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UTILITY CONNECTIONS IN PORT -

Part 1: High Voltage Shore Connection (HVSC) Systems —
General requirements

FOREWORD

1)

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, hmical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereaffer refered toas “IEC

in the subject dealt with may participate in this preparatory work. Internatjg fal and non-
governmental organizations liaising with the IEC also participate in this preparafi

IEEE Standards documents are developed within IEEE Soci
IEEE Standards Association (IEEE-SA) Standards Boagd

IEC collaborates closely wi } e ith conditions determined by agreement between
the organizations. This Tripte Logq| Internationgh Standard fvas jointly developed by the IEC, ISO and IEEE

National Commi /. a ional Standards adopted by the technical committees are
circulated to the Qe 3g. Pliblication as an International Standard requires approval by at
least 75 % of the m® i sting @ vote. The formal decisions of IEEE on technical matters, once

Board.

In order to\promoteNifiternational 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.

|[EC, 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.

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
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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.

International Standard IEC/ISO/IEEE 80005-1 has been prepared by IEC technical committee
18: Electrical installations of ships and of mobile and fixed offshore units, in cooperation with
IEC subcommittee 23H: Industrial plugs and socket-outlets, of IEC technical committee 23:

Electrical accessories: 1SO___technical committee 8- Shinsg  and marine technologayv
T 1 T

subcommittee 3: Piping and machinery; and IEEE IAS Petroleum and Chemical Industry
Committee (PCIC) of the Industry Applications Society of the IEEE".

This publication is published as an IEC/ISO/IEEE triple logo and prefix stapdaxd.

A list of all the parts in the IEC 80005 series, published
connections in port, can be found on the IEC website.

The text of this standard is based on the following IEm
N

FDIS 1\ Repert/onjuotings,

18/1254/RBIS "\ 2 18/{268RYDN

provals™Qf ¥is standard can be found in the report on

arch has been approved by 9 members

Full information on the voting for the
voting indicated in the above table. |
out of 9 having a cast vote

Directives, Part 2.

The IEC Technica\:

withdraw
replaced. by)a

ed edition, or

amended:.

1 Alist of IEEE participants can be found at the following URL:
http://standards.ieee.org/downloads/80005-1/80005-1-2012/80005-1-2012_wg-participants.pdf
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INTRODUCTION

The following standard was developed jointly between IEC technical committee 18: Electrical
installations of ships and of mobile and fixed offshore units, ISO technical committee 8: Ships
and marine technology, subcommittee 3: Piping and machinery, and IEEE IAS PCIC Marine
industry subcommittee.

Eor a \/Qripty of reasans. inr‘luding environmental considerations it s hpnnming 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 standard is to define requirements that support, with the™application of

With the support of sufficient planning, cooperation between g
appropriate operating procedures and assessment, compliance\with the\requi ents of this
standard is intended to allow different ships to connect{to Righcvel

supplies.
Where deviations from the requirementsiand
considered for certain desjgns, thepote tia

Where the requirements
voltage shore su?pli 3 eqnts\are\likely to be compatible for visiting ships for

connection.

iCation to all HVSC systems. They intend to address
mainly the safety and ven HVSC systems with a minimum level of requirements

detailed co

given shipgharriving toonect 0 a given shore supply for the first time

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

The otherannexes in this standard 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 particular to that ship type. These annexes use the same numbering as Clauses 1 to 12
with an annex letter prefix. Hence, the numbering is not necessarily continuous. Where no

oo

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

Part 1: High Voltage Shore Connection (HVSC) Systems —
General requirements

1 Scope

This part of IEC 80005 describes high voltage shore connection (HVSC) systems, on"board
the ship and on shore, to supply the ship with electrical power from shore

This standard is applicable to the design, installation and testi ems and
addresses:

e HV shore distribution systems;

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

e semiconductor/rotating convertors;

e ship distribution systems; and

It is expected that
or more or ships wi

The following)docturents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated,\\ references, the Ilatest edition of the referenced document (including any
amendments) applies.

IHEC 60034 (all parts), Rotating electrical machines

IEC 60076 (all parts), Power transformers
IEC 60079 (all parts), Electrical apparatus for explosive gas atmospheres

IEC 60092-101:2002, Electrical installations in ships — Part 101: Definitions and general
requirements

IEC 60092-201:1994, Electrical installations in ships — Part 201: System design — General
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IEC 60092-301:1995, Electrical installations in ships — Part 301: Equipment — Generators and
motors

IEC 60092-502:1999, Electrical installations in ships — Part 502: Tankers — Special features

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

IEC 60092-504:2001, Electrical installations in ships — Part 504: Special features — Control
and instrumentation

IEC 60146-1 (all parts), Semiconductor convertors — General requirements and" line
commutated convertors

pre-mixed flame

IEC 60502-2:2005, Power cables with ieir accessories for rated
voltages from 1kV(U,,=7,2 kV) up to 30 K ‘ . Cables for rated voltages
from 6 kV(U,=7,2 kV) up to 30 kV(U,=

IEC 60502-4:2005, Power cables WIt ) on and their accessories for rated
6 kV) — Part 4: Test requirements on
accessories for cables Wlt rat q VAU, = 7,2 kV) up to 30 kV (U,, = 36 kV)

IEC 60947-5-1:2003, { ] and controlgear — Part 5-1: Control circuit
devices and swi @: t echanical control circuit devices

IEC 61363-1, Elegtkics ati ships and mobile and fixed offshore units — Part 1:
Procedures for ¢ ' circuit currents in three-phase a.c

IEC 6227 1-200:2¢ fgh-voltage switchgear and controlgear — Part 200: AC metal-enclosed
| S gear for rated voltages above 1 kV and up to and including 52 kV

IEC 62618-1:2011, Plugs, socket-outlets and ship couplers for high-voltage shore connection
systems’' (HVSC systems) — Part 1: General Requirements

IEC 62613-2:2011, Plugs, socket-outlets and ship couplers for high-voltage shore connection

oyotnmo \/H\'/Qf‘ oyotnmo} Part 2:- Dimensional r-nmn::flhlln‘\/ and lnfnr'r-hanna::hlhh/

.....................

requirements for accessories to be used by various types of ships
SOLAS 2009, Chapter II-1/D, Regulations 42, 43 and 45

MIL-DTL-38999K, General specification for connectors, electrical, circular, miniature, high
density, quick disconnect (bayonet, threaded, and breech coupling), environment resistant,
removable crimp and hermetic solder contacts

MIL-STD-1560A, Interface standard: Insert arrangements for MIL-C-38999 and MIL-C-27599
electrical, circular connectors
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MIL-PRF-29504/5C, Performance specification sheet. Termini, fiber optic, connector,
removable, environment resisting, socket terminus, size 16, rear release, MIL-DTL-38999,
SERIES Il

3 Terms and definitions

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

3.1

cable management system

all equipment designed to control, monitor and handle the HV-flexible and control cables.and
their connection devices

3.2

equipotential bonding
provision of electric connections between conductive
equipotentiality

tov"achieve

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

3.3
emergency shutdown-1
ESD-1

3.4
emergency shutdown-2
ESD-2

shutdown initiated whe
aft or outward from the

3.5

high voltage
HV

nominal voltag

3.6
liquefiedvnat
LNG-ESD
type of emergen

shytdown defined at LNG terminals

3.7

low voitage

LV

nominal voltage up to and including 1 000 V a.c.

3.8

person in charge

PIC

individual responsible for HVSC systems operations

3.9

pilot contact

contact of the plug and socket-outlet which signals correct plug connection and is a safety-
related component
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3.10
receiving point
connection point of the flexible cable on the ship

3.1
safe
condition in which safety risks are minimized to an acceptable level

3.12
supply point
connection point of the flexible cable on shore

3.13
fail safe
design property of an item which prevents its failures from resulting j fau

[SOURCE: IEC 60050-195:1998, 191-15-04]

4 General requirements

4.1 System description

A typical HVSC system described in thj
in Figure 1.

are components as shown

SHORE SUPPLY

1

:
S
RS

R

|
|

AN D i
KEY
1. HV-SHORE SUPPLY SYSTEM 7. CONTROL
2. SHORE SIDE TRANSFORMER 8. SHIP PROTECTION RELAYING
3. SHORE SIDE PROTECTION RELAYING 9. SHORE CONNECTION SWITCHBOARD
L. SHORE SIDE CIRCUIT BREAKER 10. ON-BOARD TRANSFORMER (WHERE APPLICABLE)
ANDEARTHE SWITLH 1. ON-BOARD RECEIVING SWITCHBOARD
5. CONTROL

6. SHORE-TO-SHIP CONNECTION
AND INTERFACE EQUIPMENT

Figure 1 — Block diagram of a typical described HVSC system arrangement
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4.2 Distribution system
4.2.1 General

Typical distribution systems used on shore are given in IEC 61936-1. Typical ship distribution
systems are given in IEC 60092-503.

NOTE |IEEE Std 45™ provides additional information on typical ship distribution systems.

4.2.2 Equipotential bonding

An equipotential bonding between the ship’s hull and shore earthing electrode shally'be
established.

Verification of the equipotential bonding shall be a part of the safety ¢ 5). Loss

of equipotential bonding shall result in the shutdown of the HVSC
go into ship power restoration mode (see 8.6).

NOTE The terms earth(ing) and ground(ing) are used interchangeably thrg ard”and have the
same meaning (see IEC 60050-195:1998,195-01-08).

4.3 Compatibility assessment before connection

a) compliance with the

b) minimum and

c) nominal rating
5.1);

any de-rating

verification_of ship equipment impulse withstand voltage;
i) compatibility of shore and ship side control voltages, where applicable;
j).£_compatibility of communication link;

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

H—fumctiommgof shipearthfault protectiom,momtormg—and—=atarms—whenmcommectedto=

HVSC supply (see 8.2.2);
m) sufficient cable length;
n) compatibility of safety circuits, in accordance with 9.1;
o) total harmonic distortion (THD) (see 5.2);
p) consideration of hazardous areas, where applicable (see 4.6.4);

gq) 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
failure, overloading or activation of automatic load reduction measures;

r) consideration of electrochemical corrosion due to equipotential bonding;
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s) utility interconnection requirements for load transfer parallel connection; and
t) equipotential bond monitoring.

4.4 HVSC system design and operation

4.4.1 System design

The design and construction shall be integrated and coordinated among the parties

H | £ o <l | - IHAWIia¥al 4
ITCOoOpPUITIOTUTC TUT OSTIUTT allu ollTy TTvV.o'v OyOLUIIIO.

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 thejroles,
responsibilities and requirements of all parties involved.

4.4.2 System operation

During the operation of HVSC systems, PIC(s) shall be identifies
board the ship for the purposes of communication.

of personnel during the establishment of the\cor i ' ship supply, during all normal
operations, in the event of a failure, duying disct and when not in use.

achieved in any situatiom\analqg| i ith the recommended practices set forth
herein. The use of ter ntri ally safe,” “electrically safe work practices,”
“safe work condition,” f &N Vi ” “safe design,” “safe distance,” “safe work
method,” “safe v@ sdescribe practices, conditions, etc. in which safety
risks are minimiz inate psolutely, such that safety is not guaranteed.

4.6 Design requirem
4.6.1

Protectid ems shall be designed based on the fail safe principle.

Suitable warningnotices shall be provided at locations along connection equipment routes
including connectionocations.

4.6.2 Protection against moisture and condensation

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

4.6.3 Location and construction

HVSC equipment shall be installed in access controlled spaces.

Equipment shall be suitable for the environment conditions in the space(s) where it is
expected to operate. Ship equipment shall comply with the applicable requirements of
IEC 60092-101 and IEC 60092-503.
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Equipment location is critical to the safety and efficiency of operation of the ship's cargo and
mooring systems. When determining the location of the HVSC system, the full range of cargo,
bunkering and other utility operations shall be considered, including:

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

b) traffic management considerations such that the use of an HVSC system does not

interfere with other ships™ operations (including mooring) or prevent necessary traiiic
flow on the pier and to maintain open fire lanes where required; and

c) personnel safety measures, such as physical barriers to prevent unauthofized
personnel access to HVSC equipment or the cable management equipment.

When determining the connection point of the HVSC system, all tida
operations affecting ship’s free board shall be considered.

4.6.4

and/or combustible dust encounteredsor
b) automatically isola sehe g ore antering the potentially hazardous area.

HVSC systems 3 S ible/not be installed in areas which may become
hazardous areas bpor\ai i ir changes per hours during loading and offloading

cargo or during nopn\a

When a tanke s possible that an area in the tanker that is regarded as safe
according to\NEC falls within one of the hazardous zones of the terminal. If
such a situ nd, if the area in question contains electrical equipment that is
not of a g or approved by a competent authority for the gases encountered,
then such egquip have to be isolated whilst the tanker is at the berth. IEC 60079
should be conside uring the compatibility assessment.

4.7 _Electrical requirements

Forsall HVSC system components type and routine tests shall be performed according to
felevant standards.

NOTE See IEEE Std C37.100.1™ for additional recommendations.

To allow standardisation of the HV shore supply and link nominal voltage (6,6 kV a.c. or
11 kV a.c.) in different ports, any equipment requiring conversion to nominal voltage shall be
installed on board.

The prospective short-circuit contribution level from the HV shore distribution system shall be
limited by the shore side system to 16 kA rms, unless otherwise specified in the ship specific
annexes.



https://standardsiso.com/api/?name=f3341f0951626a5c1c4a6f1c4f012e45

80005-1 © IEC/ISO/IEEE:2012(E) -15 -

The prospective short-circuit contribution level from the on board running induction motors
and the generators in operation shall be limited to a short 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
of 16 kA rms for 1 s, 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:

a) the electrical load during shore connection;

b) the short-circuit current calculations (see IEC 61363-1) sha
into account the prospective contribution of the shore suppl
The following ratings shall be defined and used in these ¢&

current for visiting ships;

2) for ships, a maximum and minimum pro
shore supply installations.

c) the calculations may take into account a

1) prevent parallel connectiog F i it ship sources of electrical
power; and/or

2) restrict the number of ship erating during parallel connection to
transfer load;

3) restrict load to
d) system charging

e) this system ch

f) shore powe
g) transient

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

For ships,with low voltage main distribution the connection between LV-side of the on-board
transfermer and main switchboard shall be evaluated and overload protection shall be
provided between the on-board transformer and the receiving switchboard.

Documented alternative proposals that take into account measures to limit the parallel

connection to short times may be considered where permitted by the relevant authorities.
Documentation should be made available to relevant ship and shore personnel.

4.9 Emergency shutdown including emergency stop facilities

Emergency shutdown facilities shall be provided. When activated, they will instantaneously
open shore connection circuit-breakers on shore and on board ship.

Fail-safe, hard-wired circuits shall be used for emergency shut-down. This does not preclude
emergency shut-down activation commands from programmable electronic equipment, e.g.
programmable protection relays.
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The relay contacts of the safety circuit shall be designed according to IEC 60947-5-1 and for
a rated insulation voltage of U; = 300 V, a.c. 5 A, d.c.1 A.

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 either:

a) be automatically earthed so that they are safe to touch immediately following the
isolation from ship and shore electrical power supplies (this option shall be chosen

WIHTETE CONMTECiom equipTTent TTay Move Mo a potentiatty trazardous area); or

b) be arranged for manual earthing and routed and located such that personnel are
prevented from access to live connection cables and live connection points by barfiers
and/or adequate distance(s) under normal operational conditions (this option shall not
be chosen where connection equipment may move into a potential ardous~area).

Barriers and/or adequate distance(s) shall be supported with procedures

established to:
c) restrict un-authorized access to HVSC spaces;

d) control personnel access to HVSC spaces and area onnection is live.

Locking arrangements may be considered; and

berth area as a result of the ship inad
of moorlngs etc ) all electrical powered

g) overtens

loss of any sd

I) ~an attended onboard ship control station during HVSC;

m)* in the vicinity of the socket outlet;

n) at active cable management system control locations; and
)

di t LLL>] bIIUIB blue dIIU blllp bllbull Uledl\el IUl.adI.IUIIb

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.

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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For reliable operation of safety circuits the pilot cable length 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,

LI\ L ULk £ G & ld\L

baotx Y o 2N P VTP~ P~ BRI 1 ~0 B-ea-Ha-S—ra b a-ar a-d-Lae
LILIA' STTUTC CUTTITC OUTTOUTTS— STraTt UG pTrouvIiaTuU—witT a mommTar voTtaygt— U U, U RNV oo arrdrot

11 kV a.c. galvanically separated from the shore distribution system.

Galvanic separation on shore may be omitted if it is provided on board.

The operating frequencies (Hz) of the ship and shore electrical
otherwise, a frequency convertor may be utilized on shore.

L1-L2-L3 or A-B-C or R-S-T. A phase sequence indi
to energizing or paralleling HVSC (see Figure 2).

must rotate counter clockwise in referencs
on the phase sequence indicator (see [

A-A=o0°
A-B=120°
A - C = 240°

Figure 2 — Phase sequence rotation — Positive direction
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Figure 3 — Balanced three-phase variables in time do

5.2 Quality of HV shore supply

maintain the distribution system voltage, frequé
characteristics given below. For compliance, the co
shall include verification of the following:

1) P olerances +5 % between no-load

2) e\point of the shore supply connection
o of nominal voltage;
3) at the point of the shore supply connection
% of nominal voltage.
b) voltage

1) S ¢ and frequency at the shore connection when

2) Xl jange in load expected when connected to a HV shore supply
and documented for each ship. The part of the system subjected
oltage dip or peak in the event of the maximum step load being

3) eomparisop 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.

e)xharmonic distortion:

— for no-load conditions, voltage harmonic distortion limits shall not exceed 3 % for
individual harmonic and 5 % for total harmonic distortion.

NOTE Additional recommendations are provided in IEEE Std 519™ and MIL STD 1399-680.

The above parameters shall be measured at the supply point (see 3.12).

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).

Different voltage and frequency tolerances may be imposed by the owners or authorities
responsible for the shore supply system and these should be considered as part of the
compatibility assessment to verify the effect on the connected ship load is acceptable.
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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 60092-101:2002, 2.8, due
regard should 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 have additional requirements.

by 4.8.

Each ship shall be provided with a dedicated HV shore
galvanically isolated from other connected ships and consu

board. A risk assessment should be performed.

6.2 System component requirements
6.2.1 Circuit-breaker, disconnector and eg

circuit-breaker, disconnector
with the requirements of

In order to have the installation isolat
and earthing switch shall be
IEC 62271-200.

In the event @djustmants are required to maintain the HV supply voltage within tolerances
under load,then thes€ 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 (Dyn).

NOTE Dyn = Delta connected HV winding, star connected LV winding, with provision to connect to the neutral

point.

The temperature of supply-transformer windings shall be monitored.

In the event of over temperature, an alarm signal shall be transmitted to the ship using the
data-communication link (see 7.8). The alarm signal shall activate an alarm on board 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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6.2.3 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 resistor on the primary side

trat providesamequivatent earth fauttimpedarnce:

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

Where an equivalent earth fault impedance is chosen when frequency conversiqn of the shore
supply is required, studies should be conducted to verify that earth fault\protectiopp:and alarm
1 Wi of the

onhection a system earthing conductor shall

tor(s e
i . An additional system bonding conductor shall

electrode

The HV citcuit-breaker on the secondary side of the transformer shall open all insulated poles
in the event of the following conditions:

a) overcurrent including short-circuit,
b) over-voltage/ under-voltage, and

C) reverse power.

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

d) synchrocheck (25) or voltage sensing device (84) (for dead bus verification)

e) undervoltage (27)

f) reverse power (32)

g) load unbalance, negative phase sequence overcurrent (46)

h) instantaneous overcurrent (50)
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i) phase time overcurrent (51)

j) earth fault overcurrent (51G)

k) overvoltage (59)

I) directional phase overcurrent (67)

Standard device designation numbers are shown in brackets above, as per IEEE Std C37.2™.

Alarms shall be communicated to the ship as common alarm (see 7.8).

The protection systems shall be provided with battery back-up adequate for at least 30/min.
Upon failure of the battery charging or activation of the back-up system, an alarm shall be
communicated to the ship (see 7.8).

6.4 HV interlocking
6.4.1 General

Handling of HV plug/socket-ottlets sha
switches on both ship ans [

Handling of the@ i

switch is closed.

Handling of t

Arrangements shathbé provided so that the circuit-breakers cannot be closed when any of the
following.conditions exist:

a)yone of the earthing switches is closed (shore-side/ship-side);

b) the pilot contact circuit is not established (see 7.3.2);

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

h) equipotential bonding is not established (via equipotential bond monitoring relays —
see 4.2.2).
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Arrangements shall be provided so that the disconnector cannot be closed, or the circuit
breaker cannot be racked into the service position, when any of the following conditions exist:
i) one of the earthing switches is closed (shore side/ship side);
j) the pilot contact circuit is not established (see 7.3.2);

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

D—equipotenta—bonmdimg s ot estabtished—(via equipotentia—bomd—momnitormgTetays—
see 4.2.2).

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

6.5 Shore connection convertor equipment

6.5.1 General

The effect of harmonic distortion and
required power rating.

predetermined saf: va
The use of freque v ot reduce the selectivity of the largest on-board load
while connected.

The pratectiq Ok, €electtical equipment shall be in accordance with IEC 61936-1, as

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.

Semiconductor-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 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
detection of leakage and the cooling system shall be arranged so that the entry of cooling
liquid into the transformer is prevented.
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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.

6.5.4 Protection

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

Alarms from the onshore protection equipment shall be transmitted to the ege 1.8

7 Ship to shore connection and interface equipment

7.1 General

A ship to shore connection cable installation sha
compensation, cable guidance and apchqring/pe

The suitability of
be verified durj

NOTE |If an alternailve to the’standard arrangement of cable and HV plug and socket-outlets is designed, it is

equipment and modiic ion.
7.2 _Cable management system
7.2:A1 General

Jhe cable management system shall:

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

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, to
monitor maximum cable tension and maximum cable pay-out;

d) address the risk of submersion by prevention or by the equipment design;
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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

ranaes:and
~ L

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 applica 8 _cable sizing
shall include appropriate de-rating factors.

7.2.2 Monitoring of cable tension

The cable management system shall not permit the cabl e permitted
design value.

Stage 1: alarm
Stage 2: activation of emergency shutde

7.24 Connection conductor current unbalance protection

Theship 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

B AL ahbl and-caonnaectarae)
|JUVVUI vAVICO diTu UUIIIIUULUIO}-
The following protective devices, or equivalent protective measures shall be provided:

a) current balance between cables in parallel (46)
b) directional earth fault (67N)

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

Protective relays to satisfy this requirement shall be installed on board and/or ashore
provided the connection is isolated in the event of unbalance detection.
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7.2.5 Equipotential bond monitoring

The equipotential bond created by the ship to shore connection cables shall be constantly
monitored. The scheme shall also be self-monitoring. Equipotential bond monitoring device
shall be installed either on shore or on board where the cable management system is
installed. Equipotential bond monitoring termination devices, where utilised, shall be installed
on the other side.

56— StpTi .

Slip ring units shall be tested according to IEC 62271-200 (excluding non-applicable tests)
for:

HV test;

impulse voltage withstand test;

)
)
c) insulation resistance measurement;
d) heat run test with nominal current;
e) short circuit withstand test;
f) arc test, if accessible under energized conditions;
g) ingress protection test (IP rating). %

Other testing standards may be considered.

7.3 Plugs and socket-outlets
7.3.1 General

Plugs and socket-outlets/shall be i aco%e toNJEC 62613-1 and IEC 62613-2 and the

following.

The plug and socket-outlet arrg
locks the conne' €

The pin assignmg plug and socket-outlet shall be according to applicable ship
annexes.

The plugs~ang
made.

Socket-outletsa ots shall be interlocked with the earth switch so that plugs or connectors
cannot be/inserted or'withdrawn without the earthing switch in the closed position.

Handling of plug and socket outlets shall be possible only when the associated earthing
switch is closed.

Pluas and socket-outlet connection-shall hae in araas whara narsonnel will ha nrotected-in-the
g e—S$06Ke8t-odHet+-cohhectHoR—ShaH—b e haFeads-WhRerepefrsSohRhRe—wWhi—beprotectecH—+he

event of an arc flash as a result of an internal fault in the plug and/or socket-outlet by barrier
and access control measures. These measures shall be supported by access control
procedures.

Plugs shall be designed so that no strain is transmitted to the terminals and contacts. The
contacts shall only be subjected to the mechanical load which is necessary to provide
satisfactory contact pressure, including when connecting and disconnecting.

Each plug shall be fitted with pilot contacts for continuity verification of the safety circuit. See
applicable ship annexes for safety circuit descriptions. For single plug connections, a
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minimum of three pilots are required. If more than one cable is installed an interlocking shall
be used so that no cable remains unused.

Contact sequence shall be in the following order:

a) connection:
1) earth contact,

2—powercontactsand
3) pilot contacts.

b) disconnection:
1) pilot contacts,

2) power contacts, and
3) earth contact.

Minimum electrical and mechanical ratings for plugs and sg
annexes.

Support arrangements are required so that the weight
plug or socket termination or connection.

7.3.2 Pilot contacts

Pilot contact connections shall open b
achieved during the removal of an HV-j
circuit.

7.3.3 Earth contact

of the other main

7.3.4 Fibre opticg

De
15,/polarization N. Insert type 15-5 according to MIL-STD-1560A (5 contacts) F.O.
tefminals according MIL-PRF-29504/5C (socket type) plug;

b)>type plug straight without spring finger according to MIL-DTL-38999K series lll, class
H, size 15, polarization N;

c) insert type 15-5 according to MIL-STD-1560A (5 contacts); and

d) F.O. terminals according to MIL-PRF-29504/4C (plug type).
7.4 Interlocking of earthing switches
The HV power contacts shall remain earthed until:

a) all connections are made and the pilot contact circuit (see 7.3.2) is closed;
b) no emergency stop switch is activated,;
c¢) the communication link between shore and ship is operational;
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d) ship or shore control, alarm or safety system self-monitoring properties detects that no
failure would affect safety of connections; and

e) the permission from ship and shore is activated.

Interlocking shall be hardwired.

7.5 Ship to shore connection cable

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

QN
&d

areas.

equipmentdoes not present a hazard during normal ship operation; and

during storage, the plugs, socket-outlets, inlets and connectors shall maintain their IP
ratings.

NOTE"~ Temporary coverings are not considered to satisfy this requirement.

7.8 Data communication

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

a) 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.and 8.5.5);

d) if ship or shore control, alarm or safety system self-monitoring properties detect an
error that would affect safety of connection, see 6.4.3 and 4.9;
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e) indication of emergency stop activation (see 4.9);

f) 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 charging or activation of back-up system (see 6.3).

The communication protocol for communication link between ship and shore shall be defined.

Functionality, performance and design shall be based on IEC 60092-504.

8 Ship requirements

8.1 General

The instrumentation described shall be at all locations
synchronization are performed.

ship’s HVSC system.

8.2 Ship electrical distribution system prote
8.21 Short-circuit protection
The maximum prospective short-circui
system / equipment is rated shall

connecting to HV-shore
assessment (see 4.3 and

Where connection to

prevent HV-shor,
circuit current is

Where deyice’ setti are required to be changed when connected to a HVSC supply, means
shall beprovided for personnel to readily change settings. The protection settings in use shall
be clearly indicated at the control station.

8:3' Shore connection switchboard

8.3.1 General

A shore connection switchboard shall be provided at a suitable location, as close as possible
to the receiving point.

The distance between supply point and receiving point shall be as short as possible.

The shore connection switchboard shall be in accordance with IEC 62271-200, service
continuity LSCA1.
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The switchboard shall include a circuit-breaker to protect the ship 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 requirements 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 (Ip) calculated in accordance cwith
IEC 61363-1.

e§s-than the
scordance

The rated short-circuit breaking capacity of the circuit-breaker shal
maximum prospective symmetrical short-circuit current (/ac(o.5T))
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

a
b

) voltmeter: all three phases;
)

c) overcurrent devices: tripping and alarm;
)
)

short-circuit devices: tripping and_ ala

d

e

earth-fault indicator:; alarm; and

unbalanced proted{ionor'syste

8.4

If the transformer supplies LV-systems, a shield winding shall be provided between HV and
LV winding.

The neutral point of the transformer shall be connected to the main switchboard according to
the earthing method used for the main distribution system.

Galvanic separation between the shore and on board systems shall be provided.

An on board transformer may not be required if the ship’s network is designed for the shore
supply voltage and the neutral point treatment is in line with the ship systems and the
galvanic separation is done on shore.

When necessary, means shall be provided to reduce transformer current in-rush and/or
inhibiting the starting of large motors, or the connection of other large loads, when a HV
supply system is connected (see 4.8 and 5.2).
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8.5 On board receiving switchboard connection point
8.5.1 General

A panel shall be provided as an on board receiving switchboard.

Where parallel connection of the HV-shore supply and ship sources of electrical power for
transferring of load is arranged, synchronising devices shall be provided.

NOTE An on-board receiving switchboard connection point is normally a part of the main switchboard (see
Figure 1).

8.5.2 Circuit-breaker and earthing switch

The rated making capacity of the circuit breaker and the earthing switchr"shall not\he-less than
the prospective peak value of the short-circuit current (/p) calculated in\ asgordance with
IEC 61363-1.

e less than the
ed in accordance

The rated short-circuit breaking capacity of the circuit-breake
maximum prospective symmetrical short-circuit current
with IEC 61363-1.

An automatic circuit-breaker shall be provided.

An earthing switch shall be instaked
1000 V a.c.

8.5.3 Instrumentation
If load transfer via paralled

a) two voltmeters;

b) two frqu@
c) one amm it

f)~'one voltmeter;

g)
)

one frequency meter;

I

ona ammatar wwith an ammatar cviteh +tn Aanahla tha ~
oHe— eter—Wrtr—a—t St —SwWtoH—to— e G

|||||||||||| T TC—tr1e

or an ammeter in each phase; and

i) phase sequence indicator.

The voltmeter and the frequency meter shall enable the voltage and frequency of the shore
connection to be measured (see 9.2).

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

a) short-circuit: tripping with alarm,
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b) overcurrent in two steps:
1) alarm, and
2) tripping with alarm,
c) earth fault:
1) alarm,

2) tripping 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
g) phase sequence protection with alarm and interlock

To satisfy this requirement, at least the following proie or egdivalent protective

measures, shall be provided:
h) synchrocheck (25)*
i) undervoltage (27)
j) reverse power (32)*
k) phase sequence voltage (47)
I) overload (49)
m) instantaneous qvers

n) overcurrent (51)
0) earth fa

p) overvoltag

q) frequenc

Tripping of unessential consumers and restoration of ship power should be considered where
these measdares could’prevent complete power loss.

Proteetion functions marked with an asterisk (*), may be omitted when load transfer via
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
following conditions exist:

Y

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

O T

)
) the pilot contact circuit, see 7.3.2, is not established;
) emergency-stop facilities are activated;

)

o

ship or shore control, alarm or safety system self-monitoring properties detect an error
that would affect the safety of the connection;
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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 —
see 4.2.2); and

h) earth fault on ship distribution system is detected.

et o ste — eercititr-PtE—Ptes—stoatd —

voltage training and HVSC system specific training.

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

For ships on a regular service trade, PIC may be responsible for bg
operations.

a)
equivalent to SO
and

b) automatic connedctj iti source of electrical power to emergency
services, iva D, Reg. 42 for passenger ships or 43 for cargo
ships; a

c) starting and nain switchboard of the main source of electrical power

It may be neeessary\to consider necessary relaxations of the requirements for automatic
starting and\connettion of ship sources of electrical power for existing ships constructed prior
to the intréduction of the relevant part of SOLAS 2009 CH II-1/D, Regs. 42 or 43. In such
casesq alternative measures for the restoration of ship power acceptable to the relevant
authotities should be provided.

An alarm shall be provided to advise relevant duty personnel. The alarm shall indicate the
failure that caused the activation.

9 HVSC system control and monitoring

9.1 General requirements

Ship equipment shall be protected and controlled by the ship’s own protection and control
systems.

If the shore supply fails for any reason, supply by the ship’s own generators is permitted, after
disconnecting shore supply.
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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, e.g. a fault in the blackout
monitoring circuit.

The simultaneous connection of a HV-shore supply and a ship 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
accordance with the following:

a) load shall be automatically synchronized and trans
and ship source(s) of electrical power following

operating instructions.

Where operatio
power is requiredht6

If the defined’ transfér time limit (see 9.3.1) for transferring of load between HV-shore supply
and shipysource(s) of electrical power is exceeded, one of the sources shall be disconnected
automatically and an alarm shall be provided to advise relevant duty personnel. Special care
shall:be taken not to exceed the maximum permissible load steps of the generator sets (see
IEC 60092-301).

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

10 Verification and testing

10.1 General

All HV systems components shall have passed type tests and routine tests according to
relevant standards.
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The HV system, including control equipment, shall be tested according to a prescriptive test
program.

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.

NOTE Such tests are intended to indicate the general condition of the installation. However, satisfactory |test
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

These tests shall verify that the shore side installation compli achieve

a certificate of conformity.
Tests shall be performed after completion of the instal

10.2.2 Tests
The following tests shall be performed;

a) visual inspection;

b) power frequency test for HV swi
IEC 62271-200 and

d) measurement

e) function@
f) function test'o

g) function test
h)
i)
j)
10.3 Initial tests of'ship side installation

10.3.1 General

Theseests shall verify that the ship side installation complies with this standard. The target
is, to.achieve a test certificate.

Tactec chall ha narfarmad
—e5t5—S 154 <

hal-beperformed-af
These tests shall be conducted as witness tests together with the appropriate authorities.

10.3.2 Tests
The following tests shall be performed:

a) visual inspection;

b) power frequency test for HV switchgear assemblies and voltage test for cables (see
IEC 62271-200 and IEC 60502-2);
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c) insulation resistance measurement;

d) measurement of the earthing resistance;

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

g) function test of the control equipment;

h) phase-sequence test (see Figure 2);

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

j) integration tests to demonstrate that the shipside installations like power managemént
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

A compatibility assessment study according to 4.3 shall be perfgQ

e) functiont
f) function t

g) function test’s

i) phas

i f

k) integ
togethe

The poweér-frequency test for HV switchgear assemblies and voltage test for cables and
insulation resistance measurement and measurement of the earthing resistance shall be
perfarmed only if one of the installations, shore side or ship side, has been out of service or
notiin' use for more than 30 months.

11 Periodic tests and maintenance

11.1 General

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

LE tlo pu | +
LY

i + pu | +lo + H % .49 TN £ ol
o LTS 1o TALTTUTU, UTIT 1ITOo1lo aLlLUTulIlly tu U.S.o ollidil VT PTITTUTTITcu.

NOTE The time between port calls means 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; and

d) an authorized switching and connection proced

Procedures should include an approved “Lock-out, T jointly controlled by

the ship and shore PIC.

12 Documentation

12.1 General

p the manufacturer shall deliver
documentation conce opergtion, technical specifications, mounting
instructions, required § qisStoriing procedures, fault-finding procedures,
maintenance an@a ists of necessary test facilities and replaceable parts.

For the HVSC system{ and

A complete system descxipti ding circuit diagrams, specifying set points and operation
instructions, 8 : 3y parties responsible for shore and ship HVSC systems.

verification™~Nprogra e whole installation that will demonstrate compliance with the

specification.



https://standardsiso.com/api/?name=f3341f0951626a5c1c4a6f1c4f012e45

80005-1 © IEC/ISO/IEEE:2012(E) - 37 -

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:

Uog/U (Uy,) = 6/10 (12) kKV r.m.s

The standard rated voltages Uy/U (U,,) of the neutral cables consideye

Where:

Uy s the rated voltage between phase conductor a
cable is designed;

U is the rated frequency voltage
designed;

transient voltage conditions and apin@o

A.2 General desi

A.21 Genera?
The cables shoul &6

screen, insulation

U

m

NOTE IEZ 68Q92 Q. 3, .6, 'provides further information regarding the use of inner coverings.
8 s further information regarding the use of inner sheathing.

The neutral c¢ab
outer sheath.,

es axe constituted as follows: core with copper conductor, insulation and

Wheré.an alternative to the recommendations of Annex A is proposed, it is possible that the
installation will not be suitable for connection to a compliant shore supply/ship. Application of
an ‘alternative should be documented and made available to personnel in charge of the
compatibility assessment.

A.2.2 Conductors

All conductors should be flexible (class 5 of IEC 60228 or Table 11 of IEEE Std 1580™-2001).
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 60092-351 or IEEE Std 1580.
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Electrical and non-electrical characteristics of the insulation system should be as specified in
IEC 60092-351 or IEEE Std 1580 for the type of insulating compound used.

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

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

A.2.4 Screening

Screening of individual power cores should consist of a conductor screen_and an insulation

screen.

The insulation screen should consist of a non-metallic se
to fulfil the cable test requirements within this annex, ip

screen.

A.2.5 Earth conductor
A.2.5.1 General

Earth conducto
Table 11 of IEE

A.2.6
A.2.6.1

Pilot gonductors should be flexible, plain or metal-coated copper conductors according to
IEC60228 class 5 or Table 11 of IEEE 1580-2001; with a minimum cross section area of
1,50mm?2.

A 2°6.2 imsutation

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 60092-351 or IEEE 1580 for the relevant type of insulating compound used.

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

A.2.7 Optical fibres

Optical fibres should consist of at least six 62,5/125 gradient fibres. Optical fibres should be
according to IEC 60793-2-10 product specification A1b.

There should be no breakage of the optical fibres after conclusion of the mechanical bending
test (see A.3) of the cable.

A.2.8 Cabling

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

laid up.

A.2.9 Separator tape

If separator tape is used it should be wrapped around
consist of a suitable, non-hygroscopic material.

A.2.10 Outer sheath
The outer sheathing material should & hi rechanical properties per
IEC 60092-359 or IEEE 1580. Thermopla PU) in accordance with
EN 50363-10-2 is also an acceptable me > ath_materials, the minimum tensile
strength should be 15 N/mmZ2. Minimup ould be 300 %. The minimum

thickness at any point of the extruded Id be 6 mm for high voltage cables
and 2,5 mm for separate neuntral c

A.2.11 Markings
A.2.11.1 Indi n

Continuity’should be’in accordance with IEC 60092-354, (IEC 60092-353, for neutral cable) or
IEEE Std>4580.

A.2:41.3  Durability

Purability 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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Tests on complete cables

For these tests, reference is made to the relevant clauses of IEC 60092-350 or
IEEE Std 1580.

For test methods for insulation and sheaths reference should be made to the appropriate part
of IEC 60811.

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

a)

On completion of this test, the sa

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 degres
The diameter of the bending reels should be 10 D + 5 %;

where:

1) D is the actual external diameter of the cable Ny es.

2) Tensile force should be 15 N/mm2 of power

3) Maximum % of broken wires for each cpndydct : screen, if required,
4) Maximum % of broken optiCa

jécted to a partial discharge

measurement. The magnitude of dischdrges at should not be higher than 10 pC.
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ot

3000 mm
o =l
T o

wJ

Abrasion test on outer sheath:
1) The test should be performed in accordance with 1SO 4649:2010, test method A.

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

P

—h
N

1O .
oo PTopagatrioTrT oot

The test should be performed in accordance with IEC 60332-1-2.
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 ohm 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

~—B1 Scope

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

The numbering in this annex follows that of the main body of the text.
is not necessarily continuous. Any content which is not explicitly me
modification. For example B.4.1 refers to 4.1 in the main body.

{ence, the.-numbering
s, without

B.4.1 System description

The general system layout is shown in Figure B.1.

SHORE-TO-SHIP CONNECH
SHORE SUPPLY AND INTERFACE EQUIP

= =

HEEAN

NETWORK

11
12

KEY

1. HV-SHORE SUPPLY SYSTEM
WITH SOCKET-OUTLETS

2. HV-PLUG

SHORE CONNECTION SWITCHBOARD
INTERLOCKS WITH PILOT WIRE SHORE SIDE

CONTROL SHORE SIDE
3. FIBRE OPTIC COMMUNICATION
FOR CONTROL AND MONITORING PROTECTION RELAYING SHORE SIDE

(POSSIBLY INTEGRATED IN POWER CABLE) ~ 10. PROTECTION RELATING SHIP SIDE
4 PILOT WIRES 1. 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

0 © o

Figure B.1 — Example for general system layout
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B.4.6.4 Electrical equipment in areas where flammable gas or vapour and/or
combustible dust may be present

HVSC systems shall not be installed in areas which may become hazardous areas, such as
car decks, upon failure of required air changes per hour during loading and offloading cargo
or during normal operation.

B.5.1 Voltages and frequencies

The nominal voltage shall be 11 kV a.c.
Nominal voltage of 6,6 kV a.c. may be used in regional waterborne transportation services.

B.6.2.3 Neutral earthing resistor

Where a shore side transformer is used, the star point shall be ¢ 0 neutral

earthing resistor of 335 ohm continuous rated.

Nominal voltage of 6,6 kV will require a 200 ohm continuoys

B.7.2.1 General

i
9
M
—X
I
5

|I|—C-—->—|I|

KEY

1. CONTROL POWER PILOT LOOP SHORE 8. EARTHING SWITCH PERMISSION

2. CONTROL POWER PILOT LOOP SHIP SHIP SIDE
(VT FED FROM SHORE POWER SOURCE) 9. CONTROL ES SHORE

3. CIRCUIT BREAKER UNDERVOLTAGE (EMERGENCY SHUTDOWN)
COIL (SHORE) 10. CONTROL ES SHIP

4. SAFETY CIRCUIT COIL ON SHORE (EMERGENCY SHUTDOWN)

5. EARTHING SWITCH PERMISSION M. MANUAL ES SHORE (TWO SHOWN)
SHORE SIDE 12. MANUAL ES SHIP (TWO SHOWN)

6. CIRCUIT BREAKER UNDERVOLTAGE 13. EQUIPOTENTIAL BOND MONITORING
COIL (SHIP) DEVICE

7. SAFETY CIRCUIT COIL ON SHIP 14, EQUIPOTENTIAL BOND MONITORING

TERMINATION DEVICE

Figure B.2 — Example of a safety circuit
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B.7.2.5 Equipotential bond monitoring

Equipotential bond termination device shall meet the following requirements:

Y

) Characteristic: Zener Diode
) Zener voltage: 5,6 V + 0,03 Vdc @ 100 mA
Forward Voltage: 0,5 + 0,1 Vdc @ 100 mA

O T

o vaximomm mpedance: 20motmm @ 100 TmA
e) Operating Temperature: -40 °C to 60 °C

f) Current range: 2 mAto 25 A

g) Frequency range: 0 kHz to 20 kHz, -3 db

B.7.3.1 General

General arrangement of plug and socket-outlet shall be in accordax 2 12011,
Annex FF and Figure B.3 below.

POWER SOCKET FACE (SHORE SIDE)
P1. PILOT LINE 1
P2. PILOT LINE 2
P3. PILOT LINE 3

gure B.3 — Power plug and socket pin assignment

The maximum short-circuit current is 16 kA / 1 s and a maximum peak short-circuit current of
40 kA{see IEC 62613-1.

Each plug and socket outlet shall be fitted with three pilot contacts.

Design and dimensions of a power plug, see IEC 62613-1 and IEC 62613-2.

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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Annex C
(normative)

Additional requirements for cruise ships

—C1 Scope

This annex describes the additional requirements for high-voltage shore connection syste€ms
of cruise ships.

The numbering in this annex follows that of the main body of the text.
is not necessarily continuous. Any content which is not explicitly me
modification. For example, C.4.1 refers to 4.1 in the main body.

{ence, the-numbering
s, without

C.41 System description

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

KEY

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

2. HV-PLUG 7. INTERLOCKS WITH PILOT WIRE

W PlLOT WREs " AND MONTORNG
(INTEGRATED IN PLUG AND SOCKET) 9. PROTECTIVE RELAYING

5. CABLE MANAGEMENT SYSTEM 10.  COMMUNICATION AND CONTROL WIRES

Figure C.1 — General system layout

To supplement general system layout provided in Figure C.1, Figure C.2 is provided to show a
detailed representation of an example of a cruise ship HVSC system single line diagram.
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g K\ \,\5/

A\\N

AN

AN

| D

N\ | |

26V 110V SCADA

CTRL  CTRL

L 99—
13
10
] 5 A\
A <
h
1 N -
(@GN N
AN X
\NJ)

KEY
1. SHORESIDE SUBSTAMC 7. SHIP'S SHORE CONNECTION CUBICLE
2. TRANR 8. SHIP'S BREAKER CUBICLE
3. TRANSFSRFEF EAKER 9. SHORE CONNECTION CIRCUIT BREAKER
4 10.  SHIP'S RECEIVING SWITCHBOARD
5. 1. RECEIVING CIRCUIT BREAKER
6. 12. GROUND SWITCH

13.  SHIP'S CONTROL CUBICLE

Figure C.2 — Cruise ship HVSC system single line diagram
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Figure C.3 shows an example of safety and control circuits.

uv-coiL CB “A" (11kV)

SHIP SIDE

<

SHORE SIDE

—>

UV-ColL CB “A" [6.6kV)

SAFETY CIRCUIT OK INDICATION 5
T ®
KBK
3
BA
"f{ EM STOPS

=/

PRIMARYSHORE (B

OVER-RIDE WHEN, SERVICE

Wi IS OREN

|

PERMISSIVE TO CLOSE 6.6kV

KBP 6.6kV % \

PERMISSIVE TO CLOSE 11kV

L S
KBP 11kV % \ 17

TO AUTOMATION  GROUND-CHECK

A
CABLE CE 064
1 (FEMALE PLUG)
1 i
(18X15 - 110 V H‘
2], DC CO;ITROL) 12,
16 I
16 116
- 1
CABLE CE 065
MALE PLUON N
| |
3 (18X15 - Dow
VOLTAGE CONTRBL) \
1 ﬁ\

TERM ASS.

S

INSROWER™RLUG H1

ELLO ILOT)

TERM. ASS.

E

MER PLUG 2 @

\\Eﬁm WIRE TRILOT) - IN POWER PLUG 3 @

IN POWER PLUG H&

WIRE (PILOT) -

C.4.3

Compatibility assessment before connection

Assessment that the ship provides effective earthing.

C.4.4

HVSC system design and operation

Periodic verification of the earthing system is required.

Personnel
experienced.

conducting verification and maintenance should be suitably

PRIMARY
CIRCUIT
BREAKER

GROUND CHECK MONITOR

GROUND CHECK MONITOR

GROUND CHECK MONITOR

GROUND CHECK MONITOR

qualified and
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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 a.c. and/or 6,6 kV a.c.

Consideration may be given to a 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.

Analysis of the existing (2009) cruise ship fleet suggests that a minimum
of 20 MVA at the nominal system voltages described will be required for p
by a variety of cruise ships in the near to medium term. Analysis shows

hore supply ‘rating
itedregularly
s.omajority of

Designers may give consideration to rating connection equipne a’t. HVSC
systems for 11 kV a.c. characteristics where inadvertent co i ) 3 gocket-outlet
and connection switchboard to an 11 kV a.c. shore sup sidered\to be reasonably
foreseeable.

The prospective short-circuit contribu{jon teve e-distribution system shall be

The prospective short- CIrCUIt contribution el on board running induction motors
and the generators in opera mo ashort circuit current of 25 kA rms for 1 s.
C.6 Shore side i

Neutral continuit@a i \ \shall be provided.

NOTE Prese § ! al/cruise ship HV distribution systems are earthed via high resistance earthing
resistors that are installed\on each of the ship’s generators star point to earth connection. By using this earthing
system on each of'the~generators, the earth fault current can be limited according to the size of the resistor, while
on the shore)HV earth fault current can range from a minimum value that exceeds the rating of the ship HV
installation:

C.7:3:1" General

General arrangement of connector located ashore shall be according to Figure C.4.

Each 3-phase HV plug or socket-outlet shall have:

a) 3 phase current carrying contacts, (L1, L2, L3);
b) one earth contact (see Figure C.4 below); and

c) one pilot contact for ground-check monitoring.
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—1 2
y
e & JOX-
P1 P1

2. SOCKET OUTLET FACE (SHIP SIDE SOCKET)
E.  EARTH

P1. PILOT LINE 1 (USED FOR GROUND CHECK)
L1 PHASE A - PHASE R
L2. PHASE B - PHASE S
L3. PHASE C - PHASE T

ECQ) L2 U
«O
KEY
1. POWER PLUG FACE (SHORE SIDE PLUG)

or pimrassignment

General arrangement of pgwer plug f\ghall be in accordance to IEC 62613-
2:2011, Annex GG, and F nd socket-outlet shall be in accordance

Size, quantity a ting a afficient to meet the maximum power rating and
voltage that the i i

NOTE Typically (2089)\c tilize four (4) power 3-phase couplers, each rated 500 A and one neutral
single pole connectorxated 25Q

The maximurq sho ent is 25 kA / 1 s and a maximum peak short-circuit current of
63 KA.

In addition, th plugs as well as the neutral plug shall be fitted with fail-safe limit
switches that)are>agtivated only when the plug and socket-outlet are properly mated (see
Figure C.5).

These*fail safe limit switches shall be part of, and activate the emergency shutdown, if the
plug is moved from the mated position while live, see 4.9.
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1

C.8.1 General

Connection bet tH

bonding.
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Annex D
(normative)

Additional requirements of container ships

— D1 Scope

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

D.4.1 System description

The general system layout is shown in Figure D.1.

SHORE SUPPLY SHIP'S NETWORK

KEY
¥~ HV-SHORE SUPPLY SYSTEM 5. CABLE HANDLING SYSTEM
WITH SOCKET OUTLETS 6. SHORE CONNECTION SWITCHBOARD
2. HV-PLUG 7. INTERLOCKS WITH PILOT WIRE
3. FIBRE OPTIC COMMUNICATION FOR 5 COMMUNICATION FOR CONTROL
LUNTRUL ANU FIUNITURING INTEGRKATEU AND MONITORING

IN POWER CABLE

L. PILOT WIRES
(INTEGRATED IN PLUG AND SOCKET)

9. PROTECTIVE RELAYING

Figure D.1 — General system layout

D.5.1 Voltages and frequencies

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

D.7 Ship to shore connection and interface equipment

Tar aaratal Ll PP ¥ “W Y P PN S P02 FEP-C P =N ball L
WO pPardancT CauTeC S Wit O oo PTTOUT COTTOUCTUT S ©atTT STTIaiT U

maximum power demand of 7,5 MVA.

D.7.2.1 General

The cable management system shall be located on board ship.

D.7.2.5 Equipotential bond monitoring
Equipotential bond termination device shall meet the following

) Characteristic: Zener Diode;

) Zener voltage: 5,6 V + 0,03 Vdc @ 100 mA;
c) Forward voltage: 0,5 + 0,1 Vdc @ 100 mA;
) Maximum impedance: 20 mOhm~@ 100 q
)
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