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The purpose of this document is giving some informa-
tion to help to better understand the structure and the
problems linked to a LV electrical installation on board.
Starting from a general classification of the main typolo-
gies of ships, attention shall be paid to the structure which
characterizes the giant cruise ships, giving some hints
on electrical power generation on board, on electrical
plants and on propulsion systems.

Then, by analyzing the main prescriptions of the Registers
of Shipping or of the field Standards, the main parameters
required for the selection of the protective devices for LV
electrical circuits shall be defined.
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To give an idea of the significant presence of ABB in the
field of marine installations, considering all applications
on board from the mini-yachts up to the cruise ships,
going through all the types of vessels, but also all ap-
plications relevant to the off-shore platforms, here is a
description of the scenario of the products available to
cover all the sector demands.

In particular, starting from a thorough analysis of perform-
ances, all the necessary information about low voltage
switching and protection devices are supplied.
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Transport of people or goods on water is carried out

through means which are commonly identified with

the general term “ship”, with no differentiation made.

Actually, by going into the details, a more detailed clas-

sification is possible, according to the function and type

of loading.

A first general and rough distinction can be made by

identifying:

¢ ships intended for handling of materials in a broad
sense;

¢ ships for transport of passengers only;

e ships for combined transport of passengers and
wheeled cargo.

Going into details, based on the type of material trans-

ported and on the way it is stowed on board, the ships

intended for transportation of materials can be clas-

sified into the following types:

¢ ships intended for transportation of all types of liquid
goods

Among the main types of ships for the transportation of

liquid materials the following can be mentioned:

- oil tankers are ships intended to transport prevalently
crude oil;

- chemical tankers which are intended for the transport
of chemicals;

- tankers for the transportation of nonflammable
liquids;

Figure 2: Container ships

- gas carriers or LNG (liquefied natural gas) tankers (see
Figure 1) intended for transportation of liquefied gas
(e.g. propane, butane).

Figure 1: Gas carriers or LNG tankers

¢ ships intended for transportation of dry goods

According to the stowage method - “tidy” stowage (in

containers or on pallets) or “in bulk”- the following ship

types can be mentioned:

- container ships are ships whose whole cargo consists
of metal containers which contain different type of
goods and which can be arranged on board in a tidy
and modular way (Figure 2) and then easily sorted for
distribution on roads or railways;
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cargo ships are all those ships of any form and size
carrying goods from one port to another; therefore
they constitute an essential medium for international
trade between different countries.

They are not structured for tidy and modular trans-
portation, but for carrying differently packaged items,
and they can be intended either specifically for the
transport of a particular product, or for mixed transport
of different products;

Bulk Carriers are ships intended for the transport of
various unpackaged dry material (grain, fertilizers, phos-
phates) placed in suitable holds (see Figure 3) or for the
transport of a single and specific dry type of material,
such as for example timber, iron or also livestock and,
however, goods not packaged in containers or not pal-
letized.

Figure 4: Cruise ship
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All those ships which can package bulk cargo directly
on board or while unloading and are identified by the
abbreviation BIBO (acronym of Bulk In/Bulk Out or di
Bulk In/Bags Out) belong to this category.

Figure 3: Bulk Carriers
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Different rules can be given for the supply circuits of
particular loads, as for example for the main or auxiliary
control or supply circuits for the rudders, for them only
the short-circuit protection shall be provided.

As regards generators, the short-circuit protection is to
be set to instantaneously trip the circuit-breaker at an
overcurrent less than the steady current and the overload
protection to trip at an overload value between 10% and
50% of the rated current; in correspondence of 1.5xInG
and excepted for particular cases, the tripping time shall
not exceed 2 minutes.

The protection of the motor circuits shall provide a ther-
mal protection suitable to the starting typologies, and
the magnetic protection shall allow the presence of high
currents during the transitory starting phase.

The transformers are designed to withstand without
damages and for 2 seconds the thermal and mechani-
cal effects caused by a fault on the secondary winding.
The primary winding of the transformer (usually dry-type
with air-cooling) shall be protected by an overload and
short-circuit protective device. Such device shall ensure
selectivity towards the circuits supplied by the secondary
winding of the transformer.

As regards service continuity, selectivity between the
different circuit-breakers of the incoming and outgoing
feeders to other loads is required and is to be obtained
so that only the part of the plant under failure can be
isolated without jeopardizing or causing the loss of any
other essential services.

ABB offers different solutions: without dwelling on the
classical selectivity techniques (time-current or energy)

Figure 24: ABB technical documents

here are some hints about zone selectivity, which can be
obtained for molded-case circuit-breakers through the
PR223EF trip unit.

Zone selectivity allows selectivity by using two circuit-
breakers of the same size (T4L T5L T6L) and an interlock
protocol running through a cable which, properly con-
nected, links the device on the load side with the one
on the supply side.

This allows the circuit-breaker size not be differentiated -
as instead it is usually done in order to obtain selectivity —
with consequent economical and dimensional savings.

Another selective function which could result particu-
larly useful with meshed or ring networks is directional
zone selectivity which can be obtained between air
circuit-breakers equipped with protection trip units type
PR123-PR333; these devices are capable to manage
the lock signals and vary the tripping times according to
the direction of the current flowing through them. These
circuit-breakers, characterized by high current perform-
ances and consequently suitable to manage low voltage
main distribution which in marine applications is usually
carried out through two busbars and a bus-tie, allow
the plant to be operated keeping only one half-busbar
functioning in case of failure of the other.

For a detailed analysis of these selectivity techniques
reference should be made to the dedicated documen-
tation (see Figure 24), that is: the Technical Application
Paper No. 1 “Low voltage selectivity with ABB circuit-
breakers”, the White Paper “Directional protection and
directional zone selectivity” and the White Paper on
PR223EF, “Zone selectivity with Early Fault Detection
and Prevention technology”.

Generalities on naval systems and installations on board



Switching and protection circuit-breakers

Low voltage molded-case circuit-breakers series Tmax
T (T1-T2-T3-T4-T5-T6-T7-T8) and SACE Tmax XT (XT1-
XT2-XT3-XT4), together with the air circuit-breakers
series Emax (X1-E1-E2-E3-E4-E6) ensure an extremely
high level of performances in comparison with their re-
duced overall dimensions, easy installation and an ever
increasing safety for operators. In addition to complying
with the various operating prescriptions for the different
distribution systems, ABB offer is the most complete as
regards the protection of the electrical components on
board thanks to the use of circuit-breakers with dedicated
trip units or dedicated protection functions.

The circuit-breakers of Tmax T and SACE Tmax XT
series are particularly indicated to be used in secondary
distribution applications, industrial installations in direct
current (except for T7 and T8) and alternating current,

Figure 25: Communication through ABB circuit-breakers

for motor protection in motor control centers and for
different final users.

Emax air circuit-breakers can be used both as general
protection circuit-breakers, as well as protective circuit-
breakers for electrical machinery.

In addition to the protection performances, ABB circuit-
breakers offer communication availability (see Figure 25),
which is particularly suitable for automation, measures,
grid analysis and energy saving.

These functions allow the complete monitoring of the
load and energy generation conditions and, through an
interaction with the control systems of the ship, they allow
an adjustment of the settings according to the different
navigation trims.

Through programmable contacts and thanks to the com-
munication functions it is possible to obtain an efficient
and decentralized automation capable to react in a good
time to the variations and to all the perturbations of the
electrical system.

Generalities on naval systems and installations on board |25



26

In the range of molded-case circuit-breakers there are

solutions for:

- Motor protection. Carried out by circuit-breakers with
magnetic only trip units coordinated with thermal trip
units and contactors, up to the most sophisticated
electronic trip units for motor protection, which in-
tegrate also dedicated protection functions, such as
phase unbalance (U) or rotor blocked (R) or protection
against overtemperature through PTC, in addition to
the traditional protection functions against overload
and short-circuit.

- Generator protection. Carried out by trip units with
protection functions against short-circuit with low
thresholds, meeting the particular demands of this
type of users.

In the range of Emax air circuit-breakers, equipped with
protection trip units in their most evolute versions, it is
possible to have an advanced and performing protec-
tion system allowing the implementation of advanced
control functions which are particularly suitable for the
management of particularly critical applications. The main
advanced control functions available are:

- the function called “double S”, available on PR123 and
PR333, allows two thresholds to be set independently
and activated simultaneously; this is particularly use-
ful to improve selectivity conditions also under highly
critical conditions;

- the function called “dual setting”, available on PR123
and PR333, allows programming on the trip unit two
different sets of parameters and through an external
command to switch from one set to the other ac-
cording to the installation requirement; this occurs for
example when switching from the main supply to that
of the emergency generator, or when protecting sys-
tems which result supplied with a reduced number of
generators in comparison with those usually provided.
In parallel with this function, it is to be taken into ac-
count also the availability of the load control function
to favour supply to the essential loads in case of a
reduction in the power supply;

- the already mentioned zone selectivity (PR122-
PR123-PR332-PR333) and directional zone selectiv-
ity (PR123-PR333) functions to manage selectivity in
more complex grids;

- the function called “double G”, available on PR123 and
PR333 trip units, allow restricted earth fault protection
to be implemented by acting on the protective device
on the medium voltage side.

Moreover, it is possible to meet particular requirements

through dedicated protection functions, such as:

“start up” function which allows operation of the
protections S, | and G during the starting phase with
higher trip thresholds than the set values (for motors,
transformers and all the loads with high inrush cur-
rent);

- thermal memory for functions L and S and phase
unbalance (U) for motor protection;

- reverse power (RP), undervoltage (UV), overvoltage
(QV), residual voltage (RV), underfrequency (UF),
overfrequency (OF) for optimum generator protection
of generators;

- phase rotation: for the protection of shore connection
circuit-breakers;

- directional short-circuit function with adjustable delay
(D), for the protection of generators and bus ties.

The trip units for molded-case circuit-breakers type Tmax
T and SACE Tmax XT and air circuit-breakers type Emax,
properly equipped with the suitable measuring module,
make available also the measuring functions useful to
monitor the main electrical parameters of the plant (cur-
rent, voltage, power, energy and harmonic calculation).
For further modalities on the operation modalities ref-
erence must be made to the relevant technical docu-
ments.

Tmax T family

Tmax T circuit-breakers are available in 8 sizes with rated
currents of the trip units in the range from 1A to 3200A
and thermal-magnetic or electronic protective trip unit
according to the size.

In particular, to satisfy all the application requirements of
the naval sector, a range of automatic circuit-breakers for
alternating current up to 690V (see Table 4) is available.

SACE Tmax XT family

As for the new SACE Tmax XT family of molded-case
circuit-breakers 4 sizes are currently available, with rated
currents of the trip units in the range from 1A to 250A
and thermal-magnetic or electronic protective trip unit
according to the size.

In particular, to satisfy all the application requirements of
the naval sector, a range of automatic circuit-breakers for
alternating current up to 690V (see Table 5) is available.

Emax family
Emax air circuit-breakers are currently available in six
sizes when considering also X1 circuit-breaker; the rated
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currents of the trip units are in the range from 400A to
6300A and they are equipped with electronic protective
trip unit.

In particular, to satisfy all the application requirements
in the naval sector, the following product ranges are
available:
— Automatic circuit-breakers for alternating current
power distribution up to 690V (Table 6);

— Switch-disconnectors for direct current power
distribution up to 1000V (Table 7);

— Automatic circuit-breakers for direct current power
distribution up to 1000V (Table 8).

Tmax T family

SACE Tmax XT family

Emax family

i B = &

As for the applications in the naval field, practically the
whole range of products results to be approved by the
main above mentioned Registers of Shipping.

For detailed information about the availability of the
approval referred to each single circuit-breaker please
contact ABB SACE. Tables 4-5-6-7-8 in the following
pages summarize the main electrical parameters of
standard circuit-breakers.
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Table 4: Tmax T circuit-breakers for applications up to 690V

T1 T2 T3
Rated uninterrupted current lu [A] 160 160 250
Poles [Nr.] 3/4 3/4 3/4
Rated service voltage Ue (AC) 50-60 Hz ™ 690 690 690
Rated impulse withstand voltage Uimp [kV] 8 8 8
Rated insulation voltage Ui ™ 800 800 800
Test voltage at industial frequency for 1 min. ] 3000 3000 3000
Rated ultimate short-circuit breaking capacity Icu @ V B C N N S H L N S
220-230V 50-60Hz [KA] 25 40 50 65 85 100 120 50 85
380-400-415V 50-60Hz [KA] 16 25 36 36 50 70 85 36 50
440V 50-60Hz [KA] 10 15 22 30 45 55 75 25 40
500V 50-60Hz [KA] 8 10 15 25 30 36 50 20 30
690V 50-60Hz [KA] 3 4 6 6 7 8 10 5 8
Rated service short-circuit breaking capacity Ics @ V B C N N S H L N S
220-230V 50-60Hz [KA] 100% 75% 75% 100% 100% 100% 100% 75% 50%
380-400-415V 50-60Hz KAl  100%  100%  75%  100%  100%  100% (;g;//‘;\) 75% é?;%
440V 50-60Hz [KA] 100% 75% 50% 100% 100% 100% 75% 75% 50%
500V 50-60Hz [kA] 100% 75% 50% 100% 100% 100% 75% 75% 50%
690V 50-60Hz [KA] 100% 75% 50% 100% 100% 100% 75% 75% 50%
Rated short-circuit making capacity lcm @ V (peak value) B C N N S H L N S
220-230V 50-60Hz [KA] 52.5 84 105 143 187 220 264 105 187
380-400-415V 50-60Hz [KA] 32 52.5 75.6 75.6 105 154 187 75,6 105
440V 50-60Hz [KA] 17 30 46.2 63 94.5 121 165 52,5 84
500V 50-60Hz [kA] 13.6 17 30 52.5 63 75.6 105 40 63
690V 50-60Hz [KA] 4.3 5.9 9.2 9.2 11.9 13.6 17 7.7 13.6
Trip units TMD TMD - MA - ELT MA - TMD
Versions F F-P F-P
Utilization category (IEC 60947-2) A A A
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T4 T5 T6 T7

250/320 400/630 630/800/1000 800/1000/1250/1600

3/4 3/4 3/4 3/4

690 690 690 690

8 8 8 8

1000 1000 1000 1000

3500 3500 3500 3500
N S H L Vv N s H L v N S H L V- S H L v x~
70 8 100 200 200 70 85 100 200 200 70 85 100 200 200 8 100 200 200 170
3 50 70 120 200 36 50 70 120 200 3 50 70 100 150 50 70 120 150 170
30 40 65 100 180 30 40 65 100 180 30 45 50 8 120 50 65 100 130 170
25 30 50 85 150 25 30 50 85 150 25 35 50 65 8 50 50 8 100 75
20 25 40 70 80 20 25 40 70 80 20 22 25 30 40 30 42 50 60 75
N S H L Vv N s H L v N S H L VvV S H L v x~
100% 100% 100% 100% 100% 100% 100%  100% 100% 100%  100% 100% 100% 75% 100% 100% 100% 100% 100% 100%
100% 100% 100% 100% 100% 100% 100%  100% 100% 100%  100% 100% 100% 75% (13322) 100% 100% 100% 100% 100%
100% 100% 100% 100% 100% 100% 100%  100% 100% 100%  100% 100% 100% 75% (133‘@) 100% 100% 100% 100% 100%
100% 100% 100% 100% 100% 100% 100%  100% OQerno%  190%  100% 100% 100% 75% (6756:/;) 100% 100% 75% 100% 100%
100% 100% 100% 100% 100% 100% 100% 751/‘306‘?0A 501,/806‘?% 50fy100g30/00A 75% 75% 75% 75% 75% 100% 75% 75% 75% 100%
N S H L Vv N s H L v N S H L V- S H L v x~
154 187 220 440 660 154 187 220 440 660 154 187 220 440 440 187 220 440 440 374
756 105 154 264 440 756 105 154 264 440 756 105 154 220 330 105 154 264 330 374
63 84 143 220 396 63 84 143 220 396 63 735 105 176 264 105 143 220 286 374
525 63 105 187 330 525 63 105 187 330 525 46 105 143 187 84 105 187 220 165
40 525 84 154 176 40 525 84 154 176 40 46 525 63 84 63 882 105 132 165

MA - TMD - TMA - ELT TMA - ELT TMA - ELT ELT

F-P-W F-P-W F-W F-W

B low = 7.6KA (630A)

B lcw = 5KA (400A) B lcw = 20KA (S,H,L)

A B lcw =10kA (800A) -
A (630A) A (1000A) B lcw = 15kA (V)
** Available for 630A e 800A * Not available for 1600A

*** Available for 800A
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Table 5: SACE Tmax XT circuit-breakers for applications up to 690V

XT1
Rated uninterrupted current lu [A] 160
Poles [Nr] 3/4
Rated service voltage Ue (AC) 50-60 Hz ™ 690
Rated impulse withstand voltage Uimp [kV] 8
Rated insulation voltage Ui I\ 800
Rated ultimate short-circuit breaking capacity Icu @ V B (¢} N S H N
220-230V 50-60Hz [KA] 25 40 65 85 100 65
380V 50-60Hz [kA] 18 25 36 50 70 36
415V 50-60Hz [KA] 18 25 36 50 70 36
440V 50-60Hz [KA] 15 25 36 50 65 36
500V 50-60Hz [KA] 8 18 30 36 50 30
525V 50-60Hz [KA] 6 8 22 35 35 20
690V 50-60Hz [kA] & 4 6 8 10 10
Rated service short-circuit breaking capacity Ics @ V B (¢} N S H N
220-230V 50-60Hz [KA] 100% 100% 75%(50) 75% 75% 100%
380V 50-60Hz [KA] 100% 100% 100% 100% 75% 100%
415V 50-60Hz [KA] 100% 100% 100% 75% 50%(37,5) 100%
440V 50-60Hz [kA] 75% 50% 50% 50% 50% 100%
500V 50-60Hz [KA] 100% 50% 50% 50% 50% 100%
525V 50-60Hz [kA] 100% 100% 50% 50% 50% 100%
690V 50-60Hz [KA] 100% 100% 75% 50% 50% 100%
Rated short-circuit making capacity lcm @ V (peak value) B C N S H N
220-230V 50-60Hz [kA] 52.5 84 143 187 220 143
380V 50-60Hz [KA] 36 52.5 75.6 105 154 75.6
415V 50-60Hz [KA] 36 52.5 75.6 105 154 75.6
440V 50-60Hz [KA] 30 52.5 75.6 105 143 75.6
500V 50-60Hz [kA] 13.6 36 63 75,6 105 63
525V 50-60Hz [kA] 9 13.6 46.2 73.5 73.5 40
690V 50-60Hz [KA] 45 6 9 13.6 17 17
Trip units TMD
Versions F-P
Utilization category (IEC 60947-2) A
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XT2 XT3 XT4

160 250 160/250
3/4 3/4 3/4
690 690 690
8 8 8
1000 800 1000
S H L \ N S N S H L Vv
85 100 150 200 50 85 65 85 100 150 200
50 70 120 200 36 50 36 50 70 120 150
50 70 120 150 36 50 36 50 70 120 150
50 65 100 150 25 40 36 50 65 100 150
36 50 60 70 20 30 30 36 50 60 70
25 30 36 50 13 20 20 25 45 50 50
12 15 18 20 5 8 10 12 15 20 25
S H L \' N S N S H L Vv
100% 100% 100% 100% 75% 50% 100% 100% 100% 100% 100%
100% 100% 100% 100% 75% 50% (27) 100% 100% 100% 100% 100%
100% 100% 100% 100% 75% 50% (27) 100% 100% 100% 100% 100%
100% 100% 100% 100% 75% 50% 100% 100% 100% 100% 100%
100% 100% 100% 100% 75% 50% 100% 100% 100% 100% 100%
100% 100% 100% 100% 75% 50% 100% 100% 100% 100% 100%
100% 100% 100% 75% 75% 50% 100% 100% 100% 100% 75% (20)
S H L Vv N S N S H L \Y
187 220 330 440 105 187 143 187 220 330 440
105 154 264 440 75.6 105 75.6 105 154 264 330
105 154 264 330 75.6 105 75.6 105 154 264 330
105 143 220 330 52.5 84 75.6 105 143 220 330
75.6 105 132 154 40 63 63 75.6 105 132 154
52.5 63 75.6 105 26 40 40 52.5 63 75.6 110
24 30 36 40 8.5 13.5 17 24 30 40 52.5
TMD - TMA - ELT TMD TMD - TMA - ELT
F-P-W F-P F-P-W
A A A
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Table 6: Emax circuit-breakers for applications up to 690V

X1 E1
Rated service voltage Ue (AC) 50-60 Hz ™ 690 690
Rated impulse withstand voltage Uimp [kV] 12 12
Rated insulation voltage Ui ™ 1000 1000
Poles [Nr] 3/4 3/4
Rated uninterrupted current lu B N L B N
[A] 630 630 630 800 800
[A] 800 800 800 1000 1000
[A] 1000 1000 1000 1250 1250
[A] 1250 1250 1250 1600 1600
[A] 1600 1600
(Al
(Al
Rated ultimate short-circuit breaking capacity Icu @ V B N L B N
220-230-380-400-415V 50-60Hz [KA] 42 65 150 42 50
440V 50-60Hz [KA] 42 65 130 42 50
500V 50-60Hz [KA] 42 65 100 42 50
690V 50-60Hz [KA] 42 55 60 42 50
Rated service short-circuit breaking capacity Ics @ V [kA] B N L B N
220-230-380-400-415V 50-60Hz [kA] 42 50 150 42 50
440V 50-60Hz [KA] 42 50 130 42 50
500V 50-60Hz [KA] 42 42 100 42 50
690V 50-60Hz [KA] 42 42 45 42 50
Rated short-circuit making capacity lcm @ V (peak value) B N L B N
220-230-380-400-415V 50-60Hz [KA] 88.2 143 330 88.2 105
440V 50-60Hz [KA] 88.2 143 286 88.2 105
500V 50-60Hz [KA] 88.2 105 220 88.2 105
690V 50-60Hz [KA] 88.2 105 132 88.2 105
Rated short-time withstand current (1s) lcw [kA] [kA] 42 42 15 42 50
Utilisation category (IEC 60947-2) B B A B B
Versions F-W F-W F-W
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E2 E3 E4 E6

690 690 690 690
12 12 12 12
1000 1000 1000 1000
3/4 3/4 3/4 3/4
B N S L N S H Vv L S H \Y H Vv
1600 1000 800 1250 2500 1000 800 800 2000 4000 3200 3200 4000 3200
2000 1250 1000 1600 3200 1250 1000 1250 2500 4000 4000 5000 4000
1600 1250 1600 1250 1600 6300 5000
2000 1600 2000 1600 2000 6300
2000 2500 2000 2500
3200 2500 3200
3200
B N S L N S H Vv L S H Vv H \Y
42 65 85 130 65 75 100 130 130 75 100 150 100 150
42 65 85 110 65 75 100 130 110 75 100 150 100 150
42 55 65 85 65 75 100 100 85 75 100 130 100 130
42 55 65 85 65 75 85 100 85 75 85 100 100 100
B N S L N S H \Y L S H Vv H Vv
42 65 85 130 65 75 85 100 130 75 100 150 100 125
42 65 85 110 65 75 85 100 110 75 100 150 100 125
42 55 65 65 65 75 85 85 65 75 100 130 100 100
42 55 65 65 65 75 85 85 65 75 85 100 100 100
B N S L N S H Vv L S H \Y H \Y
88.2 143 187 286 143 165 220 286 286 165 220 330 220 330
88.2 143 187 242 143 165 220 286 242 165 220 330 220 330
88.2 121 143 187 143 165 2220 220 187 165 220 286 220 286
88.2 121 143 187 143 165 187 220 187 165 187 220 220 220
42 55 65 10 65 75 75 85 15 75 100 100 100 100
B B B A B B B B A B B B B B
F-w F-W F-w F-w
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Table 7: Emax switch-disconnectors for direct current applications up to 1000V

E1../EMS E2../E MS E3../E MS E4../E MS

Rated impulse withstand voltage Uimp [kV] 12 12 12 12
Rated insulation voltage Ui V] 1000 1250 1250 1250
Rated uninterrupted current lu B N H H

[A] 1250 2000 3200 4000
Rated service voltage Ue (DC) ] 750 1000 750 1000 750 1000 750 1000
Poles 3-4 4 3-4 4 3-4 4 3-4 4
Rated short-time withstand current (1s) lcw [KA] [kA] 20-25 20 25-40 25 40 - 50 40 65 65
Rated short-circuit making capacity lcm @ Vac (peak value) [kA] 20-25 20 25-40 25 40 - 50 40 65 65
Versions F-W F-W F-W F-W

The breaking capacity Icu, by means of external protection relay, with 500ms of maximum trip time delay, is equal to the value of lcw (1s).

Table 8: Emax circuit-breakers for direct current applications up to 1000V

E2 E3 E4 E6

Rated service voltage Ue (DC) Y| 1000 1000 1000 1000
Rated impulse withstand voltage Uimp [kV] 12 12 12 12
Rated insulation voltage Ui Y| 1000 1000 1000 1000
Poles [Nr] 3/4 3/4 3/4 3/4
Rated uninterrupted current lu B N N H S H H

[A] 800 1600 800 1600 1600 3200 3200

[A] 1000 1000 2000 2000 4000

[A] 1250 1250 2500 2500 5000

[A] 1600 1600 3200

[A] 2000

(Al 2500
Rated short-time withstand current (0.5s) lcw [KA] [kA] B N N H S H H
500V DC (Il 35 50 60 65 75 100 100
750V DC (Il 25 25 40 40 65 65 65
750V DC (IV) 25 40 50 50 65 65 65
1000V DC (IV) 25 25 35 40 50 65 65
Utilization category (IEC 60947-2) B B B B B B B
Versions F-W F-W F-W F-W

The Icu values could change with reference to the rated voltage and the DC network type (isolated from earth, one polarity connected to earth, middle point
connected to earth). In order to know the Icu value for different condition please referred to the dedicated technical catalogue.
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Switch-disconnectors and switch-
disconnectors with fuses

This product family consists of a complete range of
switch-disconnectors and switch-disconnectors with
fuses; they are approved by the main above mentioned
Registers of Shipping, although the switch-disconnectors
with fuses are rather used in the industrial and tertiary
sector than in the naval field.

All the series of apparatus are characterized by remark-
able technical performances and by particular con-
structional characteristics which ensure the maximum
operational safety.

They have a wide range of accessories at their disposal
(mechanical interlocks, motor operators, conversion
kits, etc.), as well as adjustable shafts and metallic and
plastic handles.

For detailed information about the availability of the ap-
proval referred to each single apparatus please contact
ABB SACE. Tables 9-10-11-12-13 in the following pages
summarize the main electrical parameters of the switch-
disconnectors and switch-disconnectors with fuses.

OT family

nonoon
B (.
.HH— -
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Switch-disconnectors OT and OETL
series

The power switch-disconnectors without fuse holders
belonging to OT family are available in the versions
from 16A to 2500A and thanks to those ones belonging
to OETL family it is possible to cover applications up to
3150A.

These devices offer high performances with reduced
overall dimensions.

User-friendly and flexible, they are suitable for different
applications such as, for example, in motor control cent-
ers, in switchboards and as main switches in various
equipment and machines; moreover, through the com-
bined switch-disconnectors or switch-disconnectors with
double position, they are suitable for those applications
where it is necessary to control the change-over, by-pass
or reversing.

They are mountable on DIN rails, base plates or on doors,
both by snap-on and screw fitting. Besides they offer the
possibility of snap-on mounting for the accessories.




Table 9: Switch-disconnectors OT16 — OT160

OoT16 0oT25
Rated insulation voltage and. rated operational voltage with utilization Vi 750 750
category AC20/DC20. Pollution degree 3
Dielectric strength 50 Hz 1min. V] 6 6
Rated impulse withstand voltage V] 8 8
Rated thermal current and rated operational current with T ambient of 40°C in open air [A] 25 32
K/tl:lrlfritll::]:1 gg;%geirgcﬁzig{gf ch(c))ss section U sl o 5070 [ anelissine A &2 g2
T ambient of 60°C in enclosure [A] 20 25
Scu [mm?] 4 6
Rated operational current, AC-23A up to 415V [A] 16 20
440V [A] 16 20
500V [A] 16 20
690V Al 10 11
With reference to the rated conditional short-circuit current Ik (r.m.s.) 50kA < 415V [A] 6.5 6.5
g(”gvc;j)cﬁg‘; ZS:::gf ,;r;g ;?Vg:]e max fuse size and type, the Maximum (= A fuse size : gG/aM Al 40/32 40/32
Ik (.m.s.) 50kA < 500V [A] - -
Max OFA fuse size : gG/aM [A] - -
Ik (r.m.s.) 10kA < 690V [A] --- ---
Max OFA fuse size : gG/aM [A] --- -
Ik (r.m.s.) 50kA < 690V [A] 4 4
Max OFA fuse size : gG/aM [A] 25/16 25/16
Rated short-time withstand current lcw x1s (rms) 690V [A] 0.5 0.5
Rated short circuit making capacity lcm (peak) 690V / 500V [A] 0.705 0.705
Table 10: Switch-disconnectors OT200E — OT800
OT200E 0T250
Re}'ged linsulation voltage and rated opgrational voltage with V] 1000 1000
utilization category AC20/DC20. Pollution degree 3
Dielectric strength 50 Hz 1min. V] 10 10
Rated impulse withstand voltage V] 12 12
Rated thermal current and rated operational current with T ambient of 40°C in open air [A] 200 250
”Mt:'rf;tg:: gg;igeirg(ﬁ]%izgf frgss section T ambient of 40°C inenclosure  [A] 200 250
Scu [mm?] 95 120
Rated operational current, AC-23A <500V [A] 200 250
690V [A] 200 250
1000V [A] 135 135
With reference to the rated conditional short-circuit Ik (.m.s.) 100kA 500V [A] 40.5 40.5
cumenc(ma)1o e vohage arloine max s aza anc e, RS T IR
Ik (r.m.s.) 80kA 690V [A] 40.5 40.5
Max OFA fuse size : gG/aM [A] 355/315 355/315
Rated short-time withstand current lcw x1s (rms) 690V [A] 8 8
Rated short circuit making capacity lcm (peak) 690V [A] 30 30
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0T32

750

40
40
32
10
23
23
23
12
6.5
40/32

0.705

OT315
1000

10
12
315
315
185
315
315
200
61.5
500/450
59
500/500
15
65

0T45
750

6
8

63
63
50
16
45
45
45
20
13

100/80
17

100/80

0T400
1000

10
12
400
400
185
400
400
200
61.5
500/450
59
500/500
15
65

0763
750

6
8
80
80
63
25
75
65
58
20
13
100/80
17
100/80

0T630
1000

10
12
630
630
2x185
630
630
400
90
800/1000
83.5
800/1000
20
80

OT100

750

115
115
80
35
80
65
60
40
16.5
125/125

8.2
125/100
10
63/63
2.5
3.6

0OT800

1000

10
12
800
800
2x240
800
800
400
90

800/1000

83.5

800/1000

20
80

OT125

750

125
125
100
50
90
78
70
50
16.5
125/125

8.2
125/100
10
63/63
2.5
3.6

OT160

750

30

24
200/250
4
12
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Table 11: Switch-disconnectors OT1000 — OETL3150

OT1000
E X
Rated insulation voltage and rated operational voltage with utilization V] 1000 1000
category AC20/DC20. Pollution degree 3
Dielectric strength 50 Hz 1min. I\ 10 10
Rated impulse withstand voltage I\ 12 12
Rated thermal current and rated operational current with T ambient of 40°C in open air [A] 1000 1000
utilization category AC20/DC20 . o
Minimum copper conductor cross section T ambient of 40°C in enclosure [A] 1000 1000
T ambient of 60°C in enclosure [A] - -
Scu [mm?] 2x300 2x300
Rated operational current, AC-23A <500V [A] 800 1000
690V [A] 650 1000
With reference to the rated conditional short-circuit Ik (.m.s.) 50kA < 415V [A] --- 100
current Ik (r.m.s.) to the voltage and to the max fuse size and type, o
the maximum allowed cut-off current Ip is given Max OFA fuse size : gG/aM [A] -—- 1250/1250
Ik (r.m.s.) 50kA < 500V [A] --- 106
Max OFA fuse size : gG/aM [A] - 1250/1250
Ik (r.m.s.) 50kA < 690V [A] --- ---
Max OFA fuse size : gG/aM [A] -—- -
Rated short-time withstand current lcw x1s (rms) 690V [A] 150 150
Rated short circuit making capacity lcm (peak) 415V [A] - -
500V [A] --- ---
690V [A] 110(3p) 92(4p) 110(3p) 92(4p)
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0T1250 0T1600 0T2000 0T2500 OETL1250M OETL3150

E X E X
1000 1000 1000 1000 1000 1000 1000 1000
10 10 10 10 10 10 8 8
12 12 12 12 12 12 8 8
1250 1250 1600 1600 2000 2500 1250 3150
1250 1250 1600 1600 1250 2600
1000 2300
2x400 2x400 2x500 2x500 3x500 4x500 2x(80X5) 3x(100x10)
1000 1250 1000 1250
650 1250 650 1250 800
100 100 105 140
1250/1250 1250/1250
106 106 105 140
1250/1250 1250/1250
105 105
150 150 150 150 55 55 50 80
105 176
105 140
110(3p) 92(4p) 110(3p) 92(4p) 110(3p) 92(4p) 110(3p) 92(4p) 176 176 105 105
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Switch fuses OS

The switch-disconnectors with fuse holders type OS are
available in the versions from 16A from 1250A. They are
easy to install and offer great adaptability to different
types of cubicle designs.

A wide selection of accessories and the availability of

OS family

Table 12: Switch fuses OS16 - OS160

Rated insulation voltage and rated operational voltage with
utilization category AC20/DC20. Pollution degree 3

Dielectric strength 50 Hz 1min.
Rated impulse withstand voltage

Rated thermal current and rated operational current with
utilization category AC20/DC20
Minimum copper conductor cross section

Rated operational current, AC-23A

With reference to the rated conditional short-circuit current lk (r.m.s.)
to the voltage and to the max fuse size and type, the maximum
allowed cut-off current Ip is given

Rated short-time withstand current Icw x1s (rms)

Table 13: Switch fuses 0S200 — OS1250

Rated insulation voltage and rated operational voltage with utilization
category AC20/DC20. Pollution degree 3

Dielectric strength 50 Hz 1min.
Rated impulse withstand voltage

Rated thermal current and rated operational current with utilization
category AC20/DC20 Minimum copper conductor cross section

Rated operational current, AC-23A

With reference to the rated conditional short-circuit current
Ik (r.m.s.) to the voltage and to the max fuse size and type,
the maximum allowed cut-off current Ip is given

Rated short-time withstand current lcw x1s (rms)

Generalities on naval systems and installations on board

a motorized version (OSM) improve the usability of the
switch fuses.

Moreover, 6 and 8-pole, change-over, by-pass and me-
chanically interlocked switch combinations can be built
up by means of conversion kits.

The switch fuses are available for all types of fuse links,
DIN, BS, NFC, UL, CSA. OS switch fuses ensure safe

OS Mini 16 OS Mini 20
I\ 1000 1000
I\ 10 10
\Y| 12 12
T ambient of 40°C in open air [A] 16 20
T ambient of 40°C in enclosure [A] 16 20
Scu [mm?] 2.5 25
up to 500V [A] 16 20
690V [A] 16 20
Ik (.m.s.) 80kA < 415V [A] 9 9
Max. OFA_ fuse size gG / aM [A] --- ---
Ik (rm.s.) 100kA < 500V [A] 8 8
Max. OFA_ fuse size gG / aM [A] --- ---
Ik (.m.s.) 50kA < 690V [A] 7 7
Max. OFA_ fuse size gG / aM [A] --- ---
Ik (.m.s.) 80kA < 690V [A] 7.5 7.5
Max. OFA_ fuse size gG / aM [A] --- ---
690V [A] 1 1
0S200 08250
\Y 1000 1000
I\ 10 10
\Y| 12 12
Tambient of 40°C in open air [A] 200 250
T ambient of 40°C in enclosure [A] 200 250
Scu [mm?] 95 120
up to 500V [A] 200 250
690V [A] 200 250
Ik (rm.s.) 80kA 415V [A] 35 40.5
Max. OFA_ fuse size gG /aM [A] 250/200 355/315
Ik (~m.s.) 100kA 500V [A] 37.5 37.5
Max. OFA_ fuse size gG /aM [A] 250/200 250/250
Ik (~m.s.) 80kA 690V [A] 25 325
Max. OFA_ fuse size gG /aM [A] 160/--- 200/250
Ik (.m.s.) 50kA 415V [A] 28 28
Max. BS fuse size gG /gM [A] 200/200M315 250/200M315
Ik (r.m.s.) 80kA 690V [A] 28 28
Max. BS fuse size gG /gM [A] 200/200M250 250/200M250
690V [A] 8 8



operation, and offer total protection of people and equip- -

ment eliminating the risks of electrical accidents.

Form this point of view, there are some important char-  _

acteristics to be pointed out:

- the fuse covers cannot be opened while the switch
fuse is in “ON” position and can be blocked in closed

position;
OS Mini 25 OS Mini 32
1000 1000
10 10
12 12
25 32
25 32
4 6
25 32
25 32
9 9
8 8
7 7
7.5 7.5
1 1
0S315
1000
10
12
315
315
185
315
315
44
400/400M500
48
400/400M500
14

OS Mini 35
1000

10
12
35
35
10
35
35

0S400
1000

10
12
400
400
240
400
400
59
500/500
63.5
500/500
46
315/400
44
400/400M500
48
400/400M500
14

the double insulated external operating handle elimi-

nates the risk of touching live parts outside the box;

the handle indicates the position of the contacts with

the maximum reliability under all circumstances.

OS Mini 40 0832 0S50 0S63
1000 1000 1000 1000
10 10 10 10
12 12 12 12
40 32 50 63
40 332 50 63
10 6 10 16
40 32 50 63
40 32 50 63
9 17 17 17
--- 100/100 --- 100/100
8 17 17 17
= 100/100 == 100/100
7 13 13 13
=== 100/80 === 100/80
7.5 12 12 12
== 63/63 === 63/63
2.5 2.5 2.5 2.5
0S630 0S800
1000 1000
10 10
12 12
630 800
570 720
2x185 2x240
630 800
630 800
77 77
800/800 800/800
83 83
800/800 800/800
55 55
---/630 ---/630
55 55
18 18

0S100 0Ss125 0S160
1000 1000 1000
10 10 10
12 12 12
100 125 160
100 125 160
50 50 70
100 125 160
100 125 160
23 29 29
125/160 125/160 125/160
22 22 22
125/160 125/160 125/160
16 16 16
100/125 100/125 100/125
18.5 18.5 18.5
100/125 100/125 100/125
5 5 5
0851250
1000
10
12
1250
720
2x400
1250
1250
89
1250/1250
105
1250/’---
88
1000/1000
109
1250/°---
40
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ABB leadership in the marine application field is based
on the deep knowledge and on the great experience
achieved in different applications as well as in techno-
logical innovation.

The systems and services made available for electric
power systems, design and engineering products, in-
stallations, delivery and put into service with testing and
after-sale support offer a wide range of solutions capable
of fulfilling the market demands and to be suitable for all
vessel typologies and marine applications.

ABB experience in this field contributes to the construc-
tion of ships more and more modern and innovative from
the technological point of view, since it ensures high
quality and competence in this field at global level.

Figure 26 shows the wide range of products that ABB
offers to realize the complex electrical power distribution
network on board. A brief description of the main char-
acteristics of these products is given hereunder.

- Synchronous motors and generators

High efficiency and robust construction make ABB syn-
chronous motors and generators ideal for the marine
industry.

They are designed and built to be used in uninterrupted
working cycles for very long periods and demanding
environments.

High level mechanical design (see Figure 27) and con-
struction techniques result in considerable savings
over their lifetime both as for maintenance as well as
service.

They are mainly used as propulsion motors and as main,
auxiliary and shaft generators. They are suitable for
coupling with turbines or diesel prime movers in a wide
range of vessel types.

Medium voltage motors range up to 50MW and syn-
chronous generators, available also for LV, from 11kW to
50MVA. A high degree of standardization enables shorter
delivery times and greater versatility in all applications.
Reliability and high efficiency of these machines result

Figure 26: Typical lay-out of electrical equipment and components typically required for onboard machinery (schematization)
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in considerable savings over their lifetime.

Precise torque control with ABB frequency converters
makes zero-speed starting and even the most demanding
conditions easy to handle in propulsion drives.

Figure 27: Medium voltage synchronous generator

- Induction motors

ABB medium voltage induction motors constitute a com-
prehensive range of asynchronous motors with power
up to 18MW.

These reliable and high-efficiency motors are built around
modular and cast iron platforms (see Figure 28). They can
meet all the specific requirements of each installation and
are designed for demanding conditions, including special
and hazardous environments.

Induction motors are used in applications such as com-
pressors, pumps, winches, fans, blowers, propulsion
systems and ship thrusters.

They are accurately tested and are certified to the major
classification Standards.

Figure 28: Induction motor

- Low voltage motors

ABB offers a comprehensive range of low voltage motors
(Figure 29) capable of fulfilling the most different applica-
tion requirements (propulsion-lifting-air circulation), also
in special or hazardous environments.

Low voltage motors are available with aluminum, steel
and cast iron structure and output power from 0.09 to
1200 kW.

ABB motors for marine applications are certified in com-
pliance with the main international certification bodies.
They are high-efficiency motors which fulfill all the energy
saving requirements of fundamental importance in marine
applications.

Low voltage motors are used for air or liquid treatments,
therefore for fans, pumps, compressors, blowers, oil
separators, or for motion transmission, and therefore
propellers, steering devices, winches, lifters and applica-
tions for machinery rooms.

Figure 29: Range of low voltage three-phase asynchronous motors

- Dry-type transformers for marine applications

ABB range of transformers for marine applications is
based on several design models and offers the ideal
solution for all types of marine applications; moreover,
customers can take advantage of the service support and
of the wide experience in putting into service.
Generally, the transformers used for power distribution
are two-winding AN-cooled transformers; they are mainly
used to supply loads, such as pumps, fans, winches and
other onboard systems.

These transformers, produced with RESIBLOC® technol-
ogy (epoxy resin insulation of windings), together with
vacuum cast coil dry-type ones (see Figure 30) are the
typologies of machinery most commonly used for naval
distribution.

These transformers feature very robust mechanical
design; they are non-explosive and maintenance-free
and are suitable to withstand vibrations or shocks on
board ships.
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The transformers produced with RESIBLOC® technology
are ideal for the wide range of variable speed marine
drives.

Marine propulsion transformers are usually three-winding
transformers designed with ratings up to 30MVA or even
more, often with special phase shifting to limit network
harmonic distortions.

Air-to-water cooled transformers, often with special
redundant fan-cooling systems, make possible high
reliability and protection classes and a more compact
construction.

Figure 30: Vacuum cast coil dry-type transformer

; ]
5 B ]
".EV g ] 3
— ] ]
]

]

- Low voltage and medium voltage distribution

ABB medium and low voltage switchboards (see Figure
31) meet the requirements of every marine applications,
ranging from power distribution on board to offshore plat-
forms; they ensure the maximum safety and availability
according to the highest standard thanks to solutions
focused on air-insulated switchgear, arc-proof version,
characterized by low total cost, high reliability, minimum
maintenance and increased safety for personnel.

ABB low voltage switchgear MNS type is a reliable and
safe solution, type-tested according to Stds. IEC 60439-
1/IEC 61439 and arc-proof in compliance with IEC 61641.
The design is flexible and compact and can be tailored
according to specific needs, with ratings up 5200A at
690V, therefore it is suitable for generator switchgear,
main switchgear and motor control center (MCC) both
for marine as well as offshore applications, where the
reliability and integrity of the distribution system are es-
sential for power supply continuity.

Medium voltage switchboards are one of the most im-
portant link in the power distribution chain.

ABB UniGear ZS1 is an internal arc-proof switchboard

(50kA for 0.5s) extremely safe and reliable and meets all
installation requirements; for example, it is used as main
switchgear and motor control center.

The single unit and the double-level solution make
available a compact unit ensuring highly effective use
of space.

This switchboard can be equipped with both vacuum as
well as gas circuit-breakers (e.g. HD4 type) thus ensuring
safety, reliability and high performances.

UniGear ZS1 switchgear has been tested according to
the most demanding international Standards IEC and to
the rules of the major Registers of Shipping.

Figure 31: ABB switchgear and controlgear
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- Low voltage control products

This classification includes a very wide range of ABB
products, which, thanks to their high performances and
reliability, are often used for marine industry applications
by switchboard, panel and console manufacturers.

These products are, as shown in Figure 32, the devices
for motor switching and protection (contactors, thermal
relays) or the devices for soft motor starting (softstarters);
other products to be considered here are control and
automation devices or process and safety control and
monitoring systems, such as the arc guard system TVOC.
Other components are also available for automation,
operation, switching and control through the connection
to local networks or fieldbuses (multiplicity of standard
communication protocols).

Figure 32: Low voltage control devices

In the last few years a lot of users have underlined the
question of safety in electrical assemblies with refer-
ence to one of the most severe and destructive electro-
physical phenomenon: the electric arc.

Such phenomenon generates internal overpressures
and results in local overheatings which may cause high
mechanical and thermal stresses.

An active protection system to limit these effects consists
in installing some devices which sense the light flux as-
sociated with the electric arc phenomenon.

ABB Arc Guard System for low and medium voltage
applications is TVOC-2 (Figure 33). By means of optical
sensors installed in the critical areas of the assembly,
TVOC-2 sends a tripping signal to the controlled circuit-
breaker.

Figure 33: Arc Guard System TVOC-2

- Low voltage miniature circuit-breakers (MCBs)

ABB offers a wide range of thermal-magnetic and residual
current circuit-breakers (Figure 34), particularly suitable
for circuit protection in marine applications.

In particular, the thermal-magnetic circuit-breakers of
series S200 (6 kA), S200 M (10 kA), S200 P (25/15 kA)
and S280 UC (10/6 kA) are type-approved by the main
international Registers of Shipping (marine offshore ap-
plication and industrial use).

For more demanding uses, where high breaking ca-
pacities are required for miniature circuit-breakers, ABB
offers S800 S series with 50kA breaking capacity also
approved in compliance with the Rules of the Registers
of Shipping.

When only residual current protection is needed, ABB
provides F200 series of residual current-circuit breakers;
if, in addition, also protection against overcurrent is re-
quired, ABB offers DS202C M series of compact residual
current circuit-breakers with overcurrent protection and
10KA breaking capacity.
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In particular, DS202C M RCBOs series ensure the above
mentioned protection functions on two poles; that is why
they result particularly suitable for naval applications
where the final distribution plant is typically two-phase
and where they are particularly appreciated for the re-
duced dimensions.

DS202C M series is approved and certified by RINA.

Figure 34: Low voltage miniature circuit-breakers
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- Low voltage and medium voltage drives for
marine applications

As regards drives, ABB gives a series of products to be
used for naval propulsion, for floating structures and for
auxiliary applications, thus making more efficient and
performing, from the point of view of performances and
energy efficiency, the advantages offered by electric
propulsion.

The Variable Speed Drive VSD interests both medium as
well as low voltage.

The Direct Torque Control DTC is an interesting motor
control system for AC drives; it allows accurate control
of both the motor speed and torque, without the need
of monitoring shaft position or speed.

ABB low voltage variable speed drives (see Figure 35)
offer powerful and accurate performance for any applica-
tion in a power range from 0.55kW to 5600kW.

They are used in main propulsion systems, rudder con-
trol, propellers, compressors, pumps, fans, winches
and many other systems on board. ABB AC drives, with
asynchronous or permanent magnet synchronous mo-
tors, combine environmental advantages with reduced
operating costs.

These drives, tested and approved in compliance with
the major classification societies, fulfill the requirements
of the marine and offshore field, ensuring compact so-
lutions and reliable and economical operation under all
conditions.

Figure 35: Variable Speed Drives VSD

ABB medium voltage drives (see Figure 36) with their
modularity, energy efficiency and superior performance,
are the perfect solution for modern marine requirements
in the power range up to 28000kW; they are used in ad-
vanced propulsion systems and auxiliary applications for
all types of vessels and floating structures.

ABB multi-level topology makes possible the realization
of an intrinsically less complex, more efficient and highly
reliable medium voltage converter. Its compact construc-
tion results in small overall dimensions and lightweight
design, offering greater flexibility to ship designers and
making more space available for other purposes.

The modular platform is extremely versatile, providing a
basis for marine certified standard single drives, trans-
formerless solutions, multi-motor-drives and systems
with built-in redundancy.

Figure 36: Enclosures for medium voltage drives
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- Solutions for power quality

Capacitor banks for power factor correction and filters
for reduction of harmonic distortion are the ideal solu-
tion to ensure good power quality in the supply systems
on board.

These products not only guarantee compliance with
the main power quality specifications required by the
classification societies but also ensure high efficiency
and trouble-free operation in both new installations and
retrofit applications.

This can help to reduce running costs and cut CO,
emissions.

Dynacomp series products (see Figure 37) are dynamic
response compensators consisting of capacitors and
reactors switched on the network by solid-state power
circuit-breakers; they allow extremely fast and accurate
power factor correction, thus optimizing the working
conditions for cables, transformers and generators in
installations with low power factor.

They also contribute to stabilizing the supply voltage
when there are fast varying load demands.

They are applications used mainly with motors or con-
verters.

PQF active filters eliminate the risk of equipment break-
down due to harmonic pollution (they are suitable for
harmonic filtering up to order 50); moreover they allow
reactive power compensation and load balancing, thus
contributing to a reduction in the running costs.

Figure 37: Dynamic response compensators (Dynacomp) and PQF filters
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- Frequency converters

PCS 6000 frequency converters are an economical and
effective solution for converting the public grid frequency
- usually 50Hz - to the appropriate frequency needed
on board (typically 60Hz), thereby allowing ships to be
connected to harbor grid (thus making possible for
ships the shift from fossil fuel to electric power supply
while at berth; this results in improved quality as regards
pollution).

PCS6000 unit is particularly competitive in terms of
installation time and space requirements (Figure 38).
High efficiency and low maintenance ensure low opera-
tion costs. Other benefits are grid stabilization through
voltage control, harmonic filtering and reactive power
compensation.

Figure 38: PCS6000 frequency converters
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