IEC/IEEE 80005-1:2019-03(en)

IEC/IEEE 80005-1

' I E E E Edition 2.0 2019-03

INTERNATIONAL
STANDARD ¥

O
S @R

Utility connections in port —
Pant 1: High voltage shore connection (HV systems — General requireménts



https://iecnorm.com/api/?name=8ea84469156adc1c020a4d14c9a7656f

IEC

IEC

3, rue de Varembé
CH-1211 Geneva 20

THIS PUBLICATION IS COPYRIGHT PROTECTED

Copyright © 2019 IEC/IEEE

or IEEE at the respective address given below.

Central Office

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from

Institute of Electrical and Electronics Engineers, Inc.
3 Park Avenue
New York, NY 10016-5997

Switzerland United States of America
Tel.: +41 22 919 02 11 stds.info@ieee.org
info@iec.ch WWW.ieee.org
www.iec.ch
About the IEC
The Ipternational Electrotechnical Commission (IEC) is the leading global organization that prepares. and publishes

Intern|

Abou
The t
latest

IEC p
The 4
variet
comm)
and w|

IECJ
Stay

detailg
once

IEC C|
If you
need

Centrd

t IEC publications

iblications search - webstore.iec.ch/advsearchform
dvanced search enables to find IEC publications by a

of criteria (reference number, text, technical
ttee,...). It also gives information on projects, replaced
thdrawn publications.

st Published - webstore.iec.ch/justpublished

p to date on all new IEC publications. Just Published
all new publications released. Available online and
month by email.

ustomer Service Centre - webstore.iec.ch/csc

wish to give us your feedback on this publication or
urther assistance, please contact the Customer Service
: sales@iec.ch.

Ational Standards for all electrical, electronic and related technologies.

bchnical content of IEC publications is kept under constant review by the IEC. Please make_sure that you ha
edition, a corrigendum or an amendment might have been published.

Electropedia - www.electropedia.org

e the

The world's leading online__dictionary on electrotechrjology,
containing more than 22<000 terminological entries in Bnglish

and French, with equivalent terms in 16 additional lang

lages.

Also known as the ‘International Electrotechnical Vocgbulary

(IEV) online.

IEC Glossary.- std.iec.ch/glossary

67 000-.electrotechnical terminology entries in English and

Freneh, extracted from the Terms and Definitions cla

IEC*publications issued since 2002. Some entries havg

ise of
been

collected from earlier publications of IEC TC 37, 77, §6 and

CISPR.



mailto:stds.info@ieee.org
mailto:info@iec.ch
http://www.ieee.org/
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://iecnorm.com/api/?name=8ea84469156adc1c020a4d14c9a7656f

€ IEEE

IEC IEC/IEEE 80005-1

Edition 2.0 2019-03

INTERNATIONAL
STANDARD <2

Q
S @R

o
N\
o
Utility connections in port — <(
Part 1: High voltage shore connection (HV systems — General requireménts
N
%\@
oY
Q\
xO
O
o
>
~
Q.

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 47.020.60 ISBN 978-2-8322-6605-2

Warning! Make sure that you obtained this publication from an authorized distributor.



https://iecnorm.com/api/?name=8ea84469156adc1c020a4d14c9a7656f

-2- IEC/IEEE 80005-1:2019
© IEC/IEEE 2019

CONTENTS
FOREWORD ...ttt e e et et e e et et e e et et e e e e e e e e e e e e e e e e eanneenns 6
LN I O 1 1 L I 1 ] PN 9
1 RS ToTo] o 1= PP 10
2 NOIMALIVE FEFEIENCES ...t et e e e ees 10
3 Terms and definitions ... 12
4 General reqUIrEMENTS ... e 13
411 System desCription.. ..ot O .13
4)2 Distribution system ... ..o N .14
4.2.1 (=Y a1 =Y PP AP .14
4.2.2 Equipotential bonding ..o .14
413 Compatibility assessment before connection.............ccoooiiiii O, .15
414 HVSC system design and operation............cocooeiiiiiiiiien O .15
4.4.1 System design ... A .15
4.4.2 System operation.......cccooviiiiii e S .15
415 Personnel safety ..o b .16
416 Design requiremMents ........ooviiiiiii e A e .16
4.6.1 General .. ..16
4.6.2 Protection against moisture and condensation ....................ooL .16
4.6.3 Location and construction ............... 82 .16
4.6.4 Electrical equipment in areas where'flammable gas or vapour and/or

combustible dust can be present.s. ... A7
417 Electrical requirements ....... ... 00 .17
418 System study and calculationsS . ... A7
419 Emergency shutdown including emergency-stop facilities .............cc..coooiiinn. .18
5 HV shore supply system requifre@ments ..........ooiiiiiiiii e .19
51 Voltages and freQUEMTCIES .. .. ..uiuiii e e e e .19
5]2 Quality of HV ShoOre SUPPIY . cunieiie e .20
6  |Shore side installation ... ..o e .22
6]1 General. e .22
6)2 System.component reqUIrEMENTES ........o.viiiiiiiii i .22
6.2.1 Circuit-breaker, disconnector and earthing switch..................ccccoiin .22
6.2.2 I = 1 F 0T 0 1= .22
6.2.3 Neutral earthing resSistor ... .23
6.2.4 Equipment-earthing conductor bonding..........coooiiiiiiiiiii .23
6.3 Shore-to-ship electrical protection system...........cooiiiiiiiiii e, 23
6.4 HV INTEITOCKING «oenitite e 24
6.4.1 LT o= = | P 24

6.4.2 Operating of the high-voltage (HV) circuit breakers, disconnectors and
earthing SWItChesS ... ..o 24
6.5 Shore connection convertor equipment ... ... 25
6.5.1 GBNEIAL .. 25
6.5.2 Degree of proteCtion ... 25
6.5.3 L0 0T o] 11 0T PP PP 25
6.5.4 PO e O ION e 26
7  Ship-to-shore connection and interface equipment ... 26

7.1 (C1Y A =T = | P 26


https://iecnorm.com/api/?name=8ea84469156adc1c020a4d14c9a7656f

IEC/IEEE 80005-1:2019 -3 -
© IEC/IEEE 2019

7.2 Cable management SYStemM .. ... 26
7.2.1 GBNEIAl e 26
7.2.2 Monitoring of cable mechanical tension ... 27
7.2.3 Monitoring of the cable length...........ccooi i, 27
7.2.4 ConNNeCtors ProteCtioN. .. ... 27
7.2.5 Equipotential bond monitoring.......c.cooeiii i 27
7.2.6 SHP FING UNIES oo e e 27

7.3 1070 o1 1= o1 (o] = TP 28
7.3.1 GBNEIAL ..t 28
7.3.2 Pilot CONTACTS ... ..28
7.3.3 Earth contact ... TN .28
7.3.4 Fibre-optic connection ... .29

714 Interlocking of earthing switches .........cccoiiiiiii o ..30

715 Ship-to-shore connection cable ... T ..30

716 Control and monitoring cable ... O .31

717 ] (0] = o [P 4 PPN .31

718 Data communication ... A .31

8  [Ship reqUIremMENtS ... T N .. 31

81 General. ..o A N .31

8)2 Ship electrical distribution system protection..... .y .32
8.2.1 Short-circuit protection ... .32
8.2.2 Earth fault protection, monitoring and/alarm..................ccooiiiiin .32

8]3 Shore connection switchboard ...... ... 80 .32
8.3.1 GBNETAl e P e .32
8.3.2 Circuit-breaker, disconnector and earthing switch....................cooon .32
8.3.3 Instrumentation and proteetion..... ... ..33

8l4 ONboard transS OrMEr. .. .. o e ..33

815 Onboard receiving switchiboard connection point..............oo .33
8.5.1 (CT=Y a1 Y I o ..33
8.5.2 Circuit-breaKen and earthing switch..............cooiiii .33
8.5.3 INStrUMEREatioN . ... .34
8.5.4 PrOtE T ON e .34
8.5.5 Operation of the circuit-breaker ... ..., ..35

816 ShipPOWEr reSTOratioN .. ..iei e ..35

9 [HVSC system control and monitoring........ocuiviiiiiiiii e ..36

911 L= a1 = PP ..36

9)2 Load transfer via blackout ... ..36

9.3 Load transfer via automatic synchronization...............ccoooiiiiiiii i 36
9.3.1 GBNEIAL .. 36
9.3.2 ProtECtiON o e 37

10 Verification and teStiNg . ..o 37

1O B 1= o =Y - | PP 37

10.2 Initial tests of shore side installation ... 37
10.2.1 GBNEIAl e 37
10.2.2 TS it 37

10.3 Initial tests of ship-side installation ......... .. 38
10.3.1 GBNEIAL L. s 38
10.3.2 T O SES iiiii i aas 38

10.4 Tests at the first call at a shore supply point ..., 38


https://iecnorm.com/api/?name=8ea84469156adc1c020a4d14c9a7656f

-4 - IEC/IEEE 80005-1:2019
© IEC/IEEE 2019

10.4.1 GBNEIAL . 38
10.4.2 IS £ 38
11 Periodic tests and maintenNanCe ... 39
T T 7= o =Y = S 39
11.2 Tests at repeated calls of a shore supply point .......ccooiiiiiiiiiiii e, 39
11.2.1 LT o= = | P 39
11.2.2 Ve ICatiON L. e 39
11.3  Earthing bonding CONNECIONS . ..o 39
B2 B T Yo7 U T g 0 =Y o1 2= 14 o o 1R 40
TR GeNeral. e O ..40
1R.2  System descriplion.. ..o ..40
Anngx A (informative) Ship-to-shore connection cable ............cc.oooiiii WL .41
Al1 Rated VOIAge ..o .41
Al2 (1Yo T=T =T e [T o o T S PP .41
A.2.1 General .o T ..41
A.2.2 (07010 [0 [ To1 (o] =0T . PR .41
A.2.3 Insulation of power cores and neutral core............ o0/ i .41
A.2.4 SCrEENING ooviiiiiiiee e e e .42
A.2.5 Earth conductors ... N .42
A.2.6 Pilot element with rated voltage Up/U (U )'= 150/250 (300) V.................... .42
A.2.7 Optical fIbres ... ..43
A.2.8 CabliNg e .43
A.2.9 7Y o= [ Y o] g €= o 1= PP .43
A.2.10 Outer sheath........ooo ..43
A.2.11 =T o ST o ..43
Al3 Tests on complete cables ..« @i .44
Anngx B (normative) Additional requirements for Roll-on Roll-off (Ro-Ro) cargo ships
and R0O-RO pPassenger Ships ..o e ..46
Bl1 GENEIAl. e ..46
Anngx C (normative) Additienal requirements for cruise ships...........coccooiiiiiiiiiinen. ..51
Cl1 LT =T =T P ..51
Cl6 Shore sideNnstallation..... ... ..56
Anngx D (normative) Additional requirements of container ships...............coooiiiiis ..59
Df1 LT a (=1 - Y PP ..59
Anngx E (informative) Additional requirements of liquefied natural gas carriers (LNGC)....[..63
E}1 LY o= Y S ..63
AnnéxE (informative) Additional requirements for tankers .69
F.1 LT =Y o= ¥ S 69
71 0] [ o = o 2 1728 72
Figure 1 — Block diagram of a typical described HVSC system arrangement ......................... 14
Lo LU e o o P Eo T =Y [ U= o o= PP 20
Figure 3 — Single harmonic distortion limits...........cooooiiiiiii e, 21
Figure 4 — Fibre-optic socket outlet.... ... 29
Figure 5 — FIbre-0ptic PlUG ... e et 30
Figure A.1 — Bending test arrangement . ... ..o 45

Figure B.1 — General system diagram ...........oouiiiiiiiii e 47


https://iecnorm.com/api/?name=8ea84469156adc1c020a4d14c9a7656f

IEC/IEEE 80005-1:2019 -5-
© IEC/IEEE 2019

Figure B.2 — Safety CirCUITS ... uuiii e 49
Figure B.3 — Three-phase plug and socket-outlet contact assignment ...................ccoo, 50
Figure C.1 — General system diagram .. ... e 51
Figure C.2 — Cruise ship HVSC system functional diagram ............c.ccooiiiiiiiiiiiie e, 52
Figure C.3 — Safety and Control CIrCUILS ........couiiiiiii e 55
Figure C.4 — Three-phase ship connector and ship inlet contact assignment......................... 57
Figure C.5 — Three-phase ship inlet fitted with fail-safe limit switch............................... 58
Figure D.1 — General system diagram ... ....ccuiiiiiiii e 59
Figule D.2 — Safety CirCUITS ...t e ..61
Figufe D.3 — Three-phase plug and socket-outlet contact assignment....................... N ..62
Figufe E.1 — General system diagram ...........ccooeeiiiiiiiiniiiiiieeeeee e Bt e, .64
Figufe E.2 — Three-phase ship connector and ship inlet contact assignment..=l0.............. ..67
Figufte F.1 — General system diagram ..........ccccoeiiiiiiiiiiiniieiiceeee e N, ..69
Figufe F.2 — Three-phase shore plug and ship socket-outlet contact assignment ............... .. 71
Tablp E.1 — LNGC 140 000 m3 t0 225 000 M3 ..........oooiviirreee N, .65

Tablp E.2 — LNGC > 225 000 M3 ...y S e ..65



https://iecnorm.com/api/?name=8ea84469156adc1c020a4d14c9a7656f

2)

3)

4)

5)

6)
7)

-6 - IEC/IEEE 80005-1:2019
© IEC/IEEE 2019

INTERNATIONAL ELECTROTECHNICAL COMMISSION

UTILITY CONNECTIONS IN PORT -

Part 1: High voltage shore connection (HVSC) systems —
General requirements

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compyising
al|l national electrotechnical committees (IEC National Committees). The object of ClE€ is to pr¢mote
infernational co-operation on all questions concerning standardization in the electrical and electronic fields. To
thjs end and in addition to other activities, IEC publishes International StandardsTechnical Specifications,
Tg¢chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as|“IEC
Pdiblication(s)”). Their preparation is entrusted to technical committees; any IEC-National Committee interested
in| the subject dealt with may participate in this preparatory work. Interpational, governmental and| non-
gqvernmental organizations liaising with the IEC also participate in this preparation.

ISIO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(1$0 member bodies). The work of preparing International Standards jis normally carried out through ISO
tephnical committees. Each member body interested in a subject for ‘which a technical committee has|been
tablished has the right to be represented on that committee., International organizations, governmentgl and
ndn-governmental, in liaison with ISO, also take part in the work/1SO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electroteghnical standardization.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees pf the
IEEE Standards Association (IEEE-SA) Standards Board:'|IEEE develops its standards through a consg¢nsus
ddvelopment process, approved by the American National Standards Institute, which brings together volunpteers
representing varied viewpoints and interests to ,achieve the final product. Volunteers are not neceIarin

members of IEEE and serve without compensation. While IEEE administers the process and establishes|rules
to| promote fairness in the consensus development process, IEEE does not independently evaluate, test, or
vgrify the accuracy of any of the information’contained in its standards. Use of IEEE Standards documents is
wholly voluntary. IEEE documents are made“available for use subject to important notices and legal disclaimers
(spe http://standards.ieee.org/IPR/disclaimers.html for more information).

C collaborates closely with ISO ahd IEEE in accordance with conditions determined by agreement be{ween
the organizations. This Triple Logo ‘International Standard was jointly developed by the IEC, ISO and|IEEE
der the terms of that agreemnient.

e formal decisions of IEC ‘on technical matters express, as nearly as possible, an international consengus of
inion on the relevant«slibjects since each technical committee has representation from all interested IEC
tional Committees.( In ‘the 1SO, Draft International Standards adopted by the technical committees are
ifculated to the mémper bodies for voting. Publication as an International Standard requires approval |by at
st 75 % of thé meémber bodies casting a vote. The formal decisions of IEEE on technical matters,|once
nsensus withinJlEEE Societies and Standards Coordinating Committees has been reached, is determingd by
alanced ballot of materially interested parties who indicate interest in reviewing the proposed standard.|Final
proval ef\the |IEEE Standard document is given by the IEEE Standards Association (IEEE-SA) Standards
ard.

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

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

IEC, ISO and IEEE do not provide any attestation of conformity. Independent certification bodies provide
conformity assessment services and, in some areas, access to IEC marks of conformity. IEC, ISO and IEEE are
not responsible for any services carried out by independent certification bodies.

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

No liability shall attach to IEC, ISO or IEEE or their directors, employees, servants or agents including
individual experts and members of technical committees and IEC National Committees and ISO member
bodies, or volunteers of IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (IEEE-SA) Standards Board, 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/ISO/IEEE Publication or any other IEC, ISO or IEEE Publications.
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8) Attention is drawn to the normative references cited in this publication. Use of the referenced publications is

9)

indispensable for the correct application of this publication.

Attention is drawn to the possibility that implementation of this IEC/ISO/IEEE Publication may require use of

material covered by patent rights. By publication of this standard, no position is taken with respect t

o the

existence or validity of any patent rights in connection therewith. IEC, ISO or IEEE shall not be held responsible
for identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the
legal validity or scope of Patent Claims or determining whether any licensing terms or conditions provided in
connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or
non-discriminatory. Users of this standard are expressly advised that determination of the validity of any patent

rights, and the risk of infringement of such rights, is entirely their own responsibility. Further information m
obtained from I1SO or the IEEE Standards Association.

ay be

International Standard IEC/IEEE 80005-1 has been prepared by IEC technical committee 18:

Elecfrical installations of ships and of mobile and fixed offshore units, in cooperation with.

This|document is published as a triple logo (IEC, ISO and IEEE) standard.

This| second edition cancels and replaces the first edition published in 2012. This ed
congdtitutes a technical revision.

This|edition includes the following significant technical changes with respect to the prev
editipn:
a) modification of 4.1, Figure 1:

b)

IEC subcommittee 23H: Plugs, socket-outlets and couplers for industrial afnd si
pplications, and for Electric Vehicles, of IEC technical committee 23: VElec
ccessories;

IBO technical committee 8: Ships and marine technology, subcommittee 3: Piping
achinery;

nd |IEEE IAS Petroleum and Chemical Industry Committee, {PCIC) of the Ind
Applications Society of the IEEE.

transformer on ship is optional, earthing switches on ship removed;

modification of 4.2.2 and new item*11.3:

alternative procedure of periodic testing added,;
rhodification of 4.9:
minimum current value in the safety circuits shall be 50 mA;

circuit break€rs”in a maximum time of 200 ms;

modification«ef'5.2:

added Figure on harmonic contents;
modification of 6.2.3:

milar
rical

and

istry

ition

ious

opening of safety’ loop shall cause the automatic opening of ship and shore HVSC

earthing transformer with resistor can be used also on the secondary side;

neutral earthing resistor rating in amperes shall be minimum 25 A, 5 s;

modification of all annexes:
— the safety circuits shall be mandatory;
modification of A.2.1:

— a metallic shield shall be installed at least on the power cores or common on
wires;

modification of B.7.2.1:
— new safety circuit introduced: single line diagram and description;
modification of C.4.1:

pilot
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Anngxes use the same numbering as Clauses 1 to 12 with an annéx letter prefix. Hence
numpering is not necessarily continuous. Where no additional requirements are identified
clauge is not shown.

The fext of this standard is based on the following IEC decuments:

Full
voti

Interpational standards are drafted in accordance with the rules given in the ISO
Diregtives, Part 2.

Al
con

The |EC Technieal*Committee and IEEE Technical Committee have decided that the con

of t
und
pub

3
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— SLD for cruise ships was updated, also the safety circuits to be coherent with main

body, IEC symbols and introduced more details about the control socket-outlets
plugs manufacturer type;

modification of C.7.3.1:

— shore power connector pin assignment is updated;
— all cruise ships shall use 4 cables in all cases;
added D.6.1:

— the supply point on shore can be fixed or movable;
madification of D 7 3 2-

and

the voltage used in the pilot circuit for container ships shall be less than 60 VD
25V AC.

dded D.8.6 and D.9.3.1:

automatic restart and synchronization alternatives;

Q)

Annex E set to informative;

Annex F set to informative.

FDIS Report on voting
18/1643/FDIS 18/1657/RVD

g indicated in the above table.

igt of all the parts ‘in ‘the IEC 80005 series, published under the general title {
nections in port, gan*be found on the IEC website.

hiis publication will remain unchanged until the stability date indicated on the IEC we
gr "httpy//webstore.iec.ch" in the data related to the specific publication. At this date
llcation will be

nformation on the voting for the approval of this standard can be found in the repof

ICOI'

the
, the

—

on

/IEC

tility

ents
bsite
the

recenfirmed,

withdrawn,
replaced by a revised edition, or
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 understanding
of its contents. Users should therefore print this publication using a colour printer.
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INTRODUCTION

For a variety of reasons, including environmental considerations, it is becoming an
increasingly common requirement for ships to shut down ship generators and to connect to
shore power for as long as practicable during stays in port. The scenario of receiving
electrical power and other utilities from shore is historically known as "cold ironing".

The intention of this part of IEC/IEEE 80005 is to define requirements that support, with the
application of suitable operating practices, efficiency and safety of connections by compliant
ships to compliant high-voltage shore power supplies through a compatible shore-to-ship

conneeton-

With| the support of sufficient planning, cooperation between ship and terminal fagilities,| and
apprppriate operating procedures and assessment, compliance with the requirements of| this
docyment is intended to allow different ships to connect to high-voltage shere connections
(HV$C) at different berths. This provides the benefits of standard, straightforward connecgtion
withgut the need for adaptation and adjustment at different locations that can satisfy the
requjrement to connect for as long as practicable during stays in port.

that do not apply this document can find it impossible to <onnect to compliant shore

Whefe deviations from this document are considered, it iscuseful to note the effects of puch
deviations in the compatibility study.

Whefe the requirements and recommendations of<this document are complied with, high-
voltgdge shore supplies arrangements are likely' to be compatible for visiting shipg for
connection.

Clauses 1 to 12 are intended for application to all HVSC systems. They intend to address
mairlly the safety and effectiveness af \HVSC systems with a minimum level of requirements
ould standardise on one solution. This document includes the requirement to complete
ailed compatibility assessment‘for each combination of ship and shore supply prior|{to a
given ship arriving to connect.toa given shore supply for the first time. This does not preqlude
the yse of this document e.g. for safety purposes, such as for proprietary connection sysiems
whefe a ship operates on dedicated routes.

Anngx A includes cabling recommendations that should be used in HVSC systems.

The | other annexes in this document are ship-specific annexes that include additlonal
requjrements related to agreed standardisation of solutions to achieve compatibility for
compliantships at different compliant berths and to address safety issues that are considered
to be particular to that ship type.

Annex A is considered informative for the purposes of this document. Annex A contains
performance-based requirements for shore connection cables and was developed by technical
experts from a number of countries. |IEC technical committee 18, subcommittee 18A and IEC
technical committee 20 were consulted regarding cable requirements. It was determined that
existing standards for cable can be used at this time and there is presently no need to
develop a separate standard for shore connection cables.
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UTILITY CONNECTIONS IN PORT -

Part 1: High voltage shore connection (HVSC) systems —
General requirements

1 Scope

This| part of IEC/IEEE 80005 describes high-voltage shore connection (HVSC) syst
onbqard the ship and on shore, to supply the ship with electrical power from shore.

W
3
@»

This| document is applicable to the design, installation and testing of HVSC,systems|and
addresses

e HV shore distribution systems,

e shore-to-ship connection and interface equipment,
e transformers/reactors,

. jemiconductor/rotating frequency convertors,

o

hip distribution systems, and

e gontrol, monitoring, interlocking and power management systems.

It dges not apply to the electrical power supply,. during docking periods, for examplg dry
docKing and other out of service maintenance andyrepair.

Additional and/or alternative requirements ‘ean be imposed by national administrations of the
authprities within whose jurisdiction the-ship is intended to operate and/or by the ownefs or
authprities responsible for a shore supply or distribution system.

It is pxpected that HVSC systems. will have practicable applications for ships requiring 1 MVA
or mpre or ships with HV main-supply.

Low{voltage shore connéction systems are not covered by this document.

2 Normative references

The [following_documents are referred to in the text in such a way that some or all of [their
content constitutes requirements of this document. For dated references, only the edition

cited applies. For undated references, the latest edition of the referenced document (inclyding
any amendments) applies

IEC 60034 (all parts), Rotating electrical machines

IEC 60050-151:2001, International Electrotechnical Vocabulary — Part 151: Electrical and
magnetic devices

IEC 60076 (all parts), Power transformers
IEC 60079 (all parts), Explosive atmospheres

IEC 60092-101, Electrical installations in ships — Part 101: Definitions and general
requirements
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IEC 60092-201:1994, Electrical installations in ships — Part 201: System design — General

IEC 60092-301, Electrical installations in ships — Part 301: Equipment — Generators and
motors

IEC 60092-503, Electrical installations in ships — Part 503: Special features — AC supply
systems with voltages in the range of above 1 kV up to and including 15 kV

IEC 60092-504:2016, Electrical installations in ships — Part 504: Automation, control and
instrumentation

IEC p0146-1 (all parts), Semiconductor convertors — General requirements and’|line
commutated convertors

IEC p0204-11:2000, Safety of machinery — Electrical equipment of machines — Parf 11:
Requirements for HV equipment for voltages above 1 000 V a.c. or 1 500V d.c. and not
exceeding 36 kV

IEC p0332-1-2, Tests on electric and optical fibre cables under fire.conditions — Part 1-2:|Test
for Viertical flame propagation for a single insulated wire or cable’~ Procedure for 1 kW|pre-
mixed flame

IEC p0364-4-41, Low-voltage electrical installations — Part 4-41: Protection for safety —
Protégction against electric shock

IEC p0502-2, Power cables with extruded insulation and their accessories for rated voltages
from| 1 kV (U, = 1,2 kV) up to 30 kV (U, = 36kV) — Part 2: Cables for rated voltages [from
6 kV|(Uy, = 7,2 kV) up to 30 kV (U, = 36 kV)

IEC p0947-5-1, Low-voltage switchgear-and controlgear — Part 5-1: Control circuit deyices
and pwitching elements — Electromechahical control circuit devices

IEC B1363-1, Electrical installations of ships and mobile and fixed offshore units — Pdrt 1:
Progedures for calculating shert=circuit currents in three-phase a.c.

IEC B1936-1, Power installations exceeding 1 kV a.c. — Part 1: Common rules

IEC p2271-200, High-voltage switchgear and controlgear — Part 200: AC metal-enclpsed
swit¢hgear and-controlgear for rated voltages above 1 kV and up to and including 52 kV

IEC p2613=1; Plugs, socket-outlets and ship couplers for high-voltage shore connegtion
systTms (HVSC-Systems) — Part 1: General requirements

IEC 62613-2:2016, Plugs, socket-outlets and ship couplers for high-voltage shore connection
systems (HVSC-Systems) — Part 2: Dimensional compatibility and interchangeability
requirements for accessories to be used by various types of ships

IEC/IEEE 80005-2, Utility connections in port — Part 2: High and low voltage shore connection
systems — Data communication for monitoring and control

IMO, International Convention for the Safety of Life at Sea (SOLAS):1974, Consolidated
edition 2014
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3 Terms and definitions

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

ISO, IEC and IEEE maintain terminological databases for use in standardization at the
following addresses:

o |EC Electropedia: available at http://www.electropedia.org/

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

3.1
cabl
all e

FEE Standards Dictionary Online: available at http://dictionary.ieee.org

e management system
nuipment designed to control, monitor and handle the HV-flexible and control cables

theirlconnection devices

3.2

equipotential bonding

prov
equi

sion of electric connections between conductive parts; intended to ach
botentiality

[SOURCE: IEC 60050-195:1998, 195-01-10]

3.3

equipotential bond monitoring device

devi

34

ESD
eme
shut
aft o

3.5

ESD
eme
shut
aft o

3.6

ce that monitors the equipotential bonding between two points

-1

rgency shutdown-1

jown initiated when the ship meves past the warning range of allowable motion fory
I outward from the berth, and which initiates an LNG-ESD signal from shore to ship

-2

rgency shutdown-2

jown initiated when the ship moves past the maximum range of allowable motion fory
I outward from the berth, and which initiates loading arm disconnection on shore

highl voltage

HV
nom

3.7

nal‘voltage in range above 1 000 V AC and up to and including 15 kV AC

LNG-ESD
liquefied natural gas-emergency shutdown

type

3.8

of emergency shutdown defined at LNG terminals

low voltage

Lv
nom

inal voltage up to and including 1 000 V AC

and

ieve

ard,

ard,
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3.9
PIC

person in charge
individual responsible for HVYSC systems operations

3.10
pilot

contact

contact of the plug and socket-outlet, which signals correct plug connection and is a safety-
related component

3.1

receliving point

conn

3.12
safe
cond

3.13

supply point

conn

3.14

fail-safe

able

[SOURCE: IEC 60050-821:2017, 821-01-10]

3.15
safe
norm
HVS

3.16

conmector

cou

circuit element

4.1

A ty

ection point of the flexible cable on the ship

ition in which safety risks are minimized to an acceptable level

ection point of the flexible cable on shore

to enter or remain in a safe state in the event of afailure

Ly circuit
ally closed interlocking circuit withZpilot contacts and safety devices that shuts dowr
C system in response to specifictinitiating events

ling device employed-to connect conductors of one circuit element with those of ang

General requirements

System’description

shov

P

the

ther

5 as
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Shore supply Ship’s network
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Key
1 Shore supply system 7 Control ship
2 Shore-side transformer 8 @n-board protection relaying
3 Shore-side protection relaying 9 On-board shore connection switchboard
4 Shore-side circuit-breaker and earth switch 10~ On-board transformer (where applicable)
5 Control shore 11 On-board receiving switchboard
6 Shore-to-ship connection and interface equipment

Figure 1 — Block diagram of a typical described HVSC system arrangement

4.2 | Distribution system
4.2.1 General

Typigal distribution systems used on shore are given in IEC 61936-1. Typical ship distribyition
systéms are given in (EC 60092-503.

NOTH IEEE Std 45:4™ and IEEE Std 45.3™ provide additional information on typical ship distribution systens.
4.2.2 Equipotential bonding

An ejquipotential bonding between the ship's hull and shore earthing system shall be provided,
(seel6:2°4)

In order to assure the integrity of the bonding in the shore connection, two alternative
procedures are allowed:

a) Continuous monitoring of the bonding. Verification of the equipotential bonding shall be a
part of the safety circuit. Loss of equipotential bonding shall result in the shutdown of the
HVSC system, and the ship shall go into ship power restoration mode (see 8.6).

b) Periodic testing and maintenance of the bonding connections. Where continuous
monitoring of the equipotential bonding is not in place, periodic testing and maintenance
of the bonding connections shall be performed and documented (see Clause 11).

NOTE The terms earth(ing) and ground(ing) are used interchangeably throughout this document and have the
same meaning (see |IEC 60050-195:1998,195-01-08). Equipotential bonding as protection against electric shock is
described in IEC 61140.
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4.3 Compatibility assessment before connection

Compatibility assessment shall be performed to verify the possibility to connect the ship to
shore HV supply. Compatibility assessment shall be performed prior to the first arrival at a
terminal.

Assessment of compatibility shall be performed to determine the following:

a) compliance with the requirements of this document and any deviations from the
recommendations;

b) minimum and maximum prospective short-circuit current (see 4.7 and 4.8):

c¢) nominal ratings of the shore supply, ship to shore connection and ship conneg¢tion
(see 5.1);

d) 4gny de-rating for cable coiling or other factors (see 7.2.1);

e) dcceptable voltage variations at ship switchboards between no-load apd’nhominal rating
(see 5.2);

f) gqteady-state and transient ship load demands when connected to,a &V shore supply, HV
ghore supply response to step changes in load (see 5.2);

g) dystem study and calculations (see 4.8);

h) (erification of ship equipment impulse withstand voltage;
i) qompatibility of shore and ship side control voltages, where applicable;
j) gompatibility of communication method and means;

=
~
o

istribution system compatibility assessment (shore power transformer neutral earthing);

[) functioning of ship earth fault protection, menitoring and alarms when connected tp an
1VSC supply (see 8.2.2);

qufficient cable length;

I

32

n) qompatibility of safety circuits;
o) tptal harmonic distortion (THD) (see 5.2);
p) dqonsideration of hazardous areas, where applicable (see 4.6.4);

gq) when a HV supply systemuis’ connected, consideration shall be given to provide means to
reduce current in-rush and/or inhibit the starting of large loads that would result in faifure,
verloading or activation of automatic load reduction measures;

O

r) qonsideration of electrochemical corrosion due to equipotential bonding;
s) UJtility interconnection requirements for load transfer parallel connection;

t) gquipotentiat-bond monitoring (see 4.2.2).

4.4 | HVSC system design and operation

4.4.1 System design

The design and construction shall be integrated and coordinated among the parties
responsible for shore and ship HVSC systems.

System integration of shore and ship HVSC systems shall be managed by a single designated
party and shall be performed in accordance with a defined procedure identifying the roles,
responsibilities and requirements of all parties involved.

4.4.2 System operation

During the operation of HVSC systems, the person in charge [PIC(s)] shall be identified at the
shore facility and onboard the ship for the purposes of communication.
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The PIC(s) shall be provided with sufficient information, instructions, tools and other
resources for safety and efficiency of these activities.

An independent means of voice communication should be provided between the ship and the
facility's PIC (e.g. two-way radios).

4.5 Personnel safety

Construction of the HV equipment and operating safety procedures shall ensure the safety of
personnel during the establishment of the connection of the ship's supply, during all normal
operations, in the event of a failure, during disconnection and when not in use.

NOTH The use of the term "safe" is not intended to suggest or guarantee that absolute safety can berachieyed in
any sfituation and/or by compliance with the recommended practices set forth herein. The use of terms sugh as

"safe'|, "intrinsically safe", "electrically safe work practices", "safe work condition", "safe work environment",|"safe

desigp", "safe distance", "safe work method", "safe work area", and "safe use" describe practices; conditiong, etc.
in which safety risks are minimized but not eliminated absolutely, such that safety is not guaranteed.

4.6 | Design requirements
4.6.1 General

Protgction and safety systems shall be designed based on the fail-safe principle, hard wir¢d.

Suitable warning notices shall be provided at locations along connection-equipment routes,
including connection locations.

4.6.2 Protection against moisture and condensation

Effe¢tive means shall be provided to prevent‘accumulation of moisture and condensation,
even if equipment is idle for appreciable periods.

4.6.3 Location and construction

HVSIC equipment shall be installed'in access-controlled spaces.

Equipment shall be suitablexfor the environment conditions in the space(s) where |[it is
expdcted to operate. Ship~equipment shall comply with the applicable requirements of
IEC p0092-101 and IEC.60092-503.

Equipment locatian“is critical to the safety and efficiency of operation of the ship's cargo| and
moofing systems:*When determining the location of the HVSC system, the full range of cargo,
bunKering and\ether utility operations shall be considered, including:

—

a) the cargo handling and mooring equipment in use on the ship and shore, and the dreas
hat'shall be clear for their operation, along with any movement of the ship along the| pier

H a4 Aot +a ' M
Yyuntcu o acounmmmoudalc iricott UvptTiratlivllo,

—

b) interferences with terminal operations or to allow necessary traffic flow on the pier and
maintain open fire lanes where required; and

c) personnel safety measures, such as physical barriers to prevent unauthorized personnel
from accessing the HVSC equipment or the cable management equipment.

When determining the connection point of the HVSC system, all tidal conditions and ship
operations affecting the ship's free board shall be considered.
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4.6.

4 Electrical equipment in areas where flammable gas or vapour and/or
combustible dust can be present

HVSC equipment shall be located outside the hazardous areas of the ship and shore facilities
under normal operating conditions, except where it is shown to be necessarily located in
these areas for safety reasons.

HVSC equipment that may fall within one of the hazardous areas of the terminal under
emergency conditions (inadvertent movement of ship from berth) shall be

a) certified in accordance with IEC 60079 (all parts) as suitable for the flammable gas or

b)

Confrol equipment located within hazardous areas shall not present an ignition hazard.

4.7
The

to reJevant standards.

To

11 k) AC) in different ports, any equipment requiring conversion to nominal voltage sha
instglled onboard.

The

limite¢d by the shore-side system to 16 kA RMS, unl€ss otherwise specified in the ship-spsd

ann

The
the

othefwise specified in the ship type's sp€cific annexes.

Elecfrical system/equipment, including short-circuit protective device rating, shall be suit
for the prospective maximum<.short-circuit fault current. Equipment shall be rated for mini

sho

spedified in the ship specific annexes.

4.8
The

shall determine*the following:

a)
b)

vapour andfor combustibie dust encountereda, or

gutomatically isolated and discharged before entering the potentially hazardous area:

Electrical requirements

type and routine tests for all components of HVSC system shall be ‘performed accol

jllow standardisation of the HV shore supply and link ,Aominal voltage (6,6 kV A

prospective short-circuit contribution level from-the HV shore distribution system shg

gXxes.

prospective short-circuit contribution Iével from the onboard running induction motors|
jenerators in operation shall be limited to a short-circuit current of 16 kA RMS, ur

ri-circuit withstand currfent of 16 kA RMS for 1s, and 40 KA peak, unless other

System study; and calculations

shore-connected electrical system shall be evaluated. The system study and calcula

the electrical load during shore connection;

ding

C or
Il be

Il be
cific

and
less

able
mum
wise

ions

thershort-circuit current calculations (see IEC 61363-1) shall be performed in order to

take

into account the prospective contribution of the shore supply and the ship's installations.

The following ratings shall be defined and used in these calculations:

1) for shore supply installations, a maximum and minimum prospective short-ci
current for visiting ships;

2) for ships, a maximum and minimum prospective short-circuit current for visited s
supply installations.

the calculations may take into account any arrangements that

rcuit

hore

1) prevent parallel connection of HV shore supplies with ship sources of electrical power,

and/or

2)
load, and

3) restrict load to be connected.

restrict the number of ship generators operating during parallel connection to transfer
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d) system-charging (capacitive) current for shore and ship; this system-charging current
calculation shall consider the shore power system and the expected ship power system
including the on-line generator(s);

e) shore power transformer neutral earthing resistor analysis, where neutral resistor is
required by annexes (see 6.2.3);

f) transient overvoltage protection analysis (see 5.2);
g) fail-safe principle for cables/connectors operation (see 4.6.1).
These calculated values shall be used to select suitably rated shore connection equipment

and to allow the selection and setting of protective devices so that successful discriminatory
fault[clearance is achieved for the Targest on-board load while connected.

The pystem study shall be made available to all involved parties.

For $hips with low voltage main distribution the connection between LV-side'of the onbjoard
trangformer and main switchboard shall be evaluated, and overload rotection shall be
prov|ded between the onboard transformer and the receiving switchboard:

Docyumented alternative proposals that take into account measutes to limit the parallel
conrjection to short times may be considered where permitted\'\by the relevant author|ties.
Docymentation shall be made available to relevant ship and sheré personnel.

4.9 | Emergency shutdown including emergency-stop facilities

Emefgency shutdown facilities shall be provided. When activated, they will instantanequsly
open shore connection circuit-breakers onshore and*onboard ship.

Fail-pafe, hard-wired circuits (safety circuits){shall be used for emergency shut-down. |This
doeq not preclude emergency shut-down activation commands from programmable electtonic
equipment, for example programmable protection relays.
The [relay contacts of the safety cireuit shall be designed in accordance with IEC 60947-5-1
and for a rated insulation voltage.of U; = 300 V, AC5 A, DC 1 A.

Minimum current value in the-safety circuits shall be 50 mA.

To address the potential hazard to personnel of access to high-voltage connection cables| that
havg not been discharged, the high-voltage power connections shall be either

a) 4qutomatically earthed so that they are safe to touch immediately following the isolation
from ship.and shore electrical power supplies, or
b) grranged for manual earthing and routed and located such that personnel are prevented

) —h_0)

rom/access to live connection cables and live connection points by barriers ar||d/or
adequate distance(s) under normal operational conditions.

Barriers and/or adequate distance(s) shall be satisfied with operational procedures
established to

c) restrict un-authorized access to HVSC spaces,

d) control personnel access to HVSC spaces and areas when the HV connection is live;
locking arrangements may be considered, and

e) arrange for the safe discharge of HV conductors.

Where connection equipment can move into a potentially hazardous area (where flammable
gas, vapour and/or combustible dust can accumulate) associated with the terminal or port
berth area as a result of the ship inadvertently leaving the berthed position (slipping/breaking
of moorings, etc.), all electrical powered HVSC equipment that is not intrinsically safe shall be


https://iecnorm.com/api/?name=8ea84469156adc1c020a4d14c9a7656f

IEC/I

EEE 80005-1:2019 -19 -

© IEC/IEEE 2019

automatically isolated, and HV equipment then automatically discharged, so that it will not
present an ignition hazard.

The emergency shutdown facilities shall be activated in the event of:

f) loss of equipotential bonding, via the equipotential bond monitoring devices (where
utilized),

g) overtension on the flexible cable (mechanical stress) (see 7.2.2),

h) remaining cable length is too low (see 7.2.3),

i) loss of any safety circuit.

) 3
K)
q
) g

r

Eme
each

m)

Q)

n) i
0) ¢
p) 4

ctivation of any manual emergency-stop,

ctivation of protection relays provided to detect faults on the HV connection-cab
onnectors, and

ecessary degree of protection is no longer achieved.

of the following locations:

n attended onboard ship control station during HVSC;

n the vicinity of the socket-outlet;

t active cable management system control locations; @nd
t the shore side and ship circuit-breaker locations.

Addi
con

The

requjre a manual action to reset.

Ope

breakers in a maximum time of 200 ms.

An alarm to indicate activation of the emergency shutdown shall be provided to aq

reley

For

conslidered.

5

ional emergency push buttons may alsdo.be provided at other locations, w
idered necessary.

means of activation shall be visiblesand prominent, prevent inadvertent operation
ning of safety loop shall cause the automatic opening of ship and shore HVSC cj

ant duty personnekwhen connected to HV shore supply.

reliable operation of safety circuits, the pilot cable length and cross section sha

HV. shore supply system requirements

e or

isengaging of power plugs from socket-outlets while HV connections are’live beforg the

rgency-stop push buttons, activating emergency shutdown facilities, shall be provided at

here

and

rcuit

vise

| be

5.1

Voltages and frequencies

To allow standardization of the HV shore supply and link nominal voltage in different ports,
HV shore connections shall be provided with a nominal voltage of 6,6 kV AC and/or 11 kV AC
galvanically separated from the shore distribution system.

The operating frequencies (Hz) of the ship and shore electrical systems shall match;

othe

rwise, a frequency convertor shall be utilized ashore.

Where ships undertake a repeated itinerary at the same ports and their dedicated berths,

othe

r IEC voltage nominal values may be considered (see IEC 60092-503).

At the connection point, looking at the socket-outlet/ship connector face, the phase sequence
shall be L1-L2-L3 or A-B-C or R-S-T, counter clockwise. A phase sequence indicator shall
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indicate correct sequence prior to energizing or paralleling HVSC [see Figure 2a)].
Figure 2b) illustrates the balanced three-phase voltages in the time domain.

If an observer looking at the phase sequence rotation diagram is fixed at its location, phasors
shall rotate anticlockwise in relation to the fixed observer to produce a clockwise indication on
the phase sequence indicator [see Figure 2b)].

A
Phasor ‘
rotation
direction
A-B-C
Anticlockwise

IEC

Key
A-Al=0°
A - B|=120°
A - Cl=240°

a) Phase sequénce rotation — Positive direction

. Pt i -
LN VRN LN V4
it ‘)/ N\ /7 ‘)/
\ \
II / \ \ l/ / \ ’
N \ v/ / N .
\ 3’ \ Time
\ s\ /
\\\--” \\—/
Phase "A" Phase "C"
Phase "B" IEC

b) Balanced three-phase variables in the time domain

Figure 2 — Phase sequences

5.2 Quality of HV shore supply

The HV shore supply system shall have a documented voltage supply quality specification.

Electrical equipment of ships shall only be connected to shore supplies that will be able to
maintain the distribution system voltage, frequency and total harmonic distortion
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characteristics given below. For compliance, the compatibility assessment referred to in 4.3

shall include verification of the following:

a) voltage and frequency tolerances (continuous):

1) the frequency shall not exceed the continuous tolerances +5 % between no-load and

nominal rating;

2) for no-load conditions, the voltage at the supply point shall not exceed a vo
increase of 6 % of nominal voltage;

3) for rated load conditions, the voltage at the supply point shall not exceed a vo
drop of -3,5 % of nominal voltage.

ltage

Itage

b) Joltage and frequency transients:

an appropriate range of step changes in load shall be defined and documente
each HV shore supply installation;

DO
~

or disconnected shall be identified;

3) comparison of 1) and 2) shall be done to verify that the\voltage transients limi

exceeded.

c)

armonic distortion: for no-load conditions, voltage ‘harmonic distortion limits shal

Q. D

bove the 25t harmonic, limits are given by Figdre3 below.

Uw
%

1) the response of the voltage and frequency at the shore connection when subjected to

i for

the maximum step change in load expected when connected to a~HV shore sypply
shall be defined and documented for each ship. The part of theysystem subjected to
the largest voltage dip or peak in the event of the maximum step load being conngcted

s of

voltage +20 % and -15 % and the frequency transients) limits of £10 % will ngt be

not

xceed 3 % for single harmonics and 5 % for tetal harmonic distortion. For harmanics

Figure 3 — Single harmonic distortion limits
NOTE Additional recommendations are provided in IEEE Std 519™ and MIL STD 1399-680.

The above parameters shall be measured at the supply point.

The HV shore supply shall include appropriate rated surge arrestors to protect against
transient overvoltage surges (e.g. spikes caused by lightning strikes or switching surges).

fast
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Different voltage and frequency tolerances may be imposed by the authorities responsible for
the shore supply system and these shall be considered as part of the compatibility
assessment to verify the effect on the connected ship load is acceptable.

Where the possible loading conditions of a ship when connected to a HV shore supply would
result in a quality of the supply different from that  specified in
IEC 60092-101:1994/AMD1:1995, 2.8, due regard shall be given to the effect this may have
on the performance of equipment.

6 Shore side installation

6.1 General

Shorne connection equipment and installations shall be in accordance with IEC 61936-1.

NOTH Local authorities can have additional requirements.

The frating of the HVSC system shall be adequate for the required electrical load as calculated
by 418.

The |shore-side electrical system shall ensure that each connected ship is galvanigally
isoldted from other connected ships and consumers.

The |luse of HVSC system shall not compromise thecelectrical protection selectivity of the
larggst on-board load (as per the definition in_{dEC 60050-151:2001, 151-15-15) while
connected.

6.2 | System component requirements
6.2.1 Circuit-breaker, disconnector and earthing switch

In orlder to have the installation isolated before it is earthed, the circuit-breaker, disconnéctor
and parthing switch shall be interlo€ked in accordance with IEC 62271-200.

The rated making capacity of the circuit breaker and the earthing switch shall not be less|than
the prospective peak value~of the short-circuit current (/p) calculated in accordance |with
IEC p1363-1.

The |rated short-ciredit breaking capacity of the circuit-breaker shall not be less than the
max{mum prospective symmetrical short-circuit current (/ac(o 51)) calculated in accordance
with IEC 61363:T.

NOTH The short circuit contribution from the shore side can be calculated using IEC 60909.

A F ' 11 ol H H 1 baoll HPS P2 |
n LUIIIGI.ILIGIIY UpCTratcu vitLuitmorcantcl olidilT v pruviutcu.

6.2.2 Transformer

In the event adjustments are required to maintain the HV supply voltage within tolerances
under load, then these adjustments shall be automatically controlled (see 5.2).

Transformers shall be of the separate winding type for primary and secondary side. The
secondary side shall be star-configuration with neutral bushings (e.g., Dyn).

NOTE Dyn = Delta connected primary winding, star connected secondary winding, with provision to connect to the
neutral point.

The temperature of supply-transformer windings shall be monitored.
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In the event of over-temperature, an alarm signal shall be transmitted to the ship using the
data-communication link, if such data-communication link is installed (see 7.8). The alarm
signal shall activate an alarm onboard to warn relevant duty personnel.

Short-circuit protection for each supply transformer shall be provided by circuit-breakers or
fuses in the primary circuit and by a circuit breaker in the secondary. In addition, overload
protection shall be provided for the primary and secondary circuit.

6.2.3 Neutral earthing resistor

The neutral point of the HVSC system transformer shall be earthed

a) through a neutral earthing resistor, or

b) where frequency conversion of the shore supply is required, either through a neutral
garthing resistor, or through an earthing transformer with a resistor on, the ‘primaty or

econdary side.

NOTH For HVSC systems dedicated to tankers or liquefied natural gas carriers (LNGG)\ship types, refer t¢ ship
specific annexes.

The | neutral earthing resistor rating in amperes shall not be/less than 1,25 times| the
prospective system charging current. The rating shall be minimum'25 A, 5 s.

The [continuity of the neutral earthing resistor shall be continudusly monitored. In the event of
loss |of continuity, the shore-side circuit breaker shall be tripped.

An darth fault shall not create a step or touch voltage exceeding 30 V at any location in the
shorg-to-ship power system.

6.2.4 Equipment-earthing conductor bonding

A syptem earthing conductor shall connect the neutral earthing resistor's earthing connegtion
to a |nearby system-earthing electrode,*An additional system-bonding conductor shall connect
the meutral earthing resistor's earthing connection to the earthing bus of the primary shore
power switchboard. Bonding shall.be in accordance with 8.2.3 of IEC 60204-11:2000.

Equipment-earthing conducters terminated at the shore's three-phase socket-outlets shdlll be
connected to the ship and continued to the ship to create an equipotential bond between the
shore and ship. Thisshall require bonding to the ship's switchgear earthing bus anpd/or
bonding to the ship!s hull.

6.3 | Shore-to-ship electrical protection system

The HV cirguit breaker on the secondary side of the transformer shall open all insulated goles
in the event of the following conditions:

a) overcurrent including short-circuit;

b) over-voltage/under-voltage;

C) reverse power;

d) earth fault;

e) unbalanced cable protection (refer to section 7.2.4).

To satisfy this requirement, at least the following protective devices, or equivalent protective
measures, shall be provided:

f) synchrocheck (25) or voltage sensing device (for dead bus verification);

g) undervoltage (27);

h) reverse power (32);
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i) negative phase sequence overcurrent (46);

j) instantaneous overcurrent (50);

k) AC inverse time overcurrent (51);
[) earth fault overcurrent (51G or 51N);

m) overvoltage (59);

n) AC directional overcurrent (67);

NOTE Numbers in brackets refer to standard device designation numbers as per IEEE Std C37.2™.

Alarms—shall be communicated to the chip as common qlqrm’ ||eing the data-communication
link, |if such data-communication link is installed.
The |protection systems shall be provided with battery back-up adequate for at |east 30 [min.

Upon failure of the battery charging or activation of the back-up system, an alarm shal be

com
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Arrangements shall be provided so that the disconnector cannot be closed, or the circuit
breaker cannot be racked into the service position, when any of the following conditions exist:

i) one of the earthing switches is closed (shore-side/ship-side);

j) the safety circuit is not established (see 7.3.2);

k) the communication link between shore and ship is not operational, where applicable;

I) equipotential bonding is not established (via equipotential bond monitoring devices where
utilized, or via manual override — see 4.2.2).

Arrangements shall be provided so that the earthing switches can only be opened when all
the conditions in 7.4 are fulfilled.
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6.5 Shore connection convertor equipment
6.5.1 General

Where provided, converting equipment (transformers, rotating frequency convertors and/or
semiconductor convertors) for connecting HV shore supplies to a ship electrical distribution
system shall be constructed in accordance with IEC 60076 (all parts) for transformers, and
IEC 60146-1 (all parts) for semiconductor convertors, as applicable.

NOTE Refer to IEEE Std 1662™ for additional recommendations on testing HV power electronics.

Rot fing convertors-shall be dﬂeignod and tested in accordance with |IEC 60034 (9” pnrfc .

The leffect of harmonic distortion and power factor shall be considered in the assignment|of a
requjred power rating.

Transformer winding and semiconductor or rotating convertor temperatures shall be monitored
and pn alarm shall be activated to warn relevant duty personnel if the temperature excedds a
predetermined safe value.

The |use of frequency convertors shall not compromise the electfi¢al protection selectivity of
the |argest on-board load (as per the definition in IEC 60050:151:2001, 151-15-15) while
connected.

Where additional selectivity (e.g. with transformer) is réquired and cannot be achieved, ¢ther
meagures may be agreed between ship and shore giving due regard to a) to g) of 4.3.

NOTH Other measures can include, among other things, switching of protection setting, other protection schemes
other|than over-current and short circuit.

6.5.2 Degree of protection

The | protection for electrical equipment shall be in accordance with IEC 61936-1) as
applicable.

6.5.3 Cooling

Whefe forced or closed-circuit cooling is used, whether by air or with liquid, an alarm shdll be
initigted when the cooling medium exceeds a predetermined temperature and/or flow limit$.

Semjconductor frequency convertor equipment shall be so arranged that it cannot remain
loaded unlesseffective cooling is maintained. Alternatively, the load may be automatically
reduced to & level compatible with the cooling available.

Liquld<cooled frequency convertor equipment shall be provided with leakage alarmp. A

suitdable-means-shall be provided to contain-anvliguid which mav leak from the cooling-svystem
g PARAA Y g

so that it does not cause an electrical failure of the equipment.

Where liquid-cooled heat exchangers are used in transformer cooling circuits, there shall be
detection of leakage, and the cooling system shall be arranged so that the entry of cooling
liquid into the transformer is prevented.

Where the semiconductors and other current carrying parts of semiconductor convertors are
in direct contact with the cooling liquid, the liquid shall be monitored for satisfactory
conductivity, and an alarm shall be initiated if the conductivity is outside the manufacturer's
limits.

The alarms shall be activated to warn relevant duty personnel.
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4 Protection

In the event of overload, an alarm signal shall be activated to warn relevant duty personnel.
The alarm shall be activated at a lower overload level than that of the circuit-breaker
protection.

Alarms from the onshore protection equipment shall be transmitted to the ship using the data
communication link, if such data communication link is installed (see 7.8).

7

7.1

Ship-to-shore connection and interface equipment

General

Shiptto-shore connection and interface equipment includes standardized HVSCY syst

cab

les, earthing and communications between ship and shore.

A shjp-to-shore connection cable installation shall be arranged to provide,'adequate move
compensation, cable guidance and anchoring/positioning of the cable’ during normal pla
ship{to-shore connection and operating conditions.

The

shore-side of the connection cable shall be fitted with a(plug if a socket-outlet is

ashdre.

The

ship-side of the connection cable shall be fitted Wwith a ship connector if a ship inl

used onboard.

Shiptto-shore connection cable extensions shalknot be permitted.

The

suitability of connectors with regard, to peak short-circuit withstand capability sha

verifled during the compatibility assessment (see 4.3).

The

NOT

5hip-specific annexes provide<additional requirements.

W
3
»

ment
hned

ised

let is

|l be

B If an alternative to the standard arrangement of cable and HV plug and socket-outlets is designed| it is

likely|that the installation will not be’able to connect to a compliant shore supply/ship without significant additional
equipment and modification.

7.2
7.2.
The
a)
b)

c)

d)
e)

f)

g)

Cable management system
1 General
cable management system shall

Relcapable of moving the ship-to-shore connection cable, enabling the cable to r
etween the supply point and the receiving point;

pach

be capable of maintaining an optimum length of cable which minimizes slack cable,
prevents the tension limits from being exceeded;

and

be equipped with a device (e.g. limit switches), independent of its control system, to

monitor maximum cable tension and maximum cable pay-out;
address the risk of submersion by prevention or through the equipment's design;

be positioned to prevent interference with ship berthing and mooring systems, including

the systems of ships that do not connect to shore power while berthed at the facility;

maintain the bending radius of cables above the minimum bending radius recommended

by the manufacturer during deployment, in steady-state operation and when stowed;

be capable of supporting the cables over the entire range of ship draughts and
ranges; and

tidal
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h) be capable of retrieving and stowing the cables once operations are complete.
Where the cable management system employs cable reel(s), the HVSC system rated power
shall be based on the operating condition with the maximum number of wraps of cable stowed

on the reel that is encountered during normal operations. Where applicable, the cable sizing
shall include appropriate de-rating factors.

7.2.2 Monitoring of cable mechanical tension

The cable management system shall not permit the cable tension to exceed the permitted
design value.

A mLans to detect maximum cable tension shall be provided, or where an active -qable
manggement system that limits cable tension is provided, means to detect the shortage of
available cable length shall be provided with threshold limits provided in two stages:

Stage 1: alarm;
Stage 2: activation of emergency shutdown facilities (see 4.9).

7.2.3 Monitoring of the cable length
The |cable management system shall enable the cables tqo follow the ships' movements |over

the ¢ntire range of the ships' draughts and tidal ranges, and the maximum range of allowable
motipn forward, aft or outward from the dock.

Whefe the cable length may vary, the remaining cable length shall be monitored,|and
threghold limits are to be arranged in two stages:

Stage 1: alarm;
Stage 2: activation of emergency shutdown facilities (see 4.9).

Congideration may be givent6 equivalent alternative measures (automatic break-away
relegse, connectors with shear bolts and pilot lines, connection with ship/shore emergency
shutflown system, etc.).

7.2.4 Connectors\protection

The |ship and shere HV circuit-breakers shall be arranged to open all insulated poles in the
ever|t of a dam@aging current unbalance between multiple phase conductors (separate, parallel
power cablés-and connectors).

Protgstive devices to satisfy this requirement shall be installed ashore to isolate| the
connection in the event of damaging unbalance detfection.

7.2.5 Equipotential bond monitoring

The equipotential bond monitoring device, where utilized, shall be installed either ashore or
onboard where the cable management system is installed. Equipotential bond monitoring
termination devices, where utilized, shall be installed on the other side.

7.2.6 Slip ring units

Slip ring units shall be tested in accordance with IEC 62271-200 (excluding non-applicable
tests) for:

a) HV tests,
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b) impulse-voltage withstand tests,

c) insulation resistance measurements,

d) heat run test with nominal currents,

e) short-circuit withstand tests,

f) arc test, if accessible under energized conditions, and
g) ingress protection tests (IP rating).

Other testing standards may be considered.

7.3 Connectors
7.3.1 General

Connectors shall be in accordance with IEC 62613-1 and the following.

The fontact assignment of connectors shall be according to applicable shipyannexes.

14

Handling of connectors shall be possible only when the associated garthing switch is clos¢d.

Connections shall be made in areas where personnel will be protected in the event of an arc
flasH as a result of an internal fault in the connectors by barrier'and access control measlres.
Thege measures shall be supported by access control progedures.

Each connector shall be fitted with pilot contacts forcontinuity verification of the safety cifcuit.
See jJapplicable ship annexes for safety circuit descriptions. For single connector connect|ons,
a miphimum of five pilots is required. If more thanrone cable is installed, an interlock shalll be
used so that no cable remains unused.

Confact sequence shall be in the following*order:

a) dgonnection:

(=)

1) earth contact;

D)

) power contacts;
3) pilot contacts.
b) disconnection:

1) pilot contacts;
) power contacts;

D)

3) earth.eontact.

Mini1num electrical and mechanical ratings of connectors are given in Annexes B to F.

Support arrangements are required so that the weight of connected cable is not borne by any
plug or ship connector termination or connection.

7.3.2 Pilot contacts

Pilot contact connections shall open before the necessary degree of protection is no longer
achieved during the removal of an HV-plug or connector. Pilot contacts are part of the safety
circuit.

7.3.3 Earth contact

The current-carrying capacity of the earth contact shall be at least equal to the rated current
of the other main contacts.
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7.3.4 Fibre-optic connection

Where required by a ship-specific annex, an optical fibre socket-outlet (Figure 4), shall be
installed on the connector or plug. Fibre-optic cable, terminated with a fibre-optic plug
(Figure 5), shall be mounted on the stationary side, adjacent to the three-phase inlet or socket

outlet.

The fibre-optic receptacle shall have 4 optical terminals with 2,5 mm ceramic ferrules and
configuration in accordance with Figure 4. Pin 1 will be used for TX transmission and pin 2 for

RX transmission.

78
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Figure 4 — Fibre-optic socket outlet

Fibrg-optic plug-shall have 4 optical terminals with 2,5 mm ceramic ferrules and configuration
in agcordance’ with Figure 5. Pin 1 will be used for TX transmission and pin 2 fo RX

trangmission.
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Figure 5 ~ Fibre-optic plug

7.4 | Interlocking of earthing switches
The parthing switches shall remain-Closed until

a) 4ll connections are made anhd the pilot contact circuit (see 7.3.2) is closed,
b) no emergency-stop switch is activated,

c) the communicationlink between shore and ship is operational,

d) ghip or shore,control, alarm or safety system self-monitoring properties detects thgt no
failure wouldvaffect the safety of connections, and

e) the permission from ship and shore is activated.

Interlogking shall be hardwired.

7.5 Ship-to-shore connection cable

Cables shall be at least of a flame-retardant type in accordance with IEC 60332-1-2. The
outer sheath shall be oil-resistant and resistant to sea air, seawater, solar radiation (UV) and
shall be non-hygroscopic. The temperature class shall be at least 90 °C. The insulation shall
be in accordance with Annex A. Correction factor for ambient air temperatures above 45 °C
shall be taken into account according to IEC 60092-201:1994, Table 7. The maximum
operating temperature shall not exceed 95 °C, taking into account any heating effects (e.g. as
a result of cable coiling).

Due consideration should be given to requirements for smoke emission, acid gas evolution
and halogen content for cables installed or stored in accommodation spaces and passenger
areas.
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Guidance for HV connection cable electrical ratings and specification is given in Annex A.

7.6  Control and monitoring cable

Control and monitoring cables shall be at least of a flame-retardant type in accordance with
IEC 60332-1-2 and independent of the power cable assembly. The environmental
requirements for the sheath shall be the same as described for the ship-to-shore connection
cable in 7.5.

The control and monitoring cables, if integrated with the power cable assembly, shall be able
to withstand internal and external short-circuits.

For details and further guidance, see Annex A.

7.7 | Storage
Arrapgements shall be provided for stowage when not in use, such that

a) dhip-board equipment is stored in dry spaces;
b) ghore-based equipment shall comply with national standards;
) removable equipment shall be stowed, stored and removed(without damage;
d) gquipment does not present a hazard; and
)

gonnectors shall maintain their IP ratings.
NOTH Temporary coverings are not considered to satisfy the requirements listed in 7.7.
7.8 | Data communication

Where required by the ship-specific annex{"\the data-communication link between ship|and
shorg arrangements shall be used for communicating the following information:

a) ghore transformer high-temperature-alarm (see 6.2.2);
b) HYV shore supply circuit-breaker:protection activation (see 6.3);

c) permission to operate HV.circuit-breakers for HV ship to shore connection (see 6.4| and
8.5.5);
d) if ship or shore control, alarm or safety system self-monitoring properties detect an grror

—

hat would affect safety of connection (see 6.4.2 and 4.9);
e) ipdication of emergency-stop activation (see 4.9);

—h
N
=

yhere provided, shore control functions in accordance with Clause 9;
g) ipdication-of emergency disconnection of the shore supply (see 4.9); and
h) fpilure of the battery's charging or activation of the back-up system (see 6.3).

The communication protocol for communication link between ship and shore shall be in
accordance with IEC/IEEE 80005-2.

8 Ship requirements

8.1 General

The instrumentation described shall be at all locations where load transfer and
synchronization are performed.

On ships without HV power generation systems, additional efforts may be required so that the
ship's person in charge (PIC) is aware of HV safe operating practices and of the operation of
the ship's HVSC system in accordance with IEC 60092-509.
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The onboard HVSC system shall not interfere with the normal operation of the ship while at
sea.

8.2  Ship electrical distribution system protection
8.21 Short-circuit protection

The maximum prospective short-circuit current for which the HV shore supply or the ship's
electrical system/equipment is rated shall not be exceeded at any point in the installation by
connecting to HV-shore supplies. This shall be addressed as part of the compatibility
assessment (see 4.3 and applicable ship annexes).

Whefe connection to more than one HV shore supply is possible, measures shall be takin to
prevent HV shore supplies from being connected in parallel if the maximum prospective short-
circdit current is exceeded at any point in the installation.

Where device settings are required to be changed when connected toCan’ HVSC supply,
meaps shall be provided to change settings to predetermined values. The protection setfings
in uge shall be clearly indicated at the control station.

8.2.3 Earth fault protection, monitoring and alarm

Earth fault protection, monitoring and alarm devices shall be of a type designed to opgrate
effegtively when connected to an HVSC supply withi distribution system earthing in
accordance with 6.2.3. Subclause 6.2.3 requires distribution system earthing that may differ
from|that of the ship's.

Where device settings are required to be changed when connected to an HVSC supply,
means shall be provided to change settings te, predetermined values. The protection settings
in uge shall be clearly indicated at the contfel station.

8.3 | Shore connection switchboard
8.3.1 General

A shiore connection switchbeatd shall be provided at a suitable location, as close as posgible
to the receiving point.

The | shore connection) switchboard shall be in accordance with IEC 62271-200, sefvice
cont|nuity LSC1.

The |switchboard shall include a circuit-breaker to protect the ship's electrical equipment
dowmstreams’Tn no case shall the protection at the shore connection switchboard be omitted.

8.3.2 Circuit-breaker, disconnector and earthing switch

In order to have the installation isolated before it is earthed, the circuit-breaker, disconnector
and earthing switch shall be interlocked in accordance with IEC 62271-200.

The rated making capacity of the circuit breaker and the earthing switch shall not be less than
the prospective peak value of the short-circuit current (/p) calculated in accordance with
IEC 61363-1.

The rated short-circuit breaking capacity of the circuit-breaker shall not be less than the
maximum prospective symmetrical short-circuit current (/5c(o 51)) calculated in accordance
with IEC 61363-1.

An automatic operated circuit-breaker shall be provided.
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8.3.3 Instrumentation and protection

The

shore connection switchboard shall be equipped with:

a) voltmeter: all three phases;

b) short-circuit devices: tripping and alarm;

c) overcurrent devices: tripping and alarm;

d) earth-fault indicator: alarm; and

e) unbalanced protection for systems with more than one ship inlet.

The

the grotection and safety system with automatic change-over shall be provided with a_tap
for gt least 30 min, in accordance with IEC 60092-504:2016, 9.7.2.6. Upon failure of
battgry's charging or activation of the back-up system, an alarm shall be activated to
relejant duty personnel.

Alarms and indications shall be provided at an appropriate location forysafety and effe
operption.

8.4

Transformers, if any, shall be of the separate winding type forgprimary and secondary sid€.

If the transformer supplies LV systems, an earthed shield winding shall be provided bety
HV gnd LV windings.

An dnboard transformer may not be required if:the ship's network is designed for the s
supgly voltage and the neutral point treatmentiis in line with the ship's systems.

Whe

the dtarting of large motors, or the connéction of other large loads, when an HV supply sy
is connected (see 4.8 and 5.2).

8.5

8.5.1 General

A pa

Whe|

for tlansferring of load is arranged, synchronizing devices shall be provided.

NOTH An onboard receiving switchboard connection point is normally a part of the main switch

(see

protection and safety system shall be continuously powered. A standby power suppl

Onboard transformer

h necessary, means shall be provided to reduce transformer current in-rush and/or ir

Onboard receiving switchboard connection point

Inel shall be provided as an onboard receiving switchboard.

re parallef_connection of the HV shore supply and the ship's sources of electrical p

y for
acity

the
varn

ctive

veen

hore

hibit
stem

pwer

board

Figure 2a).

8.5.2 Circuit-breaker and earthing switch

The rated making capacity of the circuit breaker and the earthing switch shall not be less than
the prospective peak value of the short-circuit current (/p) calculated in accordance with
IEC 61363-1.

The rated short-circuit breaking capacity of the circuit-breaker shall not be less than the
maximum prospective symmetrical short-circuit current (/ac(o 51)) calculated in accordance

with

An a

IEC 61363-1.

utomatic circuit-breaker shall be provided.
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An earthing switch shall be installed if the main switchboard rated voltage exceeds
1000 V AC.

8.5.3 Instrumentation

If load transfer via parallel connection is chosen, the instrumentation shall be

a) two voltmeters,

b) two frequency meters,

c) one ammeter with an ammeter switch to enable the current in each phase to be read, or
qgll dIIIIIIUtUI ill Udbh phaac,

d) phase sequence indicator, and

e) gne synchronizing device.

One|voltmeter and one frequency meter shall be connected to the switchboard's busbars} the

othef voltmeter and frequency meter shall enable the voltage and frequency of the shore

conrjection to be measured.

If logd transfer via blackout is chosen, the instrumentation shall comprise at least

f) qgne voltmeter,

g) gne frequency meter,

h) gne ammeter with an ammeter switch to enable the current in each phase to be reaf, or
gn ammeter in each phase, and

i) phase sequence indicator.

The |voltmeter and the frequency meter shall.enable the voltage and frequency of the shore

conrjection to be measured (see 9.2).

8.5.4 Protection

Tripping and alarm criteria for the ‘circuit-breaker shall be the following:

a)

b)

d)

e)

f)
g)

ghort-circuit: tripping with*alarm,;

gqvercurrent in two steps:

1) alarm, and

4) tripping with\alarm;

garth fault;

1) tripping with alarm if required by the type of isolation system used;
qver{/under-voltage in two steps:

1) “alarm, and

2) tripping with alarm;
over-/under-frequency in two steps:

1) alarm, and

2) tripping with alarm;

reverse power: tripping with alarm*, and

phase sequence protection with alarm and interlock.

To satisfy this requirement, at least the following protective devices, or equivalent protective
measures, shall be provided:

h)
i)

synchrocheck (25)*;
undervoltage (27);
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j) reverse power (32)%;

k) phase sequence voltage (47);
[) overload (49);

m) instantaneous overcurrent (50);
n) overcurrent (51);

o) earth fault (51G) or (59N);

p) overvoltage (59);

q) frequency (81) (under and over).

NOTH 1 The phase sequence protection protects the ship's system against wrong phase connection.

NOTH 2 Numbers in brackets refer to standard device designation numbers as per IEEE Std C37.2.

Tripping of unessential consumers and restoration of ship power should be censidered where
thesg measures could prevent complete power loss.

Protection functions marked with an asterisk (*) may be omitted .when load transfer via
blackout is chosen.

8.5.5 Operation of the circuit-breaker

Arrapgements shall be provided so that the circuit-breakers.cannot be closed when any of the
follofving conditions exist:

a) qne of the earthing switches is closed (shore-side/ship-side);
b) the safety circuit is not established (see 7.3.2);

c) gmergency-stop facilities are activated;

d) ghip or shore control, alarm or safety system self-monitoring properties detect an error
that would affect the safety of the cofinection;

e) the data-communication link between shore and ship is not operational, where applicaple;

f) the HV supply is not present;

g) gquipotential bonding is-not established (via equipotential bond monitoring devices where

Jtilized, or via manual override — see 4.2.2);
h) garth fault on ship.distribution system is detected.
It is fecommended to’have one PIC on the ship and one facility PIC. An independent means of

voicg communjcation shall be provided between the ship and the facility's PIC (e.g., twotway
radigs).

For phips_on a regular service trade, the PIC may be responsible for both ship and shore
HVS[C.operations.

If synchronization is established from shore, interlocking may be different.

8.6 Ship power restoration

When the ship's main source of electrical power is shut down and failure of the connected
HVSC supply occurs, the shore connection switchboard circuit-breaker shall automatically
open followed by

a) starting of the emergency source of electrical power to supply emergency services
equivalent to SOLAS CH 1I-1/D, Reg. 42 for passenger ships or 43 for cargo ships,

b) automatic connection of the transitional source of electrical power to emergency services,
equivalent to SOLAS CH 1I-1/D, Reg. 42 for passenger ships or 43 for cargo ships, and
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c) starting and connecting to the main switchboard of the main source of electrical power
and sequential restarting of essential services, in the shortest time practical. This shall be
automatic in the event of emergency shut-down activation.

Failures include loss of HV power or disconnection (including activation of emergency
shutdown or electrical system protective device activation).

It may be necessary to relax the requirements for automatic starting and connection of the
ship's electrical power sources onboard existing ships constructed prior to the introduction of
SOLAS CH 1I-1/D, Regs. 42 or 43. In such cases, alternative measures for the restoration of
ship power acceptable to the relevant authorities should be provided.

An dlarm shall be provided to advise relevant duty personnel. The alarm shall indicatg the
failufe that caused the activation.

9 HVSC system control and monitoring

9.1 General

Ship| equipment shall be protected and controlled by the ship'sfewnh protection and control
systéms.

If the shore supply fails for any reason, supply by the ship's.own generators is permitted, pfter
discpnnecting the shore supply.

Load transfer shall be provided via blackout or automatic synchronization.

9.2 Load transfer via blackout

Interlocking means shall be provided so:that the shore supply can only be connected [to a
deaq switchboard. The interlocking means shall be arranged to prevent connection to g live
swit¢ghboard when operating normally* or in the event of a fault, for example a fault irfl the
blackout monitoring circuit.

The gimultaneous connectianof an HV shore supply and a ship's source of electrical powgr to
the §ame dead section of the electrical system shall be prevented (see 8.5.3 and 8.5.4).

9.3 | Load transfer via automatic synchronization
9.3.1 General

The |HV shore’supply and the ship's source(s) of electrical power temporarily in parallel ghall
be in accordance with the following:

a) |sad—shat—be—automaticaty—synchronized—and—transferred—between—the—tH\V—shere—sdpply
and the ship's source(s) of electrical power following their connection in parallel;
b) the load transfer shall be completed in the shortest time practical without causing

machinery or equipment failure or operation of protective devices, and this time shall be
used as the basis for defining the transfer time limit;

c) any system or function used for paralleling or controlling the shore connection shall have
no influence on the ship's electrical system, when there is no shore connection.

The transfer time limit shall be defined and made available to the personnel responsible.
Where the transfer time limit is adjustable to match the ability of an external source of
electrical power to accept and shed load, the procedure for setting this limit shall be
addressed in operating instructions.
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Where operation of only designated or a restricted number of ship source(s) of electrical
power is required to permit the safe transfer of load between an HV shore supply and ship
source(s) of electrical power, the arrangements shall fulfil this requirement before and during
parallel connection.

The instrumentation and protection requirements contained in 8.5.3 and 8.5.4 shall be met for
parallel transfer.

9.3.2 Protection

If the defined transfer time limit (see 9.3.1) for transferring of load between HV-shore su
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5hip source(s) of electrical power is exceeded, one of the sources shall be disconng
matically by the ship, and an alarm shall be provided to advise relevant duty perso
ial care shall be taken not to exceed the maximum permissible load steps of
rator sets in accordance with IEC 60092-301.

re load reductions are required to transfer load, this shall not result.inyloss of essgq
ces for the ship's safety.

Verification and testing

General

V system components shall have passed type tests-and routine tests according tq
ant standards.

HV system, including control equipment, shall*be tested in accordance with a prescri
brogramme.

5 shall be performed to demonstratesthat the electrical system, control, monitoring
n systems have been correctly installed and are in good working order before being
service. Tests shall be realistic-and simulations avoided as far as is practicable.

b equipment has not beenused for a period of 30 months, the initial tests sha
ated.

Such tests are intended to indicate the general condition of the installation. However, satisfactor
5 do not in themselves/necessarily ensure that the installation is satisfactory in all respects.

Initial tests of shore side installation
1 General

edests shall verify that the shore-side installation complies with this document to ach

pply
cted
hnel.
the

ntial

the

Dtive

and
put

| be

test

ieve

a do

cumented conformity record

Tests shall be performed after completion of the installation.

10.2.2 Tests

The following tests shall be performed:

a) visual inspection;

b) power frequency test for HV switchgear assemblies and voltage test for cables in
accordance with IEC 62271-200 and IEC 60502-2;

c) insulation resistance measurement;

d) measurement of the earthing resistor, including connection cables to star point and
earthing bus;
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e) Shore-side bonding connection resistance from earthing bus of primary shore power
switchboard terminal to connection point shore side (refer to 11.3);

f) function test including correct settings of the protection devices;
g) function test of the interlocking system:;

h) function test of the control equipment;

i) phase-sequence test [see Figure 2a)];

j) function test of the cable management system where applicable;
k) additional tests if required by national regulations.

10.3| Initial tests of ship-side installation
10.3}]1 General

Thege tests shall verify that the ship-side installation complies with this document. The target
is tolachieve a test certificate.

Testp shall be performed after completion of the installation.
Thege tests shall be conducted as witness tests together with therappropriate authorities.

10.3}]2 Tests
The following tests shall be performed:

a)

b) power frequency test for HV switchgeari:assemblies and voltage test for cablgs in
gccordance with IEC 62271-200 and IEC 60502-2;

c) ipsulation resistance measurement;

=

isual inspection;

d) dhip-side bonding connection resistanhce (refer to 11.3);

e) function test including correct settings of the protection devices;

f) flunction test of the interlocking system;

g) function test of the controlequipment;

h) phase-sequence testsee Figure 2a)];

i) function test of the cable management system, where applicable; and

ihtegration tests” to demonstrate that the ship-side installations such as the ppwer
managementisystem, integrated alarm, monitoring and control system work properly
tpgetherwith the new installation.

10.4| Tests at the first call at a shore supply point

10.44+—General

A compatibility assessment study in accordance with 4.3 shall be performed.
Upon completion of the tests in 10.2.2 and 10.3.2, the tests of 10.4.2 shall be conducted.

10.4.2 Tests
The following tests shall be performed as an integration test of the complete HVSC system:

a) visual inspection;

b) power frequency test for HV switchgear assemblies and voltage test for cables in
accordance with IEC 62271-200 and IEC 60502-2;

c) insulation resistance measurement;
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d)
e)
f)
g)
h)
i)
)
k)

The
resi

if onje of the installations, shore-side or ship-side, has been out of service or not in us
mor¢ than 30 months.

11

11.1] General

A regord of annual maintenance, repair, equipment modifications and the test results sha

ava

11.2| Tests at repeated calls of a shore supply point
11.2|1 General

If th¢ time between port calls does not exceed 12 months and if no modifications have
performed either on the shore side or ship”side, or both, the verification in 11.2.2 sha
conducted.

If th

NOT

11.2|2 Verification

The

a)
b)
c)
d)

measurement of the earthing resistance;

function test of the protection devices;

function test of the interlocking system;

function test of the control equipment;

equipotential bond monitoring test, where utilized, or manual override test;
phase-sequence test [see Figure 2b)];

function test of the cable management system:;

integration tests to demonstrate that the shore- and ship-side installations work properly

tpgether.

power frequency test for HV switchgear assemblies, voltage test for cables, (insul
dtance measurement and measurement of the earthing resistance shall be perfarmed

Periodic tests and maintenance

ilable for the shore- and ship-side HVSC system.

i time is exceeded, the tests in-accordance with 10.4.2 shall be performed.

B The time between port calls means the same ship at the same shore supply point.

following shall be performed or provided:

Visual inspéction;
donfirmation that no earth fault is present;
dtatement of voltage and frequency;

ation
only
e for

Il be

been
Il be

anauthaorized Qwifr‘hing and connection Ir\rn(‘av:\dlmv:\ ar pqni\/alpnf

Procedures should include an approved "Lock-out, Tag-out" system that is jointly controlled

by t

he ship's PIC and the shore's PIC.

11.3 Earthing bonding connections

Where equipotential bonding is not continuously monitored, the following procedures are
required:

a) Physical connection points shall be inspected at a frequency not exceeding 12 months.

b)

Shore-side bonding connection resistance shall be measured at a frequency
exceeding 12 months. Results shall not exceed 1 Q.

not
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c) Ship-side bonding connection resistance shall be measured at a frequency not exceeding

6

months. Results shall not exceed 1 Q.

Measurement methods are site-specific and shall be documented.

12 Documentation

121

For
docy

General

the HVSC system and each control apparatus, the manufacturer shall deliver

instrpctions, required start-up or commissioning procedures, fault-finding progced

main

12.2

tenance and repair, as well as lists of necessary test facilities and replaceable parts.

System description

A complete system description, including circuit diagrams, specifying set points and operation
instructions, shall be prepared by parties responsible for shore and ship HVSC systems.

The
verif
speg

parties responsible for shore and ship HVSC systems shall provide a testing
cation programme for the whole installation that will demonstrate compliance wit
ification.

and
H the
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Annex A
(informative)

Ship-to-shore connection cable

Rated voltage

standard rated voltages Uy/U (U,,) of the cables considered are as follows:

Uo/U (Up) = 6/10 (12) kV RMS

standard rated voltages Ugy/U (U,,,) of the neutral cables considered are as follows:

Uo/U (Uy,) = 1,8/3 (3,6) kV RMS

e

is the rated voltage between phase conductor and earth or\nietallic screen for whicl the
cable is designed;

is the rated frequency voltage between phase condlctors for which the cable is
designed,;

is the maximum value of the highest system voltage that may be sustained ulhder
normal operating conditions at any time and/at any point in the system. It excludes
transient voltage conditions and rapid disconnection of loads.

General design

General

cables should be constituted“as follows: power cores with copper conductors, conduictor
bn, insulation, insulation sereen. The power cores should be laid up with earth cores|with
er conductor and semicconducting layer. Pilot and fibre-optic elements, if specified in the
cable ship annexes, should be laid up in the interstices of the power cores. A metallic
d shall be installed.at least on the power cores or a common shield on pilot wires.

IEC 60092-350:2008, 4.6, provides further information regarding the use of inner covefings.
0092-350:2008,.4:7, provides further information regarding the use of inner sheathing.

neutral(cables are constituted as follows: core with copper conductor, insulation|and
[ sheath:

Whe

£ Annex-Ais—pr ble—that the

installation wil

Py ono
7YX T v 1o PTopo

O o cod
ion to a compliant shore supply/ship. Application of

an alternative should be documented and made available to personnel in charge of the
compatibility assessment.

A.2.2 Conductors

All conductors should be flexible (class 5 of IEC 60228 or Table 11 of IEEE Std 1580-2010™).
The conductors should be plain or metal-coated copper conductors.

A.2.3 Insulation of power cores and neutral core

The
EPR

insulating compounds should be extruded cross-linked solid dielectric designated as
, HF EPR, HEPR or HF HEPR in IEC 60092-360 or equivalent of EPR, HF EPR, HEPR or

HF HEPR in IEEE Std 1580™.
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Electrical and non-electrical characteristics of the insulation system should be as specified in
IEC 60092-360 or IEEE Std 1580™ for the type of insulating compound used.

Insulation thickness should be in accordance with IEC 60092-354, or IEEE Std 1580™ for the
standard rated voltages.

Insulation thickness for the neutral core should be in accordance with IEC 60092-353 for the
standard rated voltages.

A.2.4 Screening

Screlening of individual power cores should consist of a conductor screen and an insulation
screen.

The |conductor screen should be non-metallic and should consist of an .extruded demi-
conducting compound or a combination of an extruded semi-conducting_Compound and a
seml-conducting tape. The conductor screen should be firmly bonded to thevinsulation.

The jnsulation screen should consist of a non-metallic semi-conductingJlayer and, if necegsary
to fuffil the cable test requirements within Annex A, in combinationdwith a metallic layer.

The |metallic layer, where required, should be applied overithe individual cores and sHould
comply with the requirements of 5.5 of IEC 60092-354:2014%, or IEEE Std 1580™.

Natipnal authorities having jurisdiction may requirefa metallic component in the insulation
screen.

A.2.5 Earth conductors
A.2.5.1 General
Earth conductors should be flexibte "copper conductors in accordance with class p of

IEC p0228 or Table 11 of IEEE Std1580™-2010 forming together at least 50 % of the ppwer
core|cross-section.

A.2.5.2 Conductor screen of earth conductors (optional)

The |conductor screen,\when used, should be non-metallic and should consist of an extriided
semi-conducting compound, in accordance with IEC 60092-354 or IEEE Std 1580.

A.2.6 Pilot'element with rated voltage U,/U (U,,,) = 150/250 (300) V

A.2.6.1 Conductors

PilotLcanhductars should he flexible plain or metal-coated copper conductors in accordance

with class 5 of IEC 60228 or Table 11 of IEEE Std 1580™-2010, with a minimum nominal
cross-sectional area of 1,5 mm?2.

A.2.6.2 Insulation

The insulation of pilot conductors should be extruded cross-linked solid dielectric of one of the
types indicated in A.2.3.

Electrical and non-electrical characteristics of the insulation system should be as specified in
IEC 60092-360 or IEEE Std 1580 for the relevant type of insulating compound used.

Thickness of insulation should be in accordance with IEC 60092-376 or IEEE Std 1580™ for
the relevant insulation type.
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Pilot cores should be arranged as required by the annex specific to the type of ship. A
wrapped covering with tapes or an extruded covering is permitted over the cores. Screening is

opti

onal.

A.2.7 Optical fibres

Optical fibres shall consist of a minimum number of six 62,5/125 gradient fibres. Optical fibres

sho

uld be in accordance with IEC 60793-2-10, product specification A1b.

There should be no breakage of the optical fibres after conclusion of the mechanical bending

test

see A.3) of the cable.

A.2.8 Cabling

The
laid

three power cores, the earth core(s), the pilot element and the optical fibres' shoul
p.

A.2.9 Separator tape

If sg¢parator tape is used, it should be wrapped around the assémbled cores and sh
conglist of a suitable, non-hygroscopic material.

A.2.10 Outer sheath

The
IEC
EN

stre
thic
and

outer sheathing material should have a high Iével of mechanical properties as
50092-360 or IEEE Std 1580™. Thermoplasticfpolyurethane (TPU) in accordance
50363-10-2 is also an acceptable material. Forall sheath materials, the minimum te
ngth should be 12,5 N/mmZ2. Minimum elongation at break should be 300 %. The mini
Kness at any point of the extruded outer sheath should be 6 mm for high-voltage cg
P.5 mm for separate neutral cable.

A.2.11 Markings

A.2.11.1 Indication of origin

Cable sheaths should be permanently marked repeatedly throughout their length wit
indidation of origin with thesmanufacturer's name and/or registered trademark, rated vo
(Ug/¥), construction (number of cores and cross-sectional area of power conductors,
conductors, pilots andfibre type of fibre optics) and the relevant standard.

EXA

A.2.11.2  Continuity

Confinuityshould be in accordance with IEC 60092-354 (IEC 60092-353, for neutral cabl

IEE

MPLE "Manufacturer's name or trademark" 3x185/95 + 3x1.5 + 6x 62.5/125 6/10 kV IEC/IEEE Std 8000%-1.

d be

ould

per
with
nsile
mum
bles

N an
tage
arth

P) or

J Sid 1580™.

A.2.11.3  Durability

Durability should be in accordance with IEC 60092-354 (IEC 60092-353, for neutral cable) or

IEE

E Std 1580™.

A.2.11.4 Legibility

Legibility should be in accordance with IEC 60092-354 (IEC 60092-353, for neutral cable) or

IEE

E Std 1580™.
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A.3 Tests on complete cables

For these tests, reference is made to the relevant clauses of |EC 60092-350 or
IEEE Std 1580™,

For test methods for insulation and sheaths, reference should be made to the appropriate part
of IEC 60811 (all parts).

Routine tests, special tests and type tests should be conducted in accordance with
IEC 60092-354 or IEEE Std 1580™ with the following additions or modifications.

a) Bending test (see Figure A.1):
1) The test should consist of 5 000 cycles of operation.
3) After 2 500 cycles, the cable should be rotated 180 degrees.
b) The diameter of the bending reels should be 10 D with a tolerance of £5.%;

1
where:
1) D is the actual external diameter of the cable sample, in millimétres;
4) tensile force should be 15 N/mm2 of power cores;

) maximum % of broken wires for each conductor and metallic screen, if required, should
not exceed 20 %;

4) maximum % of broken optical fibres to be 0 %.

On [completion of this test, the sample shouldy\be subjected to a partial dischiarge
meagurement. The magnitude of discharges at 1,73 U, should not be higher than 10 pC.
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g |

o
T

L I
Key
1 Upper bending reel 5 Lower point of return
2 Lower bending reel 6 Tensioning device
3 Clamp 7 Specimen movement
4 Upper point of return
Figure A.1 — Bending test arrangement
c) Sunlight-resistance test on outer sheath (duration of test 720 h):
1) The test-should be performed in accordance with 1SO 4892-2:2013, Table 3,|test
method' A, cycle no. 1.
4) Maximum permissible change: tensile strength +40 %, and elongation at break +40| %.
d) Abrasion test on outer sheath:

1) The test should be performed in accordance with 1ISO 4649:2010, test method A.

2) Relative volume loss, AV,: max 300 mm3.
e) Flame propagation test:

The test should be performed in accordance with IEC 60332-1-2 and should at least
satisfy the recommended requirements of Annex A of this document.

f) Behaviour of completed cable at low temperatures:

The test should be performed in accordance with IEC 60092-350:2008, 8.9.1, 8.9.2, and
Annex E, or IEEE Std 1580™. The test should be conducted at -40 °C + 2 °C.

g) Resistance between earth conductor and semi-conductive layer:

The resistance between earth conductor and semi-conductive layer should be maximum
500 ohms before and after bending test.
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Annex B
(normative)

Additional requirements for Roll-on Roll-off (Ro-Ro)
cargo ships and Ro-Ro passenger ships

B.1 General

Annex B describes the additional requirements on HVSC systems of Ro-Ro cargo ships and
Ro-Ro0 passenger ships, excluding pure car carriers.

The jnumbering in Annex B follows that of the main body of the text. Hence, the nambering is
not phecessarily continuous. Any content that is not explicitly mentioned applies, without
modi|fication. For example, B.4.1 refers to 4.1 in the main body.

B.4.1 System description

The general system diagram is shown in Figure B.1.
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Shore supply Ship’s network

\ v
1X (3P + E +7 Pilots + FO)

Key
1 Shore supply system

Plug (shore-side) and socket-outlet (on-board)

w

Fibre optic communication for control and monitoring (integrated in power cable);
socket-outlet (shore-side) and plug (on-board)

Pilot wires (integrated in plug and socket-outlet)

Cable management system, here shown as shore-side crane

On-board shore connection switchboard

nterlocks with pilot wire shore.sidé

o N o o b

Control shore side

9 Protection relaying shoresside
10 Protection relaying.ship-side
11 [Control ship-side

12 nterlocks with_pilot wire ship-side

Figure B.1 — General system diagram

B.4.6.4" Electrical equipment in areas where flammable gas or vapour an

I
i
I 2 |
— |AL2

I

|

|

I

|

|

|

combustible dust may be present

IEC

d/or

HVSC systems shall not be installed in areas that may become hazardous areas, such as car
decks, upon failure of required air changes per hour during loading and off-loading cargo, or

during normal operation.

B.5.1 Voltages and frequencies

The nominal voltage shall be 11 kV AC.

Nominal voltage of 6,6 kV AC may be used in regional waterborne transportation services.
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B.6.1 General

Galvanic isolation may not be required where an HV shore supply is dedicated to supply only
ships that have galvanic isolation on board. A risk assessment shall be performed.

B.6.2.3 Neutral earthing resistor

Where a shore-side transformer is used, the star point shall be earthed through a neutral
earthing resistor of 335 ohms.

Nominal voltage of 6,6 kV will require a 200-ohm resistor.

B.7.1 General
One|cable shall be used for HVSC system up to a power demand of 6,5 MVA.

B.7.2.1 General

The [cable management system shall be fitted at the shore-side facility for Ro-Ro passefnger
ship$ and Ro-Ro cargo ships (see Figure B.1).

Figufte B.2 shows the safety circuits.

The |control power voltage shall be less than 60 V DC o025V AC safety extra-low voltage
type[source as per IEC 60364-4-41.
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—L L ) Yy
— 1
Y 2
\ - = P2
i P4
gl 2= Halts
= 16 =
13j ! 144
N
L = v
P6 )
_q_@_
15
_‘:Di
Key
1 Control power pilot loop shore-side 9 Control ES shore-side (emergency shutdown)
2 Control power pilot loop on-board 10 Control ES on-board (emergency shutdown)
3 Circuit breaker undervoltage coil (shore-side) 11 Manual ES shore-side (two shown)
4 Safety circuit coil on shore-side 12 Manual ES on-board (two shown)
5 Farthing switch permission shore-side 13  Equipotential bond monitoring device (where util
6 Circuit breaker undervoltage coil (onbeard) 14  Equipotential bond monitoring termination device
(where utilized)
7 Safety circuit coil on-board 15 Spare pins/pilots
8 Farthing switch permission-on-board 16 E denotes earth connection (PE)
Figure B.2 — Safety circuits
NOTH Circuit breaken undervoltage coil (shore-side and on-board) may be directly connected to the safety cirg
through a safety relay (or equivalent).
B.7.2.5 Equipotential bond monitoring (where utilized)
Equipoténtial bond termination device shall meet the following requirements:
a) Characteristic: Zener Diode
b) Zener voltage: 5,6 V+0,03VDC at 100 mA
c) Forward voltage: 0,5V 0,1V DCat 100 mA
d) Maximum impedance: 20 mOhms at 100 mA
e) Operating temperature: -40 °C to +60 °C
f) Current range: 2mAto25A
g) Frequency range: 0 kHz to 20 kHz, -3 db
NOTE Other methods of monitoring the equipotential bond are acceptable, (see 4.2.2).
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B.7.3.1 General

General arrangement of shore plug and ship socket-outlet shall be in accordance with

IEC

The

62613-2:2016, Annex J, and Figure B.3 below.

Shore plug face P2 Pilot line 2

Farth P3 Pilot line 3

bhase A — phase R P4 Pilot line 4

pbhase B — phase S P5 Pilot line 5

bhase C — phase T P6 Pilot line 6

Ship socket-outlet face P7 Pilot line 7

Pilot line 1

Figure B.3 — Three-phase plug and socket-outlet contact assignment

short-circuit withstand current is 16 kA RMS forv1 s and a maximum peak short-c

currgnt of 40 kA (see IEC 62613-1).

Each

plug and socket-outlet shall be fitted with’seven pilot contacts.

For design and dimensions of a power plug, see IEC 62613-1 and IEC 62613-2:2016.

B.7.

Pilot

B.7.

Whe|
onbd

B.2 Pilot contacts

contacts are part of the-safety circuit (see 4.9 and Figure B.2).

B.4 Fibre-optic connection

re required, pin_configuration shall be as in 7.3.4. Fibre-optic plug, Figure 5, is inst
ard.

B.7.8 Data.communication

If a q

ata-communication link is installed, data communication shall be performed utilizing

optic ;
IEC 62613-1, IEC 62613-2:2016, and Annex A).

IEC

rcuit

alled

fibre

(see
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Annex C
(normative)

Additional requirements for cruise ships

C.1 General

Annex C describes the additional requirements for high-voltage shore connection systems of
cruise ships.

The jnumbering in Annex C follows that of the main body of the text. Hence, the numbering is
not phecessarily continuous. Any content that is not explicitly mentioned applies, without
modi|fication. For example, C.4.1 refers to 4.1 in the main body.

C.4.1 System description

The general system diagram is shown in Figure C.1.

Shore supply Ship’s network
<):I I:>

J105 13 :

leccccccccccccccaa 4
oVAe: eceeaeaeas .
—3)24Vd.c . 1 _%____E

Controls

\ ‘1 4 x (3P + E + 1 Pilot) + Neutral +

.————————_h—\—\ﬂf\———————
2L

IEC

Key

1 Shore supply system 7 Interlocks with pilot wire shore-side

2 Power ship connector (shore-side) 8 Communication for control and monitoring shore-side
and ship inlet (onboard), four times 9 Protection relaying shore-side

3 Neutral ship connector (shore-side) 10 Communication and control wires and connector
and ship inlet (onboard) (110 V DC and 24 V DC)

4 Pilot wires (integrated in connectors and inlets) 11  Interlocks with pilot wire on-board

5 Cable management system, here shown 12 Communication for control and monitoring on-board
as shore-side crane 13  Protection relaying onboard

6 On-board shore connection switchboard

Figure C.1 — General system diagram
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To supplement the general system layout provided in Figure C.1, Figure C.2 is provided to
show a detailed representation of an example of a cruise ship HVSC system's functional
diagram.

| 1 Shore supply][ Ship’s network |
9 | |
| 10 |
6 === |4 12 14
| — — | T | . |_< | /' 4 |
| L | — N |
| N’ SN |
i |
| = . |
| N R |
- p—f— ===
| N 1 |
| La. 8 | |
| 15 N | 17 |
| 16 | |
SCADA [-4-SCADA
: Control 110 Vdc } { Control 110 Vdc |
Control 24 Vdc | Control 24 Vdc
] I — 7 _ _|
IEC
Key
1 Shore supply system 10  Four power cables
2 Transformer primary circuit-breaker 11 Neutral cable
3 Neutral earthing resistor 12 Onboard shore connection circuit-breaker
4 6,6 KV shore-side circuit-breaker 13 Onboard shore connection earthing-switch
5 11 KV shore-side circuit-breaker 14  Onboard receiving circuit-breaker
6 Shore-side main switch 15 Shore control cubicle
7 Shore-side earthing-switch 16  Control cables
8 Shore-side neutral earthing-switch 17  Ship control cubicle
9 Cable management system
Figure)C.2 — Cruise ship HVSC system functional diagram
Figufe C.3 shows-safety and control circuits.
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Shore side control connector ; ; Ship side control inlet

CTTh
Interlock relay |
P
D, ] L( o
1 L N } | | Ship control
Shore 6.6kV CB/switch permission to close f | 1=permission to close
N | A1 | P2
D, =
Shore E-Stop Push Buttons [ Ship E-Stop Push Butions
Shore ESD Lo 1 P3 T @
e
1 SafelyTalay or | ! ! [ | ShipESD ®
undenoltage coil | | | bl pg
} + + + LC i+
| | | 1 | Safety relay or
| | 1 It |
Shore FSDD } } LA l P5 onoene Fﬂoll -
IS U S U N (= <u ¢
6.6kV Shore CB/  Main CB/switch ‘ ! ! u
! | | | [ | On board receiving switchboard 2
switch position pasition I circuit breaker tripping coil
1=closed 1=closed | | | | A P6 pping -
I 1 1 | H |
| | | b | Connector electrical locking ¢
I I I Lol 1 P7 ' c
| I I ™ | ~
Shore grounded ndication | | | | } | Manual key 2
1=grounded | | | | } | P8 interiock
C e
T t t ‘ Lj==y «
| | | | |
I I I o
pa— ! \ I g P9
| | | ! |
1 4¢ PLC controls the | | | b Frequency selecton "
frequency setting " | | | 11 P10 (0=60Hz and 1=50 Hz)
J T T T & =
| | | | |
\ [ [ Lo P
- } + = C
I I I P
| 2
! ! ! Ll P12 (]
Il | | C Il plc
] [ [ T = \ -
Reduce power warning | | | | } |
1=warning
i ! | e P13
| [ [ LA |
Shutdown expected waming | | [ |
1=start generator ! ;o SafetyJelay or
ﬁlﬁ\l,‘[—\h (= l P14 undeTSltage coil ' [/ (
11KV Shore CB/ - main CBIswitch  ghore £Sp P [ On board receiving switchboard 2
switch position position [ I P15 circuit breaker tripping coil
1=closed 1=closed L " pping r
o+ {
[ |
| |
I
3 1 lci—1 P16
J |
1 L M | } ! Ship control
Shore 11KV CB/switch permission to close ! | 1=permission to close
N 11 P17
J A
! I
I
|
:} | R18
I
[ )
] i ) 1 p1g
N |
v |
Il P20
(=
! |
Lo
! ( } ! P21 NOT USED
[
Lol 1 P22
— 1L e
o
I
e PB
[ |
L
[ P24
— (=T
I |
[ |
| |
I
Lo
110 V D.C. connector
24/C
Key
1 Shore cofitrol voltage
2 Ship{eontrol voltage control switch status: 0 = opened 1 = closed
a T

6,6 kV CB/switch;

— electrical protection tripping condition;
— ground check trip;

— ground monitoring trip;

— shutdown order from PLC;

— cable overtension alarm (if any).

Shore ESD contact shall be a summary of at least:

€ permission 1o CIoSe IS required Tor CIoSINg 6,0 KV UB/SWITCH; the 108S O permission to Close snall OPp

¢ Shore e-stop shall trip: 6,6 kV and 11 kV shore-side CB/switch and shore-side main CB/switch;

11 kV CB/switch;

€  Ship ESD shall be a summary of at least:
— cable overtension alarm (if any);
— socket limit switch.

IEC

n the

The permission to close is required for closing 11 kV CB/switch; the loss of permission to close shall open the


https://iecnorm.com/api/?name=8ea84469156adc1c020a4d14c9a7656f

—54 —

IEC/IEEE 80005-1:2019
© IEC/IEEE 2019

The coil may be directly connected to the circuit or through safety relay (or equivalent); the tripping ashore
shall initiate the tripping on the ship;

Where applicable, for automatic locking operations, this circuit shall be added to prevent disengaging the power
connectors when the system is not earthed on shore side;

If this circuit is not existing on ship, the frequency setting on shore side shall be by default 60 Hz.

a) Safety and control circuits — 110V DC circuit

Interlocking relay

Shore side control plug 1 ; Ship Side control socket

|
|
I P1
N
S :F' J
1 ShoreCB/ switch 6.6kV permission to close 1 1= Ship control
B | =permission to close
(to PLC input) P2
J T e eeeeeeemmmmm
I
| Ground check indication devi
Ground check relay contacts 3.3 | P3 round enect ; cation device
A =1 o
| (voltage soutce
10k ! r\—l with(curferit
—h P4 s
T < =
|
I
| P5  Optional circuit (not part of the ship permission to close) r
£ ) -
]
Capacitor bank alarm | 2
1=alarm !
—h > P6 C
i
|
| P7 ) : )
Optional circuit (not part of the ship permission o close), r
i J ~
capacitor bank stage 2 indication i 2
= ) P8
=D C
I
I
! " : 2
P9 optional circuit; where apgficablé,the informations are
:t“ J — send to ship monftoring system; (
transformer temperature stage 1 alarm | 2
u I
0=warning P10 -
:t' J S
I
I
| P11 optional cireuit, where applicable the informations are r
~ =1 send to ship monitoring system; L
|
transformer temperature stage 2 alarm | 2
0=alarm | P42 ~
=3 L
|
I
Optional circuit (not part of the ship permission to close) ! P13
D Y
1 | permission to start capacitor sequence
} 1=permission start
> P14 C
= ) L
capacitor bank stage 1 indication i 2
= |
| P15 Optional circuit (not part of the ship permission to close) r
D L
Interlocking relay 1
|
SN — P16
- | Ship control
! | ip control
1 Shore CB/switch 11KV permission to 1 1=permigsion o close
N\ close (to PLC input) | P17
J DD
I
I
! P1
= >FE
I
I
| P19 optional circuit (not part of the ship permission to close) r
== J L
Capacitor CB position } 2
1=closed P20 ~
:h J S
|
|
I
P21 Optional circuit (not part of the ship permission to close) r
J ~

capacitor bank stage 3 indication
1=stage 3

P22

P23

[

Optional ground monitoring relay

P24

m

24V D.C. connector

24/C

b) Safety and control circuits — 24V DC circuit

IEC
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P1
Eapll & ~all
— j Power connector n°1 j —
- Termination -
Ground device
check relay
P1
Numll o ~al
— j Power connector n°2 j —
= Termination
Ground device
check relay
[ ] 1
] N NI
— j Power connector n°3 j —
- Termination -
Ground device
check relay
P1
ID o <2l
— Power connector n°4 j —
_Ground Termir?ation
check relay deyice

IEC
c) Safety and control circuits — ground check circuit

SCADA shore box mounting receptacle

SCADA ship straightsplug
MS3106E (MIL-DTL-5015)

1 J MS 3102E (MIL=RTL-5015)

Infermation from scada communication is not part of the ship
permission to close

Ipformation from scada communication is not part of the shore
permission to close

d) Safety and control circuits — SCADA circuit

Figure C.3— Safety and control circuits

C.4.2.2 Equipotential bonding

Confinuous monitoring of the"bonding is required.

C.4.3 Compatibility.assessment before connection

Assgssment thatithe ship provides effective earthing.

C.4.4 HVSC system design and operation

Periti)dic verification of the earthing system is required.

C.4.7 Electrical requirements

The HVSC system shall be rated for at least 16 MVA (but 20 MVA is recommended where
practical) at nominal ship system voltages of 11 kV AC and/or 6,6 kV AC.

Consideration may be given to an HVSC system with a lower rating where only ships with
lower power demands will be required to connect.

Measures shall be taken so that ships with power demands higher than the HVSC system
rating will reduce their power demand prior to connecting.


https://iecnorm.com/api/?name=8ea84469156adc1c020a4d14c9a7656f

- 56 — IEC/IEEE 80005-1:2019
© IEC/IEEE 2019

Designers may give consideration to rating connection equipment for 6,6 kV AC HVSC
systems for 11 kV AC characteristics where inadvertent connection of the ship socket-outlet
and connection switchboard to an 11 kV AC shore supply is considered to be reasonably
foreseeable.

Some ships may require an onboard isolation transformer.

The prospective short-circuit contribution level from the HV shore distribution system shall be
limited by the shore-sided system to 25 kA RMS.

The

C.6

Neufral continuity check with trip function shall be provided.

C.6.

The
540
a sh

NOTH

instal

geneifator, the earth fault current can be limited according to the size of the resistor, while, on the shore, HV

fault
C.7.

The
Figu

Each 3-phase HV connector orintet shall have

a) t

b) qne earth contact (see Figure C.4 below), and
c) Qqne pilot contact fof continuity-check monitoring.

Shore side installation

P.3 Neutral earthing resistor
shore-side transformer star point shall be earthed, through a neutral earthing resist

p is not connected, it shall be connected to earth.

ed on each of the ship's generators' star point to earth €onhections. By using this earthing system on

urrent can range from a minimum value that exceeds«the rating of the ship HV installation.
8.1 General

general arrangement of the ship. eonnector located ashore shall be in accordance
(e C.4.

hree-phase current carrying contacts, (L1, L2, L3),

prospective short-circuit contribution level from the onboard running induction motoers|{ and
the generators in operation shall be limited to a short-circuit current of 25 kA RMS.

br of

phms, and connected only to the ship-side (see Figure . £/2) during ship operation. When

Typical cruise ship HV distribution systems are earthed Yvia high-resistance earthing resistors that are

each
earth

with
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Key

P1
L1
L2
L3

The
IEC
acco

Crui
neut

The
of 63

In adldition, the.ship inlets as well as the neutral ship inlet shall be fitted with fail-safe

switq
(see

Thes

IEC

Ship connector face

Ship inlet face

Farth

Pilot line 1 (used for continuity check)
Phase A — phase R

Phase B — phase S

Phase C — phase T

Figure C.4 — Three-phase ship connector-and ship inlet contact assignment
general arrangement of the power connector and inlet shall be in accordance

52613-2:2016, Annex G, and Figure\ C.4. The neutral connector and inlet shall 4
rdance with IEC 62613-2:2016, Annex H.

5e ships shall utilize four.(4)-power 3-phase connectors, each rated 500 A and
ral single pole connector. rated 250 A.

short-circuit withstand «current is 25 kA for 1 s and a maximum peak short-circuit cu
kA.

hes that(/are activated only when the connector and inlet are properly m
Figure.C.b).

e‘fail-safe limit switches shall be part of, and activate the emergency shutdown, if

with
e in

one

rrent

limit
ated

the

Q)

con

toe i ra-aonie-adfeana—th ra-atad o ion kil [HW L y.|
CULUTN 1O THTUVCU TTUTIT T TITAtCu YU OTUUTT WIS 1TTve \OUU "f.\J}.
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IEC

Key
1 Fail-safe limit switch

Figure C.5 — Three-phase ship inlet fitted with fail-safe limit switch
C.8.1 General

Connection betweeén) the neutral and ship's hull shall be robust and durable for prioper
bonding.
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D.1

Annex D

(normative)

Additional requirements of container ships

General

Annex D describes the additional requirements on HVSC systems of container ships.

The
not

numbering in Annex D follows that of the main body of the text. Hence, the numbering is
hecessarily continuous. Any content that is not explicitly mentioned applies, \without

mod|fication. For example, D.4.1 makes reference to 4.1 in the main body.
D.4.1 System description
The general system diagram is shown in Figure D.1.
Shore supply Ship’s network
1 | 51 6
v | Y.
: 9 ; | : 10 :
Lececcccccccacaan ' 31 I lecccccccacccaaaan ]
P8 E————|:|| —_—= 1
[ : / yoTTEme ST
- L ; C':'\\I : 12 i
AN oS B i e
P
~
(—
&
| 9 I 2 x (3P + E + 3 Pilots + FO)
I
IEC
Key
1 Shore supply system 6 Onboard shore connection switchboard
2 Socket-outlet (shore-side) and plug (onboard) 7. Interlocks with pilot wires shore-side
3 Fibre optic communication for control and monitoring 8 Control shore-side
(integrated in power cable); plug (shore-side) and 9 Protection relaying shore-side
socket-outlet (onboard) 10 Protection relaying onboard
4 Pilot wires (integrated in plug and socket-outlet) 11 Control onboard
5 Cable management system 12 Interlocks with pilot wires onboard

Figure D.1 — General system diagram
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D.4.3 Compatibility assessment before connection

Assessment of compatibility shall be performed to determine the following:

m) sufficient cable length to reach the shore-side supply point level (considering the tide,
loading conditions, etc..) plus 10 metres.

D.5.1 Voltages and frequencies

The nominal voltage of the HVSC shall be 6,6 kV.

D.6.
The

a) H

General
supply point ashore can be fixed or movable, and shall comply with the following:

Relevant sections of this document, including 4.6, 4.9, Clause 7, and Clause 10.

b)
c)

ovable supply points shall not be connected together in a linear serigs,
ovable supply equipment shall be tested and documented as per/Clause 11.

Additional requirements can be imposed by owners or other authgrities having jurisdiction

D.6.

The
200

D.7.

Two

P.3 Neutral earthing resistor

shore side transformer star point shall be earthed’ through a neutral earthing resist
bhms.

General

parallel cables with three pilot conductors each shall be used for HVSC systems up

maximum power demand of 7,5 MVA.

D.7.

The

Figu

.1 General

cable management system shall be located onboard ship.

re D.2 shows safety circuits.

br of

to a
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