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Preface

In today’s rapidly evolving industrial and electrical landscape, workplace safety in electrical systems—especially
in relation to switchgear and protective devices—has become more critical than ever. The complex nature of
electrical installations, operations, and maintenance work requires a robust approach to prevent electrical
hazards, ensure system reliability, and protect human life and assets.

This manual, "Fundamentals of Safety Measures in Electrical Switchgear & Protective Devices," is a
comprehensive guide designed to help electrical technicians, engineers, safety professionals, and learners
understand and implement essential safety practices within environments where electrical systems are installed
or operated.

The primary objective of this manual is to outline practical and preventive measures associated with the use of
Low, Medium, and High Voltage (LV, MV, HV) switchgear, and related protective systems. It emphasizes the
importance of systematic inspections, grounding techniques, fault detection, lockout/tagout (LOTO) procedures,
and appropriate use of Personal Protective Equipment (PPE) to minimize the risk of electrical accidents and
equipment failure.

Going beyond the technical procedures, this handbook also explores regulatory compliance, emergency
response protocols, electrical fire prevention, and the safe handling of switching devices, relays, circuit breakers,
and fuses. Special attention is given to the integration of smart switchgear with modern grid systems, ensuring
the content remains relevant to current technologies and practices.

Risk assessment and hazard identification form the foundation of this guide, with structured techniques to help
evaluate potential dangers such as overloads, short circuits, arc flash incidents, electric shocks, and equipment
malfunctions. The manual also encourages continuous safety training and documentation practices as part of an
effective Electrical Safety Management System (ESMS).

By adopting the practices outlined in this manual, industries and professionals can create safer workspaces,
reduce downtime, comply with national and international safety standards (e.g., OSHA, NFPA 70E, IEC), and
ultimately foster a culture of proactive safety.

Whether you are a licensed electrician, electrical engineer, maintenance supervisor, safety officer, or a
vocational trainee, this manual will provide you with the knowledge and tools needed to assess risks, implement
safety controls, and respond effectively to electrical incidents.

We appreciate your dedication to electrical safety and thank you for choosing SSDF as your partnerin promoting
a safer future for the electrical workforce. Together, let us make safety a shared responsibility and a fundamental
part of every electrical operation.

Welcome to the future of safety management.
Thank you.
J. K. Anand

Founder & Director
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Introduction

Electrical work, particularly in switchgear and protective devices, involves numerous potential hazards—
ranging from electric shock and arc flash to equipment failure and fire risks. Identifying these hazards and
applying robust safety measures is essential for protecting workers, ensuring operational reliability, and
maintaining a secure and compliant work environment.

This document outlines the essential safety protocols, preventive precautions, and best practices necessary
to mitigate risks associated with electrical switchgear and protective systems. It includes the proper
selection and use of Personal Protective Equipment (PPE), safe operation of electrical tools and test
instruments, and procedures for working around Low, Medium, and High Voltage (LV, MV, HV) installations.
Special attention is given to Lockout/Tagout (LOTO) methods, circuit isolation, and verification techniques to
prevent accidental energization during maintenance or repair tasks.

Additionally, this guide emphasizes the importance of routine inspections, preventive maintenance of
switchgear and relays, surge protection, and adherence to international safety standards such as OSHA, IEC,
and NFPA 70E. Key workplace practices—such as effective hazard communication, equipment labelling,
emergency response planning, and maintaining clearances—are also covered to promote situational
awareness and team coordination.

Occupational health risks—including electrical burns, exposure to electromagnetic fields, loud operational
noise, and mental fatigue from high-alert tasks—are addressed with recommended measures to reduce their
long-term impact. The guide also provides practical insights into conducting electrical risk assessments,
simulating fault conditions, and documenting compliance audits

Purpose of the Handbook

This handbook serves as a comprehensive guide to ensuring safety, operational integrity, and sustainability
in electrical systems involving switchgear and protective devices. It identifies potential electrical hazards and
outlines control measures to prevent accidents, injuries, and equipment damage. Emphasizing proper
handling and maintenance of electrical components, it details the use of personal protective equipment
(PPE), arc flash protection, emergency response procedures, and electrical first aid protocols. The handbook
also addresses the importance of safe work practices, insulation standards, circuit isolation, and system
grounding to promote a safe electrical environment.



Scope and Content

The scope and content of this handbook encompass the identification and control of electrical hazards
associated with switchgear and protective devices across low, medium, and high-voltage installations. It
includes proper operational procedures, insulation testing, lockout/tagout (LOTO) methods, and adherence
to electrical safety protocols. Emergency response preparedness, electrical fire prevention, arc flash risk
mitigation, and first aid for electrical injuries form a crucial part of occupational safety. The handbook also
emphasizes environmental safety through sustainable practices like efficient power use, secure disposal of
obsolete equipment, and management of hazardous electrical waste. Workplace hygiene, secure
infrastructure, and digital safety measures (e.g., SCADA and automation systems) ensure a holistic safety
approach. Compliance with Indian OSHE regulations such as the Electricity Act, Central Electricity Authority
(CEA) Guidelines, Indian Standards (IS), and international safety standards like IEC 61439 and ISO 45001 is
mandatory.

Learning Objectives

The learning objectives for professionals working with electrical switchgear and protective devices include
the identification of electrical hazards and the implementation of preventive and protective safety measures.
This encompasses the safe installation, operation, and maintenance of switchgear, the correct use of PPE
(including arc-rated clothing), insulation checks, and LOTO procedures. Learners will gain an understanding
of emergency response planning, electrical shock first aid, and fire suppression techniques specific to
electrical environments. Emphasis is placed on minimizing occupational injuries through engineering
controls, proper circuit isolation, grounding and bonding, and awareness of arc flash zones. Sustainable and
safe practices such as energy efficiency, responsible e-waste disposal, and secure management of
hazardous materials are also included. Learners are expected to comply with Indian OSHE standards (e.g.,
the Electricity Act, IS codes, CEA Regulations) and international norms such as IEC 60529, IEC 61439, NFPA
70E, and ISO 45001.

Alignment with Industry Norms and Innovation

Alignment with industry norms and innovation in the field of electrical safety involves integrating established
engineering practices with modern advancements in protective devices and smart switchgear systems. By
adhering to Indian OSHE regulations and global standards like ISO 45001, IEC, and NFPA 70E, professionals
can maintain a secure and efficient electrical infrastructure. Implementation of advanced diagnostic tools,
intelligent circuit breakers, thermal scanning, and automated shutdown protocols enhances system safety
and reliability. Ergonomic control panels, arc flash protection schemes, and real-time monitoring through loT
integration represent cutting-edge innovations. Embracing sustainable practices—such as reducing power
losses, managing load efficiently, and recycling electronic waste—supports environmental objectives.
Workplace inclusivity and infrastructure safety, supported by training, signage, and emergency response
readiness, help foster a culture of continuous improvement and well-being in the electrical industry.

Who Should Use This Handbook

This handbook is intended for electrical professionals including engineers, technicians, safety officers,
facility managers, plant operators, and students in the electrical field. It provides clear guidance on identifying
electrical hazards, implementing risk mitigation strategies, and applying correct operational procedures for
switchgear and protective devices. Users will benefit from detailed information on PPE selection, arc flash
safety, circuit testing, and electrical emergency response. It promotes sustainable and responsible work
practices such as equipment recycling, proper e-waste management, and workplace hygiene. Additionally, it
covers digital safety in smart electrical systems and emphasizes compliance with Indian standards
(Electricity Act, CEA Rules, IS standards) as well as international safety frameworks like IEC and ISO 45001.
This makes it an essential resource for creating safe, compliant, and efficient electrical workplaces.

How to Use This Handbook

This handbook serves as a comprehensive safety guide for professionals working with electrical switchgear
and protective devices. It outlines essential safety measures, risk identification strategies, and mitigation
practices relevant to the electrical environment. It provides detailed guidance on handling live equipment,



proper use of personal protective equipment (PPE), preventive maintenance, lockout-tagout (LOTO)
procedures, and emergency response protocols. The handbook emphasizes the importance of arc flash
protection, insulation safety, and environmental precautions such as proper disposal of insulating oils and e-
waste. It ensures alignment with Indian Occupational Safety, Health, and Environment (OSHE) standards
(such as the Electricity Act, Central Electricity Authority Regulations, and OSH Code-2020) and international
standards like IEC 60947 and ISO 45001.

The Path Forward

The path forward in electrical safety lies in proactively identifying potential hazards such as short circuits,
overloads, arc flashes, and insulation failures. Mitigation involves the correct selection and installation of
switchgear, routine inspection, and preventive maintenance of devices. Workers must be trained in using PPE
suited for electrical tasks (e.g., arc-rated clothing, insulated gloves, safety boots), and in following LOTO
procedures before servicing equipment. Emphasis must be placed on safe operation of circuit breakers,
isolators, fuses, and relays. Sustainable practices including proper e-waste management, oil leak control,
and thermal efficiency must be adopted. Digital safety and cybersecurity in smart switchgear must also be
ensured. Compliance with Indian electrical safety regulations and adherence to global safety norms such as
ISO 45001 and IEC standards is essential for maintaining operational safety and efficiency.

Overview of this Program

This program provides electrical professionals with essential training on safety measures in handling and
operating electrical switchgear and protective devices. It covers risk identification, proper PPE usage, LOTO
practices, equipment inspection, arc flash protection, and emergency handling procedures. The curriculum
focuses on insulation safety, fault diagnosis, preventive maintenance, and environmentally responsible
disposal of electrical waste. Participants will gain knowledge of Indian electrical safety laws and global safety
standards, preparing them to work safely and efficiently in modern power systems that may include
automated and digital components.

Qualification Parameters

Educational Qualifications:

e 12th grade pass or equivalent OR

10th grade pass or equivalent with 3 years of relevant experience OR

Previous relevant qualification of NSQF level 3 with 3 years of relevant experience
Training Duration:

* Training 7.5 hours and Assessment 30 minutes

Qualification Levels:

e NSQF Level: 4, aligned with the National Skill Qualifications Framework.

Assessment Guidelines

The assessment criteria apply to the micro-credential “Fundamentals of Safety Measures in Electrical
Switchgear & Protective Devices.”

Assessments may be conducted offline or online and shall be carried out by SSDF only.
Questions will be designed to assess outcomes for the maximum number of Performance Criteria.
The assessment will be of 0.5-hour duration and will include multiple-choice questions approved by SSDF.

Certificates will be awarded to candidates who score 50% or above.



Glossary of Terms

e Arc Flash: A dangerous electrical explosion due to a fault or short circuit, releasing energy as heat and light.

e Circuit Breaker: A protective device that interrupts current flow in case of an overload or fault.

e Current Transformer (CT): A device used to measure high current by producing a proportional low current.

e Digital Safety: Practices ensuring secure use of smart protective devices, including cybersecurity protocols.

e Earth Fault: An unintended connection between a live conductor and the earth.

e Electrical Hazard: A situation where a person is exposed to risk from electric shock, arc flash, or fire.

e Electrical Insulation: Material that resists electric current, used to prevent accidental contact with live parts.

e Electrical PPE: Safety gear such as insulated gloves, arc-rated clothing, and dielectric boots.

e E-waste Management: Environmentally sound disposal and recycling of old electrical equipment.

e Fuse: A safety device that melts and breaks the circuit when excessive current flows through it.

e Grounding (Earthing): Connecting the electrical system to the earth to prevent shock hazards.

¢ [|EC 60947: An international standard for low-voltage switchgear and control gear.

¢ Insulating Oil: Oil used in switchgear to insulate and cool electrical components.

e |solator: A mechanical switch used to ensure that an electrical circuit is completely de-energized.

e Lockout-Tagout (LOTO): A safety procedure to ensure de-energization of equipment before maintenance.

* Overcurrent Protection: A safety mechanism that trips the circuit during excessive current flow.

e OSHE Standards: Occupational Safety, Health, and Environmental regulations ensuring worker safety.

e Personal Protective Equipment (PPE): Equipment used to reduce electrical injury risks, including gloves,
goggles, helmets.

e Power Surge: A sudden increase in voltage that can damage electrical devices.

e Preventive Maintenance: Scheduled inspection and servicing of switchgear to avoid breakdowns.

* Relay: A protective device that senses fault conditions and sends trip signals to breakers.

e Residual Current Device (RCD): A safety switch that disconnects power if a leakage current is detected.

¢ Risk Assessment: Evaluation of hazards associated with electrical operations and implementing control
measures.

e Short Circuit: A fault condition where current bypasses the normal path, often leading to overheating or fire.

e Smart Switchgear: Digitally controlled switchgear systems that provide real-time monitoring and remote
control.

e Surge Protection Device (SPD): A component that protects electrical systems from voltage spikes.

e Switchgear: Assemblies containing circuit breakers, fuses, relays, and isolators used to control and protect
electrical circuits.

e Thermal Imaging: Non-contact technique used for detecting hotspots in electrical equipment.

e Two-Factor Authentication (2FA): Additional digital security for accessing smart switchgear systems.

e Trip Unit: The sensing and actuating component of a circuit breaker that disconnects power during a fault.

e Ventilation Systems: Systems used in switchgear rooms to manage heat and gas emissions.
¢ \Voltage Fluctuation: Variations in voltage levels that may cause damage to equipment or unstable



operation.
e Workplace Electrical Safety: Practices ensuring a safe environment while working with or around electrical
systems.
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The Electrical Switchgear & Protective Devices specialist is responsible for the installation, operation, and
maintenance of electrical switchgear and protection systems in both industrial and commercial environments.
Their duties include interpreting electrical diagrams, selecting and installing appropriate switchgear, circuit
breakers, relays, and other protection devices, and ensuring that all systems are functioning optimally to prevent
electrical faults. The specialist must conduct regular inspections, perform troubleshooting, and ensure that all
systems comply with national and international safety standards. They are also responsible for deactivating and
isolating electrical equipment during maintenance (using Lockout-Tagout procedures) and monitoring the
performance of electrical protection devices to prevent overcurrent, overload, and short-circuit damage. In
addition to maintaining safety protocols, they play a key role in energy efficiency and sustainability by optimizing
electrical systems and ensuring minimal power loss. Their work includes ensuring proper grounding, fault
detection, and compliance with environmental regulations such as emissions standards and waste disposal
requirements. Digital safety, workplace ethics, and gender-inclusive behaviour are integral to their professional
responsibilities.

Roles:

Importance of Safety in Electrical Switchgear & Protective
Devices

Importance of

Safety is critically important in the field of Electrical Switchgear
& Protective Devices due to the hazardous nature of working with
electrical equipment. The risk of electric shock, fire, and
equipment failure necessitates strict adherence to safety
guidelines and operational procedures. Key safety measures
include the use of personal protective equipment (PPE), such as
insulated gloves, helmets, face shields, and ear protection, to
minimize the risk of injury. Lockout-Tagout (LOTO) procedures
are essential for safely isolating electrical circuits during
maintenance to prevent accidental energization. Regular
inspection and testing of switchgear and protective devices,
including circuit breakers and relays, ensure proper functionality and prevent electrical failures. Furthermore,
grounding and bonding of electrical systems, as well as maintaining clear and organized workspaces, are
essential to prevent accidental contact with energized parts. The importance of fire safety, proper labelling, and
emergency response preparedness is also highlighted to reduce the risk of catastrophic events. Adhering to these




safety measures not only ensures the protection of personnel but also enhances the reliability and efficiency of
electrical systems, ensuring compliance with local and international safety standards.

Importance of Training

Training is crucial for individuals working with Electrical
Switchgear & Protective Devices to acquire the technical
expertise and safety knowledge required to manage Improved Work
X . L Increased Profits Performance
electrical systems effectively. Proper training enables
specialists to understand the intricate workings of electrical
circuits, protective devices, and switchgear systems. It Higher
. . . . . Productivity
covers essential topics such as fault diagnosis, testing,
maintenance, and troubleshooting, which are vital for
ensuring the continuous and safe operation of electrical

Benefits of Employee Training and Development

Encouragensent of
New |deas

. . . Reduced / Achlevament of
equipment. Training programs emphasize safety protocols, Absanieeism Company Goals
ensuring workers can identify and mitigate electrical N
hazards, understand lockout/tagout procedures, and use Employee

Engagement
appropriate PPE. Furthermore, training ensures familiarity

with regulatory standards such as the Electrical Safety Code, IEC standards, and ISO 45001. It also helps
professionals stay updated on advancements in electrical technology, such as smart grid systems, renewable
energy integration, and energy-saving practices. Well-trained professionals are not only more efficient and
accurate in their work, but they also contribute to minimizing downtime, enhancing system reliability, and
improving the overall safety of electrical installations. Continuous training fosters career growth, boosts
confidence, and ensures that workers can handle complex and evolving electrical systems with competence and
safety.

Acronyms

Here are some common acronyms related to Electrical Switchgear & Protective Devices that focus on safety,
health, and regulations:

e OSHE - Occupational Safety, Health, and Environment

e CEAR-Central Electricity Authority Regulations

e LOTO - Lockout-Tagout (safety procedure for deactivating machinery during maintenance)
e |EC - International Electrotechnical Commission (standards for electrical equipment)

e PPE - Personal Protective Equipment

e OSH Code-2020 - Occupational Safety and Health Code, 2020

e RCD - Residual Current Device (safety device that prevents electric shock)

e CB-Circuit Breaker (device used to protect an electrical circuit from damage caused by overload or short
circuit)

e CT-Current Transformer (used for current measurement)

e RTU-Remote Terminal Unit (used in automated electrical systems for data collection)
e SPDs - Surge Protection Devices (protects electrical systems from power surges)

e VFD - Variable Frequency Drive (used to control the speed of electric motors)

e HVAC - Heating, Ventilation, and Air Conditioning (used in switchgear rooms for cooling and air
management)

e EHV - Extra High Voltage (refers to very high voltage levels used in power transmission)
e ARC - Arc Flash (an electrical explosion caused by a fault in an electrical system)

e TRD -Transformer Differential Relay (protection device for transformers)



ATS - Automatic Transfer Switch (switches power sources in case of failure)
RMS - Root Mean Square (used in calculating electrical parameters like current and voltage)

BMS - Building Management System (used for controlling building systems, including electrical and
HVAC systems)

EIA - Electrical Installation and Maintenance (covers all aspects of installation and upkeep of electrical
systems)

NEMA - National Electrical Manufacturers Association (standards organization for electrical equipment)
NFPA - National Fire Protection Association (sets standards for fire safety in electrical systems)

EHS - Environment, Health, and Safety

HV - High Voltage (used to describe electrical voltages over certain thresholds)

PFC - Power Factor Correction (techniques for improving efficiency in electrical systems)

VCE - Voltage Control Equipment (equipment that manages electrical voltage within a system)

AFCI - Arc Fault Circuit Interrupter (a device that disconnects a circuit when an arc fault is detected)
PST - Power System Transformer (a device used to step up or step-down voltage levels)

CEMS - Continuous Emissions Monitoring Systems (used to monitor emissions from power systems)
NCCR - National Cable Code Regulations (standards for electrical cables in India)

TFA - Thermal Fault Analysis (method for detecting faults in electrical systems using heat signatures)



Module 1: Electrical Risk Assessment and
Implementation of Safety Measures

Introduction

Electrical safety is essential in any workplace, particularly in environments where electrical systems and
equipment are frequently used. The hazards associated with electricity, such as electric shocks, fires, and
explosions, can pose serious risks to workers and the surrounding environment. This module focuses on
assessing electrical risks, identifying potential hazards, and implementing the necessary safety measures to
minimize these risks.

In this module, participants will learn to systematically evaluate electrical hazards, apply risk assessments,
and establish practical safety measures that prevent electrical accidents. By understanding the key concepts
of electrical risk, identifying potential hazards, and learning how to implement effective safety procedures,
workers and supervisors can enhance their ability to manage electrical risks safely.

Scope
This module will cover the following key topics:
1. Understanding Electrical Risks:
o Overview of electrical hazards in various environments.
o ldentifying the types of electrical hazards (shock, arc flash, fire, etc.).
o Recognizing common causes of electrical accidents.
2. Electrical Risk Assessment:
o Methodology for assessing electrical hazards.
o Tools and techniques for conducting an electrical risk assessment.
o Riskclassification (e.g., low, medium, high risk) based on severity and likelihood.
3. Safety Measures for Electrical Risk:
o Preventive measures (e.g., insulation, grounding, circuit protection).
o Safety standards and regulations (OSHA, NFPA 70E, IEC).
o Implementation of safety barriers and equipment.
4. Personal Protective Equipment (PPE):
o Types of PPE for electrical hazards (gloves, insulated tools, arc flash suits, etc.).
o When and how to use electrical PPE.
o Ensuring compliance with PPE standards.
5. Establishing Safety Protocols and Emergency Procedures:
o Lockout/Tagout (LOTO) procedures.
o Emergency response in case of electrical incidents.
o Effective communication and reporting systems for electrical safety issues.
6. Case Studies and Practical Applications:
o Real-world examples of electrical hazards and risk assessments.

o Bestpractices for assessing and addressing electrical safety concerns.



Learning Outcomes

Upon successful completion of this module, learners will be able to:
1. ldentify and Analyse Electrical Hazards:
o Recognize common electrical hazards in their workplace and evaluate the associated risks.
2. Conduct Electrical Risk Assessments:
o Use appropriate tools and techniques to perform a thorough risk assessment of electrical systems.
3. Implement Safety Measures:
o Develop and apply effective safety measures to mitigate identified electrical risks.
o Implement the necessary electrical protection systems (insulation, grounding, etc.).
4. Understand and Apply Regulatory Standards:

o Demonstrate knowledge of key electrical safety regulations and standards (e.g., OSHA, NFPA 70E,
IEC) and apply them in practice.

5. Select and Use Personal Protective Equipment (PPE):

o Understand the importance of PPE in electrical safety and ensure its proper use in high-risk
situations.

6. Develop Emergency Procedures:

o Establish and implement emergency response protocols, including Lockout/Tagout (LOTO) and first
aid for electrical shock victims.

7. Review and Improve Electrical Safety Protocols:

o Critically assess and revise existing safety protocols based on risk assessments and incident
findings.

PC-1: Identify Faults or Abnormality in Electrical System, Recognize Potential
Hazards, and Understand Key Parameters for Monitoring and Measurement

e Fault Identification:

o Electrical faults can range from short circuits, ground faults, open circuits, overloads, and arc faults.

o Use tools like multimeters, circuit testers, and insulation resistance testers to identify faults.
e Recognizing Potential Hazards:

o Electrical Overload: Caused when current exceeds the rated value, posing fire risks.

o Short Circuits: Can lead to sparks, overheating, and fires.

o Faulty Wiring: Exposed wires can increase the risk of electrocution.

o Improper Grounding: A lack of proper grounding increases the likelihood of electrical shock.
e Key Parameters for Monitoring:

o Voltage: Ensure voltage is within the designed range to avoid equipment damage.

o Current: Monitor for abnormal current flow that could indicate overload or short circuits.

o Resistance: High resistance in a circuit can suggest an issue, such as loose connections or
corrosion.

o Frequency: Ensures that electrical systems operate at the right power frequencies for proper
function.

e Tools for Monitoring:

o Insulation Resistance Tester: Measures resistance in electrical systems, identifying potential leakage
or short-circuiting risks.



o Clamp Meter: Used for measuring current without direct contact with the conductor.
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o Power Quality Analyzer: Detects voltage drops, harmonics, and other electrical abnormalities that
could harm equipment.

PC-11: Assess and Secure the Area to Prevent Further Injury (e.g., Switch off
the Power Source if Safe to Do So) from Electrical Shocks

e Risk Assessment:
o Evaluate the scene to ensure the safety of both the victim and the rescuer.
o ldentify the type of electrical system (AC/DC, high-voltage/low-voltage) involved.

e Securing the Area:

o Switch Off Power Source: If it's safe to do so, isolate the electrical source immediately to prevent
further injury or electrocution.

o Barricade Area: Use caution signs and barriers to prevent unauthorized personnel from entering a
dangerous zone.

o Turn Off Nearby Equipment: Shut down nearby machinery that may be involved in the shock incident.

o Ensure Personal Protection: Use insulated tools and personal protective equipment (PPE) when
working near electrical systems.

PC-12: Check the Victim’s Responsiveness, Breathing, and Pulse Immediately.
If Unconscious but Breathing, Place the Victim in the Recovery Position

1. Ensure Scene Safety
Before approaching a victim:
e Make sure the area is safe (e.g., no live wires, fires, chemicals, or unstable structures).
e Wear personal protective equipment (PPE) such as gloves and a mask if available.
2. Check Responsiveness
Approach the victim and assess consciousness:
e Gently tap the victim's shoulders.
e Shoutclearly: “Are you okay? Can you hear me?”
e ook forany movement or verbal response.
If the victim responds:
e They are conscious.

e Keep them comfortable and monitor until help arrives.



If there is no response:
e Treatthe victim as unconscious and proceed to check breathing and pulse.
3. Check Breathing

Open the airway:

e Place the victim on their back.

e Tilt the head back gently by lifting the chin and pressing down on the forehead (Head-Tilt, Chin-Lift
technique).

e This opens the airway by moving the tongue away from the back of the throat.
Look, Listen, and Feel (for 10 seconds):
e Lookforchestrise and fall.
e Listen for airmovement or unusual sounds.
e Feelfor breath onyour cheek.
Breathing Assessment Results:
e |f breathing normally > Proceed to check pulse.
e |fnot breathing > Call emergency services and begin CPR (if trained).
4. Check the Pulse
Use the carotid artery for unconscious victims:
e Placetwo fingers on the side of the neck beside the trachea (windpipe).
e Pressgently and feel for a pulse for up to 10 seconds.
Pulse Assessment Results:
e Pulse present and breathing normal > Victim is unconscious but stable.
e Pulse present but not breathing > Begin Rescue Breathing.
e No pulse and no breathing > Start CPR immediately.
If Unconscious but Breathing: Place the Victim in the Recovery Position
The Recovery Position helps to:
e Maintain an open airway.
e Prevent choking on saliva, vomit, or blood.

e Keep the victim stable while awaiting emergency medical help.

Steps to Place the Victim in the Recovery Position (Standard Method):
1. Kneel beside the victim.

2. Make sure both legs are straight.

3. Placethe nearest arm at a right angle to the body, elbow bent with the palm facing up.



Bring the far arm across the chest and hold the back of the hand against the victim’s cheek closest to you.

With your other hand, grasp the far leg just above
the knee and pull it up, keeping the foot flat on
the ground.

While keeping their hand pressed against their
cheek, pull on the far leg to roll the victim toward
you and onto their side.

Adjust the upper leg so that the hip and knee are
at right angles—this stabilizes the body.

Tilt the head back slightly to ensure the airway
remains open.

Monitor breathing regularly and stay with the
victim until medical help arrives.

Special Considerations:

s, FIRSTAID
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Spinal Injury Suspected? Avoid moving the victim unless necessary (e.g., danger from fire, gas, water).

Vomiting or Bleeding from Mouth/Nose? Place immediately in recovery position to prevent aspiration.

Summary Table

Step
Scene Safety
Responsiveness

Open Airway

Check Breathing (10 sec)

If Unconscious but Breathing

Check Pulse (10 sec)

Stay with Victim

Action

Check area for danger before approaching
Tap and shout to check if victim responds
Use head-tilt/chin-lift or jaw-thrust (if spinal injury suspected)
Look, listen, and feel
Use carotid artery
Place in recovery position

Monitor until emergency help arrives

PC-13: Inform the Designated Emergency Response Team or Call Local
Emergency Services Without Delay. Provide Clear Details About the Incident,
Including the Type of Electrical Shock (High-Voltage/Low-Voltage)

Immediate Response

1.

2.

Ensure Personal Safety:

o Before acting, assess the surroundings to ensure no additional electrical hazards exist (e.g., exposed

wires).

o Do not touch the victim if they are still in contact with the electrical source. If necessary, use a non-
conductive object (e.g., wooden stick, insulated tool) to separate them from the power source.

De-Energize Power Source:

o Ifsafe, turn off the power supply to the area where the shock occurred by operating the Lockout/Tagout

(LOTO) system or switching off the electrical panel.

o If unable to safely de-energize, maintain a safe distance and do not attempt to rescue the victim

without professional support.



3. Alert Emergency Responders:
o Notify the Designated Emergency Response Team (ERT) immediately (if applicable).

o If the ERT is not available, call local emergency Real-Time MOﬂitO[ing and A'Gﬂ Systems
services (e.g., 911 or your local emergency
number). Clearly provide the following
information:

= Type of incident: Electrical shock. 1

= Type of electrical shock: Indicate whether the
shock was high-voltage or low-voltage.

= Victim’s condition: Report whether they are
conscious, breathing, and any visible injuries
(e.g., burns, entry/exit wounds).

= Exact location: Provide the exact location of the
incident, including building/area, floor/room
number, and nearest access point.
4. Administer First Aid (If trained):
o Ifyou are trained in CPR, start cardiopulmonary resuscitation (CPR) if the victim is not breathing.
o Apply basic first aid measures, such as controlling bleeding or treating visible burns, while waiting for
professional help.
5. Monitor Victim’s Condition:
o Keep observing the victim’s breathing and pulse. If their condition worsens (e.g., loss of pulse),
continue to perform CPR and inform emergency responders of any changes.

Summary Table: Incident Reporting and Response

Ensure no other people are at risk from electrical hazards

Ensure Personal Safety before acting

If safe, disconnect the power using the LOTO system or

De-Energize Power Source .
electrical panel.

Alert the Designated Emergency Response Team (ERT) or

Callfor Hel
altforhielp Local Emergency Services (911).

Indicate if the shock is high-voltage (>1000V) or low-voltage

Type of Shock
ype ot shoc (<1000V).

Report whether the person is conscious, breathing, and any

Victim’s Condition
visible injuries (burns, entry/exit wounds).

Provide the exact building, floor, room number, and any other

Location of Incident . . .
location details (e.g., nearest exit).

CPR/First Aid If trained, begin CPR or apply basic first aid.

Watch for changes in the victim’s condition, especially if they

(0] ing Monitori
ngoing Monitoring stop breathing or lose pulse.

Provide Information to Provide all previously collected details to emergency
Emergency Responders responders.
Incident Investigation & Investigate cause of shock, assess safety protocols, and
Reporting complete incident reports (e.g., OSHA or company forms).




Detailed Action Breakdown:

1. Notify Designated Emergency Response Team (ERT) or Emergency Services:

o ERT: Notify your workplace’s trained emergency team as they may have specific protocols and
equipment tailored for electrical incidents.

Implementing Effective Emergency Response Plans

1O
B

CEP-

o Emergency Services: If the situation is critical, call 911 or your country’s emergency number for
immediate medical assistance. Provide clear details about the type of electrical shock and the
victim’s condition.

2. Provide Clear and Accurate Information:
o Type of Electrical Shock:

= High-Voltage Shock: Electrical shock from a power source greater than 1000V. These can cause
severe burns, cardiac arrest, and internal injuries.

= |Low-Voltage Shock: Shock from a source under 1000V. This type can still lead to muscle
spasms, burns, and occasionally arrhythmias or unconsciousness.

o Victim’s Condition:
= Conscious or Unconscious: Note whether the victim is alert or unconscious.

=  Breathing or Not Breathing: Inform responders if the victim is breathing. If they are not, you must
begin CPR.

=  Pulse or No Pulse: If the victim has no pulse, report this to emergency responders and continue
CPRif trained.

= Visible Injuries: Describe any visible burns, entry or exit wounds, or other damage.

3. Administer First Aid if Trained:

arrives or the victim begins breathing.

o Control Bleeding: If there are any visible wounds, apply pressure to stop bleeding.



4. Post-Incident Actions:

@)

Incident Review: After the situation is under control, review the circumstances surrounding the
electrical shock. Investigate any possible failures in equipment, safety procedures, or human error.

Safety Measures: Ensure all involved parties follow up with safety audits and adjust safety
procedures as needed to prevent similar incidents in the future.

Reporting: File incident reports, following company or legal requirements (e.g., OSHA or similar
agencies).

PC-14: Conduct a Hazard Review and Implement Corrective and Preventive
Actions (CAPA). Revise Relevant Electrical Safety Protocols Based on

Investigation Findings

1. Hazard Review Process

The Hazard Review process aims to systematically identify the root causes of the electrical shock incident, the
failures in the existing safety measures, and areas for improvement. The review typically includes the following

steps:

Step 1:

e Collect Data: Review incident reports, witness
statements, and available footage (if applicable). Examine
the electrical system involved, the environment, and the
equipmentin use.

Incident Investigation

e |dentify Immediate Causes: Focus on factors directly ’

linked to the incident, such as:

O
O
O
O

Step 2:

Faulty electrical equipment

Lack of proper grounding or insulation

Inadequate PPE G
Human error (e.g., improper handling of electrical equipment)

Root Cause Analysis

e Conduct Root Cause Analysis (RCA): Use tools such as the 5 Whys or Fishbone Diagram (Ishikawa) to
systematically determine the root cause(s) of the incident. Key areas to focus on include:

O
O
O
O

Step 3:

Equipment failure

Inadequate safety measures (e.g., LOTO procedures not followed)
Employee training gaps

Failure to follow safety protocols

Identify Contributing Factors

e Environmental Factors: Examine whether environmental conditions (e.g., wet floors, poor lighting)
contributed to the accident.

e Systemic Issues: Identify whether the issue stems from larger systemic failures, such as insufficient risk
assessments, inadequate maintenance schedules, or poor safety culture.



2. Implement Corrective and Preventive Actions (CAPA)

Once the root causes and contributing factors are identified, Corrective and Preventive Actions (CAPA)
should be implemented to mitigate the risk of future incidents.

Corrective Actions (to address the immediate issue):

1.

Repair or Replace Faulty Equipment:
o Conductanimmediate inspection and repair or replace faulty equipment that caused the shock.

o Verify that electrical equipment meets safety standards and regulatory requirements (e.g., NFPA 70E,

IEC 60204-1).

Improve Lockout/Tagout (LOTO) Practices: i 5 WAYS To lMPROVE

o Ensure proper LOTO procedures are followed LOCKOUT TAGOUT PROGRAM
during maintenance or servicing of electrical -
equipment to prevent accidental 05

energization.

o Provide clear LOTO training to all employees. Ahoes bove i it

iy Lok

First Aid and Emergency Response Training:

o Immediately conduct a refresher training on
how to respond to electrical shock incidents,
including the proper use of CPR and emergency procedures.

Personal Protective Equipment (PPE):

o Review and ensure that appropriate PPE (e.g., rubber gloves, dielectric boots, insulated tools) is
provided and maintained for workers handling electrical equipment.

Preventive Actions (to prevent recurrence):

1.

Revised Risk Assessment Procedures:

o Update electrical hazard risk assessments to address identified gaps. This should include electrical
system audits, site inspections, and the identification of any new risks based on the incident
findings.

Employee Training and Competency:

o Conduct periodic electrical safety training, including hazard identification, safe tool handling, and
emergency response. Ensure all employees handling electrical equipment are competent and
qualified to do so.

o Implementrefresher courses on electrical safety to reinforce best practices.
Review and Update Safety Protocols:

o Revise existing electrical safety protocols based on incident findings to ensure they are
comprehensive, up-to-date, and aligned with relevant standards (e.g., OSHA, NFPA 70E).



o Introduce new protocols where needed, such as enhanced insulation requirements or stricter
control over access to high-voltage areas.

4. Enhanced Maintenance and Inspections:
o Strengthen regular inspection and maintenance schedules for all electrical systems and equipment.

o Implement predictive maintenance technologies or more frequent checks on critical electrical
components that are vulnerable to wear and tear (e.g., circuit breakers, transformers).

5. Incident Reporting and Tracking System:

o Create orimprove a centralized incident reporting system where all electrical safety incidents are
documented and tracked.

o Use data from pastincidents to proactively address recurring issues and track the effectiveness of
corrective and preventive measures.

3. Revision of Electrical Safety Protocols

Based on the findings of the hazard review, revise the electrical safety protocols to incorporate the following
updates:

1‘ Identifying potential electrical hazards
@ Damaged wiring and insulation
3 Lockout/tagout procedures
Personal protective equipment (PPE)
First aid and emergency response

Insulated tools and equipment

Surge protection devices

Ground fault circuit interrupters (GFCIs)

e Lockout/Tagout (LOTO) Procedures: Ensure clearer and more stringent LOTO procedures to prevent the
accidental energization of equipment.

e Personal Protective Equipment (PPE) Standards: Revise PPE standards to reflect industry best practices
and ensure all electrical workers are protected.

e Emergency Response Protocols: Revise emergency response plans to include up to date first-aid
procedures for electrical incidents, including the correct application of CPR and AED use.

e Training Programs: Update training modules to cover new safety protocols, including proper handling of
electrical equipment and emergency response drills.

e Preventive Maintenance Schedules: Introduce more rigorous preventive maintenance schedules for
critical electrical infrastructure and machinery.



Summary Table: CAPA Implementation and Protocol Revision

Action Description Details/Next Steps
1. Incident Collect data, witness statements, and Conduct a thorough analysis to identify immediate
Investigation review equipment and procedures. causes and root causes using tools like RCA.
2. Corrective Address the immediate hazards Repair/replace faulty equipment, improve LOTO
Actions causing the incident. practices, and provide first aid training.

Update risk assessments, enhance employee
training, and revise safety protocols based on
incident findings.

3. Preventive Implement long-term changes to
Actions prevent recurrence.

Update LOTO procedures, PPE standards,

4. Revised Safety  Revise safety protocols to align with .
emergency response protocols, and introduce

Protocols new findings and industry standards. . . .
stronger preventive maintenance practices.
5 Emblovee Conduct training and competency Implement refresher training courses, focusing on
.Traipniné assessments for all employees hazard identification, electrical safety, and
involved in electrical work. emergency response.
6. Maintenance Improve inspection and maintenance Introduce more frequent and detailed checks,
and Inspections routines for all electrical systems. especially for high-risk electrical components.

. Create or improve a centralized L
7. Incident P Ensure that all incidents are tracked, analysed, and

reporting system for electrical safety used to inform future safety protocols

Reporting System
porting Sy incidents.

Review & Summary Case Study

Case Study: Electrical Shock Incident in a Manufacturing Plant

A worker in a manufacturing plant was electrocuted while attempting to repair faulty machinery. The incident
occurred due to improper grounding, which caused an electrical fault. The area was not secured, and no
immediate action was taken to cut off the power supply.

Review:

e Fault Identification: The cause of the shock was identified as faulty grounding, which was overlooked
during routine maintenance checks.

e Area Security: The area was not properly secured, and the power was not turned off in time to prevent
further injury.

e Emergency Response: The victim was unconscious, but breathing. The response team failed to place
the worker in the recovery position immediately, delaying first aid.

e Corrective Action: Upon investigation, it was found that the maintenance schedule was inadequate. The
grounding system was repaired, and protocols for area security and emergency response were updated.

Outcome:

e CAPA: The company updated its electrical safety protocols, including more frequent inspections of
grounding systems, better area security measures, and improved training for staff on emergency
response procedures.

Model Questions

1. Aworker in your facility is electrocuted due to a faulty extension cord. How would you secure the
area to prevent further injury? Describe the steps to isolate the power source and protect others from
the risk.



2. Acolleague has been shocked by a high-voltage electrical system and is unconscious. What
immediate actions will you take to assess their condition and provide first aid?

3. You are tasked with reviewing an electrical safety incident. The incident report mentions a short
circuit caused by damaged wiring. What corrective and preventive actions will you recommend
avoiding future incidents?

4. Aworkerisinjuredin an electrical shock incident and is not breathing. How will you initiate CPR, and
what steps should be followed while waiting for emergency services to arrive?

5. Arecentelectrical shock incident revealed improper maintenance of electrical equipment. How

would you review the incident, identify contributing factors, and propose changes to improve the
safety protocols?

Conclusion

Electrical safety is a crucial component of workplace safety, requiring a thorough understanding of fault
identification, proper response actions during incidents, and preventive measures to avoid recurring
hazards. By implementing comprehensive hazard reviews, corrective actions, and updating safety protocols,
the risk of electrical shock can be minimized, ensuring a safer environment for workers.



Module 2: Electrical Systems and Workplace Safety

Processes

Introduction

Electrical systems in workplaces are fundamental to the safe and efficient operation of various equipment.
Understanding the components, functions, and safety protocols associated with electrical systems is crucial
to ensuring worker safety and system reliability. Module 2 focuses on the safe operation, maintenance, and
troubleshooting of electrical systems and switchgear, including how to manage electrical hazards and comply
with regulations. This module is designed for individuals working with electrical systems to equip them with
knowledge about electrical safety practices, key components, and appropriate protective measures.

Scope of the Module

This module covers the following key areas:

1.

2.

9.

Classification of Switchgear (LV, MV, HV)

Switching, Controlling, and Safeguarding Devices
Grounding Techniques and Protective Measures
Inspection and Maintenance of Switchgear Components
Emergency Measures and Fire Prevention

Codes, Regulations, and Standards

Safety Measures and Use of PPE

Working Principles of Circuit Protection Devices

Protection Mechanisms

Learning Outcomes

Upon completion of this module, learners will be able to:

1.

2.

Classify the different types of switchgear and understand their functions.

Identify the purpose and importance of switching, controlling, and safeguarding devices in electrical
systems.

Apply proper grounding techniques and protective measures in electrical systems.

Demonstrate basic inspection and maintenance procedures for switchgear components.

Apply emergency and fire prevention measures in the event of a failure of electrical controlling devices.
Adhere to relevant codes, regulations, and standards for electrical safety.

Implement appropriate safety measures in switchgear operation and use the correct PPE.

Identify the working principles of circuit breakers, relays, and fuses.

Utilize protection mechanisms against overloads, short circuits, and earth faults.



PC-2: Classify Different Types of Switchgear (LV, MV, HV) and Their Functions

Introduction to Switchgear

Switchgear refers to the combination of electrical disconnects, circuit breakers, fuses, and switches used to
control, protect, and isolate electrical equipment. It plays a crucial role in electrical power systems by
ensuring the safe operation of electrical circuits and protecting against faults. Switchgear can be classified
based on the voltage level at which they operate. These classifications are:
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1. Low Voltage (LV) Switchgear

2. Medium Voltage (MV) Switchgear

3. High Voltage (HV) Switchgear

SWITCHGEAR LV- MV- HV

Switchgear (MDB, DB, SDB, PFI)

DB (LP 55 & 65 ).

Each type of switchgear has specific characteristics, applications, and functions based on the voltage
levels they handle and the nature of the electrical system they serve.

1. Low Voltage (LV) Switchgear

Voltage Range: Typically, LV switchgear operates at a voltage level of up to 1,000V AC (alternating current)
or 1,500V DC (direct current).

Functions:



Control: LV switchgear is used to control the flow of electrical power within residential, commercial,
and industrial facilities.

Protection: Protects low voltage circuits from faults such as overloads, short circuits, and earth faults.

Isolation: Provides the ability to safely disconnect electrical equipment for maintenance or in case of
faults.

Distribution: Distributes electrical power to different parts of a facility or system, ensuring safe power
distribution to various loads.

Common Components:

Circuit Breakers: Protect against short circuits and overloads by interrupting the circuit when excessive
current is detected.

Fuses: Provide protection by breaking the circuit when the current exceeds a safe level.

Disconnect Switches: Used to manually disconnect power to circuits or equipment during
maintenance.

Busbars: Conductors used to distribute electrical power within switchboards.

Applications:

Residential buildings
Commercial buildings (e.g., offices, retail outlets)
Small industrial facilities

Distribution panels for low-voltage electrical systems

2. Medium Voltage (MV) Switchgear

Voltage Range: MV switchgear operates within the range of 1,000V AC to 36kV AC (alternating current).

Functions:

Control and Protection: MV switchgear is used for controlling and protecting electrical power systems
operating at medium voltage. This includes protection against overloads, short circuits, and ground
faults.

Switching: It is used to switch power on or off in the system and isolate faulty sections for maintenance
or fault rectification.

Distribution: MV switchgear distributes electrical power from substations to smaller transformers or
directly to high-demand systems in industrial or commercial settings.

Monitoring: It often includes features for monitoring system parameters like current, voltage, and
temperature to ensure optimal performance and early detection of faults.

Common Components:

Vacuum Circuit Breakers (VCBs): Used to interrupt electrical circuits in medium-voltage systems.
Load Break Switches (LBS): Allow for the safe disconnection of loads in medium-voltage systems.
Current Transformers (CTs): Used for measuring current in medium-voltage circuits.

Relays: Used for fault detection and protection by triggering circuit breakers or alarms.

Applications:

Industrial plants (e.g., factories, manufacturing facilities)
Commercial buildings (e.g., shopping malls, large office complexes)

Utility companies (e.g., electrical distribution networks)



e Substations that step down electrical power from high voltage to medium voltage
3. High Voltage (HV) Switchgear

Voltage Range: HV switchgear operates in systems with voltages greater than 36kV and can extend up to
hundreds of kilovolts (kV) in electrical power transmission networks.

Functions:

e Protection: Protects high-voltage electrical systems from faults such as short circuits, overloads, and
ground faults.
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e Switching: Allows for the safe switching of high-voltage circuits to isolate faulty sections or de-energize
parts of the system for maintenance.

e Control: Used in substations and power plants to control the flow of electricity over long distances.

e Safety: Provides mechanisms for the safe operation and isolation of high-voltage circuits, minimizing
the risk of electrical hazards to personnel.

Common Components:
e Air Circuit Breakers (ACBs): Used to interrupt high-voltage circuits and prevent damage from faults.

e SF6 Circuit Breakers: Uses sulphur hexafluoride gas as an insulating medium to quench arcs when the
circuitis opened. Common in HV switchgear due to their high efficiency.
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e Disconnector Switches: Isolates high-voltage equipment for maintenance.



e Current and Voltage Transformers (CTs & VTs): For measurement, monitoring, and protection of high-

voltage systems.

e Instrument Transformers: Used to measure high-voltage parameters such as current, voltage, and

power.

Applications:

e Power generation stations (e.g., power plants, hydropower stations)

e Electrical transmission lines (e.g., high-voltage transmission towers)

e Substations stepping down voltage from transmission to distribution levels

e lLarge industrial applications (e.g., mining operations, heavy industries)

Comparison of LV, MV, and HV Switchgear

Feature

LV Switchgear

Up to 1kV AC, 1.5kV
DC

Control, protection,
and isolation of low-
voltage systems

Circuit breakers, fuses,
disconnect switches,
busbars

Residential,
commercial, and small
industrial facilities

Basic electrical
protection and
isolation

MV Switchgear

TkV to 36kV AC

Control, protection, and
switching of medium-
voltage systems

Vacuum circuit
breakers, load break
switches, CTs, VTs

Industrial plants, utility
distribution networks

Advanced protection,
including relays and
fault detection

HV Switchgear

Above 36kV AC

Control, protection, and
switching of high-voltage
systems

SF6 circuit breakers, air
circuit breakers, disconnect
switches

Power plants, transmission
networks, large industrial
plants

High-level protection,
advanced safety measures
for personnel and
equipment



PC-3: Identify the Purpose and Importance of Various Switching, Controlling,
and Safeguarding Devices in Electrical Systems

Introduction to Switching, Controlling, and Safeguarding Devices

In electrical systems, switching, controlling, and safeguarding devices play a crucial role in ensuring safe and
efficient operation. These devices help manage the flow of electricity, protect electrical components, prevent
faults, and ensure that systems operate within safe parameters. These devices are found in every electrical
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installation, from residential homes to large industrial power systems.

Switching Devices: Used to open or close an electrical circuit to either supply or disconnect power.

Controlling Devices: Regulate the flow of electricity to ensure that equipment operates under safe and

Control
Buttons

optimal conditions.

Safeguarding Devices: Protect the electrical components and personnel from damage caused by faults,
overloads, short circuits, and other electrical hazards.

This section will explore the purpose and importance of each category of devices used in electrical
systems.

1. Switching Devices

Purpose: Switching devices are designed to control the connection and disconnection of electrical circuits.
They allow for the interruption of power flow to specific parts of the system when required, whether for
routine maintenance, system reconfiguration, or fault isolation.

Common Switching Devices

Switches: Manual or automatic devices used to open or close an electrical circuit.

o Example: Light switches, circuit disconnect switches.

Circuit Breakers: Used to automatically interrupt the circuit in case of an overload or short circuit.
o Example: MCB (Miniature Circuit Breaker), MCCB (Melded Case Circuit Breaker).

Load Break Switches (LBS): Designed to disconnect loads from the system safely without causing an
electrical arc.



o Example: Used in medium-voltage distribution systems.

e Fusible Switches: Combine the functionality of a switch and fuse, designed to provide protection and
disconnection in a single unit.

o Example: Common in residential systems.
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Importance:

e Safety: Switching devices help isolate electrical circuits during faults or for maintenance, ensuring that
no current flows through the system while work is being carried out.

e System Control: Allows operators to control which sections of the system are energized, enabling better
management of electrical loads.

e Fault Isolation: In the event of a fault, switching devices isolate the faulted section of the circuit to
prevent the spread of damage to other parts of the system.

2. Controlling Devices

Purpose: Controlling devices are used to regulate the electrical flow to equipment, ensuring that power is
delivered as needed. These devices help optimize the system's performance, regulate voltage or current, and
control the start, stop, or speed of electrical equipment.

Common Controlling Devices:

o Relays: Electrical devices that open or close circuits based on input signals. Relays are used for
protection, automation, and control in electrical systems.

- Over Voltage Relay
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o Example: Overcurrent relay, voltage relay.



e Thermostats: Used to control heating or cooling devices by switching them on or off based on
temperature.

Thermostat types

o Example: HVAC systems.

e Dimmer Switches: Regulate the brightness of lights by adjusting the electrical current supplied to the
bulb.
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o Example: Used in homes, thea‘tres, or offices for liéht control.
e Speed Controllers: Devices used to control the speed of motors.
o Example: Variable frequency drives (VFDs), which adjust the motor speed based on load conditions.

e Solid State Relays (SSRs): Used for controlling large loads with a low voltage signal and with no moving

parts.
RSC solid state relay . - s clear and long-lasting
lasermarking
SNCO5-P1
PCB socket
MFRS series relay module
Importance:

e Efficiency: Controlling devices help optimize the operation of electrical equipment, preventing energy
waste and ensuring that electrical loads are properly managed.

e Automation: They enable automation of processes and equipment, reducing the need for manual
intervention.

e System Stability: By maintaining optimal operating conditions for electrical equipment, controlling
devices help prevent overloading and minimize the risk of electrical failures.



3. Safeguarding Devices

Purpose: Safeguarding devices are designed to protect electrical circuits, components, and people from
electrical hazards such as overcurrent, short circuits, electrical shocks, or fire. These devices automatically
disconnect the electrical supply when abnormal conditions are detected.

Common Safeguarding Devices:

e Circuit Breakers: Protect circuits by automatically opening when there is a fault condition (e.g., overload

or short circuit).
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or residential systems, MCCB for industrial systems.
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o Example: MCB (Miniature Circuit Breaker)

Fuses: Provide overcurrent protection by physically melting and breaking the circuit when excessive
current flows.

o Example: Cartridge fuses, plug fuses.

Ground Fault Circuit Interrupters (GFCIs): Detect ground faults and interrupt the circuit to prevent
electric shock hazards, especially in wet or damp environments.
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Ground Fault Circuit Interrupter
o Example: Common in bathrooms and kitchens.

e Residual Current Circuit Breakers (RCCBs): Protect against electric shock and fire hazards by

detecting leakage currents and disconnecting the supply.

RCCB (Residual Current Circuit Breaker)
& ELCB (Earth Leakage Circuit Breaker)
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o Example: Used in industrial and residential systems.

e Surge Protection Devices (SPDs): Protect equipment from voltage spikes caused by lightning or
switching transients.

Incoming
circuit-breaker

o Example: Installed in electrical panels to protect sensitive electronics.

e Overload Relays: Prevent electrical equipment from drawing excessive current, which could lead to
overheating and damage.

Thermal Overload
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o Example: Protect motors from overload conditions.
Importance:

e Protection of Equipment: Safeguarding devices help protect electrical circuits, machinery, and
components from damage caused by overloads, short circuits, or faults.

o Personnel Safety: They protect people from the dangers of electric shock, fire, and other electrical
hazards.

e Preventing Fire: By disconnecting power in case of excessive current flow or fault, safeguarding devices
help prevent electrical fires and minimize damage to electrical infrastructure.

e Legal Compliance: Many electrical safety codes and regulations require the use of specific safeguarding
devices to meet national or international safety standards.



Summary Table: Switching, Controlling, and Safeguarding Devices

Control connection and Switches, Circuit Breakers,

Device Type Purpose
Switchin
. g disconnection of
Devices

circuits

. Regulate electrical flow
Controlling and manage equipment
Devices ge equip

operation

Protect equipment and
personnel from
electrical hazards

Safeguarding
Devices

Common Devices

Load Break Switches,
Fusible Switches

Relays, Thermostats,
Dimmer Switches, Speed
Controllers, Solid State
Relays

Circuit Breakers, Fuses,
GFCls, RCCBs, Surge
Protection Devices,
Overload Relays

Importance

Provide safety, control, and fault
isolation. Enable efficient system
management and prevent damage

during maintenance or faults.

Optimize system efficiency, automate
processes, and stabilize the system.
Prevent overloading and improve system
performance.

Protect electrical systems and
personnel from overcurrent, electric
shock, fire hazards, and ensure
compliance with safety regulations.

PC-4: Apply Proper Grounding Techniques and Protective Measures Effectively
When Dealing with Electrical Systems

1. Importance of Grounding in Electrical Systems

Grounding serves as a protective mechanism for electrical systems by providing a safe route for fault currents
to flow to the ground, preventing hazardous situations. Without proper grounding, electrical faults, such as
short circuits or lightning strikes, can lead to significant damage to equipment and severe risks to human
health, including electrocution.
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Benefits of Proper Grounding:

e Protection Against Electrical Shock: Grounding provides a safe path for electric current to flow in case of
faults, preventing harmful shocks to personnel.

e Prevention of Fire Hazards: Proper grounding helps avoid overheating of electrical systems and
equipment, reducing the likelihood of fire.

e Stabilizes Voltage Levels: Grounding helps stabilize the voltage levels in electrical systems, protecting
sensitive equipment from damage due to voltage fluctuations.

e System Fault Isolation: Grounding helps isolate faults within the system, preventing faults from
spreading throughout the electrical system and causing widespread damage.

e Compliance with Regulations: Grounding is essential to meet safety codes and standards, such as the
National Electrical Code (NEC) and International Electrotechnical Commission (IEC).



2. Grounding Techniques

Effective grounding requires the application of several grounding techniques, including grounding of electrical
systems, equipment, and neutral conductors. Proper selection of grounding methods depends on the type of
electrical system, environmental conditions, and safety requirements.
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Grounding of Electrical Systems

Electrical systems are grounded to ensure that in the event of a fault, the fault current has a low-resistance
path to the Earth. Various grounding techniques include:

Direct Grounding: This method involves directly connecting the electrical system's neutral or ground
conductor to the Earth through a ground rod or metal plate.

Grounding Electrode System: This system typically includes ground rods, ground plates, or grounding
grids, which provide a low-resistance path to Earth for fault currents.

Common Grounding Electrodes: Copper ground rods, galvanized steel rods, concrete-encased
electrodes, and ground rings.

Solid Grounding: A method where the neutral point of a transformer or generator is directly connected to
the ground. This is commonly used in industrial and utility systems.

Resistance Grounding: In systems where safety is a concern, such as in sensitive installations, a
resistor is placed between the neutral and ground to limit the fault current.

Used in: Electrical systems with a need for high continuity and to limit fault current.

Grounding of Equipment

Grounding electrical equipment is essential for the protection of personnel and devices. All metal parts of
electrical equipment that are not intended to carry current should be grounded.

Equipment Grounding: This involves connecting non-current-carrying metal parts of electrical equipment
(e.g., the metal casing of an electrical device) to the ground. This ensures that if the internal wiring
becomes faulty, the metal casing does not become energized.

o Grounding Conductors: Copper or aluminium wires are typically used for grounding.
o Grounding Connectors: Grounding lugs, clamps, or connectors are used to establish the connection
between the equipment and the ground.

Grounding of Neutral Conductors



The neutral conductor should be grounded at the source (e.g., the electrical panel, distribution board, or
transformer). Proper neutral grounding prevents voltage differences between the neutral and ground,
ensuring that electrical systems remain balanced and safe.

e Separate Grounding of Neutral: In systems like split-phase or three-phase systems, the neutral is
grounded to prevent the build-up of stray voltages that could cause shocks or equipment malfunctions.

3. Protective Measures for Electrical Systems

Protective measures are safety protocols and devices that work in conjunction with grounding to ensure the
electrical system remains safe under normal and fault conditions. These devices are crucial in preventing
electrocution, fires, and equipment damage.

Overcurrent Protection Devices

Overcurrent protection devices (OCPDs) are designed to interrupt the flow of current when it exceeds safe
levels. These include:

e Circuit Breakers: Automatically disconnect the circuit when an overload or short circuit is detected.

e Fuses: Provide protection by physically breaking the circuit when excessive current flows through it.
Residual Current Devices (RCDs)

RCDs (also known as Ground Fault Circuit Interrupters or GFCIs) are designed
to disconnect the electrical circuit if there is a leakage current (ground fault),
which may indicate that electricity is flowing through an unintended path, such

as through a human body. %
e GFClIs in Wet Locations: Particularly useful in bathrooms, kitchens, or
other damp environments to reduce the risk of electric shock. B80A 30MA
WRGDDFZ

Surge Protection Devices (SPDs)
Surge protection devices help prevent equipment damage due to transient 3
voltages caused by lightning strikes, switching actions, or other disturbances

in the electrical network.
e Types of SPDs:
o Surge Arresters: Used to protect equipment from high-voltage spikes.
o Surge Suppressors: Often found in electrical panels to protect sensitive devices.
Bonding

Bonding is the process of connecting various metal parts of the electrical system to ensure they are at the
same potential. This eliminates the risk of potential differences between metallic parts of the system and
reduces the possibility of electric shock.

e Equipotential Bonding: Ensures all metal parts within a system, such as pipes, conduit, and enclosures,
are bonded to the ground to maintain electrical continuity and safety.

Lightning Protection Systems

Lightning protection is a form of grounding where systems are installed to protect buildings and equipment
from lightning strikes. It involves a network of conductors that channel the lightning current safely to the
ground.

e Lightning Rods and Grounding Systems: Used to direct lightning strikes safely into the Earth, preventing
damage to electrical systems and structures.

4. Common Grounding and Protective Measures in Different Environments

The methods and devices used for grounding and protection may vary based on the specific requirements of
an electrical installation, the type of equipment, and the environment where it is installed. Below are common
settings and their specific grounding needs:

e Residential Electrical Systems:



o Grounding of the service panel, outlets, and appliances.

o Use of GFClsin wet areas (e.g., kitchens, bathrooms).

o Proper bonding of plumbing systems and metal structures.

e |ndustrialand Commercial Systems:

o Grounding of large machinery and equipment.

o Use of grounding electrodes, grounding conductors, and surge protection.

o Installation of overcurrent protection devices and RCDs to prevent electrical hazards.

e Utility Power Systems:

o High-resistance grounding for power distribution transformers.

o Grounding of transmission lines, substations, and transformers using ground rods, grids, or plates.

o Strictadherence to regulatory standards to ensure safety and reliability.

Summary Table: Grounding and Protective Measures

Technique/Device

Purpose

fault current to Earth

Prevents hazardous
shock from metal parts
of equipment

Prevents excessive
current flow from
damaging equipment

Detects leakage
current to prevent
electric shock

Protects equipment
from voltage spikes

Ensures all metal parts
are at the same
potential

Directs lightning strikes
safely to the ground

Common Use

and grids

Copper or
aluminium
grounding
conductors

Circuit breakers,
fuses

GFCls, RCDs

Surge arresters,

suppressors

Bonding of

equipment, pipes,

and conduit

Lightning rods,

grounding systems

Importance

Provides a safe path for Ground rods, plates, Reduces electric shockrisk, prevents fires,

and stabilizes voltage levels in the system.

Protects personnel from electric shockin
case of internal faults, ensures system
integrity.

Limits damage to electrical components,
prevents fires, and ensures system
operation within safe current levels.

Protects personnel by interrupting the
circuit when leakage current is detected.

Prevents damage to electrical equipment
from transient voltages like lightning or
switching surges.

Prevents the build-up of dangerous voltage
differences between metallic parts,
reducing the risk of electric shock.

Protects buildings and systems from
lightning-induced damage by providing a
safe path for the lightning strike to the
ground.



PC-5: Demonstrate Basic Inspection and Maintenance Procedures for
Switchgear Components

1. Importance of Regular Inspection and Maintenance

Switchgear components are designed to handle electrical faults, provide protection, and control electrical
power flow. However, over time, these components may experience wear and tear due to electrical load,
environmental conditions, and operational stresses. Regular inspection and maintenance ensure:

e Operational Reliability: Prevent unexpected breakdowns and ensure that switchgear operates smoothly
when required.

e Safety Compliance: Meet regulatory requirements for equipment inspection and safety standards.
e Cost Efficiency: Early detection of faults prevents costly repairs and replacements.

e Equipment Longevity: Proper maintenance extends the lifespan of switchgear components, delaying the
need for expensive replacements.

2. Key Switchgear Components to Inspect and Maintain

Switchgear systems consist of several components that require attention during inspections and
maintenance activities. The following are the primary components that should be regularly checked:

e Circuit Breakers: Protect the system from overcurrent conditions.
e |solators: Provide physical separation for maintenance and isolate circuits for safety.
e Fuses: Protect the system by breaking the circuit when excessive current flows.
e Busbars: Conduct electrical current between the different components of the switchgear.
e Control Panels: Include the various switches, relays, and instruments used to control the switchgear.
e Earth Leakage Relays (ELR): Detect and protect against earth faults.
Each of these components should be inspected for functionality, cleanliness, wear, and signs of damage

or corrosion.
3. Inspection and Maintenance Procedures

Step 1: Power Down and Lockout-Tagout (LOTO)

Before performing any inspection or maintenance on switchgear components, ensure that power is
completely turned off and the system is properly isolated from the power supply. Follow the Lockout-
Tagout (LOTO) procedure to prevent accidental energization.

e Verify Isolation: Confirm that the system is de-energized using a voltage tester.

e Place Warning Signs: Ensure that appropriate warning labels are visible, indicating the system is under
maintenance.

e Use Lockout Devices: Lock out all switches and control mechanisms to prevent accidental operation.
Step 2: Visual Inspection

Perform a thorough visual inspection to check for the following:

e Signs of Overheating: Look for discoloration, burnt marks, or melted insulation.

e Loose Connections: Tighten any loose bolts or connectors to prevent overheating or sparking.
e Corrosion and Rust: Check for corrosion on metallic parts, particularly on terminals, busbars, and
grounding points. Clean and replace corroded components.

e Dirt and Dust: Dust and dirt accumulation can cause overheating. Clean the components with
compressed air or a soft brush.



e Condition of Insulation: Examine the insulation on cables and busbars for cracks, degradation, or
damage. Replace any damaged insulation immediately.

e |ndications of Arcing: Inspect for scorch marks or burn marks around contacts and terminals, which
could indicate faulty operation or arcing.

Step 3: Mechanical Operation Check

Ensure that all mechanical parts of the switchgear, including circuit breakers, isolators, and contactors,
operate smoothly:

e Operation of Circuit Breakers: Manually operate the circuit breaker to ensure it opens and closes
properly. Check for ease of movement and lubricate moving parts if necessary.

e |solator Handling: Ensure isolators can be operated smoothly, both manually and remotely. Inspect
their contacts for wear.

e Spring Mechanism: For spring-operated circuit breakers, inspect the spring mechanism for wear or
damage, ensuringitis fully charged and functional.

Step 4: Electrical Function Testing
Test the electrical components for proper functionality:

e Circuit Breaker Testing: Using a test kit, check the operation of circuit breakers. Ensure they trip under
fault conditions (overcurrent or short circuit) as designed.

o Testthe trip curve: Use a protection relay test kit to verify that the circuit breaker trips within the
specified time when subjected to overcurrent conditions.

e Earth Leakage Protection: Test the operation of Earth Leakage Relays (ELRs) or Ground Fault Circuit
Interrupters (GFCls). Simulate fault conditions to confirm the relay trips the system.

e Overcurrent Protection: Use a test device to verify the proper operation of overcurrent protective
devices (fuses, circuit breakers).

Step 5: Clean and Lubricate

e Clean Components: Dust and debris can impair the functionality of switchgear. Use compressed air,
soft brushes, and appropriate cleaning solutions to remove dirt, dust, and grime from all components,
including contacts, terminals, and panels.

e |Lubricate Moving Parts: Apply appropriate lubricants to moving components like the switch
mechanisms, hinges, and springs to ensure smooth operation. Avoid over-lubricating, which can attract
dust and dirt.

Step 6: Check and Test Control Systems

e Control PanelInspection: Inspect the control panel, including the relays, switches, and indicators.
Ensure that all displays are functional and that relays are set to the correct parameters.

e TestIndicators: Verify the functionality of indicator lights, alarm systems, and digital displays that show
the status of the switchgear.

e Test Remote Control Functionality: If the switchgear is equipped with remote control, test this feature to
ensure remote switching and control systems are working as intended.

Step 7: Review Protection Settings

e Protection Settings: Review and verify the protection settings for devices such as circuit breakers and
relays. Ensure that they are calibrated according to the system's protection scheme and operational
requirements.

Step 8: Documentation and Reporting



Inspection Log: Keep an accurate record of all inspections, maintenance performed, components
checked, and any defects or issues found. This log will serve as a valuable reference for future
inspections and troubleshooting.

Report Findings: If any major issues are detected during the inspection, immediately notify the
appropriate personnel and make recommendations for corrective actions, including component
replacement or repair.

4. Common Tools for Inspection and Maintenance

The following tools are commonly used during switchgear inspections and maintenance:

Voltage Tester: For verifying that the system is de-energized before inspection.

Multimeter: For testing electrical continuity, resistance, and voltage.

Torque Wrench: For tightening bolts and connections to the manufacturer's specified torque.
Insulation Resistance Tester: To measure the insulation resistance of cables and busbars.
Compression Testers: For testing the condition of contacts in circuit breakers and relays.
Brushes and Compressed Air: For cleaning components.

Lubricant: For lubricating moving parts.

Test Equipment: For testing the performance of protective devices such as circuit breakers and relays.

5. Frequency of Inspection and Maintenance

The frequency of switchgear inspections and maintenance depends on the type of equipment, the
operational environment, and the manufacturer’s recommendations. In general:

Routine Inspections: Should be conducted at regular intervals, typically every 6 months to 1 year.

Detailed Maintenance: Should be performed at longer intervals, such as every 3 to 5 years, depending
on equipment usage.

Post-Incident Inspections: Should be conducted after any fault, electrical incident, or significant system
operation event (e.g., lightning strike or short circuit).



Summary Table: Key Switchgear Inspection and Maintenance Activities
Component Inspection Task Maintenance Task Frequency

Visual check for overheating,

Test tripping functionality. Every 6 months
Circuit Breakers corrosion, and arcing. Mechanical pping y 4

Lubricate moving parts. to 1year
operation check. gp Y

Isolators Inspect contacts for wear. Check for Lubricate and clean Every 6 months

smooth operation. contacts. to 1year

Inspect for physical damage or signs .
Fuses Replace blown fuses. As required
of wear.

Busbars Check for signs of overheating, Clean and tighten Every 6 months

corrosion, or damage. connections. to 1 year

Test remote operation.
Replace faulty Every 1 year
components.

Inspect relays, switches, and

Control Panels
indicators. Check for correct settings.

Test for functionality under fault Adjust sensitivity settings if

Earth Leakage Relays (ELR) Every 1 year

conditions. required.
General Components . . .
. P Check for loose connections, Tighten connections,
(Terminals, Connectors, . Every 6 months
corrosion, or wear. replace corroded parts.

etc.)

PC-6: Apply Emergency Measures & Procedures and Fire Prevention Measures
on Failure of Electrical Controlling Devices

1. Understanding Electrical Controlling Devices Failure

Electrical controlling devices are designed to regulate and protect electrical circuits, but they are susceptible
to failure due to various factors:

e Electrical Faults: Overload, short circuits, or earth faults can cause a failure in controlling devices.
e Mechanical Failure: Components in circuit breakers, switches, and relays may wear out over time.

e Environmental Factors: Exposure to extreme heat, humidity, dust, or corrosive substances can lead to
malfunction.

e Improper Maintenance: Lack of regular inspections and maintenance can lead to undetected faults or
degraded performance.

2. Recognizing the Importance of Emergency Measures

When electrical controlling devices fail, immediate action is required to prevent further damage or safety
hazards. The purpose of emergency measures is to:

e Minimize damage: Protect equipment from further deterioration.
e Protect personnel: Ensure the safety of workers by preventing electrical shocks, fires, or explosions.
e Prevent system downtime: Restore normal operations quickly and efficiently.

e Comply with safety regulations: Meet legal and regulatory requirements to ensure a safe working
environment.

3. Emergency Measures and Procedures



Immediate Actions Upon Device Failure
When an electrical controlling device fails, follow the steps below:

1. Isolate the Power Supply:

o Immediately disconnect the power supply to the affected circuit or device. If the fault involves a
circuit breaker, attempt to manually trip the breaker. If a manual trip is not possible, use the main
disconnect switch to isolate power.

2. Activate Emergency Shutdown Systems:

o If available, activate emergency shutdown systems that may be in place for high-risk equipment or
areas. These systems can help contain the situation and prevent further escalation.

3. Evacuate Personnel:

o Ensure that all personnel are safely evacuated from the immediate area of the fault. Establish a safe
perimeter to prevent exposure to hazards, particularly if there is a risk of fire, explosion, or electric
shock.

4. Assess the Situation:

o Quickly assess the failure and determine the extent of the damage. Identify any immediate dangers
such as electrical fires, smoke, or exposed wires.

5. Alert Emergency Services:

o Ifthe situation is beyond the capacity of in-house personnel to manage, contact emergency services
(fire department, medical, etc.) without delay. Provide clear information about the nature of the fault
and any potential hazards.

Implement Fire Prevention Measures

Electrical fires can occur due to overheating or sparks from faulty electrical components. Taking proper fire
prevention measures is crucial in these situations:

1. Use Fire Extinguishers:

o Ensure that the appropriate type of fire extinguisher (Class C for electrical fires) is available and that
trained personnel know how to use it. Only use a fire extinguisher if it is safe to do so and if the fire is
still small and manageable.

2. Disconnect Power Immediately:

o Disconnecting power is one of the most effective ways to stop an electrical fire from spreading. By
cutting off the power, the source of the electrical heat or arc can be eliminated.

3. Implement Fire Detection Systems:

o Ensure that fire detection systems, such as smoke detectors and heat sensors, are operational.
These systems can provide early warning in case of a fire, allowing for prompt action.

4. Fire Suppression Systems:

o Incritical areas, install automatic fire suppression systems like sprinklers or CO2 systems that can
suppress electrical fires without damaging equipment.

5. Preventive Maintenance:

o Regularly inspect and maintain electrical equipment to ensure there are no risks of overheating,
corrosion, or other conditions that could lead to a fire. This includes cleaning dust or debris from
electrical panels and ensuring that connections are secure.

4. Investigate the Failure and Implement Corrective Actions
Root Cause Analysis (RCA)
Once the immediate hazards are controlled, it is important to investigate the cause of the failure. A thorough

Root Cause Analysis (RCA) should be conducted to determine the underlying cause of the electrical
controlling device failure. Some steps involved in the RCA process include:



1. Gather Information:

o Collect data such as system logs, temperature readings, electrical measurements, and maintenance
records. This will help in identifying trends or patterns leading to the failure.

2. Identify the Failure Mode:

o Determine whether the failure was caused by a specific fault, environmental factor, or a systemic
issue like improper installation or design flaws.

3. Determine Corrective Actions:

o Based onthe findings, develop corrective actions to prevent the same failure from occurring in the
future. This may involve replacing faulty devices, upgrading outdated equipment, or revising
maintenance schedules.

4. Implement Preventive Measures:

o In addition to corrective actions, establish preventive measures to avoid similar issues. This might
include additional training for personnel, better monitoring, or installing backup systems for critical
devices.

5. Fire Prevention Procedures

Electrical equipment, especially in large industrial or commercial settings, can pose a significant fire risk if
not properly maintained or if faults occur. In case of failure of electrical controlling devices, implementing
fire prevention procedures is essential. Here are the key procedures:
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e Regular Inspections and Maintenance: Regularly inspect electrical systems for signs of wear and tear,
overheating, or damage. Ensure that circuit breakers, relays, fuses, and other controlling devices are
functioning properly.

e Correct Load Management: Avoid overloading circuits, as excessive current can lead to overheating and
cause fires. Ensure that all devices are appropriately rated for the load they are designed to handle.

e Proper Cable Insulation: Use properly insulated and protected wiring and cables. Frayed or damaged
cables are a common cause of electrical fires.

e Use of Arc Fault Circuit Interrupters (AFCIs): AFCls detect dangerous arcs in electrical wiring and
disconnect the power to prevent potential fires. These should be used in areas where electrical fires are
a higher risk.

e Heat Management: Ensure that electrical equipment is placed in areas where heat buildup is minimized.
Proper ventilation and cooling systems can help prevent overheating of electrical components.



e FEducation and Training: Train all personnelin fire safety measures, including how to operate fire
extinguishers, perform emergency shutdowns, and evacuate safely. Conduct fire drills to prepare
workers for emergency situations.

Summary Table

Action Details Devices Involved
Immediate Power Disconnect power from affected systems immediately to Circuit Breakers, Disconnect
Isolation prevent further damage or fire hazards. Switches
Emergency Stop Buttons,

Emergency Shutdown
Systems

Activate Emergency Use automated shutdown systems or manual emergency
Shutdown stops to isolate equipment safely.

Ensure all personnel are safely evacuated from the
Evacuate Personnel affected area. Establish a safe perimeter around the -
fault.

Use fire extinguishers (Class C) and activate fire . . . .
Fire Extinguishers, CO2 Fire

Fire Prevention detection and suppression systems. Ensure the area is .
Suppression Systems

safe from electrical fires.

. Contact fire services or medical personnel if necessary,
Notify Emergency L . . .
. providing full details of the electrical fault and potential -
Services sk

risks.

Investigate the cause of the failure and identify the
Conduct Root Cause

Analysi corrective and preventive actions to avoid future Root Cause Analysis Tools
nalysis
v incidents.
Implement . . .
. Regular inspections, testing, and upgrades to prevent
Preventive

. failures of electrical controlling devices.
Maintenance

PC-7: Adhere to Relevant Codes, Regulations, and Standards for Electrical
Safety

1. Understanding Electrical Safety Codes and Standards

Electrical safety codes and standards are developed by authoritative organizations to ensure the safe use of
electrical systems. These standards cover aspects like system design, maintenance, and operation, and they
are designed to minimize electrical hazards, including electric shock, fires, and equipment failures.

Key electrical safety codes and standards include:

e National Electrical Code (NEC): The NEC (also known as NFPA 70) is the standard for electrical wiring and
installation in the United States. It provides guidelines on safe electrical installations, including circuit
protection, grounding, and wiring practices.

e International Electrotechnical Commission (IEC) Standards: IEC standards are widely recognized
worldwide, providing technical standards for electrical equipment and systems. For instance, IEC 60364
provides general rules for electrical installations.

e Occupational Safety and Health Administration (OSHA) Regulations: OSHA provides regulations for
electrical safety in the workplace, including safe work practices for employees who are exposed to
electrical hazards.

e National Fire Protection Association (NFPA) Standards: The NFPA develops standards for fire prevention,
including NFPA 70E, which covers electrical safety in the workplace.

e European Standards (EN): European Union regulations and standards for electrical safety, such as EN
50110, provide safety guidelines for electrical installations and maintenance practices.



2. Regulations for Electrical Safety Key

Adhering to the relevant safety codes and regulations is essential for ensuring safe work practices and avoiding
accidents. Key regulations include:

General Electrical Safety (OSHA Standards)

OSHA 1910 Subpart S: OSHA provides specific safety standards for electrical systems. It includes
provisions for electrical installations, circuits, and protection. Key requirements are:

@)

@)

@)

)

Electrical installations must be maintained to ensure a safe condition.
Equipment must be installed to prevent electrical shock or arc flash incidents.
Workers must be trained on proper electrical safety practices.

Lockout/tagout (LOTO) procedures must be followed during maintenance or repair work.

The National Electrical Code (NEC)

The NEC governs the design, installation, and inspection of electrical systems. Some of the critical
aspects covered are:

)

Circuit Protection: The NEC requires that circuits are designed with appropriate protection devices
such as circuit breakers and fuses to prevent overloads and short circuits.

Grounding and Bonding: Systems must be properly grounded to prevent electric shock hazards.

Conduit and Cable Installation: Cables and wiring must be installed in accordance with guidelines
for environmental and mechanical protection.

Arc Fault Protection: The NEC requires the installation of arc fault circuit interrupters (AFCIs) in
certain areas to prevent electrical fires caused by arcing.

International Electrotechnical Commission (IEC)

IEC standards, such as IEC 60364, provide detailed guidance on electrical installations:

O

Design and installation: Ensures safe design practices for electrical systems, including grounding
and circuit protection.

Inspection and maintenance: Specifies procedures for regular inspections and maintenance of
electrical systems.

Safety distances: Defines the safe distance for electrical equipment installation to avoid exposure to
electrical hazards.

NFPA 70E - Electrical Safety in the Workplace

NFPA 70E provides guidelines specifically for electrical safety in the workplace, focusing on:

Hazard Identification: Identifying and assessing electrical hazards such as arc flash, electric shock,
and electrocution.

Personal Protective Equipment (PPE): Recommending the use of PPE, such as insulated gloves, face
shields, and arc-rated clothing, to protect workers from electrical hazards.

Lockout/Tagout (LOTO): The standard mandates procedures for the safe shutdown of electrical
systems during maintenance.

Arc Flash Safety: Specific requirements for working on or near energized electrical systems, including
the use of arc flash protection.

European and International Standards

EN 50110 (Europe): These standards cover the operation of electrical systems in Europe and focus on
safety measures for maintenance and operation of electrical systems.

IEC 61508: This international standard focuses on functional safety in electrical and electronic systems,

ensuring that systems meet minimum safety integrity levels.



3. Importance of Adhering to Electrical Safety Regulations
Prevention of Hazards

e Adherence to electrical safety codes prevents electrical accidents, such as shock, fire, arc flash, and
electrocution. By following established guidelines, the likelihood of hazardous conditions can be
minimized, creating a safer working environment.

Legal and Regulatory Compliance

e Compliance with safety standards is often a legal requirement. Not following electrical safety regulations
can lead to fines, legal penalties, or even closure of operations. Additionally, it may result in lawsuits if
accidents occur.

Minimizing Downtime and Damage

e Properly maintained electrical systems, designed according to safety standards, minimize the risk of
unplanned downtime, system failures, and costly equipment damage. Adhering to safety codes helps
ensure smooth operations and reduces the need for costly repairs or replacements.

Enhancing Worker Safety

e Electrical hazards are one of the leading causes of workplace injuries. Adherence to electrical safety
regulations ensures that workers are properly trained and protected from electrical risks. This enhances
worker safety, reduces injury rates, and promotes a culture of safety within the organization.

Improving Efficiency

e Safe and properly maintained electrical systems operate more efficiently, reducing energy consumption
and operational costs. By following regulatory guidelines, organizations can optimize their electrical
systems, improve their sustainability, and reduce waste.

4. Key Compliance Steps for Electrical Safety

Regular Inspections and Testing

e Conductregularinspections and testing of electrical systems to ensure compliance with relevant codes
and regulations. This includes checking grounding systems, protection devices, and equipment for wear
and tear.

e Perform regular maintenance on electrical devices such as circuit breakers, switches, and relays to
ensure they operate correctly.

Adequate Training and Certification

e Ensure that employees working with electrical systems are adequately trained in electrical safety
protocols, including hazard identification, safe operating practices, and emergency procedures.

e Employees should be familiar with the specific codes and regulations relevant to their work and receive
certification where required.

Use of Proper PPE

e Workers should be provided with appropriate personal protective equipment (PPE) such as insulated
gloves, flame-resistant clothing, safety goggles, and face shields. Ensure that the PPE is regularly
inspected and maintained.

Safe Work Practices

e Always follow safe work practices such as de-energizing equipment before working on it, using
lockout/tagout procedures, and adhering to arc flash safety guidelines.

e Conductjob safety analyses (JSAs) before starting electrical work to identify potential hazards.

Emergency Preparedness

e Ensure that workers are trained in emergency procedures for electrical incidents, such as electrical
shock, fires, and arc flash accidents. Regularly drill emergency response scenarios to ensure
preparedness.



Summary Table: Key Codes, Regulations, and Standards for Electrical Safety
Regulation/Standard Scope Key Focus Areas

Safe work practices, grounding, LOTO

OSHA 1910 Subpart S Electrical safety in workplaces
procedures
Nati L Electrical Cod Circuit tecti di fault
ational Electrical Code Electrical installations and wiring ircuit protec |on,grt?un ing, arc fau
(NEC) protection
Generalrules for electrical System design, maintenance, safet
IEC Standards (60364) ratrutes for " 4 'gn, mai nce, satety
installations distances

Arc flash protection, PPE,

NFPA 70E Electrical safety in the workplace
y P lockout/tagout, hazard identification
EN 50110 Electrical safety operations in Maintenance, operation, safety
Europe measures for installations

Functional safety of

IEC 61508 . .
electrical/electronic systems

Safety integrity levels for systems

PC-8: Implement Safety Measures in Switchgear Operation and Use Appropriate
PPEs & Safety Tools

Switchgear is critical for controlling and protecting electrical circuits and equipment. However, improper
operation, lack of safety precautions, or failure to use personal protective equipment (PPE) can lead to severe
injuries, arc flashes, electrical shocks, or equipment damage. Therefore, implementing safety measures and
using the correct PPE and tools are essential for safe switchgear operations.

Common Hazards in Switchgear Operation

Hazard Description
Electric Shock Due to accidental contact with live parts.
Arc Flash Sudden release of electrical energy causing burns, explosions.
Fire/Explosion Caused by faults, overheating, or improper switching.
Mechanical Injury Due to moving parts or manual operation of breakers.
Toxic Gas Exposure Especially in SF4 gas-insulated switchgear if leaked.

Key Safety Measures During Switchgear Operation
Pre-Operation Procedures
e Conduct avisual inspection of the switchgear for damage, signhs of overheating, or corrosion.
e Ensure clean and dry environment free of conductive dust or moisture.
e Verify the status of interlocks and safety devices.
e Checkvoltage indicators before touching any component.
e Confirm that all warning signs and barriers are in place.
Operating Procedures

e Follow Standard Operating Procedures (SOPs) strictly.
e Ensure LOTO (Lockout/Tagout) procedures are followed before maintenance.



e Useinsulated tools and maintain safe clearance distances.
e Only authorized and trained personnel should operate the switchgear.
e Never attempt to bypass interlocks or safety guards.
Arc Flash Prevention
e Conduct an Arc Flash Hazard Analysis.
e Useinfrared thermography for predictive maintenance.
e Clearly mark arc flash boundaries on equipment.
e Ensure arc-rated PPE is worn before any live operation.
e Operate breakers remotely if possible.

Personal Protective Equipment (PPE) for Switchgear Operation

Minimum PPE Requirements

PPE Item Purpose
Arc-rated (AR) clothing Protects from heat and energy of arc flash.
Insulated gloves Protects hands from electric shock.
Face shield / Arc hood Protects face and head from arc energy and debiris.

Safety glasses/goggles Eye protection against particles and flash.
Safety shoes Electrically insulated, anti-slip boots.

Hearing protection Guards against high noise from arc blasts.

PPE Selection by Arc Flash Category (NFPA 70E)

Category Cal/cm? Rating Typical Tasks PPE Required

AR shirt, pants, gloves, face

2 . .
1 4 cal/cm Opening panel doors, minor tasks shield

AR coverall/jacket, gloves,

2 8 cal/cm?® Testing circuit
cavem esting clrouits hard hat, face shield
Full AR suit, gl ,h ,
3 25 cal/cm?® Racking breakers utt AR sult, gloves ood
insulated boots
Full-body AR suit Lti-L
4 40 cal/cm? High energy systems ull-body AR suit, multi-layer,

full head gear

Essential Safety Tools for Switchgear Work

Tool Purpose
Voltage detector Verify absence of voltage before starting work.
Insulation resistance tester Checks insulation health of components.
Lockout/tagout kits Isolate power to prevent accidental energizing.

Earth discharge rod Grounds high-voltage parts to release residual charge.



Tool Purpose

Thermographic camera Detects hotspots without physical contact.
Arc flash barriers Prevents arc exposure during operation.
Portable fire extinguishers Especially Class C-rated for electrical fires.

Maintenance Safety Measures
e De-energize and ground the system before opening any panel.
e Follow manufacturer maintenance schedules.
e Replace damaged insulation, loose terminals, or corroded components.
e Cleaninternal parts using dry cloth or vacuum — never use water.
e Logall maintenance activities in a register or maintenance book.
e Conduct IR thermography and breaker timing tests periodically.
Emergency Preparedness and Fire Prevention
e Keep Class C fire extinguishers (e.g., CO,) near switchgear.
e Know emergency shutdown locations and operating procedures.

e Conductregular emergency response drills.

Install automatic fire suppression systems in large switchgear rooms.

Train all personnelin first aid and CPR

Summary Table: Key Implementation Areas

Area Action
Pre-Operation Inspection, hazard identification, LOTO
During Operation Follow SOPs, use insulated tools, PPE, maintain distance
Arc Flash Protection Assess hazards, wear AR PPE, use remote racking
PPE Selection Based on voltage and task hazard level
Tools & Equipment Use voltage testers, grounding rods, thermal scanners
Maintenance Safety De-energize, clean properly, log tasks
Emergency Readiness Fire drills, extinguishers, training, emergency exits

9.ldentify the Working Principles of Circuit Breakers, Relays, and Fuses
Introduction

Circuit protection devices such as circuit breakers, relays, and fuses play a critical role in electrical systems.
They ensure safety by detecting abnormal conditions like overloads, short circuits, or faults, and interrupt the
electrical supply to prevent damage to equipment, fire hazards, and personal injury.

Circuit Breakers — Working Principle and Functions

A circuit breaker is an automatically operated electrical switch designed to protect an electrical circuit from
damage caused by excess current from an overload or short circuit.

Working Principle



e Circuit breakers operate on electromechanical principles.

e Under normal conditions, current flows through the breaker uninterrupted.

e When an overload or short circuit is detected:
o Abimetallic strip (for overload) or electromagnetic coil (for short circuit) trips the breaker.
o The contacts open, interrupting the flow of current.
o The arc chute extinguishes the arc formed during disconnection.

o The breaker can be reset manually or automatically.

Types of Circuit Breakers

Type Application
MCB (Miniature Circuit Breaker) Low-voltage, residential circuits
MCCB (Moulded Case Circuit Breaker) Industrial/commercial, high current circuits
ACB (Air Circuit Breaker) Medium-voltage indoor systems
VCB (Vacuum Circuit Breaker) Medium-voltage, minimal arcing
SF, Circuit Breaker High-voltage substations
ELCB/RCCB Earth leakage or residual current detection

Relays — Working Principle and Functions

Arelay is an electrically operated switch that uses an electromagnet to open or close a circuit. It is used
primarily for monitoring, controlling, and protecting circuits.

Hinge spring

m/—

susdssssmuwno

Iron core

Moving contact

Fixed contact

Fixed terminal

| Movable terminal | Base |
Working Principle
e Acontrolsignal energizes the coil.
e The energized coil creates a magnetic field, pulling an armature to open or close contacts.
e This allows the relay to control a larger power circuit with a smaller control circuit.

e Often used in automatic switching and protection systems.



Types of Relays
Type

Electromechanical Relay
Thermal Relay
Differential Relay
Overcurrent Relay
Distance Relay
Solid State Relay (SSR)

Numerical Relay

Function
Basic switching applications
Protects against overloads using bimetallic strip
Detects imbalance in current (transformers)
Trips when current exceeds a preset level
Detects faults by impedance measurement
No moving parts, used for fast switching

Microprocessor-based, highly programmable

Fuses —Working Principle and Functions
A fuse is a one-time protection device that melts and breaks the circuit when current exceeds a specified value,
thereby protecting the circuit from overcurrent conditions.

Working Principle.

Went Cap

Fuse Link
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Liguid

Detector
FLexible
Connectons

Glass
Tube

e Afuse element (thin metal wire) conducts current under normal conditions.

e When excessive current flows:

o The element heats up and melts.

o This opens the circuit, stopping the flow of electricity.

e After operation, the fuse must be replaced.



Types of Fuses

Type Application
Cartridge Fuse Enclosed in glass or ceramic tube
Rewirable Fuse Used in household applications
HRC (High Rupturing Capacity) Fuse High current systems, industrial use
Thermal Fuse Breaks on temperature rise
Blade Fuse Automotive systems
Drop-Out Fuse Used in high-voltage transmission lines

Comparison Table

Device Operation Reusable Speed Application
Circuit Opens circuit on
P Yes Fast Homes, industries, substations
Breaker overload/fault
. . Fast . .
Relay Electromagnetic switch Yes Automation, protection, controls

(millisecond)

Low-cost protection, backup

Fuse Melts to break circuit No Very Fast systems
Safety Considerations
e Always de-energize equipment before inspecting or replacing fuses or relays.
e Ensure correct ratings are used (voltage, current, breaking capacity).
e Useinsulated tools and arc-rated PPE when working with breakers.
e Avoid over-fusing circuits (using fuses of higher current rating).
e Ensurerelays are properly calibrated for protection settings.
Real-World Applications
Application Device Used
Home distribution boards MCB, RCCB
Industrial motor protection MCCB, thermal relay, HRC fuse
Substation protection systems Distance relay, SF4 breaker, numerical relay
Automotive circuits Blade fuse, control relay

Backup generator circuits Circuit breakers, transfer relays



PC-10: Use Protection Mechanisms Against Overloads, Short Circuits, and
Earth Faults

1. Understanding Overloads, Short Circuits, and Earth Faults

Before delving into protection mechanismes, itis essential to understand the nature of each type of fault:

Overload

e Definition: An overload occurs when a circuit or electrical device is subjected to a current greater than its
rated capacity for an extended period. This can lead to overheating and potential damage to the system.

e Cause: Overloads typically result from excessive load demands, faulty wiring, or malfunctioning
equipment.

e Effect: Overloading can cause insulation failure, fire hazards, or equipment breakdown.

Short Circuit

e Definition: A short circuit is a fault that occurs when there is an unintended low-resistance connection
between two conductors, leading to a surge of current far exceeding the normal operational level.

e Cause: Short circuits often occur due to damaged insulation, faulty wiring, or equipment failures.

e Effect: The high current can lead to overheating, fires, and damage to electrical components.
Earth Fault

e Definition: An earth fault (also known as a ground fault) occurs when there is an unintended connection
between a live conductor and the earth or ground.

e Cause: Earth faults are caused by insulation failure, wiring faults, or accidental contact with conductive
surfaces.

e Effect: Earth faults can lead to electric shock hazards and pose risks to both equipment and personnel
safety.

2. Protection Mechanisms Against Overloads, Short Circuits, and Earth

Faults

Protection mechanisms are designed to detect and isolate faulty circuits before they can cause significant
damage or pose safety hazards. The key protection mechanisms for each fault type are discussed below.

Protection Against Overloads

Overload protection aims to detect excessive current in a circuit and disconnect it before damage occurs.
This is typically achieved using the following devices:

e Overload Relays:

o Principle of Operation: Overload relays monitor the current flowing through a circuit and operate
when the current exceeds a preset threshold for a defined period. The relay typically operates via a
thermal element that heats up and trips when the current exceeds the set limit.

o Types of Overload Relays:

= Thermal Overload Relays: These rely on a bimetallic strip that bends when it heats up due to
prolonged overload conditions, causing the relay to trip.

=  Electronic Overload Relays: These use electronic sensors to detect overload conditions and offer
more precise and adjustable settings.

e Circuit Breakers with Overload Protection: Many circuit breakers incorporate overload protection
features. When the current exceeds a specified limit, the breaker trips to prevent further damage.

e Fuses: Fuses can also provide overload protection. They melt or blow when the current exceeds the
rated value, disconnecting the circuit.



Time-Delay Relays: These devices introduce a time delay before disconnecting the circuit, allowing brief
overloads (e.g., during motor startup) to pass without tripping the circuit.

Protection Against Short Circuits

Short circuits are characterized by a sudden, large current flow, often caused by faulty wiring or equipment
malfunction. Protection against short circuits is critical to preventing damage to the system and maintaining
safety. Short circuit protection is provided by:

@)

Circuit Breakers:

Principle of Operation: Short circuit protection is typically provided by circuit breakers with an
instantaneous tripping mechanism. When a short circuit occurs, the breaker detects the rapid rise in
current and trips almost instantly, isolating the faulted section.

Types of Circuit Breakers for Short Circuit Protection:

= Thermal-Magnetic Circuit Breakers: These combine thermal overload protection with magnetic short
circuit protection. The thermal part provides overload protection, while the magnetic mechanism
trips the breaker quickly during a short circuit event.

= Melded Case Circuit Breakers (MCCBs): These are often used for industrial applications, offering
both overload and short circuit protection.

Fuses:

Principle of Operation: Fuses are used in many electrical systems to protect against short circuits. When
the current exceeds the rated value, the fuse element melts, breaking the circuit and preventing further
damage.

Current Limiting Fuses: These fuses are designed to limit the fault current by rapidly interrupting the
circuit before the fault current can reach a dangerously high level.

Protection Against Earth Faults

Earth faults occur when there is an unintended connection between a live conductor and the ground. These
faults can be hazardous, particularly in systems with exposed conductive parts. Protection mechanisms
against earth faults include:

)

Residual Current Devices (RCDs) or Earth Leakage Circuit Breakers (ELCBs):

Principle of Operation: RCDs and ELCBs monitor the difference in current between the live and neutral
conductors. Under normal conditions, the current in both conductors is balanced. If an earth fault
occurs, the current flowing to the earth creates an imbalance, which is detected by the device, triggering
atrip.

Types of RCDs:

Standard RCDs: These detect leakage currents that flow to earth, usually in the range of 30 mA to 300
mA.

High-Sensitivity RCDs: These are designed for sensitive applications and can detect leakage currents as
low as 10 mA, offering a higher level of protection.

Earth Fault Loop Impedance (EFLI) Monitors:

o These devices measure the impedance of the earth fault loop. If the impedance exceeds a preset
value, itindicates a fault, and the protection system is triggered.

Ground Fault Relays:

These relays are used to detect earth faults in electrical systems, particularly in high-voltage systems.
They measure the difference in current between the phases and earth, tripping when an imbalance
occurs.



Coordination of Protection Devices

To ensure the proper functioning of protection mechanisms, it is essential to coordinate the different
protection devices within the system. Coordination ensures that the protection devices work in a sequence,
isolating only the faulted section of the system without affecting the rest of the network.

e Selective Coordination: This is the practice of setting protection devices so that the nearest device to the
fault operates first, minimizing the impact on the rest of the system.

e Time-Current Characteristics: Protection devices are selected based on their time-current

characteristics, which define how long they take to trip based on the magnitude of the fault current. This
ensures that devices closest to the fault trip first.

Protection Devices Summary

Fault Type Protection Device Operation Principle Common Application
Overload Relays Trip when current exceeds rated value fora Motors, transformers,
Overload . - . .
(Thermal/Electronic) specified time period. cables.
Circuit Breakers with Trip when current exceeds set value, often Residential and
Overload . s ) . L
Overload Protection with time delay. industrial circuits.
Short Circuit Breakers (Thermal- Trip instantly when a high current surge Industrial and
Circuit Magnetic/MCCBs) occurs due to a short circuit. commercial systems.
Short N Melt when a high current occurs, Domestic and
.. Fuses (Current Limiting) . . . . . . -
Circuit disconnecting the circuit. industrial circuits.
Earth RCDs/ELCBs ' Detect leakage current ar'1d trip when ' Dom.estic and
Fault imbalance occurs between live and neutral.  industrial systems.
Earth Measure the difference in current between
Fault Earth Fault Relays the phases and earth, trip when imbalance High voltage systems.
occurs.

Model Question

1. Question: What are the key differences between Low Voltage (LV), Medium Voltage (MV), and High
Voltage (HV) switchgear? Explain the functions of each.

2. Question: What is the importance of grounding in electrical systems, and how does it help prevent
electrical shock hazards?

Conclusion

This module equips learners with essential knowledge about electrical systems, their components, and the safety
measures required to work with them. By understanding the different types of switchgear, applying proper
protective measures, adhering to regulations, and utilizing appropriate PPE, individuals can ensure the safe
operation of electrical systems and minimize the risk of electrical hazards in the workplace.



Fundamentals of Safety Measures in Electrical Switchgear & Protective Devices

Checklist for Module 1: Electrical Risk Assessment and Implementation of
Safety Measures

SlL.

No. Safety Parameter Yes/No Remarks
1 Has a detailed electrical hazard identification been carried out at the site?
9 Is there a documented electrical risk assessment for all electrical systems and
switchgear?
3 Are all electrical panels labelled with voltage, current, and warning signs?
4 Are workers trained in Lockout/Tagout (LOTO) procedures?

5 Areinsulating tools and PPE (gloves, mats, helmets) available and in good condition?

6 Is there a permit-to-work (PTW) system for electrical maintenance and repairs?
7 Are circuit diagrams and electrical layouts updated and accessible?

8 Are control panels free of obstructions and have adequate ventilation?

9 Are regular thermal scans or infrared inspections done to detect overheating?
10 Are corrective actions documented for past incidents or near-misses?

Checklist for Module 2: Electrical Systems and Workplace Safety Processes

SL. No. Safety Parameter Yes/No Remarks
1 Is earthing and bonding of switchgear properly implemented and verified?
2 Are Residual Current Devices (RCDs) and circuit breakers tested periodically?
3 Is a standard operating procedure (SOP) in place for handling electrical faults?
4 Are cable routes and terminations secure and free from damage?
5 Are load calculations done to prevent overloading circuits?
6 Are explosion-proof enclosures used in hazardous (Zone 1/2) environments?
7 Are electrical maintenance logs maintained?
8 Is the electrical room restricted to authorized personnel only?
9 Are fire extinguishers (CO,/dry chemical) available near panels?

10 Are audits conducted to verify compliance with OSHA/NFPA/IEC safety standards?



Model Question

1. Which of the following is classified as Low
Voltage (LV) switchgear?

A.1.1kV

B. 33 kV

C.400V

D. 11 kV

Answer: C. 400V

2. What is the main purpose of Medium
Voltage (MV) switchgear?

A. Protect transformer oil from overheating

B. Control and protect circuits up to 1 kV

C. Provide isolation in transmission lines above
66 kV

D. Control and protect systems from 1 kV to 33
kV

Answer: D. Control and protect systems from 1
kV to 33 kV

3. High Voltage (HV) switchgear is used for
voltages typically above:

A.100V

B.11kV

C.1kV

D. 33kV

Answer: D. 33 kV

4. Which device is used to isolate electrical
circuits and ensure safe maintenance?

A. Contactor

B. MCB

C. Isolator

D. Transformer

Answer: C. Isolator

5. The function of arelay in an electrical

system is to:

A. Generate power

B. Measure current

C. Provide short-circuit protection

D. Detect faults and trigger circuit breakers
Answer: D. Detect faults and trigger circuit
breakers

6. What is the role of grounding in electrical
systems?

A. Increase voltage

B. Improve insulation

C. Provide a path for fault current

D. Balance the load

Answer: C. Provide a path for fault current

7. Which of the following grounding methods
is commonly used in residential wiring?

A. Delta grounding

B. IT grounding

C. TN-C-S system

D. Ring main unit grounding

Answer: C. TN-C-S system

8. What is the primary purpose of a visual
inspection of switchgear?

A. To paint the enclosure

B. To test voltage fluctuations

C. To identify visible signs of damage or
overheating

D. To measure humidity

Answer: C. To identify visible signs of damage or
overheating

9. Which of the following is NOT part of regular
switchgear maintenance?

A.Tightening connections

B. Cleaning contact points

C. Overloading circuits

D. Checking insulation resistance

Answer: C. Overloading circuits

10. A fire caused by electrical equipment
should be extinguished using:

A. Water

B. Foam

C. CO, or Dry Chemical extinguisher

D. Sand

Answer: C. CO, or Dry Chemical extinguisher

11. During an electrical emergency, what
should be done first?

A. Pour water on the equipment

B. Pull the victim away with bare hands

C. Disconnect power supply safely

D. Turn on all switches

Answer: C. Disconnect power supply safely

12. Which of the following is a code related to
electrical safety?

A.1SO 9001

B. OSHA 1910 Subpart S

C. FDA Code 202

D. SO 14000

Answer: B. OSHA 1910 Subpart S

13. What is the purpose of PPE in switchgear
operation?



A. Decoration

B. Identification of staff

C. Protection from electrical hazards

D. Communication

Answer: C. Protection from electrical hazards

14. Which PPE is most appropriate when
working with live switchgear?

A. Leather gloves

B. Arc-rated face shield and gloves

C. Steel toe boots only

D. High-visibility vest

Answer: B. Arc-rated face shield and gloves

15. What is the function of a fuse in a circuit?
A. Switch on equipment automatically

B. Prevent overheating of switchgear housing
C. Break the circuit during overcurrent

D. Store energy for backup

Answer: C. Break the circuit during overcurrent

16. What distinguishes a circuit breaker from
afuse?

A. It cannot interrupt current

B. It must be replaced after tripping

C. Itisreusable after operation

D. It works only on DC systems

Answer: C. It is reusable after operation

17. Arelay primarily operates using which
principle?

A. Thermoelectric heating

B. Electromagnetic induction

C. Photovoltaic effect

D. Static electricity

Answer: B. Electromagnetic induction

18. What is used to protect electrical circuits
from earth faults?

A. Timer

B. Contactor

C. Earth Leakage Circuit Breaker (ELCB)

D. Rectifier

Answer: C. Earth Leakage Circuit Breaker (ELCB)

19. Overload protection devices primarily
respond to:

A. Low voltage conditions

B. High voltage transients

C. Excessive current over time

D. Lightning strikes

Answer: C. Excessive current over time

20. Short circuits in electrical systems result
in:

A. Reduced power

B. High resistance and slow current

C. Sudden surge of current

D. Balanced voltage across all loads

Answer: C. Sudden surge of current



Model Question Papers

SET-B

1. What is the primary function of a circuit
breaker in an electrical system?

a) Toincrease voltage

b) To prevent short circuits and overloads

c) To store electrical energy

d) To convert ACto DC

Answer: b

2. Which of the following switchgear types is
typically used for voltages above 33 kV?

a) Low Voltage (LV)

b) Medium Voltage (MV)

c) High Voltage (HV)

d) Extra Low Voltage (ELV)

Answer: c

3. Aloose connection in an electrical panel can
lead to:

a) Improved conductivity

b) Arc flash and fire hazard

c) Better energy efficiency

d) Voltage stabilization

Answer: b

4. Which instrument is used to measure
electrical current?

a) Voltmeter

b) Wattmeter

c) Ammeter

d) Thermometer

Answer: ¢

5. What does PPE stand for in electrical safety?
a) Personal Power Equipment

b) Personal Protective Equipment

c) Public Protection Entity

d) Protective Protocol Environment

Answer: b

6. Which is not a valid method of electrical fault
protection?

a) Fuse

b) Circuit Breaker

c) Earth Leakage Device

d) Capacitor Bank

Answer: d

7. The key function of grounding is to:
a) Store excess energy

b) Increase resistance

c) Provide a safe path for fault current

d) Lower voltage
Answer: c

8. Which of these is a safeguarding device in
switchgear systems?

a) Transformer

b) Contactor

c) Relay

d) Capacitor

Answer: c

9. What is the immediate step if a person
receives an electric shock and becomes
unconscious but is breathing?

a) Leave the person alone

b) Give water

c) Place them in recovery position

d) Check their identity card

Answer: c

10. What should be done first during an electrical
fire emergency?

a) Use water

b) Panic

c) Switch off power if safe to do so

d) Run away

Answer: c

11. What parameter is most crucial to monitor for
electrical overload protection?

a) Voltage

b) Temperature

c) Current

d) Frequency

Answer: c

12. Which PPE is essential while operating high-
voltage switchgear?

a) Safety glasses

b) Arc-rated suit

c) Cotton gloves

d) Leather shoes only

Answer: b

13. Which standard governs electrical safety in
the workplace?

a) 1ISO 45001

b) OSHA 1910

c) 1ISO 9001

d) NFPA 13

Answer: b



14. A fuse operates based on:
a) Magnetic field

b) Heat generated by current
c) Voltage fluctuation

d) Air pressure

Answer: b

15. After any electrical accident, what is a crucial
step in preventing recurrence?

a) Ignore it if no one was hurt

b) Conduct a CAPA and revise safety protocols

c) Replace the equipment without investigation

d) Blame the technician

Answer: b

16. Relays are used to:

a) Break circuits manually

b) Provide physical protection

c) Sense faults and trigger protective devices
d) Act as energy storage

Answer: ¢

17. What should you do immediately after
detecting smoke or burning smell in switchgear?
a) Pour water on the panel

b) Open all circuit breakers

c) Alert team and cut power if safe
d) Wait for fire to spread
Answer: c

18. Aresidual current device (RCD) is mainly
used to protect against:

a) Overvoltage

b) Short circuits

c) Earth leakage

d) Power factor imbalance

Answer: c

19. If a victim is unresponsive and not breathing
after an electric shock, what must you do first?
a) CallHR

b) Begin CPR

c) Cover the person with a blanket

d) Wait for someone else

Answer: b

20. What type of switchgear is most used in
domestic or small commercial applications?
a) MV switchgear

b) LV switchgear

c) HV switchgear

d) SF6 switchgear

Answer: b



Model Question Papers

SET-C

1. Which of the following is used to interrupt fault
current automatically?

a) Transformer

b) Contactor

c) Circuit Breaker

d) Thermostat

Answer: ¢

2. Low Voltage (LV) switchgear typically operates
at:

a) Below 1,000 volts

b) Between 1kV and 33kV

c) Above 33kV

d) 66kV to 132kV

Answer: a

3. What is the role of a protective relay?

a) Convert ACto DC

b) Measure temperature

c) Detect abnormal conditions and trigger breakers
d) Provide backup lighting

Answer: c

4. Which component protects a circuit against
earth faults?

a) Capacitor

b) MCB

c) RCCB

d) Contactor

Answer: c

5. A good earthing system helps in:
a) Overloading the transformer

b) Increasing resistance

c) Safe dissipation of fault current

d) Enhancing cable length

Answer: c

6. Before performing maintenance on
switchgear, one should:

a) Start the motor

b) Wear sandals

c) Isolate and lockout the power source
d) Turn off room lights only

Answer: ¢

7. Medium Voltage (MV) systems operate
typically in the range of:

a) 0-1kV

b) 1kv-33kV

c) 33kV-132kV

d) Above 220kV
Answer: b

8. Which code deals specifically with arc flash
protection and electrical safety?

a) NFPA 70E

b) ISO 14001

c) OSHA 1926

d) IEC 60439

Answer: a

9. Which of these tools is not considered
standard PPE for switchgear maintenance?
a) Insulated gloves

b) Arc-rated face shield

c) Steel measuring tape

d) Flame-resistant clothing

Answer: c

10. The first step in responding to an electrical
shock incident s to:

a) Move the victim immediately

b) Provide water

c) Switch off power if safe

d) Start CPR without checking surroundings
Answer: c

11. Fuses are designed to operate when:
a) Current is normal

b) Current exceeds rated value

c) Voltage drops below 220V

d) The circuit is open

Answer: b

12. What is the ideal tool to measure insulation
resistance?

a) Voltmeter

b) Clamp meter

c) Megger

d) Lux meter

Answer: c

13. One of the causes of electrical fire in
switchgear is:

a) Proper lubrication

b) Regular maintenance

c) Loose terminal connections

d) Use of copper conductors

Answer: c

14. A person unconscious but breathing after
electrical contact should be placed in:



a) Supine position
b) Seated upright

c) Recovery position
d) Prone position
Answer: ¢

15. A thermal overload relay primarily protects:
a) Against voltage surges

b) Mechanical damage

c) Overcurrent due to motor heating

d) Earth faults

Answer: ¢

16. Which of the following is an action under
preventive maintenance of switchgear?

a) Replace only when it fails

b) Ignore overheating

c) Periodic visual inspection and cleaning

d) Avoid documentation

Answer: c

17. An electric arc flash may occur due to:

a) Low temperature

b) Proper PPE usage

c) Sudden release of electrical energy through the
air

d) Fire extinguishers nearby

Answer: c

18. The correct sequence of first aid for an
electric shock victim is:
a) CPR » Switch off power > Call emergency

b) Switch off power > Check responsiveness > CPR

if needed

c) Call for help » Give water > CPR
d) CPR ~> Leave the area

Answer: b

19. What should be done after every major
electrical incident?

a) Wait for supervisor’s mood

b) Ignore if no visible damage

c) Conduct a hazard review and update safety
measures

d) Replace all fuses

Answer: c

20. A device that disconnects power supply
during abnormal current flow is called:

a) Transducer

b) Fuse

c) Resistor

d) Inductor

Answer: b
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Management . .
prevention practices.
Website www._bis.gov.in Bureau of Indian Access to Indian Electrical Safety
.bis.gov.
Standards (BIS) Codes (IS 3043, IS 8623, etc.).
Electrical safet f
. . Directorate General of e rlc(?\ sare ynorms (.)r.
Website www.dgms.gov.in . hazardous industries and mining
Mines Safety
sectors.
Offers technical and safety traini
. . . National Power Training erstec .nlca andsa Pf y training
Website www.npti.gov.in . content in power & switchgear
Institute (NPTI)
systems.
Indian Electrical & Standards, trends, and training
Website www.ieema.org Electronics content from the Indian electrical
Manufacturers' Assoc. industry.
(0] tional Safety &
. ceupat n.?] . @ e,y Best practices for electrical safety
Website www.osha.gov Health Administration .
(useful for benchmarking).
(USA)
. National Fire Protection Source for NFPA 70E — globally
Website www.nfpa.org L . .
Association (USA) recognized electrical safety code.
Technical IS 3043 BIS Code of Practice for.Earthlng—
Standard mandatory for grounding systems.
. Standards for Low-voltage
Technical .
IS 8623 /1EC 61439 BIS/IEC switchgear and control gear
Standard .
assemblies.


https://www.bis.gov.in/
https://www.dgms.gov.in/
https://www.npti.gov.in/
https://www.ieema.org/
https://www.osha.gov/
https://www.nfpa.org/

S. No. Category Title / Name Author / Organization Remarks / Focus Area

15 Technical IS 2516 BIS Specifications for AC circuit
Standard breakers.
16 Technical IS 2705 BIS Current transformers.for protection
Standard and metering.
17 Technical CBIP Manual on Switchgear ' antral Board of In'dustry-endorsed manuals on
Manual Irrigation & Power (CBIP) switchgear and control systems.

NSQF/ESSCI Curriculum on

Electronics Sector Skill Aligned with nati L skill
18 Skill Training  Switchgear Maintenance & ee ro'nlcs e.c or KIS 'gnedwith na |(?r'la S I
Council of India (ESSCI) development qualifications.
Safety
. NCVET/NSDC Approved . .
C L C lum-al d safet dul
19 urrlc.u Hm Electrical Safety Training NSDC/NCVET urriedtum-a |gne sd (.3 ymo wes
Guide for vocational training.
Modules
20 Reference Power Grlq Safety & O&M POWERGRID India Utllllty-level best pracjclces for
Document Guidelines electrical safety and maintenance.

Usage in Training Content
e Book References: For technical depth and study material for trainees or instructors.
e Websites: For latest safety codes, training resources, updates, and downloads.
e Standards: For compliance-based practices in grounding, protection, inspection, and safety.

o Skill-based Materials: Aligns with NSDC/NCVET for curriculum validation and assessment.



