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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSTALLATIONS IN SHIPS -

Part 501: Special features —
Electric propulsion plant

FOREWORD

t|on comprising
bromote
ields. To
ifilcations,
s “IEC

1) Thellnternational Electrotechnical Commission (IEC) is a worldwide organization for standardi
all pational electrotechnical committees (IEC National Committees). The obj
intenational co-operation on all questions concerning standardization in the electf\
this |lend and in addition to other activities, IEC publishes International Sta
Technical Reports, Publicly Available Specifications (PAS) and Guides
Publication(s)”). Their preparation is entrusted to technical committees; a E erested
in the subject dealt with may participate in this preparatory work S ¢ Y d non-
governmental organizations liaising with the IEC also participate in jh JORy collaborates| closely
with| the International Organization for Standardization (ISO) in gccordange Wi iti ined by
agrgement between the two organizations.

hational
from all

2) Thelformal decisions or agreements of IEC on technical mattg
congensus of opinion on the relevant subjects since eac
intelested IEC National Committees.

3) IEC|Publications have the form of recomméndations/fqr int National
Conmittees in that sense. While all reasdgabl e of IEC
Publications is accurate, S i for any
misipterpretation by any end user.

4) In ofder to promote international uniformify, IEC _NatiogalNCominjttees undertake to apply IEC Publications
trangparently to the maximum extent poss§ible i i i icati . ivergence
betwWeen any IEC Publicatioahd the e ing i g i icati indipated in
the latter.

5) IEC|provides no marki for any

equipment declared to

6) All Users should@ )
7) No ljability shall chrt

erts and
menbers of its techn{cal } E i i inj nage or
othgr damage of 4 e es) and
expgnses arising\ ouf\ o her IEC
Publications,
8) Atteption is\drawn ive i i i ication. icgtions is
indigpen f

9) Atteptiond al ibili i icati bject of
patent righ R

International»Standard IEC 60092-501 has been prepared by IEC technical committee 18:
Electrical/installations of ships and of mobile and fixed offshore units.

This fourth edition cancels and replaces the third edition published in 1984. It constitutes a
technical revision.

This edition included the following significant technical changes with respect to the previous
edition:

a) requirements regarding system responsibility, electromagnetic compatibility (EMC),
harmonic distorsion and filtering, special requirements for ships with propulsion motor(s)
and podded drives, and power management system (PMS);

b) overall technical review to update the standard according to general requirements and
referenced equipment standards.


https://iecnorm.com/api/?name=fcb7dbb428e91ee7b2fffb339327c84c

60092-501 © IEC:2007(E) -5-

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

FDIS Report on voting
18/1057/FDIS 18/1063/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list pof all parts of the IEC 60092 series, under the general title Electy

ships, |can be found on the IEC website.

The committee has decided that the contents of this publication
the maintenance result date indicated on the IEC web site unde
the data related to the specific publication. At this date, the pub
* redonfirmed,

* withdrawn,

» reqlaced by a revised edition, or
+ amended.

A bilingual version of this publication ma

ons in

d until
ch" in
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INTRODUCTION

IEC 60092 forms a series of international standards for electrical installations in sea-going
ships, incorporating good practice and coordinating, as far as possible, existing rules. These
standards form a code of practical interpretation and amplification of the requirements of the
International Convention on Safety of Life at Sea, a guide for future regulations which may be
prepared and a statement of practice for use by shipowners, shipbuilders and appropriate
organizations.

@%
S
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ELECTRICAL INSTALLATIONS IN SHIPS -

Part 501: Special features —
Electric propulsion plant

1 Scope

Th + £ 100 onnNnQ9 H +H H + £ Ll 1 $act la ] + <l HWPN th
IS p MU UNTL U UUUJL opPUUITITCO TUYUUITTTITTTINO TUT diT TITUUITL  PTUPUTOTUTT S e

specifications, system design, installation and testing of at least

e generators and their prime movers;
e swj|tchboards;

e trapsformers/reactors;

e semiconductor convertors;

e prgpulsion motors;

e exg¢itation systems;

e control, monitoring and safety systen

e wires, cables, busbars, trunking s

ing devices, booster and takg-home
lator battery powered propulsion

Bow gnd stern thrusters intended a
devices, all auxiliary generating pl
machinery and equipment a

2  N¢

The fo iment.
For ddted referenceg iti edition
of the it (i i

IEC 60

IEC 60

IEC 60

IEC 64092 (all parts), Electrical installations in ships

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

IEC 60092-202, Electrical installations in ships — Partie 202: System design — Protection

IEC 60092-204, Electrical installations in ships — Part 204: System design — Electric and
electrohydraulic steering gear

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

IEC 60092-302, Electrical installations in ships —Part 302: Low-voltage switchgear and
controlgear assemblies
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IEC 60092-303, Electrical installations in ships — Part 303: Equipment - Transformers for

power and lighting

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

and instrumentation

IEC 60146 (all parts), Semiconductor convertors

IEC 60146-2, Semiconductor convertors — Part 2:Self-commutated semiconductor converters

including direct d.c.converters

IEC 61000-6-2, Electromagnetic compatibility (EMC) — Part 6-2: Ge

Immunity for industrial environments
IEC 61378-1, Convertor transformers — Part 1: Transformers for indf

IEC 63271-200:2003, High-voltage switchgear and controlge
enclosed switchgear and controlgear for rated voltages apove
52 kV

A\ 2009; A.C.
b to and ind

rds -

metal-
luding

International Maritime Organization, International (confention<of afety of life at sea
(SOLAS):2004, Chapter lI-l1/ Regulations 27, 29 &

3 Teéerms and definitions

For th¢ purposes of this document, the foll@t

31

azimuth drive

systen) which moigs

3.2

double sensor

two sejnsor elemé

3.3

local ¢

place of ertors
indepgndent

3.4

locked_electrical spaces

spaces constructed as dry spaces which are provided with lockable doors and are intended

solely for installation of electrical equipment

3.5
main control station

place of control of the main propulsion system which is manned under seagoing conditions

3.6
nominated body

installer or manufacturer that has been given direct responsibility for the complete propulsion

system.
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3.7

one failure principle

during and after a fault in a circuit, the supply to the healthy circuits is permanently ensured
(continuity of supply) and after a fault in a circuit has been cleared, the supply to the healthy
circuits is re-established (continuity of service)

3.8

podded drive

propulsion system in which the motor is located in a dedicated, submerged unit (pod housing)
of the ship

3.9
powerl management system (PMS)
contro| and safety system which provides the load depending starts the| prime
movers, the load sharing, etc.

3.10
propujsion generator
generator mainly used for power supply of the propulsion

3.11
propujsion motor
electrical motor intended to provide propulsion pg

3.12
propulsion switchboard

switchpoard mainly used for power disfribution tosthe Qulsion systems
3.13 Q
redunfdant sensor
two simgle sensors in

3.14
remot
syste
where|the operato

Dsition

4 Syst

4.1 [Syste

4.1.1 General

A typicarl electrical propulsion System consists of the following hardware components.

e propulsion generators;

e switchboard;

e transformers to convert the ships voltage to the convertor voltage;
e convertor to supply the electric motor;

e control system;

e propulsion motor

A typical configuration of the hardware components is shown in Figure 1.
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[alelalsTe]
-
jelelolulel

¢ @
ha
20

IEC 1287/07

Key
1 Main engine
2 Propulsion generator
3 Switghboard
Figure 1 — Typi
4.1.2
The o
NOTE g e
However, it may® unavo'dab e that some undetected failures may injure the one failure principle.
It sha|l be_possible” for all machinery essential for the safe operation of the ship
contro|ledArom a local position, even in the case of failure in any part of the automatic |
control sysiem, see Clause T14.
4.1.3 Special requirements for ships with only one propulsion motor

voided.

to be
emote

Synchronous and induction motors shall be equipped with two stator winding systems which
can be disconnected from the respective convertor. Each convertor shall be designed for at
least 50 % nominal power of the propulsion drive.

DC motors shall have two separate rectifiers, each for 50 % nominal motor current, with
means for disconnecting each rectifier. The convertors shall be mutually independent. Any

single

failure in one convertor shall not result in complete loss of propulsion power.

Motors with permanent excitation shall be equipped with two stator winding systems which
can be disconnected from the respective convertor. Additionally, there shall be a braking or
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blocking system which can fix the shaft under all weather and normal towing conditions.
Alternatively, a decoupling system may be used which ensures standstill of motor shaft.

4.1.4 Special requirements for ships with more than one propulsion motor

Any electrical failure in a propulsion convertor or propulsion motor shall not make all shafts
unavailable.

For all types of propulsion, there shall be a braking or blocking system which can fix the shaft
under all weather conditions, propulsion by the remaining shafts and normal towing
conditions.

4.2 [System responsibility

There |shall be one nominated body responsible for the integration g ulsion

systeny.

This bpdy shall have the necessary expertise and resources ena o jration
procegs.

4.3 [Torsional stress and torsional vibrations

In order to prevent excessive torsional stres essive
magnifude, careful consideration shaljbe gi O GO i ia and
the elasticity constants of the entire in the
syste

The entire oscillating syste prime-moyers, generators, transformers, conviertors,
excitefls, motors, slip-coup ) d propellers.
The mlanufacturers of |the 9 % ovide all necessary information to the gystem

resporjsible bodyjee

The highest oscillatiy
The hi

motor.
of the

motor.
NOTE sh stop
manoeu
These i sifuations shall be managed by the propulsion plant. Evidence shall be
made

4.4 |Operational stability

The control system shall be able to control the propulsion system under all weather and
manoeuvring conditions.

Other onboard systems shall not influence the propulsion or manoeuvrability of the ship, for
example no common communication links, no common hardware. Special consideration shall
be given to electromagnetic interference.

All means for normal operation of the propulsion system, including necessary power
generation, shall have interlocks in order to prevent incorrect operation and damages.
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4.5 Protection against moisture and condensate
Effective means, for example space heaters or air dryers, shall be provided in motors,

generators, convertors, transformers and switchboards to prevent accumulation of moisture
and condensate, even if they are idle for appreciable periods.

Propulsion motors shall be equipped with an electric heating designed to maintain the
temperature inside the machine at about 3 K above ambient temperature.

4.6 Excitation systems

4.6.1 __General requirements

Every excitation system shall be supplied by a separate feeder.

The ol
the ou

Excita
alarms

If the
circuit

ective

If the excitation system is fitted with independs a ices Lnder-
freque B i - such a
way thiat the system protection reacts ffrst.

it%a

e total harmonic distortion and power factor.

Excitation circuits shall
excitafion switch is ope

Specigl conside@

4.6.2 Generators

por suppressing voltage rise whlen an

The steady ana on conditions of the excitation system including the
automptic voltage regujato be in accordance with IEC 60092-301.

Excitati
excited.
power|source.

Externfal’power supply may be used for exciter control circuits provided that redundanpcy for
this e%mmkr&m—mﬂmmeower

shall be supplied from the corresponding main switchboard section and emergency source of
electrical power with battery back up. At least two external power supplies for all generators
are required. Every generator excitation system shall be supplied by independent power

supply.

supplied from the generator side and the generator shall be self-
dltage built up shall be done without the aid of an external glectric

4.6.3 Propulsion motors

It shall be possible to supply the exciter circuits from the same switchboard section supplying
the stator windings.

4.7 Wires, cables, busbars, trunking systems

Cables and insulated conductors used for internal wiring shall be at least of a flame retardant
type. In case of wiring adjacent to equipment containing hydraulic or other oils, the insulation
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shall be resistant to that oil, or be properly shielded from it. The cables and insulated
conductors shall also be resistant to sea air containing moisture and salt and seawater and
they shall be not hygroscopic. They shall also be able to withstand the vibration levels and the
temperatures at the location installed and they shall be able to withstand internal and external
short-circuits. This also applies to singles wires of cables within terminal boxes.

For all electrical components and installations, materials shall be used that minimize the
emission of smoke, soot and toxic gases in case of fire.

Bus-bar systems for power transport shall be either certified for lifelong operation without
service, or all joints shall be accessible for inspection and maintenance.

In locations where cables may be subjected to mechanical damage, thej be~prgtected
with special reliable covers or shall be installed in metallic pipes.

5 Electromagnetic compatibility (EMC) and harmonic disto

5.1 General

Propulsion systems shall comply with performance Mmeans

no degradation of performance or loss of function is

5.2 [Total harmonic distortion, T

Equipment producing transient voltage a 5 cause
malfurjction of other equipment on boay

The design shall take in/acspu 8 \ i ithin the
propulsion network.

For the propulsiom network tf distortion (THD) value of the voltage shfall not
exceed 10 %. If i ulsion
systenp, see 4.2, shg If the
propulgion networkaa are directly connected the THD value of the Joltage
shall not exceed C 60092-101.

The dgsign of cab w and cables, transformers, protection devices etc. shall take into afcount

the highAevel of heg mdnid currents caused by the convertor system.

5.3 Radio

If conyertors for propulsion plants are placed in separate rooms or cabinets, the makimum
valuesl for emissions are valid only outside these rooms or cabinets. The imr:‘uunity
requirements of the propulsion convertor shall comply with at least the requirements for all
other equipment on board.

Conducted and radiated emissions leaving the convertor cabinet or room shall be reduced to
a system-compatible level.

6 Prime movers

6.1 General requirements

The engines driving the propulsion generators are the main engines.

Main engines shall comply with the specifications of the relevant authorities.
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6.2 Speed deviations

If the propulsion generators are also used for supplying the ship network, static and dynamic
frequency deviations shall meet the requirements of the ship network.

Where the speed control of the propeller requires speed variation of the prime mover, the
governor shall be provided with means for local control as well as for remote control.

The prime mover rated power in conjunction with its overloading and load build-up capabilities
shall be adequate to supply the power needed during transitional changes in operating
conditions of the electrical equipment due to manoeuvring and sea and weather conditions.

6.3 [Parallel operation

In case of parallel operation of generators, the governing system uose it |stable
operatjon to be maintained over the entire operational load range of\the\p

The speed governor characteristics of prime movers shall be such that.in e bration
the load on individual generators is shared, as far as posgible ) tput of
each denerator.

6.4 |[Reverse power

When astern

with t bing a
propor

Means in the

reducd e

The ar

7 G

71

Gener 01.
Sener 5 shall
ave g

Generptors operating with semiconductor convertors shall be designed for the expected
harmonics of the system. A sufficient reserve shall be considered for the temperature rise,
compared with sinusoidal load.

Stator windings of generators rated above 500 kVA shall be provided with temperature
Sensors.

Generators above 1 500 kVA shall be equipped with differential current protection.

7.2 Bearing and lubrication
7.21 General

All bearings shall be equipped with temperature indicators. The measuring point shall be as
specified in IEC 60034-1.
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Adequate lubrication shall be ensured even in inclined positions. Provision shall be made for
checking the bearing lubrication.

Generators shall be equipped with devices which, in the event of a failure of the normal
lubricating oil supply, provide adequate lubrication until the machine has come to standstill.

No lubricating liquid shall flow out of the bearings and penetrate into the machine.

In case of bearings with forced lubrication, failure of the oil supply (loss of oil pump, loss of
pressure in the bearing supply pipe) and the attainment of excessive bearing temperatures,
an alarm shall be given. If the temperature rises further, the generator shall be stopped.

To avpid damage to bearings, it is essential to ensure that no har ents ‘can flow
betwegn bearings and shaft.

7.2.2 Sleeve bearings

Sleevg bearings shall be easily replaceable.

Two-part bearings shall be fitted with thermometg the
temperature of the lower bearing shell.

7.2.3 Roller bearings

Roller

7.3

The te g g ducts,
air filtgrs or water coo C WS which
are re 8 ine ger an
alarm.

For machines with a s ¥ rimary
and s¢g

Leaka akage
monitdri

7.4

The protedtion shalkbe in accordance with IEC 60092-202.

7.5 Test

Propulsion generators shall be individually tested at the manufacturer's works. The scope of
the tests is stated in the IEC 60034 series.

The additional heating caused by total harmonic distortion shall be taken into account during
the temperature rise test.

8 Propulsion switchboards

The propulsion switchboard shall be in accordance with IEC 62271-200 (high voltage)
adapted to shipbuilding requirements or IEC 60092-302 (low voltage) and shall be designed
like a main switchboard. The longitudinal segregation of the bus bar shall be done by a load
switch disconnector or equivalent equipment.
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Special consideration shall be given to the total harmonic distortion, see 5.2, and power
factor.

9 Propulsion transformers

9.1 General requirements
9.1.1 General

Transformers and reactors shall be in accordance with [EC 60092-303 and power
transformers in accordance with IEC 61378-1 and the IEC 60076 series.

Specigl consideration shall be given to the total harmonic distortion s and |power
factor.

At leagt two independent propulsion transformers shall be installed,

Only tfansformers with separate windings shall be used. are ‘permitfed for

motor starting.

Transf] pped with an efarthed

shield
The w

9.1.2 Degree of protection

Transformers located in¢enyi > IP 23.
Mediupn voltage transforme 3 e of at
least IP 44.

All transformer : ree of
protection of at leas

9.2
9.2.1

Measures.sha < , even
for incli 9 {

They of the

liquid.

hall‘\be provided with a collecting arrangement which permits the proper disposal

A fire detector and a suitable fire extinguishing system shall be installed in the vicinity of the
transformer. The fire fighting system may be manually operated.

Liquid cooled transformers shall be provided with gas-actuated protection devices.

The liquid temperature shall be monitored. A prealarm shall be actuated before the maximum
permissible temperature is attained. When the maximum permissible temperature limit is
reached, the transformer shall be switched off.

The liquid filling level shall be monitored by means of two separate sensors. The monitoring
system shall actuate an alarm at the first stage and shall trigger a shutdown at the second
stage, when the permissible limit is exceeded.
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9.2.2 Air cooled transformers

Ventilators and temperatures of the cooling air for forced-ventilated transformers shall be
monitored.

9.2.3 Air forced/water forced cooled transformers
For transformers with a closed circuit cooling method with a heat exchanger, the flow of

primary and secondary coolants shall be monitored. Leakage-water and condensed moisture
shall be kept away from the windings. Leakage monitoring is required.

9.3 Instrumentation

Propulsion transformers shall be equipped with a three-phase ammeter

9.4 Protection

Each propulsion transformer shall be protected against overc at the

primary and secondary side.
Protection on secondary side may be achieved by the conv

9.5 Test

Propulsion transformers shall be indiw
the tegts including the vector-group test\

ope of

The afdditional heating caused by tof n into

account during the tempe reri S

10 Cpnvertors

10.1 |General Q

Convelrtors shall pe\de sslance with the IEC 60146 series.
Two eptirely(sep

Commjon.con ol he coyvertors is not permitted. This means, for example, that two|single
tachometer™g one doubled tachometer generator shall be installed if a tach¢meter
generdtor is.needed for ship’s operation.

Two gjalvahically isolated actual speed sensors shall be provided for each control system.
Common housing of both sensors is permitted.

If the convertor feeds a permanently excited synchronous motor, a switch disconnector shall
be fitted in the motor-convertor line which opens automatically in case of an inverter fault.
Devices which support fault diagnosis shall be installed.

10.2 Design of semiconductor convertors
Propulsion convertors shall be designed for the nominal torque of the drive. Short-term

overload and speed variations resulting from overloads shall not lead to a shutdown of the
system.

The cabinets for semiconductor convertors shall meet the standards of the main switchboard.
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High voltage convertors shall be treated like high voltage switchgear and control gear in
accordance with IEC 62271-200 adapted to shipbuilding requirements. The enclosures shall
be manufactured to withstand accidental arcs in accordance with Annex A of IEC 62271-200,
or shall be located that personnel safety is ensured.

The power components for semiconductor convertors shall be easy replaceable.

10.3 Cooling of semiconductor convertors

If semiconductor convertors are fitted with forced-cooling, means for monitoring the cooling
system shall be provided.

In casg of a failure of the cooling system, measures shall be taken to prevent da to the
conveftor. An alarm shall be given. The alarm signal can be genera ; of the
coolant, or by the temperature of the semiconductors.

Single| failures in convertor cooling systems shall not lead to fors of

the ship's propulsion.

10.4 [Protection

The following protection of convertors shall be provi

ofs are connected shall be
¢s for these devices shall be

Opera
limited
monitg

A suitable control shall ensuyre that_the ent of semiconductor elements gannot
be exd

Semic
fuses [s permitt
are damaged w

m control the current in such a way that no comppnents
K ) .

10.5 ([Test
Conveftors gha ingivi Wtested at the manufacturer's works. The scope of the| tests,
for examp e stments, limitations, failure handling, is stated in IEC $§0146-

2.

11 Harmonic

Line filters can be used to ensure the required harmonic distortion in the mains at any step of
propulsion.

Each individual filter circuit shall be protected against overcurrents and short-circuit currents.
The fuses in filter circuits shall be monitored.

Using line filters, the filter layout shall be designed for any conceivable line configuration. In
particular, self-resonance shall be excluded under any load condition and all generator
combinations.

In the case of several parallel filter circuits, the current symmetry shall be monitored. An
asymmetrical current distribution in the individual filter circuits and the failure of one filter
shall be alarmed.
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The additional heating caused by total harmonic distortion shall be taken into account during
the temperature rise test.

12 Propulsion motors

121

General requirements

For motors, the requirements of the IEC 60034 series and IEC 60092-301 shall apply.

Motors shall have a protection degree of at least IP 23. Medium voltage motors shall have a

protec

ion degree of at least |P 44

Stator
motorq

Motors
of the
with si

12.2

12.2.1

The rgquirements of generator beari

additid
In cas

12.3

The 1

Suffici
Suitab

If the
possib
permit

12.4

equirements o
requirgments.

husoidal load.

Bearing and lubrication

General

nal requirements.

ent cooling ska

Protection

bf d.c.

honics

system. A sufficient reserve shall be considered for_thg b mpared

lowing

itional

all be
DS are

12.4.1

Overcurrent

Overcurrent protective devices in the main and excitation circuits shall be set sufficiently high
so that there is no possibility of their operating due to the overcurrents caused by
manoeuvring or normal operation in heavy seas or in floating broken ice.

The control system shall ensure that manoeuvring, normal operation in heavy seas or rough
weather or operation in broken ice will not overload any part of the system.

Short-circuit and overcurrent protection may be provided by the convertor.

Annex A gives an alarm-matrix of the different motor designs such as permanent-excited
motors, synchronous motors, asynchronous motors and DC motors.
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12.4.2 Overspeed of propulsion motors

An independent overspeed protection device is required?).

Propulsion motors shall be capable of withstanding overspeed up to the limit reached in
accordance with the characteristics of the overspeed protection device at its normal
operational setting.

12.5 Test

Propulsion motors shall be individually tested at the manufacturer's works. The scope of the
tests is_stated in the |[EC 60034 series

The aJ!ditionaI heating caused by total harmonic distortion shall be tak
the temperature rise test.

during

After the first temperature-rise test and after each repea Llation

resistgnce measurement shall be carried out.

If the neutral point is not accessible, the stipulated phz lation tes{ is not

possible. The manufacturer shall offer an equivalent

12.6 [Short-circuit withstand capabili

Motorg shall be capable of withstanding a at their terminals undef rated
conditions without suffering damage.

Steady state short circui nt excited motors shall not cause thermal
damades of the motor anq th rying_compg@nents (for example cables, feedefs, slip
rings).

12.7 Accessib<>a i pairs in situ
For pyrposes of ifisgectjor ! ovision shall be made for access to the statpr and

rotor coils, and fopihe 3 gplacement of field coils.

Facilitles shall ide supporting the shaft to permit inspection and withfdrawal
replacgm i

Adequpte access sh g provided to permit resurfacing of commutators and slip-rinjgs, as
well ag the renewal and bedding of brushes, rotating rectifiers and protection equipment, if
any.

Slip-coupiings shall be designed to permit removarl as a unit without axiat dispracement of the
driving and driven shaft, and without removing the poles.

13 Special requirements for podded drives

13.1 General requirements
The manufacturer shall take into account that during operation, inaccessible spaces and

special environmental conditions require sufficient measures, for example highly reliable
materials and components, adequate amount of sensors, special mechanical precautions.

1) International Maritime Organization, IMO, SOLAS Chapter II-1, Regulation 27, 1* paragraph.
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The components, for example controls, sensors, slip rings, cable connections and auxiliary
drives, shall withstand the strength of vibration, of at least 4 g from 3 Hz to 100 Hz.

13.2 Sensors
13.2.1 General requirements

The manufacturer shall prepare a list of all sensors with type, location of their installation,
task and values (range, set points and action caused).

Important operational values for maintaining the drive and control ability in inaccessible areas
shall be recorded, evaluated and shown redundantly

The rgcorded results shall be checked for plausibility. Implausible inpd trigger
an alafm. It shall be possible to differentiate extreme measure value

Sensofs which can only be changed during dry docking sha ed as

doublg sensors.

13.2.2] Bearings
Qil filling levels shall be monitored. This also appli [ Qil leakage shall be

alarmgd. A control of the oil filling level shall b } ) m and
monitdring system.

equipged with flow monitoring.

Shaft bearlngs shall be mon itored i ion, ble by
out in

The tgmperature the

two steps (actio@ R). Yhe temperature indication for shaft bearingg shall
be prqvided indepepdex Pm and monitoring system. Redundant sensdrs are
required.

The rgeasurme motonbearing temperature shall be carried out in accordange with
subcl

13.2.3

The bilge level shall e monitored.

In addttiormtothreconventionmatbitgesensors{hightevet,HL),mdependentsensors—tigh high
level, HHL) shall be provided which stop the propulsion automatically and protect it from
consequential damages. In the case where the connecting component between the pod
housing and the hull is a separated room and not connected to the engine bilge, a level
monitoring shall be provided there.

The shaft sealing system shall be monitored in a way that ingress of sea water is ascertained
before consequential damages appear. An emergency sealing system shall be provided. The
function of the activation system shall be controllable, for example with compressed air up to
the last valve. In combination with the emergency sealing system there shall be a braking or
blocking system which can fix the shaft under all weather and normal towing conditions. The
activation of sealing and breaking system shall be indicated at each control station.
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13.2.4 Fire alarm

An effective fire monitoring shall be provided.

13.2.5 Accessible areas

Sufficient illumination and temporary ventilation shall be provided for accessible areas where
regular maintenance work needs to be carried out. Entries to these areas shall be locked in
such a way that access is only possible, if the personnel cannot be endangered by the drives.

13.3 Protection of the propulsion motor

13.3.1| Protection against internal faults

Motorg of more than 1 MW and all permanent excited motors shall be grovide i ection
againgt internal faults that also monitors the connections between th tor 8 tor. In
the cape of a fault, the power supply to the defective equipment shal| bg i d within an
appropriate period of time.

13.4 JAir humidity

Humidjty shall be monitored for motors with closed ajr syste

13.5 |Motor supply lines

Cableg operated at high temperature 1 eparate from other cables. If

required, a protection against contact s

Test reports of temperature rise tests\of ars\withincreased current density or gables
operated at high conducfor y ves sha)t be submitted to the nominated| body,
see 4.p.

During the tem a trial, it shall be proven that the pefmitted
maximum tempe e terminals are not exceeded.

IP profection for a ands and busbar connections shall be at least IP #4.

These|requi

13.6 S

It shall be taken
rings fan(be deg
oxidation

account that the mechanical and electrical characteristics of the slip
aded by contamination with oil, carbon dust and salt-mist air,|or by

A temperature-rise test of the slip ring shall be carried out as a type test.

The suitability of used materials at maximum permitted temperature values shall be proven.
The permitted conductor temperature values of the connected cables shall not be exceeded.
During the temperature rise test at the sea trial, it shall be proven that the permitted
temperature limits are not exceeded.

In case of data transmission carried out via a bus system, two redundant transmission paths
shall be provided. Failure of each single system shall be alarmed.

External or forced cooled slip rings shall be dimensioned sufficiently for restricted operation
without the cooling system. The cooling system failure shall be alarmed.
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13.7 Azimuth drive
13.7.1 General requirements

Azimuth drives shall meet the requirements of steering gear in accordance with
IEC 60092-204. One failure principle shall be ensured for all electrical and hydraulic
components. For these purposes, a failure mode effect analysis (FMEA) shall be provided and
practically proven, as far as possible, by the nominated body, see 4.2. Safe operation of the
ship shall be ensured independently of the angular position of the pod and ship's speed in the
event of any failure. The position of the azimuth drive shall be mechanically indicated on site.

At least two independent azimuth drives shall be provided for each podded drive, whereby

one drive shall be supplied from the emergency switchboard and thg main
switchpoard.

Azimuth drives shall be protected against overcurrent (for example ¢ cable)
and short circuit. They shall be able to supply 160 % of the to ] rated
speed OLAS
Ed. 20 esign,
for exa

13.7.2

Gener rating,
low sh

The th lected
operatjon mode so that the safety of i - . r shall
be lim{ted related to the actual azimuth y'safety of the ship is not endangered.
Reachjng or exceeding

After iriggeringi to the
allowed range withe

13.7.3

The operatio icati bl | i i irection
or the i i the ship is clearly discernible. It shall be clearly discerniple for
the op oving direction or the propulsion direction was chosen.

13.7.4 trol station for azimuth drives

For log¢al<control for propulsion, see 14.5.2.2. The local control station for azimuth drivefs shall
be equippedaccordingty:

e ammeter for each supply side current of each load component;
e azimuth angle indicator for each podded drive;

e plant ready for operation for each drive;

e plant disturbed for each drive;

e power limited (from convertor);

e control from engine control room;

e control from the bridge and

2) International Maritime Organization, IMO, SOLAS Edition 2004 Chapter II-1 Regulation 29 and 30.
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ning indication for the associated propulsion drive.

The local control station can be activated locally and shall have the highest priority.

14 Control

Computer based systems shall be designed and tested in accordance with IEC 60092-504.

141

Power management system (PMS)

Additional to the requirements described in IEC 60092-504, the following requirements shall

apply:

For pq

program for automatic power management, which will ensure ad

even
manos

In cas
the prq

If gene
be prg

againgt unacceptable load steps. The s

Trippin
neces

Any lo

14.2

The ca

In Figd

The miinim

two cdg

contro

Contrg

n transit/manoeuvre. Automatic load based disconnecti
uvre mode is forbidden.

p of under-frequency of the supplying mains, over
pulsion power has to be limited.

n shall

is not

g unit,
bndent
bngine

hall be

I-shall be possible if the control system failed, therefore the local control panel s

directlyTonmectedto the tonvertors.
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Bridge desk

Wing

ing

Propulsion
control gvst

U R

~= ==

IEC 1288/07

Key

1 Bridge desk 5 Convertors

2 Wing 6 Local control panel
3 Engine control room (ECR) desk 7 Telegraph receiver
4 Propulsion control system

Figure 2 — Typical control configuration
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14.3 Location of manoeuvring controls

The main propulsion manoeuvring controls may be located at any convenient place.

Whenever control outside the engine room is applied, an arrangement shall be provided
whereby the propulsion plant can also be controlled from the engine room or control room.

The local control station shall be located in the vicinity of the drives or convertors so that
changes in the control of propulsion can be recognized.

Each control station shall have an emergency stop device which is independent of the drive’s
contro| and the active control place. The emergency stop device shall ens e tripping of the
feeder preaker for the propulsion convertor.

14.4 [Main and local control station

Additignal to the requirements of 9.5 of IEC 60092-504 (200
shall dpply.

ments

At leagt mutually independent main and local control i ( ided. In the qase of
breakdown, malfunctioning or loss of power supp v m, the
contro| of the convertors shall remain possible at see Figure 2.

The b i teering, the monitoring and
the co & ystem.
Comm

All alafms shall be acknow equire
any further intervention san b ) C of the
propulgion plant shall [k 3SSi frol stations, depending on which one has

been preselected. Afte at the

main dontrol sta@

14.5

14.5.1

Failure of the
drives gll not
cause

14.5.2

14.5.2

Main propulsion plants shall be provided with at least the following measuring equipment and
indicators at control stations.

14.5.2.2 At local control station
At the local control station the measuring equipment and indicators shall include:

e ammeter for each supply side current of each load component;

revolution indicator for each shaft;

plant ready for operation;

plant disturbed;

e power limited (from convertor);
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control from engine control room; and

control from the bridge.

14.5.2.3 At (main) control station on the bridge

At the (main) control station on the bridge, the measuring equipment and indicators shall
include:

revolution indicator per shaft;
shaft power meter;

plant ready for switching on;

plant ready for operation;
plant disturbed;
poyer limitation;

redquest to reduce the power if not automatically controlled gr egquip
button;

comtrol from engine control room;
comtrol from the local control station; and

indication of the generators used for propulsion,

NOTE |An indicator for remaining power is regom

When [two or more control stations are
propeller speed and pitch indicator sh

14.5.2|14 At (main) co

At theg (main) control

indicafors shall inglude
e reyolution in

sh

request-to reducethe power if not automatically controlled or equipped with overrid
button;

b push

ers, a

gine-control room, the measuring equipmefnt and

b push

corrtrotfromrthetocatcomntrotstation;
control from the bridge; and

indication of the generators used for propulsion.

For fault monitoring of the equipment, see Annex A.

14.6 Availability

In general, the loss of power of any other control and monitoring system or the malfunctioning
of these systems shall not result in loss of propulsion, steering or azimuth drives.

Propulsion and azimuth drives and controls shall have self-acting routines to detect failure.
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The most probable failures, for example loss of power, wire failure etc., shall result in the
least critical of all possible new conditions (fail to safety).

15 Tests

15.1 General

In addition to the standard tests described in other parts of the IEC 60092 series, the
following special tests shall be carried out.

All tes . i Ir ifa ing, factory
accepfance test and dock and sea trials shall be documented The t all be

The ¢
shall b

rrent, voltage and temperature capabilities of cables, bus-B
e verified by type-tests or routine tests.

15.2 [In-process-tests

A plan shall be generated before production whic 8 arried out py the
manuffacturer and sub-suppliers.

15.3 |Factory acceptance test

Beforg the factory acceptance test, the test procCe o documented.

‘ guipment shall be carried out|at the

As far| as practicable, all normal accepta
manuffcturer's works to ¢
ordering specification.

In addition to the_sta A\ in other clauses of the IEC 60092 seriges, all
proteclive devi that they are electrically and mechapnically

satisfactory.

theNrequirements of this standard and the

15.4

Beforg

Compl
includ

All tests¢hecessary to demonstrate that each item of the plant and the system as a whole is
satisfactory for duty shall be performed

The test program shall include tests of the propulsion plant in normal and abnormal
conditions.

Start-up and stop sequences shall be tested, also as controlled by the power management
system, when relevant.

Safety functions, alarms and indicators shall be tested. A physical check of all sensors shall
be performed.

All control modes shall be tested from all control locations.

Immediately prior to and after trials, the insulation resistance of power circuits shall be
measured and recorded.
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As far as possible, the tests shall be executed during dock trials.

16 Documentation

The nominated body, see 4.2, shall be responsible for ensuring that complete documentation
is available for all relevant components and systems.

Each manufacturer shall give documented evidence of conformity that his plant fulfils the
requirements of this part of IEC 60092.

@%
S
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Annex A
(normative)

Alarm-matrix

This annex provides alarm-matrixes for different motor designs such as permanent-excited
motors (Table A.1), synchronous motors (Table A.2), asynchronous motors (Table A.3) and
DC motors (Table A.4).

Table A.1 — Alarm matrix for permanent excited motors

Limiting Display Local Action Action Acti Indjcation
Monitored value value in ECR@ diagnostic alarm reduced stop on main

(local) toolC cgntrol
or MCRD (\ station

Motor /\\

Externa| lubrication . Inspection | |

Failure X glass X (\\;Nicé@{ i applicable ¢
Bearing|temperature Max X Thermometer /X\ \ \ \/- C
Stator winding temp Max X - 2N \X\ - c

External cooling, Failure X C
water apd/or air h

Cooling|air \)

temperdture, engine Max X >ﬁerm oter X - R c
inlet at ¢glosed loop

cooling pystem

TN
Coolant Leakagﬁ/\ %\ -\ \/% - -
N

Speed Max \ \(x WX X c
Earth falult monitoring \/

at statof with Mi X < X - - C
transformer feeding/\

Transfqrmer/reactor S

Transfofmer, winding ;/ - X X - C
temperdture
Coolant /\ Le&a&\ \ X - c

x

Externa C%UQQ\ 'Iu}e\ X - X - - Cc
Converto& \ >
N
Mains Restart
possible
ailure X - X - from main C
control
station
External cooling Failure X - X X - C
Power section- Max X ) X ) X c
temperature
Coo_lant quall_ty (only Min X _ X _ ) c
at direct cooling)
Coolant Leakage X - X - - C
Warning - - - - - - C
Breakdown - X X X C

Speed-/ rotor
position sensor Failure X - X - - C
detection
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