‘be performed at the same time as the pressure test. The electrical test on the

oversheath Can be carried out before or after the pressuretest. |

9.1.3 Tests on prefabricated accessories

The tests specified in 9.4 to 9.5 shall be carried out on all prefabricated accessories at the
factory.

a) AC voltage test for accessory followed by partial discharge test (see 9.7.1);

b) pressure test (see 9.7.2);

c) vacuum leak test (see 9.7.2).

The pressure test shall be performed before the vacuum leak test. Alternatively, the vacuum

leak test can be performed at the same time as the pressure test. The AC voltage test can be
carried out before or after the pressure test.
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9.2 AC voltage test for cable followed by partial discharge test
9.2.1 General

The test shall be performed on cable core samples with a minimum active length of 1 m using
alternating voltage at power frequency. The test cable core shall be immersed in the cryogen
in accordance with Clause 6. The maximum temperature of the cryogen shall be greater than
or equal to the maximum operating temperature and its minimum pressure shall be less than
or equal to the minimum operating pressure.

One sample from each shipping reel shall be taken and subjected to the voltage test. If the
length of the cable core on the shipping reels exceeds 1 000 m, one sample from each end of
the reel shall be tested. Each dielectric in the cable shall be subjected to the electric tests.

9.2.2 Procedure

The test oltage shall be raised gradually to the specified value, which shallthlen bg held for
30 min bé¢tween the conductors adjacent to the dielectric in accordance with, Table 1.

The voltage shall be gradually increased for the voltage test and~then decreaged after
completign of the voltage test to the partial discharge measuremeéent voltage in acgordance
with Table 1.

The partipl discharge test shall be carried out in accordanCe*with IEC 60885-3 for cgbles with
a sensitiyity of 5 pC or better.

9.2.3 Requirement

No breakidown of the insulation at test voltage\shall occur and no detectable partial discharge
shall occpr.

If the sample from any length selected-for the tests fails, an investigation of the ¢ause for
failure shall be undertaken. If agreedbetween the customer and manufacturer to pro¢eed with
routine tgsting, two further sampies shall be taken from either side of the same ree| and the
test shal| be repeated. If both additional samples pass the tests, the reel from which they
were takén shall be regarded.as having complied with the requirements of this document. If
either fails, this reel shall e regarded as having failed to comply.

9.3 Crjtical current.measurement
9.3.1 General

The critigalletrrent of each cable conductor containing HTS material shall be measjured and
recorded mwmmmmmﬁw@le with a

minimum length of 1 m between the voltage taps excluding the contacts. The test cable core
shall be immersed in the cryogen in accordance with Clause 6.

One sample from each shipping reel shall be taken and subjected to the test. If the length of
the cable core on the shipping reels exceeds 1 000 m, one sample from each end of the reel
shall be tested.

The cryogen temperature (7T,) shall be recorded. In the case of cryogen circulation, the
temperature (7,,,) at the measurement is defined as the average between the inlet and outlet
temperatures.

9.3.2 Procedure

The critical current shall be measured by the procedure in accordance with Annex B.
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9.3.3 Requirement

The measured critical current shall be equal or higher than the design critical current given in

Clause 6

determined at temperature T,.

9.4 Pressure test

9.4.1 General

A pressure test shall be performed as a routine factory test on each cable cryostat length.

9.4.2 Procedure

The test
allowable
gradually
step long

working pressure as given in Clause 6 at room temperature. The pressurq

enough to equalize piping strain. When the test pressure is reachéed, the

source shall be disconnected from the test object.

NOTE Lo

9.4.3

al regulations might require the pressure test to be performed with a higher-pressure.

Requirement

After 10 nin, the pressure in the test object shall not be less’ than the test pressure.

9.5 Vacuum leak test

9.5.1

The vacu
out for al

9.5.2

General

um leak test of the vacuum insulation space at ambient temperature shall b
finished cable cryostat lengths where the vacuum seal is made at the facto

Procedure

The test

(mass s

pbject shall be evacuated by a vacuum pump system. The leak rate of trac

ectrometer). In casé.more than one leak detector is connected to the samg

the vacup\rem area through the outer and inner wall shall be detected by a helium leak

space, th

9.5.3
The dete

leak rate is therstm of all individual leaks measured.

Requirement

rmined-leak rate shall not be higher than 5 x 10" Pa m3/s (5 x 10-8 mbar:|/s)

shall be carried out with a pneumatic pressure equal to 1,1 times the Mmaximum

shall be

increased in steps until the test pressure is reached, holding the pressure at each

pressure

e carried
y.

er gas to
detector
vacuum

9.6 Elfctrical test on oversheath of the cable

When the test is required by the particular contract, the cable oversheath shall be subjected
to the electrical test specified in IEC 60229:2007, Clause 3.

9.7 Te

sts on prefabricated accessories

9.71 Voltage test followed by partial discharge test

The main insulation of prefabricated accessories shall undergo the voltage routine test
followed by the partial discharge test and in accordance with 1), 2) or 3) below:

1) on the main insulation of prefabricated accessories installed on the cable;

2) by using a host accessory into which a component of an accessory is substituted for the

test;

3) by using a simulated accessory rig in which the electrical stress environment of a main
insulation component is reproduced.
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In cases 2) and 3), the test voltage shall be selected so as to obtain stresses at least the
same as those on the component in a complete accessory when subjected to the test voltages
specified in 9.2.

The procedure and requirements of 9.2.2 and 9.2.3 apply.

NOTE The main insulation of prefabricated accessories consists of the components that come in direct contact
with the cable insulation and which are necessary to control the electrical field distribution in the accessory.
Examples are premoulded or precast elastomer or filled epoxy resin insulating components that can be used singly
or jointly to provide the necessary insulation or screening of accessories.

9.7.2 Pressure test and vacuum leak test

The testwmmm_mm:nsulated
components or pressure containment components of the prefabricated accessoriesihished at

the factofy. If safety valves or burst discs with an opening pressure at room tempergture less
than the fest pressure are foreseen, the devices may be replaced by a blind flange.

Those sgctions which will be assembled on site and pumped for vacuum-on site shall not be
subjected to the routine test.

10 Samiple tests on cables

10.1 Ggneral
The folloying tests shall be carried out on samples taken to represent batches:

a) condlictor examination (see 10.4);

b) measurement of thickness of insulation (sée 10.5)

c) measprement of thickness of oversheath, if required (see 10.6);
d) measprement of diameters, if required (see 10.7);

e) measprement of capacitance (see 10.8);

f) IightnLng impulse voltage test(see 10.9).

10.2 Frequency of tests

The sample tests in items a) to e) of 10.1 shall be carried out on one length from eqch batch
(manufadturing series) of the same type and cross-section of cable, but shall be limifed to not
more thgn 10 %(of  the number of lengths in any contract, rounded to the neargst whole
number.

The freqlency of the test in item f) of 10 1 shall be in accordance with agreed quality control
procedures. In the absence of such an agreement, one test shall be made for contracts with a
cable length between 4 km and 20 km and two tests for contracts with longer cable lengths.

10.3 Repetition of tests

If the sample from any length selected for the tests fails in any of the tests in Clause 10,
further samples shall be taken from two further lengths of the same batch and subjected to
the same tests as those in which the original sample failed. If both additional samples pass
the tests, the other cables in the batch from which they were taken shall be regarded as
having complied with the requirements of this document. If either fails, this batch of cables
shall be regarded as having failed to comply.

10.4 Conductor examination

Compliance with the declared construction given in Clause 6 shall be checked by inspection
and measurement when practicable.
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10.5 Measurement of thickness of cable insulation
10.5.1 General

Each cable length selected for the test shall be represented by a piece taken from one end
after having discarded, if necessary, any portion that may have suffered damage.

10.5.2 Procedure

The thickness of the insulation shall be determined on a sample according to the diameter
tape method in dry conditions. The sample shall be dismantled until the dielectric is available
with dielectric screening tapes removed. The diameters in this state shall be measured by
means of a diameter measuring tape at 50 mm and 100 mm from the end of the piece of core.
The dianfeter—strattbemeasured—with—am accuracy of =0, T e msutatiormrsttal] then be
removed [to reveal the conductor screen and the diameters over the conductor screen| are then
measured with the diameter measuring tape. The insulation thickness at.‘€ach| point of
measurelnent shall be calculated by halving the difference of the two diameters measured at
that posifion.

10.5.3 Requirement

The calcplated insulation thickness at each point of measuremént shall not fall Qelow the
specified|minimum insulation thickness.

10.6 Measurement of thickness of oversheath
10.6.1 General

The overgheath is optional and shall only be tested-if it is required.

The test [nethod for determining the thickné&ss of the oversheath shall be in accordance with
IEC 60811-202.

Each callle length selected for the(test shall be represented by a piece taken from|one end
after hav|ng discarded, if necessany, any portion that may have suffered damage.

10.6.2 Requirement

The minimum measured.thickness shall not fall below 85 % of the nominal thicknesg by more
than 0,1 m:
tmin = 0,85 ¢, — 0,1

min =

where

t is the minimum measured thickness, in millimetres;

min

t is the nominal thickness, in millimetres.

n

10.7 Measurement of diameters

If the purchaser requires that the diameter of the cable core and/or the overall diameter of the
cable shall be measured, the measurements shall be carried out in accordance with
IEC 60811-203.

10.8 Measurement of capacitance

The capacitance shall be measured between the conductor screen and the insulation screen
for all dielectrics in the cable core. The test cable core shall be immersed in the cryogen in
accordance with Clause 6 and the cryogen temperature shall be recorded with the test data.
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The measured value of the capacitance shall be corrected to a 1 km length and shall not
exceed the declared nominal value by more than 8 %.

10.9 Lightning impulse voltage test

The test shall be performed on a cable core sample with a minimum active length of 5 m. The
test cable core shall be immersed in the cryogen in accordance with Clause 6. The maximum
temperature of the cryogen shall be greater than or equal to the maximum operating
temperature and its minimum pressure shall be less than or equal to the minimum operating
pressure.

The impulse voltage shall be applied in accordance with the procedure given in IEC 60230.

The cablg shall withstand without failure 10 positive and 10 negative voltage impulsles of the
approprigte value given in Table 1, column 8.

No breakdown of the insulation shall occur.

11 Sampple tests on accessories

11.1 Tejsts on components

The charpcteristics of each component shall be verified in_accordance with the spedifications
of the ag¢cessories manufacturer, either through test reports from the supplier off a given
component or through internal tests.

The mamfacturer of a given accessory shall provide a list of the tests to be perf¢grmed on
each conmponent, indicating the frequency of each test.

The con]]ponents shall be inspected_against their drawings. There shall be no [deviation
outside the declared tolerances.

NOTE As|components differ from one _supplier to another, it is not possible to define common samgle tests on
componentp in this document.

11.2 Tejsts on complete accessory

For accepsories where-the main insulation cannot be routine tested (see 9.1), the [following
electricalftests shall’be carried out by the manufacturer on a fully assembled accessory:

a) AC voltagetest followed by partial discharge test (see 9.7.1);
b) vacuymideak test (see 9.7.2);

c) pressure test (see 9.7.2).

The pressure test shall be performed before the vacuum leak test. Alternatively, the vacuum
leak test can be performed at the same time as the pressure test. The AC voltage test can be
carried out before or after the pressure test.

These tests shall be performed on one accessory of each type per contract if the number of
that type in the contract is above 50.

If the sample fails any of the above tests, two further samples of the same accessory type
from the contract shall be taken and subjected to the same tests. If both additional samples
pass the tests, the other accessories of the same type from the contract shall be regarded as
having complied with the requirements of this document. If either fails, this type of accessory
of the contract shall be regarded as having failed to comply.
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12 Type tests on cable systems

12.1 General

The tests specified in Clause 12 are intended to demonstrate the satisfactory performance of
cable systems.

A table of the subclause references to be considered during a type test on a cable system is
given in Annex D.

NOTE 1 Tests on terminations referring to environmental conditions are not specified in this document.

NOTE 2 Tests on cooling systems are not considered in this document.

12.2 Range of type approval

When tyfde tests have been successfully performed on one or more cable system(s) of specific
rated cufrent, and of the same rated voltage and construction, the typé\approval|shall be
considered as valid for cable systems within the scope of this document with other rated
currents,|rated voltages and constructions provided that all the conditiens of a) to f) afre met:

a) the voltage group is not higher than that of the tested cable system(s);

NOTE | In this context, cable systems of the same rated voltage greup-are those of rated voltagds having a
commgn value of U_, the highest voltage for equipment, and the<same test voltage levels (sge Table 1,
columrls 1 and 2).

b) the rgted current is not larger than that of the tested.cable;

c) the cable and the accessories have the same or a similar construction as that of the tested
cable|system(s);

Cablgs and accessories of similar cofstruction are those of the same {ype and
manufacturing process of insulation \@fdd semi-conducting screens. Repetition of the
electrjical type tests is not necessary on account of the differences in the confuctor or
connegctor type or material or of the-protective layers applied over the screened|cores or
over fhe main insulation part of the accessory, unless these are likely to have a slignificant
effecfl on the results of the test:'In some instances, it may be appropriate to repept one or
more |of the type tests (e.g.-bending test, load cycle voltage test and/or compatibiljty test).

d) the cglculated nominakelectrical stress and the impulse voltage stress calculajed using
nominal dimensionscat-the cable conductor screen, for all dielectrics in the cable| core, do
not exceed the respective calculated stresses of the tested cable system(s) by more than
10 %

e) the calculated.nominal electrical stress at the cable insulation screen, for all dielectrics in
the cablecore, and the impulse voltage stress calculated using nominal dimensiophs do not
excegddherespective calculated stresses of the tested cable system(s);

f) the calculated nominal electrical siresses an € impulse voltage siresses calculated
using nominal dimensions within the main insulation parts of the accessory and at the
cable and accessory interfaces do not exceed the respective calculated stresses of the
tested cable system(s).

The type tests on cable components (see 12.5) do not need to be carried out on samples from
cables of different voltage ratings and/or current ratings unless different materials and/or
different manufacturing processes are used to produce them.

A type test certificate signed by the representative of a competent witnessing body, or a
report by the manufacturer giving the test results and signed by the appropriate qualified
officer, or a type test certificate issued by an independent test laboratory shall be acceptable
as evidence of type testing.
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12.3 Summary of type tests

The type tests shall comprise the electrical tests on the complete cable system as specified in
12.4 and the appropriate non-electrical tests on cable components and complete cable as
specified in 12.5.

NOTE For further tests only for engineering purposes, including short circuit considerations, refer to Annex C.

The non-electrical tests on cable components and complete cable are listed in Table 2,
indicating which tests are applicable to each oversheath material. The test under fire
conditions is only required if the manufacturer wishes to claim compliance with this test as a
special feature of the design of the cable.

The test$ listed in 12.4.2 shall be performed on one or more samples of complete cable,
dependinlg on the number of accessories involved, at least 10 m in length excildding the
accessorjes.

The minimum length of free cable core between accessories shall be 5 m¢

The accgssories shall be installed after the bending test on the cable. One samplg of each
accessorly type shall be tested.

Cable arld accessories shall be assembled in the mannef,specified by the manufacturer's
instructions, with the grade and quantity of materials supplied, including lubricants, if[any.

The extefnal surface of accessories shall be dry and clean, but neither the cable$ nor the
accessorjes shall be subjected to any form of conditioning not specified in the manufacturer's
instructions that might modify the electrical, thermal or mechanical performance.

During teists c) to j) of 12.4.2, it is necessary-to test joints with their outer protection fitted. If it
can be shown that the outer protection does not influence the performance of [the joint
insulation, for example there are no.thermo-mechanical or compatibility effects, the grotection
need not|be fitted.

12.4 Eléctrical type tests on complete cable systems
12.4.1 Test voltage values

Prior to the electricalktype tests, the insulation thickness shall be determined on a sagmple cut
from the|cable cote by the method specified in 10.5.2. The larger of the two dgtermined
values shall be_considered

If the thigkness of the insulation does not exceed the minimum value by more than|5 %, the
test voltages shall be the values specified in Table 1 for the rated voltage of the cable.

If the thickness of the insulation exceeds the minimum value by more than 5 % but by not
more than 15 %, the test voltage shall be adjusted to give an electrical stress at the conductor
screen equal to that applying when the thickness of the insulation is equal to the minimum
value, and the test voltages are the normal values specified for the rated voltage of the cable.

The cable length used for the electrical type tests shall not have an insulation thickness
exceeding the minimum value by more than 15 %.

12.4.2 Tests and sequence of tests
The tests in items a) to j) shall be carried out in the following sequence:

a) bending test on the cable core (see 12.4.3) followed by installation of accessories;
b) critical current measurement test on cable sample (see 12.4.4);
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This test may alternatively be carried out on the complete assembly at any step of the
sequence.

C) press

ure test (see 12.4.5);

This test may be carried out during the installation of the accessories.

d) thermal cycle test (see 12.4.6);

e) partial discharge test (see 12.4.7);

f) tan$

measurement (see 12.4.8);

g) load cycle voltage test (see 12.4.9);

h) switching impulse voltage test (required for U,, > 300 kV, see 12.4.10.1);

i) lightn
j) parti
k) tests

| discharge test (see 12.4.7);
pf outer protection for joints, if required (see Annex E);

Thesg tests may be applied to a joint that has passed the previous tests-or to a
joint which has not been part of the assembly.

[) exam
tests

Test volfages shall be in accordance with the values given~in the appropriate ¢

nation of the cable system with cable and accessories op. completion of t
see 12.4.11).

1.10.2);

separate

he above

plumn of

Table 1.

For the tests e) to j) the assembly shall be filled with the cryogen in accordgnce with
Clause 6/ The maximum temperature of the cryodenshall be greater than or eq13l to the
maximumn operating temperature and its minimum¢cpressure shall be less than or equial to the
minimum|operating pressure.

12.4.3 Bending test

The cable core shall be bent around*a test cylinder (for example, the hub of a |drum) at
ambient femperature for at least one*complete turn and unwound, without axial rotation. The
sample shall then be rotated through 180° and the process repeated.

This cyclg of operations shallbe carried out three times in total.

The diameter of the test cylinder shall not be greater than the minimum bend |[diameter
specified|in Claus€e 6~

The cablg core,shall be bent inside a cryostat or corrugated tube of approximate dimensions

as the cible cryostat to impose the surface features of the cryostat upon the subj

under test

bct cable

After the bending test, the cable core is cut into sections that are connected to the

accessor

ies.

12.4.4 Critical current measurement

The critical current measurement shall be performed as described in 9.3 on a cable core

sample ¢

12.4.5

ut from the test cable core after the bending test.

Pressure test

The pressure test of the assembly shall be performed as described in 9.4. If safety valves or
burst discs with an opening pressure at room temperature less than test pressure are
foreseen, the devices may be replaced by blind flanges.
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12.4.6 Thermal cycle test

The assembly shall be subjected to a thermal cycle test consisting of five cycles.

Each thermal cycle shall consist of cooling down the assembly from ambient temperature to
operating temperature with stable operating conditions of the cryogen in accordance with the
parameters specified in Clause 6, followed by warming up the assembly to ambient
temperature.

After the thermal cycle test, the assembly shall be cooled down from ambient temperature to
operating temperature with stable operating conditions of the cryogen in accordance with the
parameters specified in Clause 6.

12.4.7 Partial discharge test

The test|shall be performed in accordance with IEC 60885-3, the sensitivity beind 5 pC or
better.

For cablg systems with U, < 18 kV, the test voltage shall be raised gradually to and held at
2 Uy for 10 s and then slowly reduced to 1,73 U, (see Table 1, column 5).

For cablg systems with Uy > 18 kV, the test voltage shall be qraised gradually to and held at
1,75 Uy fpr 10 s and then slowly reduced to 1,5 U, (see Table 1, column 5).

There shpll be no detectable discharge exceeding theudeclared sensitivity from the test object
at 1,73 U, for cable systems with Uy < 18 kV and at'4y5 U, for cable systems with Uy[> 18kV.

12.4.8 [fan 6 measurement

The tan ¢ shall be measured at a power frequency voltage of U, (see Table 1, column 6).
The measgured value shall not exceed:the declared value given in Clause 6.

12.4.9 | oad cycle voltage test

The asseimbly shall be subjected to a load cycle voltage test consisting of 20 cy