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Bilge Keels: Attachment and Benefits

(a) Bilge Keel Attachment and Positioning:

Bilge keels are long, narrow fins typically attached to the bilge (the lower, curved area where the hull meets the
bottom) of a vessel. Here's a breakdown of their attachment and positioning:

Attachment Method:

e Bilge keels can be:

Welded Directly: This is a permanent attachment for new builds or major refits.
Bolted On: This method allows for easier removal or replacement, useful for repairs or vessels
requiring occasional bilge keel removal.
o Adhesive Bonding (Less Common): Some advanced adhesives might be used for bilge
keels, but welding or bolting remains the more common method due to strength considerations.
e The attachment method ensures a secure connection that can withstand the forces exerted on the bilge
keels while the vessel is underway.

Longitudinal Position:

Bilge keels are positioned longitudinally (running along the length of the hull) on both sides of the vessel,
typically just below the bilge area. This positioning provides several benefits:

e Maximum Leverage: The longitudinal placement creates the greatest lever arm to counteract rolling
motion. The bilge keels act like underwater fins, dampening the side-to-side rolling of the vessel in
waves.

e Minimal Draft Impact: By positioning them near the bilge, the bilge keels have minimal impact on the
vessel's draft (the depth of the hull underwater) compared to other stabilization methods like keels or
outriggers.

e Strength and Stability: The bilge area is a naturally strong point on the hull, making it a suitable
location for attaching the keels and providing structural stability.

(b) Advantages and Disadvantages of Bilge Keels:
Advantages:

o Improved Stability: Bilge keels effectively reduce a vessel's rolling motion, enhancing passenger
comfort and safety in rough seas.
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e Minimal Draft Impact: Compared to other methods, bilge keels have minimal impact on the vessel's
draft, allowing for operation in shallower waters.
e Relatively Simple Design: Bilge keels are a relatively simple and cost-effective method of roll
stabilization.
e Low Maintenance: Once installed, bilge keels require minimal maintenance.

Disadvantages:

e Increased Drag: Bilge keels can create some additional drag on the vessel, potentially reducing speed
and fuel efficiency.

e Performance Impact: In some cases, bilge keels might affect maneuverability, especially at slower
speeds.

e Grounding Risk: Bilge keels extending further outwards increase the risk of grounding in shallow
waters.

e Aesthetics: Some boat owners might find the appearance of bilge keels less aesthetically pleasing.

Bilge keels vs. Other Stabilization Methods:

e Fin Stabilizers: These retractable fins deploy electronically to counter rolling. They offer greater
stabilization but are more complex, expensive, and require maintenance.

e Active Stabilization Systems: These use gyroscopes and actuators to actively counteract rolling
motion. They offer excellent stabilization but are the most expensive and complex option.

e Outriggers: These are additional hulls mounted on either side of the main hull, providing excellent
stability but significantly increasing draft and potentially affecting performance.

The choice of stabilization method depends on the vessel's size, intended use, sea conditions typically
encountered, and budget considerations. Bilge keels offer a good balance of effectiveness, simplicity, and cost
for many recreational and small commercial vessels.
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Camber and Sheer: Definitions and Impact on Seaworthiness

(i) Camber:

e Definition: Camber refers to the transverse curvature of a deck or other surface. In the context of
ships, it describes the way a deck is not perfectly flat but curves slightly from the centerline outwards
towards the sides. The deck is higher in the middle and slopes down towards the edges. This curvature
can be symmetrical (same on both sides) or asymmetrical.
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e Impact on Seaworthiness: Camber offers several benefits for seaworthiness:

o Drainage: The sloping deck allows water (from rain, waves, or deck cleaning) to drain efficiently
towards the scuppers (drainage holes) located on the sides of the ship. This helps prevent
water from accumulating on deck, which can be hazardous and create weight imbalances.

o Strength: A cambered deck provides additional structural strength, especially against sagging
under heavy loads or wave impact. The curved shape distributes stress more evenly across the
deck compared to a perfectly flat surface.

o Cargo Handling: For some vessels, a cambered deck can assist with cargo handling by
creating a natural rolling motion towards the center, aiding in maneuvering cargo on deck.

(ii) Sheer:

e Definition: Sheer refers to the longitudinal curvature of the main deck of a ship, viewed from the side.
The deck is not perfectly horizontal but rises slightly towards the bow (front) and stern (rear) of the
vessel. This upward curvature can be in a straight line or a gentle parabolic curve.

e Impact on Seaworthiness: Sheer offers several advantages for a ship's performance at sea:

o Reserve Buoyancy: The raised bow and stern sections create increased reserve buoyancy in
these areas. This helps prevent the bow from diving deeply into oncoming waves and the stern
from burying excessively when pitching (the up-and-down motion of the bow and stern). This
improves buoyancy distribution and reduces slamming forces on the hull.

o Wave Maneuverability: The raised bow allows the ship to cut through waves more effectively,
improving handling and reducing the risk of bow submersion in rough seas.

o Aesthetics: A moderate sheer can also contribute to a ship's aesthetics, creating a more
visually pleasing profile.

In summary, both camber and sheer are subtle yet crucial design elements that contribute to a ship's
seaworthiness. They improve drainage, enhance structural strength, promote efficient cargo handling (for
camber), and enhance wave handling and buoyancy distribution (for sheer). These features work together to
ensure a safer and more efficient operation at sea.
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8.  With reference to the motion of a vessel in the water:

(a) list the SIX degrees of freedom, describing the meaning of EACH term:; (6)
(b)  sketch the position of a bilge keel, describing how it reduces vessel motion. 4)
Ship Motions and Bilge Keels

(a) Six Degrees of Freedom:

A vessel's motion in the water can be described by six degrees of freedom, which represent the independent
ways a rigid body can move in three-dimensional space. These terms are crucial for understanding a ship's
behavior at sea.

1. Surge: This refers to the linear movement of the vessel forwards or backwards along its longitudinal
axis (from bow to stern).
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2. Sway: This describes the lateral movement of the vessel sideways, to port (left) or starboard (right).

3. Heave: This refers to the vertical movement of the vessel, up and down. The ship rises and falls due to
waves or other factors.

4. Roll: This describes the rotational movement of the vessel about its longitudinal axis. The ship rolls
from side to side, with the deck tilting to port or starboard.

5. Pitch: This refers to the rotational movement of the vessel about its transverse axis (# R &4 héng xiang
zhou). The bow rises and falls relative to the stern, causing the deck to tilt up or down at the bow and
stern.

6. Yaw: This describes the rotational movement of the vessel about its vertical axis. The entire vessel
turns left or right, changing its heading.

(b) Bilge Keel Position and Motion Reduction:

Bilge keels are long, narrow fins attached to the bilge (the curved area where the hull meets the bottom) of a
vessel, typically on both sides. Here's how their position helps reduce vessel motion:

e Position: Bilge keels are positioned longitudinally (running along the length of the hull) just below the
bilge area. This placement offers several advantages for mitigating rolling motion:

o Maximum Leverage: The longitudinal position creates the greatest lever arm to counteract
rolling. The bilge keels act like underwater fins, generating a resisting force when the vessel
starts to roll. As the ship rolls to one side, the bilge keel on the submerged side creates lift that
pushes the hull back upright, reducing the rolling angle.

o Minimal Draft Impact: By positioning them near the bilge, the bilge keels have minimal impact
on the vessel's draft (the depth of the hull underwater). This allows for operation in shallower
waters compared to other stabilization methods like deep keels or outriggers.

In essence, bilge keels act as passive stabilizers, dampening the rolling motion induced by waves. They don't
completely eliminate rolling, but they significantly reduce the rolling angle, enhancing passenger comfort and
safety, and improving overall vessel stability.

sept 2020
Sept 2020
8.  Describe, with the aid of a sketch, an active tank stabilisation system. (10)

An active tank stabilization system is a method for reducing a ship's rolling motion using onboard tanks filled
with water and a control system. Unlike passive anti-rolling tanks, which rely on the natural movement of water
within the tanks, active systems utilize pumps and sensors to actively control the water movement,
counteracting the roll of the ship.

Here's a breakdown of how an active tank stabilization system works:
Components:

e Stabilization Tanks: Two symmetrical tanks are located on either side of the ship, typically positioned
low in the bilge area for optimal roll reduction.
e Pumps: Variable-speed pumps are installed within each tank. These pumps can be axial flow pumps
or other suitable types designed for efficient water movement.
e Control System: This system plays a crucial role in the active stabilization process. It includes:
o Roll Sensors: Gyroscopes or accelerometers are used to detect the ship's rolling motion and
its direction.
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o Control Unit: This unit processes the sensor data and calculates the required pump operation
to counteract the roll.

Operation:

1.

Roll Detection: The roll sensors continuously monitor the ship's rolling motion, measuring the angle
and direction of the roll.

Control System Response: The control unit receives the sensor data and determines the necessary
action to counter the roll. It calculates the direction and speed at which each pump needs to operate.
Pump Activation: Based on the control unit's output, the pumps in the tanks are activated.

Starboard Roll: If the ship rolls to starboard (right), the control unit activates the pump in the port (left)
tank to move water towards the starboard side. This creates a counteracting force that pushes the
starboard side upwards and the port side downwards, bringing the ship back to a level position.
Portside Roll: Conversely, if the ship rolls to port, the pump in the starboard tank is activated to move
water towards the port side, countering the roll in the opposite direction.

Advantages:

Highly Effective: Active tank stabilization systems are very effective in reducing a ship's rolling motion,
often achieving reductions of 80% or more. This provides significant improvements in passenger
comfort, crew safety, and cargo handling efficiency in rough seas.

Fast Response: The system can react quickly to changes in roll angle due to the real-time sensor data
and rapid adjustments in pump operation.

Scalability: The system can be scaled to accommodate different vessel sizes and roll reduction
requirements.

Disadvantages:

Complexity: Active tank stabilization systems are more complex than passive systems due to the
additional pumps, sensors, and control units. This complexity increases installation and maintenance
costs.

Power Consumption: The pumps require power to operate, which adds to the overall energy
consumption of the vessel.

Limited Effectiveness at High Speeds: The effectiveness of the system might be reduced at very
high ship speeds due to limitations in pump capacity and water movement capabilities.

Overall, active tank stabilization systems offer a powerful solution for significantly reducing a ship's rolling
motion, enhancing passenger comfort, and improving overall operational efficiency. However, their complexity
and energy consumption need to be considered when compared to simpler passive tank stabilization methods.

nov 2020
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8.

Explain, with the aid of a sketch, the hydrodynamic operation of an Active Fin Stabilizer. (10)

oct 2018
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Oct 2018

8.  Explain, with the aid of a sketch, the hydrodynamic operation of an Active Fin Stabilizer. (10)
Active Fin Stabilizer: Hydrodynamic Operation

Active fin stabilizers are a type of roll stabilization system that utilizes retractable fins and a control system to
counteract a ship's rolling motion. Unlike bilge keels (passive stabilizers), active fins are electronically
controlled to generate a dynamic opposing force, providing a more responsive and effective roll reduction.
Here's a breakdown of their hydrodynamic operation:

Components:

e Retractable Fins: These are typically hydrofoil-shaped fins mounted on either side of the vessel,
usually near the midship section (middle of the ship). They can retract into recesses in the hull when
not in use to minimize drag.

e Hydraulic Actuators: Powerful hydraulic rams or cylinders are connected to each fin, allowing for
precise control of the fin angle (angle of attack) relative to the water flow.

e Control System: This system plays a crucial role in the stabilization process, including:

o Roll Sensors: Gyroscopes or accelerometers continuously monitor the ship's rolling motion and
its direction.

o Control Unit: This unit processes the sensor data and calculates the required fin angle
adjustment to counteract the roll.

Operation:

1. Roll Detection: The roll sensors constantly monitor the ship's rolling motion, measuring the angle and
direction of the roll.

2. Control System Response: The control unit receives the sensor data and determines the necessary
fin movement to counter the roll. It calculates the ideal fin angle and transmits this information to the
hydraulic actuators.

3. Fin Adjustment: Based on the control unit's output, the hydraulic actuators on each side extend the
fins and adjust their angle of attack relative to the oncoming water flow.

e Starboard Roll: If the ship rolls to starboard (right), the control unit commands the starboard fin to
increase its angle of attack (tilt outwards) and the portside fin to decrease its angle of attack (tilt
inwards). As the ship moves forward, the angled fins generate lift (similar to an airplane wing) that acts
against the roll motion.

o Starboard Fin: The increased angle of attack on the starboard fin creates a strong lift force
directed upwards, counteracting the roll and pushing the starboard side down.
o Portside Fin: The decreased angle of attack on the portside fin reduces or creates a downward
lift force, further assisting in bringing the ship back to level.
e Portside Roll: Conversely, if the ship rolls to port, the fin angles are adjusted oppositely to generate a
counteracting lift force that rights the ship.

Hydrodynamic Principles:

The effectiveness of active fin stabilizers relies on several key hydrodynamic principles:
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e Lift Force: As water flows past the angled fins, it creates lift, similar to the way an airplane wing
generates lift. The angle of attack determines the magnitude of the lift force.

e Opposing Force: By adjusting the fin angles, the system creates a lift force that opposes the rolling
motion of the ship. This counteracting force helps to dampen the roll and bring the vessel back to a
level position.

e Faster Response: Compared to passive systems, active fin stabilizers can react much faster to
changes in roll angle due to the electronic control system and rapid fin adjustments.

Benefits:

e Highly Effective: Active fin stabilizers can achieve significant roll reductions, often exceeding 80%
depending on sea conditions.

e Fast Response Time: The system can react quickly to changing roll motions due to the real-time
sensor data and rapid fin adjustments.

e Retractable Fins: When not in use, the fins can be retracted to minimize drag and improve fuel
efficiency.

e Scalability: The system can be adapted to different vessel sizes and roll reduction requirements by
adjusting fin size, actuator power, and control algorithms.

Drawbacks:

e Complexity: Active fin stabilizers are more complex than passive systems due to the additional fins,
actuators, sensors, and control units. This complexity increases installation and maintenance costs.

e Power Consumption: The hydraulic pumps and control systems require power to operate, adding to
the overall energy consumption of the vessel.

e Maintenance Needs: The hydraulic actuators and moving parts require regular maintenance to ensure
proper operation.

Overall, active fin stabilizers are a powerful tool for significantly reducing a ship's rolling motion, enhancing
passenger comfort, and improving operational efficiency. However, their complexity, energy consumption, and
maintenance needs need to be considered when compared to simpler passive stabilization methods.

feb 2021
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8. (a) Describe, with the aid of a sketch, the method of attachment of a Bilge Keel to a
vessel's hull, explaining the reason for the longitudinal position of the bilge keel,
relative to the hull. (7)

(b) State the advantages and disadvantages of fitting a bilge keel compared with other
methods of stabilisation. (3)

(a) Bilge Keel Attachment and Positioning:

¢ Attachment Methods: Bilge keels can be:
o Welded Directly: This is a permanent method for new builds or major refits.
o Bolted On: This allows for easier removal or replacement for repairs or occasional bilge keel
removal needs.
o Adhesive Bonding (Less Common): Advanced adhesives might be used, but welding or
bolting remains more common due to strength considerations.
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e Longitudinal Positioning: Bilge keels are positioned longitudinally (running along the length of the
hull) on both sides of the vessel, typically just below the bilge area. This placement offers several

advantages:
o Maximum Leverage: The longitudinal position creates the greatest lever arm to counteract
rolling motion.
o Minimal Draft Impact: By positioning them near the bilge, they have minimal impact on the
vessel's draft compared to other methods.
o Strength and Stability: The bilge area is a naturally strong point on the hull, making it suitable
for attachment and structural stability.

(b) Advantages and Disadvantages of Bilge Keels vs. Other Stabilization Methods:
Bilge Keels:
Advantages:

Improved Stability: Effective in reducing rolling motion, enhancing passenger comfort and safety.
Minimal Draft Impact: Compared to other methods, they have minimal impact on draft, allowing
operation in shallower waters.

Relatively Simple Design: Simple and cost-effective method of roll stabilization.

Low Maintenance: Once installed, bilge keels require minimal maintenance.

Disadvantages:

e Increased Drag: Bilge keels can create some additional drag on the vessel, potentially reducing speed

and fuel efficiency.

Performance Impact: In some cases, they might affect maneuverability, especially at slower speeds.
Grounding Risk: Bilge keels extending outwards increase the risk of grounding in shallow waters.
Aesthetics: Some boat owners might find the appearance less pleasing.

Other Stabilization Methods:

e Fin Stabilizers: Retractable fins deployed electronically to counter rolling. More effective but complex,
expensive, and require maintenance.

e Active Stabilization Systems: Use gyroscopes and actuators to actively counteract rolling. Excellent
stabilization but the most expensive and complex option.

e Outriggers: Additional hulls mounted on either side, offering excellent stability but significantly
increasing draft and potentially affecting performance.

The choice of stabilization method depends on factors like vessel size, intended use, sea conditions, and
budget. Bilge keels offer a good balance for many recreational and small commercial vessels.

march 2021
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7. Describe, with the aid of a sketch, the construction and operation of an Active Controlled
Tank roll damping system. (10)

An Active Controlled Tank (ACT) roll damping system utilizes onboard tanks filled with water and a
sophisticated control system to actively counteract a ship's rolling motion. Unlike passive anti-rolling tanks,
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which rely on the natural movement of water within the tanks, ACT systems employ pumps, sensors, and
advanced control algorithms for a more dynamic and effective stabilization approach.

Construction:

e Tanks: The system typically consists of two identical tanks located on either side of the ship, usually
positioned low in the bilge area for optimal roll reduction. These tanks can be rectangular, U-shaped, or
other suitable designs to maximize water volume and minimize space requirements.

e Pumps: Each tank is equipped with a powerful and efficient pump, often an axial flow pump designed
for high flow rates and minimal energy consumption.

e Control System: This is the brain of the ACT system, comprising:

o Roll Sensors: Gyroscopes or accelerometers are strategically placed to detect the ship's roll
motion in real-time, measuring the angle and direction of the roll.

o Control Unit: A powerful computer processes sensor data and calculates the necessary pump
operation to counteract the roll. This unit relies on sophisticated control algorithms that consider
factors like roll angle, roll rate, ship speed, and wave characteristics.

Operation:

1. Roll Detection: The roll sensors continuously monitor the ship's rolling motion, feeding data to the
control unit.

2. Control System Response: The control unit analyzes the sensor data and predicts the roll
development based on the current motion and wave conditions. It then calculates the ideal pump
operation to create a counteracting force.

3. Pump Activation: Based on the control unit's output, the pumps in the tanks are activated.

e Starboard Roll: If the ship rolls to starboard (right), the control unit directs the pump in the port (left)
tank to move water rapidly towards the starboard side. This rapid water movement creates a significant
weight shift to counteract the roll. The starboard tank pump might also be activated at a slower rate to
further optimize water movement.

e Portside Roll: Conversely, if the ship rolls to port, the pump in the starboard tank is activated to pump
water towards the port side, effectively countering the roll in the opposite direction.

Key Features of ACT Systems:

e Fast Response: The control system can react very quickly to changes in roll angle due to real-time
sensor data and rapid adjustments in pump operation. This allows for proactive stabilization,
anticipating roll development before it becomes significant.

e High Efficiency: Modern ACT systems utilize advanced control algorithms and pump designs to
optimize water movement and minimize energy consumption.

e Scalability: The system can be adapted to vessels of various sizes by adjusting tank size, pump
capacity, and control algorithms.

Advantages of ACT Systems:

e Highly Effective: ACT systems can achieve significant roll reductions, often exceeding 80% or more
depending on sea conditions.

e Dynamic Response: They can proactively counter roll motion due to the advanced control system and
fast-acting pumps.

e Lower Energy Consumption: Compared to some fin stabilizer systems, ACT systems can be more
energy-efficient, especially with optimized pump designs and control algorithms.

Disadvantages of ACT Systems:
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e Complexity: ACT systems are more complex than passive systems due to the additional pumps,
sensors, and sophisticated control units. This complexity increases installation and maintenance costs.
e Space Requirements: The tanks and pumps require dedicated space within the vessel, which might
be a consideration for some designs.
e Maintenance Needs: The pumps and control system require regular maintenance to ensure proper
operation.

Overall, Active Controlled Tank systems offer a powerful and efficient solution for significantly reducing a ship's
rolling motion, enhancing passenger comfort, and improving overall operational efficiency. However, their
complexity, space requirements, and maintenance needs require careful consideration when compared to
simpler passive stabilization methods.

may 2021
May 2021
6. (a) State SIX advantages of controllabe pitch propellers. (6)
(b) State FOUR disadvantages of controllable pitch propellers. 4)

Controllable Pitch Propellers: Advantages and Disadvantages

(a) Advantages of Controllable Pitch Propellers (CPP):

1. Improved Efficiency: CPPs allow for optimizing propeller pitch for different operating conditions. This
means the propeller blade angle can be adjusted to match the engine speed and vessel speed for
maximum efficiency. At lower speeds, the pitch can be increased to provide more thrust, while at higher
speeds, the pitch can be decreased to reduce drag.

2. Enhanced Maneuverability: The ability to adjust the pitch allows for quick changes in thrust direction.
This provides better maneuverability, especially during low-speed operations like docking, harbor
maneuvers, or emergency situations. Reversing the blade pitch allows for immediate thrust in reverse
without needing to change engine direction.

3. Reduced Engine Wear: By optimizing propeller pitch for operating conditions, CPPs can reduce the
load on the engine at different speeds. This can minimize engine wear and tear, leading to longer
engine life and potentially lower maintenance costs.

4. Improved Stopping Power: The ability to quickly reverse the blade pitch allows for faster deceleration
and improved stopping power compared to fixed-pitch propellers. This can be crucial for safety and
precise maneuvering in tight spaces.

5. Reduced Engine RPMs: In certain situations, CPPs can allow for maintaining desired vessel speed
while reducing engine RPMs. This can lead to lower fuel consumption and quieter operation.

6. Accommodates Non-Reversing Engines: Some CPP designs can be used with engines that are not

inherently reversible. This provides the benefits of CPPs even with engines that wouldn't be suitable for
fixed-pitch propellers.

(b) Disadvantages of Controllable Pitch Propellers:
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1. Higher Initial Cost: CPPs are more complex than fixed-pitch propellers due to the additional
mechanisms for blade pitch adjustment. This leads to a higher initial cost for purchasing and installing
the propeller system.

2. Increased Maintenance Needs: The complex mechanisms of CPPs require regular maintenance to
ensure proper operation and prevent potential failures. This can add to the overall operating costs
compared to fixed-pitch propellers.

3. Potential Efficiency Loss: The larger diameter boss (central hub) required for CPPs can create some
efficiency loss compared to fixed-pitch propellers with a smaller boss size.

4. Limited Blade Area: The need for blade pitch reversal mechanisms might limit the available blade
area of CPPs compared to fixed-pitch propellers. This can potentially affect overall thrust generation at
some operating conditions.

oct 2020
30 October 2020
8. (a) State TWO types of Tank Anti-Roll Stabiliser systems. (2)

(b) State the advantages and disadvantages of a stabilising tank system compared to fin
stabilisation. (8)

Tank Anti-Roll Stabilization Systems and Fin Stabilization

(a) Two Types of Tank Anti-Roll Stabilization Systems:

1. Passive Anti-Roll Tanks: These are the simpler type of tank stabilization system. They rely on the
natural movement of water within the tanks to counteract the ship's rolling motion. There are two main
designs:

o Free-Surface Tanks: These tanks have a free water surface that sloshes back and forth as the
ship rolls. The movement of the water creates a counteracting moment that helps to dampen
the roll.

o U-Tube Tanks: These tanks are divided into two compartments connected by a U-shaped pipe
at the bottom. As the ship rolls, water flows from one side of the tank to the other, creating a
counteracting moment to stabilize the ship.

2. Active Controlled Tank (ACT) Systems: These are more sophisticated than passive systems and
utilize pumps, sensors, and a control system to actively manage water movement within the tanks.

o Pumps: Powerful pumps are used to move water rapidly between the tanks in response to the
ship's rolling motion, creating a significant counteracting force.

o Sensors: Roll sensors detect the ship's roll angle and direction, feeding data to the control
system.

o Control System: This unit analyzes sensor data and calculates the optimal pump operation to
counteract the roll, providing a faster and more dynamic response compared to passive
systems.

(b) Advantages and Disadvantages of Tank vs. Fin Stabilization:

Tank Stabilization:
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Advantages:

Simpler Design: Passive tank systems are less complex than fin stabilizers, leading to lower initial
cost and potentially easier maintenance.

Lower Maintenance (Passive Systems): Passive systems require less maintenance compared to fin
stabilizers with their moving parts and hydraulic systems.

Effective in Moderate Seas: Both passive and active tank systems can be effective in reducing roll
motion in moderate sea conditions.

Disadvantages:

Limited Effectiveness in High Seas: Passive tank systems might not be as effective in very rough
seas compared to fin stabilizers.

Space Requirements: Tanks can take up valuable space within the vessel, especially for larger
systems.

Slower Response (Passive Systems): Passive systems rely on the natural movement of water,
leading to a slower response time compared to the active control of fin stabilizers.

Increased Fuel Consumption (ACT Systems): Active tank systems require pumps that consume
energy, leading to increased fuel consumption compared to passive systems.

Fin Stabilization:

Advantages:

Highly Effective: Fin stabilizers can be very effective in reducing roll motion, often exceeding 80% or
more, even in rough seas.

Fast Response: The electronic control system and rapid fin adjustments allow for a fast response to
changes in roll angle.

Retractable Fins: When not in use, the fins can be retracted to minimize drag and improve fuel
efficiency.

Disadvantages:

Complexity: Fin stabilizers are more complex than tank systems due to the moving fins, actuators,
sensors, and control units. This complexity increases installation and maintenance costs.

Higher Maintenance: The moving parts and hydraulic systems of fin stabilizers require regular
maintenance to ensure proper operation.

Increased Draft: Depending on the fin design and deployment depth, they might slightly increase the
vessel's draft, potentially limiting operation in shallow waters.

Potential Drag (Deployed Fins): When deployed, the fins can create some drag, impacting fuel
efficiency compared to a tank system.

The choice between tank stabilization and fin stabilization depends on several factors, including:

Vessel Size and Type: Larger vessels might benefit more from the higher roll reduction capabilities of
fin stabilizers.

Operating Conditions: If the vessel primarily operates in calmer waters, a simpler tank system might
be sufficient.

Budget: The initial and maintenance costs of fin stabilizers are generally higher than tank systems.
Space Availability: The space requirements for tanks need to be considered against the potential
impact of fin deployment on draft.
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9.  Sketch a line diagram of an automatic sprinkler system, labelling the MAIN components. (10)

Marine sprinkler systems, similar to their land-based counterparts, are fire suppression systems that
automatically discharge water when a fire is detected. However, they are designed for the specific challenges
of the marine environment, with some key adaptations. Here's a breakdown of the main components of a
marine sprinkler system:

Main Components:

1. Water Source: Marine sprinkler systems typically utilize seawater as the extinguishing agent.
Freshwater can be used in some cases, but it's a precious resource at sea, and seawater is readily
available.

2. Seawater Pump: A powerful pump is responsible for drawing seawater from the ocean and
pressurizing it for distribution throughout the system. This pump usually has a backup power source
(like a diesel engine) to ensure operation even in case of a main power failure.

3. Main and Branch Piping: A network of pipes made of corrosion-resistant materials (like galvanized
steel or copper-nickel) distributes the pressurized seawater throughout the protected areas of the ship.
The system is divided into main pipes that feed water to different sections and branch pipes that
carry water to individual sprinkler heads.

4. Sectional Control Valves: The piping system is divided into sections, each controlled by a sectional
control valve. These valves are normally closed but designed to open automatically when a sprinkler
head in that section activates due to heat. This allows for localized deployment of water, minimizing
water damage in areas not directly affected by the fire.

5. Sprinkler Heads: These are the devices located at the end of branch pipes that discharge water. They
are the heart of the system and come in various types with different temperature ratings. When a fire
raises the surrounding temperature above the designed activation point of the sprinkler head, a
heat-sensitive element bursts, releasing the pressurized water to douse the flames.

6. Alarm System: The system is integrated with a fire alarm system. When a sprinkler head activates, it
triggers the alarm, alerting the crew to the location of the fire.

7. Pressure Gauges: Pressure gauges are installed at key points in the system to monitor water
pressure and ensure proper system function.

Additional Considerations:

e Non-Return Valve: A non-return valve might be installed to prevent seawater from backflowing into
the seawater source if a pipe ruptures.

e Strainers: Strainers can be placed at strategic points in the piping system to filter out any debris that
could clog the sprinkler heads.

e Winterization: In colder climates, systems might have drainage points or freeze protection features
to prevent pipes from bursting during freezing temperatures.

Overall, marine sprinkler systems are crucial safety features for vessels, offering automatic fire
detection and suppression using readily available seawater. They are specially designed to withstand
the harsh marine environment and ensure the safety of crew and passengers.



