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; tion and distribution systems, explain
-- to electrical genera .
o With reference

following:

(a) why an insulated neutral is preferred to an earthed neutral;

how essential circuits are protected should main switchboard overload occur,

(b)

Explaining Insulated Neutral vs. Earthed Neutral and Essential
Circuit Protection

(a) Advantages of Insulated Neutral in Electrical Generation and Distribution:

An insulated neutral system offers several advantages compared to an earthed neutral system in electrical
generation and distribution:

e Continuity of Service: During a single earth fault (line touching ground), the system remains
operational in an insulated neutral system. This is because the fault current is limited, allowing most
equipment to continue functioning. In an earthed neutral system, a single earth fault would cause a
short circuit and trip the main breaker, potentially leading to a complete power outage.

e Reduced Fault Current: Insulated neutrals limit the magnitude of fault currents during a single earth
fault. This minimizes damage to electrical components and reduces the risk of arc flashes.

e Improved System Stability: An insulated neutral system is less susceptible to cascading faults. This
means a single earth fault is less likely to trigger additional faults in other parts of the system, helping to
maintain overall system stability.

However, insulated neutral systems also have drawbacks:

e Ground Fault Detection: It's more challenging to locate the source of a ground fault in an insulated
neutral system because the fault current is lower. Specialized equipment and procedures are required
for effective ground fault detection.

e Arcing Faults: Arcing faults (line-to-line faults) can become more sustained in an insulated system,
potentially leading to more significant equipment damage if not addressed promptly.

(b) Protecting Essential Circuits During Main Switchboard Overload:

Several methods are employed to ensure essential circuits remain operational even if the main switchboard
experiences an overload:

1. Selective Circuit Breakers: The main switchboard can be equipped with selective circuit breakers.
These breakers are designed to trip in a specific order based on the fault current and location. In case
of overload, lower-priority breakers trip first, while essential circuits with higher-rated breakers remain
operational.

2. Automatic Transfer Switches (ATS): Essential circuits can be connected to an ATS. The ATS
monitors the main power supply and automatically transfers critical loads to a backup source (e.g.,
emergency generator) if the main supply fails or becomes overloaded.
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3. Independent Feed: Critical circuits can be fed from a separate electrical distribution system entirely
independent of the main switchboard. This ensures even a complete failure in the main system
wouldn't affect essential equipment.

Choosing the Right Method:
The selection of the most suitable method for protecting essential circuits depends on factors like:

e The specific needs of the facility (e.g., hospitals, data centers) requiring continued operation of critical
equipment during a main switchboard overload.
The cost and complexity of implementing different protection methods.
Local regulations and safety standards.

By implementing appropriate measures, electrical systems can be designed to ensure the continued operation
of essential circuits even during main switchboard overload situations, minimizing disruption to critical
operations.

Feb 2024

10. OQutline the necessary precautions, as stated in the Code of Safe Working Practices for
Merchant Seamen, for working near live electrical equipment, when it is essential for the
safety of the ship or for testing purposes. ' (10)

Working Near Live Electrical Equipment on Marine Vessels (As per
Code of Safe Working Practices for Merchant Seamen):

The Code emphasizes prioritizing alternative methods whenever possible. However, if working near live
electrical equipment becomes essential for ship safety or testing, these precautions are paramount:

Preparation and Planning:

1. Permit to Work: Obtain a formal permit detailing the task, potential hazards, and required safety
measures.

2. Competent Person: Ensure a qualified electrician, or someone designated by a competent person,
supervises the work directly.

3. Risk Assessment: Conduct a thorough risk assessment to identify electrical hazards, potential for
shock, and actions to mitigate them.

4. Isolation Attempts: If feasible, attempt to isolate the equipment electrically using approved switches
or lockout/tagout procedures.

5. Personal Protective Equipment (PPE): Wear properly rated insulated gloves, sleeves, footwear, and
eye protection based on the voltage and potential risks.

6. Safe Working Area: Establish a safe working zone with clear boundaries to prevent accidental contact
with live components.

7. Warning Signs: Post clear warning signs at the work area to alert others of the ongoing work and
potential electrical hazards.

8. Tools and Equipment: Use only electrically insulated tools and equipment specifically designed for
working near live electrical equipment.
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Work Procedure:

1. Single Person Rule: Only one person should be directly involved in the work near live components,
with a designated observer present for safety.

2. Minimum Movement: Movements should be deliberate and controlled to minimize the risk of
accidental contact.

3. One Hand Rule: Maintain one hand behind your back or in a pocket to prevent accidental contact with
both conductors simultaneously.

4. Test Equipment: Use properly rated test equipment to verify de-energized status before proceeding (if
applicable).

5. Continuous Monitoring: The supervising electrician or observer must continuously monitor the worker
and the situation for any signs of danger.

6. Immediate Shutdown: Have a clear and immediate plan to de-energize the equipment in case of an
emergency or unexpected situation.

Completion:

1. Final Inspection: Once work is complete, the supervising electrician must verify the equipment is
secure, tools are removed, and the work area is left in a safe condition.
2. Permit Cancellation: Cancel the work permit, ensuring all safety measures are terminated.

Remember:

e Working near live electrical equipment should always be considered a last resort.
e |f discomfort or uncertainty arises, stop work immediately and re-evaluate the situation.

Note: This is not an exhaustive list, and it's crucial to consult the latest version of the Code of Safe Working
Practices for Merchant Seamen for the most up-to-date and comprehensive guidelines.

Nov 2018 9th

Nov 2018 9th

10. Describe the routine maintenance that should be carried out on the electrical side of an a.c.
generator set. (10)

Routine Maintenance for A.C. Generator Set (Electrical Side)

Here's a breakdown of routine maintenance tasks for the electrical side of an AC generator set:
Daily/Weekly Checks:

e Visual Inspection: Inspect for any signs of physical damage, overheating, burning, or loose
connections on the generator terminals, busbars, and switchgear. Look for any signs of
corrosion on electrical components.

e Temperature Monitoring: Monitor the operating temperature of the generator stator and
windings using temperature sensors or infrared thermometers. Excessive temperatures
indicate potential cooling issues or overloading.
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e Voltage and Frequency Monitoring: Monitor the output voltage and frequency of the

generator using appropriate meters or control panels. Ensure they stay within the specified
operating range for stable power delivery.

Monthly Checks:

e Tightening Connections: Re-tighten all electrical connections on the generator terminals,
busbars, and switchgear to manufacturer's specifications. Over time, connections can loosen
due to vibration or thermal expansion.

e Cleaning: Using compressed air or a dry cloth, carefully remove any dust, dirt, or debris that
might accumulate on electrical components. Dirt and debris can act as insulators and affect
heat dissipation, potentially leading to overheating.

Quarterly/Biannually Checks:

e Insulation Resistance Testing: Perform periodic insulation resistance testing on generator
windings and stator using a megger tester. This test helps identify potential insulation
degradation that could lead to electrical faults.

e Load Bank Testing: Conduct periodic load bank testing to verify the generator's ability to
deliver its rated power output and identify any potential issues under load conditions.

Annual Checks:

e Governor and Voltage Regulator Calibration: Have a qualified technician calibrate the
engine governor and voltage regulator to ensure they maintain proper speed and voltage
control for the generator. Improper calibration can affect the generator's performance and
stability.

e Brush Replacement: Generator brushes wear down over time and require periodic
replacement as per manufacturer's recommendations. Worn brushes can affect the
generator's output and efficiency.

Additional Considerations:

e Maintenance Records: Maintain detailed records of all maintenance activities performed on
the generator set, including dates, findings, and any corrective actions taken. This helps track
the generator's health and identify potential trends.

e Manufacturer's Recommendations: Always refer to the manufacturer's operation and
maintenance manuals for specific maintenance schedules and procedures for your particular
AC generator set model.

Following these routine maintenance practices helps ensure the reliable and safe operation of your
AC generator set, minimizing downtime and extending its lifespan. Remember, some of these tasks
might require qualified personnel depending on the complexity of the procedures and safety
considerations.
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Sept 2021

10. (a) Sketcha block diagram ofthe layout of a vessel electrical distribution system,

including the main and emergency generators and detailing the main consumers
supplied by the emergency board. (7)

(b) Describe the MCA recommended procedure for testing the Emergency Alternator. (3)

(a) Block Diagram of Vessel Electrical Distribution System
Components:

e Main Generators (MG): One or more generators that supply electrical power for the vessel's
normal operation.

e Emergency Generator (EMRG): A dedicated generator that provides electrical power for
critical systems in case of a main power outage.

e Main Switchboard (MSB): Distributes power from the main generators to various sections of
the vessel.

e Emergency Switchboard (EMSB): Distributes power from the emergency generator to critical
systems.
Busbars: Conducting bars used for power distribution within the switchboards.
Circuit Breakers (CB): Protect circuits from overload and short circuits.
Essential Loads: Critical systems requiring power during a blackout, such as navigation,
communication, safety equipment, and emergency lighting.

Block Diagram Layout:

o + o +
| Main Switchboard | |Emergency Switchboard]
Fo——————— + Fm——————————— +

Fom Fomm Fomm Fomm +

| CBl CB2 |  CB3 | CB4 | CB5 (Non-essential loads)
Fomm e ittt ittt ittt +

| CB Nav CB Com | CB saf | CB EmLgt| CB Other | (Essential Loads)
T Fomm Fomm Fomm +

(Navigation, Communication, Safety, Emergency Lighting)
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Explanation:

The main generators supply power to the main busbar within the main switchboard.

The main switchboard distributes power through circuit breakers (CB) to various non-essential
sections of the vessel.

The emergency generator supplies power to the emergency switchboard.

The emergency switchboard distributes power through dedicated circuit breakers to essential
loads like navigation, communication, safety equipment, and emergency lighting.

The emergency switchboard and its connected essential loads are completely separate from
the main power distribution system, ensuring their functionality during a power outage.

(b) MCA Recommended Procedure for Emergency Alternator
Testing (Brief Overview)

The Maritime and Coastguard Agency (MCA) recommends a structured approach for testing
emergency alternators on vessels. Here's a simplified overview of the procedure:

1.

Note:

Pre-Test Preparations: Ensure the emergency switchboard is isolated from the main power
supply. Verify that essential loads are not connected or powered from another source during
the test.

Engine Start and Load Application: Start the emergency generator engine and allow it to
reach normal operating temperature and speed. Gradually apply a load to the emergency
alternator using a load bank or suitable alternative method, ensuring the load doesn't exceed
the alternator's rated capacity.

Voltage and Frequency Monitoring: Monitor the output voltage and frequency of the
emergency alternator under load. They should remain within the specified operating range for
stable power supply to critical systems.

Voltage Regulation and Governor Performance: Observe the performance of the voltage
regulator and governor. They should maintain proper voltage and speed control of the
alternator despite changes in load.

Overload and Short Circuit Protection: Simulate overload and short circuit conditions using
the load bank or testing equipment. Verify that the emergency switchboard's circuit breakers
trip correctly to protect the circuits and connected equipment.

Cool Down and Post-Test Inspection: After testing, gradually remove the load and allow the
engine to cool down. Perform a visual inspection of the emergency alternator and switchboard
for any signs of abnormalities.

Record Keeping: Document the test results, including voltage, frequency, load levels, and
any observations made during the test. This record helps maintain a history of the emergency
alternator's performance and facilitates future maintenance decisions.

This is a simplified overview. The actual MCA recommendations might involve additional

details, specific testing procedures, and safety precautions. Always refer to the latest MCA guidelines
and manufacturer's instructions for the proper testing procedures for your particular emergency
alternator.
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10.

Sketch an open loop constant pressure hydraulic system incorporating EACH of the
following components:

fixed capacity pump ?
pressure control valve

flow control valve q
change over valve

reversible motor (10.'

Open Loop Constant Pressure Hydraulic System with Reversible
Motor

This system utilizes a fixed capacity pump to generate a continuous flow of hydraulic fluid at a constant
pressure. The direction and speed of the reversible motor are controlled through valves, offering a simple yet
effective design.

Components:

Fixed Capacity Pump: This pump continuously draws fluid from the reservoir and pressurizes it. Since
it's fixed capacity, the flow rate is constant regardless of the system demands.

Pressure Relief Valve: This valve maintains a constant pressure within the system by diverting excess
flow back to the reservoir when the pressure reaches a set point. This protects the system from
overpressure damage.

Flow Control Valve: This valve regulates the flow of hydraulic fluid directed towards the motor. By
adjusting this valve, the speed of the motor can be controlled.

Changeover Valve: This valve controls the direction of the fluid flow to the motor. By actuating the
changeover valve, the direction of the motor's rotation (clockwise or counter-clockwise) can be
switched.

Reversible Motor: This motor can rotate in both directions depending on the direction of the incoming
fluid flow. The flow control valve regulates the speed, and the changeover valve determines the
direction of rotation.

Operation:

The fixed capacity pump continuously draws fluid from the reservoir and pressurizes it.

2. The pressurized fluid flows through the pressure relief valve.

3. The pressure relief valve maintains the system pressure by diverting excess flow back to the reservoir
if it exceeds the set point.

4. The operator adjusts the flow control valve to regulate the flow of fluid directed towards the motor. This
determines the speed of the motor.

5. The operator actuates the changeover valve to control the direction of the fluid flow to the motor. This
determines the direction of rotation (clockwise or counter-clockwise).

6. The reversible motor rotates at the set speed and direction based on the flow control valve and
changeover valve positions.

7. The used fluid from the motor returns to the reservoir, completing the circuit.

Benefits:

Simple design - Easy to understand and maintain due to fewer components.
Cost-effective - Lower initial cost compared to closed-loop systems.
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e Precise speed control - Flow control valve allows for accurate speed regulation of the motor.

e Reversible operation - Changeover valve enables control of motor direction.
Limitations:

e No position feedback - The system lacks sensors to determine the actual position of the motor shaft.
This can lead to inaccuracies when precise positioning is required.

e |Inefficient at low loads - Constant flow can lead to energy waste, especially when the motor is not
operating at full capacity.

This open-loop constant pressure system with a reversible motor is suitable for applications where precise
positioning is not critical, but controlled speed and reversible operation are desired. Examples include
conveyor belt drives, simple material handling equipment, and agricultural machinery.

Sept 2020

Sept 2020

10. Describe, with the aid of sketches, TWO methods for controlling the speed of a hydraulic
motor. (10)

Question 10. Marks lost by not explaining how speed is controlled, several just draw a swash plate pump and
say that the swash angle can change with no explanation of what this does or how it is connected
to the motor in circuit.

Here are two common methods for controlling the speed of a hydraulic motor:
1. Displacement Control:

e Method: This method controls the speed of the hydraulic motor by regulating the flow of
hydraulic fluid entering the motor. The flow rate is directly proportional to the motor speed.
e Components:

o Variable Displacement Pump: A pump that can adjust its displacement volume to vary
the flow output. By adjusting the pump's displacement, the flow rate delivered to the
motor can be precisely controlled.

o Control Valve: A valve used to regulate the flow path and pressure of the hydraulic
fluid. This valve might be a simple flow control valve or a more sophisticated servo
valve for precise control.

e Operation:

o Adjusting the variable displacement pump or the control valve setting changes the flow
rate of the hydraulic fluid entering the motor.

o Increasing the flow rate results in a higher motor speed, while decreasing the flow rate
leads to a slower motor speed.

o This method offers good control over the motor speed and can be very efficient, as
minimal energy is wasted through throttling.

2. Pressure Relief Control (Throttle Control):
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e Method: This method controls the speed of the hydraulic motor by regulating the pressure

drop across the motor. A portion of the hydraulic fluid bypasses the motor, and the speed is
indirectly controlled by varying the amount of bypass flow.
e Components:

o Fixed Displacement Pump: A pump that delivers a constant flow rate regardless of the

pressure or load on the system.

o Pressure Relief Valve: A valve that regulates the system pressure by bypassing
excess flow back to the reservoir. By adjusting the pressure setting of the valve, the
pressure drop across the motor can be controlled.

e Operation:

o The fixed displacement pump continuously delivers a constant flow of hydraulic fluid.

o Adjusting the pressure relief valve setting changes the amount of fluid that bypasses
the motor and returns to the reservoir.

o Increasing the bypass flow reduces the pressure drop across the motor, resulting in a
slower motor speed. Conversely, decreasing the bypass flow increases the pressure
drop, leading to a higher motor speed.

e Considerations:

o This method is simpler to implement but less efficient than displacement control. Energy

is wasted by throttling the flow through the pressure relief valve, which can generate
heat.

o Pressure relief control might not be suitable for applications requiring high precision
speed control due to its indirect control method.

The choice between displacement control and pressure relief control depends on the specific
application requirements. Displacement control offers better efficiency and precise speed control,
while pressure relief control is simpler to implement but less efficient.

Feb 2021

Feb 2021

10. (a) State the factor that determines the minimum number of available generators
required for a vessel to put to sea. (3)

(b) State SEVEN essential services for the operation of a vessel. (7)

Vessel Generator Requirements and Essential Services

(a) Minimum Generators for Putting to Sea:

The minimum number of available generators required for a vessel to put to sea is determined by the

vessel's classification society classification.

e Classification societies: These are organizations that establish and enforce safety standards
for ship design, construction, equipment, and operation. Examples include American Bureau of
Shipping (ABS), Lloyd's Register (LR), and DNV.
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The classification society assigned to a vessel will determine the minimum redundancy required for

critical systems, including generators. This redundancy ensures continued operation of essential
services in case of a generator failure.

Here are some common classifications and their typical generator redundancy requirements:

e MCA (Maritime and Coastguard Agency): For smaller vessels, MCA might require one
operational generator for coastal voyages and two for offshore voyages. Larger vessels might
require multiple generators with redundancy based on their size and purpose.

e SOLAS (International Convention for the Safety of Life at Sea): For passenger ships and
large cargo vessels, SOLAS typically mandates a minimum of two operational generators, with
one emergency generator for essential services in case of a main generator failure.

It's important to consult the specific classification society rules and regulations for your
vessel to determine the exact minimum generator requirement for putting to sea.

(b) Seven Essential Services for Vessel Operation:

Several essential services are crucial for the safe and efficient operation of a vessel. Here are seven
key examples:

1. Navigation and Communication: This includes equipment like radars, GPS, Automatic
Identification System (AIS), VHF radios, and satellite communication systems. These are
essential for maintaining situational awareness, avoiding collisions, and communicating with
shore authorities and other vessels.

2. Propulsion and Steering: This includes the main engines, rudders, and maneuvering
systems that allow the vessel to be propelled and steered safely.

3. Safety Equipment: This encompasses life-saving appliances like lifeboats, life rafts, fire
alarms, firefighting equipment, and emergency lighting. These systems are crucial for crew
safety in case of emergencies.

4. Bilge Pumping: Bilge pumps are essential for removing water that accumulates in the lowest
part of the hull. This prevents the vessel from becoming waterlogged and maintaining
buoyancy.

5. Sanitation: Sanitation systems provide freshwater supply, sewage treatment, and waste
disposal capabilities. These are essential for maintaining a healthy and hygienic environment
onboard.

6. Ventilation and Air Conditioning: These systems provide a comfortable and healthy
environment for the crew and passengers by ensuring proper air circulation and temperature
control.

7. Essential Lighting: Emergency lighting systems provide illumination for critical areas like
engine rooms, passageways, and muster stations during a power outage. This ensures safe
movement and operation during emergencies.

This list is not exhaustive, and the specific essential services will vary depending on the size, type,
and purpose of the vessel. However, these seven examples highlight the critical systems that require
reliable power and functionality for safe and efficient vessel operation.
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Nov 2021

Nov 2021

10. Describe the construction of a three phase induction motor of the caged rotor type. (10)

Question 10. The question 1s just asking for the features of the rotor and stator, many struggle with this,
unable to even say that the rotor is supported in bearings in the covers. Many explain how a
motor works rather than describe its construction.

A three-phase induction motor with a caged rotor, also known as a squirrel cage rotor, is a robust and
widely used AC electric motor. Here's a breakdown of its construction:

Main Components:

e Stator: The stationary outer part of the motor that houses the magnetic field generating
components.

e Rotor: The rotating inner part of the motor that converts electrical energy into mechanical
energy.

Stator Construction:

1. Stator Frame: A rigid steel frame that supports and protects the stator core and windings.

2. Stator Core: Made of laminated electrical steel to minimize eddy current losses. The
laminations are typically slotted to accommodate the stator windings.

3. Stator Windings: Three sets of insulated copper wires distributed around the stator core.
These windings are connected to create a rotating magnetic field when supplied with
three-phase AC power. The number of poles created by the windings depends on the winding
configuration and the desired motor speed.

Rotor Construction (Squirrel Cage Rotor):

1. Rotor Core: Similar to the stator core, it's made of laminated electrical steel to minimize eddy
current losses. The rotor core also has slots on its periphery.

2. Rotor Bars: Heavy copper or aluminum bars inserted into the rotor core slots. These bars are
usually brazed or welded to end rings at both ends of the rotor. The end rings are also made of
copper or aluminum and short-circuit all the rotor bars together.

Operating Principle:

1. When three-phase AC power is supplied to the stator windings, a rotating magnetic field is
generated.

2. The rotating magnetic field induces an electric current in the rotor bars due to the principle of
electromagnetic induction.

3. The induced current in the rotor bars interacts with the rotating magnetic field, creating a force
that tries to rotate the rotor in the same direction as the magnetic field.

4. As the rotor starts to rotate, due to Lenz's Law, the induced current in the rotor bars tries to
oppose the change in magnetic field. This creates a torque that keeps the rotor speed slightly
less than the speed of the rotating magnetic field, a condition known as slip.
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Advantages of Squirrel Cage Rotor:

e Simple and robust construction: The caged rotor design is very reliable and requires
minimal maintenance.

e Low cost: Due to its simple design, squirrel cage rotors are generally less expensive to
manufacture compared to wound rotor motors.

e High starting torque: The robust rotor construction allows for good starting torque
capabilities.

Disadvantages of Squirrel Cage Rotor:

e Limited speed control: Squirrel cage motors typically have limited speed control options
compared to wound rotor motors. Their speed is primarily determined by the supply frequency
and the number of poles in the stator windings.

e Lower efficiency at lower loads: Squirrel cage motors might have lower efficiency when
operating at partial loads.

This description provides a basic overview of the construction and operation of a three-phase
induction motor with a caged rotor. The specific design details and materials used might vary
depending on the motor's application and power rating.

Nov 2020
10. (a) Explain the term single phasing. (2)
(b)  State the effects on a motor of single phasing. (6)
(¢) State how single phasing may be protected against in the motor starter circuit. (2)
Question 10. Reasonably well answered by most, nearly all struggle with protection should single phasing

occur.

Single Phasing in Electric Motors:
(a) Definition:

Single phasing refers to a condition in a three-phase AC power supply system where one of the three
phases is interrupted or loses voltage. This can occur due to several reasons, such as a blown fuse,
open circuit breaker, or a loose connection on one of the phases.

In a healthy three-phase system, the three voltage phases are balanced and reach their peak values
at different times within the AC cycle. This balanced system allows three-phase motors to operate
efficiently and smoothly.
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(b) Effects on a Motor:
Single phasing can have several detrimental effects on a three-phase induction motor:

e Reduced Torque and Speed: With only two phases supplying power, the rotating magnetic
field becomes unbalanced and weaker. This leads to a decrease in the motor's torque output
and a potential reduction in speed.

e Increased Current: The remaining two phases have to carry more current to compensate for
the missing phase. This can lead to overheating of the motor windings and potential damage
to the motor's insulation.

e Vibrations and Noise: The unbalanced magnetic field can cause the motor to vibrate
excessively and generate increased noise during operation.

e Potential for Motor Damage: Prolonged operation under single phase conditions can lead to
permanent damage to the motor windings due to overheating and excessive currents.

(c) Protection Against Single Phasing:
Several methods can be employed in the motor starter circuit to protect against single phasing:

e Single Phasing Relays: These dedicated relays monitor the voltage and current in each
phase. If they detect an imbalance or loss of voltage in one phase, they trip the motor starter
circuit and disconnect the motor from the power supply.

e Motor Overload Protection: While not specifically designed for single phasing, overload
protection devices like thermal overload relays can trip the motor starter if the excessive
current draw caused by single phasing leads to overheating. However, this might not be a fast
enough response to prevent potential damage.

e Phase Sequence Monitors: These devices can be used to ensure the correct phase
sequence of the incoming power supply. Incorrect phase sequence can also lead to problems
similar to single phasing.

Using a combination of these protection methods can help safeguard your three-phase induction
motor from the damaging effects of single phasing. Always refer to the motor manufacturer's
recommendations and electrical codes for the most appropriate protection scheme for your specific
application.

May 2021
10. Describe TWO methods for detecting earth faults within a distribution system. (10)
Question 10. Many struggle with a method other than lamps. The few that do give a valid second method

do not say what is being measured to give the earth indication.

Two Methods for Detecting Earth Faults in a Distribution System:
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Earth faults occur when a live conductor comes into unintentional contact with the earth (ground).

Early detection and isolation of earth faults are crucial to minimize safety risks, equipment damage,
and service interruptions. Here are two common methods for detecting earth faults in a distribution
system:

1. Residual Current Devices (RCDs):

Principle: RCDs compare the current flowing in the live conductor to the current returning in
the neutral conductor. In a healthy system, these currents should be equal.

Operation: An RCD continuously monitors the difference between the phase and neutral
currents. If a fault to earth occurs, some current will leak to ground, causing an imbalance
between the phase and neutral currents. When the difference exceeds a preset threshold, the
RCD trips, disconnecting the circuit.

Types of RCDs:

AC RCDs: These are the most common type and detect AC earth fault currents.
High-Frequency AC RCDs: These RCDs are specifically designed to detect pulsating or
high-frequency AC earth fault currents, which can occur with switch-mode power supplies or
variable speed drives.

DC RCDs: These are used in DC power systems to detect earth faults involving the DC
conductors.

Advantages of RCDs:

Fast Detection: RCDs offer very fast fault detection times, which helps minimize damage and
potential fire hazards.

High Sensitivity: RCDs can be set to detect even small earth fault currents, providing good
protection for personnel safety.

Ease of Use: RCDs are relatively simple devices to install and maintain.

2. Earth Fault Impedance Relay:

Principle: This method uses an injection technique to detect earth faults. A small, controlled
AC current is deliberately injected into the system's neutral conductor at a specific frequency.
The earth fault impedance, which is the opposition to current flow between the faulty phase
and earth, is then measured.

Operation: The earth fault impedance relay continuously monitors the injected current and
the resulting voltage on the neutral conductor. In a healthy system, the earth fault impedance
will be very high. However, if a fault to earth occurs, the earth fault impedance will decrease
significantly. When the measured impedance falls below a preset threshold, the relay trips,
indicating an earth fault and isolating the faulty section.

Advantages of Earth Fault Impedance Relay:

Selectivity: Earth fault impedance relays can be set to discriminate between faults on different
sections of the feeder, allowing for targeted isolation of the fault location.

Adaptability: These relays can be used in various distribution system configurations with
different grounding arrangements.
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Choosing the Right Method:
The choice between RCDs and earth fault impedance relays depends on several factors, including:

e System size and complexity: For smaller distribution systems, RCDs might be sufficient. For
larger and more complex systems, earth fault impedance relays might offer better fault location
selectivity.

e Fault current levels: RCDs are most effective for low earth fault currents. For high earth fault
currents, earth fault impedance relays might be a better option.

e Cost considerations: RCDs are generally simpler and less expensive than earth fault
impedance relays.

Consulting with a qualified electrical engineer is recommended to determine the most suitable earth
fault detection method for your specific distribution system requirements.

Nov 2018 2nd

Nov 2018 2nd

10. Describe the routine maintenance that should be carried out on the electrical side of an a.c.
generator set. (10)

Oct 2020

Oct 2020
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Routine Maintenance for A.C. Generator Set (Electrical Side)

Here's a breakdown of routine maintenance tasks for the electrical side of an AC generator set:
Daily/Weekly Checks:

e Visual Inspection: Inspect for any signs of physical damage, overheating, burning, or loose
connections on the generator terminals, busbars, and switchgear. Look for any signs of
corrosion on electrical components.

e Temperature Monitoring: Monitor the operating temperature of the generator stator and
windings using temperature sensors or infrared thermometers. Excessive temperatures
indicate potential cooling issues or overloading.

e Voltage and Frequency Monitoring: Monitor the output voltage and frequency of the
generator using appropriate meters or control panels. Ensure they stay within the specified
operating range for stable power delivery.

Monthly Checks:
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e Tightening Connections: Re-tighten all electrical connections on the generator terminals,

busbars, and switchgear to manufacturer's specifications. Over time, connections can loosen
due to vibration or thermal expansion.

e Cleaning: Using compressed air or a dry cloth, carefully remove any dust, dirt, or debris that
might accumulate on electrical components. Dirt and debris can act as insulators and affect
heat dissipation, potentially leading to overheating.

Quarterly/Biannually Checks:

e Insulation Resistance Testing: Perform periodic insulation resistance testing on generator
windings and stator using a megger tester. This test helps identify potential insulation
degradation that could lead to electrical faults.

e Load Bank Testing: Conduct periodic load bank testing to verify the generator's ability to
deliver its rated power output and identify any potential issues under load conditions.

Annual Checks:

e Governor and Voltage Regulator Calibration: Have a qualified technician calibrate the
engine governor and voltage regulator to ensure they maintain proper speed and voltage
control for the generator. Improper calibration can affect the generator's performance and
stability.

e Brush Replacement: Generator brushes wear down over time and require periodic
replacement as per manufacturer's recommendations. Worn brushes can affect the
generator's output and efficiency.

Additional Considerations:

e Maintenance Records: Maintain detailed records of all maintenance activities performed on
the generator set, including dates, findings, and any corrective actions taken. This helps track
the generator's health and identify potential trends.

e Manufacturer's Recommendations: Always refer to the manufacturer's operation and
maintenance manuals for specific maintenance schedules and procedures for your particular
AC generator set model.

Following these routine maintenance practices helps ensure the reliable and safe operation of
your AC generator set, minimizing downtime and extending its lifespan. Remember, some of
these tasks might require qualified personnel depending on the complexity of the procedures
and safety considerations.

Sept 18th 2020

Sept (18th) 2020

10. (a) Compare the effects of earth leakage occurring in an earthed distribution system and
in an insulated distribution system. (6)

(b) State the reasons why an instrument type earth leakage detector will be fitted in
preference to simple earth lamps. (4)
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(a) Effects of Earth Leakage in Distribution Systems: Earthed vs.
Insulated

Earthed Distribution System:

e Earth Leakage Path: In an earthed system, a low impedance path exists between the live
conductors and earth (ground) through the earthing arrangement.

e Earth Fault Current: When an earth leakage occurs, current will flow through this low
impedance path back to the source, causing a relatively high earth fault current. This high
current can trip circuit breakers or earth fault relays quickly, limiting the fault duration and
potential damage.

e Safety Concerns: Even with high earth fault currents, earth leakage can still pose a shock
hazard if someone comes into contact with a faulty component. However, the faster fault
clearing time due to high fault currents helps minimize the risk of severe injury.

e Equipment Protection: The high earth fault current can also trip overload protection devices,
potentially protecting electrical equipment from further damage caused by the fault.

Insulated Distribution System:

e Earth Leakage Path: In an insulated system, there's no intentional low impedance path
between live conductors and earth. This is typically achieved using transformers with isolated
windings.

e Earth Fault Current: When an earth leakage occurs, the current flow is limited by the
insulation resistance of the faulty component. This can result in a much lower earth fault
current compared to an earthed system.

e Safety Concerns: The lower earth fault current might not be enough to trip circuit breakers or
overload protection devices quickly. This can lead to a prolonged fault condition, increasing the
risk of fire and equipment damage. Additionally, a person contacting a faulty component in an
insulated system might experience a sustained electric shock due to the lack of a high fault
current path.

e Equipment Protection: The lower earth fault current might not provide adequate protection
for electrical equipment in case of a fault.

Summary Table:

Feature Earthed System Insulated System



Full written solutions. Online tutoring and exam Prep www. SVEstudy.com

Earth Leakage Low impedance path to High impedance path to earth

Path earth

Earth Fault High current, faster fault Low current, potentially slower

Current clearing fault clearing

Safety Concerns Shock hazard, but faster Increased risk of sustained
fault clearing shock, potential fire

Equipment Potential protection from Lower protection against

Protection overload damage due to fault

(b) Advantages of Instrument Type Earth Leakage Detector over
Earth Lamps

Earth Lamps:

Simple design: They consist of a high-impedance resistor connected in series with a lamp.
Operation: Earth leakage current flowing through the lamp causes it to glow, indicating a fault.

Limitations of Earth Lamps:

Limited sensitivity: They can only detect relatively high earth leakage currents, potentially
missing smaller leaks that could still pose a safety risk.

No fault location: Earth lamps don't provide any information about the location of the fault
within the system.

False positives: Fluctuations in system voltage or load currents can cause the lamp to flicker,
making it difficult to distinguish between a true earth fault and these variations.

Instrument Type Earth Leakage Detectors:

More sophisticated design: These electronic devices use transformers or current
measurement techniques to detect even small earth leakage currents.

Higher sensitivity: They can detect a wider range of earth leakage currents, offering better
overall safety protection.

Fault location: Some advanced models can even provide information about the location of
the fault on the circuit.

Alarm or trip function: They can be configured to trigger an alarm or trip a circuit breaker
upon detecting an earth leakage, providing faster fault response.

Overall, instrument type earth leakage detectors offer significant advantages over earth lamps
due to their higher sensitivity, ability to provide fault location information, and potential for
automated fault response.
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April 2021

April 2021

10. (a) State THREE devices fitted to the main breakers to protect a.c. generators that are
able to run in parallel. (3)

(b) Explain why EACH device stated in part (a) is fitted. (7)

(a) Three Devices for Protecting Parallel A.C. Generators:

1. Overcurrent Protection Device (OCPD): This can be a circuit breaker or a combination of fuses and
relays.

2. Under-voltage Protection Relay:

3. Reverse Power Protection Relay:

(b) Explanation for Each Device:

1. Overcurrent Protection Device (OCPD):

e Function: The OCPD protects the generator from damage caused by excessive current flowing
through its windings. This can occur due to internal faults within the generator itself or overloading on
the distribution system.

e Importance in Parallel Operation: When multiple generators are operating in parallel, a fault in one
generator can cause a surge in current through the healthy generators. The OCPD in each parallel
generator will trip, isolating the faulty unit and protecting the remaining generators from damage.

2. Under-voltage Protection Relay:

e Function: This relay monitors the generator's output voltage. If the voltage falls below a preset
threshold, the relay trips the generator breaker, disconnecting it from the parallel operation.

e Importance in Parallel Operation: A sudden drop in voltage from one generator can disrupt the
synchronization and stability of the parallel system. The under-voltage protection relay ensures that a
faulty generator with low voltage output is automatically disconnected, preventing it from affecting the
entire parallel system.

3. Reverse Power Protection Relay:

e Function: This relay monitors the direction of power flow in the generator. In a healthy parallel
operation, the generator should be supplying power to the distribution system. The reverse power
protection relay trips the generator breaker if it detects power flowing back into the generator, indicating
a potential problem.

e Importance in Parallel Operation: A generator experiencing internal issues or a failed governor might
start motoring and drawing power from the system instead of supplying it. The reverse power protection
relay detects this abnormal condition and disconnects the faulty generator, preventing it from
overloading the other generators in the parallel system.

These three devices work together to ensure the safe and reliable operation of parallel AC generators. They
protect individual generators from internal faults and overloading, maintain system stability by preventing
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issues with voltage and power flow, and ultimately contribute to the overall protection of the entire parallel

generation system.

Feb 19th 2021

Feb 19th 2021

10. With reference to a windlass that is hydraulically operated by a variable displacement
motor, explain the effect of changing EACH of the following:

(a) the flow rate of hydraulic oil; (4)

(b) the displacement of the motor. (6)

Effect of Changing Hydraulic Parameters on a Windlass with
Variable Displacement Motor

Here's how changing the flow rate and displacement of the hydraulic oil affects the operation of a
windlass driven by a variable displacement motor:

(a) Changing Flow Rate of Hydraulic Oil:

The flow rate of hydraulic oil directly affects the speed of the windlass. It's analogous to the
relationship between the amount of gasoline flowing into a car engine and the engine's RPM.

e Increased Flow Rate: Increasing the flow rate of hydraulic oil delivered to the variable
displacement motor results in a faster rotation of the windlass drum. This allows for quicker
retrieval or deployment of the anchor.

e Decreased Flow Rate: Decreasing the flow rate of hydraulic oil leads to a slower rotation of
the windlass drum. This might be useful for precise control during delicate mooring operations
or when handling heavy loads.

Important Note: While increasing flow rate increases speed, it can also lead to higher pressure
demands on the hydraulic system. The system needs to be designed to handle the increased
pressure without exceeding its limitations.

(b) Changing Displacement of the Motor:

The displacement of the variable displacement motor refers to the volume of hydraulic fluid it can
move per revolution. It's a characteristic of the motor itself and can be adjusted within a specific
operating range.

e Increased Displacement: If the motor's displacement is increased, it will require a lower flow
rate to achieve the same rotational speed as before. This can be beneficial for situations
where the available hydraulic power is limited. However, it might also reduce the maximum
achievable speed of the windlass.

e Decreased Displacement: Decreasing the motor's displacement will necessitate a higher
flow rate to maintain the same rotational speed. This can be useful for applications requiring
high speed but can put a higher demand on the hydraulic pump's capacity.
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Choosing the Right Combination:

The optimal combination of flow rate and displacement ultimately depends on the specific
requirements of the windlass operation. Factors such as desired hoisting/retrieval speed, weight of
the anchor and chain, and available hydraulic power will influence the choice.

In most practical scenarios, the flow rate is adjusted through a control valve to suit the desired
windlass speed, while the motor displacement is chosen based on the overall system design and
available hydraulic power limitations.

July 2021

July 2021

10.  With reference to control systems:
(a) state FIVE advantages of using pneumatics; (5)
(b) state FIVE advantages of using hydraulics. (5)

Advantages of Pneumatic and Hydraulic Control Systems:

(a) Advantages of Pneumatics:

1. Simplicity: Pneumatic systems are generally simpler in design and construction compared to
hydraulic systems. They use compressed air, a readily available and inexpensive medium,
and have fewer moving parts. This often translates to lower initial cost and easier
maintenance.

2. Cleanliness: Airis a clean and non-polluting fluid. There's no risk of oil spills or
contamination, making pneumatics ideal for applications requiring cleanliness, such as food
processing or clean room environments.

3. Speed: Compressed air can travel very quickly through pipelines, resulting in fast response
times and actuation of pneumatic cylinders. This is advantageous for applications requiring
high speed and rapid movement.

4. Safety: Compressed air poses less of a fire hazard compared to hydraulic fluids. Additionally,
leaks in a pneumatic system simply release air, which is harmless, unlike hydraulic leaks that
can cause slippery conditions or environmental concerns.

5. Versatility: Pneumatic components are available in a wide variety of sizes and configurations,
making them suitable for a broad range of applications. From simple actuators to complex
control valves, pneumatics offer a versatile solution for various control needs.

(b) Advantages of Hydraulics:

1. High Power Density: Hydraulic systems can transmit significantly higher forces compared to
pneumatic systems for a given actuator size. This allows them to handle heavier loads and
perform more powerful operations.

2. Precision Control: Hydraulic systems offer excellent control over force, speed, and
positioning of actuators. This precise control is crucial for applications requiring accurate and
repeatable movements, such as robotic arms or machine tools.



Full written solutions. Online tutoring and exam Prep www. SVEstudy.com
3. Overload Protection: Hydraulic fluids are virtually incompressible. This characteristic allows

hydraulic systems to handle sudden overload conditions without significant pressure
fluctuations. The system can simply stall or bypass excess pressure, protecting components
from damage.

4. Efficiency: Hydraulic systems can be very efficient, especially at higher pressures. The
minimal compressibility of hydraulic fluids minimizes energy losses due to compression and
expansion within the system.

5. Heat Dissipation: Hydraulic fluids can absorb and transfer heat effectively. This allows
hydraulic systems to operate continuously under heavy loads without overheating, making
them suitable for demanding industrial applications.

The choice between pneumatics and hydraulics for a control system depends on the specific
requirements of the application. Consider factors like required force, speed, precision, operating
environment, and budget when making the decision.

March 19th 2021

March 19th 2021

10. With reference to storage batteries, explain EACH of the following:

(a) boost charge; 3)
(b) slow charge; (2)
(c) trickle charge; (3)
(d) float charge. (2)

Battery Charging Stages Explained:

Here's a breakdown of the different charging stages used with storage batteries:
(a) Boost Charge:

e Purpose: The boost charge is a rapid charging method used to quickly bring a deeply
discharged battery up to a usable voltage level.

e Process: A high current is applied to the battery initially. However, this current is typically
limited electronically to prevent overheating and damage to the battery.

e Application: Boost charging is suitable for situations where a quick recovery of some battery
capacity is needed, such as reviving a car battery that's just enough to start the engine. It's not
recommended for regular charging due to the potential stress it can put on the battery.

(b) Slow Charge:
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e Purpose: This method delivers a relatively low and constant current to the battery over an

extended period.

e Process: The slow charge current is typically limited to around 0.1C to 0.5C, where "C"
represents the battery's capacity in Ampere-hours (Ah). This allows for a gentle and complete
charge without generating excessive heat.

e Application: Slow charging is ideal for lead-acid batteries, especially deep-cycle batteries
used in applications like RVs, solar power systems, and off-grid setups. It promotes a full and
healthy charge, maximizing battery lifespan.

(c) Trickle Charge:

e Purpose: This is a very low current charge intended to compensate for the battery's
self-discharge rate.

e Process: The trickle charge current is typically much lower than 0.1C, often in the milliampere
(mA) range. It provides a small amount of current to maintain the battery's voltage level and
prevent it from completely discharging during long periods of storage.

e Application: Trickle charging is suitable for batteries used infrequently or stored for extended
durations. It's commonly used for car batteries in seasonal vehicles, motorcycle batteries
during winter storage, and alarm systems. However, some battery types, like Lithium-ion, can
be damaged by prolonged trickle charging.

(d) Float Charge:

e Purpose: This stage maintains a constant voltage level across the battery terminals after a full
charge is achieved.

e Process: Once the battery reaches its full capacity during the boost or slow charge stage, the
charger enters the float charge mode. It continues to supply a small current to the battery to
compensate for self-discharge and maintain the voltage at a predetermined level.

e Application: Float charging is crucial for batteries used in standby applications where they
need to be ready for immediate use, such as UPS systems, emergency lighting, and some
medical equipment. It ensures the battery remains fully charged without overcharging.

Important Note: The specific charging methods and parameters (current, voltage, duration) can
vary depending on the battery type, chemistry, and manufacturer's recommendations. Always
consult the battery datasheet or manufacturer's instructions for the appropriate charging procedures
for your specific battery.

March 26th 2021

March 26th 2021

10. (a) Describe the construction of a salient pole a.c. generator rotor. (6)

(b)  Explain how many poles would be required for a 50Hz supply, rotational speed of
750rpm. 4)
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Salient Pole A.C. Generator Rotor Construction:

(a) Components:

A salient pole rotor consists of a central steel shaft for structural support and several poles radially extending
outwards from the shaft. Here's a breakdown of its key components:

e Shaft: Made of solid steel to ensure strength and rigidity. It transmits the mechanical torque from the
prime mover (engine, turbine) to the rotor.

e Poles: These are typically constructed from laminated electrical steel to minimize eddy current losses
within the rotor. Each pole has a specific polarity (north or south) and they alternate around the rotor
circumference.

e Pole Shoes: Attached to the tips of the poles, these are often made of solid steel or cast iron for better
mechanical strength and to concentrate the magnetic field. They may also have slots to accommodate
the field windings.

e Field Windings: Copper wires wrapped around the pole shoes or embedded in slots within the pole
shoes. When a DC current flows through these windings, it magnetizes the poles, creating a rotating
magnetic field in the stator.

e End Rings: Two conductive rings at each end of the rotor that connect the ends of the field windings
on all the poles. These rings allow for current flow through the windings in series or parallel, depending
on the desired magnetic field strength configuration.

(b) Number of Poles for 50Hz at 750rpm:

The number of poles (P) required for a specific AC generator can be calculated using the following formula:
P=(120*f) / rpm

where:

e P = number of poles
e f=frequency of the AC supply (50 Hz in this case)
e rpm = rotational speed of the rotor (750 rpm)

Plugging in the values:
P = (120 * 50 Hz) / 750 rpm = 8 poles

Therefore, a salient pole rotor with 8 poles would be required to generate a 50Hz AC supply at a rotational
speed of 750 rpm.

May 28th 2021

May 28th 2021

10. Describe the FULL procedure for paralleling an incoming a.c generator to another a.c
generator connected to the main switchboard. (10)
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Here's the full procedure for paralleling an incoming AC generator to another AC generator already connected
to the main switchboard:

Preparation:

1.

2.

Safety First: Ensure all personnel involved are qualified electricians wearing appropriate PPE
(Personal Protective Equipment) like safety glasses, gloves, and properly rated footwear.
Lockout/Tagout: Lock out and tag out both generators to prevent accidental energization during the
paralleling process.

Generator Inspection: Visually inspect the incoming generator for any signs of damage, loose
connections, or leaks. Ensure all control panels and meters are functioning correctly.
Synchronization Check:

o Voltage Matching: Verify that the voltage of the incoming generator matches the voltage of the
running generator connected to the main switchboard. Use voltmeters on both generators to
confirm they are within a specified tolerance (usually within 2-3%).

o Frequency Matching: Ensure the frequency of the incoming generator is very close to the
frequency of the running generator. Utilize frequency meters on both generators to confirm they
are synchronized within a small margin (usually within 0.1-0.2 Hz).

o Phase Sequence Matching: Verify that the phase sequence (order in which the voltage peaks
occur) of the incoming generator matches the phase sequence of the running generator. This
can be done using phase sequence meters or by employing synchronizing lamps/scopes
(explained later).

Synchronization Process:

1.

2.

Warm Up the Incoming Generator: Start the prime mover (engine, turbine) of the incoming generator
and allow it to reach operating temperature and stable speed.

Adjust Speed Governor: While monitoring the frequency meter, carefully adjust the speed governor
of the incoming generator to match the frequency of the running generator. This is typically done
through a control panel or governor linkage adjustments.

Synchronization (Using Synchronizing Lamps/Scope):

o Connect Synchronizing Lamps: Connect synchronizing lamps (three incandescent lamps
connected in a specific way) between corresponding phases of the incoming and running
generators.

o Observe Lamp Flickering: As the frequencies of both generators approach synchronization,
the flickering rate of the synchronizing lamps will slow down. They will appear to brighten and
dim together when perfectly synchronized.

o Synchronizing Scope (Alternative): A synchronizing scope can be used as an alternative to
lamps. It provides a visual representation of the phase difference between the two generators.
Aim for a steady pattern on the scope to achieve synchronization.

Close Circuit Breaker: Once the voltage, frequency, and phase sequence are synchronized as
verified by the lamps/scope, close the circuit breaker connecting the incoming generator to the main
switchboard. This action should be done smoothly and at the point of zero phase difference (indicated
by a steady pattern on the lamps/scope).

Post-Synchronization Checks:

1.

Monitor Voltage and Frequency: Monitor the voltage and frequency readings on both generators and
the main switchboard after paralleling. Ensure they remain stable within acceptable tolerances.

Load Sharing: If desired, adjust the load sharing between the generators using their respective
governor controls. This allows for optimized power distribution according to the overall load demand.
Documentation: Record the paralleling process in a logbook, including date, time, generator readings,
and any observations made.
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Important Notes:

e This is a general guideline, and specific procedures might vary depending on the generator models,
control systems, and facility safety protocols. Always refer to the manufacturer's instructions and
relevant electrical codes for the proper paralleling procedure for your specific equipment.

e Paralleling generators requires proper training and experience due to the risk of electrical faults and
equipment damage if done incorrectly. It's recommended to have a qualified electrician oversee the
process, especially for critical applications.

Additional Considerations:

e Automatic Synchronizing Systems: Modern generator control systems can include automatic
synchronizers that handle much of the synchronization process electronically, reducing manual
intervention.

e Safety Interlocks: Safety interlocks can be implemented to prevent accidental paralleling if certain
conditions, like voltage or frequency mismatch, are not met.

By following these steps and adhering to proper safety precautions, you can successfully parallel an incoming
AC generator with an existing generator connected to the main switchboard.

Nov 2023

(a)
(b)

(c)
@

Connecting a 3-Phase Generator to Live Busbars:

(a) Requirements:

Connecting a 3-phase generator to live busbars is a critical and potentially dangerous task. Here are some
essential requirements:

e Safety First: Ensure the entire system is de-energized and properly locked out before any connections
are made.

e Matching Voltage and Frequency: The generator's voltage and frequency must precisely match the
existing busbar voltage and frequency. Even slight mismatches can cause damage.

e Phase Sequence Synchronization: The phase sequence (order of voltage peaks) of the generator
must be synchronized with the busbars. Incorrect phase sequence can lead to severe damage.

e Protective Devices: Proper protective devices like circuit breakers and synchronizing relays should be
used to ensure safe connection and prevent faults.

e Qualified Personnel: Only qualified electricians with training and experience in synchronizing
generators should perform the connection.

(b) Synchronizing Lamps:
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A connection diagram for synchronizing lamps typically includes three lamps, one for each phase. Each lamp
is connected between a corresponding phase conductor of the generator and the busbar. The brightness of the
lamps indicates the phase difference between the two systems.

Synchronization should occur when:

e The lamps are all dark or equally bright. This indicates the voltage magnitudes are equal and phases
are in sync.

e The lamps flicker at a slow and steady rate. This signifies the voltage magnitudes are close, but the
phases are not quite aligned. A slight adjustment to the generator speed will achieve synchronization.

(c) Incorrect Synchronization:
If synchronization is incorrect when connecting to the busbars, several issues can arise:

e High Circulating Currents: Phase mismatch can cause large circulating currents between the
generator and the busbars, leading to overheating and potential damage to equipment.

e Voltage and Frequency Instability: The combined system voltage and frequency can become
unstable, affecting connected loads.

e Mechanical Damage: In severe cases, incorrect synchronization can cause mechanical stress on the
generator shaft and connected equipment.

(d) Possible Consequences of Incorrect Synchronization:
Incorrect synchronization can have serious consequences, including:

e Equipment Damage: Overheating, burning of components, and even generator or motor failure can
OCCuUr.

e Power System Instability: Voltage and frequency fluctuations can disrupt other loads connected to
the busbars.

e Safety Hazards: Arcing and potential short circuits pose safety risks to personnel and equipment.

Remember: Synchronization is a crucial step for safe and reliable connection of a generator to live busbars.
Always prioritize safety and consult qualified personnel for this task.



