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Foreword

It is with great pleasure and pride that we present this second edition of the
Wartsila Encyclopedia of Ship Technology. With 180 years of experience behind
us, and as a technology leader in the marine industry’s global transition to greater
efficiency, lower operating costs and enhanced environmental performance, we are
in a unique position to influence the future of this industry.

One of the ways in which we seek to strengthen the growth and secure the future
of commercial shipping is to pass on the know-how that we have gained to future
generations of maritime professionals. This encyclopedia is evidence of this
commitment.

At Wartsila, we strongly believe that the marine industry must adapt to the

new realities imposed by rising construction and operating costs, the need for
operational and fuel flexibility, and increasingly stringent environmental regulations.
These factors have led to the rapid development and adoption of new technologies,
and in this Wartsila has taken a leading role. It is only through improving the overall
efficiency of operating vessels that these challenges can be met.

Today Wartsila, as a total solutions provider to the marine and oil & gas industries,
has a portfolio of marine products and systems that cannot be matched by any
other company. Our position as an innovative technology leader has also been
enhanced through some key acquisitions of leading companies with proven

track records and unique offerings. The combination of our years of experience
and extensive in-house know-how, together with the expertise acquired through
acquisitions, has enabled Wartsila to better serve its global customers and provide
real and meaningful support throughout the entire lifecycle of their vessels. From
initial design, to engineering, to providing a single source of supply that saves time
and costs, to support from the industry’s most comprehensive service network,
Wartsila offers a shorter route to customer profits. A full review of what Wartsila
offers can be found at www.watrtsila.com. We hope that you will make use of

this encyclopedia and in so doing, help to accelerate the move toward a more
economically and environmentally sustainable future for the marine sector.

April 2015
Jaakko Eskola
Senior Executive Vice President and President, Ship Power

Wartsila Corporation
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This is Wartsila

Wartsila is a global leader in technologies and lifecycle solutions for the marine
and energy markets. In 2014, Wartsila’s net sales totalled EUR 4,8 billion with
approximately 17,700 employees. The company has operations in more than 200
locations in some 70 countries around the world. Wartsila is publicly listed on the
Nasdaq Helsinki exchange in Finland. The company has three businesses;

Ship Power, Power Plants and Services.

The extent of Wartsild’s global reach in the marine sector is exemplified by the
fact that one in every three ocean going vessels has a Wartsila solution The
company has an unmatched portfolio of products, solutions and ship design
services that enables it to be a total solutions provider to its customers. Wartsila’s
technology leadership position has time and again led to key developments that
are meeting the challenges faced today by ship owners and operators around the
world. These can be seen, for example, in the fuel flexibility of Wartsila engines
that has led to Liquefied Natural Gas (LNG) being increasingly adopted as a
clean and competitively priced marine fuel. In addition to its ship machinery, the
company also offers generating sets, reduction gears, propulsion equipment,
control systems, sealing solutions, and a broad range of environmental solutions
that includes exhaust scrubber systems, ballast water management systems and
other solutions that enable compliance with global and local regulations. Wartsila's
recent acquisition of L-3 MSI will bring a broad range of competences within

the area of Electrical & Automation (E&A), which will form an unmatched and
comprehensive E&A offering. Wartsila commands a strong position in all marine
segments as well as in the offshore oil & gas industry.

Wartsila Power Plants is a leading global supplier of flexible baseload power plants
of up to 600 MW operating on various gaseous and liquid fuels. The company’s
portfolio includes unique solutions for peaking, reserve and load-following power
generation, as well as for balancing intermittent power production. Wartsila Power
Plants also provides LNG terminals and distribution systems. In addition to the
technical advantages, Wartsild’s fast track deliveries of complete power plants,
together with long-term operation and maintenance agreements, provide customers
with complete solutions— in urban areas as well as in the most demanding remote
environments. As of 2015, Wartsila has installed more than 4,700 power plants in
175 countries, with a total combined capacity of 55 GW.

Wartsila Services provides support to its Ship Power and Power Plant customers
throughout the lifecycle of their installations by optimising efficiency and
performance. The company provides the most comprehensive portfolio of services
and the broadest service network in the industry. High quality, expert support,

and the availability of services in the most environmentally sound way possible -,
regardless of the location of the customer. Wartsila has also launched innovative
new services, such as service for multiple engine brands in key ports, predictive
and condition based maintenance, tailored online services, and full operations and
management contracts for customer installations. Wartsila is committed to carrying
out its business in a sustainable way. Wartsila’s Code of Conduct and sustainability
programmes are aligned with the UN Global Compact. In order to promote the
long-term interests of Wartsila and its stakeholders, the company strives to
maintain the highest legal and ethical standards in all its operations.



Abandonment - All operations required for breaking out stowage and the safe
disengagement and clearing away of the life-saving equipment with full complement
from the stricken ship.

Able-bodied seaman (A.B.) - A member of the deck crew who is able to perform all the
duties of an experienced seaman; must have three years of sea service.

Abnormal condition - A condition that occurs in a process system when an operating variable
(flow, pressure, temperature, etc.) ranges outside of its normal operating limits, (ABS).

Abrasion - Scraping or wearing away, rubbing off.

Abrasion resistance - Resistance to frictional rubbing.

Abrasive - Agent used for blast cleaning before coating application.

Abrasive blasting - Cleaning of steel with abrasives propelled by compressed air jet
preparatory to painting.

Grit blasting, shot blasting — A cleaning process for metal plate in which dry metal
shot or steel grit is projected at the surface. Open grit blasting is still the most popular
way to prepare surfaces for coating. This method gives an ideal foundation for paint,
and blast-cleaning combined with a modern, correctly used paint system will make the
paint last 4-5 times longer than corresponding surfaces pretreated in a conventional
way. Unfortunately, the dust caused by grit blasting poses health risks and can restrict
the work of other trades. The use of hydrojetting (high pressure water blasting) or slurry
blasting (grit media and water) can reduce this problem.

Sand blasting - An abrasive cleaning method for steel plating which may use dry sand
or a sand and water mixture.

Absorbent material — Substance that is able to take in moisture, oil, etc.

Acceleration - The rate of velocity change or the average increase of velocity in a unit time,
usually expressed in meters per square seconds (m/s?).

Accelerometer — A mechanical or electromechanical instrument that measures acceleration.

Acceptance tests, acceptance trials — A series of tests performed on a material, a machine or
a system, in the presence of the purchaser or a surveyor to demonstrate suitable quality
or operation. See also Dock tests, Sea trials.

Accessibility -The ability for personnel to access equipment easily that requires maintenance,
inspection, removal or replacement while wearing the appropriate clothing, including
personal protective equipment and using all necessary tools and test equipment.

Accident — An event that happens unexpectedly and causes damage, injury, etc.
Accident categories (acc. to Lloyds Maritime Information Services casualty database) — The
LMIS casualty database divides the accidents into the following categories:

1. Foundered - includes ships which sank as a result of heavy weather, leaks, breaking
into two, etc, and not as a consequence of other categories such as collision etc.

2. Missing vessel — includes ships that disappeared without any trace or witnesses
knowing exactly what happened in the accident.

3. Fire/explosion - includes ships where fire/explosion is the first event reported, or
where fire/explosion results from hull/machinery damage, i.e. this category includes
fires due to engine damage, but not fires due to collision etc.

Wartsila Encyclopedia of Ship Technology 5



Accommodation

4. Collision - includes ships striking or being struck by another ship, regardless of
whether under way, anchored or moored. This category does not include ships
striking underwater wrecks.

5. Contact - includes ships striking or being struck by an external object, but not
another ship or the sea bottom. This category includes striking drilling rigs/platforms,
regardless of whether in fixed position or in tow.

6. Wrecked/stranded - includes ships striking the sea bottom, shore or underwater
wrecks.

7. War loss/hostilities - includes ships damaged from all hostile acts.

8. Hull/machinery damage - includes ships where the hull/machinery damage is not
due to other categories such as collision etc.

9. Miscellaneous - includes lost or damaged ships which cannot be classified into any
of the categories 1 through 8 due to not falling into any of the categories above or due
to lack of information (e.g. an accident starting by the cargo shifting would typically
be classified as miscellaneous).

Accommodation - The part of the ship which is used for cabins, dining areas and other
crew facilities. SOLAS defines accommodation spaces as spaces used for public spaces,
corridors, lavatories, cabins, offices, hospitals, cinemas, games and hobby rooms, barber
shops, pantries containing no cooking appliances and similar spaces.

“With reduction in staffing and increases in the complexity of on-board systems, it is vital that
crewmembers are provided with supportive accommodation spaces. Proper accommodations
design and appropriate ambient environment enhance the safety, productivity, morale and
overall well-being of crew.” “Conversely, improper accommodations design can adversely
impact the crew members’ ability to reliably perform their duties, fully relax, sleep and recover
from mentally and physically demanding work activities. This in turn may impact their ability
to carry out duties on succeeding watches with the required diligence and accuracy.”
Source: ABS Guide for “Crew Habitability on Ships” (2001),
can be downloaded from www.eagle.org

Accommodation ladder - A portable ladder hinged to a platform attached to the side of
a ship and which can be positioned to provide access between ship and shore. Telescopic
accommodation ladder is used for covering a long distance between the vessel and port
quay. According to amendments to SOLAS Convention ships constructed on or after
1 January 2010 shall be provided with means of embarkation on and disembarkation
from ships for use in port, such as gangway and accommodation ladders. See also
Boarding arrangement.

Accumulation test of the boiler — A boiler test to ensure that the safety valves can release
steam fast enough to prevent the pressure rising by 10%. The main steam stop valve is
closed during the test.

Acetylene - A colourless, poisonous gas used with oxygen for oxy-acetylene metal welding
or cutting.

Acquisition — The selection of the target vessels requiring a tracking procedure and the
initiation of their tracking.

Act of God - An unpredictable situation which is beyond the power of man. A natural event,
not preventable by any human power, such as flood, storms, or lighting usually quoted
as “force majeure”.

6 Wartsila Encyclopedia of Ship Technology



Active-fin stabilisers

Photo: J. Babicz

Accommodation ladder
To enable an efficient control of persons arriving onboard in port, it is very good to have
the accommodation ladder, which leads directly to a reception point near the Deck Office.

Active-fin stabilisers — The reduction of rolling provides better fuel/speed performance on
rough seas, enhances crew safety and possibly their efficiency. The roll amplitude can be
reduced by passive devices, such as bilge keels, or by active devices, such as hydrofoil-
shaped fins usually located near amidships, port side and starboard. In a seaway, hydraulic
tilting gear continuously varies the angle of attack of the fins, to produce heeling moments
reducing the ship tendency to roll. Active-fin stabilisers require ship forward motion in
order to develop lift. They are available as folding types or non-retractable construction.
For many years active-fin stabilisers have been applied on cruise ships and passenger
vessels as a means of reducing excessive rolling. Today, owners of other types of vessels,
especially large containerships, are increasingly specifying fin stabilisers.

For more information visit www.simplex-turbulo.com

Wartsila Encyclopedia of Ship Technology 7



ACTIVE-FIN STABILISERS

Illustrations courtesy of Rolls-Royce

The Brown Brothers Neptun Il folding stabilisers for large vessels. Fin area: 4.2 - 22.33 m?, total
weight: 36.5 -190 tonnes. The transatlantic liner QUEEN MARY 2 features four sets of 15.63 m? Neptune folding
stabilisers.

The Brown Brothers Aquarius folding stabilisers designed for small cruise
ships, passenger ferries, small naval and coastguard vessels.
Fin area: 1.82 - 5.78 m?, total weight: 19.3 - 40.2 tonnes.

8 Wartsila Encyclopedia of Ship Technology



ACTIVE-FIN STABILISERS

Illustrations courtesy of Rolls-Royce

The Brown Brothers Gemini non-retractable stabilisers designed for smaller vessels.
Fin area: 1.4 - 3.2 m?, total weight: 1.92 - 6.75 tonnes.

The Brown Brothers Modular non-
retractable stabilisers meet military
standards for noise, shock and
vibration levels.

The hull-closing plate is included
as an integral part of the fin unit.

Wartsila Encyclopedia of Ship Technology



Active heave-compensation (AHC) technology

Active heave-compensation (AHC) technology - Offshore cranes and other equipment
doing subsea work are provided with AHC systems to ensure presicion in high sea states
and extreme weather conditions. The essential function of AHC technology is the ability to
land and retrieve subsea installations to and from the seabed with precision and accuracy,
while minimising the impact caused by the motion of the vessel. The major principle of
AHC technology is based on advanced motion sensors that measure the vessel’s heave,
pitch and roll and calculate resulting geometrical estimate of heave motion of the point
where a lifting wire exits the vessel. AHC uses complex electro-hydraulic PLC controlled
systems to control the movement of the lift wire so that the motion introduced by the
crane-tip is damped as much as possible. It enables modern subsea vessels to continue
working with loads near the seabed under increasingly adverse weather conditions.

Actuator — A motor providing rotary or linear motion.

Adblue - Registered trademark for AUS32 (Aqueous Urea Solution 32.5%) and is used in
a process called selective catalytic reduction (SCR) to reduce emissions of oxides of
nitrogen from the exhaust of diesel engine motor vehicles.

Added mass - The mass of water which is considered to be set in motion by a ship when
heaving, pitching, rolling and vibrating.

Additives — Chemicals added to fuel, lubricating oils or fresh water to improve their physical
or chemical characteristics.

Adhesion of a coating - Bonding strength; the attraction of a coating to the substrate, or to
another film of paint or any other material such as steel.

Adhesive - Substance that makes things stick.

Adiabatic — A thermodynamic process described by that no heat is added or removed from
the system.

Admeasurements — The confirmed or official ship dimensions.

Administration - As used in international conventions, the government of the state whose
flag the ship is flying.

Maritime administrations - Governmental organizations, such as the United
States Coast Guard (USCG), UK Marine Safety Agency (UK MSA), Norwegian Maritime
Directorate (NMD), etc., that provide maritime services such as the issuance of certificates
and classification of ships for safety. The flag state administrations are responsible for
overseeing the worldwide construction and operation of ships in accordance with
international and national laws. However many countries delegate this responsibility
to classification societies in order to take advantage of their expertise and worldwide
network of surveyors.

Port administration - The appropriate authority of the country in the port of which the
ship is loading or unloading.

Admiralty coefficient, Admiralty constant — A coefficient used in the preliminary estimations
of the power required in a new design to attain the desired speed. It is presented by the
formula:

D2/3 i V3
P
where: D = displacement in tons, V = speed in knots, P = shaft power in kW.
Values range from 400 to 600, the higher the value the more economic the vessel.

Adrift - Floating, not controlled, without a clearly determinable direction. A vessel is said to

be adrift when she breaks away from her moorings.

C
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Aground

Adsorbent - A solid substance used to remove components from a gas being processed.

Adsorption - Adhesion of molecules from a gas or liquid to a surface. Typical examples are
instrument or inert gas driers. Should not be confused with absorption.

Advance - The distance that the ship has advanced in a direction parallel to the original
course measured from the point where the helm was put over. See also Manoeuvring
parameters.

Afloat - In a floating condition; the opposite of aground.

Aframax tanker - A tanker with deadweight of 79,999dwt, however the term Aframax is
generally used for tankers in the 50,000 — 100,000dwt capacity range. See also Tanker.

lllustrations courtesy of Stena Bulk

Ice - Aframax STENA ARCTICA

Aft peak — A compartment located aft of the aftermost watertight bulkhead.
Aft peak bulkhead - Aterm applied to the first main transverse watertight bulkhead
forward of the stern.
Aft peak tank - The compartment in the narrow part of the stern aft of the aft peak bulkhead.
Aft perpendicular (AP) - The aft perpendicular passes through the aft end of the freeboard
length L.
A-frame -
1. Atype of lifting gear often installed on stern of cable vessels, pipe-lying vessels and
offshore construction vessels for sub sea load handling.
2. Afabricated steel structural element of aslow speed, two-stroke diesel engine. It
stands on the bedplate above the main bearings.
Afterbody - That portion of a ship hull aft amidships.
After shoulder — The part of the ship form where the parallel middle body and the run
meet.
Aground - When a vessel rests on something solid other than the blocks in a dry-dock or
slipway she is said to be aground.

Wartsila Encyclopedia of Ship Technology 11



AHTS SIEM PEARL

Photo courtesy of MacGREGOR

200t A-frame
AHTS SIEM PEARL

Anchor Handling, Tug, Supply Vessel SIEM PEARL, based on Wartsila Ship Design’s VS491 CD
design, was delivered in 2009 by Kleven Yard in Ulsteinvik (Norway).

Anchor handling equipment consists of a Rolls-Royce Brattvaag 500t covered towing and
anchor handling winch of waterfall type with socket compartments and spooling devices.
There are four 170m?3 chain lockers with a total capacity of 9400m of 76mm chain.

Cargo carrying capacities include approximately 3000m3 drill water, 650m3 liquid mud,
650m3 brine and 300m3 dry bulk. The aft cargo deck measures 44.5m by 18m providing
an 810m? area capable of accommodating about 1600t of cargo with a deck strength of
10 t/m2. An unique feature is the Triplex MDH gantry crane for safe and man-free anchor
handling operations while two U-shaped roll reduction tanks provide a more stable working
environment.

The hybrid power plant combines diesel-electric and diesel-mechanical transmission. In
combination with selective catalytic reduction and efficient hull design, this resulted in low
fuel consumption and minimum exhaust emissions.

The main propulsion is via a twin screw CPP driven by a combination of diesel engines and
variable speed electric motors. For each shaftline, one Wartsila main diesel engine 16V32 and
one electric motor are connected to a Wartsila gear. The main engine has a power take off
in the front end, driving a shaft generator (3000kW at 720 rpm). With this arrangement the
main engine can be used as the propulsion engine at variable speed, the propulsion engine
at constant generator speed, or as a generator motor disconnected from the propeller.

The variable speed electric motors have two nominal ratings and speeds. When operating
in parallel with the diesel engine the nominal speed is 1370rpm, which is required in order
to match the nominal propeller speed of 144rpm. When operating as the only propulsion

12 Wartsila Encyclopedia of Ship Technology
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Aids to navigation

motor, the nominal speed is 800rpm, equal to a propeller speed of 84rpm. There are also two
2100kW 3516C generator sets and a 425kW emergency/harbour generator.

The Wartsila power drive system, based on low voltage 690V/60Hz, eliminates the propulsion
transformers used by a traditional 6.6kV/60Hz power drive system. Elimination of the high
voltage propulsion transformers gives the following benefits:

- Electrical losses in transformers eliminated (15-20% of total electrical losses),

- Weight and volume of bulky transformers is eliminated,

- Low voltage system makes a more flexible switchboard,

- Centralized location of the vital equipment (in one room) enable easy operation

control and maintenance.

Each of the two main 4200mm diameter Wartsila Lips CP propellers with HR nozzles provides
an MCR output of 9500kW. These are supplemented by two 1000kW tunnel thrusters forward,
one 830kW retractable azimuthing thruster forward and two 880kW tunnel thrusters aft. This
propulsion system gives the vessel a DP2 capability. In addition, two Rolls-Royce high-lift
rudders are fitted to enhance manoeuvrability.

Length, oa: 91.00m, Length, bp: 79.35m, Beam, mld: 22.00m, Depth, mld to the main deck:
9.60m, Draught: 7.95m, Max deadweight: 4161dwt, Lightship mass: 6069t, Deck space:
813m?, Deck cargo capacity: 1600t, Output: 2x8000kW + 2x1600kW, Azimuth thruster
830kW, Tunnel thrusters: 2x1000kW, 2x880kW. Speed: 10knt at 12t, 12knt at 18t, 14knt at
32t, 16knt at 60t, 18knt at 72t, Bollard pull: 285-310t.

Aids to navigation - Charted marks such as buoys, beacons, lights, radio beacons and the
like.
Aids to navigation service and buoy laying vessel RELUME
According to HSB International September 2004

The sophisticated light tender RELUME was built by the Dutch shipbuilding group Damen
for Middle East Navigation Aids Service (MENAS), which plays a major role in maintaining the
safety of shipping in the Arabian Gulf. The vessel was launched at Galatz Shipyard, Romania.
To avoid steel cutting and re-working at Royal Schelde, much of the heavy machinery and
electrical components had been fitted on board during construction work in Romania. The
vessel is ideally equipped to repair and reposition navigation aids and to search for, locate
and mark marine hazards. To provide coverage of all Gulf waters, the vessel have been
complemented by workboats specializing in the service of shallow water aids to navigation.

Deck equipment includes a TTS crane of the electro-hydraulic type, with an SWL of 25t at
20m, the crane is specifically designed to handle a wide variety of navigation buoys and
features a two hook/winch operation. Each hook/winch can be operated independently or
synchronised in buoy-handling operations, and a constant tensioning system is installed to
ease the hook-on operation. The crane is dimensioned to handle a wide variety of buoy sizes.
Deck equipment further includes 2x15t buoy handling capstans, and 2x5t tugger winches.
The spacious workdeck had been such designed that the vessel can carry twenty large
navigation buoys.

Further to its primary role to lay, retrieve and maintain aids to navigation, the vessel has
additional functions. The specifications include oil pollution recovery, hydrographic survey
work, towing, the carriage of containers for rig supply and dive support facilities for rig
inspections.

14 Wartsila Encyclopedia of Ship Technology



Aids to navigation service and buoy laying vessel RELUME

Photo courtesy of Remontowa Shipyard

The Northern Lighthouse Board’s new multi-function light tender NLV PHAROS

Built by the Remontowa Shipyard in Gdansk, the vessel helps to maintain and repair navigation
buoys, unlit beacons, automatic lighthouses, racons and DGPS stations which the Northern
Lighthouse Board is responsible for around the coasts of Scotland and the Isle of Man. In addition
to her main tasks, the vessel is also capable of locating wrecks and conducting hydrographic
surveys. Diesel-electric power generation is via three 1370kW and two 685kW Wairtsild L20 diesel
generating sets.

The engine room accommodates two 1317kW 8-cylinder diesel generator sets and two
988kW 6-cylinder generators made by Wartsila for both the diesel-electric propulsion
of the two azimuth thrusters, with a 2300mm diameter fixed pitch propeller fitted in
a nozzle. Both thrusters are driven by frequency controlled E-motor drives of 1500kW at
1800rpm.

Fitted forward are two tunnel thrusters fitted with high skew CP propellers driven by
650kW E-motors. Rolls-Royce Marine supplied a controlled passive Intering stability tank.
The stabiliser system, operating at low and zero speed of the vessel, consists of a U-shape
tank fitted with 10 maintenance-free valves. Tank capacity at service level is 190m3 and
the stabiliser wave slope capacity is up to 5 degrees. The maximum stabilising moment
is 425t.

Length, oa: 82.60m, Length, bp: m, Breadth, max: 16.50m, Depth to main deck: 6.80m, Draught
design/maximum: 4.00/4.50m, Deadweight maximum: 1500dwt, Gross tonnage: 3529,
Propulsion power: 2x1317kW + 2x988kW, Trial speed: 13.50 knots.

Aids to navigation service vessel — The vessel specially equipped to maintain and repair
navigation buoys, beacons, automatic lighthouses, etc.

Wartsila Encyclopedia of Ship Technology 15
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Air compressor

Air compressor - Usually two-stage, two-crank machine used aboard ship to supply
compressed air. The air is compressed in the first stage, cooled and compressed to higher
pressure in the next stage. Compressors must always be started at the unloaded condition
since otherwise pressures build up rapidly producing very high starting torques.

Air compressors onboard the 4444 TEU container vessel
MSC FLORIDA built by Gdynia Shipyard

Air conditioning — The control of temperature and humidity in a space together with the
circulation, filtering and refreshing of the air.

Air conditioning system - A typical recirculating system contains afan to produce the
airflow through the system, a cooling coil where the heat from the air is transferred to
the cooling medium, and ductwork to distribute the air through duct terminals and to
return the air to the cooling coil. Many recirculating systems contain heaters for use in the
heating season or for use in maintaining a specific relative humidity requirement.

For more information visit www.heinenhopman.com
Air cooler, charge air cooler — A heat exchanger used to cool and, therefore, increase the

specific density of air prior to combustion in an engine.

Air cooler cleaning system — The airside of the scavenge air cooler is cleaned by a chemical
fluid injected into a spray pipe arrangement. Polluted cleaning agent returns through
a filter, to the chemical cleaning tank. The cleaning must be carried out while the engine
is at the standstill.

Air cushion vehicle (ACV), hovercraft — A craft with the whole or a significant part of its
weight supported, whether at rest or in motion, by a continuously generated cushion of
air with its effectiveness dependent on the proximity of the surface over which the craft
operates.

Air draft — The vertical distance from the waterline to the highest fixed part of a vessel.

18 Wartsila Encyclopedia of Ship Technology



Wairtsildé Hamworthy seismic compressors
Wairtsild Hamworthy seismic compressors feature a low lift concentric valve and generous
inter-stage cooling to minimise the amount of absorbed power. This results in very high overall
efficiency. Each machinery package includes a choice of drive, skid base and control system.

Wartsild Hamworthy rig tensioning compressor
The combination of a 4 stage compressor, dryer, and filtration package with a contained cooling
system, produces filtered and dry, high pressure air or gas suitable for riser tensioning and other
offshore applications.

Wartsila Encyclopedia of Ship Technology 19



Air dryer

Photo courtesy of STX Europe

Air cushion vehicle

Air dryer - A unit used to remove moisture from control air. It may use a refrigerant drier
or a desiccant.

Air-drying paints — Paints which dry and form a film while exposed to air. Oil and alkyd
paints are usually air-drying.

Air duct - Thin-walled piping or ducting (circular or rectangular) used exclusively to conduct
air.

Air-fuel ratio (AFR) — Air-fuel ratio is the mass ratio of air to fuel present during combustion.

Air gun - Air guns are devices that rapidly release compressed air into water creating the
effect of explosion. To provide sufficient energy for geophysical surveys, compressors
generating extremely high pressures are required.

Air heater - A heat exchanger, which uses steam, water or electricity to increase the air
temperature.

Air lock - An enclosed space for entrance between an outdoor gas dangerous zone on
open deck and a gas safe space, arranged to prevent ingress of gas to the gas safe space.

Air lubrication - An innovative concept of reducing hull friction by means of air lubrication.
A layer of air is generated between the specially profiled underside and water surface, so
that the vessel effectively glides through the water, reducing drag by 5-15%.

Vessels which are wide-bodied, slow-moving and have a small draft, such as heavy lift
and module carriers, should benefit the most from air lubrication systems.

Mitsubishi Air Lubrication System (MALS) is a proprietary technology by MHI that reduces
hull friction by blowing out a constant layer of small air bubbles along the bottom of
a ship’s hull. Air discharged from blowers is temporarily stored in a head tank and air
supply branch pipes connected to the head tank are piped to the air supply portion
mounted on the bottom of the hull. One air supply branch pipe is each connected to one
air chamber. All of these chambers are recessed.

The MALS was installed in each of twin-designed NYK-Hinode Line ocean-going vessels,
the 19,800 dwt YAMATAI and YAMATO; the first in March 2010, and the other in the
following November. These two ships are special heavy load carriers with roll-on, roll-
off rampways for the transport of large prefabricated structures. Their propulsion system
is by twin shaft CPP propellers, powered by a pair of diesel engines, maximum rating
3218kW at 600/196 rmp.
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Alternating current (AC)

The experiments with the air-lubrication system carried out in avariety of normal
operating conditions over a two-year period confirmed an average 6% reduction in fuel
consumption.

With a growing awareness in the industry that this new technology delivers on its fuel-
saving promise, AIDA Cruises ordered MALS to be installed in its two new 125,000 gt
cruise ships now under construction at MHI's Nagasaki Shipyard & Machinery Works. MHI
say that the system is expected to reduce fuel consumption by 7% and will be the world’s
first such installation in a large cruise ship. Deliveries are scheduled for the spring of 2015
and 2016.

Air pipe - A pipe provided to equalize the tank pressure with the atmospheric one while the

tank is being emptied or filled. Air pipes terminating on the open deck shall be fitted with
approved air pipe heads. However, air pipes from the fuel oil settling and service tanks
should be led to the funnel in order to eliminate the risk of water ingress due to a broken
pipe or head.
To meet requirements of the International Convention on Load Lines it is enough to arrange
760mm high air pipes on freeboard deck and 450mm height ones on forecastle and poop.
However such standard approach is no more valid. Efficiency of many vessels depends on
their damage stability characteristics: better damage stability allows higher permissible
vertical centre of gravity. In order to improve damage stability of the vessel it is very important
to arrange air pipes and vents as far as possible from ship sides and as high as reasonable.

Photos: J. Babicz

Light, compact air pipe heads from WINTEB enable tank flushing (left)
or tank sounding (right)

Air receiver, air reservoir — A pressure vessel for storing compressed air. Air receiver is built
and tested similarly to a boiler drum.

Air resistance — That part of a ship resistance to motion that is due to the resistance of the
air to above-water portion of the ship moving throught it.

Air trunks — Parts of the hull that may either itself be used to conduct air or which contain air
ducts as well as other lines (pipes, cables).
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Airless spray

Air receivers onboard the 4444 TEU container vessel
MSC FLORIDA designed and built by Gdynia Shipyard

Airless spray — A method of paint spraying which does not use compressed air to atomise
the paint.
Airless spray is a very fast and efficient method of application since the paint is forced into the
surface at very high speed.

Alarm - A visual and/or audible signal indicating an abnormal situation.
Aldis lamp - A hand-held electrically operated signal lamp.

Alignment - An arrangement of different structural members in one straight line: alignment
of butt welds, alignment of stiffeners, etc. Many ships have suffered when other design
requirements have been assigned undue priority over structural alignment. See also
Shaft alignment.

Alkyd resin - A synthetic resin made by a reaction of two chemicals in the presence of
natural or processed oil.

Alleyway - Any corridor aboard vessel connecting one part of the accommodation to
another part.

Allision - The act of striking or collision of a moving vessel against a stationary object.

Alloy flux — A flux which the alloy content of the weld metal is largely dependent on.

All-weld-metal test specimen - Atest specimen with the reduced section composed
entirely of weld metal.

Alternating current (AC) - Alternating current is a form of electricity in which the current
alternates in direction (and the voltage alternates in polarity) at a frequency defined by
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the generator (usually between 50 and 60 times per second, i.e., 50 - 60 hertz). AC was
adopted for power transmission in the early days of electricity supply because it had
two major advantages over direct current (DC): its voltage could be stepped up or down
according to need using transformers, and it could be interrupted more easily than DC.
Neither advantage is as relevant today as it once was because power electronics can
solve both issues for DC.

Alternator — An alternating current generator. See also Shaft alternator.

Aluminium - A light metal of a good resistance to atmospheric corrosion. It is used as the
base metal for light alloys.

Aluminium alloys — Aluminium alloyed with materials such as copper, manganese, silicon or
magnesium, to improve their strength.

Aluminium brass — Brass containing up to 6% aluminium in order to improve resistance to
corrosion.

Aluminium bronze - A copper aluminium alloy containing 4-11% of aluminium and other
elements for particular properties. It is used for propulsors, valve fittings and other
applications where corrosion resistance is important.

Ambient conditions - Parameters such as barometric pressure, engine room and seawater
temperatures and relative humidity to be taken into account while designing ship’s
machinery. Usually the barometric pressure of 1000 millibars, an engine room temperature
of 45°C, a sea water temperature 32°C, and relative humidity of 60% are used for ships
with unrestricted service.

Ambient environment - Environmental conditions that the crew is exposed to during
periods of work, leisure or rest.

Amidships -

1. A nautical term, which refers to the longitudinal centerline of a ship.
2. Inship construction amidships is in the middle of the length (L).

Ammeter - An indicating instrument used to measure electrical current flow.

Ammonia - Noxious, pungent gas, extremely soluble in water and alcohol. It is used as
arefrigerant. Further Ammonia is used as feed stock in e.g. fertilizer production and
several other industries.

Ammonia slip - Amount of unreacted ammonia emitted from a control equipment such as
electrostatic precipitator, selective catalytic reduction (SCR) or selective non-catalytic
reduction process.

Ampere - A standard unit for the measurement of electric current.

Ampilification - The ratio of output to input magnitude in a device which is designed to
produce an increased value output.

Amplitude - The maximum displacement of avarying quantity, measured from some
datums.

Analogue components - Analogue components generate time-continuous outputs (volts,
pressure, and so forth) to manipulate process inputs and which operate on continuous
signals from instrumentation measuring process variables (position, temperature, and so
forth).

Anchor - A heavy forging or casting shaped to grip the sea bottom, and by means of a cable
or rope, holds a ship or other floating structure in a desired position regardless of wind
and current. Different types are in use: stock-anchors, stockless anchors (SPEK or HALL
type), High Holding Power (HHP) anchors, Super Holding Power (SHHP) anchors.
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Anchor/mooring equipment of Bergesen’s LNG tankers

Anchoring equipment is designed for temporary mooring avessel within a harbour or
sheltered area when the vessel is awaiting berth, etc. It is assumed that under normal
circumstances a ship will use only one bow anchor and chain cable at a time.

High holding power (HHP) anchor — An anchor is approved as HHP anchor after it has
proven, during 3 runs, in 3 soil types and for different weights, that the holding power is
at least two time the holding power of a conventional anchor of the same weight. As soon
as the predicate “High Holding Power” is obtained a weight reduction of 25% compared
to the conventional anchor is allowed.

Super high holding power anchor (SHHP) - To obtain the predicate SHHP, the anchor
must have a holding power of at least four times the holding power of a conventional
anchor.

Anchor chain, anchor cable — A heavy chain used for holding a vessel at anchor. The total
length of chain is to be divided in approximately equal parts between the two bower
anchors. The inboard ends of the chain cables are to be secured to the ship’s structure by
means which enable, in case of emergency, an easy slipping of the chain cables to sea.

Spek anchor, note anchor pocket

Spare anchor AC-14 type Anchor chain

Anchor/mooring equipment of Bergesen’s LNG tankers

Rauma Brattvaag has provided anchoring and mooring systems for 140,000m3 LNG tankers
built by Daewoo for Bergesen ASA. Combined windlass/mooring winches, each with a cable
lifter suitable for 114mm U2 chain and operated by a driving unit with two hydraulic motors.
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Angle of flooding

The windlasses for these vessels are specially designed for deep sea anchoring, and the drive
unit with two hydraulic motors, enables the anchor chain to be hoisted from a depth of
360m. The package also features seven two- and three-drum mooring winches, each with
a hoisting pull of 30tonnes at 15m/min or 50m/min at slack rope.

All the mooring winches feature a gear transmission housed in an oil bath, split-type plain
bearings, stainless steel-lined band brakes, and a facility for setting the brakes to 60% of the
mooring line’s breaking strength.

Anchor/mooring equipment of the shuttle tanker KNOCK WHILLAN

The ship is equipped with an electro-hydraulic combined anchor windlass/mooring winch.
The windlass is a 49.5t capacity device rated at 9 m/min, and the mooring winch is 20t
capacity device rated at 15 m/min with two drums and two sets. The remaining six sets
of mooring winches are also electro-hydraulic devices. A single 250t escort tug hawser
mooring system complements the winches.

The vessel has a pair of OCIMF standard 200t capacity bow chain stoppers and a single 500t
North Sea model. A Maritime Pusnes offshore type emergency towing arrangement is fitted
aft, with a Hyundai type arrangement forward.

Anchor/mooring equipment of the cruise liner ELATION

Low-noise anchoring and mooring equipment are valued by Carnival Cruise Lines, whose
70,400gt ELATION and PARADISE feature two sets of Rauma electric combined mooring
winch/windlass units on the forward mooring deck. Each winch has one split drum,
a warping head and a cable lifter, handling 8mm diameter anchor chain. Two 25t capacity
mooring winches with two split drums and warping head are also mounted on the fore deck.
On the aft deck there is a pair of combined mooring winches, each with two split drums and
a mooring head, and a mooring winch with one split drum and a warping head.

Anchor pocket — A recess in the bow plating large enough to accommodate the anchor so
that there is no projection outside of shell plating.

Anchor windlass trials - Each windlass shall be tested under working conditions
after installation on-board to demonstrate satisfactory operation. Each unit is to be
independently tested for braking, clutch functioning, lowering and hoisting of chain
cable and anchor, proper riding of the chain over the chain lifter, proper transit of the
chain through the hawse pipe and the chain pipe, and effective proper stowage of the
chain and the anchor.

The mean hoisting speed is to be measured and verified, of each anchor and at least with
82.5m length of chain submerged and hanging free.

The braking capacity is to be tested by intermittent paying out and holding the chain
cable by means of the brake application.

Anemometer - A device used to measure wind speed and direction relative to that of the
ship.

Angle of flooding - Downflooding angle related to intact stability is the angle of heel
at which the lower edge of openings in the hull, superstructures or deckhouses that
cannot be closed weathertight immerse.

Air inlets to the Engine Room must be always open and the downflooding angle for the intact
stability shall be calculated taking into account these openings. Some types of dangerous
cargoes require continuous ventilation; in such cases it is necessary check the downflooding
angle also for hold ventilation openings.
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ANCHOR/MOORING EQUIPMENT

Anchor/mooring equipment on the forecastle deck of 5300 TEU vessel

Anchor/mooring equipment on the forecastle deck of 4444 TEU vessel
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Anti-fouling paint

Downflooding angle related to damage stability - The minimum heel angle where an
external opening without watertight closing appliance is submerged.

Hold ventilation openings/fans are usually protected only by weathertight closures and these
are openings to be taken into account for damage stability calculation.

Angle of entrance - The angle formed by the centerline of the vessel and the tangent to the
design waterline at the forward perpendicular.

Angle of heel, heel - A steady angle of heel created by an external force, such as wind or
waves.

Angle of list, list - A steady angle of heel created by forces within the ship. For example,
when the ship is inclined due to her asymmetric construction, or by shifting a weight
transversely within the ship. The list reduces of ship’s stability. Therefore it is essential to
keep the ship upright at all times by a symmetrical distribution of masses.

Angle of loll - The angle at which a ship with a negative initial metacentric height will
lie at rest in still water. In a seaway, such a ship will oscillate between the angle of loll
on SB and the one on PS. Depending upon external forces such as wind and waves
a ship may suddenly flop over from PS to SB and then back again to PS. Such abrupt
oscillation, different from a continuous roll, is characteristic for negative metacentric
heights.

An angle of loll can be corrected only by lowering the centre of gravity, not by moving
loads transversely. This can be done by moving weight downwards, adding water ballast
in double bottom tanks or removing weight above the ship vertical centre of gravity.

Where empty ballast tanks are available these will afford the simplest means of lowering
the ship’s centre of gravity. The correct procedure is to add ballast on the low side of the
ship. The first effect will be to increase the angle of heel and to cause a loss of stability due
to the free surface of the water, but this effect is soon cancelled and the angle of heel will
rapidly decrease.

Angle of repose — The angle between the horizontal line and the side of the cone formed
when the granular materials as grain, coal, sand or ores are poured onto a flat surface. The
angle of repose of most grain loads ranges between 20° and 22°, but for barley it reaches
46°. The angles of repose for ores range between 34° for copper from Norway, and 60° for
copper from Peru.

Annealing - The type of steel heat treatment. The steel is heated to around 850-950°C and
then is cooled slowly either in a furnace orin an insulated space. Softer, more ductile steel
that that in the normalised condition is produced.

Annunciation - An audible signal indicating a condition or system state (usually of an
emergency or abnormal nature).

Anode - Positive terminal of an electrolytic cell at which corrosion occurs, a piece of metal
fixed to steel to provide cathodic protection.

Anti-exposure suit — Anti-exposure suits are similar to immersion suits, but there are
a few differences. They must provide at least 70 Newtons of buoyancy and be made of
material that reduces the risk of heat stress during rescue and evacuation operations.
Anti-exposure suits are provided with a lifejacket light and whistle and must be capable
of turning a person in the water from face-down to face-up in not more that five seconds.

Anti-fouling paint - A paint containing agents for preventing the adhesion and growth of
organisms on the hull.
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Anti-fouling system

Anti-fouling system - A coating, paint, surface treatment or device that is used on a ship to
control or to prevent the attachment of unwanted organisms.

Anti-heeling systems - During loading and discharging the ship’s heel has to be kept to
minimum to avoid jamming of containers in cell guides, twisting of ramps or damage of
rolling cargo. Anti-heeling systems are pump or air blower activated systems developed
to compensate ship’s heel. See also Intering™ Anti-heeling Systems.

Anti-lift bolt — A device, like a cleat, which prevents a hatch cover from lifting up.

Anti-polishing ring - A ring installed in the upper end of the cylinder in order to remove
deposits from the piston top land and ensure proper cylinder function, no bore polishing,
stable lube oil consumption and low wear of the liner.

Anti-Rack Spacer stowage system - The containers are connected longitudinally with
so called “anti-racking spacers’, thus creating one 40-foot container out of two 20-foot
ones. This system avoids all side supporting, and there are no foundations or rails in the
longitudinal bulkheads. See also Mixed stowage and Side support stowage system.

Anti-rolling devices - Bilge keels, fin stabilisers. See Roll stabilisation.

Anti-roll tanks, tank stabilisers — Transverse tanks installed at suitable height and distance
from the ship center line in order to generate anti-rolling forces by phased flow of large
volume of liquid. Fluid transfer may be done by open flume or from and to wing tanks
connected by cross ducts. See also Intering™ tank stabilisation systems.

Passive anti-roll tanks require large volumes of liquid in order to absorb a significant amount
of roll energy. There are two general types of passive anti-roll tanks: the free-surface tank and
U-tube tank.

Appendages - The portions of a vessel extending beyond the main hull outline including such
items as rudder, propellers, struts, shafts, shaft bossings, sonar domes and bilge keels.

Approved equipment - Equipment of the design that has been tested and approved by an
appropriate authority such as a government department or classification society. The
authority should have certified the equipment as safe for use.

AQUARIUS ballast water treatment plants

Recognizing that no one solution is suitable across all ship types Wartsila Water Systems
designed two technology choices for Ballast Water Management: AQUARIUS® UV and
AQUARIUS® EC. Wartsila AQUARIUS® UV is suitable for vessels with small to medium pump
capacities. Whereas Wartsila AQUARIUS® EC is better suited for vessels with larger pump
capacities.

The AQUARIUS® UV system is a two stage approach with filtration followed by disinfection
using ultraviolet light. Upon uptake, seawater is first passed through an automatic
backwashing filter (1st stage). The filtered seawater then passes through a UV chamber (2nd
stage) where ultra-violet light is used to disinfect the water before entering the ballast tank.
On discharge, water from the ballast tank is pumped through the UV chamber for a second
time to complete the disinfection process prior to discharge. The filter is not used during
discharge. Wartsila AQUARIUS® UV IMO Type Approval was awarded by the Netherlands
administration during December 2012, and was followed by USCG Alternate Management
System (AMS) in October 2013.

The AQUARIUS® EC system is a two stage approach with filtration and electro-chlorination.
Upon uptake the sea water is first passed through a automatic backwashing filter (1st stage),
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Archimedes’ principle and ship equilibrium

Photo courtesy of Wairtsild Corporation
Aquarius-Uv

and then filtered water passes through a static mixer, where disinfectant generated from
the side stream EC Cell Module (2nd stage) is injected to ensure a maximum dose of 10ppm
in the treated ballast water prior to entering the ballast tank. At discharge, water from the
ballast tanks by-passes the filter and residual concentration of disinfectant is monitored. If
required, treated ballast water is neutralized, ensuring compliance with MARPOL discharge
limits.

Wartsila AQUARIUS® EC IMO Type Approval was awarded by the Netherlands administration
during December 2013.

The modular approach provides maximum flexibility during system design and installation
where key components are positioned to suit available space, a major advantage when
considering retrofit projects. Retrofit installations can be carried out either during dry
docking, at the quayside or whilst the ship is in operation, thus minimizing any impact on
ship downtime.

Arbitration — A method of settling disputes by one or more arbitrators. Quicker and less
expensive than taking a case to court.

Arc welding - Arc welding is the fusing of two metals using heat produced by an electric arc
formed between them.

Archimedes’ principle and ship equilibrium
A body immersed in fluid is subject to an upwards force equal to the weight of the fluid
displaced.
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Argon

Archimedes’ principle

For the ship to float, it must displace its own weight of water: W = D =V x water density,
where: W - Weight of the ship, D - Displacement, V - Volume of displacement

The displacement of a ship, D, is defined as the number of tones of water it displaces.
The volume of displacement, V, is the underwater volume of a ship afloat i.e. the volume
below the waterline.

G - Centre of gravity, B — Centre of buoyancy

Two vertical forces always act upon the ship when rest in still water: its weight, W, acting
downwards through the centre of gravity, G, and the displacement, D, acting upwards
through the centre of buoyancy B. The weight and the displacement are equal in
magnitude. For the ship in equilibrium the sum of their moments must be zero. Therefore
the ship will heel and trim as long as centres of gravity and buoyancy will be in the same
vertical line.

ARCS Hydrographic Chart Raster Format - A type of electronic navigational chart (ENC)
format.
The United Kingdom Hydrographic Office (UKHO) publishes the digital raster charts in
Hydrographic Chart Raster Format (HCRF). These raster charts are scanned from traditional
paper charts and are realized as a set of one or more panels. The chartiitself is always the panel
0 and each inset plan represents an additional panel. Some panels may even be split into
sub-panels because of mathematical problem encountered by the dateline or the coverage of
a wide latitude range. Following the notices to mariners for paper charts the UKHO publishes
weekly updates, which can be applied to the ARCS chart.

Argon - An inert gas used to shield the molten metal during argon arc welding.

Arrangement of chocks and bitts for transit of Panama Canal - A vessel passing through
the locks shall normally be assisted by locks locomotives using steel towing wires. Article
59 of the Regulations on Navigation in Panama Canal Waters (www.pancanal.com)
defines the requirements regarding construction, number, and locations of the chocks
and bitts. Generally all vessels, except a vessel not requiring locomotives, shall be fitted
with a double chock right in the stem, and another double chock right in the stern, and
each shall be have two accompanying pairs of heavy bitts.
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Arrest

Vessels not exceeding 22.86m in beam can be provided with two single chocks, placed
not more than 2.5m abaft the stem and no more than 3m off the centre line, instead of
a double chock right in the stem. An aft double chock required right in the stern can be
replaced by two single chocks located not more than 3m forward of the stern and 3m off
the centre line.

Vessels exceeding 22.86m in beam can be provided with two double chocks, placed
not more than 2.5m abaft the stem and no more than 3m off the centre line, instead of
a double chock right in the stem. An aft double chock required right in the stern can be
replaced by two double chocks located not more than 3m forward of the stern and 3m
off the centre line.

All vessels with a maximum beam of 27.74m or more, in addition to the double chock at
the stern, shall have two symmetrically spaced single chocks at the stern, not less than
3m, nor more than 6m from the centre line.

Detailed requirements of additional double chocks, single chocks and bitts depend on
ship’s length and beam. Additional double chocks shall have a pair of heavy bitts, and
each single chock shall have an accompanying bitt.

Arrest (marine insurance) — By “Arrest” is meant the detention of a ship because of some
infringement of regulations, either port or national. When a maritime lien is to be
exercised the ship may also be “arrested”. Such alien may arise when the ship is the
subject of a salvage award. Arrest may also arise in the event of collision disputes. The
policy does not cover any of these.

Asphalt carrier ASPHALT SEMINOLE

Built by Kraljevica Shipyard, Croatia, the ASPHALT SEMINOLE has been designed for world-
wide service transporting cargoes requiring to be carried at temperature up to 250°C,
including asphalt, bitumen, coal tar, coaltar pitch, coaltar naphta solvent and wood
creosotes. The hull is laid-out with a wide double skin featuring large topside wing tanks, the
line of which extends through the upper deck to form a trunk joining with a long forecastle.
At midships the trunk is carried to the ship’s side in way of the manifolds, positioned above
a pump room containing 2x400m3/h and 1x150m3/h hydraulic cargo pumps arranged to
handle two grades of cargo simultaneously.

Within the cargo space, three holds are formed, each fitted with an independent prismatic
cargo tank-block constructed of AH32 shipbuilding steel. No1 block (forward) contains
a single tank, with No2 sub-divided into four tanks and No3 forming three tanks. All eight
tanks can be used to carry heated or unheated products. Anti-rolling, pitching and floating
keys support the blocks, and vertical “sandwich” supports (Feroform F3637 and Epocast 36
epoxy resin) are also provided. Insulation of blocks is by means of Rockwool mineral wood
covered by aluminium foil. Water ballast is carried in the double-hull wing and bottom
tanks, with bunkers carried in tanks forward and aft of the cargo space.

Two composite boilers are fitted to supply engine room needs and for heating bunker
fuel, with two thermal oil heaters, each having an output of 1,200,000 kcal/h, satisfying the
total heating load and giving thermal-oil temperature for cargo heating of 290°C (supply),
reducing to 260°C on return, with oil circulation assisted by two 83m3/h pumps. The heating
system is designed to maintain 250°C with seawater and ambient temperature conditions of
10°C and 0°C, respectively. In addition, cargo temperature can be raised by 10°C in one tank
in 24hours under the same external conditions.
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Assembly

The vessel is powered by a Wartsila 8L32 diesel engine developing 4000kW at 750 rpm and
flexibly coupled to a gearbox arranged to drive an alternator producing 1380kVA. Wartsila
also supplied the shaft line and CP propeller giving a service speed at 85% MCR/15% sea
margin of 13.4knots. Additional electrical supply comes from two Wartsila diesel alternator
sets having an output of 1380kVA. The bow thruster is a 360kW unit, and a Becker flap rudder
is fitted.

Length, oa: 108.50m, Length, bp: 99.90m, Breadth, mld: 18.60m, Depth to main deck: 10.60m,
Draught design/maximum: 6.75/8.34m, Lightweight: 3660t, Deadweight design/maximum:
6494/9230dwt, Gross tonnage: 6292, Propulsion power: 4000kW, Service speed at 85% MCR,
15% sea margin: 13.40 knots.

Assembly - Alarge three-dimensional structure of plating and sections used in the
construction of a ship.

Assembly station — Place on deck, in mess rooms, etc., assigned to crew and passengers
where they have to meet according to the muster list when the corresponding alarm is
released or announcement made.

Astern -

1. Behind a vessel.
2. Backward;in a reverse direction. If a vessel moves backwards it is said to move astern,
opposite to ahead.

As-welded - The condition of weld metal, welded joints, and weldments after welding, but
prior to any subsequent thermal, mechanical, or chemical treatments.

Asymmetrical stern — A special configuration of the afterbody lines used to compensate
for the side thrust generated by a propeller and make a more equal water flow into the
propeller.

Athwartship - Across the ship, at right angles to the fore-and-aft centre-line. Said of cargo
stowed in this way, as opposed to length-wise.

Atomization - Subdivision of a material into its smallest particles, such as fuels reduced to
a fine spray mist by diesel engine injectors.

Atomizer - A nozzle arrangement through which fuel oil is forced under pressure in order to
leave as a fine spray i.e. atomized.

Atriums - Atriums are public spaces within a single main vertical zone spanning three or
more open decks, (SOLAS).

Attenuation - A reduction in current, voltage, or power due to transmission. The opposite
of amplification.

Austenite - One of three possible phases of iron and carbon atoms in carbon steel,
characterised by a face-centred cubit unit. See also Ferrite and Cementite.

Auto container - Container equipped for the transportation of vehicles.

Auto-ignition - The ignition of a combustible material without initiation by a spark or flame,
when the material has been raised to a temperature at which self-sustaining combustion
occurs.

Automatic Identification System (AIS) - A novel radar-based system displaying ship’s
unique identification numbers alongside the radar vectors. AlS equipment consists
of a central unit that collates information from the ship’s navigation systems with pre-
programmed information about the ship’s identity and dimensions and additional
information such as voyage details. The information is transmitted automatically to other
ships and coastal VTS by way of transponder operating in the VHF marine band. The new
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Auxiliary machinery

AIS requirements have entered into force under amendments to the Solas Convention
on July 1,2002, when new ships of 300 gross tonnage and over engaged in international
voyages will have to install the device.

Automatic pilot, autopilot — Automatic control system used for automatic navigation. The
system can sense the difference between the ordered course of the ship and the actual
course and will cause the rudder to move to an angle proportional to this error. The
autopilot keeps the vessel on the correct heading without the helmsman’s intervention.

Automatic radar plotting aids (ARPA) — Automatic radar plotting aids are essentially
utilized to improve the standard of collision avoidance at sea. Primarily designed
as anti-collision radar, the ARPA technology removed the chore of plotting targets
manually on a reflection plotter or separate plotting aid. The system is able to acquire
automatically and constantly monitor number of targets, plot their speeds and
courses, present these as vectors on the display screen, updated with each sweep of
the antenna, and calculate their closest points of approach to own ship and the time
before that will occur.

Automation — Automation can be defined as an apparatus, process, or system that is self-
acting or self-regulating, generally through the employment of mechanical or electrical
devices that replace human observation, effort, and decision-making.

Closed-loop control - Self-regulating control system. Such asystem maintains the
desired operation by comparing the controlled variable to the set point. The difference
between actual and desired outputs creates an error signal. That error signal is fed back
to the control elements, which act upon it to reduce the error signal within an acceptable
tolerance band. An example of such control is the regulation of the voltage and frequency
of the ships electrical generators under varying load conditions.

Open-loop control systems — Open-loop control systems do not employ the feedback
principle. Such systems are self-acting but not self-regulating and are used in automated
systems where system operation can be predicted with a high degree of certainty.

Automooring systems - Unconventional automatic mooring systems designed to reduce

harbour time for ferries. The mooring operation is controlled automatically from the
wheelhouse reducing personnel requirements. See also IRONSAILOR.
Rod-type mooring system developed by Swedish company NORENT AB incorporates
amooring arm and hook attached to a telescopic outer arm, which extends to its outer
position until it hooks on to a pre-erected quayside bar and the determined holding force is
achieved. Only when the vessel is in position alongside the quayside fender and the linkspan,
can the master activate the mooring operation remotely from the bridge.

Auxiliary blowers - On two-stroke diesels, electrically-driven auxiliary blowers are usually
provided because the exhaust gas-driven turbo-charger cannot provide enough air at low
engine speed. Auxiliary blowers are internal parts of the main engine.

Auxiliary boiler - A boiler that supplies steam for essential auxiliary purposes but not for
main propulsion.

Auxiliary machinery, auxiliaries — A term applied collectively to all machinery and apparatus
forming the nonpropulsive equipment of a ship.

Deck auxiliaries, deck equipment, deck machinery — All machinery used for working the
vessel and handling the cargo: winches, windlass, steering gear, cranes, etc.

Engine room auxiliaries — All machinery in the engine room which assist in the working
of the propulsion plant: coolers, heaters, pumps, separators, etc.
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Auxiliary Propulsion Drive

Auxiliary Propulsion Drive, take-home system - Propulsion system that consists of
a medium-speed diesel engine, a reduction gear with Power Take In (PTI) drive, a shaft
generator, and CP propeller. In normal operation at sea the CP propeller is driven by the
main engine and a part of the engine power can be supplied to the shaft generator to
produce electricity. When the main engine is out of operation, the ship can be propelled
by using the shaft generator as an electric motor, supplied by the diesel generators.

AUXPAC -The WARTSILA® Auxpacis a generating set designed for auxiliary power generation
in commercial type vessels. It is a pre-commissioned standard package that ensures the
availability of electrical power in sufficient quantity as and when it is needed.

Photo courtesy of Wirtsild Corporation
AUXPAC

Gensets are based on the Wartsild engine types 20 and 26 and Fenxi and AVK generators.
The lower power range, 520W4L20 - 1700W9L20, is based on the W20 engine and the
higher power range, 1800W6L26 - 2850W9L26, is based on the W26 engine.

Average -

1. This is the marine insurance term for a partial loss. Particular charges are not to be
included when calculating average.

2. The numerical result obtained by dividing the sum of two or more quantities by the
number of quantities.

Average adjusters - In general, average affairs adjusters are entrusted with the task of
apportioning the loss and expenditure over the parties interested in the maritime venture
and to determine which expenses are to be regarded as average or general average.

Aweigh - Description of the situation when the anchor has just been lifted from the seabed.

Awnings — Sheets of canvas or similar material, erected above weather decks to provide
shade and shelter.

AZIPOD (Azimuthing Podded Drive) - Azipod is the electrically driven propulsor with an
AC motor incorporated in a streamlined azimuthing pod unit directly driving a fixed-pitch
propeller. The motor is controlled by a frequency converter, which produces full nominal
torque in either direction over the entire speed range, including standstill. Over torque
can also be utilized e.g. in ice-going vessels. Each Azipod propulsion system is individually
designed and optimized to achieve maximum performance.

The idea of placing an electric motor inside a submerged propulsion pod has been
around for some time but it was not until the late 1980s the Kvaerner Masa-Yards teamed
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AZIPOD (Azimuthing Podded Drive)

with ABB Stromberg Drives to develop the first practical podded main propulsion system.
The 1.5MW Azipod propulsion unit was installed on the waterway service vessel, SEILI
delivered in December 1990. In 1994 the existing propulsion installation of the 16,000dwt
Arctic tanker UIKKU was replaced by a cycloconverter-controlled 11.4MW Azipod drive.
Sea trial results were encouraging: the same trial speed at the same shaft speed was
achieved as in the original trials, however, remarkable improvements were found in the
manoeuvrability. See also Electric podded propulsors.

For more information visit www.abb.com/marine
FREEDOM OF THE SEA, the largest cruise ship in the world, is provided with three (two
azimuthing, one fixed) ABB 14MW cycloconverter-controlled Azipod propulsion units. This
arrangement was chosen to provide excellent manoeuvrability and less vibration operation.
For the shipyard, fitting a pod drive system is a single lift operation instead of installing and
checking thrust bearing, shaftlines, sterntubes, seals and possibly gearboxes.

Compact Azipod - The new propulsion system with a power range from 400kW up to
5MW aimed at ferries, dredgers and offshore vessels. The unit comprises four distinct
parts: the steering gear; the strut with pod tail cone; the motor section; and the nose
cone/propeller. Unlike the single or double wound AC motor of conventional Azipod
concept, the Compact Azipod unit incorporates a permanent magnet synchronous
motor and therefore has no cooling on the rotor, while the stator is cooled by convection
to the surrounding seawater. A frequency conventer provides accurate speed and torque
control.

Among vessels provided with Compact Azipod there are:

- HMS ECHO & HMS ENTERPRISE, 2x1700kW,

- Platform Support Vessel VIKING AVANT 2x3000kW,

- UT 745-E Platform Supply Vessel NORMAND FLOWER, 2x2300kW.
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Picture courtesy of ABB

Hybrid Propulsion. Photo courtesy of Wiirtsild Corporation

CRP Azipod - The combination of the shaft-driven main propeller and the podded
propulsor located on the same axis, but without any physical connection. The
arrangement works as the contra-rotating propellers and is said to give an improvement
of over 10% in hydrodynamic efficiency for an ultra-large containership. See also CRP-
Azipod propulsion of the ferry HAMANASU.

A study by ABB and South Korean shipbuilder Samsung evaluated the technical and economic
merits for single-screw, twin-screw/twin-skeg and CRP Azipod solutions for propelling ultra-
large containerships. The total propulsion efficiency calculations gave the CRP Azipod
advantages of 4.9 percent over the single screw and 9.1 percent over the twi-screw/twin-skeg
options.
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Backgouging - The removal of weld metal and base metal from the weld root side of
awelded joint to facilitate complete fusion and complete joint penetration upon
subsequent welding from that side. See also Gouging.

Back haul - The return movement of a means of transport providing a transport service in
one direction.

Backpressure - The pressure existing on the exhaust side of a system, e.g. the pressure
opposing the motion of an engine piston during its exhaust stroke.

Backing — A material or device placed against the backside of the joint, or at both sides of
a weld in electroslag and electrogas welding, to support and retain molten weld metal.
The material may be partially fused or remain unfused during welding and may be either
metal or nonmetal.

Backing pass, backing weld - A weld pass made for a backing weld.

Backing ring - Backing in the form of a ring, generally used in the welding pipe.

Back-up navigator — Any individual, generally an officer, who has been designated by the
vessel master to be on call if assistance is needed on the bridge.

Baffle plate — A plate used to direct fluid flow, e.g. the hot gases in a boiler furnace or the
oil in a sump tank.

Bagged cargo - Various kinds of commodities usually packed in sacks or in bags, such as
sugar, cement, milk powder, onion, grain, flour, etc.

Balance ratio - The ratio, of the blade area situated forward of the rudderstock to the total
rudder blade area.

Bale capacity, bale cubic - The cubic capacity of a cargo hold measured to the inside of the
frames or cargo battens.

Ballast — Any solid or liquid weight placed in a ship to increase the draught, to change
the trim, or to regulate the stability. Ballast water is allocated during the voyage to
accommodate changes in the distribution of cargo and consumables, and in response to
operational requirements such as draught limitations.

Clean ballast - The ballast in a tank which, since oil was last carried therein, has been so
cleaned that effluent there from if it were discharged from a ship which is stationary into
clean calm water on a clear day would not produce visible traces of oil on the surface of the
water or on adjoining shorelines or cause a sludge or emulsion to be deposited beneath
the surface of water or upon adjoining shorelines. If the ballast is discharged through an
oil discharge monitoring and control system approved by the Administration, evidence
based on such a system to the effect that the oil content of the effluent did not exceed 15
parts per million shall be determinative that the ballast was clean, notwithstanding the
presence of visible traces (MARPOL).

Segregated ballast — The ballast water introduced into atank which is completely
separated from the cargo oil and oil fuel system and which is permanently allocated to
the carriage of ballast or to the carriage of ballast or cargoes other than oil or noxious
substances (MARPOL).

Ballast movement - A voyage or voyage leg made without any paying cargo in a vessel
tanks. To maintain proper stability, trim, or draught, seawater is usually carried during
such movements.
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Ballast pumps

Ballast pumps - Electric-driven pumps, usually vertically mounted and fitted with separate

motor-driven priming systems. Close-coupled designs have the pump rotor mounted on
an extended motor shaft. This can cause difficulties when there is a need to open up the
pump, as the motor may also have to be dismantled to gain access.

With owners expecting to shorten port turn round times; the need to get the ballast in
or out of the tanks can take on a sense of urgency. Container ships are case in point. With
containers stacked perhaps six high they cannot leave port until the ballasting is correct.
This means that ballast pumps have to move impressive amounts of seawater.

If the operator says the ballast tanks have to be filled or emptied in a certain time, it is
possible to look at this simplistically and divide their volume by the time to calculate the
rate. However, as the tank empties, the head will reduce, and so will the effective flow
rate. This in turn means the safety margin built in by the pump manufacturer is reduced,
and friction losses in the pipework can take the flow out of specification.

A priming system with an adequate air-handling capacity is another important need. The
pump/priming system not only has to contend with the depth of the tanks in the double
bottom but also with the height of the pump above the tanktop. Air ejectors have limited
capacity, so for the larger pumps separate motor driven pumps are required.

Ballast system - Piping and pumping system arranged so that water can be drawn from any

ballast tank or the sea and discharged to any other ballast tank or the sea.

Ballast tank — Watertight compartment for holding water ballast.

Ballast Water Discharge Requirements

1.

Ballast Water Convention, 2004 -The International Convention for the Control and
Management of Ships’ Ballast Water and Sediments, 2004. The convention calls for ships
greater than 400GT to conduct ballast water exchange or treatment in accordance with
IMO regulations.

USCG Ballast Water Program - Rules and regulations for the management of ballast
water in United States Waters, with a discharge standard in-line with IMO Ballast Water
Conventions, 2004. Ballast Water Management Systems are to be tested and approved by
the USCG for use on vessels transiting US Waters. Detailed information can be found at
USCG Homeport, and regulation CFR 33 Part 151.

USCG Alternate Management System (AMS) - An interim ballast water management
system recognition program, whilst systems are tested and Type Approved under the
USCG regulations. Accepted AMS are Type Approved by a foreign administration pursuant
to the standards set forth in the International Maritime Organization’s International
Ballast Water Convention, 2004, and meeting all applicable requirements of U.S. law, and
which is used in lieu of ballast water exchange. The list of AMS accepted BWMS can be
found at USCG Homeport.

US EPA Vessel General Permit (VGP 2013) — Part of the Nation Pollution Discharge
Elimination System (NPDES) program under the Clean Water Act (CWA) containing rules
and regulations for the management of ballast water in United States Waters.

Ballast water exchange at sea — The practical method to minimize the introduction of

unwanted organisms from the discharge of ballast water. The exchange procedure shall
be carried out in an “open ocean condition” at least 200 nautical miles from the nearest
land and in waters at least 200 metres in depth. It can be accomplished by either the
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Ballast water performance standard D2

sequential empty-refill method, by flow-through method or by or dilution method
whereby tanks are overfilled by pumping in additional water. Due to limited biological
efficiency the ballast water exchange at sea is to be regarded as an interim measure.
Flow-through method - This method involves pumping open-ocean water into a full
ballast tank. Ballast equal to approximately three times the tank capacity must be
pumped through the tank to achieve 95% effectiveness in eliminating aquatic organisms.
Applying the flow through method does not alter the stability, stress, and ship attitude.
Sequential method - This method entails emptying ballast tanks completely and
refilling with open-ocean water. During ballast water exchange sequences there may
be times when, for a transitory period, the criteria for propeller immersion, minimum
draught or bridge visibility cannot be met. Emptying of certain tanks may lead to major
reduction of stability, higher stresses, high sloshing pressures and increased probability
of bow slamming.

Further reading: MSC.Cir. 1145 Precautionary advice to masters when undertaking
ballast water exchange operations, ABS Advisory Notes on “Ballast Water Exchange
Procedures” — can be downloaded from www.eagle.org

Ballast water exchange standard D1 - Ships performing ballast water exchange shall do
so with an efficiency of 95% of ballast water. For ships exchanging ballast water by the
flow-through method, pumping through three times the volume of each ballast water
tank will be considered to meet the standard described. Pumping through less than three
times the volume may be accepted provided the ship could demonstrate that at least
95% exchange is met.

Ballast water management - Various measures to prevent, minimize and ultimately
eliminate the risk of introduction of harmful marine organisms within ballast water.
Ballast water management includes the ballast water exchange at sea as well as the
ballast water treatment by mechanical, physical, chemical or biological processes,
either singularly or in combination. Compliance with the ballast water performance
standard (regulation D-2 of the BWM Convention) seems to be achievable only by use of
a Ballast Water Treatment System.

Ballast Water Management Plan - Ships of 400 gross tonnes and above are required to have
on board and implement a Ballast Water Management Plan approved by Administration.
The BWMP is specific to each ship and includes a detailed description of the actions to
be taken to implement the Ballast Water Management requirements and supplemental
Ballast Water Management practices.

Ships must have a Ballast Water Record Book to record when ballast water is taken on
board, circulated or treated for Ballast Management purposes, and discharged into the
sea. It should also record when ballast water is discharged to a reception facility and
accidental or other exceptional discharges of ballast water.

Furtherreading:IMO Resolution MEPC 127 (53) Guidelines for Ballast Water Management
and Development of Ballast Water Management Plans

Ballast water performance standard D2 - Ships conducting ballast water management
must discharge fewer than 10 viable organisms per cubic metre that are greater than or
equal to 50 micrometers in minimum dimension and fewer than 10 viable organisms per
millilitre that are less than 50 micrometers in minimum dimension and greater than or
equal to 10 micrometers in minimum dimension; and discharge of the indicator microbes
must not exceed the specified concentrations.
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The indicator microbes, as a human health standard, include, but are not limited to:

1. Toxicogenic vibrio cholerae (O1 and 0139) with less than 1 colony-forming unit (cfu)
per 100 millilitres or less than 1 cfu per 1 gram (wet weight) zooplankton samples.

2. Escherichia coli - less than 250 cfu per 100 milllilitres.

3. Intestinal enterococci - less than 100 cfu per 100 millilitres.

Ballast water treatment — Any method to kill, remove or render infertile, harmful or
potentially harmful organisms within ballast water.

Ballast Water Treatment Systems (BWTS) - Ballast Water Treatment System (BWTS) is
a system designed to remove and destroy/inactive biological organisms (zooplankton,
algae, bacteria) from ballast water. Ballast water treatment is still evolving technology
with an ever-growing number of manufacturers. This means that there is limited in-
service experience for the systems being offered and there is a general understanding
that no single system is suitable for all ship types. See also AQUARIUS ballast water
treatment plants.

Descriptions of numerous treatment systems can be found in the ABS notice “Ballast Water
Treatment Advisory”

Ballasting — The procedure during which seawater ballast is introduced in specific tanks to
achieve a desired stability, draught and trim.

Balljoint connection over the bow - A special link between a floating pipeline and hopper
dredger.

Rainbow nozzle

AN

Balljoint connection
Photo: J. Babicz

Baltic and International Maritime Council (BIMCO) - Acommercial shipping
trade organisation headquartered in Copenhagen. BIMCO is one of the largest
international organisations of ship owners in the world. Homepage: www.bimco.dk,
email: mailbox@bimco.dk
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Beacon

Bar — A unit of pressure equal to 100 000 Pascal (14.5 PSIG).

Bare boat charter — A charter in which the bare ship is chartered without crew. The
charterer for a stipulated sum takes over the vessel for a stated period of time, with
a minimum of restrictions. The charterer appoints the master and the crew and pays all
running expenses.

Barge - A flat-bottomed craft of full body, applied for the transportation of bulky freight such
as coal or lumber, sand, stone, and so on, usually without engines or crew accommodation.
Barges can be lashed together and either pushed or pulled by tugs.

Barge aboard catamaran - A way of loading cargo into large barges and then in turn
loading the barges into a ship.

Barge carriers — Ships designed to carry either barges or containers exclusively, or some
variable number of barges and containers simultaneously. Currently this class includes
two types of vessels, the LASH and the SEABEE.

Barnacle — A small, primitive sea animal with a calcareous shell which in its adult form lives
attached to some alien object, such as a ship hull, wharf piles, and the like.

Barometer - An instrument used to measure atmospheric pressure.

Barred speed range of the diesel engine — Engine speeds that create harmful torsional
vibration. The operation within the barred range is to be avoided.

Barrel - Measure of oil. There are 7.1 barrels of oil in one ton. Each barrel is approximately
159 litres.

Base line — A horizontal line drawn along the top edge of the keel from midships.

Base number (BN) — Measure of a lubricant’s reserve alkalinity. It is measured in milligrams
of potassium hydroxide per gram (mg KOH/qg).

Basic design, also initial design — That part of the overall ship design process, which
commences with design concept and terminates when there is reasonable assurance
that the major features have been determined with sufficient dependability to allow the
development of contract plans and specifications.

Batch-A collection of productsordata, treated as one entity with respectto certain operations
e.g. processing and production. For example the quantity of paint manufactured at one
time in a single vessel and identified by a batch number.

Battening device - A device fitted between a hatch cover panel and the coaming which
forces the cross joint together.

Battens — Members protruding from the inside walls of a vessel hold or a (thermal) container
to keep away the cargo from the walls to provide an air passage. They may be integral
with the walls, fastened to the walls or added during cargo handling.

Bauxite — The raw material for the manufacturing of aluminium; it stows at 0.7-1.1 m3/t.

Bay -

1. A vertical division of a vessel from stem to stern, used as a part of the indication of
a stowage place for containers. The numbers run from stem to stern; odd numbers
indicate a 20-foot position, even numbers indicate a 40-foot position.

2. The area between adjacent transverse frames or transverse bulkheads.

BC Code - see Code of safe practice for solid bulk cargo.

Bcf - Billion cubic feet, a unit measurement for large volumes of gas. 1 Bcf is approximately
28.32 million m3.

Beacon - A conspicuous mark used as a guide to mariners, either a landmark, erected on
an eminence near the shore, or a mark moored or driven into the bottom in shallow
water.
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Beam

Beam -

1. Aprismatic section with one dimension significantly larger than the others, that is
subjected to bending loads. For example: an athwartship member supporting a portion
of a deck.

Cross-tie beam - A large transverse member connecting a longitudinal bulkhead to the
side shell structure within a cargo hold or tank, thereby increasing the transverse stiffness
of the hull structure and providing additional support to the attached members.

2. The width of a ship, also called breadth.

Bearing - A common item in any mechanical system where two parts move relative to
one another. A bearing enables the transfer of forces with a minimum of frictional
losses.

Bearing pads — Support pads installed on the hatch coaming in order to transfer the
weight of the cover, and any cargo it may be carrying, to the ship hull while allowing
for relative movement between the cover and the hatch coaming. Bearing pads must
also maintain the correct compression on the hatch cover seal and avoid damage to
the coaming/hatch cover interface. Steel/steel bearing pads (Fixpad or Steelpad) are
sufficient for most ships. For larger covers, increased relative movements or excessive
loadings, aspecial arrangement based on low friction flexible replaceable sliding
pads (Unipad or Lubripad) or non-sliding flexible replaceable pads (Flexipads) is
recommended.

Fixpad - Welded steel pad with the mating surface of wear-resistant steel.

Flexipad - A non-sliding flexible bearing pad developed by MacGREGOR. It is made
up of flat layers of steel and rubber, bonded together and mounted on a steel plate.
The load on Flexipad from the weight of the hatch cover and cargo causes some
compression in its rubber elements. A horizontal load causes a sideways deflection of
the rubber layers. In general there is no sliding of the pads on the coaming to cause
bearing surface wear.

Lubripad - Lubripad was developed by MacGREGOR to meet the needs of larger cargo
ships and heavier overall loads. A key feature is the patented balance rubber that acts as
an equaliser for uneven loads. The replaceable bronze bearing pad is coated with low
friction PTFE for even smoother sliding.
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Steelpad - MacGREGOR's steel pads in a steel holder, mating surface of wear-resistant
steel.

Unipad - MacGREGOR's replaceable low-friction bearing pad. Unipad has alayer of
woven PTFE that creates a low-friction surface between the pad and its mating plate.
This makes the movement of a heavily-loaded hatchcover possible and minimises pad/
mating plate wear-down.

Beaufort scale — A numerical scale rating winds according to ascending velocity, devised
in 1805 by Commodore Francis Beaufort. It became the official way of recording wind
velocity in 1874, when the International Meteorological Committee adopted it.

Force pERst Description/Ocean Surface
(mph)
0 0=+1 Calm; glassy (like mirror)
1 1+3 Light wind; rippled surface
2 4-+7 Light breeze; small wavelets
3 8+12 Gentle breeze; large wavelets, scattered whitecaps
4 13+18 Moderate breeze; small waves, frequent whitecaps
5 19+24 Fresh breeze; moderate waves, numerous whitecaps
6 25 +31 Strong breeze; large waves, white foam crests
7 32+38 Moderate gale; streaky white foam
8 39 +46 Fresh gale; moderately high waves
9 47 + 54 Strong gale; high waves
10 |55+63 Whole gale; very high waves, curling crests
11 64 + 73| Violent storm; extremely high waves, froth and foam, poor visibility
12 73+ Hurricane; huge waves, thundering white spray, visibility nil

Bedplate - A structure which forms the base of an engine upon which the bearings and
frame are mounted.
“The bedplate consists of high, welded longitudinal girders and cross girders with cast steel
bearing supports.”

Photo courtesy of Wirtsild Corporation

Bedplate of the 7RT-flex60C engine with main bearing caps in place
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Before breaking bulk

Before breaking bulk - An expression which actually means “before starting discharging
of cargo”

Bell - A bell used aboard ship as a means of announcing time at regular intervals, as a signal
when the ship is anchored in a fog, or as an alarm in emergencies.

Bell crank - A hydraulically-operated mechanism which folds the second pair of covers in
a four-panel folding hatch cover. The bell crank consists a pair of hydraulically-operated
arms which engage in a lug or roller on the first panel of the trailing pair. The bell crank
then turns the panels to their stowage position.

Leading pair

Trailing pair

Bell crank
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Bilge

Bellows - A thin metal cylinder with corrugated walls to permit reasonable deflection under
applied pressure.
Bellows unit, bellows expansion joint — Bellows-type expansion piece which is fitted into
a pipeline to allow expansion and contraction resulting from temperature changes.
Belt unloading system - The discharge system used on self-unloading bulk carriers.
See also Self-unloading system of the HAl WANG XING.

Belt-type self-discharging bulk carrier - Bulk carrier equipped with a belt unloading
system.

Bend test - A test to measure the ductility of a metal sample by folding it over a specified
radius. No cracking or other defects should be found.

Bending load — An external load that produces bending stresses within a body.

Bending moment - The result of vertical forces acting on a ship as a result of local differences
between weight and buoyancy. The total of these forces should be zero, otherwise
change of draft will occur. At sea, the bending moment will change as a result of wave
impact which than periodically changes the buoyancy distribution.

Note: The maximum allowed bending moment of a vessel is restricted by the class society to
certain limits, which are different under port and sea conditions.

Berth -

1. A place assigned to a vessel when anchored or lying alongside a pier, etc.
2. Abunkor bed.

Berth (to) - To bring a ship into a berth or arrive at a berth.

Berthing - Approaching and securing a vessel in a harbour, along a quayside (berth).

Bevel - The angle between the flanges of a frame or other member.

Big end - The larger end of a connecting rod, i.e. where it joins the crank pin of the
crankshaft.

Bight — A loop formed by doubling back a rope upon itself.

Bilge -

1. The intersection of bottom and side.
2. The lower parts of holds and machinery spaces where bilge water may accumulate.
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Bilge alarm

Bilge alarm, 15 ppm bilge alarm — Regulation 16(5) of Annex | of MARPOL 73/78 stipulates
that the oil content of the effluent from oily water separator should not exceed 15 parts
of oil per million parts of water. The alarm arrangement referred to as “15 ppm bilge
alarm” shall activate when this level cannot be maintained, and initiate automatic stop
of overboard discharge.

Bilge blocks — Supporting blocks used under the bilge for support during the vessel
construction or dry-docking.

Bilge keels - Fixed longitudinal plates fitted at the turn of the bilge so that their drag
dampens roll amplitudes.

Bilge keels are to be attached to the shell by a doubler. In general, both the bilge keel and
the doubler are to be continuous. The connections of the bilge keel to the doubler and
doubler to the shell are to be double continuous fillet welds.

Butt welds in the bilge keel and doubler are to be full penetration and are to be kept clear
of master erection butts. In general, shell butts are to be flush in way of the doubler, and
doubler butts are to be flush in way of the bilge keel. Scallops and cutouts are not to be
used. The ends of the bilge keel are to be suitably tapered and are to terminate on an
internal stiffening member.

Bilge main, main bilge line - Part of the bilge system between the bilge pump and the bilge
suction chest.
Cofferdams, duct keels and tunnels, if fitted, should be provided with bilge suctions led to the
main bilge line.

Bilge piping - The piping used for drain the bilge wells.

Bilge plating — The area of curved plating between the bottom shell and side shell.

Bilge pumps - Pumps used for draining the ship various compartments.
In passenger ships, the bilge pumps are to be located in separate watertight compartments.

Bilge radius — The radius of the plating joining the side shell to the bottom shell. It is
measured at midships.

Bilge strake — The strake at the turn of bilge extending outward to a point where the side
rises vertically.

Bilge suctions—Drain pipes placed on each side at the afterend of the holds or compartments.
The suction end is fitted with a strainer or mud box. Bilge suctions in holds are to be
connected to the bilge main by branch lines.

Bilge system — A piping system intended for disposing of water that may accumulate in
spaces within the vessel (holds, machinery spaces, cofferdams) due to condensation,
leakage, washing, fire fighting, etc. It is to be capable of controlling flooding in the
Engine Room as aresult of limited damage to piping systems. However, the bilge
system is not able to cope with flooding resulting from alarge hull damage not
protected in due time.

Bilge system trials - All elements of the bilge system are to be tested to demonstrate
satisfactory pumping operation, including emergency suctions and all controls. Upon
completion of the trials, the bilge strainers are to be opened, cleaned and closed up in
good order. According to ABS.

Bilge water — The water that collects in the bilges of a vessel which generally becomes foul
and noxious. Bilge water also contains fluids from machinery spaces, internal drainage
systems, sludge tanks and various other sources. This mixture is collected in the bilge
water holding tank, which generally is maintained at an elevated temperature. Regardless
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Binder

of its source bilge water must be treated to reduce the oil content to levels meeting
international regulations for release into the environment.

Note: Cleaning agents, emulsifiers, solvents or surfactants used for cleaning purposes may
cause the bilge water to emulsify. Proper measures should be taken to minimize the presence
of these substances in the bilges of a ship.

Bilge water legislation — Current MARPOL legislation stipulates that separated bilge water
containing 15 ppm or below in water can be disposed into international waters. Some
national, regional and local authorities have more stringent regulations. In the United
States and in the Baltic and North Seas disposal of separated bilge water is only permitted
at least 12 nautical miles from shore. In the future, legislation is expected to become
even more stringent, requiring levels of oil in water to be reduced further to five ppm for
discharge at sea and to zero-discharge in sensitive waters.

Bilge water separator - see Oily water separator.

Bilge well — A sump to which bilge water drains. It is important to arrange bilge wells in the
way enabling permanent access and possibility of cleaning even when holds are loaded.

Photo: J. Babicz

Hold Access trunk

Always accessible bilge well designed by BNC

Bill of Lading (B/L) — Document issued on behalf of the carrier describing the kind and
quantity of goods being shipped, the shipper, the consignee, the ports of loading and
discharge and the carrying vessel. It serves as a document of title, a contract of carriage,
and a receipt for the goods shipped on board.

Bill of Sale (marine insurance) - Receipt for payment of the ship purchase price, delivered by
the seller to the buyer on completion of the contract.

Bimetallic joints - Bimetallic joints between steel and aluminium are increasingly made with
transition bars. These are explosively bonded laminates of steel and aluminium with pure
aluminium at the interface, the production of which is itself a welding process. Normal
shipbuilding aluminium alloys can be welded to the alminium side and steels to the steel
side. Similar technique can be used with stainless steel for specialised application.

Binder - A resin or other cement-like material used to hold particles together and provide
mechanical strength or to ensure uniform consistency, solidification, or adhesion to
a surface coating; typical binders are resin, glue, gum, and casein.
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Biocide

Biocide - A general term for substances that counter foul actively. Biocides can have very
different levels of toxicity and their environmental impact can vary from nothing to
significant.

Biofuels - Essentially biofuels, both bioethanol and biodiesel, are derivate of vegetable oils
and animal fats. In Europe, rapeseed oil methyl ester (RME) is the common feedstock.
In the United States the most common biofuel is E10, a mixture of gasoline (90%) and
ethanol (10%).

Bitter end - The inboard end of a ship anchoring cable which is secured in the chain locker
by the clench pin.

Bitts — Vertical tubular steel posts; two of them are fastened to the rectangular base of
a bollard.

The bitts should penetrate the baseplate rather than just be welded to the top of the baseplate,
and strengthening rib plates should be fitted in the base.

Bitumastic — elastic cement used in place of paint to protect steel.

Bitumen - A mixture of extremely heavy hydrocarbons obtained from residue refining
process; used for road surfacing, roofing, etc.

Bitumen products - Coaltar, creosote (coaltar and wood), coaltar pitch, antracene oil, coaltar
naphtha. See also High heat tanker BITFLOWER, and Transport of bitumen products.

Black cargo - Cargo banned by general cargo workers for some reason. For example because
the cargo is dangerous or hazardous to health.

Black gang - A slang expression referring to the personnel in the engine department aboard
ship, that has an origin back to coal powered ships.

Black petroleum oils — Crude oil, furnace oil, fuel oil, also tar and asphalt.

Blackout - A complete loss of power resulting from damage or equipment failure in a power
station, power lines or other parts of the power system.

Blast — A sound signal made with the whistle of the vessel.
Prolonged blast - A blast lasting four up to six seconds.
Short blast - A blast lasting about one second.

Blast-cleaning, shot-blasting — The cleaning of a metal surface by a stream of abrasive
particles (blasting agents). See also Abrasive blasting.

Blast-cleaning standards - see Surface preparation grades.

Blasting agents — Copper works' slag (MCU), fused corundum (MKE) as well as iron or steel
blasting agents can be considered. The use of silica sand (MQS) shall be avoided.

BLASTOMATIC system - The method of electrolytic descaling developed by Wilson Taylor.
The method consists of current distribution points (CDP), which are hung inside the area
to be cleaned. The CDPs, manufactured from conductive materials and placed in PVC
sleeves, are connected via a distributor to a DC supply in the system container. Then, it
is connected to an external AC supply. Once Blastomatic has been installed, the tank to
be descaled is flooded with seawater and the equipment is left to run for up to 96 hours.
A chemical reaction takes place which causes the scale and rust to drop off wherever
steel, scale and rust meet. According to Wilson Taylor the system is at least 30% quicker
than the conventional methods.

Bleeder - A small cock, valve, or plug to drain off small quantities of fluids from a container
or a system.

Blended fuel oil — Heavy fuel and distillate fuels mixed in various proportions, usually
70:30.
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Boatswain

Blind sectors - Areas that cannot be scanned by the radar of the vessel because they are
shielded by elements of its superstructure, masts, etc.

Blister — A raised area, often dome shaped, resulting from loss of adhesion between a coating
or deposit and the substrate.

Blistering — The formation of blisters in a paint film by localised loss of adhesion and lifting
of the film. Blisters may contain liquid, vapour or gas.

Block loading - Bulk carrier loading arrangement with two consecutive holds loaded and
a subsequent one empty.

Blow-down of boiler — Opening blow-down cocks at the bottom of the boiler to reduce the
amount of dissolved solids in the boiler water.

Blower - A machine that delivers air at the discharge pressure up to 40 pig. Blowers are
used to supply relatively large quantities of low-pressure air to various destinations
throughout the vessel.

Boarding arrangements, boarding facilities — All gear, such as pilot ladders,
accommodation ladders, mechanical hoists, gangways, ramps, shell doors, etc,
necessary for a safe transfer of the pilot and personnel to the ship.

It is strange that quite primitive and dangerous rope ladder is still the basic equipment
used for embarking and disembarking of pilots. Whenever the distance from the surface
of the water to the point of access to the ship is more than 9 m, the accommodation ladder
together with the rope pilot ladder shall be provided. According to SOLAS requirements
such accommodation ladder shall be sited leading aft. When in use, the lower end shall
rest firmly against the ship side within the parallel body length.

Also Regulations on Navigation in Panama Canal Waters (Annex, Section Three, Boarding
Facilities, Article 57, point 3) require: “Accommodation ladders shall lead aft, that is, with
the lower platform at the after end. The lower end of the accommodation ladder must be
within the parallel mid-body of the vessel, not near the bow or stern.” “Accommodation
ladders which lead forward, or which do not rest firmly against the vessel’s side, are not
considered safe for use by Authority employees.”“An accommodation ladder that is not
appropriate may require the use of tugs to make the vessel come to a complete stop
while embarking or disembarking personnel. This is considered a deficiency, and tugs
shall be provided at the expense of the vessel.”

Such requirements are well founded for accommodation ladders used for boarding the
ship at sea. Contrary, there are not any reasons to require the same for accommodation
ladder used only for boarding when ship is moored at berth. Equipment is the same,
(unfortunately also the names) but conditions of work in the port and on the sea are
different.

To avoid problems with the Panama Canal two accommodation ladders shall be arranged:
one according to the Panama Canal requirements and other for use in port.

Boarding speed - The speed of a vessel adjusted to that of a pilot boat at which the pilot
can safely embark.

Boat chock - A cradle or support for a lifeboat.

Boat fall, boat tackle fall, davit fall - The ropes by which ship boats are lowered or hoisted.

Boat winch - An electric winch for handling a lifeboat.

Boatswain, bosun — The highest unlicensed rating in the deck department who is in direct
charge of all deck hands and who in turn comes under direct orders of the master or chief
mate or mate.
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Body plan

Body plan - A drawing that shows frame lines in elevation. Frame lines forward of the
midship section are shown on the right of the center line, while those aft of the midship
section on the left of the centre line.

Body sections, frame lines — The ship sections obtained by planes perpendicular to the
centreline. They are drawn on a body plan and form part of the lines plan.

Boiler — An apparatus used to produce steam, either for the main propulsion or for auxiliary
machinery. A boiler is, in general, any closed liquid-containing vessel to which heat is
applied. It is also called steam generator as it transforms water into steam. Boilers
generally consist of metal shells (or bodies), headers and tubes that form the container of
the steam and water under pressure and, in certain types, of the furnace and passages for
the hot gases. Some boilers have additional drums called superheaters.

Boilers fall into two categories: water-tube and fire-tube ones, according to which
substance passes through the tube and which flows round the outside. They are used to
provide steam for propulsion or for various ship services.

See also Oil-fired boiler MISSION™ OS boiler from Aalborg Industries.
Composite boiler - A firetube boiler which can generate steam by oil firing or the use of
diesel engine exhaust gas.

Exhaust gas boiler, economiser — An exhaust gas heat exchanger is a row of tube banks
circulted by feed water over which the exhaust gases from main diesel engine flow.
A boiler drum is required for steam generation and separation to take place. For this
purpose, the drum of an auxiliary boiler is usually used.

See also Exhaust gas boiler MISSION™ XW from Aalborg Industries.
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Bollard pull

Boiler mountings - Fittings on a boiler to ensure its safe operation: safety valves, main
steam stop valve, feed check valve, water level gauge, pressure gauge connection, air
release cock, sampling connection, blow down valve, scum valve, etc.

Boiler scale - Hard deposit on the interior of a boiler plate or tube. The scale generally
contains magnesium and calcium carbonates as well as calcium sulphate derived from
the water used.

Boiler water treatment - To reduce corrosion and scale formation in boilers, boiler water
must be maintained in slightly alkaline conditions by carefully controlled addition of
chemicals.

Boiling point, boiling temperature — A temperature at which aliquid boils at a specific
pressure. It is usually given at the atmospheric pressure.

Boil-off gas (BOG) — LNG tankers are designed to carry natural gas in liquid form at
atemperature of - 163°C, close to the vaporization temperature. Despite tank insulation
designed to limit the admission of external heat, even a small amount of it will cause slight
evaporation of the cargo. This natural evaporation, known as boil-off is unavoidable and has
to be removed from the tanks in order to maintain the cargo tank pressure.

Boil-off gas (BOG) combustion system - BOG combustion systems are used only onboard LNG
carriers. Excess BOG s sent to the engine room via gas heaters by low capacity compressor
and is burned by the main boilers as fuel. The main boilers are capable of operating under
different fuel combustion modes such as exclusively BOG mode, combined BOG and fuel
oil mode, and exclusively fuel oil mode. Although steam turbine systems have been the
main form of propulsion used onboard LNG carriers, diesel engines capable of using BOG
as fuel have become perfect solution due to their higher operating efficiencies.

Boil-off gas (BOG) recovery system, also BOG reliquefaction plant - An onboard
reliquefaction system that recovers boil-off gas in LNG carriers and returns it to the
cargo tanks. The BOG, at about -143°C and atmospheric pressure, is taken from the
cargo tanks and passed through a compressor, where its pressure is raised to 4.5 bar
and temperature to -60°C. This is then passed through one side of a nitrogen heat
exchanger where its temperature is reduced to — 160°C at between 2 and 4 bar. This
process converts the gas back into liquid but it must then be passed through a separator
to remove any incondensibles. The cargo can then be returned to the tanks via loading
or spray lines.

Boil-off rate (BOR) — The amount of liquid that is evaporating from a cargo due to heat
leakage and expressed in % of total liquid volume per unit time. Typical values are
0.15%/day and below, recent projected LNG carriers are offered with a BOR close to
0.1%. However as early as 1990, the LNG carrier EKAPUTRA was delivered with a BOR of
0.1%/day.

Bollard - A rectangular base welded to the deck of the ship, upon which two vertical bitts
are welded. Bollards are used to secure the mooring lines.

“The minimum distance between a bollard and fairlead should be 1.8 metres in order to
provide adequate space for the application of rope stoppers.”

Bollard pull - The thrust developed at zero ahead speed. Bollard pull is the most
commonly used measure of ship-assist tugs performance which have propellers
optimized for maximum thrust at close to zero speed. Ships requiring high bollard
pull can be fitted with a nozzle, which increases thrust by up to 20-40% compared to
open propellers.
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Bolsters

Free space around bollard is necessary for proper work

Rough estimation of bollard pull BP = (T x k1 x k2)/9.81, T = (D x P)?3

BP = bollard pull (ton), k1 =0.9 (10% losses), k2 = 1.2-1.4 (20-40% addition depending on
nozzle), T =Thrust (kN), D = propeller diameter (m), P, = delivered power (kW)

Note: When measuring bollard pull water should be deep enough, there should not be too
much current or wind, the vessel should not be close to a pier and the rudder angle should be
close to zero degrees.

Bolsters — Flatbeds used to transport damage-free cargoes such as components, pallets,
bales, bundles, reels or crates. Heavy-duty forklift trucks and trailers move and stow the
bolsters.

Bonded goods - Dutiable goods upon which duties have not been paid i.e. goods in transit
or warehoused pending customs clearance.

Bonded store — Place on a vessel where goods are placed behind seal until the time that the
vessel leaves the port or country again.

Bonding -

1. Adhesive and cohesive strength.

2. Connecting together metal parts to ensure electrical continuity.

Bonjean curves - Curves of areas and moments of sections versus draught, plotted on the
sheer plan.

The diagram of Bonjean curves was first proposed at the beginning of the nineteenth century

by Bonjean, a French naval engineer, for the purpose of readily obtaining, for any given

waterline, the areas of the immersed portion of each transverse section throughout the ship's
length.

Boom -

1. Along round spar hinged at its lower end, usually to a mast, and supported by a wire
rope or tackle from aloft to the upper end of the boom. Cargo, stores, etc, are lifted by
tackle leading from the upper end of boom.

2. A series of floating obstructions secured together to restrict access, or to contain
floating matter, e.g. oil.
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Bow control house

Boottop, boottopping - The surface of the outside plating between light and load waterlines.
Itis the hull area which is most exposed to corrosion.

Boss, hub — The central portion of a propeller to which the blades are attached and through
which the shaft end passes.
Stern frame boss — The curved swelling portion of the ship hull around the propeller
shaft.

Bosun store — A small compartment in which tools and small stuff for repairing cargo gear
are kept.

Bottom shell — The shell envelope plating forming the predominantly flat bottom portion of
the shell envelope including the keel plate.

Boundary layer - A narrow layer of moving water adjacent to the hull of a ship as it moves
through the water.

Bow - The structural arrangement and form of the forward end of the ship.
Bulbous bow - A bulb-shaped underwater bow designed to reduce wave making
resistance and any pitching motion of the ship. A bulb is intended to interact with the
primary wave making characteristics of the ship so as to develop an independent wave
system that reduces the total wave system generated by the hull-bulb combination.
However the bulbous bow has a negative effect on power consumption when only partly
submerged or not designed properly.

See also SEA-Arrow bow, Sea axe bow

Long and strong bulbs can be perfect tools to sink rammed ship

Bow chain stopper - A device mounted on tanker forecastle deck for securing a chafe chain.
Ships likely to trade to Single Point Moorings should be equipped with bow chain stoppers
designed to accept 76 mm chafe chain.

Bow control house - Shuttle tanker can be provided with the bow control house, where all
navigation and machinery controls are doubled. During all stages of the offshore loading
operation a shuttle tanker is controlled from this position.
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Bow doors

Bow chain stopper

Bow doors - A watertight part of the ship forebody that can be opened to provide clear
access to the bow ramp. Bow doors are used on ro-ro ferries to enable handling of freight
on drive-through basis; vehicles enter over the stern ramp and leave through bow ramp,
thus speeding up turn around time. Two types of bow doors are in use: bow visor and the
safer clam-type bow door.

Bow visor — A single element connected to the hull by hinge arms and operated by
means of hydraulic cylinders. The bow visor forms an integrated part of the bow structure
and is equipped with sealing, hinges and cleats. In its open position it is rotated up to 90°
to give clearance to the vessel own bow ramp.

Clam-type bow door - A side opening twin-section bow door. Each section is attached
to the hull by hinge arms which ensure parallel movement when opening or closing. The
sections are swung outboard port and starboard by double-acting cylinders.

Side Shifting Bow Door - A patented invention by TTS Ships Equipment. The door
consists of two box constructions that open to either side of the door aperture by means
of two guide arms mounted above the door opening. During opening of the door, the two
sections are manoeuvred horizontally sideways and perpendicular to the ship centreline.
Two double-acting hydraulic cylinders are used to operate each section. Weather and sea
forces act perpendicularly all round the periphery of the door on the sealing system so
that hinges or their bearings are not affected by any forces. A further advantage is that,
as there are no manoeuvring devices in the region of the door structure, it can be built
stronger and more effectively.
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Bow doors

Photo: J. Babicz

Bow visor

S

Photo courtesy of MacGREGOR

Clam-type bow door
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Bow flare

Bow flare — The spreading out of the forebody form from the central vertical plane with
increasing rapidity as it rises from the waterline to the rail. Ships with an excessive bow
flare are exposed to much higher sea loads than previously expected. Sea margin
becomes useless because it is not possible to use the installed power in heavy weather
due to too high wave impact loads. A good rule of thumb is to avoid bow flare angle
against waterline below 50 (45)° in unlimited service (unsheltered waters) and below 45
(40)° in limited service (in sheltered waters), (figures in brackets showing absolute local
minimum).

Bow Flare Estimator (BFE) — A guidance tool developed on the basis of seakeeping
model test results. BFE at astation x = X/prtan@, x = distance from midships,
@ = the smallest angle of flare against waterplane at the station.

Bow flare impacts have been measured for several ferries and passenger cruise ships in head
and bow quartering seas significant wave height varying from 1.5m up to 8m. Ferries with
a BFE value below 0.50 typically show good performance in full scale. Maximum measured
full-scale bow wave impacts in these cases were below 220 kN/m? in typical wave conditions,
and below 300 kN/m? in extreme wave conditions.

Bow loading system (BLS) - A system of loading used on shuttle tankers to transfer crude
oil from FPSO.
“The bow loading system includes a single 510mm diameter hydraulically operated coupler,
a combined mooring and hose winch, a hydraulically operated 500t capacity chain stopper,
a hydraulically operated bow roller, rope storage locker, deck house arranged on the forecastle,
and hydraulically operated bow door.”

Bow rudder - Ships which are required to go astern for long distances are provided with flap
rudder integrated into the bow. See also Rotary bow rudder system.
The train ferry SKANE is equipped with a bow rudder. The bow rudder has hydraulically
activated flaps, which flank the bulbous bow, which, in normal service, are completely flush
against the hull. Only when the vessel is required to go astern for long distances at speeds of
13kt or more, will the flaps be activated.
The train ferry MECKLENBURG VORPOMMERN is provided with bow-flap-rudders, integrated
into the bulbous bow and each weighing 21t. The rudders are fixed during forward
operation by both hydraulics and mechanical means. They allow the vessel to be steered
when travelling back to Trelleborg in reverse. This alleviates the need for the vessel to be
turned round in port.

Bow slamming - Heavy impact resulting from a vessel forward bottom making sudden
contact with the sea surface after having risen on a wave. Similar action results from
rapid immersion of the bow in vessels with large flare. The magnitude of slamming is
drastically decreased as draft is increased. Draft/Length should exceed 0.045 to permit
maintaining a reasonable speed and still avoid severe slamming in a seaway.

Bow Steering Module - The Bow Steering Module (BSM) is a pusher assistance boat driven
by two Voith Schneider® Propellers. Its main function is to generate steering forces at
various points on the group of vessels being pushed, preferably at the bow, so that the
entire group can be manoeuvred more quickly, more effectively and more safely. With
the prototype it has proved possible to shorten round-trip turnaround times by 30%.
Its greater manoeuvrability eliminates waiting times, both for itself and other shipping.
The Bow Steering Module was named “Ship of the Year 2001” at the Work Boat Show in
the USA.
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Bracket

Bow thruster — A lateral thruster fitted in an athwartships tunnel near the bow to improve
manoeuvrability. When the bow thruster is used while the vessel is moving forward
the thrust is partially counteracted by a vacuum created in the wake of the water jet
emanating from the thrusters. The effect is worst when the vessel is moving forward at
four to six knots. In such cases the vacuum on the hull can be relieved by the addition of
an anti-suction tunnel.

Bow thruster should be located as far forward as possible. Parallel side walls have favorable
influence. The suitable tunnel length: 2-3D. An attempt should be made to locate the propeller
in the midship plane. In short tunnels the propeller is located eccentrically on the port side, in
order to improve the thruster performance to starboard.

The average bow thruster power in ferries is 0.54kW/m? (total bow thruster power/projected
windage area), varying up to 0.96 kW/m?. The tendency seems to be towards 0.6-0.8 kW/m?.
Stern thrusters seem to be dimensioned at 0.2-0.25 kW/m?.

Box girder — A hollow girder or beam with a square or rectangular cross section.

Photo: J. Babicz

Boxcooler — Boxcooler is tube-type heat exchanger invented and built in the Netherlands.
The first boxcoolers were used for river vessels. Having a good experience with this,
applications grew slowly for bigger ships like coasters and fishing vessels. Gradually more
type of ships (dredgers, tugs) were supplied with boxcoolers. The principle of a boxcooler
is quite simple; cooled water is circulated by force through a U-tube bundle, placed in
a sea chest with inlet and outlet grids. Cooling effect is obtained by natural circulation of
the seawater in the sea chest or by forced circulation due to the speed of the vessel. The
outboard water is warmed up and rises by its lower density, thus causing a natural upward
circulation. Boxcoolers can be made of galvanised steel, aluminium brass or HiResist.

Bracket - A plate used to connect rigidly two or more structural elements, such as deck
beam to frame, or bulkhead stiffener to the deck, usually of triangular shape.

Backing bracket - A bracket added in order to provide additional support to a member
on the opposite side of an existing bracket.
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Break-bulk cargo

Beam bracket - A bracket attached at the end of abeam in order to provide continuity of
load distribution, stress reduction through the use of an effective web of increasing width
thus avoiding the formation of stress concentrations.

Docking bracket — A bracket located in the double bottom to strengthen the bottom
structure locally for the purposes of docking.

Tripping bracket - A bracket used to strengthen a structural member under compression,
against torsional forces.

Brake power of engine - The observed power measured at the crankshaft or its equivalent,
the engine being equipped only with the standard auxiliaries, necessary for its operation
on the test bed.

Brake specific fuel consumption (BSFC) — Measure of fuel efficiency within a shaft
reciprocating engine. It is the rate of fuel consumption divided by the power produced.

Brass — An alloy of copper and zinc usually with higher percentage of copper.

Breadth of the ship — Depending on the purpose, the following definitions of breadth (B)
are used:

1. The maximum breadth of the ship, measured amidships to the moulded line of the
frame in a ship with a metal shell and to the outer surface of the hull in a ship with
a shell of any other material, (MARPOL).

2. The extreme width from outside of the frame to outside of the frame at, or below, the
deepest subdivision load line, (SOLAS).

Extreme breadth - The maximum breadth over the extreme points between port side
and starboard of the ship.
Moulded breadth -The greatest breadth of the ship measured between the inside edges
of the shell plating.

Break-bulk cargo - Loose cargo, such as cartons, drums, bags etc.,, stowed directly in the
ship holds contrary to unitised, containerized, ro-ro cargo or bulk cargo.

New type of the breakwater applied by Jan Babicz. Such breakwater protects
not only cargo but windlasses and mooring winches as well
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Breakwater

Breakwater - A vertical bulwark-like structure on a forecastle deck intended to deflect and
disperse head seas shipped over the bow in order to protect deck cargo from damage.

Standard breakwater on the 2200TEU container vessel

Breast hook - Atriangular plate bracket joining structural members of the port and
starboard sides at the stem.

Breathing apparatus - Equipment that enables a person to get a supply of oxygen in an
environment where little or no air exists, e.g. a smoke-filled compartment.
Two types are in use; the smoke helmet and the self-contained unit using air cylinders. The
smoke helmet covers the head and is connected to an air hose. A hand-operated pump
supplies the air. The self-contained unit consists of one or two cylinders of compressed
air kept in a harness, which is carried on the back. The high-pressure air is fed through
a reducing valve and then to a demand valve fitted into a facemask.

Breathing air cylinder - Each cylinder is to contain not less than 1200 litres of fresh air. Every
set of self-contained breathing apparatus must be provided with spare cylinders having
a total air capacity of 2400 litres.

Bridge -
1. That area from which the navigation and ship control is exercised, including the
wheelhouse and bridge wings.

Enclosed bridge
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Bridge

Enclosed bridge — An elevated superstructure having a clear view forward and at
each side.

Further reading: ABS Guide for “Bridge Design and Navigational

Equipment/Systems” (2002), can be downloaded from www.eagle.org

2. Asuperstructure, which does not extend to either the forward or after perpendicular,
(ICLL).
Bridge deck - Deck on which the wheelhouse is located.
Bridge-to-bridge communication - Safety communication between ships from the
position from which the ships are normally navigated (SOLAS).

Bridge visibility — Risk of collision has always accompanied marine transport. Despite
improved navigating equipment, this risk is even greater today due to the growing
number of bigger and faster vessels. For this reason, seagoing vessels with the keel laid
on, or after 1 July 1998, are to meet strict requirements with regard to the visibility from
the navigation bridge.

SOLAS requirements of minimum visibility:

1. The view of the sea surface from the conning position is not to be obscured by more
than 2L or 500m, whichever is less, forward of the bow to 10° on either side for all
conditions of draft, trim and deck cargo under which the particular vessel is expected
to operate.

2. From the main steering position, the horizontal field of vision is to extend over an arc
from right ahead to at least 60° on each side of the vessel.

3. The horizontal field of vision from the conning position is to extend over an arc of not
less than 225° that is, from right ahead to not less than 22.5° abaft the beam on either
side of the vessel.

4. From each bridge wing, the horizontal field of vision is to extend over an arc of at
least 225°, that is, from at least 45° on the opposite bow to right ahead and from right
ahead to right astern through 180° on the same side of the vessel. The vessel’s side is
to be visible from the bridge wing.

Panama Canal requirements of minimum visibility:

The surface of the water must be visible one ship length forward from conning positions
Nos 1, 2, and 3, when the vessel is laden. If the vessel is in ballast condition, the surface of
the water must be visible 1.5L forward.

Despite of these requirements, checking the ship visibility is often limited to define just
two visibility lines: one according to SOLAS and another one as required by Panama Canal
(for one L). Both lines for the ship without trim and on full draught only. Any change of
draught and/or trim will destroy such theoretical visibility. For this reason the master shall
be provided with a detailed analysis of visibility taking into account various arrangements
of deck cargo, various values of trim and draught.

All new vessels shall be provided with a Loading and Stability Manual containing
areasonable number of the Visibility Tables showing blind sectors as function of
draught and trim. Another option is to provide ships with a separate Visibility Plan used
as an appendix. The Visibility Plan shall be prepared as a part of As Build Drawings. It
should contain the classification drawing Navigational Bridge Visibility and the Visibility
Tables.
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BRIDGE VISIBILITY

Designed by BAOBAB NAVAL CONSULTANCY www.betterships.com
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Broaching-to phenomenon

Photo: J. Babicz

Wrong wheelhouse arrangement with high equipment located in field of vision

Bridge wing workstation - Workstation from which the ship can be steered and operated
during unmooring and mooring, lock passage, taking or dropping the pilot, etc.

Bridge wings — Those parts of the bridge on both sides of the ship wheelhouse that, in
general, extend to the ship side. According to Regulations on Navigation in Panama Canal
Waters bridge wings shall extend to the maximum beam of the vessel, and shall provide
a clear, unobstructed passage along their forward portions from the wheelhouse doors
to the extreme ends of the bridge wings.

Briefing — Concise explanatory information to crew and passengers.

Brine -

1. A term given to secondary coolants which are water solutions of calcium chloride,
sodium chloride and magnesium chloride.
2. Water with a greater concentration of salt than normal seawater.

Brittle fracture - A brittle fracture is when a crack suddenly propagates extremely rapidly,
even at low stress level and can result in the structure breaking in two. See also Fracture.

Broaching-to phenomenon - Large following waves acting on the ship can force her to
move with the same speed - the ship begins to move with the wave simultaneously. This
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Broken stowage

is known as surf-riding. The majority of ships are directionally unstable during surf-riding
so the ship can experience an unsteered turn to a beam position relative to the waves.
Such uncontrolled turning is know as broaching-to phenomenon.

Broken stowage - Broken stowage is lost cargo space in the holds of a vessel due to the
contour of the hull and/or the shape of the cargo. Dunnage, ladders, and stanchions are
example of broken stowage. Broken stowage is shown as a percentage figure which is
estimation of the space that will be lost.

Broker - Person who acts as an agent or intermediary in contract negotiations.

Brokerage (marine insurance) - Commission that the broker is permitted to deduct from the
gross premium before passing it to the insurer.

Bronze - An alloy of copper and tin of superior corrosion and wear resistance properties to
brass.

BSI Container Specification - British Standards Institution Specification for freight
containers.

Bubbling - A film defect, temporary or permanent, in which bubbles of air or solvent vapour,
or both, are present. See also Cavitation.

Bubble point - The temperature and pressure where a liquid starts to vaporize.

Bucket wheel discharge system - The hopper unloading system on self-discharging
dredgers.
Theself-discharging dredger SAND FALCON is provided with the hopper-mounted bucket wheel
unloader. Driven by hydraulic motors, the wheel is carried on a shaft at the end of a hinged
boom. The boom also carries a chute into which the buckets discharge, and a conveyor
which feeds onto a cross conveyor. The hole unit, including carriage and associated drives, is
driven by a chain and sprocket arrangement, and the carriage is mounted on six unpowered
wheels which ride on tracks fitted to the uppermost edge of the hopper coaming. The bucket
wheel is controlled from an operator cabin on the carrier, cutting through the cargo to
a depth approximately 1m as it proceeds up and down the hopper. The associated conveyor
belt system, which is arranged along the starboard side of the hopper, ends in an elevating
conveyor, which is raised at an angle of 25 degrees and is capable of handling aggregates at
a peak rate of 1,400 m3/h.

Buckler - A portable cover secured over deck opening of the hawsepipe and the chain pipes
to restrict the flow of water through the openings.

Buckling - A deformation of certain parts of ship's structure: a bulge bend or other condition
of the structure caused by in plane compressive stresses and/or shear forces. Permanent
buckling may occur as aresult of overloading, overall reduction in thickness due to
corrosion, or damage.

Elastic buckling - The result of compressive loading on a prismatic structure that occurs
when critical load is within the elastic range (below the load to cause initial yielding).
Elasto-plastic buckling — The result of compressive loading on a prismatic structure that
occurs when the critical load is above the load that produces initial yielding.

Lateral buckling - The result of compressive loading on a prismatic structure that occurs
when the critical loads is within the elastic range and which involves deformations in the
lateral (transverse) direction, usually associated with prismatic sections such as columns.
Snap-through buckling - The near-instantaneous change from one buckled form to
another, involving no load increase.

Buckling load - The load necessary to cause buckling instability of a particular structure.
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Bulk carrier

Buckling mode - The deformed shape of a particular structure that is adopted following
imposition of an external (compressive) load. It is usually described in terms of the
number of waveforms in the longitudinal (and possibly transverse) direction along the
length of the structure.

Building sites — A slipway, a dry dock, or a ground level assembly area where the ship is
completed for launching.

Bulb profile — A stiffener utilising an increase in steel mass on the outer end of the web
instead of a separate flange.

Bulk cargo - Cargo which is brought aboard unpacked and has flowing, pumping or
pouring properties. The most common bulk cargoes are: petroleum and its derivatives,
coal, coke, grain, fertilizers, minerals, ores, bauxite and cement. Dry bulk cargoes are
carried by specialised ships, some of which take name after the materials they transport.
These include ore carriers, coal carriers and grain carriers.

Solid bulk cargo — Any material, other than liquid or gas, consisting of a combination of
particles, granules or any larger pieces of material, generally uniform in composition, and
loaded directly into the cargo spaces without any intermediate form of containment.

Bulk carrier, bulker — A vessel designed to carry dry cargo, loaded into the vessel with no

containment other than that of the ships boundaries, as distinguished from the liquid
bulk carrier or tanker. Conventional bulk carrier is constructed with a single deck, single
skin, double bottom, hopper side tanks and topside tanks in cargo spaces.
Common to all are intensive deployment and aggressive environmental conditions and
port handling procedures, factors that contributed to a disturbing number of casualties
in the 1980s and 1990s. 116 bulk carriers have been lost and 618 seafarers have died
since 1992 till 2002. The toll stimulated a number of remedial initiatives by classification
societies and IMO, targeting the structural areas of risk.

Structural failure nevertheless remains a consistent and significant cause of losses — 14
bulkers were lost with 23 fatalities in 2000, the average age of the ship 20.4 years — while
the presence of heavy cargoes featured in many of the casualties. In 2001 four bulkers
were identified as total losses and 64 crewmembers lost their lives; The CHRISTOPHER and
HONGHAE SANYO went down with all hands. To prevent this situation, the International
Association of Classification Societies (IACS) is to introduce the harmonized class
notations for bulk carriers:

BC-I, covering design loading conditions for homogeneous light cargo, heavy grain and
ballast.

BC-Il, vessels designed to carry homogeneous heavy cargo.

BC-Ill, covering loading conditions for heavy cargo with specified holds empty.

The conventional bulk carrier design, with its single side plating between the upper wing
tanks and two lower hopper tanks, exposes its vertical framing to the rigors of fatigue,
corrosion and mechanical damages. Even a significant increase in the scantling of these
members would not offer as much improvement as would be derived from a double-
sided alternative design.

Double side skin design eliminates the exposed, damage-prone transverse framing
and its end attachments. They protect against cargo-related corrosion and mechanical
damage. They allow for better quality surface preparation and coating application. Most
importantly, they create much stiffer side structures, effectively eliminating the flexing or
fatiguing of the side frame and shell plating connection as occurs in conventional designs.
Operators of double side skin bulkers also report noticeable operational improvements,
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Bulk carrier

Copyright China Navigation Company

Handymax bulk carrier WUCHANG of B.Delta 37 type designed by Deltamarin
The vessel is fitted with a low-speed Wairtsild 5RT Flex 50-B engine that has a power 6060kW,
which gives the vessel a service speed of 14 knots.

particularly higher discharge rates, simpler cleaning, faster turnarounds and fewer repairs.
[tmustalso beremembered thatdouble sides, by themselves, will not eliminate the possibility
of loss. Attention must also be paid to freeboard requirements, to the reintroduction of
raised forecastles, to strength of vents and deck fittings and to the strength and watertight
integrity of hatch covers, together with particular attention to maintenance and coatings.

INTERCARGO, subdivides bulk carriers in Handysize, Handymax, Panamax and Capesize
according to their deadweight ranges.

Handysize bulk carriers — Bulkers in the 10,000 — 34,999 dwt capacity range capable of
carrying either dry bulk cargoes or industrial consignments packed in units (e.g. bags of
sugar or flour, metallurgical products, timber).

Handymax bulk carriers - Bulkers in the 35,000-49,999 dwt capacity range.

Panamax bulk carriers — 50,000 — 79,999 dwt bulkers, which can pass through the
Panama Canal.

Capesize bulk carriers - 80,000 — 199,000 dwt bulkers, the size of which obliges them to
go round the Capes of Good Hope and Horn.

Dunkirk-Max — A new “max” design was presented in “Significant Ships of 2001", named

Dunkirk-Max by the builder CSBC; it was marketed as the largest ship, in terms of

deadweight and cubic capacity, to meet the specific limitations of the de Gaulle Lock in
the port of Dunkirk, France.

See also Bulk carrier EYLUL K.

Further reading: Bulk carriers “Guidelines for Surveys, Assessment and Repair

of Hull Structures”, IACS.

IACS Recommendation 46: BULK CARRIERS Guidance and Information on Bulk Cargo

Loading and Discharging to Reduce the Likelihood of Over-stressing the Hull

Structure. Both can be downloaded from www.iacs.org.uk
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Bulk carrier EYLUL K

Handysize | Handymax Panamax Capesize

Ship VIS é‘(I)SUNT SPARLYRA PRO.I:I;ESS KOHYOHSAN
Length, oa 179.28 m 190.00 m 225.00m 289.00 m
Length, bp 172.00 m 183.05m 217.00 m 279.00 m
Breadth, moulded 28.00 m 32.26m 32.26m 45.00 m
Depth, moulded 15.20 m 17.50 m 19.50 m 2410 m
Draught design 10.20 m 11.10m 1220 m 16.50 m
Draught scantling 10.65 m 12.60 m 14.10 m 17.78 m
Deadweight design 32,687 dwt | 44,800 dwt 64,000 dwt 157,322 dwt
Deadweight scantling 34,676 dwt 53,000 dwt 77,834 dwt 172,564 dwt
Gross tonnage 22,072 31,000 41,400 87,493
Displacement 43,734 t 65,000 t 88,366 t 193,802 t
Lightweight 9,058t 11,600 t 10,532t 21,238t
Cargo capacity 44,020 m3 65,700 m3 92,152 m3 191,721 m3

Bulk carrier EYLUL K
According to Significant Ships of 2006

EYLUL K is the double hull 20,000dwt Turkish bulk carrier designed by Delta Marine Co from
Istanbul and built by Torgem Shipyard. The vessel has four equally dimensioned (28.20m x
21.00m) cargo holds separated by double-skin transverse bulkheads built on stools, with the
spaces between these used as water ballast tanks, and also to contain hold access trunks.
This arrangement allows stiffening to be placed inside these tanks, and in the double-hull
space, so that the holds are unobstructed for easy cleaning and maintenance. Tanktop
structure complies with a Heavy Cargoes notation, with a maximum loading of 18 t/m2. Two
tiers of steel coils can be loaded and grab discharge is catered for. All holds are mechanically
ventilated and can carry dangerous cargoes.

All hatch covers open to the full size of the hold and are totally-enclosed, folding-pair, end-
stowing type. Cargo handling is accomplished by three NMF 24t SWL x 28m outreach electric
deck cranes positioned between holds. The upper deck has been kept clear of obstructions
with all pipes, cables, and valves arranged in access passages above the side ballast tanks or
in the double bottom pipe tunnel.

The machinery installation is centered on an 8535MC main engine developing 5920kW at
137rpm. It is directly coupled to an FP propeller, running in an openwater sternframe fitted
with a high-lift rudder. Manoeuvring qualities of the vessel are improved by a bow thruster
with CP propeller, developing 600kW at 437rpm. Electrical requirements are fulfilled by three
alternators, each of 575kW output.

Engine room bunker tanks are protected from the sea, and the high ballast tank capacity
obviates the requirement for ballast to be carried in holds and make ballast exchanges
easier.
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Bulk container

Length, oa: 157.90m, Length, bp: 151.50m, Breadth, mld: 23.20m, Depth to main
deck: 12.50m, Draught design/maximum: 8.60/9.00m, Deadweight design/maximum:
20,000/21,000dwt, Gross tonnage: 14,000, Propulsion power: 5920kW, Service speed at
85% MCR: 14.00 knots.

Bulk container - A container designed for carrying free-flowing dry cargoes loaded through
hatchways in the roof of the container and discharged through hatchways at one end of
the container.

Bulkhead deck — The uppermost deck up to which the transverse watertight bulkheads and
shell are carried.

Bulkhead doors - Access doors or flood prevention doors. A wide variety of designs and
configurations are available: side-hinged door, sliding door, upward rolling door, and
top-hinged door. In any case a door can be of a single or multi-panel type. There are three
basic ways of operating bulkhead doors; by swinging on hinges, by sliding on guiding
wheels and frames or by rolling up into stowage position.

Bulkheads - Vertical partition walls which subdivide the ship interior into watertight
compartments. Bulkheads reduce the extent of seawater flooding in case of damage and
provide additional stiffness to the hull girder. They can be flat or corrugated.

After peak bulkhead - A bulkhead which forms the forward boundary of the aft peak.

Collision bulkhead - The foremost main transverse watertight bulkhead. It extends from
the bottom of the hold to the freeboard deck or to the forecastle deck and is designed to
keep water away from the forward hold in case of bow collision damage.

Corrugated bulkheads - Bulkheads with corrugated plating, eliminating the need for
welded stiffeners.

Engine room bulkhead - A transverse bulkhead either directly forward or aft of the
engine room.

Portable bulkhead, removable bulkhead - Steel construction used to divide a long hold
into separated sections.

“The box-shaped cargo hold can be subdivided into separated hold sections with the aid of two
moveable grain bulkheads. These grain separations consist of double walled steel bulkhead
sections, which are connected to the tanktop using the container corner fittings. Connections
in the hatch coaming consist of a heavy socket corresponding with an opening in the grain
bulkhead section. A heavy pin through both parts of the connection secures the bulkhead in
position. The pin can be inserted from outside. The bulkhead sections are handled with an
electro-hydraulic driven traveling hatch cover crane. When not in use the bulkhead sections
can be stowed away in such a way that they do not encroach with the ship's cargo hold space.”

Strength bulkhead - Bulkhead that contributes to the strength of a vessel.

Swash bulkhead - Longitudinal or transverse non tight bulkhead fitted in tank to reduce
the surge of the liquid when the ship rolls and pitches, and consequently to reduce the
dynamic impact (sloshing forces) of the liquid on the surrounding structure. A plate used
for this purpose but not extending to the bottom of the tank is called a swash plate.

Bulwark - Fore-and-aft vertical plating directly above the upper edge of the ship side
surrounding the exposed deck(s).
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Bunk - A berth, or bed, usually built in.

Bunker (to) — To load fuel into shiprs fuel tanks for its own use as distinguished from loading
it as cargo.

Bunker -
1. Fuel oil for the main propulsion machinery.
2. A compartment for the storage of fuel oil used by the ship’s machinery.

Bunker Delivery Note (BDN) — The standard document required by Annex VI of MARPOL
which contains information on fuel oil delivery: name of receiving vessel, port, date, data
of a supplier, quantity and characteristics of fuel oil. Every BDN is to be accompanied by
a representative sample of the fuel oil delivered.

Fuel oil suppliers are to provide the bunker delivery note. The note is to be retained on
the vessel, for inspection purposes, for a period of three years after the fuel has been

delivered.
Further reading: Regulations for Prevention of Air Pollution from Ships — Technical and
Operational implications, (can be found on www.dnv.com/maritime).

Bunker stations — Fuel receiving stations, usually at an upper deck level, port and starboard,
furnished with valves, elbows, pressure gauges, filters and relief valves.

Bunker station

Bunkering clause - A time charter agreement will stipulate the terms under which the
bunkers on board will be delivered to the use of the charterers and the terms under
which the bunkers remaining on board will be redelivered to owners.

Bunkering vessel — A small tanker fitted with fuel pumps and a crane for hose handling,
used for loading fuel oils into ship tanks.

Buoy - A floating object used as an aid to mariners to mark the navigable limits of channels,
their fairways, sunken dangers, isolated rocks etc., or as reference point for navigation or
for other purposes. Buoys are indispensable especially on coastal waters or close to port.
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Buoy gallows

Buoys

Cardinal buoy - A seamark, i.e. a buoy, indicating the north, east, south or west, i.e. the
cardinal points from a fixed point such as a wreck, shallow water, banks, etc.

Buoy gallows - Frames mounted on the cable vessel side to deploy and recover cable buoys.

Buoy handling crane - A special crane used onboard of aids to navigation service vessels.
A buoy-handling crane has a jib with fork-type end. This important feature enables the
crane to lift buoys using two shackles attached either side of the buoy flotation chamber
and to avoid damage to the buoy tops, which contain lights and other electronic
equipment.

Buoy tender, also buoy-layer, and buoy laying vessel — The ship designed for handling

navigation buoys and beacons, usually fitted with a deck crane and a spacious working
deck. See also Aids to navigation service vessel.
The Fassmer-built 300t buoy-layer NORDEN is characterised by a superstructure set well
forward on a raised foredeck ahead of a 70m? working deck able to accept a loading of 20t.
On the centreline of an aft structure and machinery casing is the 8t/10.40m main crane with
swell compensation and self-propelled head role. Abaft this island structure there is a rescue
boat carried under a crane, and to starboard a workboat. Length: 39.20m, beam: 8.90m and
draught: 1.60m.

Buoyancy - The hydrostatic force acting vertically upward on the floating vessel, equal to
the weight of water displaced by this vessel.

Burner — An atomizer used in a boiler.

Bus bar - Copper bars fitted at the back of the main switchboard as part of the distribution
system. A.C. generators fed to the bus bars and circuit breakers are used to draw off the
supply.

Butt, butt joint - The end joint between two plates or other members which meet end to
end. Typically a butt joint is used to describe the welded connection between two plates
in the transverse direction.
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By-pass

Photo: J. Babicz

Burner

Butt weld - A weld between the edges of two metal plates, which meet but do not overlap.

Butterfly valve - A rotary stem valve with a centrally-hinged disc of the same dimension as
the pipeline. The valve opens into the pipeline and therefore takes up little space, permits
large flow rates and gives minimum pressure drop.

Buttocks - Lines obtained by cutting the hull surface with longitudinal planes parallel to the
ship’s centre line.

BWM Convention - see International Convention for the Control and Management of
Ship’s Ballast Water and Sediments.

By-pass — Any arrangement to control and turn away a fluid from its main flow path.
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Cabin - A compartment in the accommodation area provided for a passenger or member
of the ship complement. With most cabins having their own private toilets, the location
of these is important. Sanitary units should be arranged to ensure easy access to pipe
connections, and in straight vertical lines to simplify piping.

Onboard the ferry COLOR FANTASY there are 966 cabins (604 with windows; 63%, 141 Suites)
for maximum 2750 passengers and additional 250 cabins for the crew (221 crew, 29 officers).
Passenger cabins vary in size from 10.5m? (Three-Star inside), 13.5-13.7m? (Three-Star Sea-/
Promenade-view), 13.9m? (Four Star Fantasy Class in- and outside) and 24.5m? (Five Star
Fantasy Suite) as well as 35m? (Five Star Owner Suite). The 966 passenger cabins are consisting
of 494 cabins viewing the sea, 120 looking to the promenade and 353 inside.

Luxury cabin on a passenger cruiser

All cabins should be designed as standard modules, equipped with private sanitary units.
Sanitary units (WC/shower) must be arranged in vertical lines, with easy access to pipe
connections (small doors should be arranged).

As far as possible, cabins on container ships should be arranged in such a way to have at
least one window with clear view, not obstructed by containers.

Captain’s and Chief Engineer’s cabins are usually located on the highest deck. Such
arrangement causes no problems on board vessel having a crew lift, however nowadays,
to save money, installing lifts is less common practice. In the case of any alarm, the Chief
Engineer must go down to the Engine Room, similarly all representatives of Authorities or
class surveyors have to go high up to see the Captain. It would be much more convenient
to arrange Captain’s Office as well as cabins for Chief Engineer and 1st Engineer at the
lowest deck possible.
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SINGLE BERTH CABIN

Cabin aboard the oil spill response vessel ARKONA. Photo courtesy of Peene-Werft

Standard single cabin designed by Baobab Naval Consultancy

Wartsila Encyclopedia of Ship Technology

77



Cable

Cable -
1. Arope or chain connecting a vessel to the anchor.
2. Wire or rope primarily used for mooring a ship.
3. One hundred fathoms or one tenth of a nautical mile.
See also Telecommunications cable.

Cable bundles — Arrangement of two or more cables laid parallel and touching one another.

Cable diverter — The cable diverter is sited aft of the cable drum engine and ensures the
proper cable deflection and retainment during pick-up operations. This will ensure that
the cable fleeting is maintained over 180° of the drum-fleeting ring.

Cable handling equipment, cable machinery - Installation and maintenance of a submarine
cable is a complex operation requiring sophisticated tools. The primary cable handling
equipment of a typical cable-layer is designed to load cable from ashore into cable tanks
and discharge it from the tanks onto the seabed. Central to effective cable handling is the
wheel pair — two tires on wheel rims mounted on hydraulically operated arms opposed to
each other. These arms enable the driving wheels to grip the cable, joints and transitions
as they pass through.

Cable Transporter - A highly versatile, mobile or fixed, self-contained cable handling
machine, that uses a pair, or pairs, of motorised wheels to transfer cable or rope between
the ship and the storage tanks.

Linear Cable Engines (LCE) are of a modular construction assembled in sections of wheel
pair assemblies. They are arranged as bi-directional systems for both cable laying and
repair operations, whilst posing minimum risk to the cable or repeaters. Each individual
wheel pair is controlled by fully synchronising speed, wheel opening and pressure/
squeeze onto the cables. At very low cable tension in shallow waters, the sensitive control
systems will automatically reduce the drive unit torque, reducing the risk of cable slip.
Typical combinations of up to 18-36 wheel pairs are available, depending on required
pulling force, available deck space or requirements of specific cable types.

At the outboard end of the LCE, a heavy-duty hydraulically-operated cable gripper
is fitted, sometimes referred to as astonker. In case of sudden outboard tension or
catastrophic failure of the LCE, its jaws can close on the cable stopping the cable from
running overboard.

Draw Off- Hold Back Engine (DOHB) - A back tensioning engine usually installed at
the aft end of the cable ship, forward of the Cable Drum Engine (CDE). It is used together
with the CDE for cable repair work; it can also be used independently for cable transport
duties. DOHB are usually four-wheel pairs, one after the other mounted on a traversing
frame. The first and the second wheel pairs are separated from the third and fourth wheel
pairs; when a joint or repeater is passing through you will have at least one wheel pair at
any time gripping the cable either before or after the repeater.

Cable handling operations:
Cable laying — When laying off, the primary need is to control the speed and tension
at which the cable departs the ship. This control is done by means of cable machines:
a Linear Cable Engine (LCE) or Cable Drum Engine (CDE). Where a LCE is used, cable
is pulled up from the cable tank or carousel along the trackway and fed into the first
wheel pair of the LCE. The LCE is driven from a control room where the operator is
following a lay plan driven from survey data. With a CDE, cable is led from the static tank
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Cable layer SEGERO

or carousel along a trackway to the wheel pair of a Draw Off — Hold Back Engine (DOHB)
and then around the cable drum, usually for four turns. The cable is led off the drum
by a traversing diverter over a roller sheave at the vessel stern or bow. During laying
operations, the CDE is pulling the cable from the tank and the DOHB is in holdback
mode, thus the cable is driving the wheel pairs allowing a preset tension to be set up
between the DOHB and the CDE.

Cable burial - Offshore activities, fishing, earthquakes and landslips can threaten
submarine cable integrity. Cable burial is commonly regarded as the most effective
protection. Burial depth can be up to 10m under the seabed in areas of soft silt, (normally
between Tm and 3m).

Cable repair — The primary activity performed during a repair operation is raising and
lowering cable from the ocean floor. This is accomplished by cable machinery hauling on
grapnel rope over large-diameter sheaves. The cable hauling machinery is either a large
round drum or a series of rubber tires mounted in pairs driven by a hydraulic motor. In
order to reduce friction and protect the cable from sharp bending, large roller sheaves are
installed at the deck edge.

Cable layer SEGERO

According to the Maritime Reporter December 1998
The SEGERO was builtin 1998 by Hanjin Heavy Industries Co.for Korea Submarine Telecom.The
ship was designed to carry out the laying, burying and repair of intercontinental submarine
fiber-optical cable, with particular reference to the severe weather conditions and extremely
low temperatures. The design follows the fully stern-working concept which permits to
continue work even in the worst weather conditions and by allowing a conventional bow-
form to be adopted, providing a high cruising speed.

The ship has two main cable tanks of total capacity 2050m?3 (3900 tonnes) and two 80m?3 cable
tanks. Most cable work is concentrated on the continuous, mainly closed, upper deck, using
two 3.6m diameter stern sheaves straddled by a 35-ton safe working load (SWL) A-frame.
This can work in an arc ranging from 80 degrees over stern to 80 degrees inboard up to the
sea state 5, and provides for launching and recovering a cable plough from either of the two
cable lines. One 20-ton SWL telescopic crane and one 8-ton articulated crane are also fitted
aft. The starboard and port cable line consists of a Dowty 4m diameter/40tonne-pull cable
drum engine and a 4tonnne/four-wheel-pair draw-off/hold-back engine on each side.

The diesel-electric power system is based on four ABB generators, two of 3400 kVA, one of
2300 kVA and one of 850 kVA. Electric power is distributed through two main switchboards,
with four transformers, supplying two 2700kW ABB propulsion motors, which drive two
azimuth propulsion units. The propellers are fitted with steerable nozzles to help to prevent
cable fouling. Additional manoeuvrability is provided via a pair of Wartsila-Lips 1200kW
tunnel thrusters and a 1500kW White Gill vectoring unit operating forward.

The vessel is provided with a Konsberg Simrad integrated monitoring and control system
(IMCS), which consists of dynamic positioning system, thruster control system and vessel
control system. The dynamic positioning system incorporates special sensors, functions and
operational modes which are related to the cable laying and trenching applications. The
thruster control system incorporates lever control of each thruster, as well as an independent
joystick system with common control of all selected thrusters. The vessel control system
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Cable laying and repair vessel ATLANTIC GUARDIAN

incorporates alarm monitoring and control system, including power management functions.
The shipisalso equipped with the STN Atlas total navigation system, including radar, Doppler
sonar, echo sounder as well as JRC GMDSS. To provide more comfortable working and living
conditions for the ship complement of 63, a longer rolling period has been achieved using
sufficiently large and long bilge keels, and the anti-roll tanks.

Length, oa: 115.4m, Length, bp: 95.6m, Breadth, mld: 20m, Deadweight design/scantling:
3706/6409dwt, Draught design/scantling: 6.3/7.8m Service speed: 16.6 knots at 100% MCR,
Water ballast: 1848m3, Fuel consumption: 34.3 ton/day (main engine).

Cable laying and repair vessel ATLANTIC GUARDIAN

According to MER April 2002
The 3250dwt stern working cable vessel was built by Van der Giessen-de Noord BV, The
Netherlands, in 2001. The ship has a number of features designed to ensure that both sea
keeping and station keeping performances are high. The length of the vessel, 102.13m, was
selected to suit good characteristics at zero speed (cable repair work) combined with a good
performance at transit speed up to sea state six. An Alstom dynamic positioning (DP) system
of the ADP 21 duplex type, with automatic backup facility, allows better control of the ship
when station keeping. The DP control system is specifically programmed for cable working
and gives the operator full control of the vessel, linked to satellite positioning and Differential
Global Positioning System (DGPS).

All cable operations are carried out over the stern; asystem first applied to CS ASEAN
RESTORER built by Kvaerner Masa-Yards in 1994.This has proved very successful in operation,
and has been adapted for the new vessel to provide more working space in the stern,
and heavy working machines and equipment have been better placed in more sheltered
locations. Working areas such as the jointing and testing rooms, and the wheelhouse are
positioned amidships in order to reduce the effect of roll and pitch on the performance of
the crew. To reduce downtime due to water on deck significantly, the ship benefits from
a 5.7m (minimum) freeboard to the cable working deck.

The ship is equipped to repair damaged cable (10/70mm diam) in ocean depths down to
5000m; some laying and shallow water ploughing work can also be done. Two 12m-diameter
main cable tanks and two 6m diameter spare tanks enable the ship to carry up to 1070m3 of
cable.

Cable handling machinery supplied by Dowty is operated by built-in hydraulic power packs.
The ship is equipped with two 4m-diameter cable drum engines, each with a 40t brake and
28t-line pull, two four-wheel-pair draw off/hold back engines and diverters. Twin two-wheel
pair cable transporters are also installed. The cable machinery includes also two 3m-diameter
cable lying/repair sheaves, a plough towing sheave supported by a 10t A-frame, two deck
cranes of 5t and 1.5t SWL and two 2.3t SWL gantry cranes.

The vessel is fitted with a remotely-operated vehicle (ROV) capable of operating at water
depth of 2000m. As safety is of chief importance during hazardous cable maintenance
operations, the amidships wheelhouse/operations room offer a clear view of cable working
areas and the ROV deck.

Theshipis propelled by two Wartsila Lips L-type azimuthing propulsion thrusters (2x2200kW)
operating in high efficiency nozzles. Contributing to the DP system are three bow thrusters
(3x900kW). All are supplied from a high voltage diesel-electric propulsion installation using
three ABB 2690kW alternators driven by Wartsila 9L26A diesel engines.
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CABLE VESSEL

Photos courtesy of MERWEDE Shipyard

Cable vessel BOLD ENDEAVOUR

Cable handlig machinery of ATLANTIC GUARDIAN
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Cable lifter

Length, oa: 102.13, Length, bp: 85.95, Breadth, mid: 18.00, Depth to work deck: 11.80m,
Draught design/scantling: 5.75/6.00m, Deadweight design/scantling: 3250/3600dwt, Speed
maximum/economic:15/12 knots.

Cable lifter, chain lifter, wildcat - steel casting in the form of a deeply-grooved drum with
whelps which engage the links of the anchor chain.

Cable tray - Pre-fabricated steel devices for securing of permanently installed cables
onboard a vessel or an offshore rig. The cable trays are welded or bolted.

Cable vessel - A special ship designed to perform cable operations such as repair, laying
and ploughing, usually combined repair-and-layer ship. See also Cable layer SEGERO
and Cable laying and repair vessel ATLANTIC GUARDIAN.

Vessels for cable maintenance need to be faster, so they can respond quickly to maintenance
requests at cable repair sites. They also need to be more manoeuvrable, because repair work
usually involves handling two ends of cable, as opposed to one for standard cable laying work.

Cabotage - Coastal trade, i.e. transport of goods by ship between ports along the same coast
or between ports within the same country. Many nations, including the United States,
have cabotage laws, which require national flag vessels to provide domestic interport
service.

Calling port, the port of call - Port where a ship moors (or anchors) and crew are allowed to
leave the ship to visit the port. Crew baggage and ship stores will not normally be loaded
or off-loaded at calling ports.

Calibration - The process in which the readings of an instrument are compared to some
standard or known value.

Calibration gas — A gas with an accurately known concentration that is used as a comparative
standard in analytical instrumentation.

Calorific value - The heat energy released during combustion of fuel.

Cam - A shaped projection on a rotating shaft which imparts a motion, usually linear, to
a follower.

Camber - The curvature of the deck in a transverse direction. Camber is measured between
the deck height at the centre and the deck height at the side.

Camel - A fender used to keep avessel away from a pier or quay to prevent pier or hull
damage; usually a floating body with massive padding of rope, tires, etc.

Camshaft - A shaft fitted with one or more cams and driven by a mechanism from the
crankshaft.

Camshaft lubricating oil system - This system lubricates the camshaft bearings, the roller
guides and supplies oil to the hydraulic exhaust valve gear. The oil circulates in a closed
system, consisting of a tank, one service pump and one stand-by, a cooler and a filter to
the camshaft mechanism and then is drained back to the tank through a magnetic filter.
The system can be delivered as a unit (Camshaft Lubricating Oil Unit).

Cant - A log which is “slub-cut’, i.e. ripped lengthwise so that the resulting thick pieces have
two opposite, parallel flat sides and in some cases a third side, which is sawn flat.

Capacity of vessel — Capacity of vessel can be measured in many ways depending upon the
type of vessel. Capacity of traditional general cargo vessel is defined as bale capacity
or grain capacity. Number of 20-foot containers, which can be accommodated onboard,
defines the capacity of container ships. Capacity of car carriers is characterised by
number of standard cars which can be transported. Volume of cargo tanks defines the
capacity of tankers.
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Car carriers

Bale cubic capacity — The space available for loading cargo extending to the inside of
the cargo battens on the frames and to the underside of the beams.

Grain cubic capacity - Maximum space available for cargo extending from the inside of
shell plating to the underside of the deck plating.

Capacity Plan - A plan of the spaces available for cargo, fuel, fresh water, water ballast,
etc, and containing cubic or weight capacity lists for such spaces and a scale showing
deadweight capacities at varying draughts and displacements.

It would be difficult and inconvenient to gather all those information and place them on
one plan in a clear and legible manner. In addition, all these pieces of information can
be found on various other drawings. To avoid repeating data and multiplying existing
documents it is recommended to create a Capacity Plan as a set of documents listed below:

General Part

Coordinate System

Draught Marks

Load Line Mark and Deadweight Scale
Tank Space Information

6. Cargo Space Information

bk wnN =

Capital-intensive tonnage - Vessel demanding relatively large investments, e.g. cruise
ships, gas and chemical tankers, etc.

CAP propulsion system —The CAP propulsion systemis a new propulsion and manoeuvering
system developed by Motala Verkstad. It consists of two independently moving hub units
with the outer one fitted with a propeller. The propeller can be moved 30 degrees either
side off the centreline to enable directional steering. Thus a rudder is excluded.

Capsizing - In common understanding, by capsizing people generally mean a sudden
passing of a ship from the upright position to the upside down position. More precisely,
capsizing or loss of stability can be defined as exceeding the amplitude of rolling or a heel
at which operating or handling a ship is impossible for various reasons.

A ship can capsize because of the variation of the metacentric height GM, or of the righting
arms GZ, in head or following seas (parametric resonance) or due to the loss of control
in severe following or quartering seas (broaching-to phenomenon). Nonetheless, a ship
can capsize even in port if the metacentric height is negative.

Further reading: “Ship Stability in Practice

”

Capstan, warping capstan - A warping head with a vertical axis used for handling mooring
or other lines.

Anchor capstan - A capstan in which the warping head is replaced by a cable lifter.

Captain, master — The highest officer aboard ship responsible for the safety of the ship,
crew and cargo. The captain oversees all ship operations, keeps ship records and handles
accounts. He takes command of vessel in heavy weather and in crowded or narrow waters.
Handles communications. Receives and implements instructions from home office.

Car carriers — Vessels specially designed for efficient transport of cars (pure car carriers), or
variety of cars, trucks, tractors and buses (pure car/truck carriers). Cargo access/transfer
equipment of typical car carrier consists of a stern quarter ramp, side ramps, internal
ramps with covers and hoistable decks. Vehicles drive directly into the ship and via
internal ramp system to various decks.
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carriers

Stern anchor capstan:

1. Warping drum

2. Horizontal cable lifter
3. Chain

4. Chain pipe

Longhaul car exports were originally handled by bulk carriers fitted with portable or
hinge-away car platforms and loading/discharge performed by ship derricks or cranes. But
massive rise in demand for global vehicle movements dictated the creation of purpose-
designed multi-deck pure car carriers (PCCs) exploiting ro-ro cargo handling system. This
type of vessels was developed in the 1950s by Wallenius Line, the pioneer in the carriage
of vehicles by sea. RIGOLETTO and TRAVIATA, both delivered in 1955, were the first ships
specially designed to carry cars by adding extra decks. ANIARA was Wallenius Line first car
carrying ro-ro. Delivered in 1963 it featured a bow door for the first time.

Tonnage with capacity for over 6000 cars on 12 decks emerged, along with pure car/truck
carrier (PCTC) designs offering rolling freight flexibility for many vehicle types: not just

Photo: C. Spigarski
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Carbon dioxide (CO,) flooding system

cars but trucks, knock-down car units, buses, containers, agricultural and construction
machinery, and heavy project cargoes. The success of this new breed of ship and the
growth of the trades they serve owe much to the efficiency of ro-ro access/transfer
installations in loading, stowing and discharging operations. A typical outfit is based on
a stern quarter ramp/door; side ramps/doors and internal hoistable decks and the major
players in cargo handling equipment are MacGREGOR and TTS.
The largest deep-sea car carriers in service can carry up to 8000 car equivalent units (CEU).
Car decks - Light decks fitted in ferries and ro-ro vessels. Except for pure car carriers, car
decks are usually designed to be movable. They may be stowed away when not required.
There are three types of car decks and platforms; hoistable decks, liftable decks and side-
pivoting decks.

Hoistable car deck — A hoistable car deck has a number of separate panels hinged
together. At each end, access ramps with entering flaps are provided. The deck is operated
by means of adrive system consisting of a wire and hydraulic jigger winch mounted
externally inside the ship structure, or internally into panels. The panels are stowed below
the deck above.

Liftable car decks - Liftable car decks have no integral lifting mechanism but are
deployed by a mobile scissors lift. As a result, the maintenance requirements are minimal.
When not required, the panels are stowed close against the deckhead above and locked
in place by semi-automatic locking devices. When carrying cars, the mobile scissors
lift is moved under each panel in turn and lowers it to required position. In a typical
arrangement with the liftable deck in its intermediate position there will be clear heights
of 1.7m above and 2.4m below. In its lower position the clear heights are 2.0m above and
2.7m below. See also Corex panels.

Car deck ramp - A one section ramp with flaps, integrated in a fixed or hoistable car deck
panel, or just hinged or connected to the car deck edge. The operation is usually achieved
by a wire and sheave arrangement, connected to hydraulic cylinders or jigger winch.
It can also be achieved by direct-acting hydraulic cylinders. The ramp can be raised or
lowered even when carrying the full car load.

Carbon capture and storage (CCS) - Process of trapping carbon dioxide produced by
burning fossil fuels or any other chemical or biological process and storing it in such
a way that it is unable to affect the atmosphere.

Carbon dioxide (CO,) — Colourless extremely harmful gas that is heavier than air. It is stored
in a liquefied state in fire extinguishers and is sometimes used as a refrigerant.

Carbon dioxide (CO,) flooding system - A fixed installation designed to displace the oxygen
in the protected space and thus extinguish the fire, usually used to fight fires in engine
rooms, boiler rooms, pump rooms and holds. The system normally consists of a series of
large CO, cylinders. The CO, is supplied from the cylinder manifold to suitable points with
diffusing nozzles. The discharge valve is located in a locked cabinet. Opening the cabinet
activates an alarm to give personnel time for evacuation. Since the effectiveness of fixed
CO, fire fighting system diminishes the longer the fire burns, the speed is essential if CO,
is to be effective.

Note: Before CO, system can be activated, engines need to be shut off, the machinery
space needs to be evacuated, all openings and vent need to be shut and total evacuation
has to be verified. Consequently, it can take 20 minutes or longer from the time of a fire
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Carbon footprint

is spotted to activate the system. Such delay not only allows fire to spread freely causing
considerable danger to personnel and damage to equipment, but also makes a vessel
lose its manoeuvrability.
Further reading: ABS Guidance Notes on “Fire-Fighting Systems”,
can be downloaded from www.eagle.org
Carbon footprint - Amount of carbon dioxide and other carbon compounds emitted due to
the consumption of fossil fuels.
Carbon monoxide (CO) - An odourless, colourless and toxic gas. Because it is impossible to
see, taste or smell the toxic fumes, CO can kill you before you are aware it is in your home.
At lower levels of exposure, CO causes mild effects that are often mistaken for the flu.
These symptoms include headaches, dizziness, disorientation, nausea and fatigue. The
effects of CO exposure can vary greatly from person to person depending on age, overall
health and the concentration and length of exposure.
Cardan shaft - A mechanical arrangement which provides flexibility in the alignment of
a driving and driven shaft, i.e. a flexible coupling.
Cardinal points - The four main points of the compass: north, east, south and west.
Cargo - The freight carried by a ship.
Cargo access/transfer system - Cargo access equipment such as stern ramps, side ports,
bow doors, etc. See also Ro-ro cargo handling gear.

Cargo area - The part of the ship that contains cargo holds, cargo tanks, slop tanks and cargo
pump-rooms including pump-rooms, cofferdams, ballast and void spaces adjacent to
cargo tanks and also deck area throughout the entire length and breadth of the part of
the ship over the above-mentioned spaces, (SOLAS).

Where independent tanks are installed in hold spaces, cofferdams, ballast or void spaces
at the after end of the aftermost hold space or at the forward end of the forward most
hold space are excluded from the cargo area.

Cargo containment system of gas carrier — The arrangement for containment of cargo
including, where fitted, a primary and secondary barrier, associated insulation and any
intervening spaces, and adjacent structure if necessary for the support of these elements.
If the secondary barrier is of the hull structure it may be a boundary of the hold space,
(IGC Code).

Cargo control room - A space used for the control of cargo handling operations.

The procedures of loading and unloading, pump control, heating control and monitoring of
the cargo conditions and cargo-handling equipment is carried out and monitored from the
cargo control room.

Cargo cranes — Shipboard cranes of various types and capacities are still required for
multi-purpose cargo vessels, geared bulk carriers, feeders, reefers, heavy lift vessels and
some forest product carriers. Manufactures offer crane designs and special handling
attachments (container spreaders, rotators and grabs) to suit all dry cargo trades.
Computer-based cargo spotting systems enable even relatively unskilled operators
to cope with the pendulum effects and centrifugal forces. They also help in keeping
containers or other cargo units constantly aligned with a given axis, regardless of slewing
motion and other external forces. Such electronic aids substantially improve productivity.
Some owners report a doubling of the hourly container-handling rate. Other benefits
include: reduced operator fatigue, improved safety and lower cargo and ship st