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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 comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical @nd electronic fields. To
this end and in addition to other activities, IEC publishes International Standards,~Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (heregafter referred to as “IHC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interest¢d
in the subject dealt with may participate in this preparatory work. Interpational, governmental and nop-
governmental organizations liaising with the IEC also participate in this preparation.

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodigs
(ISO member bodies). The work of preparing International Standards\is normally carried out through IO
technical committees. Each member body interested in a subjectdfor-which a technical committee has beg¢n
established has the right to be represented on that committee. Interhational organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work=1SO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

IEEE Standards documents are developed within IEEE Sgtieties and Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Boawd. IEEE develops its standards through a consensps
development process, approved by the American National Standards Institute, which brings together volunteelrs
representing varied viewpoints and interests to ‘achieve the final product. Volunteers are not necessarl|ly
members of IEEE and serve without compensation. While IEEE administers the process and establishes rulgs
to promote fairness in the consensus development process, IEEE does not independently evaluate, test, pr
verify 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 disclaimefrs
(see http://standards.ieee.org/IPR/disclaimers.html for more information).

IEC collaborates closely with ISO_and IEEE in accordance with conditions determined by agreement betweg¢n
the organizations. This Triple Loge-International Standard was jointly developed by the IEC, ISO and IERE
under the terms of that agreement:

The formal decisions of IEC on technical matters express, as nearly as possible, an international consensus |of
opinion on the relevant .subjects since each technical committee has representation from all interested I1HC
National Committees.Wn ‘the ISO, Draft International Standards adopted by the technical committees afe
circulated to the member bodies for voting. Publication as an International Standard requires approval by [at
least 75 % of the\member bodies casting a vote. The formal decisions of IEEE on technical matters, onge
consensus within.lEEE Societies and Standards Coordinating Committees has been reached, is determined by
a balanced ballot of materially interested parties who indicate interest in reviewing the proposed standard. Finfal
approval ofithe IEEE Standard document is given by the IEEE Standards Association (IEEE-SA) Standardls
Board.

IECHSO/IEEE Publications have the form of recommendations for international use and are accepted by IHC
National Committees/ISO member bodies /IEEE Societies in that sense. While all reasonable efforts are madie
tolensure that the technical content of IEC/ISO/IEEE Publications is accurate, IEC, ISO or IEEE cannot be held

Holaf. +h H hiak—th. | £ Y fot: b |
FESP o StoreToT e wWay Wittt ey areuSet—orTor_anymiStHterpretat ooy any ent—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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Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
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 to 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 may be
obtained from ISO or the IEEE Standards Association.

his redline version of the official IEC Standard allows the user to identify the changes
ade to the previous edition. A vertical bar appears in the margin wherever a changde
s been made. Additions are in green text, deletions are in strikethrough red text.

ternational Standard IEC/IEEE 80005-1 has been prepared by IEC technical-committee 18:
ectrical installations of ships and of mobile and fixed offshore units, in cooperation with:

IEC subcommittee 23H: Plugs, socket-outlets and couplers for~industrial and similar
applications, and for Electric Vehicles, of IEC technical c@mmittee 23: Electricpl
accessories;

ISO technical committee 8: Ships and marine technologyi/stibcommittee 3: Piping and
machinery;

and IEEE IAS Petroleum and Chemical Industry ‘Committee (PCIC) of the Industfy
Applications Society of the IEEE.

his document is published as a triple logo (IEC, IS@*and IEEE) standard.

his second edition cancels and replaces (the first edition published in 2012. This editign
pnstitutes a technical revision.

nis edition includes the following significant technical changes with respect to the previods
Jition:

modification of 4.1, Figure ™

— transformer on shipis-optional, earthing switches on ship removed;

modification of 4.2.2 and new item 11.3:

— alternative procedure of periodic testing added;

modification (0f,4.9:

— minimum current value in the safety circuits shall be 50 mA;

— opening of safety loop shall cause the automatic opening of ship and shore HVSIC
eifeuit breakers in a maximum time of 200 ms;

modification of 5.2:

— added Figure on harmonic contents;

e) modification of 6.2.3:

f)

— 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;

g) modification of A.2.1:

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

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

— 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 and
plugs manufacturer type;

j) modification of C.7.3.1:
— shore power connector pin assignment is updated;
— all cruise ships shall use 4 cables in all cases;

k] added D.6.1:
— the supply point on shore can be fixed or movable;
| modification of D.7.3.2:

— the voltage used in the pilot circuit for container ships shall be less than, 60 V DC or
25V AC.

nm) added D.8.6 and D.9.3.1:
— automatic restart and synchronization alternatives;
Annex E set to informative;

=)

Annex F set to informative.

]

Apnexes use the same numbering as Clauses 1 to 12 with,an annex letter prefix. Hence, the
npimbering is not necessarily continuous. Where no additienal requirements are identified, the
clause is not shown.

The text of this standard is based on the following [EC documents:

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

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

=

ternational standards (arfe drafted in accordance with the rules given in the ISO/IEC
irectives, Part 2.

w)

Al list of all the-parts in the IEC 80005 series, published under the general title Utility
bnnections inyport, can be found on the IEC website.

Q
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The IEC Technical Committee and IEEE Technical Committee have decided that the contents
of this publication will remain unchanged until the stability date indicated on the IEC website
under "http://webstore.iec.ch" in the data related to the specific publication. At this date, the
publication will be

e reconfirmed,

¢ withdrawn,

* replaced by a revised edition, or
*« amended.

INNPORTANT - The “colour inside” logo on the cover page of this publicationdndicatgs
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 colouf)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

smmmmg

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 ‘compliapt
ships to compliant high-voltage shore power supplies through a compatible shore-to-ship
connection.

With the support of sufficient planning, cooperation between ship and terminal facilities, arn
appropriate operating procedures and assessment, compliance with‘the requirements of th
dpcument is intended to allow different ships to connect to high=¢oltage shore connectior
(HVSC) at different berths. This provides the benefits of standardy straightforward connectid
wjthout the need for adaptation and adjustment at differentMocations that can satisfy tH
rgquirement to connect for as long as practicable during stays/in port.

® S nwun o

(7))

hips that do not apply this document-may can find\t impossible to connect to compliapt
shore supplies.

3
D
fou
0]

Where deviations from this document.aré considered, it is useful to note the effects of sugh
deviations in the compatibility study.

Where the requirements and recommendations of this document are complied with, high-
vpltage shore supplies arrangements are likely to be compatible for visiting ships for
cpnnection.

Clauses 1 to 12 arésintended for application to all HVSC systems. They intend to address
mainly the safety-'and effectiveness of HVSC systems with a minimum level of requirements
tHat would standardise on one solution. This document includes the requirement to comple
a|detailed cempatibility assessment for each combination of ship and shore supply prior to
glven ship-arriving to connect to a given shore supply for the first time. This does not preclug
tHe use0fthis document e.g. for safety purposes, such as for proprietary connection systen
wheré _a ship operates on dedicated routes.

w © O O®

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

The other annexes in this document are ship-specific annexes that include additional
requirements related to agreed standardisation of solutions to achieve compatibility for
compliant ships at different compliant berths and to address safety issues that are considered

to be partlcular to that sh|p type -These annexes use the same numbering as Clauses 1 to 12

Ht-should-be-noted-that 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
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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.



https://iecnorm.com/api/?name=4c7b5f1762163caf2b0c6476c6be7a08

-12 - IEC/IEEE 80005-1:2019 RLV

© IEC/IEEE 201
UTILITY CONNECTIONS IN PORT -

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

9

1_Scope

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

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

e | HV shore distribution systems,

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

¢| semiconductor/rotating frequency convertors,

¢ | ship distribution systems, and

¢ | control, monitoring, interlocking and power management systems.

It| does not apply to the electrical power suppl§ during docking periods, for example d
dpcking and other out of service maintenance and repair.

Afditional and/or alternative requirements#gay can be imposed by national administrations
tHe authorities within whose jurisdictionxthe ship is intended to operate and/or by the owne
or authorities responsible for a shore supply or distribution system.

—

is expected that HVSC systems will have practicable applications for ships requirin
MW MVA or more or ships withh HV main supply.

—_

Lpw-voltage shore connection systems are not covered by this document.

2| Normativereferences

content constitutes requirements of this document. For dated references, only the editig
cited applies. For undated references, the latest edition of the referenced document (includin
anysamendments) applies.

The followidg-documents are referred to in the text in such a way that some or all of thdi

U7

d

Y

pr
[S

=)

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),-Electrical-apparatusforexplosive-gas Explosive atmospheres

IEC 60092-101:2002, 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 60092-301:4995, Electrical installations in ships — Part 301: Equipment — Generators and
motors

IEC 60092-503:2007, 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

BC 60092-504:2004 2016, Electrical installations in ships — Part 504:—Specialfeatures{—
Aputomation, control and instrumentation

(mnl

C 60146-1 (all parts), Semiconductor convertors — General requirements and line
bmmutated convertors

o

(mnl

C 60204-11:2000, Safety of machinery — Electrical equipment of tmachines — Part 1|
Requirements for HV equipment for voltages above 1 000 V a.c. ernd 500 V d.c. and npt

ekxceeding 36 kV
IBC 60332-1-2:2004, Tests on electric and optical fibre cables\urider fire conditions — Part |-
2| Test for vertical flame propagation for a single insulated,wire or cable — Procedure for 1 kW

pre-mixed flame

imnl

C 60364-4-41, Low-voltage electrical installations — Part 4-41: Protection for safety
Protection against electric shock

(mnl

C 60502-2:2005, Power cables with extruded insulation and their accessories for ratgd
bitages from 1 kV (U, =#42 1,2 kV) up@e 30 kV (U,, = 36 kV) — Part 2: Cables for ratgd
bitages from 6 kV (U, = 7,2 kV) up to 30-kV (U,, = 36 kV)

S S

&
O
»
(»]
(o)
O
)]
N
)]
O
O
(02}

%

Q

m

C 60947-5-1:2003, Low<‘voltage switchgear and controlgear — Part 5-1: Control circyit
bvices and switching.elements — Electromechanical control circuit devices

Q

(mnl

C 61363-1, Electrical installations of ships and mobile and fixed offshore units — Part |I:
Procedures fer\calculating short-circuit currents in three-phase a.c.

M

C 61936-1:2002, Power installations exceeding 1 kV a.c. — Part 1. Common rules

IHC\62271-200:2003, High-voltage switchgear and controlgear — Part 200: AC metal-enclosgd
switchgear and controlgear for rated voltages above 1 kV and up to and including 52 kV

IEC 62613-1:2044, Plugs, socket-outlets and ship couplers for high-voltage shore connection
systems (HVSC-Systems) — Part 1: General requirements

IEC 62613-2:2044+ 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
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IMO, International Convention for the Safety of Life at Sea (SOLAS):1974, Consolidated
edition 2014

%f‘ :=

3| Terms and definitions
Fpr the purposes of this document, the following terms and definitions apply.

30, IEC and IEEE maintain terminological databases fpr\Uuse in standardization at the
fdllowing addresses:

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

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

e| |IEEE Standards Dictionary Online: availablé.at http://dictionary.ieee.org

31

cable management system
all equipment designed to control, moritor and handle the HV-flexible and control cables ard
tHeir connection devices

3]2

efjuipotential bonding
pfovision of electric (Connections between conductive parts, intended to achieye
equipotentiality

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

3J3
equipotential bond monitoring device
device-that monitors the equipotential bonding between two points

34
ESD-1

emergency shutdown-1

shutdown initiated when the ship moves past the warning range of allowable motion forward,
aft or outward from the-deek berth, and which initiates an LNG-ESD signal from shore to ship

3.5

ESD-2

emergency shutdown-2

shutdown initiated when the ship moves past the maximum range of allowable motion forward,
aft or outward from the-deck berth, and which initiates loading arm disconnection on shore
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3.6

high voltage

HV

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

3.7

LNG-ESD

liquefied natural gas-emergency shutdown

type of emergency shutdown defined at LNG terminals

3)8

w voltage
vV
bminal voltage up to and including 1 000 V AC

S5 a5

3)9
P|C
person in charge

dividual responsible for HVSC systems operations

3/10

p|lot contact

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

3111
rgceiving point
connection point of the flexible cable on the ship

312
safe
condition in which safety risks are minimized to an acceptable level

313

supply point
connection point of the flexible cable on shore

3|14
fail-safe

ab N by e fail ‘ e in critical §

able to enter«@rfNremain in a safe state in the event of a failure

[SOURCE:}EC-60050-195:1998,191-15-04 IEC 60050-821:2017, 821-01-10]

3{15

safety circuit

normally closed interlocking circuit with pilot contacts and safety devices that shuts down the

HVSC system in response to specific initiating events

3.16
connector

coupling device employed to connect conductors of one circuit element with those of another

circuit element
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General requirements

4.1 System description

A typical HVSC system described in this document consists of hardware components as
shown in Figure 1.

o b wN X

Shore supply Ship’s network

<l >
: 11
1 1] | 1 1 3 T
N sl Te] N D
3 5 P 7 3 : : | 3
| | | 6 | 9 ]
| 2 | | | | | | e
! ! L ,,,,,,,,,,,,,,,,, | } ! 1
| | v ! ‘ NV \ ! ; !
: : N 3 ] : 10 : !
| | : | | s |
| i — | ! e L el !
? ©
‘ IEC
24
Shore supply system i Control ship
Shore-side transformer 8 On-board protection relaying
Shore-side protection relaying 9 On-board shore connection switchboard
Shore-side circuit-breaker and earth switch 10 On-board transformer (where applicable)
Control shore 11 On-board receiving switchboard
Shore-to-ship connection and interface equipment
Figure 1 — Block diagram of a typical described HVSC system arrangement
2 Distribution system
2.1 General
ypical distribution systems used on shore are given in IEC 61936-1. Typical ship distributign
stems are given in IEC 60092-503.
DTE |IEEE_Std 45.1™ and |IEEE Std 45.3™ provides additional information on typical ship distribution systems.
22 Equipotential bonding

An equipotential bonding between the ship's hull and shore earthing-electrode system shall be
established provided, (see 6.2.4).

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{see—72-5). 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).
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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.

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 r\nmpnfihilii‘y shall be pnrfnrmnd to determine the fnlln\A/ing'

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’ connectign
(see 5.1);

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

e) acceptable voltage variations at ship switchboards between no<oead and nominal rating
(see 5.2);

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

g) system study and calculations (see 4.8);

h) verification of ship equipment impulse withstand voltage;

i)] compatibility of shore and ship side control voltages, where applicable;

j)] compatibility of communication-link method.and means;

k] distribution system compatibility assessment (shore power transformer neutral earthing);

)| functioning of ship earth fault protectioh, monitoring and alarms when connected to gn
HVSC supply (see 8.2.2);

m) sufficient cable length;

n) compatibility of safety circujts;-in-acceordance-with-9-1;

o) total harmonic distortion {THD) (see 5.2);

p) consideration of hazardous areas, where applicable (see 4.6.4);
q

when a HV supply.system is connected, consideration shall be given to provide means {o
reduce currentrin~rush and/or inhibit the starting of large loads that would result in failur
overloading or,activation of automatic load reduction measures;

1%

r| consideration of electrochemical corrosion due to equipotential bonding;
s] utility@interconnection requirements for load transfer parallel connection;
t)] equipotential 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.
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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.

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

f"r‘ilify'e PlC (ng two Way rndine)_

4]5 Personnel safety

Cpnstruction of the HV equipment and operating safety procedures shall-provide™fef ensufe
tHe safety of personnel during the establishment of the connection of the ship's@upply, durirlg
all normal operations, in the event of a failure, during disconnection and whenMot in use.

NPTE The use of the term "safe" is not intended to suggest or guarantee that absolute safety can be achieved |in
arly situation and/or by compliance with the recommended practices set forth herein, The use of terms such gs
"spfe", "intrinsically safe", "electrically safe work practices", "safe work condition", "safe work environment", "saffe
dgsign", "safe distance", "safe work method", "safe work area", and "safe use-et&” describe practices, conditions,

etk. in which safety risks are minimized but not eliminated absolutely, such that‘safety is not guaranteed.
46 Design requirements
416.1 General

Protection and safety systems shall be designed bas€d on the fail-safe principle, hard wired.

2]

uitable warning notices shall be provided at\locations along connection-equipment route
cluding connection locations.

Uy

>

416.2 Protection against moisture:and condensation

=]

Effective means shall be provided o prevent accumulation of moisture and condensatio
eyen if equipment is idle for appféeciable periods.

416.3 Location and cohstruction

T

VSC equipment shall be installed in access-controlled spaces.

Epuipment shall_be suitable for the environment conditions in the space(s) where it |s
pected to«opeérate. Ship equipment shall comply with the applicable requirements of
C 600924901 and IEC 60092-503.

o @

quipment location is critical to the safety and efficiency of operation of the ship's cargo arld
00ring systems. When determining the location of the HVSC system, the full range of carg
Jllkblillg c:lllul U“ICI utlilty U})UldtiUllb bild” IUU bUIIbiUIUIUUI, illbiuulillg.

\~J

o3 m

a) the cargo handling and mooring equipment in use on the ship and shore, and the areas
that-must shall be clear for their operation, along with any movement of the ship along the
pier required to accommodate these operations;

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

4.6.4 Electrical equipment in areas where flammable gas or vapour and/or
combustible dust-may 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.

Hl\/SC 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 ¢r
vapour and/or combustible dust encountered; or

b) automatically isolated and discharged before entering the potentially hazardous area.

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

@ @

)

ks

LJ.(b:

©

4|7 Electrical requirements

The type and routine tests for all components of HVSC system shall be performed accordirlg
tq relevant standards.

NDTE See lEEE Std C37 14004 ™M~fpr additional recommendations-

Tp allow standardisation—of the HV shore supply and link nominal voltage (6,6 kV AC or
11 KV AC) in different\ports, any equipment requiring conversion to nominal voltage shall Qe
nstalled onboard.

The prospective short-circuit contribution level from the HV shore distribution system shall ge
imited by, thé shore-side system to 16 kA RMS, unless otherwise specified in the ship-specifjc
annexes:

Theprospective short-circuit contribution level from the onboard running induction motors arnd
the generators in operation shall be mited to a shori-circuit current of 16 KA RMS, unless
otherwise specified in the ship type's specific annexes.

Electrical system/equipment, including short-circuit protective device rating, shall be suitable
for the prospective maximum short-circuit fault current. Equipment shall be rated for minimum
short-circuit withstand current of 16 kA RMS for 1s, and 40 kA peak, unless otherwise
specified in the ship specific annexes.

4.8 System study and calculations

The shore-connected electrical system shall be evaluated. The system study and calculations
shall determine the following:
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a) the electrical load during shore connection;

b) the short-circuit current calculations (see IEC 61363-1) shall be performed-that 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-circuit
current for visiting ships;

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

0

F

thecatcutations may take mtoaccountany arrangementsthat

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

2) restrict the number of ship generators operating during parallel connectionto’transfér
load, and

3) restrict load to be connected.

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);

shore power transformer neutral earthing resistor analysi§s/ Where neutral resistor |s
required by annexes (see 6.2.3);

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

nd to allow the selection and setting of protective/devices so that successful discriminatofy
ult clearance is achieved for the largest on-board load while connected.

ne system study shall be made available-to all involved parties.

br ships with low voltage main distribution the connection between LV-side of the onboafd
bnsformer and main switchboard™ shall be evaluated, and overload protection shall Qe
ovided between the onboard tfansformer and the receiving switchboard.

pcumented alternative/proposals that take into account measures to limit the parall
bnnection to short times may be considered where permitted by the relevant authoritie
pcumentation-should\shall be made available to relevant ship and shore personnel.

U

9 Emergency shutdown including emergency-stop facilities

mergency.§hutdown facilities shall be provided. When activated, they will instantaneous]y
ben shore’connection circuit-breakers onshore and onboard ship.

pil-safe, hard-wired circuits (safety circuits) shall be used for emergency shut-down. Thjs

does nof preclude emergency shut-down activation commands from programmable electronic

equipment, for example programmable protection relays.

The relay contacts of the safety circuit 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
have not been discharged, the high-voltage power connections shall be either
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a) automatically earthed so that they are safe to touch immediately following the isolation

from shlp and shore electrical power supphes%&h&—epﬂen—shaﬂ—be—eheseﬂ—wheﬁe

b) arranged for manual earthing and routed and located such that personnel are prevented
from access to live connection cables and live connection points by barriers and/or

adequate dlstance(s) under normal operat|onal condﬂmns—éthm—ephen—shaﬂ—eet—be—ehesen

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

restrict un-authorized access to HVSC spaces,

control personnel access to HVSC spaces and areas when the HV connection ‘s liv
locking arrangements may be considered, and

W

e) arrange for the safe discharge of HV conductors.

Where connection equipment—may can move into a potentially hazardous area (where
flammable gas, vapour and/or combustible dust-may can accumulate) associated with thHe
tgrminal or port berth area as a result of the ship inadvertently leaving the berthed positign
( lipping/breaking of moorings, etc.), all electrical powered HVSC “equipment that is npt
trinsically safe shall be automatically isolated, and HV eduipment 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-relays devices (whefe
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,

j)| activation of any manual emergeney-stop,

k] activation of protection relays-provided to detect faults on the HV connection cable ¢r
connectors, and

)] disengaging of power plugs from socket-outlets while HV connections are live before the
necessary degree of protection is no longer achieved.

m

mergency-stop pushibuttons, activating emergency shutdown facilities, shall be provided at
hch of the followihg locations:

D

m) an attended-onboard ship control station during HVSC;

n) in theyviginity of the socket-outlet;

o) at.active cable management system control locations; and
p

at.the shore side and ship circuit-breaker locations.

Additional emergency push buttons may also be provided at other locations, where
considered necessary.

The means of activation shall be visible and prominent, prevent inadvertent operation and
require a manual action to reset.

Opening of safety loop shall cause the automatic opening of ship and shore HVSC circuit
breakers in a maximum time of 200 ms.

An alarm to indicate activation of the emergency shutdown shall be provided to advise
relevant duty personnel when connected to HV shore supply.
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9

For reliable operation of safety circuits, the pilot cable length and cross section shall be

considered.

5 HV shore supply system requirements

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 A

C

galvanically separated from the shore distribution system.

The operating frequencies (Hz) of the ship and shore electrical systemsnshall matc
otherwise, a frequency convertor-may shall be utilized-en-shore ashore.

Where ships undertake a repeated itinerary at the same ports and their dedicated berth
other IEC voltage nominal values may be considered (see IEC 60092:503).

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

n=

Iffan observer looking at the phase sequence rotation diagram is fixed at its location, phaso
must-rotatecounterclockwise-in—reference shalhrotate anticlockwise in relation to the fixq
observer to produce a clockwise indication on the*phase sequence indicator [see Figure 2b)]

U7
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Phasor

- 23—

A

rotation

directi'V

A-B-C
Anticlockwise

RN

Cc B
IEC

Key
AFA=0°
Al B =120°
Al C = 240°
a) Phase sequence rotation — Positive direction
,," \\\ // \\ ,,” \\\ //’
) h , hA
. AN ) -
N \ 7 / N .
\ 3’ \ Time
AN 2N\ /
\~-_,’ \\_/
Phase "A" Phase "C"
Rhase "B" IEC
b) Balanced three-phase variables in the time domain
Figure 2 — Phase sequences
512 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 {o
maintain the ¢ distribution system voltage, frequency and total harmonic distortign
c:l:aracteristics given below. For compliance, the compatibility assessment referred to in 43
shall inclyde-verification of the following:

b)

valtage and frequency tolerances (continuous):

1Y the frequency shall not exceed the continuous tolerances +5 % between no-load ar

nominal rating;

2) for no-load conditions, the voltage at the-peint-of-the-sheore supply-connection point

shall not exceed a voltage increase of 6 % of nominal voltage;

3) for rated load conditions, the voltage at the-point-of-the-shere supply-cennection point

shall not exceed a voltage drop of —3,5 % of nominal voltage.

voltage and frequency transients:

1) the response of the voltage and frequency at the shore connection when subjected to
an appropriate range of step changes in load shall be defined and documented for
each HV shore supply installation;

2) the maximum step change in load expected when connected to a HV shore supply
shall be defined and documented for each ship. The part of the system subjected to
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the largest voltage dip or peak in the event of the maximum step load being connected
or disconnected shall be identified;

3) comparison of 1) and 2) shall be done to verify that the voltage transients limits of
voltage +20 % and -15 % and the frequency transients limits of +10 % will not be
exceeded.

c) harmonic distortion: for no-load conditions, voltage harmonic distortion limits shall not
exceed 3 % for—individual single harmonics and 5 % for total harmonic distortion. For
harmonics above the 25t harmonic, limits are given by Figure 3 below.

Uv
Y%

Figure 3 — Single harmonic distortion limits

NPTE Additional recommendations arg provided in IEEE Std 519™ and MIL STD 1399-680.

The above parameters shallidbe measured at the supply point{see-3-42}.

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

Djfferent voltage and frequency tolerances may be imposed by the—owners—or authoritigs
rgsponsible/for the shore supply system and these-should shall be considered as part of the
compatibility'assessment to verify the effect on the connected ship load is acceptable.

Wherethe possible loading conditions of a ship when connected to a HV shore supply wou|d
st in 3 nllnllf\/ of the cllnnl\/ different from that anmﬂnrl in1EC 60092-101:1994/AMDH -
2002 1995, 2.8, due regard%u@ shall be given to the effect this may have on the
performance of equipment.

—

6 Shore side installation

6.1 General

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

NOTE Local authorities-may can have additional requirements.
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The rating of the HVSC system shall be adequate for the required electrical load as calculated
by 4.8.

The shore-side electrical system shall ensure that each connected ship is galvanically

i 1ot
| t
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The use of HVSC system shall not compromise the electrical protection selectivity Jof the
Idqrgest on-board load (as per the definition in IEC 60050-151:2001, 151-15-0§)" while
cpnnected.

6]2 System component requirements
6J2.1 Circuit-breaker, disconnector and earthing switch

I order to have the installation isolated before it is earthed, the cifeuit-breaker, disconnector
and earthing switch shall be interlocked in accordance,<with—the—reguirements—pf
IBC 62271-200.

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

The rated short-circuit breaking capacity of the' circuit-breaker shall not be less than the
maximum prospective symmetrical short-cirouit current (/5c(o s1)) calculated in accordange
wjth IEC 61363-1.

NPTE The short circuit contribution from thesshore side can be calculated using IEC 60909.

Ap automatically operated circuit-breaker shall be provided.

6{2.2 Transformer

- |

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

c

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

NPTE _Dyn = Delta connected—HV primary winding, star connected—\/ secondary winding, with provision [to
cqnnect to the neutral point.

4 4 £ Il 4 £ HH [ H ol
T IC ITITTPCTaturc Ul SUpPPTy=uditoTUTTITCT WITTUTITY S STiall DT TITUTITIUTTU.

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.
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2.3 Neutral earthing resistor

The neutral point of the HVSC system transformer—feeding—the —shore-to-ship—power
receptacles shall be earthed

a) through a neutral earthing resistor, or

b) where frequency conversion of the shore supply is required, either through a neutral

earthing resistor, or through an earthing transformer with a resistor on the primary or

secondary side-thatprovides-an-equivalentearth-favlt-impedance.

TE For HVSC systems dedicated to tankers or liquefied natural gas carriers (LNGC) ship types, refer to ship
ecific annexes.

o B O

o

A
6
E
c
e
re
B
E
s
c
th

6
T

shore-to-ship power system.

hore's three-phasefsocket-outlets shall be connected to the ship and continued to the ship o

\

)

ne neutral earthing resistor rating in amperes shall not be Jess” than 1,25 times the
telminary prospective system charging current. The rating, shall be minimum 25 (A
prtae e, 5 os,

he continuity of the neutral earthing resistor shall be continuously monitored. In the event pf
ss of continuity, the shore-side circuit breaker shall beitripped.

h earth fault shall not create a step or touch veltage exceeding 30 V at any location in the

24 Equipment-earthing conductor bonding

rom—the—heutral—earthing—resistor's—garthing—connection A system earthing conductor sha

bnnect the neutral earthing resistor's earthing connection to a nearby system-earthing
ectrode. An additional system-bonding conductor shall connect the neutral earthing
sistor's earthing connection 16" the earthing bus of the primary shore power switchboard.
bnding shall be in accordanc¢e with 8.2.3 of IEC 60204-11:2000.

uipment-earthing conhductors terminated at-the-shore—power—outlet-box—receptacles the

eate an equipotential bond between the shore and ship. This-may shall require bonding {o
e ship's switehgear earthing bus and/or bonding to the ship's hull.

3  Shore-to-ship electrical protection system

he H\V) circuit breaker on the secondary side of the transformer shall open all insulated polgs

n

thie“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-{84) (for dead bus verification);

g) undervoltage (27);
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h
i)

) reverse power (32);
load-unbalance; negative phase sequence overcurrent (46)

: :

)

instantaneous overcurrent (50);

k) AC inverse time overcurrent (51);

1)

earth fault overcurrent (51G or 51N);

m) overvoltage (59);

n

N

Qc

>

Alarms shall be communicated to the ship as common alarm—{see—78}, usind\the data-

6
6
Operatmg personnel shaII be protected from electrlcal hazard by an mterlockmg arrangement
ahd

=l O)

AC directional-phase overcurrent (67)

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

bmmunication link, if such data-communication link is installed.

he protection systems shall be provided with battery back-up adequate-fob at least 30 mip.
pon failure of the battery charging or activation of the back-up system;’an alarm shall ke
bmmunicated to the ship (see 7.8).

4 HVinterlocking

4.1 General

. during connectign
hd dlsconnectlon of HV connectors.

perational procedures and interlockings tos\verify that non-fixed high-voltage cables afe
scharged before disconnection shall be established.

D
n}
(0N

A

switches

rrangements shall be provided so that the circuit breakers cannot be closed when any of the

following conditions exist:

a) one of the earthing switches is closed (shore-side/ship-side);
b) the-pileteontact safety circuit is not established (see 7.3.2);
c) emergency-stop facilities are activated;

d) ship or shore control, alarm or safety system self-monitoring diagnostics detect an error

that would affect safe connection;

e) the data-communication link between shore and ship is not operational, where applicable;
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f) the permission from the ship is not activated (see 7.8);
g) the HV supply is not present;

9

h) equipotential bonding is not established (via equipotential bond monitoring—retays devices

where utilized, or via manual override — see 4.2.2).

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-piletcontact safety circuit is not established (see 7.3.2);
k] the communication link between shore and ship is not operational, where applicable;

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

Arrangements shall be provided so that the earthing switches can only be opened when §
the conditions in 7.4 are fulfilled.

6]5 Shore connection convertor equipment
6]5.1 General
W

here provided, converting equipment (transformers, rotating frequency convertors and/
s¢miconductor convertors) for connecting HV shore supplies to a ship electrical distributig
system shall be constructed in accordance with IEC 60076 (all parts) for transformers, arn
IBC 60146-1 (all parts) for semiconductor convertors; as’applicable.

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

Rptating convertors shall be designed and tested in accordance with IEC 60034 (all parts).

The effect of harmonic distortion and power factor shall be considered in the assignment of
rgquired power rating.

and an alarm shall be activated to warn relevant duty personnel if the temperature exceeds
predetermined safe values

selectivity of the largest on-board load (as per the definition in IEC 60050-151:2001, 151-1
b) while connected.

—_

Where addifional selectivity (e.g. with transformer) is required and cannot be achieved, oth
measures.may be agreed between ship and shore giving due regard to a) to g) of 4.3.

Transformer winding and semiconductor or rotating convertor temperatures shall be monitore

The use of frequency convertors shall not—reduce compromise the electrical protectid

ES

NPTEY Other measures can include, among other things, switching of protection setting, other protection schem

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

Where forced or closed-circuit cooling is used, whether by air or with liquid, an alarm shall be

initiated when the cooling medium exceeds a predetermined temperature and/or flow limits.
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Semiconductor frequency convertor equipment shall be so arranged that it cannot remain
loaded unless effective cooling is maintained. Alternatively, the load may be automatically
reduced to a level compatible with the cooling available.

Liquid-cooled frequency convertor equipment shall be provided with leakage alarms. A
suitable means shall be provided to contain any liquid which may leak from the cooling system
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

liquid into the transformer is prevented.

Where the semiconductors and other current carrying parts of semiconductor convertors are
i direct contact with the cooling liquid, the liquid shall be monitored for~satisfactofy
conductivity, and an alarm shall be initiated if the conductivity is outside the manufacturers
limits.

The alarms shall be activated to warn relevant duty personnel.

6{5.4 Protection

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

Alarms from the onshore protection equipment shallbe transmitted to the ship using the data
cpmmunication link, if such data communicationdink/is installed (see 7.8).

7| Ship-to-shore connection and interface equipment

71 General

Ship-to-shore connection and interface equipment includes standardized HVSC systemg,
cables, earthing and communications between ship and shore.

Alship-to-shore connectign cable installation shall be arranged to provide adequate movement
compensation, cableguidance and anchoring/positioning of the cable during normal planngd
ship-to-shore connegtion and operating conditions.

The shore-sidé of the connection cable shall be fitted with a plug if a socket-outlet-wil-be |s

used-en-shore ashore.—Hhebedyrshall beorronged-to nrotoctall coniacic.

The ship-side of the connection cable shall be fitted with a ship connector if an ship inlet-wjH
be¢.is7used onboard.

Ship-to-shore connection cable extensions shall not be permitted.

The suitability of-plugs—and-seckets connectors with regard to peak short-circuit withstand
capability shall be verified during the compatibility assessment (see 4.3).

The ship-specific annexes provide additional requirements.

NOTE 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.
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7.2 Cable management system
7.21 General
The cable management system shall

a) be capable of moving the ship-to-shore connection cable, enabling the cable to reach
between the-socket-outlet supply point and the-inlet receiving point;

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

c] be equipped with a device (e.g. limit switches), independent of its control system,\ {o
monitor maximum cable tension and maximum cable pay-out;

d) address the risk of submersion by prevention or-by through the equipment's design;

e) be positioned to prevent interference with ship berthing and mooring systems, includirg
the systems of ships that do not connect to shore power while berthed at the facility;

f)l maintain the bending radius of cables above the minimum bending radius recommendgd
by the manufacturer during deployment, in steady-state operation andswhen stowed;

g) be capable of supporting the cables over the entire range of (ship draughts and tidpl
ranges; and

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 stowgd
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 permittgd
design value.

Al means to detect maximum cable tension shall be provided, or where an active cable
management system that limits(cable tension is provided, means to detect the shortage of
ayailable 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 to follow the ships' movements over
tHe entire range of the ships' draughts and tidal ranges, and the maximum range of allowab|e
motion forward, aft or outward from the dock.

Where the cable length may vary, the remaining cable length shall be monitored, and
threshold limits are to be arranged in two stages:

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

Consideration may be given to equivalent alternative measures (automatic break-away
release, connectors with shear bolts and pilot lines, connection with ship/shore emergency
shutdown system, etc.).
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7.2.4 Connectionconductorcurrent-unbalance Connectors protection

The ship and shore HV circuit-breakers shall be arranged to open all insulated poles in the
event of a damaging current unbalance between multiple phase conductors (separate, parallel
power cables and connectors).

Plotective devices to satisfy this requirement shall be installed ashoté to isolate tH
connection in the event of damaging unbalance detection.

7)2.5 Equipotential bond monitoring

e

iRstalled- The equipotential bond monitoring device, where utilized, shall be installed eith
ashore or onboard where the cable managementsystem is installed. Equipotential bon
monitoring termination devices, where utilized, shallbe 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-applicab
tgsts) for:

HV tests,
impulse-voltage withstand tests,

a

b

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).

Otther testing standards may be considered.

713.X/Plugs-and-socket-outlets Connectors

7.3.1 General

Plugs-and-socket-outlets Connectors shall be in accordance with IEC 62613-1-andHEC-62613-

2 and the following.

The-pin contact assignment of-pewer-plug-and-socket-cutlet connectors shall be according to

applicable ship annexes.
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Handling of-plug—and-socketoutlets connectors shall be possible only when the associated
earthing switch is closed.

Pfogs—and—socket-outlet Connections shall be made In areas where personnel will, Qe
protected in the event of an arc flash as a result of an internal fault in the
of

itlet connectors by barrier and access control measures. These measures shall’ he
slipported by access control procedures.

Ply
T

o

A=

oo lilas o
o @

Epch-plug connector shall be fitted with pilot contacts for continuity Verification of the safety
circuit. See applicable ship annexes for safety circuit descriptions.<For single-plu4g connectr
connections, a minimum of-three five pilots is required. If moredthan one cable is installed, gn
interlockirg shall be used so that no cable remains unused.

Cpntact sequence shall be in the following order:

a) connection:

1) earth contact;
2) power contacts;
3) pilot contacts.
b) disconnection:

1) pilot contacts;
2) power contacts;
3) earth contact.

Minimum electrical and mechanical ratings—for—plugs—and-socket-outlets of connectors afe

given in Annexes B to\F.

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

713.2 Pilot contacts

Pjloet\.contact connections shall open before the necessary degree of protection is no longér
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.

7.3.4 Fibre optical plugfsocket connection
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Where required by a ship-specific annex, an optical fibre socket-outlet (Figure 4), shalt~ge
stalled on the connector or plug. Fibre-optic cable, terminated with a fibre-opfic-"plyg
igure 5), shall be mounted on the stationary side, adjacent to the three-phase inlet.dor socket
itlet.

5.

—~
e |

o

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

zg
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Figure 4 — Fibre-optic socket outlet

Fibre-optic plug shall have 4 optical terminals with 2,5 mm ceramic ferrules and configuration
in accordance with Figure 5. Pin 1 will be used for TX transmission and pin 2 for RX
transmission.
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Figure 5 ~ Fibre-optic plug
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4 Interlocking of earthing switches
The-H\/powercontacts earthing switches shall remain-earthed closed until

all connections are madeand the pilot contact circuit (see 7.3.2) is closed,
no emergency-stop switch is activated,
the communication link between shore and ship is operational,

o O T o

ship or shore. (control, alarm or safety system self-monitoring properties detects that ro
failure would\affect the safety of connections, and

e) the permission from ship and shore is activated.

- |

terlocking shall be hardwired.

7{5\.” Ship-to-shore connection cable

Cables shall be at least of a flame-retardant type in accordance with-therequirements—given
in 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 Independent Control and monitoring cable

Control and monitoring cables shall be at least of a flame-retardant type in accordance with
the—requirements—of 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 mnnii‘nring cablesif infngrcn‘nri with the power cable necnmhly, shall be ab

tqd withstand internal and external short-circuits.
Fpr details and further guidance, see Annex A.

7 Storage

> ~

rrangements shall be provided for stowage when not in use, such that

ship-board equipment is stored in dry spaces;
shore-based equipment shall comply with national standards;
removable equipment shall be stowed, stored and removedwithout damage;

equipment does not present a hazard-durirg-normal-shipeperation; and
during—storage,—theplugs—socket-outlets,—inlets—and\connectors shall maintain their |

ratings.

® O O T Q©

NPTE Temporary coverings are not considered to satisfy thesxrequirements listed in 7.7.
78 Data communication

Where required by the ship-specific-ship<fype annex, the data-communication link betwee
ship and shore arrangements shall be used for communicating the following information:

Y]

shore transformer high-temperature alarm (see 6.2.2);
b) HV 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 arn
8.5.5);

d) if ship or shore centrol, alarm or safety system self-monitoring properties detect an err
that would affeet'safety of connection (see 6.4.2 and 4.9);

e) indication of'emergency-stop activation (see 4.9);

f)l where provided, shore control functions in accordance with Clause 9;

g) indication of emergency disconnection of the shore supply (see 4.9); and

h) failure of the battery's charging or activation of the back-up system (see 6.3).

e

P

d
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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.
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On ships without HV power generation systems, additional efforts may be required so that
ship—personnel 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.

The onboard HVSC system shall not interfere with the normal operation of the ship while at
sea.

.2 Ship electrical distribution system protection
2-1+—Short-circuit protection

8
8
The maximum prospective short-circuit current for which the HV shore supply or the shipfs
:
a

ectrical system/equipment is rated shall not be exceeded at any point in the installation by
bnnecting to HV-shore supplies. This shall be addressed as part of the cempatibility
Esessment (see 4.3 and applicable ship annexes).

Where connection to more than one HV shore supply is possible, measures-shall be taken {o
prevent HV shore supplies from being connected in parallel if the maximum prospective shont-
circuit current is exceeded at any point in the installation.

Where device settings are required to be changed when confiecied to an HVSC supply
means shall be provided to change settings to predeterminedsvatues. The protection settings
i use shall be clearly indicated at the control station.

2.2 Earth fault protection, monitoring and alarm

= )

fectively when connected to an HVSC supply with distribution system earthing
ccordance with 6.2.3. Subclause 6.2.3 requires distribution system earthing that may diff¢
from that of the ship's.

8
Eprth fault protection, monitoring and alarm devi€es shall be of a type designed to opera
e
a

-

Where device settings are required_to be changed when connected to an HVSC supply
means shall be provided-ferpersopfnel to—readily change settings to predetermined value
The protection settings in use shallttbe clearly indicated at the control station.

U7

8/3 Shore connection switchboard

8/3.1 General

Alshore connection ‘switchboard shall be provided at a suitable location, as close as possible
tq the receiving point.

The, shore connection switchboard shall be in accordance with |IEC 62271-200, servige
continuity LSC1.

The switchboard shall include a circuit-breaker to protect the ship's electrical equipment
downstream. In 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—the—reguirements—of
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.
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The rated short-circuit breaking capacity of the circuit-breaker shall not be less than the
maximum prospective symmetrical short-circuit current (/5c(o s1)) calculated in accordance
with IEC 61363-1.

An automatic operated circuit-breaker shall be provided.

8.3.3 Instrumentation and protection

The shore connection switchboard shall be equipped with:

voltmeter: all three phases;
short-circuit devices: tripping and alarm;
overcurrent devices: tripping and alarm;

earth-fault indicator: alarm; and

® O O T

unbalanced protection for systems with more than one ship inlet.

The protection and safety system shall be continuously powered” A standby power supply for
thHe protection and safety system with automatic change-ovex.shall be provided with a capacity
fdr at least 30 min, in accordance with IEC 60092-504:2016, 9.7.2.6. Upon failure of tHe
battery's charging or activation of the back-up systemxnan alarm shall be activated to waign
glevant duty personnel.

—

Alarms and indications shall be provided at an appropriate location for safety and effectiye
operation.

8/4 Onboard transformer

%4

Transformers, if any, shall be of the’separate winding type for primary and secondary sid

The secondary side shall be star-configuration.

the transformer suppliesiLV systems, an earthed shield winding shall be provided betwegn
V and LV windings.

I =

(0]

Anh onboard transformer may not be required if the ship's network is designed for the shore
suflpply voltage and the neutral point treatment is in line with the ship's systems—and-the

gahahtcSseparatioR1saohe-oh-Shofre.

When necessary, means shall be provided to reduce transformer current in-rush and/or inhibit
the starting of large motors, or the connection of other large loads, when an HV supply system
is connected (see 4.8 and 5.2).

8.5 Onboard receiving switchboard connection point
8.5.1 General

A panel shall be provided as an onboard receiving switchboard.
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Where parallel connection of the HV shore supply and the ship's sources of electrical power
for transferring of load is arranged, synchronizing devices shall be provided.

N

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

(see Figure 2a).

8
T

.5.2 Circuit-breaker and earthing switch

he 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

o o10090 4
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=

maximum prospective symmetrical short-circuit current (/5c(o 51)) calculated in accordange
wjth IEC 61363-1.

he rated short-circuit breaking capacity of the circuit-breaker shall not be less tha# the

h automatic circuit-breaker shall be provided.

h earthing switch shall be installed if the main switchboard rated voltage exceeds
000 V AC.

5.3 Instrumentation
load transfer via parallel connection is chosen, the instrumgntation shall be

two voltmeters,

two frequency meters,

c] one ammeter with an ammeter switch to enable the current in each phase to be read, ¢r
an ammeter in each phase,

d) phase sequence indicator, and

e) one synchronizing device.

One voltmeter and one frequency-meter shall be connected to the switchboard's busbars; the

other voltmeter and frequency ‘meter shall enable the voltage and frequency of the shore

cpnnection to be measured.

If{load transfer via blackout is chosen, the instrumentation shall-be comprise at least

f)l one voltmeter,

g) one frequency’meter,

h) one ammeter with an ammeter switch to enable the current in each phase to be read, ¢r
an ammeter in each phase, and

i)| phase sequence indicator.

The voltmeter and the frnquonr‘y meter shall enable the \/nlfngn and frnqllnnr\y of the shote

connection to be measured (see 9.2).

8.5.4 Protection

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

a) short-circuit: tripping with alarm;

b) overcurrent in two steps:

1) alarm, and
2) tripping with alarm;

c) earth fault:
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H—alarm;
21) tripping with alarm if required by the type of isolation system used;
d) over-/under-voltage in two steps:
1) alarm, and
2) tripping with alarm;
e) over-/under-frequency in two steps:
1) alarm, and

2) tripping with alarm;

f)| reverse power: tripping with alarm*, and

phase sequence protection with alarm and interlock.
Tp satisfy this requirement, at least the following protective devices, or equivalént protectiye
measures, shall be provided:

h) synchrocheck (25)*;

i)| undervoltage (27);

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).
N

DTE 1 The phase sequence protection proteéts the ship's system against wrong phase connection.

NPTE 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 considered where
tHese measures could prevent complete power loss.

Protection functions wmarked with an asterisk (*) may be omitted when load transfer vja
blackout is chosen:-

8]5.5 Operation of the circuit-breaker

Arrangements shall be provided so that the circuit-breakers cannot be closed when any of the
fdllowirig-conditions exist:

a) “ore of the earthing switches is closed (shore-side/ship-side);
b) the-piHleteontact safety circuit is not established (see 7.3.2);
c) emergency-stop facilities are activated;

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

e) the data-communication link between shore and ship is not operational, where applicable;
f) the HV supply is not present;

g) equipotential bonding is not established (via equipotential bond monitoring-relays devices
where utilized, or via manual override — see 4.2.2);

h) earth fault on ship distribution system is detected.
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9

It is recommended to have one PIC on the ship and one facility PIC.-Pi{Cs-should-have-high-
i ifi i An independent means of voice
communication-sheuld shall be provided between the ship and the facility's PIC (e.g. two way

radios).

For ships on a regular service trade, the PIC may be responsible for both ship and shore

HVSC operations.

for

o cl
for LIN/ QO o
TOT

rotion o
COT 11TV OO OpoTratoitos

acoaonaibl o oarat: 1
respensibleforeargo-eperatons—shou
Iff[synchronization is established from shore, interlocking may be different.

6 Ship power restoration

8
When the ship's main source of electrical power is shut down and failure of‘the connecte

ben followed by

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

b) automatic connection of the transitional source of electricahpower to emergency service
equivalent to SOLAS CH II-1/D, Reg. 42 for passenger,ships or 43 for cargo ships, and

c) starting and connecting to the main switchboard of the main source of electrical pows
and sequential restarting of essential services, in the shortest time practical. This shall 4
automatic in the event of emergency shut-down-activation.

Failures include loss of HV power or discdnnection (including activation of emergend
shutdown or electrical system protective devi¢e activation).

Itfmay be necessary to-considernecessaryrelaxations—of relax the requirements for automat
sfarting and connection of-ship—sougees—of the ship's electrical power sources onboard-

existing ships constructed prior to.the introduction of SOLAS-2009 CH II-1/D, Regs. 42 or 4
Il such cases, alternative measures for the restoration of ship power acceptable to tH
rglevant authorities should beprovided.

Ah alarm shall be provided to advise relevant duty personnel. The alarm shall indicate th
fdilure that caused the.activation.

9| HVSC system control and monitoring

911 Generalrequirements

Ship’,equipment shall be protected and controlled by the ship's own protection and contr

HVSC supply occurs, the shore connection switchboard circuit-breakers~shall automatically
o]

y

e

D

systems.

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

disconnecting 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

dead switchboard. The interlocking means shall be arranged to prevent connection to a live
switchboard when operating normally or in the event of a fault, for example a fault in the

blackout monitoring circuit.
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The simultaneous connection of an HV shore supply and a ship's source of electrical power to
the same 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 shall
be in accordance with the following:

aJ Toad shall be automatically synchronized and transterred between the HV shore supply
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 timg“shall he
used as the basis for defining the transfer time limit;

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

[N

The transfer time limit—should shall be defined and made avajlable to the personn
rgsponsible. Where the transfer time limit is adjustable to match the ability of an externp
spurce of electrical power to accept and shed load, the procedure for setting this limit-shoutd
shall be addressed in operating instructions.

Where operation of only designated or a restricted number of ship source(s) of electricpl
popwer is required to permit the safe transfer of load between an HV shore supply and ship
spurce(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-requirements

If{the defined transfer time limit (See 9.3.1) for transferring of load between HV-shore supp
and ship source(s) of electricalkpower is exceeded, one of the sources shall be disconnecte
ayutomatically by the ship, and~an alarm shall be provided to advise relevant duty personne
Special care shall be taken not to exceed the maximum permissible load steps of th
generator sets in accordance with IEC 60092-301.

O T o

Where load reductions are required to transfer load, this shall not result in loss of essentipl
services for the ship's safety.

-—

D Verification and testing

11).1 General

All HV systems components shall have passed type tests and routine tests according to the
relevant standards.

The HV system, including control equipment, shall be tested in accordance with a prescriptive
test programme.

Tests shall be performed to demonstrate that the electrical system, control, monitoring and
alarm systems have been correctly installed and are in good working order before being put
into service. Tests shall be realistic and simulations avoided as far as is practicable.

If the equipment has not been used for a period of 30 months, the initial tests shall be
repeated.
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NOTE Such tests are intended to indicate the general condition of the installation. However, satisfactory te
results do not in themselves necessarily ensure that the installation is satisfactory in all respects.

10.2 Initial tests of shore side installation

10.2.1 General

\Y
9

st

These tests shall verify that the shore-side installation complies with this document to achieve

a-certificate-of documented conformity record.

Tests—shall-be-performed-aftercompletion-of-the-instalation
St&-SHaH-Be-peHerHRea—a+Htedt RpreHeR—-o+theHhsStaHatoh-

10.2.2 Tests
The following tests shall be performed:

a) visual inspection;

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

insulation resistance measurement;

measurement of the earthing resistor, including connectioly €ables to star point ar
earthing bus;

e] Shore-side bonding connection resistance from earthing bus of primary shore pow
switchboard terminal to connection point shore side (refef 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.

1[.3 Initial tests of ship-side installation
.3.1  General

These tests shall verify. that the ship-side installation complies with this document. The targ
to achieve a test certificate.

&

Tests shall be performed after completion of the installation.

These tests)shall be conducted as witness tests together with the appropriate authorities.

N
—

11).3.2 Tests

The following tests shall be performed:

a) visual inspection;

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

c) insulation resistance measurement;
d)—measurement-of-the-earthing-resistance;

d) ship-side bonding connection resistance (refer to 11.3);

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

in
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g) function test of the control equipment;

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

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

integration tests to demonstrate that the ship-side installations such as the power
management system, integrated alarm, monitoring and control system work properly

together with the new installation.

10.4 Tests at the first call at a shore supply point

10.4.1 General

Alcompatibility 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 corducted.
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
accordance with IEC 62271-200 and IEC 60502-2;
insulation resistance measurement;
measurement of the earthing resistance;
e) function test of the protection devices;
f)] function test of the interlocking system;
g) function test of the control equipment;
h) equipotential bond monitoring test, wiiere utilized, or manual override test;
i)] phase-sequence test [see Figure 2b)];
j)| function test of the cable management system;
k] integration tests to demonstrate that the shore- and ship-side installations work proper
together.
The power frequency test for HV switchgear assemblies, voltage test for cables, insulatig
r¢gsistance measurement and measurement of the earthing resistance shall be performed on
iffone of the installations, shore-side or ship-side, has been out of service or not in use f
mlore than 30 manths.

1

1

Periodic tests and maintenance

.1/ ,General

A record of annual maintenance, repair, equipment modifications and the test results shall be
available for the shore- and ship-side HVSC system.

11.2 Tests at repeated calls of a shore supply point

11.2.1 General

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

If

this time is exceeded, the tests in accordance with 10.4.2 shall be performed.
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NOTE The time between port calls means the same ship at the same shore supply point.
11.2.2 Verification
The following shall be performed or provided:

a) visual inspection;
b) confirmation that no earth fault is present;
c) statement of voltage and frequency;

\Y
9

dll duﬁIUliLQ}'ul bWitb;lillg dlll.]I bUIIIIUbtiUII IJIUbUUIUIC Ul UquiniUllt.

d
Pfocedures should include an approved "Lock-out, Tag-out" system that is jointly controllg
by the ship's PIC and the shore's PIC.

—

1.3 Earthing bonding connections

Where equipotential bonding is not continuously monitored, the followifigy procedures a
rgquired:
Physical connection points shall be inspected at a frequency not ek¢eeding 12 months.

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

c] Ship-side bonding connection resistance shall be meagured at a frequency not exceedin
6 months. Results shall not exceed 1 Q.

Measurement methods are site-specific and shall he\documented.

12 Documentation

—

.1 General

br the HVSC system and eachy control apparatus, the manufacturer shall deliv
bcumentation concerning prinCiples of operation, technical specifications, mountir
structions, required start-up.“or commissioning procedures, fault-finding procedure
maintenance and repair, as well as lists of necessary test facilities and replaceable parts.

QM

5.

—

p.2 System description

Alcomplete system description, including circuit diagrams, specifying set points and operatig
structions, shall.be prepared by parties responsible for shore and ship HVSC systems.

5.

The partiessresponsible for shore and ship HVSC systems shall provide a testing an
verification” programme for the whole installation that will demonstrate compliance with th
specification.

\U
=

Uy
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Annex A
(informative)

Ship-to-shore connection cable

A.1 Rated voltage

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

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

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

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

where

U is the rated voltage between phase conductor and earth ormgtallic screen for which th
cable is designed;

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

U, is the maximum value of the highest system Voltage that may be sustained und
normal operating conditions at any time apd\‘at any point in the system. It exclude
transient voltage conditions and rapid disconnéction of loads.

A.2 General design

Al2.1 General
T

he cables should be constituted-as follows: power cores with copper conductors, conduct
s¢reen, insulation, insulation sereen. The power cores should be laid up with earth cores wi
copper conductor and semi conducting layer. Pilot and fibre-optic elements, if specified in th
applicable ship annexes,should be laid up in the interstices of the power cores. A metall
shield shall be installed, at1east on the power cores or a common shield on pilot wires.

Z

DTE IEC 60092-350:2008, 4.6, provides further information regarding the use of inner covering
C 60092-350:2008, 4.7, provides further information regarding the use of inner sheathing.

m

The neutral)cables are constituted as follows: core with copper conductor, insulation ar
outer sheath:

Where-an alternative to the recommendations of Annex A is proposed, it is possible that th

e

IR

e

stallation will not be suitable for connection to a compliant shore supply/ship. Application

f

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 1580-2004-

2010™). The conductors should be plain or metal-coated copper conductors.

A.2.3 Insulation of power cores and neutral core

The insulating compounds should be extruded cross-linked solid dielectric designated as

EPR, HF EPR, HEPR or HF HEPR in4EC-60092-354 |IEC 60092-360 or equivalent of EPR, H
EPR, HEPR or HF HEPR in IEEE Std 1580™.

F
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Electrical and non-electrical characteristics of the insulation system should be as specified i
IEC60092-354 |EC 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 th
standard rated voltages.

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

A[Z3 Screening

Streening of individual power cores should consist of a conductor screen and an insulatig
sg¢reen.

The conductor screen should be non-metallic and should consist of an extruded sem
bnducting compound or a combination of an extruded semi-conducting, compound and
se¢mi-conducting tape. The conductor screen should be firmly bonded to thelinsulation.

(¢

tq fulfil the cable test requirements within Annex A, in combination Wwith a metallic layer.

The metallic layer,—if-any where required, should be applied,'over the individual cores ar
should comply with the requirements of-Clause42 5.5 of JEC 60092-354:2003 2014, or IEE
Sid 1580™,

Nptional authorities having jurisdiction may require*a metallic component in the insulatid
s¢reen.

Al2.5 Earth conductors

Al2.5.1 General

m

bre cross-section.

o

Al2.5.2 Conductor sereen of earth conductors (optional)

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

Al2.6 Pilot element with rated voltage U,/U (U,,) = 150/250 (300) V

Al2.6.1 Conductors

Pjlotvconductors should be flexible, plain or metal-coated copper conductors in accordand

The insulation screen should consist of a non-metallic semi-conducting)layer and, if necessaf

arth conductors should be flexible copper conductors in accordance with class 5 ¢f
C 60228 or Table 11 of IEEE.Std 1580™-2010 forming together at least 50 % of the power

9

n

e

e

e

with class 5 of |IEC 60228 or Table 11 of IEEE Std 1580™ 2004-2010, 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
1EC60092-354 |IEC 60092-360 or IEEE Std 1580 for the relevant type of insulating compound

used.
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Thickness of insulation should be in accordance with IEC 60092-376 or IEEE Std 1580™ for

the relevant insulation type.

Pilot cores should be-laid-up arranged as required by-the-specific-ship-type-annex the annex

specific to the type of ship. A wrapped covering with tapes or an extruded covering
permitted over the-laid-up cores. Screening is optional.

A.2.7 Optical fibres

is

pfirnl fihres_cshould shall caonsist of at laact 9 minimum numbher of six R’)’RM?R grndin

tgst (see A.3) of the cable.

Al2.8 Cabling

laid up.

Al2.9 Separator tape

=

separator tape is used, it should be wrapped around, the' assembled cores and shou
consist of a suitable, non-hygroscopic material.

2.10 Outer sheath

A

The outer sheathing material should have a_high level of mechanical properties as p
1HC60092-359 |[EC 60092-360 or IEEE Std\#580™. Thermoplastic polyurethane (TPU)
a
m
3
h

DO %. The minimum thickness at any\point of the extruded outer sheath should be 6 mm f
gh-voltage cables and 2,5 mm for separate neutral cable.

Al2.11 Markings

Al2.11.1 Indication of-origin

(Wy/U), construdtion (number of cores and cross-sectional area of power conductors, ear
conductors, pilots and fibre type of fibre optics) and the relevant standard.

fibres. Optical fibres should be in accordance with IEC 60793-2-10, product specification A1h.

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

The three power cores, the earth core(s), the pilot element and the optical fibres should be

ccordance with EN 50363-10-2 is also ansacceptable material. For all sheath materials, tH
inimum tensile strength should be-45.425 N/mm2. Minimum elongation at break should {

Chbles sheaths should ‘be permanently marked repeatedly throughout their length with gn
indication of origim™with the manufacturer's name and/or registered trademark, rated voltage

nt

N
—

® ®d® >

EXAMPLE\\"Manufacturer's name or trademark” 3x185/95 + 3x1.5 + 6x 62.5/125 6/10 kV |IEC/HSO/IEEE Sid

8(0005-4«

Al2.11.2 Continuity

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

IEEE Std 1580™.

A.2.11.3 Durability

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

IEEE Std 1580™.

A.2.11.4 Legibility

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

IEEE 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
C 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.

2) 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,%;
where:

1) D is the actual external diameter of the cable sample, in millimétres;

2) tensile force should be 15 N/mm2 of power cores;

3) maximum % of broken wires for each conductor and metdllic screen, if required, shoul|d
not exceed 20 %;

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

On completion of this test, the sample should,be subjected to a partial discharge
measurement. The magnitude of discharges at 1,73 U, should not be higher than 10 pC.

- \i/u—
&

3 000

¥y
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
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c)

d)

Sunlight-resistance test on outer sheath (duration of test 720 h):

1) The test should be performed in accordance with ISO 4892-2:2006 2013, Table 3, test
method A, cycle no. 21.

2) Maximum permissible change: tensile strength £40 %, and elongation at break +40 %.
Abrasion test on outer sheath:
1) The test should be performed in accordance with ISO 4649:2010, test method A.

2) Relative volume loss, AV,q: max 300 mm3.

f)

Flame propagation test:

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

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.

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 Scope General

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

he numbering in Annex B follows that of the main body of the text. Hence, the numbering |s
bt necessarily continuous. Any content that is not explicitly mentioned applies, withou
odification. For example, B.4.1 refers to 4.1 in the main body.

—

4.1 System description

he general system-ayout diagram is shown in Figure B.1.

SHORE-TO-SHIP CONNECTION

SHORE SUPPLY AND INTERFACE EQUIPMENT SHIP'S NETWGORK
= = 3 =, =
L 6
| | {
[ 2 [
—10
—11
12

g

8-~__]

[
N
I3

KEY
1. HV-SHORE SUPPLY SYSTEM 6. SHORE CONNECTION SWITCHBOARD

WITH SOCKET-OUTLETS 7. INTERLOCKS WITH PILOT WIRE SHORE SIDE
2. HV-PLUG 8. CONTROL SHORE SIDE
9

3. FIBRE OPTIC COMMUNICATION
FOR LONTROL AND. MONITORING PROTECTION RELAYING SHORE SIDE
[POSSIBLY INTEGRATED IN POWER CABLE) 0. PROTECTION RELATING SHIP SIDE

4. PILOT WIRES 11. CONTROL SHIP SIDE
(INTEGRATED IN PLUG AND SOCKET) 12. INTERLOCKS WITH PILOT WIRE SHIP SIDE

5. CABLE HANDLING SYSTEM,
HERE SHOWN AS ON SHORE CRANE
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Shore supply Ship’s network

e

LI vl | I — = —- 11
------------- ; T — , S
E ! : A 2l — 12 :
bLoossossossosseses ! I leccccccccccancane a4
\ R
g
5 o
\T'V‘ _'._7/
1x (3P + E + 7 Pilots + FO) |
|
- I L
|
|
|
|

1 Shore supply system

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

w

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

Pilot wires (integrated in plug and socket-oufttet)

Cable management system, here showf’as shore-side crane

On-board shore connection switchhboard

Interlocks with pilot wire shore side

Control shore side

© 0 N O o b»

Protection relaying shore*side

N

Protection relayingeship-side
1 Control ship-side

19 Interlocks with pilot wire ship-side

Figure B.1 —Examplefor General system-layout diagram

combustible dust may be present

Bl4.6:14) Electrical equipment in areas where flammable gas or vapour and/

t

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-centinuousrated.

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

7.1 General

B
One cable shall be used for HVSC system up to a power demand of 6,5 MVA:
B{7.2.1 General

T

he cable management system shall be fitted at the shore-side facility for Ro-Ro passenger
ships and Ro-Ro cargo ships (see Figure B.1).

Flgure B.2 shows-an-example-of the safety circuits.

The control power voltage shall be less than 60 VADC or 25V AC safety extra-low voltade
type source as per IEC 60364-4-41.

12
1 / 10
? l P | | I ~
| | | | ,
? | :
E -— 'j_”-
T IT_‘ 1&—; o5 13 8
M= I 7—
6
5

3—
f—]
(&= =) {1
KEY
1. CONTROL POWER PILOT LOOP SHORE 8. EARTHING SWITCH PERMISSION
2. CONTROL POWER PILOT LOOP SHIP SHIP SIDE
I\IT LN COoAM clIADE NAavICcn tnunrr\ ol LOMTDAL E(‘ cunne
3. CIRCUIT BREAKER UNDERVOLTAGE (EMERGENCY SHUTDOWNI
COIL (SHORE) 10. CONTROL ES SHIP
L. SAFETY CIRCUIT COIL ON SHORE (EMERGENCY SHUTDOWN)
5. EARTHING SWITCH PERMISSION Tl MANUAL ES SHORE (TWO SHOWN)
SHORE SIDE 12. MANUAL ES SHIP (TWO SHOWN)
6. CIRCUIT BREAKER UNDERVOLTAGE 13. EQUIPOTENTIAL BOND MONITORING
ColL (SHIP) DEVICE
7. SAFETY CIRCUIT COIL ON SHIP 14. EQUIPOTENTIAL BOND MONITORING

TERMINATION DEVICE


https://iecnorm.com/api/?name=4c7b5f1762163caf2b0c6476c6be7a08

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

| P T P1

— 53 —

P3

P2

L/‘T*

==
—
314ls

r@ >
—
= 16
13 ¥
E
L
P6

—
15— e

X
=

Control power pilot loop shore-side

Control power pilot loop on-board

Circuit breaker undervoltage coil (shore-side)
Safety circuit coil on shore-side

Earthing switch permission shore-side

Circuit breaker undervoltage coil (onboard)

DO WN -

~

Safety circuit coil on-board
8 Earthing switch permission on-board

NPTE Circuit breaker undervoltage coilshore-side and on-board) may be directly connected to the safety circuit

thfough a safety relay (or equivalept);

9

10
11
12
13
14

15
16

Figure B.2 — Safety circuits

B{7.2.5 Equipotential bond monitoring (where utilized)

Epuipotential bond-termination device shall meet the following requirements:

Control, B \shore-side (emergency shutdown)
ControhES on-board (emergency shutdown)
Mapual ES shore-side (two shown)

fanual ES on-board (two shown)
Equipotential bond monitoring device (where utilized
Equipotential bond monitoring termination device
(where utilized)

Spare pins/pilots

E denotes earth connection (PE)

FC

pr

a) Characteristic: Zener Diode

b) Zener voliage: 5,6 V+0,03V DC at 100 mA
c] Forward voltage: 0,5V +0,1V DCat100 mA
d) Maximum impedance: 20 mOhms at 100 mA

e —Operatingtemperature: 40—2Cto—+66—=2C

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).

B.7.3.1 General

General arrangement of shore plug and ship socket-outlet shall be in accordance with
IEC 62613-2:2044 2016, Annex-F= J, and Figure B.3 below.



https://iecnorm.com/api/?name=4c7b5f1762163caf2b0c6476c6be7a08

- 54 — IEC/IEEE 80005-1:2019 RLV
© IEC/IEEE 2019

KEY

1. POWER PLUG FACE (SHIP SIDE) 2. POWER SOCKET FACE (SHORE SIDE)
E.  EARTH P1. PILOT LINE 1

L1. PHASE A - PHASE R P2. PILOT LINE 2

L2. PHASE B - PHASE S P3. PILOT LINE 3

L3. PHASE C - PHASE T

Key

1 Shore plug face P2 Pilot line 2
E Earth P3 Pilot line 3
L1 phase A — phase R P4 Pilot line 4
L3 phase B — phase(S P5 Pilot line 5
LY} phase C — phaseyT P6 Pilot line 6
2 Ship socketfuflet face P7 Pilot line 7
P Pilot line A

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

Thedmaximum short-circuit withstand current is 16 kA RMS for 1 s and a maximum peak shorlt-
cilccuit current of 40 kA (an IEC 6261 ’2-1)

Each plug and socket-outlet shall be fitted with-three seven pilot contacts.
For design and dimensions of a power plug, see IEC 62613-1 and IEC 62613-2:2016.

B.7.3.2 Pilot contacts

Pilot contacts are part of the safety circuit (see 4.9 and Figure B.2).
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B.7.3.4 Fibre-optic connection

— 55 —

Where required, pin configuration shall be as in 7.3.4. Fibre-optic plug, Figure 5, is installed

onboard.

B.7.8 Data communication

If a data-communication link is installed, data communication shall be performed utilizing fibre
optic systems. Emergency shutdown functions shall be performed with pilot conductors (see

IEC 62613-1, IEC 62613-2:2016, and Annex A).
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Annex C describes the additional requirements for high-voltage shore connection systems of
cruise ships.

T

35

4.1

System description

SHORE SUPPLY

ne numbering in Annex C follows that of the main body of the text. Hence, the numbgering |s
bt necessarily continuous. Any content that is not explicitly mentioned applies, ‘withou
odification. For example, C.4.1 refers to 4.1 in the main body.

he general system-layeut diagram is shown in Figure C.1.

<2:'|I:i>
|
|
J—

SHIP'S NETWORK

—

KEY
1" HV-SHORE SUPPLY SYSTEM 6. SHORE CONNECTION SWITCHBOARD
2. HV-PLUG 7. INTERLOCKS WITH PILOT WIRE
3. SHIP'S HV-SOCKET 8. COMMUNICATION FOR CONTROL
L PILOT WIRES AND MONITORING
(INTEGRATED IN PLUG AND SOCKET) 9. PROTECTIVE RELAYING
5. CABLE MANAGEMENT SYSTEM 10. COMMUNICATION AND CONTROL WIRES
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Shore supply Ship’s network
<;:I I::>

7.

5 9 5 5 10f 13
S . s Rt S ;
(moomoeeooees ] ploVde _yoeoooee-o--- ‘
v B [ p—— - Vi :
' ' 'y 24Vdc. _¢ [
S N =A< T
: 7 E_\ 'l B CAT—- 11 ;
bLececcccccccccaaasl ' * lececccccccccnaaas 4
4

Controls

\_ '-1 4 x (3P + E + 1 Pilot) + Neutral +

1 Shore supply system

2 Power ship connector (shore-side)

and ship inlet (onboard), four times

3 Neutral ship connector (shore-side)

and ship inlet (onboard)

4 Pilot wires (integrated in connectors and inlets)
5 Cable management system, here‘'shown

as shore-side crane

6 On-board shore connectigh switchboard

system's fufietional diagram.

= © 0 o

11
12
13

Figure C.1 — General system-layout diagram

Tp supplement the general system layout provided in Figure C.1, Figure C.2 is provided
show a detailed' representation of an example of a cruise ship HVSC-system—single—Hn

Interlocks with pilot wire shore-side
Communication for control and monitoring shore-sid¢
Protection relaying shore-side

Communication and control wires and connector
(110 V DC and 24 V DC)

Interlocks with pilot wire on-board

Communication for control and monitoring on-board
Protection relaying onboard
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A\\N

— % W7§f jT
A

| AN AN

Y | |

26V 110 V.  SCADA
CTRL  CTRL

—13

fm g1 —12
Y I
|
T
|

KEY
1. SHORESIDE SUBSTATION 7. SHIP'S SHORE CONNECTION CUBICLE
2. TRANSFORMER PRIMARY CIRCUIT>BREAKER 8. SHIP'S BREAKER CUBICLE
3. TRANSFORMER SECONDARY_CIRCUIT BREAKER 9. SHORE CONNECTION CIRCUIT BREAKER
L. NEUTRAL GROUNDING RESISTOR 10. SHIP'S RECEIVING SWITCHBOARD
5. DOCK DISCONNECT SWITCH 1. RECEIVING CIRCUIT BREAKER
6. DOCK GROUND SWITCH 12. GROUND SWITCH

NOTE

a.
b.

—_

3. SHIP'S CONTROL CUBICLE

DUAL 'SECONDARY 11 kV AND 6.6 kV TRANSFORMER MAY BE USED

24 CTRL IS 24 VOLTS DC, 110 V CTRL IS 110 VOLTS DC,
AND SCADA IS SUPERVISORY CONTROL AND DATA ACQUISITION
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© O ~NO O A WN X

N

- T T T T T — [epiver o~ —  —
| 1 Shore supply][ | Ship’s network |
9 | |
| 10 |
6 Y |_ 12 14
| —/| ) P |_ /I / |
| y T IR |
| AL SN |
| < .- |
| =
| N N S |
. p—|— - - ==
| N - |
| La— 8 | |
| 15 N | 17 |
| 16 | |
SCADA I SCADA
: Control 110 Vdc l Captpol T10 Vdc |
Control 24 VVdc | Cohtrol 24 Vdc |
|____________|_ |________|
IE
24
Shore supply system 10 Fourpower cables
Transformer primary circuit-breaker 11 { Neutral cable
Neutral earthing resistor 12/ Onboard shore connection circuit-breaker
6,6 KV shore-side circuit-breaker 18 Onboard shore connection earthing-switch
11 KV shore-side circuit-breaker 14  Onboard receiving circuit-breaker
Shore-side main switch 15  Shore control cubicle
Shore-side earthing-switch 16  Control cables
Shore-side neutral earthing-switch 17  Ship control cubicle
Cable management system
Figure C.2 — Cruisexship HVSC system-single-line functional diagram
gure C.3 shows-an-exampte-of safety and control circuits.
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SHIP SIDE SHORE SIDE

<=, =

&

th '
UV-COIL B “A" [11kV) |
15 16
6 ' 5 /3 1KV CB IS CLOSED (11kV)
UV-COIL CB "A" (6.6kV) ' "
SAFETY CIRCUIT OK INDICATION 5 ' 6
e ® 5 /0 6.6kV (B IS CLOSED (6.6kV)
KeK | 1 e
3 i 3

I OVER-RIDE WHEN SERVICE SWITCH IS OPEN

“”f{ EM STOPS
=/ PRMARYSHORE (B| | . {

¢
‘
CABLE CE 064 |
PERMISSIVE TO CLOSE 6.6kV 1 (FEMALE PLUG) 1 i
1 1 5 !
KEP 6.6kV l \f ) (18X15 - 110 V ) NEUTRAL 5400 3
2 oc CO;‘TRDU 2| == Ly | DISCONNECT SWITCH - |
|
PERMISSIVE TO CLOSE 11kV % ' % [L2 1 (B (ﬁ.ﬁkV) B
| 16 g L3 J L PRIMARY
KBP 1kV \f 17 ' 17 CB_(11kV) CIRCUIT
17 CABLE CE 065 1= BREAKER
(MALE PLUG) 7
§ GROUND SWITEH
3 (18X15 - LOW =
T( AUTOMATION ~ GROUND-CHECK | , VOLTAGE CONTROL) ﬁ

TERM. ASS. YELLOW WIRE (PILOT) - IN POWER PLUG #1

P

GROUND CHECK MONITOR

TERM. ASS. YELLOW WIRE (PILOT) - IN POWERNPLUG 2

GROUND CHECK MONITOR

GROUND CHECK MONITOR

\\}_m

TERM. ASS. YELLOW. WIRE) [PILOT) - IN POWER PLUG H&

GROUND CHECK MONITOR

TERM. ASS. YELLOW WIRE (PILOTL.%'IN POWER PLUG #3 @:

\\}_m
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Shore side control connector l ; Ship side control inlet

T
Interlock relay i I P1
AN L
% L =
1 Shore 6.6kV CB/switch permission to close * : i I po 1:pe,m§simm|me
N ! 1
=
7 Shore E-Stop Push Buttons : i : Ship E-Stop Push Buttons
ShwreEsD® T L !r}: | P3 @
)—| |—\..L—\L1—\H = ~N ~
1 Safelyraiayor _ | I : Lo ShipESD®
~ undenvoltage coil | | | IK}EI P4
7 T <= i
shore ESDD | | | | P5 undenvoltage coil
I — : ’ II : Ci: : t = ] \r )
6.6kV Shore CB/ Main CB/switch H H | —
o oo o | | | On board receiving swichboard 2
| sttt f : | | : C}:: P6 cirouit breakertpping col C ;_ A
| T ] { |
1 | | : [ p Connector elecrial locking © V
| | | (= 7 I c
~ ! ! il | L ~
Shore grounded indication | | | [ | Manual key 2
1=grounded | 1 | [ | P8 \mlerhck
1 C
T : : | \}: T <
| ! Q
! | | L kg (1,
| [ .
| | j |
1 —t PLC contros the. : | | ] : Frequency selection " \ N
frequency setting | | | ! | | P10 (0=60Hz and 1=50 Hz) /
J T : : TG
| ! Q
|
Lo Ll P11 Q- ¢
| | | g | \N) ~
o Lol P12 B 2
L I} I} I[="" P
Retmgoatiag | || o < ~
-warrin | |
e | | | Lol P13 ,O/ ” C
T T T ! I g
Shuazn osETaATIS | ' (o N
: ‘ | | :, — : P14 ,.\.\ oltage coil’
1;;;{;“";&‘:’ ma‘“‘:‘?ﬁ:’"“" Shore ESD® | | &_) On board receiving swichboard 2
1=C\Zsed Ip:c\osed I} :I P15 \QI cireuitbreakertripping ol e
! | g\\" ~
|
N M [ R
J LI L= 4
1 Shore 11KV CBJswitch permission to close ® : i | AT 1=pe§:-!§s‘i:::‘ o? close
N W I
) Nt o\%
[ | 18
| I
I
?_%‘ ' P19
Gl
[
| I
| | P20
$ : :i | P21
|
‘\Q i i NOT USED
|
[
A ! | P22
o
|
X [ P23
o T
. |
1L pos
I
. P
. L]
@ 110 V D.C. connector
©
O e
N
Key @
1| Shore c&voltage
2| Shi ntrol voltage control switch status: 0 = opened 1 = closed
@ &permission to close is required for closing 6,6 kV CB/switch; the loss of permission to close shall open t
k\/ CR/switch:

b Shore ESD contact shall be a summary of at least:

— electrical protection tripping condition;
— ground check trip;

— ground monitoring trip;

— shutdown order from PLC;

— cable overtension alarm (if any).

¢ 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.

The permission to close is required for closing 11 kV CB/switch; the loss of permission to close shall open the
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The coil may be directly connected to the circuit or through safety relay (or equivalent); the tripping ashore

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

Shore side control plug 1 f Ship Side control socket

Interlocking relay

|
|
0 P1
N
bl 1 1 :p <
1 ShoreCB/ switch 6.6kV permission to close 1 i Ship control
v parmi =permission to close
N (to PLC input) | P2
J e
I
! Ground check indication devi
Ground check relay contacts 3.3k | P3 round check inicaton device
AN = Al
i (voltage sotirce
10k | ™ with Burrent,
| P4 e )
= L
I
|
| P5  optional circuit (not part of the ship permission to close) r
0 )
| ~
Capacitor bank alarm | >
1=alarm !
—h | P6 C
|
I
I
P7 Optional circuit (not part of the ship permission {6 Clese). r
:“:“ 7 ~
capacitor bank stage 2 indication | 2
= ! P8
=P ¢
|
|
I
P9 optional circuit; where apgiicable thé informations are
Et“ J Send 10 ShpMONTIOTG System;
transformer temperature stage 1 alarm | 2
0O=warning ! P10 -
EF' J L
|
) P11 i
Optidhal ciruit; where applicable the informations are
~ 1 send to Ship monitoring system;
|
transformer temperature stage 2 alarm i 2
0=alarm | P2 ~
= ) L
| 4
|
Optional circuit (not part of the ship permission to close) 6‘ % P13
1 _t 7 \\ permiss\or; to start capacitor sequence
=permission start
} >__P‘ P14
bank 1 indi 7 ~
capacitor bank stage 1 indication |
= | 2
| P15 optional circuit (not part of the ship permission to close) r
) L
I
Interlocking relay 1
5 1 o P16
- | Ship control
) ’ |
1 Shore CBIswitch 11KV permission to | 1=permission o close
~N close (to PLC input) I P17
J D )
I
|
I P1
D ) 8
I
I
|
P19 optional circuit (not part of the ship permission to close) ~
i ~
Gapacitor CB position ! 2
1=closed P2 0 r
:h‘ 7 ~
I
! P21 Optional circuit (not part of the ship permission to close) r
:h 7 ~
capacitor bank stage 3 indication I 2
1=stage 3 i
P22 r
| < ~
I
:‘:‘ P23
7
|
) P24

Optional ground monitoring relay

24MD-C-

i

24/C

b) Safety and control circuits — 24V DC circuit

IEC
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P1
Numll o il
p— j Power connector n°1 j p—
- Termination -
Ground device
check relay
] P1
i o "al
— A Power connector n°2 j —
- Termination -
Ground device
check relay
] P1
Ny o 1
— T Power connector n°3 j —
Termination -
Ground device
check relay
P1

ur

&™ Sl

—_— Power connector n°4

Ground Termipation
check relay device

c) Safety and control circuits — ground check/circuit

SCADA shore box mounting receptacle SCADA ship stréight-plug
MS3106E (MIL-DTL-5015) 1 vr MS 3102E (MIL*DTL-5015)

Information from scada communication is not part of the shore Infgrmation from scada communication is not part of the ship

permission to close permission to close

d) Safety and gontrol circuits — SCADA circuit
Figure C.3 —Example-of Safety and control circuits

Cl4.2.2 Equipotential bonding

Cpntinuous monitoring oftke“bonding is required.

Cl4.3 Compatibility'assessment before connection

Apsessment that the ship provides effective earthing.

(@)

4.4 HVYSC system design and operation

Pgriodicwerification of the earthing system is required.

jo)

(0N

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.
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Designers may give consideration to rating connection equipment for 6,6 kV AC HVS
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 reasonab
foreseeable.

\Y
9

C

ly

Spme ships may require an onboard isolation transformer.

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

The prospective short-circuit contribution level from the onboard running induction motors arn
tHe generators in operation shall be limited to a short-circuit current of 25 KA-RMS-for1-s.

C.6 Shore side installation
Neutral continuity check with trip function shall be provided.

6.2.3 Neutral earthing resistor

L0 ohms-centinuous—rated, and-bended connggted only to the ship-side (see Figure C.

C
The shore-side transformer star point shall be earthéd, through a neutral earthing resistor
5
during ship operation. When a ship is not connected, it shall be connected to earth.

NPDTE Present {2009} Typical cruise ship HV_distribution systems are earthed via high-resistance earthi
relsistors that are installed on each of the ship's‘generators' star point to earth connections. By using this earthi
sjsstem on each generator, the earth fault current can be limited according to the size of the resistor, while, on t
shore, HV earth fault current can range fromea minimum value that exceeds the rating of the ship HV installation.

7.3.1 General

C
The general arrangement of jthe ship connector located ashore shall be in accordance wi
Flgure C.4.

Epch 3-phase HV-pldg connector or-secket-outlet inlet shall have

a) three-phase current carrying contacts, (L1, L2, L3),

(e}

one earfh-contact (see Figure C.4 below), and
c] one_pilot contact for-greund continuity-check monitoring.

e

Df
2
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KEY

1. POWER PLUG FACE (SHORE SIDE PLUG)
SOCKET OUTLET FACE (SHIP SIDE SOCKET)

. EARTH

P1. PILOT LINE 1 (USED FOR GROUND CHECK)

L1 PHASE A - PHASE R

L2. PHASE B - PHASE S

L3. PHASE C - PHASE T

1 Ship connecter.face

2 Ship inlet fate

E Earth

P PiToiNine 1 (used for continuity check)
L1 Phase A — phase R

LZ— Phase B — phase S

L3 Phase C — phase T

Figure C.4 — Three-phase ship connector and ship inlet contact assignment

The general arrangement of the power—plug connector and-secket-outlet inlet shall be in
accordance with |IEC 62613-2:2044 2016, Annex GG, and Figure C.4. The neutral-plug
connector and-secket-outlet inlet shall be in accordance with I[EC 62613-2:204+ 2016, Annex
HH.
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\Y
9

NOTE TFypicaly{2009); Cruise ships shall utilize four (4) power 3-phase-eouplers connectors,

each rated 500 A and one neutral single pole connector rated 250 A.

The—-maximum short-circuit withstand current is 25 kA for 1 s and a maximum peak short-

circuit current of 63 kA.

In addition, the-powerplugs ship inlets as well as the neutral-plug ship inlet shall be fitted with
fail-safe limit switches that are activated only when the-plag connector and-secket-eutlet inlet

are properly mated (see Figure C.5).

These fail-safe limit switches shall be part of, and activate the emergency shutdown,_if-th
plag connector is moved from the mated position while live (see 4.9).

IEC

Key

=N

Fail-safe limit switch
Figure C.5—The power Three-phase ship inlet fitted with fail-safe limit switch
Cl8.1 General

Cpnnection between the neutral and ship's hull shall be robust and durable for prop
bonding.
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Annex D
(normative)

Additional requirements of container ships

D.1 Scope General

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

32 4

D{4.1 System description

The general system-tayout diagram is shown in Figure D.1.
SHORE SUPPLY SHIP'S NETWORK

&= =
|
|
------ N [

ne numbering in Annex D follows that of the main body of the text. Hence, the numbering
bt necessarily continuous. Any content that is not explicitly mentioned applies, “witho
odification. For example, D.4.1 makes reference to 4.1 in the main body.

—_
—

KEY.
1("yHV-SHORE SUPPLY SYSTEM

2. HV-PLUG
3. FIBRE OPTIC COMMUNICATION FOR COMMUNICATISH

5. CABLE HANDLING SYSTEM
WITH SOCKET OUTLETS 6. SHORE CONNECTION SWITCHBOARD
7. INTERLOCKS WITH PILOT WIRE
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______ —2, ———
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CONTROL AND MONITORING INTEGRATED " AND MONITORING
IN POWER CABLE
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9. PROTECTIVE RELAYING

L. PILOT WIRES
(INTEGRATED IN PLUG AND SOCKET)
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Shore supply Ship’s network
I
I 5
1 I 1 6
R | Y.
I
I i 10 :
lecccccccccccccans )
I ------------ [
| —-—— = 1"
\ L TR
i\ lececccccccccacaas 4
|
I 2 x (3P + E + 3 Pilots + FO)
I
| v
I
I -
I
I
I
I
I1#C
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 mefitoring 8 Control shore-side
(integrated in power cable); plug (shore-sjde)’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-layout diagram
D{4.3 Compatibility assessment before connection
Absessment of compatibility shall be performed to determine the following:
m) sufficiept’€able length to reach the shore-side supply point level (considering the tidg,
Idading cgnditions, etc..) plus 10 metres.
D{541-Voltages and frequencies
The nominal voltage of the HVSC shall be 6,6 kV.

D.6.1 General
The supply point ashore can be fixed or movable, and shall comply with the following:

a) Relevant sections of this document, including 4.6, 4.9, Clause 7, and Clause 10.
b) Movable supply points shall not be connected together in a linear series.
c) Movable supply equipment shall be tested and documented as per Clause 11.

Additional requirements can be imposed by owners or other authorities having jurisdiction.
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D.6.2.3 Neutral earthing resistor

The shore side transformer star point shall be earthed through a neutral earthing resistor of
200 ohms-contindous—rated.

D.7_Shi | : ! interf :

D.7.1 General

T{vo parallel cables with three pilot conductors each shall be used for HVST systems up to]a
maximum power demand of 7,5 MVA.

D\7.2.1 General

The cable management system shall be located onboard ship.

Flgure D.2 shows safety circuits.
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KEY

1. CONTROL POWER PILOT LOOP SHORE

2. CONTROL POWER PILOT LOOP SHIP
(VT FED FROM SHORE POWER SOQURCE)

3. CIRCUIT BREAKER UNDERVOLTAGE
COIL (SHORE)

L. SAFETY CIRCUIT COIL ON SHORE

EARTHING SWITCH,_PERMISSION
SHORE SIDE

6. CIRCUIT BREAKER UNDERVOLTAGE
COIL (SHIP)

7. SAFETYSEGIRCUIT COIL ON SHIP

10.

1

12.
13.

4.

EARTHING SWITCH PERMISSION
SHIP SIDE

CONTROL ES SHORE
(EMERGENCY SHUTDOWN)

CONTROL ES SHIP
(EMERGENCY SHUTDOWN)

MANUAL ES SHORE (TWO SHOWN)
MANUAL ES SHIP (TWO SHOWN)

EQUIPOTENTIAL BOND MONITORING
DEVICE

EQUIPOTENTIAL BOND MONITORING
TERMINATION DEVICE
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Key
1 Control power pilot loop shore-side 8 Earthing switch permission onboard
2 Control power pilot loop on-board 9 Control ES shore-side (emergency shutdown)
3 Circuit-breaker undervoltage coil (shore-side) 10 Control ES on-board (emergency shutdown)
4 Safety circuit coil shore-side 11 Manual ES shore-side (two shown)
5 Earthing switch permission shore-sidg 12 Manual ES on-board (two shown)
6 Circuit-breaker undervoltage coil (©nboard) 13 Equipotential bond monitoring device (where
utilized)
7 Safety circuit coil on-board 14  Equipotential bond monitoring termination device
(where utilized)
15 E denotes earth conductor (PE)
Figure D.2 — Safety circuits
NDTE The cireult®treaker undervoltage coil (shore-side and onboard) can be directly connected to the safgty
cifcuit or throdgh-a safety relay (or equivalent).
D{7.2.5<~Equipotential bond monitoring (where utilized)
Epuipotential bond termination device shall meet the following requirements:

a) Characteristic: Zener Diode;

b) Zener voltage: 5,6 V+0,03V DC at 100 mA;
c) Forward voltage: 0,5V 0,1V DC at 100 mA;
d) Maximum impedance: 20 mOhms at 100 mA;

e) Operating temperature: -40 °C to +60 °C;
f) Current range: 2 mA to 25 A; and
g) Frequency range: 0 kHz to 20 kHz, -3 dB.



https://iecnorm.com/api/?name=4c7b5f1762163caf2b0c6476c6be7a08

-72 - IEC/IEEE 80005-1:2019 RLV
© IEC/IEEE 2019

NOTE Other methods of monitoring the equipotential bond are-under—development acceptable (see 4.2.2 and
11.3).

D.7.3 Plugs and socket-outlets
D.7.3.1 General

The-maximum short-circuit withstand current is 16 kA for 1 s and-a the maximum peak short-
circuit current-of is 40 kA (see IEC 62613-1).

Each-shin-plug
gCH—SHP—PHUg

and-shore-socket-outletshallbe-fitted-with-threepilot-contasts

General arrangement of ship plug and shore socket-outlet shall be in accordancewith
BC 62613-2:2044 2016, Annex-CC |l, and Figure D.3 below.

Key

1 Ship plug face 2 Shore socket-outlet face
E Earth P1 Pilot line 1

L1 Phase A — Phase R P2 Pilot line 2

L3 Phase B — Phase S P3 Pilot line 3

L3 Phase C — Phase T

Fligure D.3 —Powerplug-and socketpinassignment Three-phase plug and socket-outlet

contact assignment

D{7.3.2 Pilot contacts

Fpr the purposes of this annex, pilot contacts are parts of the safety circuit.

The voltage used in the pilot circuit shall be less than 60 V DC or 25 V AC.

DEess ladependenteonteol opel pponitorhne calble
B; . . | i MIL-STD-1560A oin_A g

D.7.3.4 Fibre-optic connection

Pin configuration shall be as in 7.3.4. The fibre-optic plug (Figure 5) is installed shore-side.

D.7.8 Data communication



https://iecnorm.com/api/?name=4c7b5f1762163caf2b0c6476c6be7a08

IEC/IEEE 80005-1:2019 RLV -73 -
© IEC/IEEE 2019

If data-communication link is installed, data communication shall be performed utilizing fibre-
optic systems. Emergency shutdown functions shall be performed with pilot conductors (see
IEC 62613-1, IEC 62613-2:2016 and Annex A).

D.8.6 Ship power restoration

c) Automatic restart of the main source of power may be waived if approved by the
appropriate authority.

D.9.3.1 General

al Automatic synchronization may be substituted by manual synchronization if agreed b&l‘e
terminal and the vessel operator. Q}/
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(rormative informative)

Additional requirements of liquefied natural gas carriers (LNGC)

Scope General

Annex E describes the additional requirements for HVSC systems for liquefied natural gas

32 4

El4.1

cérriers (LNGC).

System description

ne numbering in Annex E follows that of the main body of the text. Hence, the numbering |s
bt necessarily continuous. Any content that is not explicitly mentioned appliges;) withol
odification. For example, E.4.1 refers to 4.1 in the main body.

The general system-ayeut diagram is shown in Figure E.1.

SHORE SUPPLY SHIP'S NETWORK

—

==

1
J

(INTEGRATED IN PLUG AND SOCKET)
CABLE MANAGEMENT SYSTEM

10.

" A I " A
94— | . T le—9
R —— - ’lo R —— -
" /"
8+ = fy—— >%}—| g
| I— 2 | I ———|
" A " A
7 : xiﬂl}_' 7
R —— - R —— -

| i
—A—\ | \——\
| 2 X (3P + E + FE + 3 PILOTS) | |

L J I e ———— ——

KEX

1/ HV-SHORE SUPPLY SYSTEM 6. SHORE CONNECTION SWITCHBOARD

2. HV-PLUG 7. INTERLOCKS WITH PILOT WIRE

3. SHIP'S HV-SOCKET 8. COMMUNICATION FOR CONTROL

o PLOT WIRES AND MONITORING

PROTECTIVE RELAYING
COMMUNICATION AND CONTROL WIRES
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Shore supply Ship’s network
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Shore supply system

Plug (shore-side) and socket-outlet (onboard)

w N -~ X

Fibre-optic communication for control and moaitdring (integrated in power cable);
socket-outlet (shore-side) and plug (onboatd)

Pilot wires (integrated in plug and socketroutlet)

Cable management system, here shown as shore-side crane

Onboard shore connection switchboard

Interlocks with pilot wire shoce“side

Control shore-side

Protection relayingeshore-side

=

Protection relaying.onboard

Control onbaeard

= a2 O 00 N O o b

3 Interlock§Awith pilot wire onboard

Figure E.1 — General system-layout diagram

El4:3” Compatibility assessment before connection

In addition to the requirement set forth in 4.3, the following items-shal should be observed:

a) compatibility of shutdown system and disconnection equipment (see also 4.9); and
b) availability of shore power supply for cargo operations.

E.4.7 Electrical requirements

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

The prospective short-circuit contribution level from the onboard running induction motors and
the generators in operation-shall should be limited to a short-circuit current of 25 kA RMS.
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9

NOTE Special requirements apply to the distribution systems of LNG tankers (see IEC 60092-

502).

E.4.9 Emergency shutdown including emergency stop facilities

Emergency shutdown is initiated in two steps: ESD-1 (emergency shutdown-1), when the sh

ip

moves past the warning range, and ESD-2 (emergency shutdown-2), when the ship moves

past the maximum range of movement of the ship.

cbles in the event of ESD 2 (movement of the shlp away from the dock) belng detected

Djsconnection may be triggered by an "active" system employing an external mechanic
fdrce or by a "passive" system employing a weak link in the design. Suitable\"passiv{
stems may be fitted at the ship or shore side or as part of a coupler in the |HHVSC pow
cable.

n

LNG-ESD (liquefied natural gas — emergency shutdown) may be initiated Ynanually, by fusib
lipks, by process deviation or by excessive movement of the loadifg-arms. The LNG-ES
signal is passed between ship and shore (or vice versa) and<{causes cargo pumps ar
cpmpressors to be stopped and cargo valves to be closed on shipand shore.

E|5.1 Voltages and frequencies

Cpnnections—forLNGCs—shall should be made at a mominal voltage of 6,6 kV—a-e- and
frequency of 60 Hz.

E|6.1 General

An analysis of the existing (2009) LNGC flget'suggests that the physical location of the HVS
point should be in accordance with TablesE.1 and E.2.

Table E.1 = ENGC 140 000 m3 to 225 000 m3

O

-

C

Dimension (metres)
HVSC point
Minimum Maximum
From cargo.manifold centre-line 112,0 130,0
Above design waterline 5,35 8,85
From berthing line 0 11,5

Table E.2 - LNGC > 225 000 m3

Dimension (metres)
HVSC point
Minimum Maximum
From cargo manifold centre-line 120,0 149,0
Above design waterline 5,55 9,05
From berthing line 0 11,5

E.6.2.3 Neutral earthing resistor

The HVSC system-shall should operate with the neutral point of the system transformer

feeding the shore-to-ship power—receptacles socket-outlets unearthed where the LNG

Cc

connected to the system is designed with an insulated or high-resistance earthed power
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system for compliance with the requirements of SOLAS-2009, Ch II-1/D, Regulation 45.4.3,

and |IEC 60092-502.

Where an earthing impedance designed for compliance with the SOLAS requirements

is

provided—-enshere ashore, or an onboard transformer is provided for galvanic separation or

voltage matching, an insulated neutral on the shore side may not be required.

E7—Shi | : Linterf :

E{7.1 Generally

Three parallel cables—shall should be used for HVSC systems up to a maximum<pow
demand of 10,7 MVA.

E{7.2 Cable management system

The connection and interface equipment-shall should protect the ship's fixed equipment fro
damage in the event that emergency disconnection occurs.

- |

the event of emergency disconnection, the design of thé connection and interfag
equipment-shall should mitigate the risk of

disconnection before the HVSC power cables are isolated”and earthed,

damage to the ship's fixed equipment,

cable tension exceeding the level permitted by thé cable manufacturer,

o O T o

release of stored mechanical energy causing equipment or cables to make uncontrollg
movement in any attended area on the ship.er-enshere ashore, and

e) cables fouling the ship propeller(s) and/or'rudder(s).

NOTE A coupler fitted to the HVSC power cableto facilitate emergency physical disconnection is not consider
a pable extension.

The cable management system-shall should be located-en-shore ashore (see Figure E.1).

bd

O
+n
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1
E
L1
L2.
L3.

E}7.3.1 General

is| 63 KA.

KEY

POWER PLUG FACE (SHIP SIDE)
EARTH

PHASE A - PHASE R

PHASE B - PHASE S

PHASE C - PHASE T

2.

P1.
P2.
P3.

POWER SOCKET FACE (SHORE SIDE)
PILOT LINE 1
PILOT LINE 2
PILOT LINE 3

Ei Eo_p | | socketnl :

Epch ship's connectors and inlets should be fitted with seven pilot contacts.

General arrangement of shore plug and ship §ocket-outlet shall be in accordance wi
IEC 62613-2:2016, Annex J, and Figure E.2 below.

The short-circuit withstand current is 25 kAsfor 1 s and the maximum peak short-circuit curre

1 Shore plug face

E Earth

L1 phase A — phase R

L2 phase B — phase S

L3 phase C—phase T

2 Ship socket-outlet face
P1  Pilot line 1

P2
P3
P4
P5
P6
P7

Pilot line 2
Pilot line 3
Pilot line 4
Pilot line 5
Pilot line 6
Pilot line 7

Figure E.2 — Three-phase ship connector and ship inlet contact assignment
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E.7.3.4 Fibre-optic connection

Pin configuration shall be as in 7.3.4. The fibre-optic plug, Figure 5, is installed onboard.

E.7.6 Independent Control and monitoring cable

Certified intrinsically safe or fibre-optic systems may be a suitable means of communication.

It is recommended that-hetline hardline telephones are provided as the means of voice

< T

S

T

(¢

T

ibre-optic system and-shalt should initiate automatic starting, synchronization and connectiq
the ship/9.main source of power followed by isolation and earthing of the shore power

mmunication required between ship and shore control locations

7.8 Data communication

data-communication link is installed, data communication should be performed-utilizin
bre-optic systems. Emergency shutdown functions should be performed with pitpticonducto
ee IEC 62613-1, IEC 62613-2:2016 and Annex A).

8.6 Ship power restoration

h emergency shutdown philosophy-shal should be agreed between the terminal and the sh
iring compatibility assessment of the HVSC system. It-shalSheuld cover actions in th
ent of the following situations:

manual shutdown of cargo operations;

loss of electrical power (initiates LNG-ESD);
LNG-ESD;

ESD-1;

ESD-2;

simultaneous release of mooring hooks:

ne HVSC shutdown system-shall should be self-contained and the emergency shutdow

stem.
ne LNG-ESD-shall should not be required to have an automatic effect on the HVSC system.

he ESD-1-shutdewn-shall should be communicated from shore to ship via the-H\/SC-contr|

bnnection(s) both onshore and onboard.

fi

1r¢=-nlnfi(* chtpm and-shall should triggpr an emergency stop as described in 4 9 (i e _th

nilosophy-shall should not require~additional signals to be transmitted from ship to shore (¢r
ce versa) by the existing LNG ‘terminal shutdown system. However, the LNG termingl
shutdown system-shall shou|d\provide ESD-1 and ESD-2 signals to the HVSC shutdow

> ¥

he ESD-2-shutdown-shall should be communicated from shore to ship via the-H\V/SC-contrpl

e

immediate opening of all the shore's supply's circuit-breakers, etc.) and earthing of the
shore's power connection(s) both-enshere ashore and onboard.

Additional emergency stop switches are required-en-shere ashore in the terminal control room
where the HVSC controls are located and at the cable management system's operating
location.
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Annex F
(reormative informative)

Additional requirements for tankers

F.1 Scope General

Annex F describes the additional requirements for HVSC systems of tankers.

The numbering in Annex F follows that of the main body of the text. Hence, the numbering |s
npt necessarily continuous. Any content that is not explicitly mentioned applies, {withopt
modification. For example, F.4.1 refers to 4.1 in the main body.
F{4.1 System description
The general system-tayout diagram is shown in Figure F.1.
SHORE SUPPLY SHIPS“NETWORK
= =
rm |
" A I " b
Ea el J | | L ~°
______ BX I —_——
r——" "
8__H|_____i ————————— ~ - | ) |_____||‘__8
—————— - b | r——————7
r !
7__.{_ ______ J I )_L ______ _IH__7
| | ﬂ / 7 | ) . .
—A—l }: :<\ / z | —A—
— [} | —
5 I
KEY
1.« \HV-SHORE SUPPLY SYSTEM 6. SHORE CONNECTION SWITCHBOARD
27~ HV-PLUG 7. INTERLOCKS WITH PILOT WIRE
3. CONTROL AND MONITORING (SEPARATE 8. COMMUNICATION FOR CONTROL
CABLE MANAGER WITH COPPER WIRES) AND MONITORING
L. PILOT WIRES 9. PROTECTIVE RELAYING
(NTEGRATED IN PLUG AND SOCKET)

O SHORE=TO=SHiPCORNECTHONARD————————
5. CABLE HANDLING SYSTEM INTERFACE EQUIPMENT
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Shore supply Ship’s network
<):I I::>

3 x (3P + E + 3 Pilots)

i 9 : ~ E :

R : ~ : 10 i

=

i 8 = — — — - ——= 11

beccccccccas . 5 leccccccccas 4
: TV i : 12 :

Key

1 Shore supply system 7

2 Plug (shore-side) and socket-outlet (onboard) 8

3 Control and monitoring (separate cable 9
management system with copper wires); 10
plug (shore-side) and socket-outiet{onboard) 11

4 Pilot wires (integrated in plug and socket-outlet) 12

5 Cable management system 13

6 On-board shore connéction switchboard

F|4.6.4 _ Electrical equipment
eombustible dust may be present

Interlocks with pilot wire shore-side
Control shore-side

Protection relaying shore-side
Protection relaying onboard
Control onboard

Interlocks with pilot wire onboard

Control cable management system

Figure F.1 — General system-layout diagram

in areas where flammable gas or vapour and/¢r

It| i§, pOssible that an area in the tanker that is regarded as safe in accordance with

|HCN80092-502 may fall within one of the hazardous zones of the terminal - If such a situatidn

arises and, if the area in question contains electrical equipment that is not of a safe type,
certified or approved by a competent authority for the gases encountered, then such
equipment may have to be isolated whilst the tanker is at the berth. IEC 60079 (all parts)
should be considered during the compatibility assessment.

F.4.7 Electrical requirements

The prospective short-circuit contribution level from the HV shore distribution system-shal
should be limited by the shore-sided system to-25 16 kA RMS.

The prospective short-circuit contribution level from the on board running induction motors
and the generators in operation-shall should be limited to a short circuit current of-25 16 kA

RMS.
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NOTE Special requirements apply to the distribution systems of tankers (see IEC 60092-502).
F.5.1 Voltages and frequencies

Connections for tanker ships-shalt should be made at a nominal voltage of 6,6 kV-a-¢.

F.6.2.3 Neutral earthing resistor

Other earthing arrangements may be allowed because of the need to limit earth fault current
in hazardous areas.

KEY

1. POWER PLUG FACE (SHIP SIDE) 2. POWER SOCKET FACE (SHORE SIDE)
E.  EARTH P1. PILOT LINE 1

L1. PHASE A - PHASE R P2. PILOT LINE 2

L2. PHASE B - PHASE S P3. PILOT LINE 3

L3. PHASE C - PHASE T

Ei Fa_p | | socket bi : |
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7.1 General

Three parallel cables should be used for HVSC systems. Each cable should have a power
rating of 3,6 MVA.

F.7.2.1 General

The cable management system should be located ashore (see Figure F.1).

S N e . N
slﬁore and ship.

F
T

i

IH

L1
L2
L3

7.3.1 General

he short-circuit withstand current is 16 kA for 1 s and the maximum peak shortgseiccuit currept
40 kA (see IEC 62613-1).

eneral arrangement of shore plug and ship socket-outlet should bé\in accordance with
C 62613-2:2016, Annex I, and Figure F.2 below.

bch shore plug and ship socket-outlet should be fitted with threé¢ilot contacts.

2
Shore plug face 2 Ship socket-outlet face
Earth P1  Pilot line 1
Phase A — Phase R P2 Pilot line 2
Phase B{#<Phase S P3 Pilot line 3
Phase € — Phase T

Figure F.2 — Three-phase shore plug and ship socket-outlet contact assignment

F.7.6 Independent Control and monitoring cable

C

ertified intrinsically safe or fibre-optic systems—may can be a suitable means of

communication.

It

is recommended that-hotline hardline telephones are provided as the means of voice

communication required between ship and shore control locations.
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sposoneiolocommnniention o blos

IBC 60092-360, Electrical installations in ships — Part 360Mnsulating and sheathing materiafs
fdr shipboard and offshore units, power, control, instrumentation and telecommunicatiqn
cables

IEC 60092-376:2003, Electrical installations «in_‘ships — Part 376: Cables for control and

B

o

B

m

efblos el ontionl 2oblos Electr/c and opt/cal f/bre cab/es - Test methods for non- metal

strumentation circuits 150/250 V (300 V)

C 60092-502:4999, Electrical installations in ships — Part 502: Tankers — Special features
C 60092-509, Electrical installations in ships — Part 509: Operation of electrical installation|
FC 60228:2004, Conductors ©f insulated cables

C 60793-2:2007, Optical fibres — Part 2: Product specifications — General

C 60793-2-104Qptical fibres — Part 2-10: Product specifications — Sectional specification f
htegory A1 multimode fibres

C 60844 _(all parts),

atérials

pr

kS

IEC 61140, Protection against electrical shock — Common aspects for installations and
equipment

ISO 4892-2:2006 2013, Plastics — Methods of exposure to laboratory light sources — Part 2:
Xenon-arc lamps

ISO 4649:2010, Rubber vulcanized or thermoplastic — Determination of abrasion resistance
using a rotating cylindrical drum device

IEEE Std C37.2™-2008, |EEE Standard for Electrical Power System Device Function
Numbers, Acronyms and Contact Designations
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- ! S ool Bas
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IBHEE Std 141™4993, |EEE Recommended Prastice for Electric Power Distribution for
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IBEE Std 1299™L662.22.1-1996, |[EEE Guide for the Connection of Surge Arresters {o
Protect Insulated; ‘Shielded Electric Power Cable Systems

IBEE Std 154Y™, |[EEE Standard for-Interecennesting Interconnection and Interoperability pf
Djstributed Energy Resources with Associated Electric Power Systems Interfaces

IBEE Std 1580™-20014 2010, IEEE Recommended Practice for Marine Cable for Use qn

Si iphnszrrl and Fixed or Floating Platforms

IEEE Std 1662™2008, |IEEE-Guide Recommended Practice for the Design and Application of
Power Electronics in Electrical Power Systems-ea-Ships

EN 50363-10-2, Insulating, sheathing and covering materials for low-voltage energy cables —
Part 10-2: Miscellaneous sheathing compounds — Thermoplastic polyurethane

MIL STD 1399-680, Interface Standard: Section 680, High Voltage Electric Power, Alternating
Current
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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 comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards~Jechnical Specifications
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IHC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interest¢d
in the subject dealt with may participate in this preparatory work. International, governmental and nop-
governmental organizations liaising with the IEC also participate in this preparation.

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodigs
(ISO member bodies). The work of preparing International Standards\is normally carried out through 1§O
technical committees. Each member body interested in a subjectdor-which a technical committee has begn
established has the right to be represented on that committee. /Interhational organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work~ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

IEEE Standards documents are developed within IEEE Sgtijeties and Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. |IEEE develops its standards through a consensys
development process, approved by the American National Standards Institute, which brings together volunteefrs
representing varied viewpoints and interests to ‘achieve the final product. Volunteers are not necessarfly
members of IEEE and serve without compensation. While IEEE administers the process and establishes rulgs
to promote fairness in the consensus development process, IEEE does not independently evaluate, test, pr
verify 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 disclaimefrs
(see http://standards.ieee.org/IPR/disclairmers.html for more information).

IEC collaborates closely with ISO_and IEEE in accordance with conditions determined by agreement betweén
the organizations. This Triple Logoe-International Standard was jointly developed by the IEC, ISO and IEBE
under the terms of that agreement:

The formal decisions of IEC on technical matters express, as nearly as possible, an international consensus jof
opinion on the relevant subjects since each technical committee has representation from all interested IHC
National Committees.VIn ‘the ISO, Draft International Standards adopted by the technical committees afe
circulated to the member bodies for voting. Publication as an International Standard requires approval by @t
least 75 % of the'\member bodies casting a vote. The formal decisions of IEEE on technical matters, onge
consensus withinlEEE Societies and Standards Coordinating Committees has been reached, is determined by
a balanced ballot of materially interested parties who indicate interest in reviewing the proposed standard. Final
approval oflthe IEEE Standard document is given by the IEEE Standards Association (IEEE-SA) Standar{s
Board.

IECASO/IEEE Publications have the form of recommendations for international use and are accepted by IHC
National Committees/ISO member bodies /IEEE Societies in that sense. While all reasonable efforts are made
tolensure that the technical content of IEC/ISO/IEEE Publications is accurate, IEC, ISO or IEEE cannot be held

4)

5)

6)
7)

blaf. +h H hiakh-th. a £ HAH Y tot: b |
e3P oOSToTeToO e wWay —witrth ey areuaSet—oOtrTor— atyStterpretat ooy ay ent—uSeT

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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Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
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 to 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 may be
obtained from ISO or the IEEE Standards Association.

m=

ternational Standard IEC/IEEE 80005-1 has been prepared by IEC technical committee \18:
ectrical installations of ships and of mobile and fixed offshore units, in cooperation with;:

IEC subcommittee 23H: Plugs, socket-outlets and couplers for industrial ahd similar
applications, and for Electric Vehicles, of IEC technical commitiee 23s “Electrichl
accessories;

ISO technical committee 8: Ships and marine technology, subcommittee 3: Piping ard
machinery;

and |IEEE IAS Petroleum and Chemical Industry Committee (PCIC) of the Industfy
Applications Society of the IEEE.

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

his second edition cancels and replaces the first edition” published in 2012. This editign
bnstitutes a technical revision.

his edition includes the following significant teehnical changes with respect to the previoys
jition:

modification of 4.1, Figure 1:

— transformer on ship is optional, earthing switches on ship removed;
modification of 4.2.2 and new item™1.3:

— alternative procedure of periodic testing added;

modification of 4.9:

— minimum current yajue in the safety circuits shall be 50 mA;

— opening of safety loop shall cause the automatic opening of ship and shore HVSC
circuit breakers in a maximum time of 200 ms;

modification (0f)5.2:

— added Figure on harmonic contents;

modification of 6.2.3:

— ("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;

g) modification of A.2.1:

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

h) modification of B.7.2.1:

— new safety circuit introduced: single line diagram and description;
modification of C.4.1:
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— SLD for cruise ships was updated, also the safety circuits to be coherent with mai
body, IEC symbols and introduced more details about the control socket-outlets an
plugs manufacturer type;

j) modification of C.7.3.1:
— shore power connector pin assignment is updated;
— all cruise ships shall use 4 cables in all cases;

k) added D.6.1:
— the supply point on shore can be fixed or movable;

9
9

n
d

)| modification of D.7.3.2:

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

m) added D.8.6 and D.9.3.1:
— automatic restart and synchronization alternatives;

Annex E set to informative;

=)

Annex F set to informative.

()

Aphnexes use the same numbering as Clauses 1 to 12 with an apnéx letter prefix. Hence, tH
nuimbering is not necessarily continuous. Where no additional requirements are identified, th
clause is not shown.

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

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

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

Ifternational standards are drafted in accordance with the rules given in the ISO/IE
Dijrectives, Part 2.

Al list of all the parts 'in) the IEC 80005 series, published under the general title Utili
connections in port, can be found on the IEC website.

The IEC Technica) Committee and IEEE Technical Committee have decided that the conten
of this publication will remain unchanged until the stability date indicated on the IEC websi
uphder "httpé/fwebstore.iec.ch" in the data related to the specific publication. At this date, tH
publication will be

«| recoenfirmed,

DI

C

fy

. \Alifhr'lrn\mn,

* 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
Sini . s I . I thte—st to-ship

connection.

With the support of sufficient planning, cooperation between ship and terminal facilities, arn
appropriate operating procedures and assessment, compliance with the requirements of th
dpcument is intended to allow different ships to connect to high-voltage shore connectior
(HVSC) at different berths. This provides the benefits of standard, straightforward connectid
wjthout the need for adaptation and adjustment at different locations that can satisfy th
rgquirement to connect for as long as practicable during stays in port.

O S unwun o

Ships that do not apply this document can find it impossible to-cénnect to compliant shore
slipplies.

Where deviations from this document are considered, it_iS-useful to note the effects of such
deviations in the compatibility study.

Where the requirements and recommendations @Qfythis document are complied with, high-
vpltage shore supplies arrangements are likély 'to be compatible for visiting ships for
connection.

Clauses 1 to 12 are intended for appli¢cation to all HVSC systems. They intend to address
mainly the safety and effectiveness of \HVSC systems with a minimum level of requirements
tHat would standardise on one solution. This document includes the requirement to comple
a|detailed compatibility assessment for each combination of ship and shore supply prior to
given ship arriving to connect tea given shore supply for the first time. This does not preclug
tHe use of this document e.gxfor safety purposes, such as for proprietary connection systen
where a ship operates on-dedicated routes.

w ®© O O

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

The other annexes in this document are ship-specific annexes that include additionp
requirements“related to agreed standardisation of solutions to achieve compatibility for
compliant'ships at different compliant berths and to address safety issues that are considergd
tq be particular to that ship type.

Apnex 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.



https://iecnorm.com/api/?name=4c7b5f1762163caf2b0c6476c6be7a08

-10 - IEC/IEEE 80005-1:2019
© IEC/IEEE 2019

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) system
onboard the ship and on shore, to supply the ship with electrical power from shore.

U7

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

e | HV shore distribution systems,

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

¢ | semiconductor/rotating frequency convertors,

o| ship distribution systems, and

¢ | control, monitoring, interlocking and power management systems.

It does not apply to the electrical power supply. during docking periods, for example dfy
dpcking and other out of service maintenance and repair.

Afditional and/or alternative requirementsccan be imposed by national administrations or tHe
aythorities within whose jurisdiction the<ship is intended to operate and/or by the owners ¢r
ayithorities responsible for a shore supply or distribution system.

It|is expected that HVSC systems, will have practicable applications for ships requiring 1 MVJA
of more or ships with HV main supply.

Low-voltage shore connection 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 thgir
content constitutes requirements of this document. For dated references, only the editig
cited applies. For undated references, the latest edition of the referenced document (including
anysamendments) 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
irf[strumentation

M

C 60146-1 (all parts), Semiconductor convertors — General requirements and- line
bmmutated convertors

Q

IEC 60204-11:2000, Safety of machinery — Electrical equipment of machines — Part 1]:
Requirements for HV equipment for voltages above 1 000 V a.c. or 1 500 V d.c. and npt
exceeding 36 kV

IHC 60332-1-2, Tests on electric and optical fibre cables under fire.conditions — Part 1-2: Tekt
far vertical flame propagation for a single insulated wire or cable’~" Procedure for 1 kW pre-
mixed flame

IHC 60364-4-41, Low-voltage electrical installations — <RPart 4-41: Protection for safety |-
Protection against electric shock

IHC 60502-2, Power cables with extruded insulation and their accessories for rated voltages
from 1 kV (U, =1,2kV) up to 30 kV (U,, = 36 kV) — Part 2: Cables for rated voltages from
6|kV (U, =7,2kV) upto 30 kV (U, = 36 kV)

IBC 60947-5-1, Low-voltage switchgeariand controlgear — Part 5-1: Control circuit devicgs
ahd switching elements — Electromechanical control circuit devices

(mnl

C 61363-1, Electrical installations of ships and mobile and fixed offshore units — Part |I:
Procedures for calculating short-circuit currents in three-phase a.c.

BC 61936-1, Power instalations exceeding 1 kV a.c. — Part 1: Common rules

(mnl

C 62271-200, High-voltage switchgear and controlgear — Part 200: AC metal-enclosgd
vitchgear and cohtrolgear for rated voltages above 1 kV and up to and including 52 kV

(7]

(mnl

C 62613=1, Plugs, socket-outlets and ship couplers for high-voltage shore connectign
ystems(HVSC-Systems) — Part 1. General requirements

(%]

IHC.62613-2:2016, Plugs, socket-outlets and ship couplers for high-voltage shore connectiqn
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/

o| ISO Online browsing platform: available at http://www.iso.org/obp

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

31

cable management system
all equipment designed to control, monitor and handle the HV-flexible and contrel cables ar
their connection devices

312

efjuipotential bonding
pfovision of electric connections between conductive pattsy intended to achiey
equipotentiality

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

343
equipotential bond monitoring device
device that monitors the equipotential bonding between two points

3/4

ESD-1

emergency shutdown-1

shutdown initiated when the ship m@ves past the warning range of allowable motion forwar
aft or outward from the berth, and which initiates an LNG-ESD signal from shore to ship

3/5

ESD-2

emergency shutdown-2

shutdown initiated when the ship moves past the maximum range of allowable motion forwar
aft or outward from.the berth, and which initiates loading arm disconnection on shore

3/6

hjgh voltage

HV

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

(=

|

3.7

LNG-ESD

liquefied natural gas-emergency shutdown

type of emergency shutdown defined at LNG terminals

3.8

low voltage

LV

nominal voltage up to and including 1 000 V AC


http://www.iso.org/obp
https://iecnorm.com/api/?name=4c7b5f1762163caf2b0c6476c6be7a08

IEC/IEEE 80005-1:2019 -13 -
© IEC/IEEE 2019

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

311
rgceiving point
connection point of the flexible cable on the ship

3112
safe
condition in which safety risks are minimized to an acceptable level

3{13

supply point
connection point of the flexible cable on shore

3/14
fail-safe
able to enter or remain in a safe state in the event of a failure

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

3/15
sE/fety circuit
n

rmally closed interlocking circuit with pilot contacts and safety devices that shuts down the
SC system in response to specifigiinitiating events

3]16

copnnector
coupling device employed'to connect conductors of one circuit element with those of another
circuit element

4| General requirements

4]1  System description

Al typical ' HVSC system described in this document consists of hardware components 3s
slrown in Figure 1.
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Shore supply Ship’s network
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Shore supply system 7 CGontrol ship
Shore-side transformer 8 Qh-board protection relaying
Shore-side protection relaying 9 On-board shore connection switchboard
Shore-side circuit-breaker and earth switch 10 On-board transformer (where applicable)
Control shore 11 On-board receiving switchboard
Shore-to-ship connection and interface equipment
Figure 1 — Block diagram of a‘typical described HVSC system arrangement
2 Distribution system
21 General
ypical distribution system's used on shore are given in IEC 61936-1. Typical ship distributign
stems are given in 1EC 60092-503.
DTE |IEEE Std 45,1 and IEEE Std 45.3™ provide additional information on typical ship distribution systems.
2.2 Equipotential bonding
h equipotential bonding between the ship's hull and shore earthing system shall be provided,
ee’6.2.4).

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 conrnpectign
(see 5.1);

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

e) acceptable voltage variations at ship switchboards between no-load and\nominal ratirlg
(see 5.2);

f)] steady-state and transient ship load demands when connected to a:dV shore supply, HV
shore supply response to step changes in load (see 5.2);

g) system study and calculations (see 4.8);

h) verification of ship equipment impulse withstand voltage;

i)] compatibility of shore and ship side control voltages, where applicable;

j)] compatibility of communication method and means;

k] distribution system compatibility assessment (shore power transformer neutral earthing);

)| functioning of ship earth fault protection, monitoring and alarms when connected to gn
HVSC supply (see 8.2.2);

) sufficient cable length;
compatibility of safety circuits;

m

n

o) total harmonic distortion (THD).(s€e 5.2);

p) consideration of hazardous areas, where applicable (see 4.6.4);
q

when a HV supply system_is’ 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 failur
overloading or activation of automatic load reduction measures;

W

r)| consideration of.electrochemical corrosion due to equipotential bonding;
s] utility interconnection requirements for load transfer parallel connection;
t)] equipotential-bond monitoring (see 4.2.2).

44 HVSC system design and operation

4)4.1 System design

Thedesigm and—construction shatt—be inmtegrated—and—coordinated—amongthe 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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he PIC(s) shall be provided with sufficient information, instructions, tools and other

resources for safety and efficiency of these activities.

A

n 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

C

onstruction of the HV equipment and operating safety procedures shall ensure the safety of

p
o

N

anly situation and/or by compliance with the recommended practices set forth herein. The use of terms such gs

S

dgsign",

in
4
4

5 »

mL m

o 3 M

rsonnel dllring the establishment of the connection of the ehip'e Qllppl\Jl’ rhlring all normal
perations, in the event of a failure, during disconnection and when not in use.
DTE The use of the term "safe" is not intended to suggest or guarantee that absolute safety can berachieved [in

pfe", "intrinsically safe", "electrically safe work practices", "safe work condition", "safe work envitonment", "safe

", "safe distance", "safe work method", "safe work area", and "safe use" describe practices, conditions, efc.

which safety risks are minimized but not eliminated absolutely, such that safety is not guaranteed.
6 Design requirements
6.1 General

rotection and safety systems shall be designed based on the fail*safe principle, hard wired.

uitable warning notices shall be provided at locations dlong connection-equipment routep
cluding connection locations.

6.2 Protection against moisture and condensation

ffective means shall be provided to preventraccumulation of moisture and condensatiop
en if equipment is idle for appreciable periads.

6.3 Location and construction

VSC equipment shall be installed\in"access-controlled spaces.

quipment shall be suitableifor the environment conditions in the space(s) where it |s
pected to operate. Ship-“equipment shall comply with the applicable requirements of
C 60092-101 and IEC 60092-503.

quipment locatioh is critical to the safety and efficiency of operation of the ship's cargo arld
ooring systems.When determining the location of the HVSC system, the full range of cargp,
inkering and-other utility operations shall be considered, including:

the cargo handling and mooring equipment in use on the ship and shore, and the areas
that shall be clear for their operation, along with any movement of the ship along the piér
fequired to accommodate these operations;

interferences with terminal operations or to allow necessary traific 1low 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.


https://iecnorm.com/api/?name=4c7b5f1762163caf2b0c6476c6be7a08

IEC/IEEE 80005-1:2019 -17 -
© IEC/IEEE 2019

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
these areas for safety reasons.

in

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
vapour and/or combustible dust encountered; or

(=)

automatically isolated and discharged before entering the potentially hazardous area.

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

417  Electrical requirements

The type and routine tests for all components of HVSC system shall be performed accordirn
td relevant standards.

Tp allow standardisation of the HV shore supply and link deminal voltage (6,6 kV AC
11 kV AC) in different ports, any equipment requiring conversion to nominal voltage shall G
installed onboard.

The prospective short-circuit contribution level from¢he ™HV shore distribution system shall b
limited by the shore-side system to 16 kA RMS, unless otherwise specified in the ship-specif]
annexes.

The prospective short-circuit contribution leyel from the onboard running induction motors an
tHe generators in operation shall be limited to a short-circuit current of 16 kA RMS, unleg
oflherwise specified in the ship type's specific annexes.

Electrical system/equipment, including short-circuit protective device rating, shall be suitab
fdr the prospective maximum shert-circuit fault current. Equipment shall be rated for minimu
short-circuit withstand current of 16 kA RMS for 1s, and 40 KA peak, unless otherwig
specified in the ship specific'annexes.

4/8 System studyand calculations

The shore-conneeted electrical system shall be evaluated. The system study and calculatior
shall determine' the following:

the electrical load during shore connection;
the-short-circuit current calculations (see IEC 61363-1) shall be performed in order to tak

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

U7

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

1) for shore supply installations, a maximum and minimum prospective short-circuit

current for visiting ships;

2) for ships, a maximum and minimum prospective short-circuit current for visited shore

supply installations.
c) the calculations may take into account any arrangements that

1) prevent parallel connection of HV shore supplies with ship sources of electrical powe
and/or

r!

2) restrict the number of ship generators operating during parallel connection to transfer

load, and

3) restrict load to be connected.
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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
fdult clearance is achieved for the largest on-board load while connected.

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

Fpr ships with low voltage main distribution the connection between LV-side\of the onboard
transformer and main switchboard shall be evaluated, and overload rotection shall Qe
pfovided between the onboard transformer and the receiving switchboard:

Dpcumented alternative proposals that take into account measures to limit the parallgl
connection to short times may be considered where permitted\by the relevant authoritiep.
Dpcumentation shall be made available to relevant ship and shore personnel.

419 Emergency shutdown including emergency-stop-facilities

Emergency shutdown facilities shall be provided. When activated, they will instantaneousl|y
open shore connection circuit-breakers onshore and)onboard ship.

Fail-safe, hard-wired circuits (safety circuits) shall be used for emergency shut-down. Thijs
dpes not preclude emergency shut-down aetivation commands from programmable electronjc
equipment, for example programmable protection relays.

N

The relay contacts of the safety circuit shall be designed in accordance with IEC 60947-5
and for a rated insulation voltageof U; = 300 V, AC5 A, DC 1 A.

Minimum current value in_the“safety circuits shall be 50 mA.

Tp address the potential hazard to personnel of access to high-voltage connection cables that
have not been dis¢harged, the high-voltage power connections shall be either

a) automatically earthed so that they are safe to touch immediately following the isolatign
from ship-and shore electrical power supplies, or

b) arranged for manual earthing and routed and located such that personnel are preventgd
from* access to live connection cables and live connection points by barriers and/¢r
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
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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),

5

5

loss of any safety circuit,
activation of any manual emergency-stop,

activation of protection relays provided to detect faults on the HV connection=cable o¢r
connectors, and

disengaging of power plugs from socket-outlets while HV connections are\live before the
necessary degree of protection is no longer achieved.

mergency-stop push buttons, activating emergency shutdown facilitiés) shall be provided at
hch of the following locations:
) an attended onboard ship control station during HVSC;
in the vicinity of the socket-outlet;
at active cable management system control locations; and
at the shore side and ship circuit-breaker locations.

fdditional emergency push buttons may also “be provided at other locations, whefe
bnsidered necessary.

he means of activation shall be visible~and prominent, prevent inadvertent operation arld
quire a manual action to reset.

—

pening of safety loop shall cause the automatic opening of ship and shore HVSC circdi
eakers in a maximum time of*200 ms.

h alarm to indicate activation of the emergency shutdown shall be provided to advide
levant duty personnel when connected to HV shore supply.

br reliable operation of safety circuits, the pilot cable length and cross section shall Qe
pnsidered.

HV_shore supply system requirements

N Voltages and frequencies

To allow standardization of the HV shore supply and link nominal voltage in different ports,

H

V 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;
otherwise, a frequency convertor shall be utilized ashore.

Where ships undertake a repeated itinerary at the same ports and their dedicated berths,
other 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 ‘
rotatiomn
directV
A-B-C
Anticlockwise

IEC

Key
AFA=0°
Al B = 120°
Al C = 240°
a) Phase sequence rotation — Positive direction
PLLY - i -
LN 7D LN V4
it N N\ /7 N
) Py . X
Vi / A L / \
N \ v/ N -
\ 3’ / \ Time
\
\\\--”I \\\—I/
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 voltage

increase of 6 % of nominal voltage;
3) for rated load conditions, the voltage at the supply point shall not exceed a voltag

e

drop of -3,5 % of nominal voltage.
b) voltage and frequency transients:

1) the response of the voltage and frequency at the shore connection when subjected
an appropriate range of step changes in load shall be defined and documented f
each HV shore supply installation;

2) the maximum step change in load expected when connected to a-HV shore supp
shall be defined and documented for each ship. The part of the-system subjected
the largest voltage dip or peak in the event of the maximum step‘Joad being connecte
or disconnected shall be identified;

3) comparison of 1) and 2) shall be done to verify that the/yoltage transients limits
voltage +20 % and -15 % and the frequency transienis/limits of £10 % will not b
exceeded.

c] harmonic distortion: for no-load conditions, voltage ‘harmonic distortion limits shall n
exceed 3 % for single harmonics and 5 % for total' harmonic distortion. For harmonig
above the 25t harmonic, limits are given by Figure 3 below.

Uw
%

Df

Dt

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 fast

transient overvoltage surges (e.g. spikes caused by lightning strikes or switching surges).
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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

[=2)

1 General

w

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

NDTE Local authorities can have additional requirements.

The rating of the HVSC system shall be adequate for the required electrical load as calculatgd
by 4.8.

The shore-side electrical system shall ensure that each connected ship is galvanically
isjolated from other connected ships and consumers.

The use of HVSC system shall not compromise the electrical protection selectivity of the
Igqrgest on-board load (as per the definition in/JE€ 60050-151:2001, 151-15-15) while
connected.

[=2)

2 System component requirements
6{2.1 Circuit-breaker, disconnector.and earthing switch

I 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 ths
tHe prospective peak value-of the short-circuit current (/p) calculated in accordance wi
IHC 61363-1.

> 5

The rated short-circuit breaking capacity of the circuit-breaker shall not be less than the
maximum prospective symmetrical short-circuit current (/ac(o51)) calculated in accordange
wjth IEC 613631.

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

Ah_automatically operated circuit-breaker shall be provided.

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

through a neutral earthing resistor, or

where frequency conversion of the shore supply is required, either through“a neutr
earthing resistor, or through an earthing transformer with a resistor on the“primary
secondary side.

Z

DTE For HVSC systems dedicated to tankers or liquefied natural gas carriers (LNGC)\ship types, refer to sh
sfecific annexes.

The neutral earthing resistor rating in amperes shall not be dess than 1,25 times th
prospective system charging current. The rating shall be minimum{25 A, 5 s.

The continuity of the neutral earthing resistor shall be continuously monitored. In the event
ss of continuity, the shore-side circuit breaker shall be tripped.

Q

Ap earth fault shall not create a step or touch voltage exceeding 30 V at any location in tH
shore-to-ship power system.

6)2.4 Equipment-earthing conductor bonding

Al system earthing conductor shall connect the neutral earthing resistor's earthing connectid
tq a nearby system-earthing electrode:"An additional system-bonding conductor shall conne
the neutral earthing resistor's earthing connection to the earthing bus of the primary sho
ppwer switchboard. Bonding shatlbe in accordance with 8.2.3 of IEC 60204-11:2000.

Epuipment-earthing conductors terminated at the shore's three-phase socket-outlets shall 4
connected to the ship and’/continued to the ship to create an equipotential bond between th
shore and ship. This, shall require bonding to the ship's switchgear earthing bus and/
bonding to the ship'sthull.

[<2]

3  Shore-to-ship electrical protection system

The HV circuit breaker on the secondary side of the transformer shall open all insulated pole
n the event of the following conditions:

=2

ip

e

i

e

ct

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™.

9
9

Alarms shall be communicated to the ship as common alarm, using the data-communicatid
limk, if such data-communication link is installed.

The protection systems shall be provided with battery back-up adequate for at least 30 mi
Upon failure of the battery charging or activation of the back-up system, an .alarm shall G
communicated to the ship (see 7.8).

4 HV interlocking
4.1 General

6
6
Olperating personnel shall be protected from electrical hazard by an interlocking arrangeme
during connection and disconnection of HV connectors.

Operational procedures and interlockings to verify that non-fixed high-voltage cables a
discharged before disconnection shall be established

6)4.2 Operating of the high-voltage (HV) circuit breakers, disconnectors and earthin
switches

Afrangements shall be provided so thatsthe circuit breakers cannot be closed when any of th
fdllowing conditions exist:

one of the earthing switches is*¢losed (shore-side/ship-side);

a
b) the safety circuit is not established (see 7.3.2);
c] emergency-stop facilities-are activated;

d

ship or shore control, alarm or safety system self-monitoring diagnostics detect an err
that would affectisafe connection;

f)] the permission from the ship is not activated (see 7.8);
g) the HY supply is not present;

h) equipotential bonding is not established (via equipotential bond monitoring devices whe
gtilized, or via manual override — see 4.2.2).

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

Nt

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.

Rptating convertors shall be designed and tested in accordance with IEC 60034 (all parts):

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

Transformer winding and semiconductor or rotating convertor temperatures shall be monitorgd
and an alarm shall be activated to warn relevant duty personnel if the temperature exceeds|a
predetermined safe value.

The use of frequency convertors shall not compromise the electfi¢al protection selectivity pf
tHe largest 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 required and cannot be achieved, other
mleasures may be agreed between ship and shore giving due regard to a) to g) of 4.3.

NPTE 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, 3s
applicable.

6]5.3 Cooling

Where forced or closed-circuit cooling is used, whether by air or with liquid, an alarm shall ke
initiated when the cooling medium exceeds a predetermined temperature and/or flow limits.

Semiconductor frequency convertor equipment shall be so arranged that it cannot remajn
Idaded unlesstweffective cooling is maintained. Alternatively, the load may be automatically
rgduced to alevel compatible with the cooling available.

Liquid-cooled frequency convertor equipment shall be provided with leakage alarms. |A
syiitable’ means shall be provided to contain any liquid which may leak from the cooling system
s 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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6.5.4 Protection

9
9

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[ Ship-to-shore connection and interface equipment

711 General

Ship-to-shore connection and interface equipment includes standardized HVSE system
cables, earthing and communications between ship and shore.

Alship-to-shore connection cable installation shall be arranged to provide.adequate moveme
compensation, cable guidance and anchoring/positioning of the cable(during normal plannsg
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 use
ashore.

The ship-side of the connection cable shall be fitted with a ship connector if a ship inlet
u$ed onboard.

Ship-to-shore connection cable extensions shall not be permitted.

The suitability of connectors with regard @o peak short-circuit withstand capability shall b
verified during the compatibility assessment (see 4.3).

The ship-specific annexes provide.additional requirements.

NPTE If an alternative to the standard arrangement of cable and HV plug and socket-outlets is designed, it
lidely that the installation will notbe’ able to connect to a compliant shore supply/ship without significant addition
equipment and modification.

7]2 Cable management system
7]2.1 General
The cable management system shall

a) be_tcapable of moving the ship-to-shore connection cable, enabling the cable to reag
between the supply point and the receiving point;

7

is
al

oraroic—oariot

prevents the tension limits from being exceeded;

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

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

e) 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;

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

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

g) be capable of supporting the cables over the entire range of ship draughts and tidal

ranges; and


https://iecnorm.com/api/?name=4c7b5f1762163caf2b0c6476c6be7a08

IEC/IEEE 80005-1:2019 - 27 -
© IEC/IEEE 2019

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.

Al means to detect maximum cable tension shall be provided, or where an active cable
management system that limits cable tension is provided, means to detect the shortage of
ayailable 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).

712.3 Monitoring of the cable length

The cable management system shall enable the cables to follow the ships' movements over
tHe entire range of the ships' draughts and tidal ranges, and the maximum range of allowabl|e
mlotion forward, aft or outward from the dock.

Where the cable length may vary, the remajning cable length shall be monitored, and
threshold limits are to be arranged in two stages:

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

Cpnsideration may be givenxio equivalent alternative measures (automatic break-awgy
rglease, connectors with shear bolts and pilot lines, connection with ship/shore emergengy
shutdown system, etc.).

24 Connectors. protection

(4

ent of a damaging current unbalance between multiple phase conductors (separate, parall

7

The ship and shore HV circuit-breakers shall be arranged to open all insulated poles in the
e

ppwer cablés-and connectors).

ProteCtive devices to satisfy this requirement shall be installed ashore to isolate the
connection in the event of damaging unbalance detection.

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.

713 Connectors
71(3.1 General

Cpnnectors shall be in accordance with IEC 62613-1 and the following.
The contact assignment of connectors shall be according to applicable shipyannexes.
Hgndling of connectors shall be possible only when the associated earthing switch is closed.

Cpnnections shall be made in areas where personnel will be protected in the event of an afc
flash as a result of an internal fault in the connectors by barrier and access control measures.
These measures shall be supported by access control preacédures.

EpRch connector shall be fitted with pilot contacts for<gontinuity verification of the safety circulit.
See applicable ship annexes for safety circuit deseriptions. For single connector connections
a|lminimum of five pilots is required. If more than. one cable is installed, an interlock shall 4
used so that no cable remains unused.

Cpntact sequence shall be in the following order:

a) connection:

1) earth contact;
2) power contacts;
3) pilot contacts.
b) disconnection:

1) pilot contacts)
2) power contacts;

3) earth/contact.

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

S nnnnn t Arranaa~m Ante e e~ e~ A
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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
™~ [198] T

240
[6.10] —

240
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Figure 4 — Fibre-optic socket outlet

F|bre-optic plug.shall have 4 optical terminals with 2,5 mm ceramic ferrules and configuratign
i accordance with Figure 5. Pin 1 will be used for TX transmission and pin 2 for RX

treansmission.
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Figure 5 — Fibre-optic plug

~

4 Interlocking of earthing switches
The earthing switches shall remain-closed until

all connections are madeand the pilot contact circuit (see 7.3.2) is closed,
no emergency-stop switch is activated,

the communication link between shore and ship is operational,

o O T o

ship or shore. (control, alarm or safety system self-monitoring properties detects that ro
failure would\affect the safety of connections, and

e) the permission from ship and shore is activated.

5

terlocking 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 mnnifnring cables if infngrnfnr‘l with the power cable Qccnmhly, shall be able

tqd withstand internal and external short-circuits.
Fpr details and further guidance, see Annex A.

7|7 Storage
Afrangements shall be provided for stowage when not in use, such that

ship-board equipment is stored in dry spaces;
shore-based equipment shall comply with national standards;

a
b
c] removable equipment shall be stowed, stored and removed4without damage;
d) equipment does not present a hazard; and

e

connectors shall maintain their IP ratings.
NPTE Temporary coverings are not considered to satisfy the réquirements listed in 7.7.
78 Data communication

Where required by the ship-specific annex;\the data-communication link between ship and
shore arrangements shall be used for communicating the following information:

[

shore transformer high-temperature*alarm (see 6.2.2);
b) HV shore supply circuit-breakeriprotection activation (see 6.3);

c] permission to operate HYV, circuit-breakers for HV ship to shore connection (see 6.4 and
8.5.5);

d) if ship or shore contral, alarm or safety system self-monitoring properties detect an errpr
that would affect safety of connection (see 6.4.2 and 4.9);

e) indication of emergency-stop activation (see 4.9);
f)l where provided, shore control functions in accordance with Clause 9;

indication-of emergency disconnection of the shore supply (see 4.9); and

o Q@

failure 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 |n
a

Al HUS P N el VA ol ol fa¥aVal
LuTuUdrniovc wiltlm 1 V/TL - OUUU

0
.
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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).

Where connection to more than one HV shore supply is possible, measures shall be_taken {o
prevent HV shore supplies from being connected in parallel if the maximum prospective shot
circuit current is exceeded at any point in the installation.

—
1

Where device settings are required to be changed when connected todah HVSC supply
means shall be provided to change settings to predetermined values. The protection settings
i use shall be clearly indicated at the control station.

2.2 Earth fault protection, monitoring and alarm

fectively when connected to an HVSC supply with/ distribution system earthing
ccordance with 6.2.3. Subclause 6.2.3 requires distribution system earthing that may differ
from that of the ship's.

8
Eprth fault protection, monitoring and alarm devices shall pe\of a type designed to operate
e n
a

Where device settings are required to be changed when connected to an HVSC supply,
means shall be provided to change settings, to)predetermined values. The protection settings
i use shall be clearly indicated at the controlstation.

8{3 Shore connection switchboard
8/3.1 General

Alshore connection switchbodrd shall be provided at a suitable location, as close as possible
tq the receiving point.

The shore connection switchboard shall be in accordance with IEC 62271-200, servige
continuity LSCA1.

The switchboard shall include a circuit-breaker to protect the ship's electrical equipmenpt
dpwnstrean), Tn no case shall the protection at the shore connection switchboard be omitted.

813.2 Circuit-breaker, disconnector and earthing switch

order to have the installation isolated beiore 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 prnfor\finn for eyefnmc with-more than one chip inlet

The protection and safety system shall be continuously powered. A standby power supply f
the protection and safety system with automatic change-over shall be provided with a_capaci
fdr at least 30 min, in accordance with IEC 60092-504:2016, 9.7.2.6. Upon failure of th
battery's charging or activation of the back-up system, an alarm shall be activated to wa
glevant duty personnel.

—

Alarms and indications shall be provided at an appropriate location for~safety and effectiy
operation.

8/4 Onboard transformer

Transformers, if any, shall be of the separate winding type for primary and secondary side.

the transformer supplies LV systems, an earthed shield winding shall be provided betwes
V and LV windings.

I =

Ap onboard transformer may not be required.if the ship's network is designed for the sho
slipply voltage and the neutral point treatment is in line with the ship's systems.

tHe starting of large motors, or the connection of other large loads, when an HV supply syste
is| connected (see 4.8 and 5.2).

815 Onboard receiving switchboard connection point
8]5.1 General

Alpanel shall be provided as an onboard receiving switchboard.

Where paralleliconnection of the HV shore supply and the ship's sources of electrical pow
fdr transferring of load is arranged, synchronizing devices shall be provided.

NPTE _An—onboard receiving switchboard connection point is normally a part of the main switchboa

—
n

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

—

rd

e Figure 2a).
S.E)Tz—ei'rcuiﬁb'rez'kera'n'd-ez'rrh'i'n'g-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 IEC 61363-1.

An automatic circuit-breaker shall be provided.
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9
9

n earthing switch shall be installed if the main switchboard rated voltage exceeds

000 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,

[

o Q

000

f

one ammeter with an ammeter switch 10 enable the current In each phase to be read,
an ammeter in each phase,

phase sequence indicator, and
one synchronizing device.
ne voltmeter and one frequency meter shall be connected to the switchboard's "busbars; th

her voltmeter and frequency meter shall enable the voltage and frequency of the sho
bnnection to be measured.

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

one voltmeter,
one frequency meter,

one ammeter with an ammeter switch to enable the.current in each phase to be read,
an ammeter in each phase, and

phase sequence indicator.

he voltmeter and the frequency meter shall .enable the voltage and frequency of the sho
bnnection to be measured (see 9.2).

5.4 Protection
[ipping and alarm criteria for the €ircuit-breaker shall be the following:

short-circuit: tripping with.alarm;

overcurrent in two steps:

1) alarm, and

2) tripping with alarm;

earth fault:

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

1).alarm, and

9) fripping with alarm;

e) over-/under-frequency in two steps:

f)

1) alarm, and
2) tripping with alarm;

reverse power: tripping with alarm*, and

g) phase sequence protection with alarm and interlock.

To satisfy this requirement, at least the following protective devices, or equivalent protective

m

easures, shall be provided:

h) synchrocheck (25)%;

i)

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

NOTE 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 considered whe
tHese measures could prevent complete power loss.

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

8]5.5 Operation of the circuit-breaker

Arrangements shall be provided so that the circuit-breakers cannot be closed when any of tH
fdllowing conditions exist:

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

c] emergency-stop facilities are activated;
d

ship or shore control, alarm or safety<system self-monitoring properties detect an err
that would affect the safety of the connection;

f)l the HV supply is not present;

g) equipotential bonding is nbt established (via equipotential bond monitoring devices whe
utilized, or via manual-override — see 4.2.2);

h) earth fault on ship distribution system is detected.
Itlis recommended to*have one PIC on the ship and one facility PIC. An independent means

vpice communication shall be provided between the ship and the facility's PIC (e.g., two-w§
rgdios).

Fpr ships:-on a regular service trade, the PIC may be responsible for both ship and sho
HVSC operations.

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

e

a

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 I1-1/D, Regs. 42 or 43. In such cases, alternative measures for the restoration of
ship power acceptable to the relevant authorities should be provided.

Ah alarm shall be provided to advise relevant duty personnel. The alarm shall indicate the
fdilure that caused the activation.

Q)

9 HVSC system control and monitoring

91 General

Ship equipment shall be protected and controlled by the ship'sr own protection and contrp
systems.

Iffthe shore supply fails for any reason, supply by the shipls' 6wn generators is permitted, after
disconnecting the shore supply.

Load transfer shall be provided via blackout or automatic synchronization.

912 Load transfer via blackout

Interlocking means shall be provided so(that the shore supply can only be connected to|a
dead switchboard. The interlocking means shall be arranged to prevent connection to a liye
syitchboard when operating normally or in the event of a fault, for example a fault in tHe
blackout monitoring circuit.

The simultaneous connection;6f an HV shore supply and a ship's source of electrical power {o
the same dead section ofthe electrical system shall be prevented (see 8.5.3 and 8.5.4).

3 Load transfer.via automatic synchronization

3.1 General

9

9

The HV shore supply and the ship's source(s) of electrical power temporarily in parallel sha
beé in acecordance with the following:

a) doad shall be automatically synchronized and transferred between the HV shore supply
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

=

-—

19.1 General

A
re

services for the ship's safety.

arlarm systems have been correctly installed and are in good working order before being pyt

the defined transfer time limit (see 9.3.1) for transferring of load between HV-shore supp
nd ship source(s) of electrical power is exceeded, one of the sources shall be discontieetq
itomatically by the ship, and an alarm shall be provided to advise relevant duty personng
pecial care shall be taken not to exceed the maximum permissible load steps of th
bnerator sets in accordance with IEC 60092-301.

O T o

here load reductions are required to transfer load, this shall not result.inyloss of essentipl

D Verification and testing

I HV system components shall have passed type tests*and routine tests according to the
levant standards.

ne HV system, including control equipment, shall be tested in accordance with a prescriptiye
st programme.

ests shall be performed to demonstratéthat the electrical system, control, monitoring and

to service. Tests shall be realistic.ahd simulations avoided as far as is practicable.

the equipment has not been-"used for a period of 30 months, the initial tests shall Qe
peated.

o Z

19.2 Initial tests) of shore side installation
10.2.1 General

These-tests shall verify that the shore-side installation complies with this document to achieye
a|documented conformity record.

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

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;

1E.3 Initial tests of ship-side installation

.3.1 General

%
—

These tests shall verify that the ship-side installation complies with this document. The targ
is| to achieve a test certificate.

Tests shall be performed after completion of the installation.
These tests shall be conducted as witness tests together with thelappropriate authorities.

19.3.2 Tests
The following tests shall be performed:

visual inspection;

power frequency test for HV switchgear_assemblies and voltage test for cables |n
accordance with IEC 62271-200 and IEC. 60502-2;

c] insulation resistance measurement;

d) ship-side bonding connection resistance (refer to 11.3);

e) function test including correct settings of the protection devices;
f)} function test of the interlockifig system;

g} function test of the contreltequipment;

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

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

integration tests to demonstrate that the ship-side installations such as the power
management-system, integrated alarm, monitoring and control system work proper]y
together-with the new installation.

[—

10.4 Tests at the first call at a shore supply point

19.4.1~ 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) measurement of the earthing resistance;

e) function test of the protection devices;

f) function test of the interlocking system;

g) function test of the control equipment;

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

j) function test of the cable management system;

k] integration tests to demonstrate that the shore- and ship-side installations work proper]y
together.

>

The power frequency test for HV switchgear assemblies, voltage test for cables, (insulatig
rgsistance measurement and measurement of the earthing resistance shall be performed on|y
one of the installations, shore-side or ship-side, has been out of service or‘not in use fopr
more than 30 months.

=

Y

' Periodic tests and maintenance

—

1.1 General

Alrecord of annual maintenance, repair, equipment modifications and the test results shall Qe
ayailable for the shore- and ship-side HVSC system.

-—

1.2 Tests at repeated calls of a shore supply point

—

1.2.1 General

=

the time between port calls does not exceed 12 months and if no modifications have begn
prformed either on the shore side or shifp’ side, or both, the verification in 11.2.2 shall Qe
bnducted.

[eBue]

=

this time is exceeded, the tests innaccordance with 10.4.2 shall be performed.

NPTE The time between port calls‘means the same ship at the same shore supply point.
11.2.2 Verification
The following shall-be*performed or provided:

a) visual inspection;

b) confirmation that no earth fault is present;

c] statement of voltage and frequency;

d) .an-authorized switching and connection procedure or equivalent.

Procedures should include an approved "Lock-out, Tag-out" system that is jointly controlled
by the 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 not
exceeding 12 months. Results shall not exceed 1 Q.
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c) Ship-side bonding connection resistance shall be measured at a frequency not exceedin
6 months. Results shall not exceed 1 Q.

Measurement methods are site-specific and shall be documented.

12 Documentation

12.1 General

9
9

g

Fpr the HVSU sysiem and each conirol apparatus, the manufacturer shall deliv
dpcumentation concerning principles of operation, technical specifications, mountin
instructions, required start-up or commissioning procedures, fault-finding procedure
maintenance and repair, as well as lists of necessary test facilities and replaceable parts.

12.2 System description

Alcomplete system description, including circuit diagrams, specifying set points and operatig
nstructions, shall be prepared by parties responsible for shore and ship.HVSC systems.

The parties responsible for shore and ship HVSC systems shall provide a testing an
verification programme for the whole installation that will demonstrate compliance with th
specification.

wr
-

U7
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Annex A
(informative)

Ship-to-shore connection cable

A.1 Rated voltage

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

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

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

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

where

U is the rated voltage between phase conductor and earth ormgtallic screen for which th
cable is designed;

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

U, is the maximum value of the highest system Voltage that may be sustained und
normal operating conditions at any time apd\‘at any point in the system. It exclude
transient voltage conditions and rapid disconnéction of loads.

A.2 General design

Al2.1 General
T

he cables should be constituted-as follows: power cores with copper conductors, conduct
s¢reen, insulation, insulation sereen. The power cores should be laid up with earth cores wi
copper conductor and semi conducting layer. Pilot and fibre-optic elements, if specified in th
applicable ship annexes,~should be laid up in the interstices of the power cores. A metall
shield shall be installed, atdeast on the power cores or a common shield on pilot wires.

Z

DTE IEC 60092-350:2008, 4.6, provides further information regarding the use of inner covering
C 60092-350:2008, 4.7, provides further information regarding the use of inner sheathing.

m

The neutral)cables are constituted as follows: core with copper conductor, insulation arn
outer sheath:

Where-an alternative to the recommendations of Annex A is proposed, it is possible that th

e

e

stallation will not be suitable for connection to a compliant shore supply/ship. Application

f

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 insulating compounds should be extruded cross-linked solid dielectric designated as
EPR, 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[Z3 Screening

Streening of individual power cores should consist of a conductor screen and an insulatign
s¢reen.

The conductor screen should be non-metallic and should consist of an extruded senti-
bnducting compound or a combination of an extruded semi-conducting, compound and |a
se¢mi-conducting tape. The conductor screen should be firmly bonded to thelinsulation.

(¢

The insulation screen should consist of a non-metallic semi-conductinglayer and, if necessary
tq fulfil the cable test requirements within Annex A, in combination With a metallic layer.

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

Nptional authorities having jurisdiction may requirg,a~metallic component in the insulatign
sCreen.

Al2.5 Earth conductors

Al2.5.1 General

m

arth conductors should be flexibjer copper conductors in accordance with class 5 of
C 60228 or Table 11 of IEEE Std580™-2010 forming together at least 50 % of the power
bre cross-section.

S m

Al2.5.2 Conductor screen of earth conductors (optional)

The conductor screen, when used, should be non-metallic and should consist of an extrudgd
s¢mi-conducting compound, in accordance with IEC 60092-354 or IEEE Std 1580.

2.6 Pilot element with rated voltage U,/U (U,,) = 150/250 (300) V
lot ,conductors should be flexible, plain or metal-coated copper conductors in accordange

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

Al
Al2.6.1 Conductors
P
W

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.
wrapped covering with tapes or an extruded covering is permitted over the cores. Screening
optional.

A.2.7 Optical fibres

A
is

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

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

There-should be no hrnnl(ngn of the npfir\nl fibres after conclusion of the mechanical bendin

tgst (see A.3) of the cable.

Al2.8 Cabling

The three power cores, the earth core(s), the pilot element and the optical fibres should &
Iaid up.

Al2.9 Separator tape

f| separator tape is used, it should be wrapped around the assembled cores and shou
cpnsist of a suitable, non-hygroscopic material.

Al2.10 Outer sheath

The outer sheathing material should have a high level of mechanical properties as p
IBC 60092-360 or IEEE Std 1580™. Thermoplasti¢’ polyurethane (TPU) in accordance wi
EN 50363-10-2 is also an acceptable material. Far all sheath materials, the minimum tensi
sfrength should be 12,5 N/mm2. Minimum elongéation at break should be 300 %. The minimu
thickness at any point of the extruded outer sheath should be 6 mm for high-voltage cable
and 2,5 mm for separate neutral cable.

Al2.11 Markings
Al2.11.1 Indication of origin

Chble sheaths should be permanently marked repeatedly throughout their length with g
indication of origin with theimanufacturer's name and/or registered trademark, rated voltag
(Wy/U), construction (number of cores and cross-sectional area of power conductors, ear
conductors, pilots and fibre type of fibre optics) and the relevant standard.

EXAMPLE "Manufdcturer's name or trademark" 3x185/95 + 3x1.5 + 6x 62.5/125 6/10 kV IEC/IEEE Std 80005-1.
Al2.11.2 _Continuity

Cpntinuity-should be in accordance with IEC 60092-354 (IEC 60092-353, for neutral cable)
BEE Std 1580™.

g

A.2.11.3  Durability

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

IEEE Std 1580™.

A.2.11.4 Legibility

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

IEEE Std 1580™.
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