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May 2024

(a) Preferential Tripping:

In an electrical circuit with multiple protective devices (like fuses or circuit breakers), preferential
tripping ensures that the device closest to the fault (overload or short circuit) trips first. This isolates
the faulty section while keeping the rest of the circuit operational. It minimizes downtime and protects
equipment further down the line from excessive current.

(b) Sequential Starting:

This technique involves starting multiple electrical motors in a controlled sequence, rather than all at
once. This strategy helps to:

● Reduce the inrush current surge that occurs when motors start, preventing voltage dips that
could affect other equipment.

● Limit the overall demand on the power supply, avoiding overloading during motor startup.

The sequence can be based on factors like motor size, starting current, or process requirements.

(c) Fuse Back-Up Protection:

This is not a common term in electrical protection. It's possible it might refer to a scenario where a
fuse is used as a backup to another protective device, such as a circuit breaker. However, this is
generally not recommended practice. Fuses are typically used for one-time overload protection, while
circuit breakers can be reset after tripping. Using a fuse as backup could lead to unnecessary
downtime if the main device malfunctions.

(d) Discrimination:

In a protective device system with multiple levels (like a distribution panel with branch circuit breakers
feeding from a main breaker), discrimination ensures that only the device closest to the fault trips.
This prevents unnecessary tripping of upstream breakers and maintains power to unaffected parts of
the circuit. Selective coordination of tripping currents and time delays achieves discrimination.

(e) Non-Essential Consumer:

A non-essential consumer is an electrical load that is not critical for the core operation of a system.
These loads might be turned off during emergencies or peak demand periods to reduce overall power
consumption. Examples include lighting in non-critical areas, air conditioners, or electric heaters.
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Feb 2024

Emergency Electrical Power in Marine Applications
(a) Emergency Source Positioning:

International Maritime Organization (IMO) regulations dictate the positioning of the emergency source of
electrical power in marine applications:

● Location: It must be situated above the uppermost continuous deck, readily accessible from an open
deck. This ensures the emergency power source remains operational even if lower decks are flooded
or damaged.

● Collision Bulkhead: Ideally, the emergency power source should be located aft (behind) the collision
bulkhead. This positioning minimizes the risk of damage from a head-on collision. Exceptions may be
granted in specific circumstances.

(b) Emergency Lighting Requirements:

Eight critical areas require emergency lighting services on marine vessels:

1. Accommodation, Alleyways, Stairs, Exits, Lifts, and Lift Trunks: To ensure safe evacuation of crew
and passengers during an emergency.

2. Machinery Spaces and Main Generating Stations: For crew to safely operate essential equipment or
conduct repairs in case of a main power outage.

3. Emergency Control Room (ECR), Central Control Room (CCR), Main and Emergency
Switchboards: For crew to maintain control and monitor vital systems during a blackout.

4. Fire Control Stations: To enable efficient firefighting operations in low-light conditions.
5. Locations of Emergency Equipment: This includes areas housing fire pumps, sprinkler pumps, and

other critical equipment used during emergencies.
6. Cargo Pump Rooms: To facilitate safe operation of cargo pumps in case of a power outage,

minimizing potential spills or hazards.
7. Navigation Bridge: To maintain essential navigation functions and ensure safe vessel operation during

a blackout.
8. Engine Room: Similar to machinery spaces, for crew to safely monitor and operate essential engines

during a power loss.

Nov 2018 9th
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(a) Effects of Earth Leakage in Distribution Systems: Earthed vs.
Insulated

Earthed Distribution System:

In an earthed distribution system, a deliberate connection exists between the system neutral and
earth ground. An earth fault (leakage current to earth) will cause a current flow through this path.
The effects will vary depending on the fault severity:

● Low Leakage: A small amount of leakage might not trip any protective devices immediately
but can lead to increased power consumption, potential equipment heating, and accelerated
insulation degradation over time.

● High Leakage (Fault): A high leakage current will cause the earth fault protection devices
(fuses or circuit breakers) to trip, isolating the faulty circuit and preventing further damage.
This can lead to localised power outages in the affected area.

Insulated Distribution System:

In an insulated distribution system, there's no intentional connection between the system neutral and
earth ground. An earth fault here can have more serious consequences:

● No Immediate Trip: There's no direct path for the leakage current to flow to earth. The fault
current might not be high enough to trip standard overload protection devices, leaving the fault
undetected.

● Potential for High Voltages: The faulted phase can become energized at a voltage close to
the line voltage relative to earth. This can create a dangerous situation for personnel working
on the system or equipment connected to the faulty phase.

● Arcing and Fires: Leakage current can cause arcing at the fault location, leading to potential
fires and equipment damage. The lack of immediate fault clearing can worsen these risks.

Summary:

Earth leakage in an earthed system is generally safer as it results in a clear fault current path and
faster fault detection by protection devices. In an insulated system, earth faults can be more
dangerous due to the lack of a direct earth path, potentially leading to undetected faults and
increased risk of electrical shock, arcing, and fires.

(b) Advantages of Instrument Earth Leakage Detectors over Earth
Lamps:

Earth leakage detectors offer several advantages over simple earth lamps for detecting earth faults in
a distribution system:

● Sensitivity: Instrument earth leakage detectors are much more sensitive than earth lamps.
They can detect even small leakage currents that might go unnoticed by a lamp. This allows
for earlier detection of potential problems.
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● Selectivity: Some instrument detectors can pinpoint the location of the fault within the
system, aiding in faster troubleshooting and repair. This is particularly helpful in complex
distribution networks.

● Grounding Independence: Instrument detectors function independently of the system
grounding conditions. They work effectively in both earthed and insulated distribution systems.

● Alarm and Trip Functions: These detectors can be configured to provide an alarm or even
trip the circuit breaker upon detecting a pre-set leakage current level. This provides a more
automated and reliable response to earth faults.

● Digital Readouts: Modern detectors often provide digital readouts of the leakage current,
allowing for easier monitoring and analysis of system health.

Simple earth lamps, while offering a basic indication of earth leakage, have limitations:

● Limited Sensitivity: They might not detect smaller leakage currents, potentially missing
developing faults.

● No Selectivity: They cannot identify the location of the fault within the system.
● Grounding Dependence: Their operation depends on the system grounding conditions and

might not be reliable in all situations.

While earth lamps can be a basic tool, instrument earth leakage detectors offer a more advanced and
reliable solution for detecting and managing earth faults in a distribution system.

Sept 2021

Electrical Maintenance Procedures:

(a) Proving a Dead Motor Circuit Using a Multimeter:

Safety First: Before proceeding, ensure the following safety precautions are taken:

● Lockout/Tagout: Implement proper lockout/tagout procedures to isolate the motor circuit from
the power source and prevent accidental energization.

● Visual Inspection: Verify that the circuit breaker or disconnect switch for the motor circuit is in
the off position.

Procedure:
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1. Set Multimeter to AC Voltage: Set your multimeter to the AC voltage range that is higher
than the rated voltage of the motor circuit (e.g., if the motor is 240V, set the meter to 400V
AC).

2. Test Points: Touch the multimeter probes to appropriate test points on the motor circuit.
Ideally, test between the following points:

○ Live and Neutral: Touch one probe to a live terminal on the motor disconnect switch
and the other probe to the neutral terminal.

○ Live and Earth: Touch one probe to a live terminal and the other probe to a grounded
point on the motor frame or enclosure (assuming the motor is properly earthed).

3. Meter Reading: If the circuit is dead, the multimeter should display a reading of zero volts
(0V) AC.

4. Repeat for All Phases (if applicable): For three-phase motors, repeat the test procedure
between each live terminal and neutral, and between each live terminal and earth.

Important Note: The specific test points might vary depending on the motor circuit configuration.
Always refer to the motor and electrical installation documentation for guidance on safe and
appropriate testing points.

Never rely solely on the multimeter reading to confirm a dead circuit. Always follow proper
lockout/tagout procedures.

(b) Testing Motor Insulation Resistance and Earth Bonding:

Safety Precautions:

● The motor must be completely disconnected from the power source using lockout/tagout
procedures.

● Ensure the motor is clean and dry before testing.

Testing Insulation Resistance:

1. Instrument Selection: Use a dedicated insulation tester (also called a Megger) with a voltage
rating appropriate for the motor's voltage class (e.g., 500V for a 415V motor).

2. Test Points: For basic testing, perform the following measurements:
○ Phase to Earth: Disconnect all motor windings from each other and from the terminal

box. Test the insulation resistance between each individual phase winding and the
motor's earth terminal.

○ Phase to Phase (Optional): If further testing is desired, measure the insulation
resistance between each pair of motor phases with all phases disconnected from each
other and the terminal box.

3. Test Procedure: Follow the manufacturer's instructions for the specific insulation tester being
used. This typically involves connecting the tester leads to the appropriate test points and
applying a high DC voltage for a set time. The tester will display the measured insulation
resistance value in Mega Ohms (MΩ).

4. Acceptable Readings: There's no universally accepted standard for minimum acceptable
insulation resistance values. However, a general guideline suggests readings above 1 Mega
Ohm (MΩ) are considered good. Readings below 1 MΩ might indicate potential insulation
degradation and warrant further investigation or motor rewinding. The motor manufacturer's
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recommendations or relevant electrical codes might provide more specific values for
acceptable insulation resistance based on the motor's voltage rating and application.

Testing Earth Bonding:

1. Multimeter Setting: Set the multimeter to the continuity (resistance) setting.
2. Test Points: Touch one probe of the multimeter to the motor's earth terminal and the other

probe to a known good earth point on the building structure or grounding system.
3. Meter Reading: A low resistance reading (ideally close to 0 Ω) indicates a good earth bond

connection between the motor and the earth. A high resistance reading or an open circuit
could indicate a faulty earth bond, which requires immediate attention.

Remember: These are general procedures. Always refer to the motor manufacturer's
recommendations, relevant electrical codes, and safety regulations for specific testing guidelines and
acceptable values for your particular application.

May 2024

Sept 2020

Here are ten routine maintenance checks that should be carried out on a vented type lead-acid
engine starting battery system:

1. Visual Inspection: Inspect the battery case for cracks, leaks, or signs of corrosion around the
terminals. Clean any corrosion using a baking soda and water solution, following proper safety
precautions.

2. Terminal Tightness: Ensure the battery terminals are clean and securely tightened. Loose
terminals can lead to poor starting performance and increased resistance.

3. Electrolyte Level: For vented batteries, check the electrolyte level in each cell. The level
should be between the upper and lower level indicators on the battery case. If low, top up with
distilled water only, not battery acid.

4. Electrolyte Condition: Visually inspect the electrolyte for any discoloration or cloudiness. A
clear, light brown or straw color is normal. Cloudy or dark electrolyte might indicate internal
issues.

5. Terminal Voltage: Measure the battery's terminal voltage with a voltmeter. A fully charged
battery should read around 12.6 - 12.8 volts DC. A significantly lower voltage might indicate a
discharge or internal fault.
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6. Load Test (Optional): Periodically perform a load test using a dedicated battery tester. This
simulates the high current draw during engine starting and provides a more accurate
assessment of the battery's health and cranking capability.

7. Cleaning: Keep the battery top and surrounding area clean and free of dirt, debris, or
moisture build-up. This helps prevent corrosion and potential leakage currents.

8. Ventilation: Ensure proper ventilation around the battery, especially for vented types. These
batteries release hydrogen gas during charging, and adequate ventilation is crucial for safety.

9. Storage: If the battery will be stored unused for an extended period, it's recommended to
disconnect it from the electrical system and store it in a cool, dry place. Periodic charging
during storage might be necessary to prevent excessive self-discharge.

10.Age and Service History: Maintain records of battery age and previous maintenance
performed. Lead-acid batteries have a limited lifespan, and regular checks become even
more critical as the battery ages.

By following these routine maintenance checks, you can help ensure the optimal performance,
reliability, and lifespan of your vented lead-acid engine starting battery system.

Feb 2021

(a) Ex Symbol
The symbol you're referring to most likely is the Ex symbol, used in marking electrical equipment for
hazardous areas.

Here's the breakdown:

● Ex: This prefix signifies that the equipment is designed for use in explosive atmospheres.
● Following Letters and Numbers: These letters and numbers provide specific information about the

type of hazardous atmosphere the equipment is suitable for. Some examples include:
○ Ex d: Suitable for flammable dust atmospheres.
○ Ex ia: Suitable for explosive gas atmospheres caused by flammable gases or vapors.
○ Numbers: Additional numbers might indicate the specific gas group (e.g., I, II, III) or

temperature class (T1, T2, etc.) that the equipment is certified for.

For example, an Ex d IIB T4 marking indicates equipment suitable for use in zones with dust hazards caused
by combustible materials (Zone 22) and with a maximum surface temperature not exceeding 135°C (T4).
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As explained previously, the "Ex" prefix signifies the equipment is designed for explosive
atmospheres, and the following letters and numbers provide specific details about the hazardous
environment it can be used in.

In this specific case, the complete marking might be Ex II 2 G. Let's break down the meaning of each
part:

● Ex: Equipment for hazardous areas.
● II: Suitable for Zone 1 hazardous areas. Zone 1 areas are locations where flammable gas,

vapor, or air mixtures are likely to be present continuously or for long periods.
● 2: Suitable for Group II hazardous substances. Group II includes flammable gases or vapors

other than methane, such as propane, butane, or gasoline.
● G: Suitable for use in gaseous atmospheres.

Therefore, this particular equipment marked with Ex II 2 G is certified for use in Zone 1 hazardous
areas where flammable gases or vapors other than methane (Group II) are present. It is crucial to
ensure that the equipment you use in a hazardous area is appropriately rated for the specific zone
and gas group based on the risk assessment of the environment.

(b) Flameproof Enclosure
A flameproof enclosure is a specially designed enclosure for electrical equipment that needs to operate in
hazardous areas where flammable gases, vapors, or dusts are present. These enclosures are constructed to
prevent internal sparks or ignition from escaping and igniting the surrounding atmosphere.

Here are some key features of flameproof enclosures:

● Strong Construction: They are typically made from robust materials like cast iron or steel to withstand
an internal explosion without rupturing.

● Flame Paths: Seals and flame paths are carefully designed to prevent any flames or hot gases from
escaping the enclosure. This might involve machined flanges with metal-to-metal contact surfaces or
labyrinth seals.

● Breathers (Optional): Some enclosures might incorporate flameproof breathers that allow pressure
equalization while preventing flames from entering.

● Ex Certification: Flameproof enclosures must be certified by a recognized testing agency to ensure
they meet the relevant safety standards for use in hazardous areas.

By using flameproof enclosures, the risk of electrical equipment sparking and igniting a flammable atmosphere
is significantly reduced, enhancing safety in hazardous environments.
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Nov 2021

Shore Supply Connection: Safety Checks

(a) Three Necessary Parameters to Check:

Before connecting a shore supply to a vessel's electrical distribution system, it's crucial to verify the
following three parameters to ensure compatibility and prevent potential damage:

1. Voltage: The shore supply voltage must match the rated voltage of the vessel's electrical
system. Supplying a higher voltage can damage electrical equipment on board. Conversely, a
lower voltage might not provide sufficient power for operation.

2. Frequency: The frequency of the shore supply (typically 50 Hz or 60 Hz) needs to be
compatible with the frequency rating of the vessel's electrical system. Mismatched
frequencies can cause malfunctioning of equipment and overheating.

3. Phase Sequence: For three-phase systems, the phase sequence (order in which the AC
voltage peaks occur on each phase) of the shore supply must match the phase sequence of
the vessel's system. An incorrect phase sequence can lead to serious damage to motors,
generators, and other equipment.

Additional Checks (Recommended):

While not always mandatory, some additional checks can enhance safety and prevent issues:

● Earthing Arrangement: Verify that the earthing arrangements of the shore supply and the
vessel are compatible. This ensures proper grounding and minimizes the risk of electrical
shock.

● Amperage Rating: Check the shore supply's amperage rating and ensure it can provide
sufficient current for the vessel's needs without overloading the shore supply or the vessel's
internal distribution system.

(b) Consequences of Incorrect Shore Supply Connection:

Connecting an incorrect shore supply can have several negative consequences, ranging from minor
inconveniences to severe damage:
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● Equipment Damage: Supplying incorrect voltage or frequency can damage electrical
equipment on board, leading to costly repairs or replacements.

● Overheating: Incorrect voltage or overloading can cause excessive heat generation in
transformers, motors, and other components, potentially leading to fires or equipment failure.

● Malfunction: Mismatched frequency or phase sequence can cause electrical equipment to
malfunction or operate erratically, compromising functionality and potentially posing safety
risks.

● Electrical Shock: Improper earthing arrangements could increase the risk of electrical shock
for personnel working on board the vessel.

● System Shutdown: In some cases, safety features might trigger a system shutdown to
prevent damage if the shore supply parameters are out of range.

By carefully verifying the shore supply parameters and performing the necessary checks
before connection, you can minimize the risk of these problems and ensure a safe and reliable
electrical supply for the vessel.

Nov 2020

Protection Devices for A.C. Generators in a Main Switchboard
(Single/Parallel Operation)

(a) Five Key Devices:

A main distribution switchboard for protecting AC generators, especially those capable of single or
parallel operation, will typically include the following five devices:

1. Circuit Breaker: The main circuit breaker protects the generator from overload currents. It
trips and isolates the generator from the distribution system if the current exceeds a pre-set
safe limit.

2. Undervoltage Protection Relay: This relay monitors the generator's output voltage. If the
voltage falls below a minimum acceptable level, the relay trips and disconnects the generator
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from the system. This prevents the generator from operating under abnormal conditions that
could damage itself or connected equipment.

3. Overvoltage Protection Relay: Conversely, this relay protects against excessively high
voltage output from the generator. If the voltage exceeds a pre-set limit, the relay trips,
disconnecting the generator to prevent damage to itself or downstream equipment.

4. Synchronizing System (for Parallel Operation): When operating generators in parallel, a
synchronizing system is essential. This system ensures the generators are synchronized in
terms of frequency, voltage, and phase before paralleling. This prevents damaging surges and
ensures smooth load sharing between generators.

5. Reverse Power Protection Relay (Optional): In some installations, a reverse power
protection relay might be included. This relay protects the generator from motoring (acting as a
motor instead of a generator) if the prime mover fails or the connected load becomes a source
of power feeding back into the generator.

(b) Explanation for Each Device:

1. Circuit Breaker: Protects the generator from damage caused by excessive currents due to
overloads or faults on the distribution system.

2. Undervoltage Protection: Prevents the generator from operating under abnormal conditions
that could lead to internal damage or instability. It also safeguards connected equipment from
potentially harmful low voltage situations.

3. Overvoltage Protection: Protects the generator and downstream equipment from damage
caused by excessively high voltage output. This can occur due to malfunctioning voltage
regulation or other internal issues.

4. Synchronizing System: Ensures safe and stable parallel operation of generators by
synchronizing their frequency, voltage, and phase. This prevents damaging current surges and
allows for efficient load sharing.

5. Reverse Power Protection (Optional): Protects the generator from potentially damaging
reverse power flow if the prime mover fails or if the connected load feeds power back into the
generator. This can occur in some system configurations.

May 2021

(a) Cartridge Fuse Description

A cartridge fuse is a cylindrical safety device used in electrical circuits to protect against overcurrent
conditions. Here's a breakdown of its key features:
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● Construction: It typically consists of a glass or ceramic tube enclosing a thin metal filament
or strip. The fuse element melts or breaks when the current flowing through it exceeds a
designated safe limit.

● Contact Points: The fuse has metal caps or terminals at each end for secure connection
within the fuse holder on the circuit.

● Ratings: Cartridge fuses are available in various amperage ratings, each designed to interrupt
a specific level of overcurrent. The rating is typically printed on the fuse body.

● Operation: During normal operation, the current flows through the fuse element without issue.
However, if the current exceeds the fuse rating due to an overload or short circuit, the element
heats up rapidly. This heat generation causes the element to melt or break, interrupting the
current flow and protecting the circuit from damage.

(b) Differences in Fuses for Motor vs. Lighting Circuits

While both motor and lighting circuits use fuses for overcurrent protection, there are some key
differences in the type of fuses employed:

Motor Circuit Fuses:

● Slow-Blow Fuses: Motor circuits require slow-blow fuses. These fuses are designed to
tolerate brief surges in current that occur during motor startup. The element heats up slightly
during the inrush current but doesn't melt as it's a temporary surge. It only melts if the overload
persists for a longer duration.

● Reason: Motors draw a high initial current (inrush current) when they start due to overcoming
the inertia of the motor and overcoming friction. A fast-blow fuse would unnecessarily trip
during this normal starting surge, interrupting the motor operation.

Lighting Circuit Fuses:

● Fast-Blow Fuses: Lighting circuits typically use fast-blow fuses. These fuses are designed
to interrupt the circuit quickly for any overcurrent condition.

● Reason: Lighting circuits are generally less susceptible to temporary current surges. A
fast-blow fuse ensures rapid tripping in case of a short circuit or overload, minimizing damage
to wiring and lighting fixtures.

Additional Considerations:

● Fuse Rating: Motor circuit fuses will have a higher amperage rating compared to lighting
circuit fuses to accommodate the motor's starting current and running load.

● Application Specific Fuses: In some cases, specialized motor fuses might be used that offer
additional features like time-delay characteristics or current limiting capabilities to provide
optimal protection for specific motor types and applications.

Choosing the right type and rating of fuse for the specific circuit is crucial for effective
protection and safe operation of electrical equipment.
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Nov 2018 2nd

Here's a breakdown of the effects of earth leakage in different distribution systems and the
advantages of instrument type earth leakage detectors:

(a) Earth Leakage Effects: Earthed vs. Insulated System

Earthed Distribution System:

● Clear Fault Path: In an earthed system, there's a deliberate connection between the system
neutral and earth ground. This provides a clear path for leakage current to flow.

● Fault Detection: Earth leakage current will cause a flow of current through this path,
potentially tripping earth fault protection devices (fuses or circuit breakers) and isolating the
faulty circuit. This can lead to localised power outages in the affected area.

● Potential Damage:While generally safer, high earth leakage can still cause overheating in
conductors and equipment if not addressed promptly.

Insulated Distribution System:

● No Direct Path: No intentional connection exists between the system neutral and earth. Earth
leakage current has no direct path to flow and might not be high enough to trip standard
overload protection devices.

● Unidentified Faults: This can lead to undetected earth faults, potentially causing:
○ High Voltages: The faulted phase can become energized at a voltage close to the line

voltage relative to earth, creating a dangerous situation for personnel working on the
system or equipment connected to the faulty phase.

○ Arcing and Fires: Leakage current can cause arcing at the fault location, leading to
potential fires and equipment damage.

Summary:

Earth leakage in an earthed system is generally safer due to the clear fault current path and faster
fault detection. In an insulated system, earth faults can be more dangerous due to the lack of a direct
earth path and potential for undetected faults with increased risk of electrical shock, arcing, and fires.

(b) Advantages of Instrument Earth Leakage Detectors over Earth Lamps:

While earth lamps offer a basic indication of earth leakage, instrument type earth leakage detectors
provide significant advantages:
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● Sensitivity: Instrument detectors are much more sensitive than earth lamps. They can detect
even small leakage currents that might go unnoticed by a lamp, allowing for earlier detection of
potential problems.

● Selectivity: Some instrument detectors can pinpoint the location of the fault within the
system, aiding in faster troubleshooting and repair. This is particularly helpful in complex
distribution networks.

● Grounding Independence: Instrument detectors function independently of the system
grounding conditions. They work effectively in both earthed and insulated distribution systems.

● Alarm and Trip Functions: These detectors can be configured to provide an alarm or even
trip the circuit breaker upon detecting a pre-set leakage current level. This provides a more
automated and reliable response to earth faults.

● Digital Readouts: Modern detectors often provide digital readouts of the leakage current,
allowing for easier monitoring and analysis of system health.

Simple earth lamps, while offering a basic tool, have limitations:

● Limited Sensitivity: They might not detect smaller leakage currents, potentially missing
developing faults.

● No Selectivity: They cannot identify the location of the fault within the system.
● Grounding Dependence: Their operation depends on the system grounding conditions and

might not be reliable in all situations.

Instrument earth leakage detectors offer a more advanced and reliable solution for detecting and
managing earth faults in a distribution system, promoting safety and preventing potential equipment
damage.

Oct 2020

(a) Sketch a line diagram of an emergency switchboard arrangement, labelling the MAIN components.
(6)
(b) Explain how main electrical power is restored to the emergency switchboard after a blackout, stating the
precautions necessary

(a) Emergency Switchboard Line Diagram and Main Components

A line diagram of an emergency switchboard arrangement typically consists of the following main
components:

● Emergency Power Source: This can be a dedicated generator or an uninterruptible power
supply (UPS) depending on the application. The line diagram will show the connection point
for the emergency power source.
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● Transfer Switch: This is an automatic or manual switch that disconnects the normal power
supply (utility grid) and connects the emergency power source to the emergency switchboard
in case of a mains failure.

● Emergency Busbar: This is a conducting bar that distributes power from the emergency
power source to various emergency circuits within the facility.

● Circuit Breakers: Individual circuit breakers are connected to the emergency busbar,
providing overcurrent protection for each outgoing emergency circuit. These breakers protect
the cables and equipment connected to each circuit.

● Isolation Contactors (Optional): In some cases, isolation contactors might be included on
the normal power supply side to ensure complete separation from the emergency circuits
during emergency operation.

● Control Panel: The line diagram might also show the control panel that houses the logic for
automatic transfer during a power outage and may include manual controls for operating the
transfer switch.

Here's a simplified explanation of the components and their connections:

1. The emergency power source (generator or UPS) connects to the line diagram at a designated
point.

2. The transfer switch is positioned between the normal power supply (grid) and the emergency
power source.

3. During normal operation, the transfer switch connects the emergency busbar to the normal
power supply.

4. In case of a power outage, the transfer switch automatically (or manually) disconnects the
normal power supply and connects the emergency busbar to the emergency power source.

5. The emergency busbar supplies power to individual emergency circuits through circuit
breakers.

(b) Restoring Main Power and Precautions

Restoring Main Electrical Power:

The process of restoring main electrical power (grid) to the emergency switchboard after a blackout
involves the following steps:

1. Verify Grid Restoration: Ensure that the normal power supply (grid) has been restored and is
stable.

2. Prepare for Transfer: On the emergency switchboard, isolate critical loads that might be
sensitive to switching transients during the transfer process (if applicable).

3. Transfer Switch Operation: Following manufacturer's instructions, initiate the transfer switch
operation to switch the emergency busbar back to the normal power supply. This might involve
automatic or manual operation depending on the system design.

4. Monitor and Verify: Monitor system parameters like voltage and frequency to ensure a
smooth transition. Verify that emergency loads are functioning correctly after switching back to
the grid.

5. Emergency Power Source Shutdown: Once stable operation on the grid is confirmed, shut
down the emergency power source following proper procedures (e.g., cool down period for
generators).
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Precautions:

● Qualified Personnel: Only qualified personnel familiar with the emergency switchboard
operation should perform the restoration process.

● Safety First: Always follow electrical safety procedures, including lockout/tagout, when
working on the switchboard.

● Load Management: Consider the capacity of the normal power supply and gradually restore
non-critical emergency loads to avoid overloading the grid upon transfer.

● Equipment Checks: After restoring main power, it's recommended to perform a functional test
of the emergency power source to ensure its readiness for the next outage.

By following these steps and precautions, the main electrical power can be safely restored to the
emergency switchboard after a blackout, minimizing disruption and ensuring the functionality of
critical loads during power outages.

Sept 18th 2020

(a) Safety Precautions for Emergency Battery Banks:

Here are five crucial safety precautions to be observed for the location and storage of a large bank of
emergency batteries:

1. Ventilation: The battery bank room should have proper ventilation to remove hydrogen gas
emitted during charging. Hydrogen gas is highly flammable and can pose an explosion risk if
allowed to accumulate.

2. Temperature Control: Maintain a cool and controlled ambient temperature within the battery
room. Excessive heat can accelerate battery degradation and increase the risk of thermal
runaway.

3. Earthing: The battery bank frame and all associated metallic components must be properly
earthed to prevent the risk of electrical shock and potential stray currents.

4. Fire Safety: Implement fire safety measures like fire extinguishers and fire alarms in the
battery room. Store flammable materials away from the battery bank to minimize fire hazards.

5. Eye Protection:Wear appropriate eye protection (safety glasses or goggles) when working
around the battery bank. This is important to protect against potential splashes of electrolyte or
airborne debris during maintenance.

Additional Considerations:

● Signage: Post clear warning signs on the door indicating the presence of batteries and
potential hazards.
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● Restricted Access: Limit access to the battery room only to authorized and trained personnel.
● Spill Containment: Have appropriate spill kits readily available for any potential electrolyte

spills.

(b) Weekly Maintenance Tasks for Lead-Acid Battery Banks:

Here are five essential weekly routine maintenance tasks for a lead-acid battery bank:

1. Visual Inspection: Perform a visual inspection of the entire battery bank for any signs of
damage, corrosion, leaks, or loose connections. Look for any swelling or bulging of individual
battery cells.

2. Electrolyte Level Check: For vented batteries, check the electrolyte level in each cell. The
level should be between the upper and lower level indicators on the battery case. Top up with
distilled water only, if necessary. Never add acid.

3. Terminal Cleaning: Clean any corrosion or dirt from the battery terminals and cable
connections using a baking soda and water solution. Ensure all connections are tight and
secure.

4. Voltage Measurement: Measure the terminal voltage of each battery cell using a voltmeter.
Record the readings for future reference. Significant deviations from the expected voltage
might indicate a weak or failing cell.

5. Temperature Monitoring: Monitor the ambient temperature within the battery room.
Excessive heat can shorten battery lifespan. Take corrective actions if the temperature
exceeds recommended limits.

Additional Maintenance Tasks (Monthly or As Needed):

● Equalization Charging: Perform an equalization charge periodically (as per manufacturer's
instructions) to balance the state of charge between all cells in the battery bank.

● Capacity Testing: Periodically conduct capacity tests to assess the overall health and
remaining capacity of the battery bank.

By following these routine maintenance practices, you can help ensure the optimal performance,
reliability, and lifespan of your emergency lead-acid battery bank.

April 2021

Synchronizing AC Generators for Parallel Operation
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(a) Importance of Synchronization:

AC generators must be synchronized before connecting them in parallel for several crucial reasons:

● Frequency Matching: Generators need to be operating at the same frequency to avoid
damaging currents flowing between them. If the frequencies differ, the generators will try to
"fight" each other, causing unstable voltage and current fluctuations that can damage the
generators and connected equipment.

● Voltage Matching: The voltage output of each generator needs to be the same magnitude
and in phase to ensure smooth power sharing when connected in parallel. Unequal voltages
can lead to circulating currents between the generators, causing inefficiency and potential
overheating.

● Phase Sequence Matching: Three-phase generators also require matching phase
sequences. This ensures that the peaks and troughs of the AC voltage waveforms from each
generator coincide, preventing destructive interference within the combined system.

Connecting unsynchronized generators can lead to:

● Large circulating currents: These currents can damage windings, bearings, and other
components in the generators.

● Voltage and frequency instability: This can disrupt power quality and damage connected
equipment.

● Potential equipment failure: Severe cases of unsynchronized operation can lead to complete
generator failure.

(b) Devices for Ensuring Correct Synchronization:

Two primary devices are used to ensure proper synchronization before connecting AC generators in
parallel:

1. Synchronizing Lamps (Synch Lamps): These lamps are connected between corresponding
phases of the generators being synchronized. As the voltage and frequency approach
synchronization, the lamps will flicker at a decreasing rate. When the lamps reach a steady
illumination, it indicates the generators are in phase and ready for paralleling.

2. Synchroscope: This is a more advanced instrument that provides a visual representation of
the phase difference between the generators. It displays a rotating pointer and a stationary
scale. When the pointer aligns with a specific mark on the scale (typically zero), it signifies that
the generators are in phase and ready for paralleling.

(c) Indications of Correct Synchronization:

The devices listed in part (b) indicate correct synchronization using the following observations:

● Synchronizing Lamps:When the lamps achieve a steady illumination, without flickering, it
indicates that the voltage and frequency of the generators are matched and in phase.

● Synchroscope:When the rotating pointer on the synchroscope aligns with the
designated mark (usually zero) on the stationary scale, it signifies that the phase difference
between the generators is zero, and they are synchronized for paralleling.
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By utilizing these devices and observing the proper indications, operators can ensure safe and
reliable parallel operation of AC generators.

Feb 19th 2021

Battery Locker Lighting Requirements:

(a) Internal Light Fitting:

Battery lockers, especially those used for storing large or multiple batteries, should have an internal
light fitting that meets the following requirements:

1. Low Voltage: The light fitting should operate on a low voltage, typically 12V DC or 24V DC,
to minimize the risk of electrical shock in a potentially damp or corrosive environment. High
voltage AC lighting poses a greater risk if there's any contact with water or electrolyte spills.

2. Explosion-Proof Design: The light fitting should be explosion-proof or intrinsically safe.
Batteries can emit hydrogen gas during charging, which is highly flammable. An
explosion-proof design ensures the light fixture cannot ignite any flammable gas build-up
within the locker. This might involve features like sealed enclosures and spark-resistant
components.

3. Durable Construction: The light fitting should be constructed from corrosion-resistant
materials to withstand the potentially harsh environment within a battery locker. Battery
terminals and electrolyte can generate corrosive fumes or spills, so the light fitting needs to be
resistant to such conditions.

(b) Necessity of Requirements:

These requirements are crucial for safety and functionality within a battery locker:

● Low Voltage: Utilizing low voltage minimizes the severity of electrical shock if there's any
accidental contact with the light fitting, especially in a potentially damp environment around
batteries.

● Explosion-Proof Design: Prevents the light source from igniting any hydrogen gas build-up
within the locker, significantly reducing the risk of explosions and fire hazards.

● Durable Construction: Ensures the light fitting remains functional and doesn't deteriorate due
to corrosion from battery fumes or potential electrolyte spills. A non-corrosive construction also
minimizes the risk of component failures that could create sparks or ignite flammable gases.
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By adhering to these requirements, battery locker lighting provides safe and reliable illumination for
inspecting and handling batteries within the locker, while minimizing the risk of electrical shock,
explosions, and fire hazards.

July 2021

Shore Power Connection Checklist (No Shore Power Converter)

(a) Pre-Connection Checks:

A checklist for supplying shore power to a vessel without a shore power converter should include the
following critical checks to ensure compatibility and safety:

● Shore Supply Details:
○ Voltage: Verify that the shore supply voltage matches the rated voltage of the vessel's

electrical system (e.g., 120V or 240V). Supplying incorrect voltage can damage
electrical equipment onboard.

○ Frequency: Confirm that the shore supply frequency (50 Hz or 60 Hz) is compatible
with the vessel's electrical system. Running on an incompatible frequency can have
serious consequences (see part (b) below).

○ Phase Sequence (Three-Phase Systems): For three-phase systems, ensure the
phase sequence of the shore supply matches the phase sequence of the vessel's
system. Incorrect phase sequence can damage motors and other equipment.

● Vessel Compatibility:
○ Earthing Arrangement: Verify that the earthing arrangements of the shore supply and

the vessel are compatible. This ensures proper grounding and minimizes the risk of
electrical shock.

○ Amperage Rating: Check the shore supply's amperage rating and ensure it can
provide sufficient current for the vessel's needs without overloading the shore supply or
the vessel's internal distribution system.

● Visual Inspection:
○ Shore Power Cable: Inspect the shore power cable for any signs of damage or wear

and tear before connecting it.
○ Shore Power Inlet: Visually inspect the vessel's shore power inlet for any damage or

corrosion before connecting the cable.
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Additional Checks (Recommended):

● Isolation Transformer (if available): If the vessel has a portable isolation transformer, verify
it's properly rated for the shore supply and vessel electrical system before connecting it. An
isolation transformer can provide some level of protection against grounding issues and
potential stray currents.

● Ground Fault Protection: Ensure the vessel's electrical system has ground fault protection
devices (GFCIs) installed, particularly for critical circuits or equipment used in damp or wet
locations.

(b) Effects of Running 60Hz Vessel on 50Hz Supply:

Running a 60 Hz vessel on a 50 Hz shore supply can have several negative consequences:

● Frequency Mismatch: AC motors and transformers are designed for a specific frequency (60
Hz in this case). Operating them on a different frequency (50 Hz) will cause them to run at a
slower speed.

● Reduced Efficiency: Motors will operate at a lower speed than intended, leading to reduced
efficiency and potentially higher operating temperatures. This can increase energy
consumption and shorten the lifespan of the motors.

● Overheating: Reduced efficiency can lead to increased heat generation in motors and
transformers. In severe cases, this can cause overheating and potential equipment failure.

● Flickering and Noise: Frequency mismatch can cause flickering lights and abnormal
operation of electronic equipment onboard. It might also generate audible humming or buzzing
noises from transformers and motors.

● Damage: In some cases, prolonged operation on an incompatible frequency can lead to
permanent damage to motors, transformers, and other electrical equipment designed for 60
Hz operation.

It's crucial to ensure the shore supply frequency matches the vessel's electrical system to
avoid these problems and maintain safe and reliable operation. If a compatible shore supply is
not available, alternative power sources like generators might be necessary.

March 19th 2021

Determining State of Charge (SOC) in Storage Batteries:

(a) Methods for Different Battery Types:
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** (i) Lead-Acid Batteries:**

There are several methods for determining the state of charge (SOC) in lead-acid batteries:

● Open-Circuit Voltage (OCV): This is a simple method where the voltage of the battery is
measured without any load connected. A table with corresponding voltage values for different
SOC levels can be used for estimation. However, this method is not very accurate as voltage
can vary with temperature.

● Hydrometer: This traditional tool measures the specific gravity of the electrolyte solution
within the battery. Higher specific gravity indicates a higher state of charge. However, using a
hydrometer requires accessing the individual cells, which might not be possible in sealed
VRLA (Valve-Regulated Lead Acid) batteries.

● Battery Management System (BMS): Modern lead-acid batteries, especially those used in
deep-cycle applications, often have built-in BMS that monitor voltage, current, and
temperature. The BMS can estimate the SOC based on these parameters and provide a more
accurate reading.

** (ii) Alkaline Batteries:**

Unfortunately, there's no single, easy, and reliable method for accurately determining the SOC in
alkaline batteries. Unlike lead-acid batteries, alkaline batteries don't exhibit a clear correlation
between voltage and state of charge.

However, some approaches can provide a rough indication:

● Voltage Measurement: While not as accurate as with lead-acid batteries, measuring the
open-circuit voltage can give a general idea. A fresh alkaline battery will have a higher voltage
than a partially discharged one. However, the voltage drops steadily as the battery is
discharged, making it difficult to pinpoint the exact SOC.

● Load Tester (Limited Use): Placing the battery under a controlled load and measuring the
voltage drop can sometimes provide an indication of remaining capacity. However, this method
should be used with caution, as excessive load testing can damage the battery.

In general, it's recommended to replace alkaline batteries when the device they power starts
showing signs of reduced performance, such as dimming lights or slower operation.

(b) Reasons for Reduced Charge in Storage Batteries:

Several factors can contribute to a reduction in the charge of a storage battery, even when not in use:

1. Self-Discharge: All batteries exhibit a slow, internal discharge even when not connected to a
load. This self-discharge rate varies depending on the battery type, temperature, and age.
Lead-acid batteries generally have a higher self-discharge rate compared to alkaline batteries.

2. Temperature: Extreme temperatures, both high and low, can accelerate the self-discharge
rate of batteries. Storing batteries in a cool, dry place helps minimize self-discharge.

3. Age: As batteries age, their internal chemical processes become less efficient, leading to a
gradual decrease in capacity and an increased self-discharge rate.

4. Manufacturing Defects: In rare cases, manufacturing defects can cause batteries to lose
charge at a faster rate than normal.
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5. Improper Storage: Storing batteries in direct sunlight or near heat sources can accelerate
self-discharge. Additionally, storing partially discharged batteries can be more detrimental to
their health compared to storing them fully charged.

By understanding these factors and employing proper storage practices (cool, dry place, fully
charged if possible), you can help maximize the lifespan and maintain the charge of your storage
batteries.

May 28th 2021

Five Safety Features of a Battery Locker:
1. Ventilation: A battery locker should have a ventilation system to remove hydrogen gas

buildup.
○ Reason: During charging, lead-acid batteries can emit hydrogen gas, which is highly

flammable and explosive. Proper ventilation prevents gas accumulation and minimizes
the risk of fire or explosion.

2. Acid-Resistant Flooring: The locker floor should be constructed from acid-resistant
materials.

○ Reason: Battery acid leaks or spills can occur during handling or due to damaged
battery casings. An acid-resistant floor prevents the acid from corroding the locker
structure and protects personnel from accidental contact.

3. Eye Wash Station: An eye wash station should be readily accessible within the vicinity of the
battery locker.

○ Reason: Battery acid is corrosive and can cause severe eye damage if splashed. An
easily accessible eye wash station allows for immediate flushing of the eyes in case of
an acid splash accident.

4. Fire Extinguisher (Suitable for Electrical Fires): A fire extinguisher with a rating suitable for
electrical fires should be located near the battery locker.

○ Reason: Batteries can overheat and potentially ignite surrounding materials. Having a
fire extinguisher readily available allows for quick response to small fires before they
escalate. Using an extinguisher rated for electrical fires ensures it's safe for use on
electrical equipment.

5. Emergency Shut-Off Switch: The locker might have an emergency shut-off switch to
disconnect the battery bank from the main electrical supply in case of a serious incident.

○ Reason: In the event of a major malfunction or safety hazard, the emergency shut-off
switch allows for a quick and complete isolation of the battery bank from the electrical
system. This can help prevent further damage and facilitate safe intervention.

These are just five key safety features for a battery locker. Additional features may be present
depending on the specific application and regulations. Always follow the manufacturer's
recommendations and local safety codes for proper battery storage and handling.
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May 28th 2021

Circuit Breakers: These are the most common safety devices in a switchboard. They automatically
interrupt the circuit in case of overload or short circuit.

○ Reason: Circuit breakers protect electrical cables and equipment from excessive
currents that could cause overheating and fire. They also prevent damage to expensive
electrical components.

2. Ground Fault Circuit Interrupters (GFCIs): These devices are particularly important for
circuits used in wet or damp locations like galleys, bathrooms, and exposed decks. They trip
the circuit if there's a leakage current to ground, which could indicate a potential shock hazard.

○ Reason: GFCIs provide an extra layer of protection against electrical shock, especially
in areas where there's a higher risk of water contact with electrical equipment.

3. Undervoltage and Overvoltage Protection Relays: These relays monitor the voltage levels
on the main busbar. They trip the circuit breaker if the voltage falls below or exceeds a safe
operating range.

○ Reason: Undervoltage can damage sensitive electronic equipment, while overvoltage
can lead to overheating and potential fire hazards. These relays protect the vessel's
electrical system from abnormal voltage conditions.

4. Motor Overload Protection: Dedicated overload protection devices are often used for
circuits supplying electric motors. These devices can be thermal overload relays or electronic
motor protection relays.

○ Reason: Motors can draw high starting currents and are susceptible to overloading.
Specific motor protection ensures they operate within safe current limits and prevents
overheating and potential motor damage.

5. Differential Protection Relay (Optional): This advanced relay compares the incoming
current with the outgoing current on a circuit. Any significant difference indicates a leakage
current, potentially due to a fault within the protected circuit.

○ Reason: Differential protection offers a more sophisticated approach to fault detection
compared to simple overload protection. It can identify even small leakage currents that
might go unnoticed with regular circuit breakers, enhancing overall electrical safety on
the vessel.

These are just some of the common safety devices found in a vessel's main switchboard. The
specific selection and configuration will depend on the size and type of vessel, as well as national or
international maritime regulations.
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Nov 2023

A Direct-On-Line (DOL) starter is a simple and common method for starting small, three-phase AC motors.
Here's a breakdown of its components:

Main Circuit:

1. Disconnect Switch (Optional): This is a manually operated switch that allows complete isolation of
the motor from the power supply for maintenance or safety purposes. It's not always present in every
DOL starter setup.

2. Motor Circuit Breaker (MCB): This is a protective device that automatically cuts off power to the motor
in case of overload or short circuit. It protects the wiring and motor from damage.

3. Contactor: This is the heart of the DOL starter. It's a magnetically operated switch that connects the
motor to the power line. When energized, a coil within the contactor creates a magnetic field that pulls
in a contactor arm, closing the contacts and supplying full line voltage to the motor.

4. Three-Phase Power Supply: This is the source of electrical power for the motor. It typically consists of
three live conductors (L1, L2, L3) and a possible neutral or ground conductor.

5. Motor: This is the three-phase AC motor that the starter controls.

Control Circuit:

1. Start Push Button: This is a momentary push button used to initiate the starting sequence. Pressing
the button energizes the contactor coil.

2. Stop Push Button: This is a momentary push button used to de-energize the contactor coil, stopping
the motor.

3. Normally Closed (NC) Contacts of the Overload Relay: These are contacts within a separate
overload relay device that are wired in series with the contactor coil. The overload relay monitors the
motor current and opens its contacts if it detects an overload condition. This interrupts the power to the
contactor coil, stopping the motor.

4. Control Circuit Power Supply: This is a low voltage source (often 24V DC) that powers the control
circuit components like push buttons and the contactor coil.

Optional Components:

● Pilot Light: This can be added to the control circuit to indicate if the motor is running (contactor
energized).

● Timer Relay: This can be used to introduce a delay between stopping the motor and restarting it to
prevent overheating.

Operation:

1. The operator presses the start button, energizing the contactor coil.
2. The contactor coil creates a magnetic field that closes the main contacts, connecting the three-phase

power supply directly to the motor terminals.
3. The motor starts to run.
4. The overload relay continuously monitors the motor current.
5. If the motor current exceeds a safe limit for an extended period, the overload relay opens its NC

contacts, interrupting the power supply to the contactor coil.
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6. The contactor de-energizes, opening the main contacts and disconnecting the motor from the power
line.

7. The operator presses the stop button to manually stop the motor, which functions similarly to an
overload trip by de-energizing the contactor coil.

Benefits of DOL Starters:

● Simple and cost-effective design
● Easy to install and maintain
● Suitable for small motors with low starting current demands

Limitations of DOL Starters:

● High inrush current during motor startup can cause voltage dips and stress on the power supply.
● Not suitable for larger motors due to high inrush currents.


