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The facilitator guide (FG) for Reliability & Quality Control Manager Analysis is primarily designed to 
facilitate skill development and training of people, who want to become Network System Associate in 
various organizations. The facilitator guide is aligned to the Qualification Pack (QP) and the National 
Occupational Standards (NOS) as drafted by the Sector Skill Council (TSSC) and ratified by National Skill 
Development Corporation (NSDC).

It includes the following National Occupational Standards (NOSs)-
1. 	 TEL/ N7219: Prepare and Assemble Telecom Equipment PCBs

2. 	 TEL/ N7220: Conduct and Analyze Stress Tests for Telecom Equipment Reliability

3. 	 TEL/ N7221: Implement and Monitor Quality Control

4. 	 TEL/ N7222: Analyze Failures and Recommend Improvements

5. 	 DGT/VSQ/N0103: Employability Skills (90 Hours)

Ask Explain Elaborate Notes Unit Objectives Do

Demonstrate Activity Team Activity Facilitation Notes Practical Say

Resources Example Summary Role Play Learning  
Outcomes

About this book
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1. Preparing and Assembling 
Telecom Circuit Boards

Unit 1.1: 	 Understanding Electronic Components and Their 
Specifications

Unit 1.2: 	 Soldering Techniques and Assembly Processes
Unit 1.3: 	 PCB Assembly Procedures and Quality Control Standards
Unit 1.4: 	 Safety, Documentation, and Test Equipment in PCB 

Assembly
Unit 1.5:	 Assembly Execution and Inspection Procedures

TEL/N7219



         

Facilitator Guide

2

Key Learning Outcomes  
At the end of this module, the participants will be able to:

1.	 Explain the function and purpose of various electronic components (resistors, capacitors, 
transistors, etc.) based on their specifications and datasheets.

2.	 Discuss component specifications and their importance in PCB assembly using datasheets.

3.	 Explain proper handling and storage procedures for electronic components to prevent damage.

4.	 Compare and contrast different types of soldering techniques (wave soldering, hand soldering) 
and their applications.

5.	 Identify the different soldering materials and equipment (solder paste, flux, soldering irons) and 
their roles in the assembly process.

6.	 Explain safe soldering practices to minimize health and safety risks, including safe handling of 
hazardous materials (solder, flux) used in PCB assembly.

7.	 Interpret assembly procedures and sequence according to work instructions and drawings.

8.	 Explain the role of the Bill of Materials (BOM) in guiding the assembly process.

9.	 Differentiate between Surface Mount Technology (SMT) and Through-Hole Technology (THT) 
assembly processes.

10.	Discuss quality standards for PCB assembly (e.g., IPC standards) and their importance.

11.	Describe the operation of various test equipment used for assembled PCBs (functional testers, 
in-circuit testers).

12.	Explain how to interpret test results and identify potential failures in assembled PCBs.

13.	Summarize company procedures for documenting assembly activities (assembly logs production 
control systems).

14.	Explain the importance of maintaining accurate records of materials used, test results, and non-
conformances encountered during assembly.

15.	Describe proper filing systems for assembly documentation to ensure easy retrieval.

16.	Discuss Electrostatic Discharge (ESD) control procedures and their role in protecting sensitive 
electronic components.

17.	Explain the safe handling practices for hazardous materials (solder, flux) used in PCB assembly.

18.	Discuss the importance of maintaining a clean and safe work environment to ensure quality 
assembly and worker well-being.

19.	Demonstrate how to review work instructions and process documentation for specific PCB 
assembly operations.

20.	Identify required materials, components, and tools needed for the assembly task.

21.	Verify test equipment functionality and calibration of test equipment before use.

22.	Prepare the workstation for assembly, ensuring a clean and organized environment.

23.	Retrieve components, verifying their part numbers and specifications against the Bill of Materials 
(BOM).

24.	Place electronic components onto the PCB accurately and according to the assembly drawing.

25.	Demonstrate soldering techniques (wave soldering or hand soldering) following industry 
standards.
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26.	Clean any soldering flux residue from the PCB using appropriate methods.

27.	Perform a visual inspection of assembled PCBs, identifying defects like missing components, 
misaligned components, or poor soldering joints. 

28.	Demonstrate rework procedures to rectify identified defects on assembled PCBs.
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Unit Objectives  

Resources to be Used  

Note  

Unit 1.1: Understanding Electronic Components and Their 
Specifications

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser 
pointer, etc.

In this unit, we will discuss the basic functions and purposes of various electronic components such as 
resistors, capacitors, and transistors. You will learn how to interpret their specifications and datasheets 
to understand their roles in circuits. Additionally, we will cover the importance of proper handling, 
storage, and measures to prevent damage to these components.

At the end of this unit, the participants will be able to: 

1.	 Understand the function and purpose of various electronic components (e.g., resistors, 
capacitors, transistors).

2.	 Interpret specifications and datasheets for different electronic components.

3.	 Learn the importance of proper handling, storage, and prevention of damage to electronic 
components.

Ask  
Ask the participants the following questions:

•	 	What is the role of a resistor in an electronic circuit?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Understanding Electronic Components and Their Functions

Electronic components are fundamental building blocks of electrical circuits. Each component plays a 
specific role in modifying the flow of electric current, storing energy, controlling signals, or enabling 
communication between different parts of a system. Some of the most common components include 
resistors, capacitors, and transistors.

1. 	 Resistors

•	 Function and Purpose: A resistor is a two-terminal component that resists the flow of electric 

Elaborate  
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current, thereby limiting the amount of current that can pass through a circuit. It is used to 
control the voltage and current within a circuit. Resistors are essential for protecting sensitive 
components from excess current, dividing voltages, or controlling the behavior of circuits.

•	 Specifications and Datasheets: Resistor specifications typically include the resistance value (in 
ohms), power rating (in watts), tolerance (how much the actual resistance can vary from the 
specified value), and temperature coefficient (how the resistance changes with temperature). 
Datasheets also specify the resistor’s maximum operating voltage and its construction type 
(e.g., carbon film, metal oxide).

•	 Application: Resistors are used in voltage dividers, current limiters, and biasing circuits, among 
other applications. They are vital in both analog and digital systems.

2. 	 Capacitors

•	 Function and Purpose: A capacitor is an electronic component that stores electrical energy 
temporarily and releases it when needed. It consists of two conductive plates separated by an 
insulating material (dielectric). Capacitors store electrical energy as an electric field between 
the plates, and the amount of energy it can store is determined by the surface area of the 
plates, the distance between them, and the properties of the dielectric.

•	 Specifications and Datasheets: Key specifications of capacitors include capacitance (measured 
in farads), voltage rating (the maximum voltage the capacitor can withstand without breaking 
down), equivalent series resistance (ESR), and tolerance (the acceptable variance from the 
nominal capacitance value). Capacitors are also characterized by their physical size, temperature 
stability, and type (e.g., electrolytic, ceramic, tantalum).

•	 Application: Capacitors are used in power supply filters, energy storage, coupling and decoupling 
applications, signal smoothing, and timing circuits. They are crucial in handling AC signals, 
storing charge, and filtering power supply noise.

3. 	 Transistors

•	 Function and Purpose: A transistor is a semiconductor device used to amplify or switch 
electronic signals. It has three terminals: the emitter, base, and collector. Transistors can either 
allow or block the flow of current between the collector and emitter depending on the voltage 
applied to the base. The transistor can function as a switch or an amplifier.

•	 Specifications and Datasheets: Key specifications for transistors include the type (e.g., NPN 
or PNP for bipolar junction transistors, or N-channel or P-channel for field-effect transistors), 
maximum collector current (I_c), base-emitter voltage (V_be), and gain (h_FE). Other 
characteristics such as switching time, power dissipation, and thermal resistance are also noted.

•	 Application: Transistors are widely used in amplification, signal modulation, switching 
applications, and digital logic circuits. They form the backbone of modern electronics, from 
processors to power amplifiers.

Interpreting Specifications and Datasheets

Datasheets are essential documents that provide crucial information about an electronic component. 
They allow engineers and designers to understand the limitations and capabilities of a component to 
ensure it performs correctly within a circuit. Here’s how to interpret them:

1.	 Component Identification: The datasheet will include a part number, which can be used to find 
a detailed description and specifications for the component.

2.	 Electrical Characteristics: This section includes voltage ratings, current ratings, resistance values, 
capacitance values, and other electrical parameters. These values are essential for selecting the 
appropriate components for a circuit.
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3.	 Thermal and Environmental Ratings: Components often have maximum and minimum 
temperature ratings. Exceeding these temperatures may lead to failure or reduced lifespan of 
the component.

4.	 Mechanical Specifications: The datasheet will include the physical dimensions, pinout diagrams, 
and sometimes recommended layouts for mounting.

5.	 Performance Data: For active components like transistors, datasheets often provide graphs 
showing performance characteristics (e.g., current gain, frequency response).

6.	 Application Circuits: Many datasheets include typical application circuits to show how the 
component should be integrated into different types of designs.

7.	 Safety and Compliance: Some datasheets also list standards compliance, such as RoHS 
(Restriction of Hazardous Substances) or UL (Underwriters Laboratories) certifications.

Proper Handling, Storage, and Prevention of Damage

Electronic components are highly sensitive to both physical and environmental factors. Proper handling 
and storage are crucial to prevent damage during the assembly process and ensure long-term reliability.

1.	  Handling

•	 ESD (Electrostatic Discharge) Sensitivity: Many electronic components, especially 
semiconductors, are susceptible to damage from electrostatic discharge. Handling components 
without proper ESD protection can lead to failure. Workers should wear antistatic wrist straps, 
use ESD-safe mats, and avoid direct contact with the pins of sensitive components.

•	 Physical Protection: Components should be handled carefully to avoid physical damage such as 
bending, scratching, or crushing. Special tools like tweezers and vacuum pick-up tools should be 
used to handle small or delicate components.

2. 	 Storage

•	 Environmental Conditions: Components should be stored in a clean, dry environment. High 
humidity, extreme temperatures, and exposure to direct sunlight should be avoided as they can 
lead to corrosion or degradation of the components.

•	 Packaging: Components should be stored in their original packaging until use. Anti-static bags 
are commonly used for sensitive components, and moisture-sensitive components (like certain 
capacitors) often come with desiccant packs to control moisture levels.

•	 Rotation: When storing components, ensure the oldest stock is used first (First In, First Out, or 
FIFO). This helps prevent the use of components past their shelf life.

3. 	 Prevention of Damage

•	 Marking and Labeling: Components should be clearly labeled with their part numbers, 
manufacturer, and date of receipt to ensure they are used within the proper time frame.

•	 Temperature Control: Some components, particularly those with sensitive materials like 
capacitors or certain semiconductors, may require controlled temperature storage to prevent 
degradation.

•	 Avoiding Contamination: Components should be kept free from contaminants such as dust, oil, 
or other substances that could affect their performance.

A solid understanding of electronic components like resistors, capacitors, and transistors, along with 
the ability to interpret their datasheets, is essential for designing effective circuits. Additionally, proper 
handling, storage, and damage prevention are key to ensuring that these components function reliably 
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Activity Duration Resources used

Ice Breaker Pen, Notebook, etc.

Activity  
•	 Arrange the class in a semi-circle/circle.

•	 Each of us will tell the class their name, hometown, hobbies and special quality about themselves, 
starting with the 1st letter of their name. I will start with mine.

•	 Say your name aloud and start playing the game with your name.

•	 Say, “Now, each of one you shall continue with the game with your names till the last person in 
the circle/ semi-circle participates”.

•	 Listen to and watch the trainees while they play the game.

•	 Ask questions and clarify if you are unable to understand or hear a trainee.

Remember to:

•	 Discourage any queries related to one’s financial status, gender orientation or religious bias 
during the game.

•	 Try recognising each trainee by their name because it is not recommended for a trainer to ask 
the name of a trainee during every interaction

Say  
Let us participate in an activity to explore the unit a little more.

Do  
•	 Guide the trainees throughout the activity 

•	 Ensure that all trainees participate in the activity

over time. By paying attention to specifications and ensuring careful treatment, engineers can maximize 
the lifespan and performance of their electronic systems.

Notes for Facilitation  
•	 Ensure groups understand key sections of datasheets (e.g., ratings, characteristics) and how to 

interpret them.

•	 Emphasize the importance of preventing static discharge, moisture, and temperature extremes 
during component storage and handling.

•	 Foster collaboration within groups, encouraging questions and comparison of findings.
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Unit Objectives  

Resources to be Used  

Note  

Unit 1.2: Soldering Techniques and Assembly Processes

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser 
pointer, etc. 

In this unit, we will discuss various soldering techniques used in the assembly process, including wave 
soldering and hand soldering. We will explore different soldering materials and equipment, such as 
solder paste, flux, and soldering irons, along with their roles. Emphasis will be placed on safe soldering 
practices and industry-standard techniques, including the cleaning of soldering flux residues from PCBs.

At the end of this unit, the participants will be able to: 

1.	 Compare and contrast various soldering techniques (wave soldering, hand soldering) and their 
applications.

2.	 Identify different soldering materials and equipment (solder paste, flux, soldering irons) and 
understand their roles in the assembly process.

3.	 Learn safe soldering practices to minimize health and safety risks.

4.	 Demonstrate industry-standard soldering techniques and clean soldering flux residues from 
assembled PCBs.

Ask  
Ask the participants the following questions:

•	 What is the difference between wave soldering and hand soldering, and when would you use 
each technique?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Soldering Techniques and Materials in PCB Assembly

Soldering is a critical process in electronics manufacturing, particularly for assembling components onto 
printed circuit boards (PCBs). Understanding various soldering techniques, materials, and best practices 
is essential for ensuring quality and safety in PCB assembly. Below is an overview of key soldering 
techniques, materials, and safety practices, along with their applications.
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Soldering Techniques

1. 	 Wave Soldering

	 Wave soldering is an automated process primarily used in mass production for soldering through-
hole components onto PCBs. It is a highly efficient and fast technique that involves passing a PCB 
over a wave of molten solder. The PCB is first preheated, and then the wave of molten solder is used 
to bond the leads of the components to the pads on the PCB.

Applications:

•	 Commonly used for high-volume manufacturing of through-hole components.

•	 Ideal for PCBs with a large number of through-hole components, such as power supplies and 
industrial equipment.

Advantages:

•	 Consistent and fast process.

•	 High throughput, suitable for large-scale production.

•	 Reduces labor costs compared to manual soldering.

Disadvantages:

•	 Limited to through-hole components.

•	 Less suitable for PCBs with fine-pitch surface-mount components or complex designs.

2. 	 Hand Soldering

	 Hand soldering is a manual process where an operator uses a soldering iron to melt solder and join 
the leads of components to the PCB. It is used for both through-hole and surface-mount technology 
(SMT) components. Hand soldering is versatile and can be performed on both small batches and 
prototypes, but it requires skill and precision.

Applications:

•	 Typically used for low-volume or prototype production.

•	 Suitable for both through-hole and surface-mount components.

•	 Often used for rework, repair, or when wave soldering is not possible.

Advantages:

•	 High precision and flexibility.

•	 Ideal for small batches or prototypes.

•	 Capable of handling both through-hole and surface-mount components.

Disadvantages:

•	 Slow compared to automated methods.

•	 Requires skilled labor to ensure consistent quality.

•	 More prone to human error.

Soldering Materials and Equipment



         

Facilitator Guide

10

1. 	 Solder Paste

	 Solder paste is a mixture of tiny solder particles, flux, and other materials used in surface-mount 
soldering. It is applied to the PCB during the assembly process, usually via a stencil to ensure 
accurate placement. When the PCB is heated, the solder paste melts, forming the solder joints that 
connect the components to the board.

Role:

•	 Helps form reliable solder joints in surface-mount technology.

•	 The flux in solder paste promotes wetting and prevents oxidation of the PCB pads and component 
leads during soldering.

Types:

•	 Lead-based solder paste: Contains lead, which is commonly used in traditional electronics.

•	 Lead-free solder paste: An environmentally friendly alternative, used in response to regulations 
like RoHS (Restriction of Hazardous Substances).

2. 	 Flux

	 Flux is a chemical agent that is used to clean the surfaces of metal components and the PCB before 
soldering. It helps remove oxides and contaminants, promoting better solder joint formation by 
allowing the molten solder to flow more easily and adhere to the surface.

Role:

•	 Prevents oxidation during the heating process.

•	 Improves solder wetting and adhesion.

•	 Helps reduce defects like cold solder joints or bridges.

Types:

•	 Rosin-based flux: Common in hand soldering and provides excellent cleaning properties.

•	 No-clean flux: Designed to leave minimal residue after soldering, reducing the need for cleaning 
post-soldering.

3. 	 Soldering Irons and Stations

	 Soldering irons are hand tools used in manual soldering, consisting of a heated metal tip that melts 
the solder. A soldering station includes the iron, a temperature control unit, and an iron stand. 
Soldering stations are preferred for their adjustable temperature settings, allowing for more control 
over the process.

Role:

•	 Provides the heat required to melt the solder and form the solder joint.

•	 Adjustable temperature settings ensure optimal soldering conditions for different components.

Types:

•	 Basic soldering iron: Used for general-purpose soldering.
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•	 Soldering stations: More advanced tools that allow for temperature control, better ergonomics, 
and higher precision.

Soldering Best Practices

1. 	 Safe Soldering Practices

	 Safety is critical during soldering to protect both the operator and the components. There are 
several key safety practices to follow:

•	 Ventilation: Ensure the workspace is well-ventilated to avoid inhaling fumes from flux and 
solder.

•	 Protective Gear: Always wear protective eyewear and gloves to prevent burns or injury from hot 
equipment.

•	 Temperature Control: Avoid excessive heat that could damage components. Using soldering 
stations with adjustable temperature controls helps prevent overheating.

•	 Proper Handling of Tools: Always hold soldering irons by the insulated handle and avoid contact 
with the hot tip.

2. 	 Minimizing Health Risks

	 Exposure to lead-based solder and flux fumes can pose health risks. As a result, proper safety 
protocols should be followed:

•	 Use lead-free solder when possible to reduce health risks associated with lead.

•	 Use a fume extraction system to remove flux fumes from the air and ensure that operators do 
not inhale harmful particles.

•	 Avoid prolonged exposure to hot soldering tools to prevent burns and skin damage.

Soldering Techniques for Quality Assemblies

1. 	 Wave Soldering Process

	 Wave soldering requires precise control of temperature and solder flow. The process involves three 
main stages: preheating, soldering, and cooling. The PCB is passed over a wave of molten solder, 
which forms joints between the leads of components and the PCB.

Key Considerations:

•	 Preheating: Ensures the PCB reaches a uniform temperature to prevent thermal shock.

•	 Soldering Wave: The molten solder is pumped into a wave-like shape, which the PCB passes 
through, creating the necessary solder joints.

•	 Post-soldering: After soldering, the PCB is cooled to solidify the solder and prevent defects.

2. 	 Hand Soldering Process

	 Hand soldering involves using a soldering iron to manually apply heat to component leads and PCB 
pads. The molten solder is applied to form the joint.

Key Considerations:

•	 Temperature Control: Proper temperature control ensures the solder flows correctly without 
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Say  
Let us participate in an activity to explore the unit a little more.

Activity  
Group Activity : Soldering Techniques and Safety

Activity Title: “Soldering Technique Comparison and Application”

Objective:

The goal of this activity is to compare various soldering techniques, understand soldering materials and 
equipment, and practice safe soldering methods while learning how to clean flux residues from PCBs.

Group Size: 4-6 participants

Materials Needed:

•	 Soldering irons, soldering paste, flux, soldering wire

•	 Wave soldering machine (optional, if available)

•	 PCB mock-ups (with through-hole and surface-mount components)

•	 Isopropyl alcohol and brushes for cleaning flux residues

damaging the component.

•	 Component Handling: Careful handling of components ensures they are not damaged by 
excessive heat or incorrect placement.

•	 Flux Application: The flux must be applied correctly to ensure a clean and reliable joint.

Cleaning Solder Flux Residues

After soldering, it is important to clean the flux residues from the PCB. Flux residues can be corrosive 
and can affect the performance of the circuit. Several cleaning methods include:

•	 Isopropyl Alcohol (IPA): Used to clean flux residues. A soft brush is often used in combination 
with IPA for effective cleaning.

•	 Ultrasonic Cleaning: A highly effective cleaning method for more complex boards, using high-
frequency sound waves to remove flux residue.

•	 No-Clean Flux: Flux that leaves minimal residue, reducing the need for cleaning.

Soldering is a fundamental process in electronics assembly, and understanding the different techniques, 
materials, and best practices is crucial for producing high-quality, reliable electronic components. Wave 
soldering is ideal for high-volume production of through-hole components, while hand soldering is 
flexible and suitable for smaller batches and repair work. Proper soldering techniques, use of the right 
materials, and adherence to safety protocols ensure that components are reliably attached to PCBs 
while minimizing health risks to the operator. Understanding and applying these principles helps in 
achieving the desired quality and efficiency in electronics manufacturing.
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•	 Safety equipment (e.g., goggles, gloves, fume extractor, anti-static wrist straps)

•	 Whiteboard/flipchart and markers

Activity Steps:

1.	 Introduction (10 minutes):

	 Briefly explain the different soldering techniques (wave soldering, hand soldering), the types of 
soldering materials (solder paste, flux), and safety considerations. Highlight the importance of 
safe soldering practices, such as wearing protective gear and working in well-ventilated areas.

2.	 Demonstration (10 minutes):

	 If possible, demonstrate the wave soldering process (if equipment is available) and hand 
soldering technique, explaining the roles of soldering materials (paste, flux) and equipment. 
Show how to apply flux, solder, and clean the PCB.

3.	 Group Hands-on Activity (30 minutes):

	◦ Task 1: In groups, participants will practice hand soldering on a PCB mock-up with through-
hole components. Each group should demonstrate proper technique (heat application, 
solder placement) and safely apply flux and solder.

	◦ Task 2: Groups will then clean the flux residue from their PCBs using isopropyl alcohol and 
brushes.

	◦ Task 3: Discuss when and why wave soldering would be used instead of hand soldering (e.g., 
for high-volume production, surface-mount components).

4.	 Group Discussion and Presentation (10 minutes):

Each group presents the soldering techniques they used, challenges they faced, and how they 
ensured safety. Discuss differences between hand soldering and wave soldering and when each is 
most appropriate.

Examples of Scenario Cards:  

Scenario 1: Flux Residue Build-up Situation:

During the hand soldering process, you notice that a significant amount of flux residue is accumulating 
on the PCB after soldering multiple components. Some of it appears to be hard to clean off, and you’re 
concerned it could affect the performance of the PCB.

Questions to Address:

•	 What steps can you take to ensure the flux residue is properly removed from the PCB?

•	 How can you prevent excessive residue from building up during the soldering process?

Scenario 2: Overheating the PCB Situation:

While using the soldering iron, you accidentally apply too much heat to a PCB during soldering. 
This causes the PCB to slightly warp, and you’re worried the components may be damaged due to 
overheating.

Questions to Address:

•	 How can you mitigate the risks of overheating components and the PCB during soldering?

•	 What is the best way to assess if the components or PCB have been damaged?
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Scenario 3: Incorrect Soldering Material Use Situation:

You are given a new batch of soldering wire, but upon inspection, you realize it’s a different type of solder 
than you usually use. You’re unsure if this new solder material will be appropriate for the substrate and 
components you’re working with.

Questions to Address:

•	 How can you determine if the new solder is appropriate for this PCB and its components?

•	 What steps should you take if you believe the solder is incompatible with the design 
requirements?

Activity Duration Resources used

Soldering Techniques 
and Safety

Soldering irons, soldering paste, flux, 
soldering wire, Wave soldering machine 

(optional, if available), PCB mock-ups 
(with through-hole and surface-mount 

components), Isopropyl alcohol and 
brushes for cleaning flux residues, 

Safety equipment (e.g., goggles, gloves, 
fume extractor, anti-static wrist straps), 

Whiteboard/flipchart and markers

Notes for Facilitation  
•	 Discuss proper cleaning techniques (e.g., isopropyl alcohol, ultrasonic cleaners).

•	 Teach prevention methods (control soldering iron temperature, flux application).

•	 Emphasize importance of using correct temperature and timing.

•	 Demonstrate PCB inspection for damage.

Do  
•	 Guide the trainees throughout the activity 

•	 Ensure that all trainees participate in the activity
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Unit Objectives  

Resources to be Used  

Note  

Unit 1.3: PCB Assembly Procedures and Quality Control 
Standards

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser 
pointer, etc.

In this unit, we will discuss the assembly procedures involved in PCB production, focusing on the role 
of the Bill of Materials (BOM) in guiding these processes. We will differentiate between Surface Mount 
Technology (SMT) and Through-Hole Technology (THT) assembly methods and explore the quality 
standards, such as IPC standards, that ensure high-quality PCB assemblies. Additionally, we will learn 
about test equipment operation and how to interpret test results to detect potential PCB failures.

At the end of this unit, the participants will be able to: 

1.	 Understand the assembly procedures and the role of the Bill of Materials (BOM) in guiding the 
process.

2.	 Differentiate between Surface Mount Technology (SMT) and Through-Hole Technology (THT) 
assembly processes.

3.	 Learn about quality standards for PCB assembly (e.g., IPC standards) and their application.

4.	 Understand the operation of test equipment and interpret test results to identify potential 
failures in PCBs.

Ask  
Ask the participants the following questions:

•	 What is the difference between Surface Mount Technology (SMT) and Through-Hole Technology 
(THT) in PCB assembly?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Understanding the Assembly Procedures and the Role of the Bill of Materials (BOM)

The assembly procedure for Printed Circuit Boards (PCBs) is a systematic process involving several steps, 
from component placement to final testing. The Bill of Materials (BOM) is an essential document in 
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this process as it lists all the components required for PCB assembly, along with their part numbers, 
quantities, and specifications. The BOM serves as a comprehensive guide for procuring materials, 
ensuring that all necessary components are available at the right time and place. It helps in managing 
inventory, preventing mistakes, and maintaining an organized workflow throughout the assembly 
process.

A well-structured BOM ensures consistency and precision in assembly by providing the assembly team 
with clear instructions on component selection, placement, and soldering. The BOM also plays a crucial 
role in troubleshooting, as it allows engineers to trace back issues related to component types or 
quantities during the assembly process.

In summary, the BOM acts as a roadmap for the entire PCB assembly process, from procurement of 
parts to final assembly, guiding every step to ensure the proper execution of design specifications and 
component placement.

Differentiating Between Surface Mount Technology (SMT) and Through-Hole Technology (THT)

Surface Mount Technology (SMT) and Through-Hole Technology (THT) are two primary methods 
used for assembling electronic components on a PCB. Both have distinct features, advantages, and 
applications, depending on the type of product being developed.

1.	 Surface Mount Technology (SMT):

	 SMT involves mounting electronic components directly onto the surface of the PCB without 
the need for holes. Components such as resistors, capacitors, and integrated circuits (ICs) are 
designed to have flat leads or no leads at all (for components like chip resistors or ICs). SMT is 
highly automated, making it suitable for high-volume production, as components can be placed 
rapidly and accurately by machines.

Advantages of SMT:

	◦ Space Efficiency: SMT allows for a higher density of components on the PCB due to the 
absence of holes, enabling smaller and lighter devices.

	◦ Cost-Effective: Automated assembly processes reduce labor costs and improve production 
efficiency.

	◦ Better Performance: Shorter electrical paths reduce signal interference, enhancing 
performance, particularly in high-frequency applications.

2.	 Through-Hole Technology (THT):

	 THT involves inserting components with long leads through pre-drilled holes in the PCB, where 
they are soldered on the opposite side. This method is typically used for larger, more rugged 
components such as connectors, large capacitors, or components requiring more mechanical 
support.

Advantages of THT:

	◦ Stronger Connections: THT provides more durable mechanical connections, making it ideal 
for components subject to stress or vibration.

	◦ Better for Low-Volume Production: THT may be easier for smaller runs as it can be manually 
assembled with less specialized equipment.

	◦ Enhanced Reliability: For components that must endure physical stresses (e.g., automotive 
or aerospace applications), THT connections provide greater mechanical strength.

Key Differences Between SMT and THT:

	◦ Component Placement: SMT components are placed on the surface, whereas THT 
components pass through holes.



Reliability & Quality Control 
Manager

17

	◦ Assembly Process: SMT uses automated machines for placement, while THT may require 
manual insertion or machines for soldering.

	◦ Size and Weight: SMT components are generally smaller and lighter compared to THT 
components, which can occupy more space and weigh more.

	◦ Cost: SMT is cost-efficient for mass production, while THT may be more suitable for low-
volume or specialized products.

Quality Standards for PCB Assembly (IPC Standards)

IPC Standards are a set of globally recognized guidelines developed by the Institute for Printed 
Circuits (IPC) to ensure high-quality and consistent production of PCBs. These standards are crucial for 
maintaining the integrity, reliability, and performance of electronic products across various industries. 
Several IPC standards are applied in PCB assembly, focusing on component placement, soldering, 
testing, and assembly procedures. Some of the key IPC standards include:

1.	 IPC-A-600 (Acceptability of Printed Boards):

	 This standard provides guidelines for the visual inspection of bare PCBs, addressing criteria such 
as cleanliness, physical damage, and alignment. It helps manufacturers ensure the PCB meets 
the required quality before assembly.

2.	 IPC-A-610 (Acceptability of Electronic Assemblies):

	 This standard defines the acceptability criteria for electronic assemblies, focusing on the quality 
of solder joints, component placement, and surface finishes. It is vital for ensuring that the PCB 
assembly process meets industry standards and does not cause reliability issues in the final 
product.

3.	 IPC-2221 (Generic Requirements for Designing Printed Boards and Other Forms of Component 
Packaging):

	 This standard outlines the best practices for designing PCBs to ensure manufacturability, 
reliability, and compliance with quality control standards. It helps designers and manufacturers 
avoid errors that can lead to defects or performance issues.

4.	 IPC-7711/21 (Rework, Repair, and Modification of Electronic Assemblies):

	 This standard provides guidelines for reworking and repairing PCBs during assembly. It is 
particularly useful in cases where defects are identified during the inspection or testing phases, 
ensuring that repairs are done efficiently and in accordance with quality standards.

By adhering to IPC standards, manufacturers can ensure that their PCB assemblies meet performance, 
safety, and reliability requirements, ultimately reducing the risk of failures in the field.

Operation of Test Equipment and Interpreting Test Results

Testing is a critical part of the PCB assembly process to ensure that the assembled boards perform as 
expected under real-world conditions. Several types of test equipment are used during PCB inspection, 
including:

1.	 Automated Optical Inspection (AOI):

	 AOI systems use high-resolution cameras and software to inspect the surface of the PCB 
for defects such as missing components, misaligned components, or soldering issues. This 
equipment can quickly identify defects that are difficult to spot manually.

2.	 In-Circuit Test (ICT):

	 ICT is used to check the electrical functionality of the assembled PCB. It verifies whether the 
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Say  
Let us participate in an activity to explore the unit a little more.

Activity  
Group Activity: PCB Assembly Process Simulation

Objective:

To simulate the PCB assembly process, understand the role of the Bill of Materials (BOM), differentiate 
between SMT and THT, and apply quality standards for PCB assembly.

Group Size: 4-6 participants

Materials:

•	 Sample PCB design layout

•	 BOM document

•	 SMT components (example: resistors, capacitors)

•	 THT components (example: transistors, connectors)

•	 Test equipment (multimeter, test probes, etc.)

•	 IPC standards guideline (or summary)

components are correctly soldered and if there are any shorts or open circuits. ICT equipment 
is highly effective in detecting faults early in the production process.

3.	 Functional Test (FCT):

	 FCT involves testing the PCB under actual operating conditions to ensure it meets the design 
specifications. It simulates how the PCB will perform in the final product to identify potential 
functional issues, such as incorrect signal routing or power failures.

4.	 X-ray Inspection:

	 X-ray machines are used to inspect the internal components of a PCB, particularly useful 
for checking hidden or inaccessible areas such as solder joints under BGA (Ball Grid Array) 
components. X-ray inspection helps identify issues such as voids, cracks, or soldering defects 
that may not be visible with other inspection methods.

Interpreting test results requires understanding the specific standards and thresholds set for the 
product’s functionality. For example, in ICT, the test results may indicate whether a specific pin is correctly 
connected or if there is an electrical fault like an open circuit. AOI results may show visual defects such 
as an incorrect component orientation. In all cases, interpreting these results involves comparing the 
findings against the acceptable limits established by IPC standards or the product’s specifications.

The assembly process for PCBs is a complex and detailed operation that involves various techniques, 
standards, and equipment to ensure high-quality output. Understanding the role of the BOM, 
differentiating between SMT and THT, applying IPC standards, and using the correct test equipment are 
essential to achieving reliable and efficient PCB assembly. These processes ensure that the final product 
meets the necessary performance criteria and quality standards, contributing to the overall success of 
electronic devices across various industries.
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•	 Pen and paper for documentation

Instructions:

1.	 Introduction (10 minutes):

	 Briefly explain the importance of the Bill of Materials (BOM) in guiding the assembly process 
and the differences between Surface Mount Technology (SMT) and Through-Hole Technology 
(THT). Introduce quality standards like IPC.

2.	 Assembly Simulation (30 minutes):

	◦ Divide the group into two teams: one for SMT and one for THT assembly.

	◦ Each team will receive a section of the PCB and components (either SMT or THT), along with 
the BOM document.

	◦ Teams will follow the BOM to assemble the PCB layout using the provided components.

	◦ Ensure the correct assembly techniques for each type of component (e.g., correct placement 
for SMT, through-hole insertion for THT).

3.	 Testing & Quality Check (15 minutes):

	◦ After assembly, the teams will use the test equipment (multimeter, test probes) to check for 
potential failures in their assembled PCBs.

	◦ Compare the test results to expected functionality based on the BOM and IPC standards.

4.	 Group Presentation (5 minutes):

	◦ Each team will present their assembly process, the challenges they encountered, and the 
quality checks performed.

	◦ Discuss how IPC standards were applied in their assembly and testing processes.

Examples of Scenario Cards:  

Scenario Card 1: SMT Component Placement Issue

Situation:

During the assembly of a PCB using Surface Mount Technology (SMT), your team realizes that one of the 
components, a small capacitor, is misaligned on the board.

Challenge:

•	 Discuss how to correctly re-align the component and the potential impact of improper alignment 
on the overall performance of the PCB.

•	 What could be the consequences of continuing with the misaligned component? How would 
you prevent this in future assembly processes?

•	 Refer to the BOM for the correct component placement.

Scenario Card 2: Through-Hole Technology (THT) Insertion Problem

•	 Situation: While inserting a through-hole resistor into the PCB, you notice that one of the leads 
is bent and doesn’t fit into the hole properly.

Challenge:

•	 How do you safely fix the bent lead? Should the component be replaced, or is it salvageable?
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Activity Duration Resources used

PCB Assembly Process 
Simulation

Sample PCB design layout, OM document, 
T components (example: resistors, 

capacitors), T components (example: 
transistors, connectors), st equipment 

(multimeter, test probes, etc.), IPC 
standards guideline (or summary), n and 

paper for documentation

Do  
•	 Guide the trainees throughout the activity 

•	 Ensure that all trainees participate in the activity

Notes for Facilitation  
•	 Ensure components are placed correctly according to the BOM to avoid alignment issues that 

can affect circuit performance.

•	 Encourage careful handling of components, especially through-hole components, to avoid lead 
bending or misalignment.

•	 Teach how to troubleshoot common issues like incorrect voltage readings, misalignment, or 
soldering defects by using tools like multimeters.

•	 Emphasize the importance of documenting any issues during the assembly process for future 
quality control and process improvement.

•	 What are the potential issues if the bent lead is not fixed before soldering?

•	 Discuss how quality control should address this issue, and how documentation should note such 
issues in the process.

Scenario Card 3: Testing Failure in Assembled PCB

Situation:

After assembling the PCB using both SMT and THT techniques, your team uses the multimeter to test 
the circuit. However, the voltage readings on a critical point are significantly off from the expected 
values.

Challenge:

•	 Discuss possible reasons for the incorrect readings and how you can troubleshoot the circuit to 
find the root cause.

•	 How would you test for common assembly issues like cold solder joints or incorrect component 
placement?

•	 What steps should be taken to correct the issue, and how would this be documented?
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Unit Objectives  

Resources to be Used  

Note  

Unit 1.4: Safety, Documentation, and Test Equipment in PCB 
Assembly

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser 
pointer, etc.

In this unit, we will discuss the essential safety protocols in PCB assembly, focusing on Electrostatic 
Discharge (ESD) control, safe handling practices for hazardous materials like solder and flux, and the 
importance of maintaining a clean and safe work environment. Additionally, we will explore proper 
workstation preparation for assembly and how to verify the functionality of test equipment to ensure 
a smooth assembly process.

At the end of this unit, the participants will be able to: 

1.	 Understand Electrostatic Discharge (ESD) control procedures to protect sensitive components.

2.	 Learn the safe handling practices for hazardous materials (solder, flux) used in PCB assembly.

3.	 Recognize the importance of maintaining a clean, safe work environment and the significance 
of accurate documentation.

4.	 Demonstrate how to prepare the workstation for assembly and verify the functionality of test 
equipment.

Ask  
Ask the participants the following questions:

•	 Why is it important to follow ESD control procedures during PCB assembly?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
1. Electrostatic Discharge (ESD) Control Procedures to Protect Sensitive Components

Electrostatic Discharge (ESD) refers to the sudden flow of electricity between two electrically charged 
objects caused by contact or an electrical short. It can occur when electronic components come into 
contact with an object that has a different electrical potential. This discharge can damage sensitive 
electronic components such as semiconductors, microchips, and integrated circuits, which can lead to 
malfunction or permanent failure of the component.



         

Facilitator Guide

22

To protect sensitive components from ESD, several precautions and control measures are implemented:

•	 Grounding: Ensure that both the workstation and personnel are properly grounded. Workers 
should wear ESD wrist straps that are connected to a grounded source, preventing the buildup 
of static charge.

•	 ESD Mats: Work surfaces should be equipped with ESD-safe mats. These mats are conductive 
and dissipate any static charge accumulated on the components or tools, preventing static 
buildup.

•	 Ionizers: Ionizing devices are used in environments where the static charge cannot be easily 
dissipated, such as in dry environments. These devices neutralize static charges by releasing 
ions that balance the charge difference.

•	 ESD-Safe Tools and Equipment: All tools used for assembly (e.g., tweezers, soldering irons, 
and pick-and-place machines) should be made of materials that do not generate or store static 
charges.

•	 Packaging: Components should be stored and transported in ESD-safe packaging, such as anti-
static bags or containers, to minimize the risk of static damage during handling.

By maintaining these control measures, the integrity of sensitive components is protected, preventing 
costly failures and ensuring the reliability of the final product.

2. Safe Handling Practices for Hazardous Materials (Solder, Flux) Used in PCB Assembly

PCB assembly involves the use of various materials, some of which can be hazardous to health if not 
handled correctly. Two common materials used are solder and flux, both of which require special 
handling to avoid health risks.

•	 Solder: Solder, typically made from an alloy of lead and tin or lead-free alternatives, is used to 
form electrical connections between components and the PCB. Traditional lead-based solder 
contains toxic lead, which can cause serious health problems if inhaled or ingested. Therefore, 
it is crucial to follow safe handling practices:

	◦ Always work in a well-ventilated area to avoid inhaling the fumes generated during soldering. 
Use fume extraction systems to draw out harmful fumes.

	◦ Ensure that the workstation is free from dust and dirt that could come into contact with the 
solder.

	◦ Wear gloves and avoid direct contact with solder. Wash hands thoroughly after handling 
solder to prevent exposure to lead or other toxic substances.

	◦ For lead-free solder, although less toxic, similar precautions should still be observed due to 
the elevated temperatures involved in the soldering process.

•	 Flux: Flux is a chemical cleaning agent used to facilitate the soldering process. It removes 
oxidation and helps the solder flow more easily. However, flux can contain hazardous chemicals 
such as rosin, which can be irritating to the skin and respiratory system. Safe handling practices 
include:

	◦ Use flux in well-ventilated areas and avoid inhaling the fumes, as they can irritate the lungs 
and eyes.

	◦ Wear safety glasses and gloves to avoid skin and eye contact.

	◦ Always store flux in its original container with proper labeling to avoid exposure to hazardous 
chemicals.

By adhering to these practices, workers can prevent potential health hazards and ensure that the 
materials are used safely during the PCB assembly process.
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3. Maintaining a Clean, Safe Work Environment and Accurate Documentation

A clean and safe work environment is essential for maintaining the integrity of the assembly process 
and preventing accidents. In PCB assembly, even the smallest contaminants can affect the functionality 
of a device, and safety concerns should never be ignored.

•	 Workplace Cleanliness: Dust, dirt, and grease can interfere with the quality of the solder joints 
and can also damage sensitive components. A clean workstation ensures better precision and 
reduces the likelihood of errors. Keep workbenches free of unnecessary materials, and make 
sure that surfaces are regularly wiped down and free from contaminants.

•	 Safety Protocols: Ensure that the workspace adheres to safety protocols, such as proper 
ventilation and clear exit routes. Fire extinguishers should be easily accessible, especially in 
areas where soldering takes place, as soldering irons can pose a fire hazard.

•	 Personal Protective Equipment (PPE): Workers should wear appropriate PPE, such as safety 
glasses, gloves, and lab coats, to protect themselves from hazardous materials, heat, and 
electrical burns. Adequate PPE minimizes the risk of injury and contamination in the workspace.

•	 Documentation: Accurate and detailed documentation is critical to ensuring the quality of 
the PCB assembly process and maintaining consistency in operations. The following types of 
documentation should be kept up to date:

	◦ Assembly Instructions: Clear guidelines for assembly procedures, soldering techniques, and 
material handling.

	◦ Inspection Reports: Regular inspections should be documented, including results from visual 
inspections and testing. Any deviations from standards should be recorded and addressed.

	◦ Maintenance Logs: Keep track of the maintenance of tools and equipment, such as soldering 
irons, flux dispensers, and inspection devices. This ensures that equipment is functioning 
properly and reduces the chances of errors due to malfunctioning tools.

Good documentation practices ensure that processes are repeatable and transparent, enabling teams 
to troubleshoot issues more effectively and maintaining quality control over time.

4. Preparing the Workstation for Assembly and Verifying the Functionality of Test Equipment

Proper preparation of the workstation is crucial for the successful assembly of PCBs and the effective 
use of test equipment. This step ensures that assembly is efficient, accurate, and meets the required 
quality standards.

•	 Workstation Setup: Begin by ensuring that the work area is clean and that all necessary tools and 
materials are within reach. This includes soldering irons, flux, solder, tweezers, and magnifying 
tools. The workstation should also be equipped with an ESD-safe mat to prevent static damage 
to sensitive components.

•	 Test Equipment Verification: Before beginning the assembly, verify the functionality of test 
equipment such as multimeters, oscilloscopes, and continuity testers. Test instruments should 
be calibrated regularly to ensure accuracy. Perform a basic check on each piece of equipment to 
ensure it is in good working condition and ready for use.

•	 Component Check: Ensure that all components required for the assembly process are available 
and organized. Components should be checked against the Bill of Materials (BOM) for accuracy 
and completeness.

•	 ESD Precautions: Double-check that all ESD precautions, such as wrist straps and ESD-safe 
storage, are in place.
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Say  
Let us participate in an activity to explore the unit a little more.

Activity  
Group Activity: Safety Procedures and Workstation Setup for PCB Assembly

Objective: To practice Electrostatic Discharge (ESD) control procedures, hazardous material handling, 
and workstation preparation, ensuring a safe and efficient environment for PCB assembly.

Group Size: 4-6 participants

Materials Needed:

•	 ESD mats, wrist straps, and anti-static bags

•	 Soldering iron, solder paste, flux, and other assembly tools

•	 Documentation sheets or work instructions

•	 Personal Protective Equipment (PPE)

•	 Test equipment for verification (multimeter, oscilloscope, etc.)

•	 Cleanroom supplies (e.g., gloves, cleaning wipes)

Activity Instructions:

1.	 Preparation Phase (15 mins):

	 Divide the group into teams. Provide each team with workstations that need to be set up for 
PCB assembly. They should include components, tools, and necessary ESD control equipment. 
Ensure participants verify the functionality of all test equipment.

2.	 Safety Procedures (15 mins):

	 Teams will demonstrate safe handling of hazardous materials (solder paste, flux) and ESD control 
measures, such as grounding wrist straps, using ESD mats, and properly storing components in 
anti-static bags.

3.	 Documentation (10 mins):

	 Each team will document their setup process, safety checks, and the status of their equipment 
in a clear and organized manner.

4.	 Presentation (15 mins):

	 Teams will present their workstation setup and describe the ESD control procedures, handling 
practices for hazardous materials, and safety precautions taken. Other teams can ask questions 
and provide feedback.

Debrief (5 mins):

Discuss the importance of ESD control and safety practices in the PCB assembly process.

Examples of Scenario Cards:  

Scenario Card 1: ESD Control Failure
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Activity Duration Resources used

Safety Procedures and 
Workstation Setup for 

PCB Assembly

ESD mats, wrist straps, and anti-static bags, 
Soldering iron, solder paste, flux, and other 

assembly tools, Documentation sheets 
or work instructions, Personal Protective 

Equipment (PPE), Test equipment for 
verification (multimeter, oscilloscope, etc.), 
Cleanroom supplies (e.g., gloves, cleaning 

wipes)

Situation:

During assembly, one of your team members forgets to wear the ESD wrist strap while handling a 
sensitive component. The component is accidentally exposed to static, potentially damaging it.

Task:

1.	 Identify the steps to take immediately to prevent further damage.

2.	 Discuss the potential impact of not following ESD control procedures on the overall PCB 
assembly.

3.	 Determine how to handle the situation and what corrective actions should be taken to ensure 
ESD protection is always followed.

Scenario Card 2: Hazardous Material Spill

•	 Situation: While soldering a component, solder paste spills onto the workstation. The paste 
contains lead, and the spill is hazardous to both health and the environment.

•	 Task:

1.	 Describe the immediate steps to safely clean up the spill following hazardous material 
handling procedures.

2.	 Discuss the potential risks associated with improper handling of hazardous materials like 
solder paste and flux.

3.	 Determine how to prevent similar incidents in the future by adjusting work practices.

Scenario Card 3: Inadequate Workstation Setup

•	 Situation: You’ve begun the assembly process, but halfway through, you realize that the 
workstation was not prepared correctly. There is no ESD mat, and the soldering iron is not 
functioning properly.

•	 Task:

1.	 Identify the steps to take to quickly resolve the workstation setup issues before continuing 
with the assembly.

2.	 Discuss the importance of a well-prepared workstation and the impact that inadequate 
preparation can have on the quality and safety of the PCB assembly process.

3.	 Propose improvements to ensure all workstations are properly set up before starting 
assembly.
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Notes for Facilitation  

Do  

•	 Encourage groups to think creatively while aligning with guest preferences and operational 
feasibility.

•	 Prompt discussions on how different amenities contribute to guest satisfaction in practical ways.

•	 During presentations, ask questions to explore alternative approaches or solutions.

• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity
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Unit Objectives  

Resources to be Used  

Note  

Unit 1.5: Housekeeping Manager’s Role and Responsibilities

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc.

In this unit, we will discuss the essential steps of PCB assembly, focusing on accurate component 
placement, performing visual inspections, and identifying common defects such as misaligned 
components and poor solder joints. We will also cover rework procedures for correcting defects and 
emphasize the importance of documenting inspection results for quality assurance.

At the end of this unit, the participants will be able to:

1.	 Follow assembly instructions to place electronic components accurately on the PCB.

2.	 Perform visual inspections of assembled PCBs to identify defects like missing or misaligned 
components and poor soldering joints.

3.	 Understand rework procedures for rectifying identified defects and document the inspection 
results accurately.

Ask  
Ask the participants the following questions: 

•	 What are the key steps you need to follow to ensure components are correctly placed on a PCB 
during the assembly process?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Assembly Instructions and Placement of Electronic Components on the PCB

When assembling electronic components onto a printed circuit board (PCB), it is essential to follow 
precise assembly instructions. These instructions are typically provided by the design team or from the 
manufacturer’s specifications, and they outline the placement, orientation, and specifications for each 
component. The process starts by reviewing the Bill of Materials (BOM) and the PCB design files to 
ensure that the correct components are being used for the assembly.
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The components are usually placed on the PCB using Surface Mount Technology (SMT) or Through-
Hole Technology (THT), depending on the design specifications. In SMT, components are placed 
directly onto the surface of the PCB, while THT components are inserted through holes in the PCB 
and soldered on the opposite side. Placement accuracy is critical for ensuring proper functionality and 
manufacturability. SMT components are placed using automated pick-and-place machines, which use 
robotic arms and vision systems to accurately position the components based on predefined locations 
in the design files. For THT components, manual or semi-automated assembly methods are employed 
to insert components through the PCB holes, followed by soldering.

Each component’s placement must adhere to specific tolerances outlined in the design files to ensure 
the integrity of the electrical and mechanical connections. Incorrect placement or orientation can result 
in improper functionality or even complete failure of the circuit. For example, a misaligned component 
can cause poor electrical contact, while a missing component can disrupt the functionality of the circuit. 
Therefore, assembly instructions are followed meticulously to avoid such issues and ensure the final 
product’s reliability.

Visual Inspections of Assembled PCBs

Once the components are placed, the next critical step in the assembly process is the visual inspection 
of the assembled PCBs. This step helps identify defects such as missing or misaligned components, poor 
soldering joints, and other assembly errors that could compromise the functionality or performance of 
the PCB.

Visual inspections are generally carried out with the aid of magnification tools, such as microscopes or 
magnifying glasses, to ensure a thorough review. Inspection focuses on several key areas:

•	 Component Placement: Inspectors verify that each component is placed in the correct 
location, following the design files. This includes checking for correct orientation of polarized 
components (e.g., capacitors and diodes), ensuring no components are missing, and ensuring 
that all components are securely seated.

•	 Soldering Joints: The quality of the soldering joints is a significant factor in determining the 
electrical and mechanical reliability of the PCB. Inspectors look for common soldering issues, 
such as cold joints, bridges (unintended connections between pads), and insufficient solder. 
A good solder joint should have a smooth, shiny, and uniform appearance with no excessive 
solder or flux residue. Additionally, inspectors check for visible cracks, which can occur due to 
thermal cycling during use.

•	 Surface Defects: During visual inspections, any surface imperfections, such as scratches, dents, 
or contamination on the PCB, are noted. Such defects can affect the overall performance of the 
PCB and potentially lead to failure.

•	 Polarity and Orientation: For components that are polarized, such as diodes and electrolytic 
capacitors, inspectors must verify that they are oriented correctly. Incorrect polarity can cause 
malfunction or even damage to components.

The visual inspection process helps identify issues before they lead to more severe problems in later 
stages of production or during the final testing phase. Early detection allows for rework to be done 
promptly, ensuring that the final product meets the required specifications and quality standards.

Rework Procedures for Defects in Assembled PCBs

Despite careful assembly, some defects may still occur, and the rework process is crucial for fixing them. 
Rework involves correcting any issues found during the inspection process. Common defects that may 
require rework include missing components, misaligned components, or poor solder joints.
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Rework procedures generally consist of the following steps:

1.	 Identification of Defects: The first step in rework is identifying the defect, which is usually done 
through visual inspection. Inspection tools like magnifying lamps or microscopes are used to 
thoroughly inspect each component and solder joint.

2.	 Defect Assessment: Once a defect is identified, the inspector must assess the severity of the 
issue. Some defects, such as minor misalignment, may be easy to fix, while others, like cold 
solder joints or damaged components, may require more extensive rework.

3.	 Component Removal (if necessary): In cases where a component is incorrectly placed or 
damaged, it must be removed. For SMT components, this often involves using soldering irons 
or specialized desoldering equipment, such as solder wick or a desoldering pump, to remove 
excess solder and carefully extract the component.

4.	 Rework and Re-assembly: After removing the defective component, the area is cleaned to 
ensure no solder residue or flux remains. New components are then placed and soldered 
following the same guidelines as the initial assembly.

5.	 Inspection Post-Rework: Once the rework is completed, the area is visually inspected to ensure 
the defect has been properly addressed. Solder joints are inspected for quality, and component 
placement is checked for accuracy.

6.	 Testing: In many cases, the PCB will be tested again after rework to ensure that the electrical 
functionality of the circuit is restored.

Rework is an essential part of PCB assembly, but it should be kept to a minimum to ensure the efficiency 
of the assembly process and maintain cost-effectiveness. Extensive rework often leads to delays in 
production and increases the likelihood of introducing new defects.

Documenting Inspection Results and Rework Activities

Accurate documentation is vital throughout the PCB assembly and rework process. Documenting 
inspection results and rework activities helps ensure that the assembly process adheres to quality 
standards and provides an audit trail for future reference. Proper documentation includes:

•	 Inspection Checklists: Inspectors often use checklists that outline all the critical points to be 
inspected on the PCB, including component placement, soldering quality, and surface defects. 
Each item is checked, and any discrepancies are noted for correction.

•	 Rework Logs: Any defects found during the inspection process and the corresponding rework 
steps taken are logged in detail. The log includes information about the type of defect, the 
components involved, the corrective actions taken, and the final outcome after rework.

•	 Test Results: If the PCB undergoes electrical testing, the test results are recorded. This includes 
identifying any functional issues and ensuring that the PCB operates as intended.

In addition to providing a record of defects and rework, proper documentation is essential for identifying 
trends or recurring issues that might indicate a need for process improvement. It also plays a key role in 
maintaining compliance with quality standards and certifications.

In summary, accurate placement of components, thorough visual inspection, rework procedures, 
and precise documentation are all integral aspects of the PCB assembly process. These steps ensure 
the quality, functionality, and reliability of the final product, meeting the rigorous standards set for 
electronic devices.
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Say  
Let us participate in an activity to explore the unit a little more.

Activity  
Group Activity: PCB Assembly Inspection and Rework

Objective:

The activity aims to give participants hands-on experience in inspecting PCBs for defects, understanding 
the rework procedures, and accurately documenting inspection results.

Materials Needed:

•	 Assembled mock PCBs with intentional defects (misaligned components, missing components, 
soldering defects)

•	 Soldering kits (for rework)

•	 Magnifying glasses or microscopes

•	 Documentation sheets for inspection results

•	 Markers/Sticky notes for defect identification

•	 Rework procedure guides

Instructions:

1.	 Introduction (10 minutes):

	◦ Briefly explain the importance of following assembly instructions and accurately placing 
components on the PCB.

	◦ Discuss common defects that can occur during PCB assembly (e.g., misalignment, poor 
soldering joints).

	◦ Explain the rework procedures to fix these defects, such as resoldering and component 
replacement.

2.	 Group Work (30 minutes):

	◦ Divide participants into small groups (3-4 members per group).

	◦ Each group will receive a mock PCB with defects (misaligned components, missing 
components, and poor soldering joints).

	◦ Groups will visually inspect the PCB using magnifying tools and identify the defects.

	◦ After identifying the defects, they will follow rework procedures to fix the issues. Each defect 
should be addressed, and the rework process should be documented.

3.	 Group Presentations (15 minutes):

	◦ Each group presents their findings and rework solutions to the rest of the participants.

	◦ They should also share the documentation of their inspection process and describe how 
they addressed each defect.



Reliability & Quality Control 
Manager

31

4.	 Debrief (5 minutes):

	◦ Summarize key learning points about visual inspection, defect identification, and rework 
procedures.

	◦ Discuss the importance of accurate documentation and its role in maintaining product 
quality and process improvements.

Examples of Scenario Cards:  

Scenario Card 1: Misaligned Component

Description:

	◦ While performing the final visual inspection, you notice that one of the resistors (R3) is 
placed incorrectly, slightly off-center on the PCB. It is not properly aligned with its pads, and 
there’s a risk of poor electrical connection.

Task:

	◦ Identify the misaligned component.

	◦ Apply the appropriate rework procedure to re-align the component.

	◦ Document the issue, how it was detected, and the steps taken to fix it.

Scenario Card 2: Missing Component

Description:

	◦ During the inspection, you discover that a critical component (C2, a capacitor) is completely 
missing from the PCB assembly. The component was either not soldered or was forgotten 
during the assembly process.

Task:

	◦ Identify the missing component and its position on the PCB.

	◦ Describe how to identify if the missing component affects functionality.

	◦ Determine the rework steps to replace the missing component, if applicable.

	◦ Document the inspection results and actions taken to correct the mistake.

Scenario Card 3: Poor Soldering Joint

Description:

	◦ You notice that one of the solder joints (on the Q1 transistor) appears cracked or insufficient, 
potentially causing a weak connection or an intermittent circuit failure.

Task:

	◦ Inspect the solder joint thoroughly to identify whether it’s a cold joint, cracked, or incomplete.

	◦ Outline the necessary steps for rework to fix the solder joint (such as adding more solder or 
reflowing the joint).

	◦ Record your findings, describe the rework steps, and document any changes made to the 
assembly.



         

Facilitator Guide

32

Activity Duration Resources used

PCB Assembly 
Inspection and Rework

Assembled mock PCBs with intentional 
defects (misaligned components, 
missing components, soldering 

defects), Soldering kits (for rework), 
Magnifying glasses or microscopes, 

Documentation sheets for inspection 
results, Markers/Sticky notes for defect 

identification, Rework procedure 
guides

Do  
• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity

Notes for Facilitation  
•	 Emphasize attention to detail during visual inspections to spot alignment issues, missing 

components, or faulty solder joints.

•	 	Guide teams on the proper rework procedures: realignment, component replacement, or 
reflowing solder joints.

•	 Highlight the importance of clear, concise documentation of defects, actions taken, and any 
adjustments made to maintain quality control standards.
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Exercise  
Multiple-Choice Questions (MCQs)

1 	 Which of the following components is typically used for smoothing voltage fluctuations in a 
circuit?

a) 	 Capacitor

b) 	 Resistor

c) 	 Inductor

d) 	 Diode

Answer: a) Capacitor

2.	 What is the primary purpose of the Bill of Materials (BOM) in PCB assembly?

a) 	 To list all materials and components required for assembly

b) 	 To provide the test results of the assembled PCB

c) 	 To specify soldering techniques

d) 	 To describe how to assemble the PCB manually

Answer: a) To list all materials and components required for assembly

3.	 Which soldering technique is commonly used for assembling Surface Mount Technology (SMT) 
components?

a) 	 Hand soldering

b) 	 Wave soldering

c) 	 Reflow soldering

d) 	 Cold soldering

Answer: c) Reflow soldering

3.	 Which test equipment is used to check for electrical faults and confirm the functionality of an 
assembled PCB?

a) 	 In-circuit tester

b) 	 Oscilloscope

c) 	 Multimeter

d) 	 Power supply

Answer: a) In-circuit tester

Fill in the Blanks

1.	 The _________ is the document that outlines the materials, components, and parts required for 
the PCB assembly process.

Answer: Bill of Materials (BOM)
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2.	 Proper _________ control is necessary to prevent damage to sensitive electronic components due 
to static electricity during assembly.

Answer: Electrostatic Discharge (ESD)

3.	 In the PCB assembly process, _________ is commonly used to clean the soldering flux residue 
after the soldering process.

Answer: Isopropyl alcohol

4.	 _________ technology involves placing components directly onto the surface of the PCB, without 
drilling holes.

Answer: Surface Mount Technology (SMT)

Match the Following

Answer:a) 1 b) 2 c) 3 d) 4 

Match the following:

Components Functions:

a) Resistor 1.	 Used to limit the flow of current.

b) Capacitor 2. 	 Used to smooth voltage fluctuations.

c) Transistor 3.   Used as a switch to control current flow.

d) Diode 4.	 Used to allow current to flow in one direction 
only.

Soldering Techniques Applications:

a) Hand Soldering 1. Common for small components and fine-pitch 
work.

b) Wave Soldering 2. Suitable for large batch production of PCBs.

c) Reflow Soldering 3. Involves a molten solder wave passing over a PCB.

d) Cold Soldering 4. Involves manually applying solder with a soldering 
iron.

Answers: a) 4, (b) 3, (c) 1 ,d) 2 



Reliability & Quality Control 
Manager

35



         

Facilitator Guide

36

2.	Conducting and Analyzing 
Stress Tests

Unit 2.1: 	 Telecom IC Requirements and Substrate Design 
Essentials

Unit 2.2: 	 Stress Test Equipment and Test Design
Unit 2.3: 	 Data Acquisition, Analysis, and Statistical 

Techniques
Unit 2.4: 	 Failure Analysis and Root Cause Identification
Unit 2.5: 	 Reliability Engineering and Corrective Actions
Unit 2.6: 	 Communication, Safety, and Collaboration

TEL/N7220
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Key Learning Outcomes  
At the end of this module, the participants will be able to:

1.	 Explain functionalities and critical performance parameters of various telecom equipment.

2.	 Discuss industry standards and regulations for telecom equipment reliability testing.

3.	 Explain operational stresses experienced by telecom equipment in various applications.

4.	 Describe the principles of stress testing and its role in evaluating product reliability.

5.	 Differentiate between different types of stress tests (e.g., environmental stress testing, electrical 
stress testing, thermal cycling).

6.	 Explain how to design effective stress test profiles to simulate real-world conditions and induce 
failures.

7.	 Describe the operation and functionality of various stress test equipment (e.g., temperature 
chambers, vibration tables, electrical stress testers).

8.	 Explain calibration procedures for stress test equipment to ensure accurate and reliable data.

9.	 Discuss data acquisition techniques for capturing and recording relevant test parameters during 
stress testing.

10.	Explain statistical techniques for analyzing failure data (e.g., Weibull analysis, Pareto charts) to 
identify trends and patterns.

11.	Describe techniques for performing root cause analysis to determine the underlying reasons for 
equipment failures.

12.	Identify common failure modes and mechanisms observed in telecom equipment.

13.	Explain the principles of reliability engineering and their application to product design and 
improvement.

14.	Discuss techniques for implementing corrective and preventive actions to enhance product 
reliability.

15.	Explain effective communication skills for presenting findings and recommendations to design 
and manufacturing teams.

16.	Discuss the importance of collaboration with other departments to implement corrective and 
preventive actions.

17.	Describe safe operation procedures for stress test equipment, following established safety 
guidelines.

18.	Explain potential hazards associated with stress testing and appropriate safety precautions.

19.	Analyze typical environmental and operational conditions for targeted telecom applications.

20.	Design stress test profiles that simulate combinations of these conditions.

21.	Select appropriate stress test equipment based on the designed profiles.

22.	Develop data acquisition plans for capturing and recording relevant test parameters throughout 
the stress test process.

23.	Compile and organize failure data from completed stress tests.

24.	Apply statistical techniques to analyze failure data and identify trends or patterns in failure 
occurrences.

25.	Perform root cause analysis to determine the underlying reasons for equipment failures, using 
case study data.

26.	Propose corrective actions to address identified weaknesses and prevent similar failures in 
future product revisions.

27.	Role-play collaborating with design and manufacturing teams.
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Unit Objectives  

Resources to be Used  

Note  

Unit 2.1: Telecom Equipment and Stress Testing Fundamentals

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc.

In this unit, we will discuss the functionalities and critical performance parameters of telecom 
equipment, focusing on reliability testing. We will explore industry standards and regulations for testing 
telecom equipment, including stress testing methods such as environmental, electrical, and thermal 
cycling tests. Additionally, we will understand the operational stresses telecom equipment faces in 
various applications and how stress testing helps evaluate product reliability.

At the end of this unit, the participants will be able to:

1.	 Understand the functionalities and critical performance parameters of various telecom 
equipment.

2.	 Discuss industry standards and regulations for telecom equipment reliability testing.

3.	 Explain the operational stresses experienced by telecom equipment in various applications.

4.	 Describe the principles of stress testing and its role in evaluating product reliability.

5.	 Differentiate between different types of stress tests (e.g., environmental stress testing, electrical 
stress testing, thermal cycling).

Ask  
Ask the participants the following questions: 

•	 What do you think are some of the factors that affect the performance and reliability of telecom 
equipment during use?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  

1. Functionality and Critical Performance Parameters of Telecom Equipment

Telecom equipment includes a wide range of devices used in telecommunications networks, such as 
switches, routers, base stations, and transmission lines. Each piece of telecom equipment serves a 
specific function, but all are critical for ensuring reliable communication systems.

Key functionalities of telecom equipment include:

•	 Signal transmission and reception: Essential for sending and receiving data across long 
distances.
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•	 Routing: Determines the optimal path for data to travel across the network.

•	 Switching: Directs calls or data between users, often in real-time.

•	 Error correction: Ensures that data sent over the network is accurate by correcting errors.

•	 Security features: Protect sensitive data from unauthorized access or breaches.

Critical performance parameters include:

•	 Data throughput: The amount of data processed over a network per unit of time.

•	 Latency: The delay between sending and receiving data.

•	 Reliability: The ability of the telecom equipment to perform consistently without failure.

•	 Capacity: The maximum amount of traffic or data the equipment can handle at a given time.

•	 Power consumption: Telecom equipment should operate efficiently with minimal energy 
consumption.

Ensuring these parameters meet the required standards is critical for the performance and efficiency of 
telecom networks.

2.  Industry Standards and Regulations for Telecom Equipment Reliability Testing

Telecom equipment reliability is governed by a set of industry standards and regulations that ensure 
the equipment meets performance and safety requirements. These standards are set by organizations 
such as:

•	 International Telecommunication Union (ITU): Sets global telecom standards and promotes 
international cooperation in the field.

•	 Institute of Electrical and Electronics Engineers (IEEE): Provides standards for electrical and 
telecommunications equipment, including testing guidelines.

•	 European Telecommunications Standards Institute (ETSI): Establishes European standards for 
telecom equipment and services.

•	 Federal Communications Commission (FCC): Regulates telecom equipment within the United 
States, ensuring that devices are safe and compatible with national communication systems.

These standards typically cover:

•	 Quality Assurance (QA): Procedures for ensuring that telecom equipment is manufactured to 
meet reliability specifications.

•	 Safety: Ensuring equipment is safe to use and does not pose electrical or physical hazards.

•	 Electromagnetic Compatibility (EMC): Ensures that telecom equipment does not interfere with 
other devices or signals.

•	 Environmental impact: Regulations to minimize the environmental footprint of telecom devices.

3.  Operational Stresses Experienced by Telecom Equipment

Telecom equipment operates in a wide range of environments and experiences numerous operational 
stresses. These stresses can have significant impacts on the lifespan and performance of the equipment. 
Some key operational stresses include:

•	 Thermal stress: Telecom equipment often operates in extreme temperature environments, 
ranging from very cold to very hot. High temperatures can cause components to overheat, while 
low temperatures can lead to material contraction and potential malfunction.
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•	 Electrical stress: Electrical surges or fluctuations, such as those caused by power surges or 
lightning strikes, can damage components.

•	 Mechanical stress: Vibration, shock, or handling during installation and maintenance can cause 
physical damage to telecom equipment.

•	 Environmental stress: Exposure to moisture, dust, and pollutants can degrade the equipment 
and its components over time.

Understanding these stresses is crucial for designing equipment that can withstand these conditions 
and continue to function reliably over time.

4. Principles of Stress Testing in Telecom Equipment

Stress testing is a critical process used to evaluate the reliability and durability of telecom equipment 
by subjecting it to extreme conditions. Stress tests help identify weak points and areas of failure before 
equipment is deployed in real-world environments. The principles behind stress testing include:

•	 Replicating real-world conditions: Stress tests simulate the types of environmental and 
operational stresses that equipment will encounter in actual use.

•	 Identifying failure points: By pushing equipment beyond its normal operating conditions, stress 
testing helps identify failure modes that may not have been discovered during regular use.

•	 Ensuring longevity: Stress testing evaluates the equipment’s ability to continue operating 
without failure over a prolonged period, ensuring that it meets longevity expectations.

•	 Ensuring safety: Stress tests assess whether telecom equipment remains safe to use under 
extreme conditions.

Stress testing is crucial in ensuring that telecom devices meet reliability standards before being released 
to the market.

5. Types of Stress Tests in Telecom Equipment

There are various types of stress tests used in the telecom industry, each designed to evaluate a specific 
aspect of equipment performance. The most common types include:

a. 	 Environmental Stress Testing

Environmental stress testing evaluates how well telecom equipment can operate under different 
environmental conditions, such as temperature, humidity, and exposure to pollutants. This includes:

•	 High and low-temperature tests: Assessing equipment’s functionality at both extreme high and 
low temperatures to ensure that it can handle temperature fluctuations without failure.

•	 Humidity testing: Ensuring the equipment is resistant to moisture and condensation, which can 
cause corrosion and electrical malfunctions.

•	 Dust and pollution testing: Examining how dust, dirt, or pollutants affect the operation and 
longevity of the equipment.

b.   Electrical Stress Testing

Electrical stress testing involves subjecting the equipment to electrical conditions such as surges, 
overvoltage, and power disruptions to ensure the equipment can handle electrical faults without 
failure. Some common tests include:

•	 Voltage spike testing: Ensuring the equipment can withstand brief surges in voltage.

•	 Power cycle testing: Repeatedly switching the equipment on and off to test its resilience to 
power disruptions.
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c. Thermal Cycling Testing
Thermal cycling testing subjects telecom equipment to repeated temperature variations, simulating the 
daily temperature fluctuations that equipment might experience in operation. It helps evaluate:

•	 Component expansion and contraction: How well components handle expansion and 
contraction due to thermal changes.

•	 Material stress: Identifying if materials used in the equipment will degrade under frequent 
thermal cycling, which could lead to malfunctions.

Telecom equipment is essential for modern communication systems, and its performance and 
reliability are critical for seamless operations. Ensuring that this equipment is built to last under varying 
conditions involves understanding its functionalities, performance parameters, and the importance of 
stress testing. Different types of stress tests—environmental, electrical, and thermal—play a vital role in 
determining whether the equipment will perform well in real-world scenarios. By adhering to industry 
standards and regulations and conducting thorough stress testing, telecom equipment manufacturers 
can ensure that their products meet the expectations of performance, safety, and durability.

Understanding these factors not only improves the quality of telecom products but also contributes 
to minimizing downtime, maximizing the efficiency of telecom networks, and ultimately ensuring 
customer satisfaction.

Say  
Let us participate in an activity to explore the unit a little more.

Activity  
Group Activity: Telecom Equipment Stress Testing Simulation

Objective:

The goal of this activity is to help participants understand the various stress tests used for telecom 
equipment, their importance in ensuring reliability, and how they align with industry standards.

Activity Description:

1.	 Divide the participants into small groups (4-5 members per group).

2.	 Each group is assigned one type of telecom equipment (e.g., a router, base station, amplifier).

3.	 Provide each group with a scenario where the equipment must be tested under various 
conditions (e.g., temperature extremes, electrical surges, or humidity).

4.	 Each group must design a testing plan based on the type of stress testing that would be applicable 
(e.g., environmental, electrical, or thermal).

5.	 Have each group present their testing plan, detailing the stresses applied and the expected 
outcomes for the equipment’s performance, including potential failure points.

6.	 After the presentations, facilitate a discussion on how different stress tests help to meet industry 
standards and ensure reliability. Discuss how the tests correlate with real-world applications.
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Activity Duration Resources used

Designing an Effective 
Staffing Plan for 
a Housekeeping 

Department

Whiteboard or flipchart, Markers, Sticky 
notes (different colors), Scenario cards 

(described below)

Notes for Facilitation  

Do  

•	 Identify Stress Testing Types: Focus on environmental, electrical, and thermal stress testing.

•	 Key Parameters: Stress tests must monitor critical performance metrics like temperature, 
voltage, and operational stability.

•	 Test Design: Help participants design effective testing protocols based on the scenario. Prioritize 
realistic conditions.

• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity

Examples of Scenario Cards:  

Scenario Card 1: Environmental Stress Testing for Telecom Base Station

	 Scenario: Your team is responsible for testing a telecom base station that will be deployed in an 
area with extreme weather conditions, such as high heat, humidity, and occasional rainfall. The 
equipment must function reliably for long periods of time without failure.

	 Task: Design an environmental stress test plan for this base station. Consider factors such as 
temperature fluctuations, humidity, and water resistance. Identify key parameters to monitor 
during the test and describe how the results will inform design improvements.

	 Scenario Card 2: Electrical Stress Testing for Telecom Router

	 Scenario: Your team is tasked with conducting electrical stress testing on a new telecom router. 
The router will be deployed in locations prone to power surges, voltage spikes, and other electrical 
disturbances.

	 Task: Design an electrical stress test plan for the router. Specify which electrical stresses (e.g., over-
voltage, under-voltage, short-circuits) you would apply and how you would measure the router’s 
performance during the test. Also, identify potential failure points and suggest ways to mitigate 
these risks in future designs.

	 Scenario Card 3: Thermal Cycling for Telecom Amplifier

	 Scenario: A telecom amplifier is being tested for reliability before deployment in a remote area 
where the temperature can fluctuate from -30°C to +70°C. The amplifier must continue to operate 
within these extreme temperatures without degradation of performance.

	 Task: Create a thermal cycling stress test plan for the amplifier. Define the temperature ranges and 
the duration of the testing cycles. Explain how you will measure the amplifier’s ability to maintain 
optimal performance during these extreme temperature changes and identify any possible areas 
where the equipment may fail.
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Unit Objectives  

Resources to be Used  

Note  

Unit 2.2: Stress Test Equipment and Test Design

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc.

In this unit, we will discuss the operation and functionality of various stress test equipment, such 
as temperature chambers, vibration tables, and electrical stress testers. We will also explore how to 
design effective stress test profiles that simulate real-world conditions, discuss calibration procedures 
to ensure accurate data, and learn how to select the appropriate test equipment based on specific 
telecom application requirements.

At the end of this unit, the participants will be able to:

1.	 Understand the operation and functionality of various stress test equipment (e.g., temperature 
chambers, vibration tables, electrical stress testers).

2.	 Explain how to design effective stress test profiles to simulate real-world conditions and induce 
failures.

3.	 Discuss calibration procedures for stress test equipment to ensure accurate and reliable data.

4.	 Select appropriate stress test equipment based on designed profiles.

5.	 Analyze typical environmental and operational conditions for targeted telecom applications.

Ask  
Ask the participants the following questions: 

•	 	What types of stress tests are used to evaluate the reliability of telecom equipment?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
1. Operation and Functionality of Various Stress Test Equipment

Stress testing plays a crucial role in ensuring the reliability and performance of telecom equipment under 
real-world conditions. To achieve this, several specialized equipment and tools are used to simulate 
various stresses such as temperature fluctuations, vibrations, electrical surges, and more. Below are 
some commonly used stress test equipment:

a) Temperature Chambers:

Temperature chambers, also known as environmental test chambers, are used to simulate temperature 
extremes to which telecom equipment may be exposed during operation. These chambers can create 
both high and low-temperature environments, ranging from -40°C to +150°C or more, depending on the 
specific testing requirements. They help assess the performance and durability of telecom components 
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when exposed to thermal stress, including rapid temperature changes and prolonged exposure to 
either high or low temperatures.

Temperature chambers are equipped with advanced controls to regulate both temperature and 
humidity. Key parameters include:

•	 Temperature Range: Ability to simulate operational and storage temperature extremes.

•	 Rate of Change: Ability to quickly cycle temperatures, simulating conditions such as power-ups 
or power-downs.

•	 Humidity Control: Can also control humidity levels for testing equipment in varied environmental 
conditions.

b) Vibration Tables:

Vibration tables, or shaker systems, are used to simulate vibrations that telecom equipment may 
experience during transportation or while operating in harsh environments. Vibration can affect sensitive 
components, causing loosening of connections, cracks in the casing, or degradation of components over 
time. The vibration table applies random or specific vibration profiles to test the structural integrity and 
functionality of the equipment.

Types of vibration tests:

•	 Sinusoidal Vibration: Simulates steady-state vibrations at specific frequencies.

•	 Random Vibration: Simulates unpredictable vibrations encountered during transportation or 
real-world use.

By subjecting telecom equipment to vibration tests, manufacturers can ensure that the components 
are robust enough to endure environmental challenges like vehicle movements, seismic activity, or 
mechanical shocks during normal operation.

c) Electrical Stress Testers:

Electrical stress testing involves applying voltage or current levels beyond the equipment’s normal 
operating range to assess the performance and robustness of the equipment under over-voltage, 
under-voltage, or current surges. These tests can simulate real-world electrical issues such as power 
surges, lightning strikes, or electrical noise.

Electrical stress testers often use:

•	 Surge Generators: Simulate voltage surges, commonly caused by electrical storms or sudden 
power fluctuations.

•	 Power Supply Testers: Stress test by applying variations in input power to evaluate tolerance 
levels.

•	 Continuity and Insulation Testers: Ensure that wiring and insulation are intact under electrical 
load.

This equipment helps manufacturers identify weaknesses in power circuits and improve the design to 
handle power-related failures, ensuring that telecom equipment continues to function optimally under 
electrical stress.

2. Designing Effective Stress Test Profiles

An effective stress test profile is critical to simulate real-world conditions accurately. A stress test profile 
defines how the equipment is subjected to various stress factors, including temperature, vibration, 
and electrical changes, under controlled conditions. The profile needs to reflect the real operational 
environment, such as expected fluctuations in temperature, operational loads, and potential failures.
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Key steps to designing effective stress test profiles:

•	 Assess Real-World Conditions: Understand the operational environment of the telecom 
equipment—whether it will be used in harsh outdoor settings, high-altitude areas, or controlled 
indoor conditions.

•	 Identify Stress Factors: Choose relevant stress factors (temperature, humidity, vibration, 
voltage, etc.) that are most likely to affect the equipment.

•	 Create Profiles for Different Conditions: For example, for a telecom antenna, you may need 
a combination of high and low temperatures, vibration, and humidity cycling. A telecom base 
station, on the other hand, may require electrical and thermal stress tests.

•	 Set Fail Criteria: Define the failure criteria, such as performance degradation, permanent 
damage, or total failure, depending on the application.

•	 Ensure Realism: Stress tests should reflect typical real-world operating conditions (e.g., sudden 
temperature swings, environmental factors, and electrical overloads).

By using realistic stress profiles, manufacturers can simulate operational conditions that might cause 
potential failures. This helps in identifying weak spots in the design and improving the overall durability 
of telecom equipment.

3. Calibration Procedures for Stress Test Equipment

Calibration of stress test equipment is essential to ensure the accuracy and reliability of the test results. 
Without proper calibration, the equipment may not simulate the desired conditions correctly, leading 
to unreliable data and potentially compromising the design.

Calibration procedures typically involve:

•	 Initial Setup and Zeroing: Before using the equipment, it is important to check if it is calibrated 
to its baseline settings. This involves zeroing out sensors or controllers to eliminate any bias in 
measurements.

•	 Verification Against Standards: Stress test equipment should be calibrated to recognized 
standards. For example, temperature chambers should be calibrated to temperature sensors 
that are certified according to national or international standards.

•	 Regular Calibration: Depending on the frequency of use, equipment should be periodically 
recalibrated to ensure the test conditions remain consistent over time.

•	 Traceability: Calibration records should be maintained to provide traceability in case of 
equipment malfunctions or inconsistencies in test results.

Calibration ensures that the stress equipment is delivering accurate, consistent, and reliable data to 
help identify product weaknesses.

4. Selecting Appropriate Stress Test Equipment Based on Designed Profiles

Selecting the right test equipment is crucial to ensuring that stress test profiles are executed accurately. 
The selection process should take into consideration factors such as:

•	 Test Objective: What specific aspects of the equipment are being tested? For example, if the 
aim is to test for thermal performance, temperature chambers should be the equipment of 
choice. If vibration or shock is a concern, vibration tables should be used.

•	 Environmental Factors: Does the equipment need to simulate extreme conditions (e.g., 
high humidity, salt mist, extreme temperatures)? Ensure the equipment can replicate these 
conditions.
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•	 Size and Load Capacity: The equipment under test should be of a size and weight that fits the 
testing equipment’s capacity. For example, large telecom antennas or servers might require 
specialized equipment or larger test chambers.

Proper selection ensures that the stress testing will be relevant, realistic, and reliable, ultimately 
ensuring the quality and durability of telecom products.

5. Analyzing Typical Environmental and Operational Conditions for Telecom Applications

Telecom equipment is often exposed to a wide range of environmental and operational stresses, 
which makes stress testing critical. Common environmental and operational conditions for telecom 
applications include:

•	 Temperature Extremes: Telecom equipment in outdoor environments is subject to wide 
temperature variations, from freezing cold to scorching heat.

•	 Humidity and Moisture: Components may be exposed to humidity, rain, or moisture, which can 
cause corrosion, especially in equipment deployed in tropical or coastal regions.

•	 Vibration and Mechanical Stress: Telecom equipment, such as antennas or satellite dishes, may 
face vibrations from heavy winds, seismic activity, or operational machinery.

•	 Electromagnetic Interference (EMI): Telecom devices are sensitive to electromagnetic 
interference, which can degrade their performance. Testing under various EMI conditions is 
crucial.

•	 Power Surges and Electrical Stress: Frequent power surges or spikes can cause electrical 
components to fail, especially when equipment is exposed to lightning strikes or unstable power 
grids.

Understanding these conditions and incorporating them into stress test profiles ensures that telecom 
equipment is prepared to perform reliably in real-world scenarios.

Stress testing is essential for evaluating the robustness of telecom equipment and ensuring that it can 
withstand the environmental, electrical, and thermal challenges it will face in the field. By understanding 
the operation of various stress test equipment, designing effective test profiles, and ensuring proper 
calibration, manufacturers can identify weak spots and improve the performance and reliability of their 
products. Accurate selection of testing equipment based on specific stress profiles, and careful analysis 
of the equipment’s operational conditions, help ensure the final product can perform effectively in real-
world telecom applications.

Say  
Let us participate in an activity to explore the unit a little more.

Activity  
Group Activity: Designing a Stress Test for Telecom Equipment

Activity Description: Divide the participants into small groups. Each group will be tasked with designing 
a stress test profile for a specific telecom equipment (e.g., a telecom router, antenna, or base station). 
The groups will need to select appropriate stress test equipment (temperature chambers, vibration 
tables, electrical stress testers) and calibrate the equipment based on the designed profiles. Finally, 
each group will analyze the typical environmental and operational conditions of their equipment’s real-
world application.
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Steps for the Activity:

1.	 Research the Telecom Equipment: Each group will receive a telecom equipment profile. They 
should study the equipment’s specifications and common usage scenarios.

2.	 Design the Stress Test Profile: Based on their understanding, groups will design stress tests 
that simulate environmental (temperature, humidity) and operational (electrical, mechanical) 
conditions.

3.	 Select Equipment: They will choose the appropriate testing tools (e.g., temperature chambers, 
vibration tables) for their profile.

4.	 Calibration and Testing: They will describe the calibration steps for the selected equipment to 
ensure reliable data.

5.	 Present Findings: Each group will present their test plan, equipment selection rationale, and 
calibration process to the larger group.

Examples of Scenario Cards:  

Scenario Card 1: Temperature Stress Test for Telecom Router

Scenario:

	 You are tasked with testing a telecom router that will be deployed in a remote area with extreme 
temperature fluctuations. The router will face temperatures ranging from -40°C to 60°C and needs 
to maintain stable performance under these conditions.

Your Task:

•	 Design a temperature stress test profile to simulate these extreme conditions.

•	 Select the appropriate stress test equipment (e.g., temperature chamber).

•	 Identify potential failure points and the operational limits of the router under these conditions.

•	 Propose calibration steps for the equipment to ensure accurate results.

Scenario Card 2: Vibration Stress Test for Telecom Base Station

Scenario:

	 A telecom base station is being installed on a rooftop, where it will experience vibrations from 
nearby traffic, wind, and equipment movements. The base station needs to function properly 
despite constant exposure to these vibrations.

Your Task:

•	 Design a vibration stress test profile to simulate typical vibrations experienced by the base 
station.

•	 Select the appropriate stress test equipment (e.g., vibration table).

•	 Define the vibration frequency, amplitude, and duration that mimic real-world conditions.

•	 Describe the calibration procedures for the vibration table and explain the expected test results.

Scenario Card 3: Electrical Stress Test for Telecom Antenna

Scenario:

	 A telecom antenna is placed in an area with unstable electrical power, including occasional voltage 
spikes and power surges. The antenna must be durable enough to operate efficiently under these 
conditions without failing.
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Do  
• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity

Notes for Facilitation  
•	 Create stress test profiles that mimic real-world conditions (temperature, vibration, electrical 

surges).

•	 Ensure test equipment is calibrated correctly for accurate results.

•	 Identify potential failure points and monitor key performance metrics during testing.

Activity Duration Resources used

Planning a 
Comprehensive 
Orientation and 

Training Program for 
Housekeeping Staff

Whiteboard or flipchart, Markers, Sticky 
notes (different colors), Scenario cards 

(described below)

Your Task:

•	 Design an electrical stress test to simulate power surges and voltage spikes.

•	 Select the appropriate stress test equipment (e.g., electrical stress tester).

•	 Identify the key performance metrics that need to be monitored during the test (e.g., voltage 
tolerance, current stability).

•	 Propose a calibration procedure for the electrical tester and describe how you will validate the 
test results.
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Unit Objectives  

Resources to be Used  

Note  

Unit 2.3: Data Acquisition, Analysis, and Statistical Techniques

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc.

In this unit, we will discuss techniques for acquiring and recording key test parameters during stress 
testing, including the development of data acquisition plans. We will also explore statistical tools, such 
as Weibull analysis and Pareto charts, to analyze failure data, identify trends, and interpret patterns. 
Finally, we will focus on organizing and compiling failure data to support effective decision-making and 
improve system reliability.

At the end of this unit, the participants will be able to:

1.	 Discuss data acquisition techniques for capturing and recording relevant test parameters during 
stress testing.

2.	 Apply statistical techniques for analyzing failure data (e.g., Weibull analysis, Pareto charts) to 
identify trends and patterns.

3.	 Develop data acquisition plans for capturing and recording relevant test parameters throughout 
the stress test process.

4.	 Compile and organize failure data from completed stress tests.

Ask  
Ask the participants the following questions: 

•	 What is the purpose of collecting and analyzing data during stress testing?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Data Acquisition Techniques for Capturing and Recording Relevant Test Parameters During Stress 
Testing

Data acquisition in stress testing involves systematically collecting and recording test parameters 
that reflect the system’s response to extreme conditions. Effective data acquisition ensures accuracy, 
reliability, and completeness of the information needed to evaluate the system’s performance under 
stress. Common techniques include:

1.	 Sensor-Based Monitoring
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	 Sensors (e.g., strain gauges, thermocouples, accelerometers) are widely used to capture real-
time data on key parameters like temperature, pressure, vibration, and deformation. These 
sensors convert physical signals into measurable data that can be analyzed.

2.	 Automated Data Logging Systems

	 Data loggers are critical for capturing high-frequency data during stress tests. They record 
parameters continuously over time and can store large datasets, which are useful for post-test 
analysis.

3.	 High-Speed Cameras and Imaging Systems

	 Visual data from high-speed cameras can capture rapid phenomena such as crack propagation or 
material deformation during stress testing. These systems provide valuable qualitative insights 
alongside quantitative measurements.

4.	 Digital Twin Simulations

	 Digital twins replicate the physical system in a virtual environment, enabling real-time data 
collection and comparison between simulated and actual test results.

5.	 Manual Observation and Checklists

	 While less precise, manual methods are useful for capturing qualitative data, such as operator 
observations or test environment conditions. These methods complement automated systems 
by adding context to the recorded parameters.

6.	 Embedded Systems with Real-Time Feedback

	 Embedded systems equipped with microcontrollers and data acquisition modules allow real-
time feedback, ensuring immediate response to potential failures or anomalies during testing.

Statistical Techniques for Analyzing Failure Data

Analyzing failure data is crucial for identifying trends, patterns, and root causes of system failures. Key 
statistical techniques include:

1.	 Weibull Analysis

	 Weibull analysis is a powerful tool for modeling failure time data. It helps predict failure rates, 
estimate the system’s reliability, and determine whether failures follow an early-life, random, 
or wear-out phase. The shape parameter (β) in the Weibull distribution reveals the failure 
behavior:

	◦ β < 1: Early-life failures.

	◦ β = 1: Random failures.

	◦ β > 1: Wear-out failures.

2.	 Pareto Charts

	 Pareto charts prioritize failure causes by frequency or impact, following the 80/20 rule—80% of 
failures often result from 20% of the causes. This visualization helps focus on the most critical 
failure modes, enabling targeted improvements.

3.	 Failure Modes and Effects Analysis (FMEA)

	 FMEA systematically evaluates potential failure modes, their causes, and consequences. It 
assigns a Risk Priority Number (RPN) to each failure mode, guiding mitigation strategies.

4.	 Trend Analysis

	 Trend analysis involves plotting failure rates over time to detect patterns. This method identifies 
systemic issues, such as progressive degradation or environmental influences.
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5.	 Histogram and Probability Plotting

	 Histograms summarize the distribution of failure data, while probability plots assess whether 
the data follows a specific statistical distribution, aiding in reliability predictions.

6.	 Regression Analysis

	 Regression models establish relationships between test parameters and failure occurrences, 
helping predict failures under varying conditions.

Developing Data Acquisition Plans for Stress Testing

A comprehensive data acquisition plan is essential to ensure that all relevant parameters are captured 
during stress testing. Steps to develop such a plan include:

1.	 Define Objectives and Scope

	 Clearly articulate the purpose of the stress test, including the parameters to measure and their 
expected ranges. For example, in a thermal stress test, parameters like temperature, thermal 
cycling frequency, and heat flux might be critical.

2.	 Identify Key Test Parameters

	 Select parameters based on the test’s objective and potential failure modes. These may include 
mechanical, thermal, electrical, or environmental factors.

3.	 Select Appropriate Tools and Equipment

	 Choose sensors, data loggers, and monitoring systems based on the required accuracy, 
resolution, and sampling rate. For example, high-frequency sampling may be necessary for 
capturing transient events.

4.	 Develop a Data Collection Protocol

	 Establish standardized procedures for data collection, including calibration of instruments, 
sampling intervals, and data storage methods. This ensures consistency and reduces the 
likelihood of errors.

5.	 Integrate Data Validation Mechanisms

	 Incorporate real-time validation tools to detect anomalies or incomplete data during the test. 
Automated alerts can prompt immediate corrective actions.

6.	 Plan for Data Storage and Security

	 Ensure that collected data is securely stored and backed up. Use centralized databases or cloud-
based systems for easy access and analysis.

7.	 Conduct Pilot Tests

	 Perform pilot tests to validate the data acquisition setup, identify potential issues, and refine 
the plan before full-scale testing.

Compiling and Organizing Failure Data from Completed Stress Tests

Compiling and organizing failure data is critical for drawing actionable insights and ensuring traceability. 
Effective practices include:

1.	 Data Cleaning and Preprocessing

	 Remove erroneous or incomplete data points and correct inconsistencies. For example, filter 
out noise from sensor readings or address missing timestamps.
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2.	 Categorization of Failures

	 Group failures based on type, location, or cause. For instance, categorize them as mechanical, 
thermal, or electrical failures to facilitate focused analysis.

3.	 Use of Failure Databases

	 Store failure data in a centralized database with well-defined fields, such as failure mode, test 
condition, timestamp, and severity. Relational databases allow easy retrieval and querying of 
specific data subsets.

4.	 Data Summarization

	 Summarize failure data using statistical measures (e.g., mean time to failure, standard deviation) 
and visual aids like charts and graphs to provide a clear overview.

5.	 Correlation with Test Parameters

	 Analyze relationships between test conditions and failure occurrences to identify critical 
thresholds or conditions that exacerbate failures.

6.	 Documentation of Root Cause Analysis

	 Record findings from root cause analyses, including corrective actions and lessons learned. This 
helps prevent recurrence of similar failures in future tests.

7.	 Report Generation

	 Prepare detailed reports summarizing the failure data, trends, and recommendations. Use 
clear visualizations (e.g., bar charts, scatter plots) to enhance readability and support decision-
making.

Data acquisition and analysis are fundamental components of stress testing. By employing advanced 
techniques to capture, record, and analyze test parameters and failure data, organizations can improve 
system reliability and design robust products. Statistical methods such as Weibull analysis and Pareto 
charts provide insights into failure trends, while well-developed data acquisition plans ensure that no 
critical parameter is overlooked. Effective compilation and organization of failure data lead to actionable 
recommendations, fostering continuous improvement in product performance and safety.

Say  
Let us participate in an activity to explore the unit a little more.

Activity  
Group Activity: Stress Testing Data Analysis Workshop

Activity Title: Stress Test Data Collection and Analysis Simulation

Objective:
Students will simulate a stress test by collecting, recording, and analyzing failure data to identify trends 
and patterns using statistical tools.
Activity Steps:

1.	 Simulation Setup

	◦ Provide a simple stress-testing setup (e.g., stretching rubber bands until they break, running 
small motors under different loads, or heating materials to observe thermal failure).
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	◦ Assign different groups to test various parameters (e.g., load, time, temperature, cycles).

2.	 Data Acquisition

	◦ Groups collect and record relevant test parameters (e.g., load applied, time to failure) using 
predefined templates or software.

3.	 Statistical Analysis

	◦ Each group analyzes their failure data using statistical techniques such as:

	▪ Weibull analysis (to assess reliability and failure rates).

	▪ Pareto charts (to prioritize causes of failure).

	▪ Scatter plots and trend analysis.

4.	 Presentation and Discussion

	◦ Groups present their findings, highlighting trends, patterns, and recommendations for 
improving test setups or designs.

Examples of Scenario Cards:  

Scenario Card 1: Thermal Stress Test

•	 Objective: Test the failure point of a material under increasing temperature.

•	 Scenario: You are part of a team testing the thermal resistance of a new polymer designed for 
high-temperature environments. Gradually increase the temperature by 10°C increments until 
the material shows visible signs of deformation or failure.

•	 Parameters to Record:

	◦ Initial temperature

	◦ Temperature increments

	◦ Temperature at failure

	◦ Time to failure

	◦ Analysis Task: Use the recorded data to create a Weibull plot and calculate the material’s 
reliability at different temperature thresholds.

Scenario Card 2: Mechanical Stress Test

•	 Objective: Test the tensile strength of rubber bands under varying loads.

•	 Scenario: Your team is evaluating the durability of different rubber bands for industrial use. 
Apply increasing weights to the rubber band until it snaps. Test each band three times for 
consistency.

•	 Parameters to Record:

	◦ Weight applied

	◦ Time until failure

	◦ Number of cycles (if applicable)

	◦ Analysis Task: Create a Pareto chart to identify the most frequent failure points and suggest 
design improvements.

Scenario Card 3: Cyclic Load Stress Test

•	 Objective: Determine the fatigue life of a small motor under repeated load cycles.
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Notes for Facilitation  
•	 Ensure all test equipment is safe and functional. Provide clear instructions.

•	 Supply statistical tools (e.g., Excel templates) and offer a brief tutorial on Weibull and Pareto 
analysis.

•	 Rotate facilitators between groups, prompt discussions, and guide students in interpreting 
anomalies.

Activity Duration Resources used

Designing an Effective 
Housekeeping Staff 

Training Program

Whiteboard or flipchart, Markers, Sticky 
notes (different colors), Scenario cards 

(described below)

Do  
• 	 Guide the trainees throughout the activity

•	 Ensure that all trainees participate in the activity

•	 Scenario: You are testing the endurance of a motor by running it continuously under a specific 
load. Record the number of cycles it completes before showing signs of performance degradation 
or failure.

•	 Parameters to Record:

	◦ Load applied

	◦ Number of cycles to failure

	◦ Time per cycle

	◦ Any observed anomalies (e.g., overheating, noise)

	◦ Analysis Task: Plot a scatter diagram to visualize the relationship between load and cycles to 
failure. Identify any trends or outliers in the data.



Reliability & Quality Control 
Manager

55

Unit Objectives  

Resources to be Used  

Note  

Unit 2.4: Failure Analysis and Root Cause Identification

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc.

In this unit, we will discuss common failure modes and mechanisms in telecom equipment, such as 
thermal stress, electrical overstress, and material fatigue. Students will learn to perform root cause 
analysis using real-world case study data to identify the underlying causes of failures. Finally, we will 
explore corrective actions to address these issues and enhance the reliability of future product designs.

At the end of this unit, the participants will be able to:

1.	 Identify common failure modes and mechanisms observed in telecom equipment.

2.	 Perform root cause analysis to determine the underlying reasons for equipment failures, using 
case study data.

3.	 Propose corrective actions to address identified weaknesses and prevent similar failures in 
future product revisions.

Ask  
Ask the participants the following questions: 

•	 What are some common reasons why telecom equipment might fail during operation?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Identifying Common Failure Modes and Mechanisms in Telecom Equipment

In the telecom industry, reliability is critical, as equipment failures can lead to service interruptions, 
data loss, and customer dissatisfaction. Understanding common failure modes and mechanisms helps 
in designing more robust systems. Common failure modes in telecom equipment include:

1.	 Thermal Overstress:

	◦ Prolonged exposure to high temperatures can degrade components such as semiconductors, 
resistors, and capacitors.
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	◦ Failure mechanisms include solder joint fatigue, insulation breakdown, and component 
overheating.

2.	 Electrical Overstress (EOS):

	◦ Voltage or current surges can damage sensitive components like transistors, integrated 
circuits, and power supplies.

	◦ Common causes include lightning strikes, power spikes, or improper grounding.

3.	 Mechanical Failures:

	◦ Equipment subjected to vibration, shock, or repeated stress can suffer from cracked circuit 
boards, damaged connectors, or loose components.

	◦ Improper handling during installation or maintenance may exacerbate this issue.

4.	 Corrosion and Environmental Degradation:

	◦ Exposure to moisture, dust, or corrosive gases can degrade metal parts, PCB traces, and 
connectors.

	◦ Coastal or industrial areas with high humidity or pollution pose significant risks.

5.	 Software and Firmware Failures:

	◦ Bugs in software or firmware can lead to system crashes, data corruption, or communication 
failures.

	◦ These issues often arise from insufficient testing or poor version control.

6.	 Aging and Wear-Out Failures:

	◦ Over time, components like batteries, capacitors, and relays may degrade due to aging, 
resulting in reduced performance or total failure.

Performing Root Cause Analysis (RCA) for Telecom Failures

Root Cause Analysis (RCA) is a systematic approach to identifying the fundamental cause of a problem, 
enabling teams to implement targeted corrective actions. The RCA process typically involves the 
following steps:

1.	 Define the Problem:

	◦ Clearly describe the failure, including its symptoms, when it occurred, and its impact on 
system performance.

	◦ o	 Example: “Intermittent signal loss in a fiber-optic transmission module.”

2.	 Collect and Analyze Data:

	◦ Gather data from failure logs, maintenance reports, and field observations.

	◦ Use tools like Failure Mode and Effects Analysis (FMEA), Pareto charts, or fault tree diagrams 
to narrow down potential causes.

3.	 Identify Root Cause(s):

	◦ Apply techniques like the 5 Whys or Ishikawa (Fishbone) Diagram to trace the failure back 
to its origin.

	◦ For example, a power supply failure might be traced to a faulty capacitor that failed due to 
poor quality control in manufacturing.

4.	 Verify Findings:

	◦ Conduct tests or simulations to confirm the suspected root cause.
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	◦ Example: Recreate the failure conditions in a controlled environment to validate hypotheses.

5.	 Document Findings:

	◦ Compile a detailed report outlining the root cause, contributing factors, and evidence 
supporting the analysis.

Proposing Corrective Actions to Prevent Future Failures

Once the root cause of a failure is identified, corrective actions can be implemented to address the issue 
and prevent recurrence. These actions fall into three categories:

1.	 Design Improvements:

	◦ Modify designs to enhance reliability and robustness.

	◦ Example: Incorporate heat sinks or fans to improve thermal management and prevent 
overheating.

2.	 Material or Component Upgrades:

	◦ Replace vulnerable components with more durable alternatives.

	◦ Example: Use corrosion-resistant materials for connectors in humid environments.

3.	 Process Enhancements:

	◦ Improve manufacturing or quality control processes to reduce defects.

	◦ Example: Implement stricter inspection protocols for solder joints to prevent cracks or voids.

4.	 Environmental Protections:

	◦ Add protective coatings or enclosures to shield equipment from environmental factors.

	◦ Example: Use conformal coatings on PCBs to prevent moisture-induced failures.

5.	 Maintenance and Monitoring:

	◦ Establish regular maintenance schedules and deploy real-time monitoring systems to detect 
early signs of failure.

	◦ Example: Install sensors to monitor temperature, humidity, and electrical loads.

6.	 Software Updates and Testing:

	◦ Conduct rigorous software testing to identify and fix bugs before deployment.

	◦ Regularly update firmware to address vulnerabilities and improve performance.

7.	 Training and Documentation:

	◦ Train personnel on proper installation, operation, and maintenance procedures.

	◦ Provide detailed technical documentation for troubleshooting and repair.

Case Study: Addressing Connector Failures in Base Stations

Problem: A telecom company experienced frequent signal losses in its base stations due to connector 
failures, particularly in coastal regions.

Root Cause Analysis:

The RCA revealed that the connectors were corroding due to high humidity and salt exposure. The 
materials used for the connectors were not suitable for such harsh environments.
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Activity  
Group Activity: Telecom Equipment Failure Analysis Workshop

Activity Title: Root Cause Analysis of Telecom Equipment Failures

Objective:
Students will analyze a case study of telecom equipment failures, perform root cause analysis, and 
propose corrective actions to prevent future issues.
Activity Steps:

1.	 Case Study Review

	◦ Present a real-world or hypothetical case study of telecom equipment failure (e.g., failed 
network switches, power supply issues, overheating routers).

	◦ Provide background information on the equipment, its components, and failure history.

2.	 Failure Mode Identification

	◦ In groups, students identify common failure modes (e.g., component failure, environmental 
issues, design flaws) using the case study data.

	◦ Discuss potential mechanisms for these failures (e.g., thermal stress, component wear, 
electrical surges).

3.	 Root Cause Analysis

	◦ Apply root cause analysis tools such as the 5 Whys or Fishbone (Ishikawa) diagram to 
determine the underlying causes of failure.

	◦ Analyze the data to trace the failure back to its source.

4.	 Propose Corrective Actions

	◦ Based on the root cause analysis, each group proposes corrective actions (e.g., redesign 
components, implement better cooling solutions, improve quality control processes).

Corrective Actions:

1.	 Upgraded to corrosion-resistant gold-plated connectors.

2.	 Applied weatherproof seals to protect connectors from moisture.

3.	 Enhanced maintenance protocols to include regular inspections and cleaning.

Outcome: The failure rate dropped by 90%, significantly improving network reliability and reducing 
maintenance costs.

Understanding common failure modes, performing root cause analysis, and implementing corrective 
actions are vital steps in ensuring the reliability of telecom equipment. By systematically addressing 
failures, organizations can enhance equipment performance, reduce downtime, and maintain customer 
trust. These practices not only mitigate risks but also contribute to the continuous improvement of 
telecom systems, ensuring they meet the demands of modern communication networks.

Say  
Let us participate in an activity to explore the unit a little more.
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	◦ Discuss how these actions will prevent future failures.

5.	 Presentation and Feedback

	◦ Groups present their findings, root causes, and proposed corrective actions.

	◦ Pacilitate a class discussion on the effectiveness and practicality of each proposed solution.

Examples of Scenario Cards:  

Scenario Card 1: Router Overheating Failure

•	 Objective: Analyze the failure of a router in a telecom network due to overheating.

•	 Scenario: A series of routers deployed in a regional network begin to fail after prolonged 
usage. The failure symptoms include network dropouts and slow speeds. Upon inspection, high 
temperatures inside the routers were noted.

•	 Parameters to Record:

	◦ Operating temperature before failure

	◦ Duration of operation before failure

	◦ Cooling mechanism used (e.g., fan, passive cooling)

	◦ Analysis Task: Use a Fishbone diagram to identify possible causes (e.g., insufficient 
ventilation, fan malfunction, excessive load). Propose corrective actions to address the 
overheating issue (e.g., improved ventilation, fan upgrade).

Scenario Card 2: Power Supply Unit (PSU) Failure

•	 Objective: Determine the cause of repeated PSU failures in telecom equipment.

•	 Scenario: Telecom base stations experience frequent failures of their power supply units (PSUs), 
resulting in system downtime. The PSUs often fail within six months of installation.

•	 Parameters to Record:

	◦ Type and model of PSU

	◦ Environmental factors (e.g., humidity, temperature)

	◦ Frequency and conditions of failure

	◦ Analysis Task: Use the 5 Whys method to trace the root cause of the PSU failures (e.g., 
poor design, voltage spikes, environmental conditions). Suggest solutions (e.g., better PSU 
specification, surge protection).

Scenario Card 3: Switch Network Outages Due to Firmware Bug

•	 Objective: Identify the underlying cause of frequent network outages caused by faulty firmware 
in network switches.

•	 Scenario: Telecom providers report intermittent network outages in switches after a recent 
firmware update. The outages happen at random intervals and cause significant downtime for 
clients.

•	 Parameters to Record:

	◦ Firmware version before and after the update

	◦ Error logs and failure patterns

	◦ Time of failure (e.g., after 24 hours of uptime)

	◦ Analysis Task: Perform a root cause analysis using case study data to identify the faulty 
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Notes for Facilitation  

Do  

•	 Ensure participants understand the case study details and context for failure modes.

•	 Encourage the use of structured tools like Fishbone diagrams or the 5 Whys to dig deeper into 
causes.

•	 Help groups assess the practicality of their proposed corrective actions, ensuring they are 
feasible and effective.

• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity

Activity Duration Resources used

Managing Absenteeism 
and Ensuring 

Team Dynamics 
in Housekeeping 

Operations

Whiteboard or flipchart, Markers, Sticky 
notes (different colors), Scenario cards 

(described below)

component (e.g., software bug, configuration issue). Propose a corrective action plan, 
including testing protocols for firmware updates and software stability improvements.
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Unit Objectives  

Resources to be Used  

Note  

Unit 2.5: Reliability Engineering and Corrective Actions

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc.

In this unit, we will discuss the principles of reliability engineering and how they can be applied to 
product design and improvement. We will explore techniques for implementing corrective and 
preventive actions to enhance product reliability, and emphasize the importance of cross-department 
collaboration in achieving these improvements. This unit will focus on practical methods for identifying 
and resolving product reliability issues.

At the end of this unit, the participants will be able to:

1.	 Understand the principles of reliability engineering and their application to product design and 
improvement.

2.	 Discuss techniques for implementing corrective and preventive actions to enhance product 
reliability.

3.	 Collaborate with other departments to implement corrective and preventive actions.

Ask  
Ask the participants the following questions: 

•	 What do you think is the most important factor in ensuring a product’s long-term reliability?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Principles of Reliability Engineering and Their Application to Product Design and Improvement

Reliability engineering is the discipline that ensures a product or system performs its intended function 
without failure under specified conditions for a defined period. The focus is on minimizing product 
failures and improving long-term performance by addressing potential risks early in the product 
lifecycle. In the context of product design and improvement, the following principles are key:

1.	 Design for Reliability (DFR): Reliability must be considered at the design phase. Incorporating 
reliability analysis techniques early in the design process helps identify potential failure modes 
and weaknesses. Methods like Failure Mode and Effect Analysis (FMEA) and Fault Tree Analysis 
(FTA) are used to anticipate possible failures and improve the design accordingly. This proactive 
approach ensures that the product’s reliability is maximized from the start.
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2.	 Life Cycle Costing: Reliability engineering integrates life cycle costing, which takes into account 
not only the initial manufacturing costs but also the operational and maintenance costs over 
the product’s lifespan. A reliable product typically leads to lower maintenance costs, reduced 
downtime, and improved customer satisfaction, all of which contribute to long-term profitability.

3.	 Redundancy and Robustness: Designing products with redundancy—extra components or 
systems that take over if the primary one fails—helps ensure reliability in critical applications. 
Robustness in design ensures that products perform well even under harsh or unpredictable 
conditions, which is particularly important for products operating in extreme environments.

4.	 Reliability Testing and Validation: Reliability testing involves subjecting a product to accelerated 
life testing (ALT), environmental stress screening (ESS), or reliability growth testing to simulate 
real-world usage and identify potential failure points. This allows engineers to validate the 
product’s design, identify weaknesses, and make improvements before mass production.

5.	 Continuous Improvement: Reliability engineering is an ongoing process, not just a one-time 
effort during product development. Post-launch monitoring, collecting field data, and analyzing 
product failures help in the continuous improvement of the product. This iterative process helps 
refine product designs and make necessary adjustments to enhance reliability over time.

Techniques for Implementing Corrective and Preventive Actions to Enhance Product Reliability

Corrective and preventive actions (CAPA) are essential techniques for addressing reliability issues and 
preventing them from recurring in the future. These actions focus on identifying the root causes of 
failures, addressing them systematically, and implementing long-term solutions. The key techniques 
include:

1.	 Root Cause Analysis (RCA): This is the process of identifying the underlying causes of failures to 
prevent recurrence. Methods like the 5 Whys, Fishbone diagram (Ishikawa), and Failure Mode 
and Effect Analysis (FMEA) help identify root causes, whether they are design flaws, material 
issues, or operational errors. By addressing the root cause, corrective actions can prevent future 
failures.

2.	 Corrective Actions: Once the root cause of a failure is identified, corrective actions are 
implemented to fix the immediate issue. For instance, if a product’s failure is due to a defective 
component, the corrective action might involve replacing the defective part or revising the 
manufacturing process to ensure better quality control.

3.	 Preventive Actions: Preventive actions focus on eliminating the possibility of failure before 
it happens. This could involve improving product designs, enhancing testing procedures, or 
implementing stricter quality control standards. Preventive actions may also include employee 
training, creating maintenance schedules, and revising operational procedures to prevent issues 
in the first place.

4.	 Reliability Testing and Monitoring: After implementing corrective and preventive actions, 
further testing is conducted to verify that the actions have resolved the issues. Long-term 
monitoring and field data collection help assess the effectiveness of the implemented changes. 
This testing ensures that reliability is maintained or enhanced in the revised product.

5.	 Failure Reporting and Analysis Systems: Establishing a robust failure reporting and analysis 
system helps in tracking failures and monitoring how effectively corrective and preventive 
actions are working. By systematically documenting failures, causes, and solutions, organizations 
can continuously improve their reliability processes and quickly respond to emerging issues.

6.	 Design Modifications: Based on failure analysis, design modifications may be necessary. These 
modifications aim to reduce stress on critical components, improve material selection, or add 
redundancy to vulnerable systems. Updating product designs ensures that reliability issues are 
minimized in future production runs.
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Collaboration with Other Departments to Implement Corrective and Preventive Actions

Reliability improvement requires collaboration across different departments, including design, 
engineering, manufacturing, quality control, and after-sales service. Effective communication and 
teamwork are essential to ensure that corrective and preventive actions are successfully implemented 
and sustained.

1.	 Cross-Departmental Communication: Regular communication between departments ensures 
that reliability concerns are identified and addressed quickly. Design engineers need to work 
closely with manufacturing teams to understand how designs are implemented and whether 
there are any production-related issues that affect product reliability. Similarly, the service and 
maintenance departments can provide valuable feedback on how products perform in real-
world conditions.

2.	 Feedback Loops: A strong feedback loop between the customer service team, engineering, and 
quality control can provide insights into recurring problems with products. Field technicians and 
service teams often have firsthand knowledge of failure patterns and can highlight issues that 
may not have been evident during design or manufacturing. This feedback is critical for initiating 
corrective actions and refining preventive measures.

3.	 Quality Control and Testing: The quality control department plays a vital role in verifying 
that corrective and preventive actions are implemented effectively. They ensure that product 
inspections, tests, and audits are performed to meet reliability standards. Quality control teams 
also help monitor the performance of redesigned products and ensure that new designs are 
manufacturable and reliable.

4.	 Training and Knowledge Sharing: Collaboration with departments such as human resources 
or training teams ensures that employees are equipped with the necessary skills to detect, 
analyze, and address reliability issues. Providing training on reliability principles, root cause 
analysis, and corrective actions ensures that all departments are aligned in their approach to 
improving product reliability.

5.	 Supplier Collaboration: In many cases, the quality and reliability of products depend on external 
suppliers. Working closely with suppliers to ensure high-quality materials and components is 
essential for maintaining overall product reliability. Establishing reliability requirements for 
suppliers and conducting joint reviews can help prevent issues related to external parts or 
materials.

6.	 Change Management: When corrective actions result in design or process changes, effective 
change management practices are essential. All departments must be aligned to ensure that new 
processes or designs are integrated smoothly into production without disrupting operations. 
Proper documentation and traceability ensure that changes are understood, implemented, and 
monitored effectively.

In conclusion, reliability engineering plays a critical role in ensuring that products perform as expected 
over their entire life cycle. By applying principles such as Design for Reliability, continuous improvement, 
and proactive testing, companies can enhance product reliability. Corrective and preventive actions, 
including root cause analysis and effective collaboration across departments, are essential for identifying 
issues and implementing sustainable solutions. By working together, organizations can create products 
that are not only reliable but also meet customer expectations for performance and durability.

Say  
Let us participate in an activity to explore the unit a little more.
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Activity  
Group Activity: Reliability Engineering in Product Design

Activity Title: Design and Improve a Reliable Product Prototype

Objective:
Students will work in teams to apply principles of reliability engineering to design or improve a product 
prototype, implementing corrective and preventive actions to enhance reliability.

Activity Steps:

1.	 Product Design Brief

	◦ Provide groups with a product concept (e.g., a portable speaker, smartphone, or industrial 
equipment).

	◦ Groups should first discuss and identify potential failure modes in the design.

2.	 Reliability Engineering Principles

	◦ Students apply reliability principles (e.g., failure rate analysis, redundancy, derating 
components) to propose design improvements.

	◦ They then create a plan to implement corrective (addressing existing weaknesses) and 
preventive (avoiding future failures) actions to enhance reliability.

3.	 Cross-Department Collaboration

	◦ Each group will assign roles (e.g., engineering, quality assurance, supply chain) to represent 
how different departments would collaborate to implement these actions.

	◦ Discuss how they would coordinate with other departments (e.g., procurement for selecting 
reliable components, production for quality control processes).

4.	 Prototype Presentation

	◦ Groups present their improved product prototype, reliability plan, and implementation 
strategies.

	◦ Highlight key corrective and preventive actions and how they address identified failure 
modes.

Examples of Scenario Cards:  

Scenario Card 1: Portable Speaker Battery Failure

•	 Objective: Enhance the reliability of a portable speaker by addressing battery failure issues.

•	 Scenario: A portable speaker has a high failure rate due to battery malfunctions. Customers 
report that the battery overheats and drains quickly, leading to reduced playtime and device 
shutdown.

•	 Parameters to Record:

	◦ Battery type and capacity

	◦ Usage conditions (e.g., temperature, charging cycle)

	◦ Frequency of battery-related failures

	◦ Analysis Task: Identify potential failure modes (e.g., overheating, poor battery quality) 
and propose corrective actions (e.g., use of a higher-capacity battery, better thermal 
management). Design preventive measures to avoid future battery issues.

Scenario Card 2: Smartphone Screen Cracking Under Stress
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•	 Objective: Improve the design of a smartphone to prevent screen cracking under stress.

•	 Scenario: Users report frequent cracking of the smartphone screen after dropping or applying 
pressure. Testing shows the screen is susceptible to damage at certain points.

•	 Parameters to Record:

	◦ Material used for the screen

	◦ Stress points and failure locations

	◦ Drop test conditions

	◦ Analysis Task: Use reliability principles to recommend design improvements (e.g., more 
durable screen material, reinforcing areas prone to impact). Discuss corrective actions (e.g., 
redesigning the frame for better shock absorption) and preventive actions (e.g., offering 
cases with purchase).

Scenario Card 3: Industrial Equipment Motor Overheating

•	 Objective: Address overheating issues in an industrial motor to improve reliability.

•	 Scenario: An industrial motor used in manufacturing equipment overheats under continuous 
operation, leading to frequent downtime and maintenance costs. Overheating is primarily 
caused by inadequate cooling.

•	 Parameters to Record:

	◦ Operating temperature range

	◦ Cooling system type (e.g., fans, liquid cooling)

	◦ Duration and conditions of overheating incidents

	◦ Analysis Task: Identify potential causes of overheating (e.g., inadequate cooling design, 
component failure) and propose corrective actions (e.g., better cooling systems, derating the 
motor). Design preventive actions to ensure long-term reliability (e.g., regular maintenance 
schedules, improved airflow).

Activity Duration Resources used

Managing Absenteeism 
and Ensuring 

Team Dynamics 
in Housekeeping 

Operations

Whiteboard or flipchart, Markers, Sticky 
notes (different colors), Scenario cards 

(described below)

Do  
• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity

Notes for Facilitation  
•	 Ensure understanding of reliability terms (e.g., failure modes, MTBF).

•	 Promote cross-departmental thinking for reliability improvements.

•	 Focus on realistic, actionable corrective and preventive actions.
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Unit Objectives  

Resources to be Used  

Note  

Unit 2.6: Communication, Safety, and Collaboration

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc.

In this unit, we will discuss effective communication skills for presenting findings to design and 
manufacturing teams, the importance of cross-departmental collaboration for corrective and preventive 
actions, and safe operation procedures for stress testing. We will also explore potential hazards in 
stress testing and appropriate safety precautions, while role-playing collaboration with other teams to 
implement solutions effectively.

At the end of this unit, the participants will be able to:

1.	 Explain effective communication skills for presenting findings and recommendations to design 
and manufacturing teams.

2.	 Discuss the importance of collaboration with other departments to implement corrective and 
preventive actions.

3.	 Describe safe operation procedures for stress test equipment, following established safety 
guidelines.

4.	 Explain potential hazards associated with stress testing and appropriate safety precautions.

5.	 Role-play collaborating with design and manufacturing teams.

Ask  
Ask the participants the following questions: 

•	 Why is it important to communicate clearly with design and manufacturing teams when 
discussing stress test results and solutions?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Effective Communication Skills for Presenting Findings and Recommendations

Clear and Concise Communication
When presenting findings and recommendations to design and manufacturing teams, clarity is crucial. 
The ability to present complex technical information in an easily understandable way can significantly 
impact decision-making. Focus on delivering key insights, using simple language where possible, and 
providing visual aids like charts or diagrams to clarify points. Avoid jargon unless you’re certain the 
audience is familiar with it.
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Structure and Organization
Effective communication begins with a well-structured presentation. Introduce the issue or 
problem briefly, followed by a discussion of findings, analysis, and conclusions. End with actionable 
recommendations. Organize your content logically to guide the audience step-by-step through your 
thought process. This structure helps in building confidence and trust, as it shows a well-thought-out 
approach,

Tailoring the Message to the Audience
Understand the different roles within the team and adjust your message accordingly. For example, the 
manufacturing team may focus more on practicality and feasibility, while the design team may be more 
interested in technical details and the potential impact on the product’s functionality. Tailoring your 
message ensures that your findings and recommendations are relevant to each department’s goals.
Active Listening and Feedback

Effective communication is not just about presenting information, but also about listening to the input 
and feedback from others. During discussions, actively listen to the concerns and ideas of both design and 
manufacturing teams. This creates a collaborative environment, allowing for a more refined approach 
to solving issues. Be open to suggestions and be ready to clarify points or adjust recommendations 
based on input.

Importance of Collaboration with Other Departments

Multidisciplinary Input
Collaboration between departments is essential for addressing complex issues, particularly in product 
development or improvements. Design teams bring expertise in functionality and aesthetics, while 
manufacturing teams provide insights into production processes, cost constraints, and scalability. 
Combining these perspectives ensures that proposed solutions are both technically feasible and cost-
effective, improving overall product quality and reliability.

Streamlined Problem Solving
By working together, teams can leverage each other’s strengths to find solutions more efficiently. For 
example, if the design team identifies a flaw in the prototype, the manufacturing team can suggest 
ways to modify the design to facilitate easier production or reduce material costs. This collaborative 
effort speeds up the problem-solving process and reduces the likelihood of missed issues or overlooked 
solutions.

Shared Responsibility
Collaboration fosters shared ownership of the product’s success or failure. When departments work 
together, each team feels accountable for the outcome. This shared responsibility motivates all teams 
to contribute their best efforts to implementing corrective and preventive actions effectively. It also 
ensures that the solutions proposed are in line with the operational realities of both design and 
manufacturing.

Building Trust and Relationships
Consistent collaboration builds trust and rapport between departments, which can have long-term 
benefits. When teams trust each other’s expertise and opinions, they are more likely to cooperate 
openly and effectively. Trust leads to smoother workflows, better conflict resolution, and a stronger 
team culture overall.

Safe Operation Procedures for Stress Test Equipment

Understanding the Equipment
Before operating stress test equipment, it is crucial to understand its features, capabilities, and 
limitations. Familiarize yourself with the operating manual and any safety guidelines provided by the 
manufacturer. This knowledge will help prevent misuse of the equipment and ensure the safety of the 
operators.
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Training and Certification
Only individuals who have been properly trained and certified in operating stress test equipment 
should be allowed to perform tests. Training should cover both the operation of the equipment and the 
associated safety precautions. Regularly update training programs to reflect any changes in equipment 
or safety regulations.

Conducting Pre-Test Inspections
Before initiating any stress tests, conduct a thorough inspection of the equipment to ensure it is in 
proper working order. Check for signs of wear, damage, or malfunction, especially if the equipment has 
been used frequently. Proper maintenance schedules should be followed to ensure the equipment’s 
reliability during testing. If any issues are identified, repairs should be completed before testing begins.

Safety Protocols
Establish and follow strict safety protocols for stress testing. This includes setting up test areas that are 
free from distractions and ensuring the equipment is positioned securely to avoid accidental movement 
or tipping. Additionally, all operators and nearby personnel should wear appropriate personal protective 
equipment (PPE), such as gloves, safety glasses, and ear protection, depending on the nature of the test.

Emergency Procedures
Have a well-defined emergency procedure in place in case of accidents or equipment failure during 
testing. This includes having first-aid kits accessible, knowing how to shut down the equipment in an 
emergency, and ensuring that all staff are trained in emergency response procedures. Emergency stops 
or shutdown mechanisms should be easily accessible and functional.

Potential Hazards Associated with Stress Testing

Electrical Hazards
Many stress testing procedures involve high voltage equipment, which poses significant electrical risks. 
Operators should be trained to recognize and avoid electrical hazards, and all equipment should be 
properly grounded. Ensure that equipment is turned off and unplugged before making adjustments or 
repairs. Use insulated tools when working with electrical components.

Thermal Hazards
Stress testing can generate high levels of heat, particularly in tests that involve electrical or mechanical 
components under load. Overheated equipment can lead to burns, fires, or other heat-related injuries. 
Ensure that all operators are equipped with appropriate PPE, including heat-resistant gloves and 
clothing. Install adequate cooling systems and temperature sensors to monitor the heat generated 
during the test.

Mechanical Hazards
In tests that involve moving parts or high-pressure systems, there is a risk of mechanical failure. Stress 
tests can put stress on components that could cause them to break, resulting in sharp fragments or flying 
debris. To mitigate these risks, ensure that all moving parts are properly guarded and that operators are 
at a safe distance from the test area when performing high-stress tests.

Chemical Hazards
Some stress testing may involve the use of chemicals (e.g., hydraulic fluids, lubricants, or coolants), which 
could be hazardous if spilled or improperly handled. Proper storage, labeling, and disposal procedures 
should be followed. Operators should be trained in handling hazardous materials and should wear the 
appropriate protective clothing, such as gloves and goggles.

Safety Precautions for Stress Testing

Risk Assessment
Conduct a thorough risk assessment before beginning any stress testing. Identify potential hazards 
related to the equipment, materials, and environment. Consider all possible outcomes, including worst-
case scenarios, and develop contingency plans.
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Control Measures
Implement safety measures such as lockout/tagout procedures to prevent unauthorized access to 
the equipment during testing. Ensure that safety guards and barriers are in place, especially when 
performing tests that could result in flying debris or other dangerous consequences.

Monitoring and Supervision
During the testing process, ensure that operators are continuously monitored and that the testing 
environment is periodically inspected. This helps to identify any potential issues early on and allows 
for timely intervention if necessary. Supervisors should be present to manage the testing process and 
address any safety concerns that may arise.

Role-Playing Collaboration with Design and Manufacturing Teams

Simulating Real-World Scenarios
Role-playing can be an effective way to practice collaborating with design and manufacturing teams. 
In this activity, each team member assumes the role of a design engineer, manufacturing specialist, or 
quality assurance technician. By simulating scenarios such as addressing a product defect or discussing 
proposed design changes, team members can practice how they would work together to solve problems 
and improve product reliability.

Building Communication Skills
Through role-play, participants can develop communication skills needed for effective collaboration. 
Emphasizing empathy, active listening, and clear articulation of ideas helps in fostering constructive 
dialogues among departments. Role-playing also enables individuals to better understand the challenges 
and constraints faced by other departments, leading to more practical and effective solutions.

Problem-Solving in a Team Setting
Role-playing exercises can focus on addressing specific challenges, such as fixing a product failure 
discovered during testing or implementing preventive actions for a design flaw. By working together 
to solve these problems, participants can learn how to combine their expertise, share knowledge, and 
arrive at the best solution. This approach helps build teamwork, trust, and a collaborative mindset, all 
of which are crucial for successful interdepartmental cooperation.

These summarized points emphasize the importance of effective communication, safety, and 
collaboration across departments in the context of stress testing and product improvement. By 
addressing potential hazards, using role-playing for collaboration, and understanding the principles of 
reliability engineering, teams can work together to enhance product design and ensure safer and more 
reliable products.

Say  
Let us participate in an activity to explore the unit a little more.

Activity  
Group Activity: Cross-Department Collaboration and Communication Role-Play

Activity Title: Collaborative Communication for Stress Testing and Safety Protocols

Objective:
Students will role-play a scenario where they must collaborate with design and manufacturing teams to 
present findings, propose corrective actions, and ensure safety during stress testing.
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Activity Steps:

1.	 Scenario Introduction

	◦ Present a case where a product prototype has failed during a stress test (e.g., a mobile 
device overheated during testing, leading to a potential safety hazard).

	◦ Divide students into groups, each representing different departments: design, manufacturing, 
quality assurance, and safety.

2.	 Data Presentation

	◦ Groups responsible for the test results (e.g., QA team) must present their findings to the 
design and manufacturing teams. They should communicate failure modes, hazards, and 
potential causes clearly and professionally.

3.	 Collaboration and Problem-Solving

	◦ After the presentation, teams collaborate to develop corrective and preventive actions to 
address the failures, with a focus on product design improvements and ensuring safety 
during stress testing. Emphasize communication and teamwork during this process.

4.	 Safety Protocol Review

	◦ The safety team will outline the correct stress testing procedures and identify safety hazards. 
They will propose measures to ensure safe operation during future tests.

5.	 Role-Play Presentations

	◦ Each team will present their findings, recommendations, and safety protocols. Groups must 
be prepared to discuss and defend their proposals and adjust based on feedback.

Examples of Scenario Cards:  

Scenario Card 1: Overheating in Consumer Electronics

•	 Objective: Collaborate to address overheating issues in a consumer electronic device.

•	 Scenario: A consumer electronics company has conducted a stress test on a new smartwatch, 
and it overheated after 30 minutes of continuous use. The design team suspects the battery is 
the issue, while manufacturing suggests the heat dissipation mechanism is inadequate.

•	 Parameters to Consider:

	◦ Temperature rise during stress test

	◦ Battery specifications and placement

	◦ Cooling mechanism design

•	 Task: Present findings and propose corrective actions. Collaborate with the design team to 
suggest improvements in battery placement or thermal management. The safety team will 
ensure safety protocols are followed in testing.

Scenario Card 2: Smartphone Drop Test Failure

•	 Objective: Present findings and collaborate to improve the durability of a smartphone.

•	 Scenario: During stress testing, a smartphone failed a drop test, with the screen cracking after 
falling from a height of 1 meter. The manufacturing team believes that the screen material is too 
brittle, while the design team is concerned about the impact on aesthetic appeal.

•	 Parameters to Consider:

	◦ Screen material and design
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	◦ •	 Drop test conditions (height, angle)

	◦ •	 Durability requirements vs. design constraints

•	 Task: Present findings, discuss possible solutions (e.g., using a different material, reinforcing 
edges), and collaborate with manufacturing and design teams to agree on a solution. Safety 
protocols for future tests must be discussed.

Scenario Card 3: Industrial Robot Arm Failure Under Load

•	 Objective: Identify and fix the failure mechanism in an industrial robot arm during stress testing.

•	 Scenario: An industrial robot arm failed during stress testing when it couldn’t handle the 
maximum load specified in the design. The failure resulted in a malfunction, causing the robot 
arm to stop working. The design team believes that the load specifications were too optimistic, 
while manufacturing points out that the robot’s components were not assembled properly.

•	 Parameters to Consider:

	◦ Load capacity of the robot arm

	◦ Component assembly and tolerances

	◦ Stress test conditions (load applied, duration)

•	 Task: Present findings from the test, identify potential failure causes, and collaborate to suggest 
corrective actions. Ensure safety measures are outlined for future stress tests to prevent 
operator injury.

Activity Duration Resources used

Simulating a Staff 
Absenteeism Scenario 

in a Housekeeping 
Department

Whiteboard or flipchart, markers, scenario 
cards, sticky notes

Do  
• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity

Notes for Facilitation  
•	 Focus on concise, clear presentations of data and safety concerns.

•	 Guide students to collaborate effectively between design, manufacturing, and safety teams to 
resolve issues.

•	 Ensure safety protocols are discussed and integrated into all proposed solutions and future 
tests.
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Exercise  
Multiple Choice Questions (MCQs)

1.	 Which of the following is NOT a type of stress test used for telecom equipment?

a) 	 Thermal cycling

b) 	 Vibration testing

c) 	 Magnetic interference

d) 	 Electrical stress testing

Answer: c) Magnetic interference

2.	 Which statistical technique is commonly used to analyze failure data and identify trends in product 
reliability?

a) 	 Regression analysis

b) 	 Weibull analysis

c) 	 ANOVA

d) 	 Linear programming

Answer: b) Weibull analysis

3.	 In reliability engineering, which of the following is essential to improving product design and 
performance?

a) 	 Increasing production speed

b) 	 Implementing corrective and preventive actions

c) 	 Reducing test duration

d) 	 Minimizing design complexity

Answer: b) Implementing corrective and preventive actions

4.	 Which piece of equipment is used for simulating temperature conditions during a stress test?

a) 	 Vibration table

b) 	 Temperature chamber

c) 	 Electrical stress tester

d) 	 Calibration device

Answer: b) Temperature chamber

Fill in the Blanks

1.	 Stress testing simulates real-world conditions to evaluate the __________ of telecom equipment.

Answer: reliability

2.	 __________ is the process of adjusting test equipment to ensure it provides accurate results 
during stress testing.

Answer: Calibration
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Answers: 1 - c) ,2 - d), 3 - b), 4 - a) 

Match the Following

Column A Column B

Environmental Stress Testing a) Tests equipment performance under varying 
temperature conditions

Electrical Stress Testing b) Simulates physical stress by applying vibrations

Vibration Table c) Evaluates response to extreme humidity and 
temperature

Thermal Cycling d) Tests equipment’s ability to handle electrical surges 
and overvoltage

Column A Column B

Corrective Actions a) Identifying and addressing underlying issues to 
prevent future failures

Preventive Actions b) Gathering and recording test parameters to 
monitor equipment behavior

Data Acquisition c) Actions taken to fix existing product weaknesses or 
failures

Root Cause Analysis d) Investigating and determining the fundamental 
cause of product failure

Answer: 1 - c) ,2 - a) ,3 - b) ,4 - d) 

3.	 The failure analysis technique that identifies the root cause of issues in telecom equipment by 
tracing back from the failure event is known as __________.

Answer: root cause analysis

4.	 The __________ is a statistical method used to model and predict the failure rates of equipment 
based on historical data.

Answer: Weibull analysis

Match the Following
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3. 	Developing and 
Implementing Quality 
Control Plans

Unit 3.1: 	 Introduction to Quality Control and Management in Telecom 
Equipment

Unit 3.2: 	 Quality Control Tools and Techniques
Unit 3.3: 	 Data Collection and Statistical Analysis
Unit 3.4: 	 Non-Conformance Management and Root Cause Analysis
Unit 3.5: 	 Quality Audits and Data Visualization
Unit 3.6: 	 Training and Continuous Improvement in Quality Control

TEL/N7221
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Key Learning Outcomes  
At the end of this module, the participants will be able to:

1.	 Explain the principles and methodologies of quality control and quality management.

2.	 Discuss the importance of industry standards for telecom equipment quality control.

3.	 Describe the application of various quality control tools (e.g., checklists, control charts, 
inspection gauges).

4.	 Explain statistical process control (SPC) techniques for analyzing process data and identifying 
variations.

5.	 Identify critical process parameters for different stages of telecom equipment assembly (e.g., 
soldering temperature, component placement).

6.	 Describe techniques for data collection and analysis of process parameters.

7.	 Explain procedures for identifying, documenting, and resolving non- conformances in the 
assembly process.

8.	 Describe root cause analysis techniques to identify the underlying reasons for quality issues.

9.	 Explain techniques for analyzing quality data from various sources (e.g., inspections, SPC charts)

10.	Analyze customer specifications to identify quality requirements for assembled telecom 
equipment.

11.	Demonstrate the operation of various quality control tools (e.g., checklists, control charts, 
inspection gauges).

12.	Develop inspection points throughout the assembly process, defining clear acceptance criteria 
for each inspection point.

13.	Role-play how to establish corrective action procedures.

14.	Demonstrate how to select appropriate quality control tools and techniques based on scenarios.

15.	Practice developing clear and concise documentation.

16.	Plan and Deliver a mock training session on quality control procedures for assembly personnel.

17.	Design and Facilitate interactive exercises to reinforce understanding of quality control principles.

18.	Develop data collection plans that specify the frequency and method of collecting data for 
critical process parameters.

19.	Simulate data collection procedures using mock data sets.

20.	Utilize statistical process control (SPC) techniques to analyze simulated data sets (e.g., control 
charts, histograms) and identify any trends or deviations from established control limits.

21.	Analyze the root cause of identified variations in simulated data sets and propose corrective 
actions.

22.	Maintain control charts based on simulated data analysis.

23.	Develop an internal quality audit schedule based on a risk assessment scenario.

24.	Analyze audit findings from a pre- collected data set to identify recurring issues and areas for 
improvement.

25.	Collect and Consolidate data from simulated sources relevant to quality control.

26.	Utilize data visualization techniques (e.g., Pareto charts) to present quality control data from 
simulated sources.
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Unit Objectives  

Resources to be Used  

Note  

Unit 3.1: Introduction to Quality Control and Management in 
Telecom Equipment

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc.

In this unit, we will discuss the principles and methodologies of quality control and quality management 
in the telecom industry. We will explore the importance of industry standards for telecom equipment 
quality, critical process parameters in equipment assembly (e.g., soldering temperature, component 
placement), and how to analyze customer specifications to meet quality requirements for assembled 
telecom products.

At the end of this unit, the participants will be able to:

1.	 Explain the principles and methodologies of quality control and quality management.

2.	 Discuss the importance of industry standards for telecom equipment quality control.

3.	 Identify critical process parameters for different stages of telecom equipment assembly (e.g., 
soldering temperature, component placement).

4.	 Analyze customer specifications to identify quality requirements for assembled telecom 
equipment.

Ask  
Ask the participants the following questions: 

•	 What do you think is the role of quality control in ensuring the reliability of telecom equipment?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Quality Control and Quality Management in Telecom Equipment

1. 	 Principles and Methodologies of Quality Control and Quality Management

	 Quality Control (QC) and Quality Management (QM) are fundamental aspects of ensuring that 
telecom equipment meets the desired standards of performance, reliability, and safety. The 
principles of QC and QM focus on consistency, accuracy, and continuous improvement across all 
stages of product development, from design to assembly and final testing.

	 Quality Control (QC) is a reactive process aimed at identifying defects and ensuring that products 
conform to set quality standards. QC involves a range of activities, including inspections, testing, 
sampling, and defect tracking. The key objective is to ensure that products meet the required 
specifications and do not contain defects that could impact their performance.
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	 Quality Management (QM), on the other hand, is a proactive and comprehensive approach that 
encompasses all activities focused on improving quality throughout the entire product lifecycle. 
It involves planning, controlling, and improving processes within an organization to deliver high-
quality products consistently. The goal of QM is not just to meet customer expectations but to 
exceed them by continuously optimizing processes and products.

The methodologies of QM include:

•	 Total Quality Management (TQM): This approach emphasizes long-term success through 
customer satisfaction, involving all members of an organization. It focuses on continuous 
improvement, customer-centric strategies, and maintaining high standards.

•	 Six Sigma: A data-driven methodology aimed at eliminating defects by reducing process 
variation. Six Sigma uses statistical methods to improve process control and achieve a defect 
rate of fewer than 3.4 defects per million opportunities.

•	 Lean Manufacturing: Focused on improving process efficiency by eliminating waste (such as 
overproduction, excessive inventory, and unnecessary delays), Lean emphasizes value creation 
while minimizing resources.

•	 ISO 9001: A widely recognized standard for quality management systems (QMS). It focuses 
on meeting customer requirements and regulatory obligations, ensuring product quality, and 
driving continual improvement.

By combining these principles and methodologies, telecom equipment manufacturers can create 
a robust quality assurance framework that ensures consistent product quality, meets customer 
expectations, and adheres to industry standards.

2. 	 Importance of Industry Standards for Telecom Equipment Quality Control

	 Telecom equipment must comply with specific industry standards to ensure functionality, 
reliability, safety, and compatibility. These standards provide a benchmark for manufacturers, 
regulatory bodies, and customers to evaluate the performance and safety of telecom products. 
Adherence to these standards is essential for gaining certification, entering markets, and 
ensuring product longevity and reliability.

Key industry standards include:

•	 ISO/IEC Standards: These international standards cover a wide range of telecom equipment 
and services, including network equipment, communication systems, and cybersecurity.

•	 Telecommunications Industry Association (TIA) Standards: The TIA provides guidelines 
and standards for the design, installation, and maintenance of telecom equipment, ensuring 
interoperability, safety, and reliability.

•	 European Telecommunications Standards Institute (ETSI): ETSI develops globally recognized 
standards for telecommunications, broadcasting, and other electronic communication systems.

•	 International Telecommunication Union (ITU): ITU is a specialized agency of the United Nations 
that defines global telecom standards to ensure worldwide compatibility of equipment and 
services.

•	 RoHS (Restriction of Hazardous Substances): A standard that restricts the use of certain 
hazardous materials in electrical and electronic equipment to ensure both environmental and 
user safety.

Why standards are important:
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•	 Compliance and Certification: Meeting industry standards helps telecom companies obtain 
certifications that are required for product marketing and distribution, particularly in regulated 
markets.

•	 Safety: Standards ensure that products are safe to use, minimizing risks related to electrical 
safety, radiation, and environmental impact.

•	 Interoperability: Telecom products must work seamlessly with other systems. Standards ensure 
compatibility between equipment from different manufacturers.

•	 Performance Reliability: Following established standards helps ensure that telecom equipment 
will perform optimally in varying conditions, providing long-term reliability.

•	G lobal Market Access: Industry standards allow manufacturers to sell telecom equipment in 
different international markets by ensuring compatibility with local regulations.

3. Critical Process Parameters in Telecom Equipment Assembly
The assembly of telecom equipment involves a range of processes, each with specific critical parameters 
that must be controlled to maintain product quality. These parameters are vital to ensuring the proper 
functionality of the final product, and slight deviations can lead to failure in performance or reliability.

Critical process parameters include:

•	 Soldering Temperature: During assembly, components are attached to circuit boards using 
soldering. The soldering temperature must be tightly controlled to ensure that solder joints are 
strong and that components are not damaged by excessive heat. Too high a temperature can 
lead to component damage or poor connections, while too low can result in weak solder joints.

•	 Component Placement: Accurate placement of components is crucial to ensure proper 
functioning and minimize short circuits or open circuits. Automated placement machines are 
often used to improve precision. Incorrect placement may result in failure of the equipment or 
malfunction during stress testing.

•	 Reflow Soldering Time and Temperature: Reflow soldering involves heating the solder paste to 
the melting point, forming strong connections between components and the PCB. A mismatch in 
time and temperature can lead to incomplete soldering, which can affect the device’s reliability.

•	 Component Lead Length: The length of component leads during assembly plays an important 
role in the quality of soldering. Incorrect lead lengths can interfere with the fitting process, 
affecting the overall assembly quality.

•	 Cleaning and Contamination Control: Telecom equipment, especially circuit boards, must be 
free from dust, moisture, and other contaminants. Contamination during assembly can lead to 
malfunction, corrosion, and failure of components. Proper cleaning protocols must be followed, 
particularly for sensitive components.

•	 ESD (Electrostatic Discharge) Protection: Components sensitive to static electricity can be 
damaged if adequate precautions are not taken. Ensuring that workers and tools are grounded, 
and that products are handled in ESD-protected environments, is vital to avoid costly failures.

By controlling these critical parameters, manufacturers can ensure the production of high-quality 
telecom equipment that meets both functional and regulatory standards.

4. Analyzing Customer Specifications for Quality Requirements

Telecom equipment manufacturers must closely examine customer specifications to ensure that all 
quality requirements are met. Customer specifications often define not only the functional aspects of 
the product but also the performance standards, safety features, and environmental conditions under 
which the equipment must operate. Analyzing these specifications allows manufacturers to tailor their 
processes and outputs to meet the exact needs of their customers.
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Key quality requirements often found in customer specifications include:

•	 Performance Criteria: These specify the operational characteristics of the equipment, such 
as bandwidth, signal strength, or uptime. Meeting these criteria ensures that the telecom 
equipment will perform as expected in the field.

•	 Environmental Conditions: Customer specifications often detail the environmental conditions 
the equipment will face, such as temperature ranges, humidity levels, and exposure to dust or 
vibration. Equipment must be designed and tested to operate reliably under these conditions.

•	 Durability and Lifespan: Specifications may include expectations for the equipment’s service 
life, failure rates, and mean time between failures (MTBF). These factors determine the long-
term reliability and maintenance needs of the product.

•	 Compliance with Standards: Customers may require telecom equipment to meet specific 
regulatory or industry standards (e.g., safety certifications, emissions, electromagnetic 
interference levels).

•	 Safety Features: The equipment must adhere to safety standards, ensuring that it does not pose 
any risk to the operator or the surrounding environment during use.

By effectively analyzing customer specifications, manufacturers can implement the right processes and 
technologies, ensuring that the final product meets or exceeds customer expectations, both in terms of 
quality and performance.

Quality control and quality management are critical components of the telecom equipment 
manufacturing process. Through the adoption of industry standards, management methodologies, and 
control of critical parameters during assembly, manufacturers can produce reliable, high-performance 
products. Additionally, analyzing customer specifications ensures that telecom equipment is not only 
functional but also meets the specific needs and requirements of the customer. By implementing 
these principles and practices, telecom equipment manufacturers can deliver products that exceed 
expectations in terms of reliability, performance, and safety.

Say  
Let us participate in an activity to explore the unit a little more.

Activity  
Group Activity: Quality Control in Telecom Equipment Assembly

Activity Title: Designing a Quality Control Plan for Telecom Equipment Assembly

Objective:
Students will collaborate in groups to design a quality control (QC) plan for the assembly of a telecom 
device (e.g., a network router or base station). They will identify critical process parameters, ensure the 
plan aligns with customer specifications, and incorporate industry standards for quality control.

Activity Steps:

1.	 Product Overview

	◦ Present a telecom product (e.g., network router) and its key components (e.g., PCB, 
processor, connectors).

	◦ Provide customer specifications and quality requirements (e.g., tolerance levels, performance 
metrics).
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2.	 Identify Critical Process Parameters

	◦ Groups identify key stages in the assembly process, such as soldering, component placement, 
and testing.

	◦ Discuss critical process parameters for each stage, e.g., soldering temperature, placement 
accuracy, and testing standards.

3.	 Design a Quality Control Plan

	◦ Using the critical process parameters, groups develop a QC plan that includes:

	▪ Quality control methods (e.g., visual inspection, automated testing, statistical sampling)

	▪ Tools and equipment required (e.g., thermal cameras for soldering, X-ray for component 
placement)

	▪ Inspection points in the assembly process

4.	 Align with Customer Specifications and Industry Standards

	◦ Groups ensure that their QC plan meets customer quality requirements (e.g., tolerance 
limits) and aligns with industry standards (e.g., ISO, IPC standards).

	◦ Discuss how they will monitor and ensure compliance with these standards.

5.	 Presentation

	◦ Each group presents their QC plan to the class, highlighting key parameters, inspection 
methods, and compliance with standards.

	◦ Groups must defend their choices and explain how they ensure the product meets customer 
quality specifications.

Examples of Scenario Cards:  

Scenario Card 1: Soldering Defects in PCB Assembly

•	 Objective: Identify and address quality control issues related to soldering in PCB assembly.

•	 Scenario: During assembly, a telecom device’s printed circuit board (PCB) has been showing 
inconsistent soldering joints. Some connections appear cold or have excess solder, leading to 
poor electrical performance. The quality team has noticed that the soldering temperature may 
not be consistent, affecting joint quality.

•	 Critical Process Parameters:

	◦ Soldering temperature

	◦ Soldering time

	◦ Flux application

•	 Task: Design a quality control plan to monitor and maintain soldering parameters. Propose 
actions to improve soldering consistency and avoid defects in future assemblies.

Scenario Card 2: Component Placement Accuracy in Telecom Equipment

•	 Objective: Ensure component placement accuracy during assembly.

•	 Scenario: In a telecom equipment assembly process, several network routers have been 
experiencing functionality issues. The root cause appears to be components placed incorrectly 
on the PCB. Visual inspection is not detecting the errors because the placement misalignments 
are very subtle.

•	 Critical Process Parameters:
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Notes for Facilitation  
•	 Ensure understanding of key QC concepts and industry standards (e.g., ISO, IPC).

•	 Emphasize the importance of monitoring key factors like soldering temperature, placement 
accuracy, and testing conditions.

•	 Guide students to develop realistic QC plans with actionable steps for improving product quality 
and meeting customer specifications.

	◦ Component placement accuracy

	◦ Alignment tolerances

	◦ Automated placement machine calibration

•	 Task: Develop a quality control strategy to improve placement accuracy, incorporating automated 
systems, visual inspection, and checks to meet alignment tolerances. Ensure the solution aligns 
with customer specifications.

Scenario Card 3: Testing Failures in Final Assembly Stage

•	 Objective: Address quality control failures during the final testing of assembled telecom 
equipment.

•	 Scenario: After completing the final assembly of a telecom base station, the device fails several 
performance tests, such as signal strength and network connectivity. The root cause is traced 
back to discrepancies in assembly, particularly in the connector placements and cable routing.

•	 Critical Process Parameters:

	◦ Connector placement

	◦ Cable routing

	◦ Final performance testing

•	 Task: Identify potential QC measures to ensure proper placement and alignment during final 
assembly. Develop a testing protocol to detect assembly issues before final product approval, 
ensuring the device meets both quality standards and customer specifications.

These scenario cards engage students to apply quality control concepts to real-world assembly 
challenges, requiring them to think critically about process parameters, inspection methods, and 
solutions to maintain high-quality standards in telecom equipment production.

Activity Duration Resources used

Simulating a 
Housekeeping 
Department 

Operational Challenge

Whiteboard or flipchart, markers, sticky 
notes (different colors), scenario cards 

(described below)

Do  
• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity
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Unit Objectives  

Resources to be Used  

Note  

Unit 3.2: Quality Control Tools and Techniques

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc.

In this unit, we will discuss the application and operation of various quality control tools, such as 
checklists, control charts, and inspection gauges, and how they are used to ensure product quality in 
telecom equipment assembly. We will explore how to develop inspection points, define acceptance 
criteria, and select appropriate tools for specific scenarios. Additionally, we will cover statistical 
process control (SPC) techniques to analyze process data and identify variations, ensuring continuous 
improvement in quality.

At the end of this unit, the participants will be able to:

1.	 Describe the application of various quality control tools (e.g., checklists, control charts, 
inspection gauges).

2.	 Demonstrate the operation of various quality control tools (e.g., checklists, control charts, 
inspection gauges).

3.	 Develop inspection points throughout the assembly process, defining clear acceptance criteria 
for each inspection point.

4.	 Select appropriate quality control tools and techniques based on specific scenarios.

5.	 Explain statistical process control (SPC) techniques for analyzing process data and identifying 
variations.

Ask  
Ask the participants the following questions: 

•	 What quality control tools are commonly used to monitor and maintain product quality during 
telecom equipment assembly?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Application of Quality Control Tools

Quality control (QC) tools are essential in ensuring that the final product meets the desired specifications 
and quality standards. They are used at various stages of the production and assembly process to 
monitor and control the manufacturing process, detect defects, and ensure consistency. Here are 
several important quality control tools and their applications:
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1. 	 Checklists

	 A checklist is a simple and widely used tool to ensure that all necessary steps or criteria are 
covered during a process. It serves as a reminder to ensure tasks are performed accurately and 
completely. In telecom equipment assembly, checklists are used to document the inspection 
process, making it easier to track the compliance of components and processes with established 
standards.

	 Applications of Checklists in Telecom Equipment Quality Control:

•	 Used in assembly and inspection stages to ensure each step is followed.

•	 Helps workers confirm that each component is installed or tested according to design 
specifications.

•	 Ensures all required tests are conducted (e.g., functional testing, visual inspections, stress 
tests).

•	 Reduces human error by guiding the operator through a structured sequence of checks.

2. 	 Control Charts

	 A control chart is a graphical tool used to monitor the consistency and stability of a process 
over time. It plots data points in real-time and uses upper and lower control limits to determine 
whether a process is under control or if there are variations that need to be addressed. Control 
charts are particularly useful in detecting shifts or trends in the production process, which can 
lead to defects.

	 Applications of Control Charts in Telecom Equipment Quality Control:

•	 Monitoring Manufacturing Processes: Control charts track variables like soldering 
temperatures, component placement accuracy, or assembly time to ensure consistency.

•	 Detecting Variations: If a process begins to show signs of variation (e.g., a spike in temperature 
or failure rate), it can signal a potential problem that needs to be addressed before it results 
in defective products.

•	 Continuous Improvement: By using control charts, manufacturers can identify process issues 
early and implement corrective actions, leading to long-term improvements in product 
quality.

3. 	 Inspection Gauges

	 An inspection gauge is a measuring tool used to verify that a component or product conforms 
to a specific size or specification. In telecom equipment assembly, these tools are crucial for 
confirming the correct placement of components, ensuring that connections are made properly, 
and that dimensions fall within tolerances. They can be mechanical or digital, depending on the 
level of precision required.

	 Applications of Inspection Gauges in Telecom Equipment Quality Control:

•	 Dimension Verification: Measuring tools like calipers or micrometers ensure that components 
fit into their designated spaces correctly.

•	 Testing Electrical Components: Voltage testers, continuity testers, or current meters check 
the functionality of electrical connections within assembled equipment.

•	 Visual Inspections: Gauges may also be used for visual alignment of components like 
connectors, ensuring they are seated correctly.

Developing Inspection Points and Defining Acceptance Criteria

	 An inspection point is a defined stage in the production or assembly process where an inspection 
is conducted to check whether the product or component meets the specified requirements. The 
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development of inspection points should consider critical factors that impact the final product’s 
performance and reliability. Clear acceptance criteria must be defined to ensure that the product is 
inspected consistently, and quality standards are met.

	 Developing Inspection Points:

•	 Early in the Process: Inspection points should be set early in the process, such as checking raw 
materials or components for conformity before assembly begins. This ensures that only quality 
materials are used in the final product.

•	 In-Process Inspections: As the product moves through the assembly line, inspections should 
be conducted at key stages, such as after soldering, component placement, or mechanical 
assembly. These inspections ensure that each stage is completed correctly before moving to the 
next phase.

•	 Final Inspection: A final inspection point at the end of the assembly line ensures the entire 
product meets functional, aesthetic, and safety requirements. This is where tests like signal 
strength, network connectivity, and physical durability are evaluated.

Defining Acceptance Criteria:

•	 Tolerances: Each inspection point should have specific tolerances for allowable deviations. For 
instance, a component’s placement accuracy may have a tolerance of ±0.2mm.

•	 Pass/Fail Criteria: Set up a pass/fail system for each inspection. If a component or process falls 
outside the acceptable range, it should fail, and corrective action should be taken.

•	 Customer Specifications: Acceptance criteria must also align with the product’s customer 
specifications. This includes operational features, safety requirements, and performance 
standards, which need to be precisely documented.

Selecting Quality Control Tools and Techniques Based on Scenarios

Different production scenarios require different quality control tools and techniques. Selecting the 
appropriate tool depends on the specific challenge and the stage of the production process. Here are 
some guidelines for selecting the right QC tools:

•	 For Monitoring Process Consistency: Control charts are highly effective when you need to 
monitor a process over time and track consistency. For example, during the soldering process in 
telecom equipment assembly, a control chart can be used to track soldering temperature and 
ensure it remains within acceptable limits.

•	 For Verifying Component Placement: Inspection gauges are ideal for checking the alignment and 
placement of components. They can ensure that components like connectors or microchips are 
placed correctly, and help avoid issues like misalignments or incorrect component placement.

•	 For Documenting Process Steps: Checklists are invaluable when a process requires step-by-step 
verification. They are used to confirm each step in the assembly process is performed correctly, 
ensuring that components are installed properly, and testing procedures are followed.

•	 For Root Cause Analysis: If a quality issue arises, techniques like Pareto analysis or root cause 
analysis are useful in identifying the underlying causes of defects. For example, if there is an 
issue with component functionality, a failure analysis can pinpoint whether the issue lies in the 
assembly, component quality, or manufacturing process.

Statistical Process Control (SPC) Techniques

Statistical Process Control (SPC) is a method used to monitor and control a process by analyzing process 
data, identifying variations, and making improvements. SPC uses statistical methods to track process 
behaviors and predict future performance. The primary goal of SPC is to reduce process variability, 
which can lead to defects.
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Key SPC Techniques:

•	 Control Charts: As mentioned earlier, control charts are a core SPC tool. They help monitor 
data over time and flag any process variations that exceed predefined limits. They are useful for 
monitoring ongoing production processes and making necessary adjustments in real-time.

•	 Process Capability Indices (Cp, Cpk): These indices measure how well a process can produce 
products within specified limits. A high Cp or Cpk value indicates that a process is capable of 
producing high-quality products consistently. By using these indices, manufacturers can gauge 
whether their processes need adjustments to meet desired quality levels.

•	 Pareto Analysis: Pareto analysis is based on the 80/20 rule, which suggests that 80% of problems 
come from 20% of causes. By identifying and focusing on the primary sources of variation, 
manufacturers can address the most critical issues affecting product quality.

•	 Histogram: A histogram is used to visualize the distribution of data points and detect patterns 
or trends in a process. It provides a graphical representation of how frequently different values 
occur and can help identify shifts or outliers that need attention.

•	 Cause-and-Effect Diagrams (Fishbone Diagram): This tool helps identify potential causes of 
quality problems in a process. By categorizing the various possible causes (materials, methods, 
machines, environment, etc.), teams can systematically investigate the root causes of issues and 
implement corrective actions.

Quality control tools and statistical process control techniques play a vital role in maintaining high 
standards of product quality in telecom equipment assembly. By understanding and applying tools 
like checklists, control charts, inspection gauges, and SPC techniques, manufacturers can ensure that 
their products meet customer specifications, comply with industry standards, and achieve consistency 
throughout the production process.

It is important to select the right tools based on the specific challenges faced in the production line, 
monitor processes regularly, and adapt inspection criteria to maintain a high level of quality. Ultimately, 
a structured approach to quality control not only reduces defects and improves product reliability but 
also enhances customer satisfaction and reduces operational costs in the long term.

Say  
Let us participate in an activity to explore the unit a little more.

Activity  
Group Activity: Quality Control Tools Application and Process Monitoring

Activity Title: Designing and Implementing a Quality Control Plan Using SPC

Objective:
Students will collaborate to develop a quality control plan for a telecom product assembly process. They 
will identify key inspection points, select appropriate quality control tools, and apply statistical process 
control (SPC) techniques to analyze and monitor process data.

Activity Steps:

1.	 Scenario Introduction

	◦ Present a case where a telecom device (e.g., a router) is being assembled, and quality 
issues have been observed (e.g., component misplacement, soldering defects, inconsistent 
assembly).
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	◦ Provide the students with product specifications and customer requirements (e.g., tolerance 
levels, performance metrics).

2.	 Identify Inspection Points

	◦ In groups, students will break down the assembly process (e.g., PCB soldering, component 
placement, wiring) and identify critical inspection points (e.g., post-soldering inspection, 
component alignment checks, final performance testing).

	◦ Define clear acceptance criteria for each inspection point (e.g., solder joints must pass visual 
inspection and must meet specified tolerance limits).

3.	 Select Quality Control Tools

	◦ Based on the identified inspection points, each group will select the appropriate quality 
control tools (e.g., checklists, control charts, inspection gauges).

	◦ Demonstrate how these tools can be used effectively to ensure consistent quality throughout 
the assembly process.

4.	 Apply SPC Techniques

	◦ Groups will use statistical process control (SPC) techniques to monitor and analyze variations 
in the assembly process. They will create control charts and analyze process data to identify 
any signs of process instability.

	◦ Discuss corrective actions if any significant variations or out-of-control signals are detected.

5.	 Presentation and Discussion

	◦ Each group will present their quality control plan, including the selected tools, inspection 
points, and SPC analysis.

	◦ Discuss how the selected tools can help prevent quality issues and ensure the product 
meets customer specifications.

Examples of Scenario Cards:  

Scenario Cards for Quality Control Tools Application

Scenario Card 1: Inconsistent Soldering Quality in PCB Assembly

•	 Objective: Apply quality control tools to address soldering defects.

•	 Scenario: During the assembly of a telecom device, some PCBs show poor soldering quality, 
with cold joints and excess solder observed. The soldering temperature and time vary across 
different production batches, causing inconsistency in joint quality.

•	 Critical Process Parameters:

	◦ Soldering temperature

	◦ Soldering time

	◦ Visual inspection of solder joints

•	 Task: Select appropriate quality control tools (e.g., checklists for temperature monitoring, 
control charts for process variation) to monitor the soldering process. Define acceptance criteria 
for solder joints and use statistical process control (SPC) to detect deviations.

Scenario Card 2: Component Misalignment in Assembly Line

•	 Objective: Ensure correct component placement and alignment using quality control tools.
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Do  
• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity

Notes for Facilitation  
•	 Ensure students understand how checklists, control charts, and inspection gauges work, and 

their application in monitoring processes.

•	 Focus on defining clear inspection points and acceptance criteria to maintain consistent quality 
throughout assembly.

•	 Guide students in using SPC techniques to analyze process data and identify variations, 
encouraging corrective actions when necessary.

•	 Scenario: During the assembly of a network router, the manufacturing team notices occasional 
misalignment of components on the PCB. The misalignment is subtle but leads to functional 
issues in some of the devices. Visual inspection alone is not sufficient to detect the problem.

•	 Critical Process Parameters:

	◦ Component placement accuracy

	◦ Alignment tolerances

	◦ Automated machine calibration

•	 Task: Use appropriate inspection gauges and checklists to verify component placement. Develop 
a control chart to monitor placement accuracy and identify trends in component misalignment. 
Ensure all components meet placement tolerance requirements.

Scenario Card 3: Performance Variations in Final Product Testing

•	 Objective: Apply SPC techniques to analyze variations in product performance.

•	 Scenario: After completing the assembly of telecom base stations, the final product testing 
reveals fluctuating performance in some units. The performance tests (e.g., signal strength, 
connectivity speed) show variability, with some products passing and others failing. The 
assembly process seems consistent, but variations in the final tests need to be identified.

•	 Critical Process Parameters:

	◦ Final testing conditions

	◦ Signal strength and connectivity

	◦ Test equipment calibration

•	 Task: Apply SPC techniques, such as control charts, to analyze test data and identify patterns 
in performance variations. Use quality control tools like inspection gauges to ensure proper 
testing conditions and identify potential causes of performance inconsistency.

Activity Duration Resources used

Managing 
Housekeeping Key 

Security with a Focus 
on Operational 

Efficiency

Whiteboard or flipchart, Markers, Sticky 
notes (different colors), Scenario cards
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Unit Objectives  

Resources to be Used  

Note  

Unit 3.3: Data Collection and Statistical Analysis

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc. 

In this unit, we will discuss techniques for data collection and analysis of critical process parameters 
in manufacturing. We will explore how to develop data collection plans, simulate data collection 
procedures, and apply statistical process control (SPC) techniques, such as control charts and histograms, 
to analyze simulated data sets. The goal is to understand how to monitor processes, identify trends, and 
maintain control charts to ensure product quality and consistency.

At the end of this unit, the participants will be able to:

1.	 Describe techniques for data collection and analysis of process parameters.

2.	 Develop data collection plans specifying the frequency and method of collecting data for critical 
process parameters.

3.	 Simulate data collection procedures using mock data sets.

4.	 Utilize statistical process control (SPC) techniques to analyze simulated data sets (e.g., control 
charts, histograms) and identify trends or deviations.

5.	 Maintain control charts based on simulated data analysis.

Ask  
Ask the participants the following questions: 

•	 How can we use data collection and analysis to improve the quality of a manufacturing process?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Data Collection and Analysis of Process Parameters

Data collection and analysis of process parameters play a critical role in maintaining quality, monitoring 
performance, and ensuring that processes are operating within specified limits. In the context of 
quality control and process monitoring, these techniques are used to gather data on various stages 
of production, analyze trends, and take corrective actions when necessary. Here’s a breakdown of key 
topics related to data collection and analysis:
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Techniques for Data Collection and Analysis of Process Parameters

The first step in data collection involves identifying the critical process parameters (CPPs) that impact 
the quality, performance, and reliability of a product. These parameters may vary depending on the 
industry or product but could include factors such as temperature, pressure, humidity, component 
alignment, soldering time, and many others.

	 Data Collection Methods:

•	 Manual Data Collection: This involves operators or quality control inspectors manually recording 
process data during various stages of production. Though accurate, manual collection is time-
consuming and prone to human error.

•	 Automated Data Collection: Modern manufacturing and testing systems use automated 
sensors and software to collect data in real-time. This method offers higher accuracy, reduces 
the chance of human error, and can capture large volumes of data over long periods.

•	 Sampling: In some cases, collecting data from every unit might be impractical. Instead, a 
representative sample of the production lot is selected for data collection. This reduces the 
time and cost of data collection while still providing an accurate picture of the process.

Data Analysis Techniques:

•	 Descriptive Statistics: These provide an overview of the data by summarizing key measures like 
the mean, median, standard deviation, and range. Descriptive statistics help identify central 
tendencies, dispersion, and variations in process data.

•	 Inferential Statistics: These are used to make inferences about the overall population from the 
sample data. Techniques like hypothesis testing, confidence intervals, and regression analysis 
fall under this category and can help in predicting future trends based on historical data.

•	 Trend Analysis: Analyzing trends in the data helps in understanding long-term changes and 
forecasting potential issues before they occur. It is crucial for detecting gradual deviations from 
optimal performance.

Developing Data Collection Plans

A well-structured data collection plan ensures that the data gathered is relevant, accurate, and helps 
achieve the intended goals. Here are the steps to develop a data collection plan:

	 1. 	 Identify Critical Process Parameters (CPPs):

•	 Start by identifying the key process parameters that affect the quality or performance of 
the product. These could be physical parameters such as temperature, pressure, or time, or 
performance-related metrics like product functionality.

•	 In telecom equipment assembly, for example, the temperature during soldering, component 
placement accuracy, and final product testing results would be key process parameters.

2. 	 Define the Frequency and Timing of Data Collection:

•	 Determine how frequently data should be collected for each critical parameter. This could 
range from real-time monitoring, to hourly or daily data collection depending on the process 
and its variability.

•	 In high-speed manufacturing, data may need to be collected on a near-continuous basis, 
while in less dynamic processes, hourly or daily sampling could suffice.
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3.	 Choose the Data Collection Methods:

•	 Select methods based on the nature of the data, the equipment involved, and available 
resources. For instance, temperature sensors can provide real-time automated data, while 
visual inspections or manual checks may require periodic data collection.

4.	 Specify the Data Recording Tools:

•	 Define the tools or software to be used for data recording. These could include spreadsheets, 
specialized data logging software, or Manufacturing Execution Systems (MES) that track 
production parameters.

•	 Ensure that these tools allow for easy integration of data from different sources and can 
help visualize data in formats like graphs, tables, and charts.

5. 	 Determine Data Analysis and Reporting Procedures:

•	 Decide how the data will be analyzed and who will be responsible for the analysis. Ensure 
the team is equipped with the necessary tools and training for applying statistical methods 
such as control charts or histograms.

•	 Establish reporting protocols to ensure data is communicated clearly to stakeholders for 
timely decision-making.

Simulating Data Collection Procedures Using Mock Data Sets

In the context of training or process improvement, simulated data sets are often used to practice and 
fine-tune data collection and analysis procedures. Simulated data is essential for:

•	 Testing Procedures: Before implementing a full-scale data collection plan, mock data sets can 
be used to test the effectiveness of collection methods, assess whether critical parameters are 
being captured, and refine any steps in the process.

•	 Training Operators and Analysts: New personnel can practice collecting data and interpreting 
results using mock data. This helps improve their understanding of how to apply the methods 
to real-world scenarios.

•	 Identifying Potential Problems: By analyzing simulated data, teams can identify flaws in the 
collection process or analysis methodology before actual data is collected, reducing the risk of 
errors later.

How to Simulate Data Collection:

•	 Create a Mock Data Set: Use software tools like Excel or statistical software to generate a set 
of data that mimics the behavior of the actual process. For example, data for temperature 
fluctuations during soldering could be simulated based on known tolerances.

•	 Run Simulations: Test the data collection tools and procedures against the mock data. This 
allows for validation of the frequency, accuracy, and methods used in the data collection plan.

•	 Analyze the Results: Use statistical methods like control charts and histograms to evaluate 
the simulated data. This will allow the team to assess whether the simulated data behaves as 
expected under different conditions and test the robustness of their data analysis tools.

Statistical Process Control (SPC) Techniques for Data Analysis

Statistical Process Control (SPC) is a powerful method used to monitor and control manufacturing 
processes by analyzing process data. SPC helps detect process variations, identify trends, and ensure 
that the process stays within acceptable limits.
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	 Control Charts: Control charts are a vital SPC tool used to monitor the stability of a process over 
time. They graphically represent data points collected from a process, allowing operators to track 
variations and identify any signs of instability or deviations.

•	 Types of Control Charts:

	◦ X-bar Chart: Used to monitor the mean of a sample, this chart is helpful when monitoring 
parameters that are measured on a continuous scale, such as temperature or pressure.

	◦ R-chart: This chart monitors the range of variation in a sample. It is useful when measuring 
the consistency of a process.

	◦ P-chart: Used for monitoring proportion defective or nonconforming units, this chart is ideal 
for discrete data (e.g., pass/fail tests).

	◦ C-chart: Tracks the number of defects in a sample, useful for counting defects in a fixed 
number of units.

Histograms: Histograms graphically represent the frequency distribution of process data. This tool helps 
visualize the spread and distribution of data, making it easier to identify patterns or abnormalities.

•	 Usage: Histograms are helpful for visualizing data like component placement accuracy or 
temperature deviations during production, providing a quick way to assess whether the process 
is operating within expected ranges.

Process Capability Analysis: This technique involves comparing the inherent capability of a process to 
the specifications or tolerance limits. Process capability indices like Cp and Cpk measure how well the 
process can produce products that meet specifications.

•	 Cp: This index measures the potential capability of a process by comparing the spread of the 
process data to the specification limits.

•	 Cpk: This index takes into account both the spread and the centering of the process data, 
indicating how well the process produces products within specification limits.

Maintaining Control Charts Based on Simulated Data Analysis

After analyzing simulated data using SPC techniques like control charts, it’s crucial to maintain the charts 
to ensure ongoing process stability and performance. The following steps outline how to maintain 
control charts effectively:

1.	 Regular Updates:

	◦ Control charts should be updated regularly as new data becomes available. This helps 
ensure that the process is being monitored continuously and that any signs of instability are 
detected early.

2.	 Identify Patterns:

	◦ Look for specific patterns or trends in the data. For example, a run of consecutive points on 
one side of the centerline may indicate a shift in the process mean.

3.	 Set Action Thresholds:

	◦ Define action thresholds for when the process is out of control (e.g., when data points fall 
outside the control limits). Establish a protocol for addressing deviations, such as stopping 
the process, investigating the cause, and implementing corrective actions.

4.	 Review and Adjust:
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	◦ Periodically review control charts to adjust for any changes in the process, production 
equipment, or materials. Adjust the control limits and thresholds if necessary based on 
updated product specifications or process improvements.

Data collection and analysis of process parameters are integral components of quality control in 
manufacturing. Developing robust data collection plans, simulating procedures, and applying SPC 
techniques like control charts and histograms help to maintain process stability and ensure that products 
meet quality standards. By using statistical methods to monitor variations and trends, companies can 
implement corrective actions quickly, minimizing defects and optimizing production.

Say  
Let us participate in an activity to explore the unit a little more.

Activity  
Group Activity: Data Collection and Statistical Process Control (SPC) Simulation

Activity Title: Simulating Data Collection and Analyzing Process Variations

Objective:
Students will work in groups to design a data collection plan, simulate the collection of process parameter 
data, and analyze the data using SPC techniques such as control charts and histograms.
Activity Steps:

1.	 Scenario Introduction

	◦ Present a case where a telecom product (e.g., network router or base station) is being 
assembled, and critical process parameters such as soldering temperature and component 
placement accuracy need to be monitored.

	◦ Provide a mock data set representing a specific parameter (e.g., soldering temperature over 
several batches) that includes some normal and deviated values.

2.	 Design a Data Collection Plan

	◦ Groups will create a data collection plan, specifying the frequency (e.g., hourly, per batch) 
and method (e.g., manual measurement, automated sensors) for collecting data on critical 
process parameters.

	◦ Identify key factors to monitor during assembly (e.g., soldering temperature, component 
placement accuracy) and how to ensure the data is consistently collected.

3.	 Simulate Data Collection

	◦ Using the provided mock data set, groups will simulate the collection of process parameter 
data. They will record data at specified intervals and ensure accurate documentation of 
measurements.

4.	 Analyze Data Using SPC

	◦ Groups will apply SPC techniques such as control charts and histograms to analyze the 
collected data. They will track process variation, identify trends, and detect any deviations 
or out-of-control signals.



         

Facilitator Guide

94

	◦ Discuss potential corrective actions if significant deviations are found.

5.	 Maintain Control Charts

	◦ Each group will create control charts for their data sets and update them as new data is 
collected. They will analyze the charts to identify any signs of process instability or trends 
that need attention.

6.	 Presentation and Discussion

	◦ Each group will present their data collection plan, the process of collecting data, and their 
SPC analysis. They will discuss the findings from the control charts and histograms, explaining 
any identified trends or process deviations.

Examples of Scenario Cards:  

Scenario Card 1: Soldering Temperature Control in PCB Assembly

•	 Objective: Analyze variations in soldering temperature using SPC tools.

•	 Scenario: During the assembly of a telecom device, there is a concern that the soldering 
temperature may fluctuate, potentially causing poor solder joints. The temperature is measured 
every 30 minutes, and deviations from the ideal range could lead to production defects.

•	 Critical Process Parameters:

	◦ Soldering temperature

	◦ Solder joint quality

•	 Task: Simulate the collection of soldering temperature data over a batch of products. Use control 
charts to analyze whether the temperature remains within the acceptable range and identify 
any out-of-control signals. Propose corrective actions based on the findings.

Scenario Card 2: Component Placement Accuracy in PCB Assembly

•	 Objective: Use SPC to monitor placement accuracy during assembly.

•	 Scenario: The assembly team has observed slight misplacements of components during the 
PCB assembly process. The placement is measured every 10th unit to ensure consistency. If 
misplacement exceeds the acceptable tolerance, it could lead to functional failures in the final 
product.

•	 Critical Process Parameters:

	◦ Component placement accuracy

	◦ Alignment tolerances

•	 Task: Collect mock data on placement accuracy and record deviations from the target position. 
Use histograms to analyze the distribution of placements and control charts to monitor any 
trends or variations that fall outside the acceptable range.

Scenario Card 3: Vibration Testing Variability in Telecom Equipment

•	 Objective: Analyze the variability in vibration testing results using SPC.

•	 Scenario: Telecom equipment is subjected to vibration testing to simulate real-world conditions. 
Variability in vibration levels could affect the performance of the device in the field. Testing 
is done every hour, and vibration levels are monitored to ensure they meet the required 
specifications.

•	 Critical Process Parameters:
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Activity Duration Resources used

Implementing 
Sustainable Practices 

in Housekeeping 
Operations

Whiteboard or flipchart, Markers, Sticky 
notes (different colors), Scenario cards

	◦ Vibration levels

	◦ Test duration

•	 Task: Simulate data collection for vibration levels during the testing phase. Use control charts to 
identify whether the vibration levels remain consistent within the specified range and evaluate 
any deviations that may indicate instability in the testing process.

Do  
• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity

Notes for Facilitation  
•	 Guide students in using control charts and histograms to analyze process data.

•	 Help identify trends, patterns, and deviations from the acceptable range.

•	 Discuss how to interpret SPC results and determine when corrective actions are necessary.

•	 Encourage proactive problem-solving to maintain process stability.
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Unit Objectives  

Resources to be Used  

Note  

Unit 3.4: Non-Conformance Management and Root Cause 
Analysis

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc.

In this unit, we will discuss procedures for identifying, documenting, and resolving non-conformances 
in the assembly process. We will explore root cause analysis techniques to uncover the underlying 
causes of quality issues and how to address them. Additionally, we will simulate data analysis to identify 
variations and propose corrective actions, while practicing the role of establishing effective corrective 
action procedures.

At the end of this unit, the participants will be able to:

1.	 Explain procedures for identifying, documenting, and resolving non-conformances in the 
assembly process.

2.	 Describe root cause analysis techniques to identify underlying reasons for quality issues.

3.	 Analyze the root cause of identified variations in simulated data sets and propose corrective 
actions.

4.	 Role-play how to establish corrective action procedures.

Ask  
Ask the participants the following questions: 

•	 What do you think is the first step to take when you notice a defect in a product during the 
assembly process?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Identifying, Documenting, and Resolving Non-Conformances in the Assembly Process

Non-conformance refers to the failure of a product, process, or procedure to meet established 
specifications, standards, or requirements. Identifying, documenting, and resolving non-conformances 
is critical to maintaining quality and ensuring that telecom equipment performs reliably.

1.	 Identification of Non-Conformances

	 Non-conformances are typically identified through inspections, audits, testing, and observations 
during the assembly process. To identify non-conformances effectively, it is essential to:
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	◦ Monitor key process parameters: Regularly check critical factors like soldering temperature, 
component placement accuracy, and performance testing outcomes.

	◦ Visual inspections: Conduct routine checks to detect physical issues such as component 
misplacement, solder joint defects, or damage.

	◦ Testing failures: Record instances when products fail functional or stress tests, indicating 
potential non-conformances.

2.	 Documenting Non-Conformances

	 Accurate documentation of non-conformances is essential for traceability and corrective action. 
The documentation process typically involves:

	◦ Non-conformance reports (NCRs): These forms contain details about the defect, such as 
the description, affected batch or unit, specific parameters out of specification, and the 
potential impact on product functionality.

	◦ Root cause information: Document the suspected causes or initial hypotheses for the issue 
based on visual inspections and test results.

	◦ Immediate corrective measures: Include actions taken to contain the issue (e.g., halting 
production or isolating defective units).

3.	 Resolving Non-Conformances

	 Once identified and documented, non-conformances must be addressed systematically:

	◦ Immediate containment: Segregate affected items from the assembly line to prevent 
further defects from affecting other units.

	◦ Root cause investigation: Perform an in-depth analysis to understand the underlying causes 
of the non-conformance.

	◦ Corrective and preventive actions (CAPA): Based on root cause analysis, take corrective 
actions to fix the current issue and preventive actions to ensure similar problems do not 
recur.

	◦ Verification: After implementing corrective actions, verify through testing or inspection that 
the non-conformance has been resolved.

Root Cause Analysis Techniques

Root cause analysis (RCA) is the process of identifying the primary cause of a problem or defect to 
prevent recurrence. It is a fundamental technique in quality management and process improvement.

1.	 Common Root Cause Analysis Techniques

	◦ Fishbone Diagram (Ishikawa): This visual tool helps identify potential causes of an issue by 
categorizing them into categories such as materials, methods, machinery, and manpower. It 
helps organize the thought process around complex problems.

	◦ 5 Whys: This technique involves asking “Why?” repeatedly (usually five times) to drill down 
from the symptoms of a problem to its root cause. Each answer forms the basis of the next 
question.

	◦ Failure Mode and Effect Analysis (FMEA): FMEA evaluates potential failure modes in a 
process and their consequences. By assessing severity, occurrence, and detection of each 
failure mode, it helps prioritize areas for improvement.

	◦ Pareto Analysis: Based on the Pareto principle (80/20 rule), this technique focuses on 
identifying the most significant causes contributing to the problem, allowing teams to 
prioritize their corrective actions.
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2.	 Implementing Root Cause Analysis

	◦ Data Collection: Gather data on the non-conformance, including measurements, 
observations, and trends.

	◦ Team-based Approach: Involve cross-functional teams to ensure diverse perspectives and 
comprehensive analysis.

	◦ Identify Potential Causes: Use techniques like the Fishbone Diagram to brainstorm all 
possible causes of the issue.

	◦ Test Hypotheses: Validate potential causes through experiments, data analysis, or 
inspections.

3.	 Corrective Action Planning

	 After identifying the root cause, the next step is to create a corrective action plan:

	◦ Develop targeted corrective actions: These may include changes in equipment, training, 
material sources, or process adjustments.

	◦ Implement corrective measures: Take steps such as re-calibrating equipment, adjusting 
process parameters, or retraining operators.

	◦ Prevent recurrence: Introduce preventive actions like updated procedures, new quality 
checks, or more frequent inspections to avoid future non-conformances.

Analyzing Root Cause of Variations in Simulated Data Sets

Data analysis is a powerful tool for identifying patterns and understanding the reasons behind variations 
in process parameters. When using simulated data sets, the goal is to examine deviations and pinpoint 
the underlying causes of variations.

1.	 Understanding Process Variations Process variations can arise due to many factors, including:

	◦ Human error: Mistakes made by operators or technicians.

	◦ Equipment malfunction: Faulty machinery or incorrect calibration.

	◦ Material inconsistencies: Variability in raw materials or components.

	◦ Environmental factors: Temperature, humidity, or other external conditions affecting the 
assembly process.

2.	 Tools for Data Analysis Statistical tools such as control charts and histograms can help analyze 
variations in data:

	◦ Control charts: These charts track data over time and show trends. They help determine if a 
process is stable or if there are signs of instability or out-of-control conditions.

	◦ Histograms: A histogram visualizes the distribution of data, helping identify the frequency 
of certain outcomes and deviations from the norm.

3.	 Proposing Corrective Actions Based on Data Once variations and deviations are identified, 
corrective actions can be proposed based on data analysis:

	◦ Process adjustments: Modify the process parameters that are contributing to the variations, 
such as adjusting the soldering temperature or changing the component placement method.

	◦ Recalibration: If equipment issues are identified, recalibrate machines to ensure they 
perform within the required tolerances.

	◦ Staff retraining: When human error is a root cause, implementing training or standard 
operating procedures (SOPs) can help reduce mistakes.
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Role-Playing How to Establish Corrective Action Procedures

Role-playing is an effective way to practice problem-solving and corrective action planning in a simulated 
environment. Through role-playing, individuals can practice addressing non-conformances and handling 
quality issues in a structured way.

1.	 Simulating Non-Conformance Situations

	 In role-playing scenarios, participants take on different roles, such as the quality control 
manager, production supervisor, or process engineer. A situation involving a non-conformance 
is presented, and the participants must act out how they would:

	◦ Identify the non-conformance.

	◦ Document the issue and gather necessary information.

	◦ Conduct root cause analysis.

	◦ Develop and implement corrective actions.

2.	 Collaborating on Solutions Role-playing encourages collaboration among different team 
members, which helps develop more effective solutions. For example:

	◦ The quality control manager might provide insights into the root cause of quality issues 
based on the data collected.

	◦ The production supervisor might discuss process improvements or new procedures to 
address non-conformances.

	◦ The engineering team might propose equipment adjustments or re-calibration techniques.

3.	 Feedback and Improvement After the role-play session, feedback is given to improve the 
decision-making process. Participants reflect on:

	◦ The effectiveness of their approach to identifying and addressing non-conformances.

	◦ The clarity of their root cause analysis.

	◦ How quickly and effectively they proposed corrective actions.

Effective identification, documentation, and resolution of non-conformances are essential for maintaining 
high-quality standards in telecom equipment manufacturing. Root cause analysis techniques, such as 
Fishbone Diagrams, 5 Whys, and Pareto Analysis, help identify the underlying reasons for quality issues, 
enabling teams to develop targeted corrective actions. By analyzing simulated data sets and role-playing 
corrective action procedures, teams can further enhance their problem-solving abilities and ensure that 
quality improvements are sustained throughout the manufacturing process.

Say  
Let us participate in an activity to explore the unit a little more.

Activity  
Group Activity: Identifying and Resolving Non-Conformances Using Root Cause Analysis

Activity Title: Root Cause Analysis and Corrective Action Procedure Development

Objective:
Students will work in groups to identify non-conformances in a telecom equipment assembly process, 
perform root cause analysis, and propose corrective actions based on simulated data and quality issues.
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Activity Steps:

1.	 Scenario Introduction

	◦ Present a simulated scenario where a batch of telecom devices has failed quality checks. For 
example, assembly defects such as improper component placement or faulty soldering are 
identified in a batch of routers.

	◦ Provide mock data showing performance issues (e.g., signal strength variations, connectivity 
failures).

2.	 Identify Non-Conformances

	◦ Groups will identify non-conformances in the assembly process using the provided data and 
quality issues.

	◦ They will document the nature of each non-conformance, including the specific part of the 
assembly process (e.g., soldering, component placement, final testing) and the defect type.

3.	 Conduct Root Cause Analysis

	◦ Groups will apply root cause analysis techniques such as the 5 Whys, Fishbone (Ishikawa) 
diagram, or Failure Mode and Effect Analysis (FMEA) to identify the underlying causes of the 
quality issues.

	◦ They will trace the non-conformances back to possible causes (e.g., incorrect machine 
settings, faulty materials, human error) using the data provided.

4.	 Propose Corrective Actions

	◦ Based on the root cause analysis, groups will propose corrective actions to address 
the identified causes. They will specify how these actions will prevent recurrence (e.g., 
recalibration of machines, training of operators, improvements in material quality).

5.	 Establish Corrective Action Procedures

	◦ Groups will role-play how to establish a corrective action procedure with appropriate 
documentation and monitoring plans.

	◦ They will outline steps for implementing and verifying corrective actions, including any 
adjustments needed in the quality control process.

6.	 Presentation and Discussion

	◦ Each group will present their root cause analysis findings, proposed corrective actions, and 
corrective action procedures.

	◦ Facilitator-led discussion will focus on the feasibility of the proposed solutions and how 
these actions contribute to improved quality in the assembly process.

Examples of Scenario Cards:  

Scenario Card 1: Component Misplacement in PCB Assembly

•	 Objective: Identify the root cause of misplacement and propose corrective actions.

•	 Scenario: During the assembly of a telecom device, the final product consistently fails 
functionality tests due to slight misplacement of key components on the PCB. Inspection 
indicates no visible damage, but the issue affects product performance.

•	 Non-Conformance:

	◦ Incorrect component placement leading to functionality issues.

	◦ Slight misalignment noticed in a certain batch.
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Activity Duration Resources used

Green Housekeeping 
Practices for Employee 

Engagement and 
Environmental Impact

Whiteboard or flipchart, markers, sticky 
notes (different colors), scenario cards 

(described below)

Do  
• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity

•	 Task: Perform root cause analysis using techniques like the 5 Whys or Fishbone diagram to 
determine why misplacement occurs (e.g., machine calibration, human error, environmental 
factors). Propose corrective actions (e.g., better machine calibration, operator training) to 
prevent recurrence.

Scenario Card 2: Soldering Defects in Assembly Line

•	 Objective: Analyze the cause of soldering defects and propose corrective measures.

•	 Scenario: A batch of routers failed quality control due to insufficient soldering joints, resulting 
in weak electrical connections. The soldering temperature fluctuates, but this has not been 
adequately addressed in previous batches.

•	 Non-Conformance:

	◦ Poor solder joints leading to connectivity issues.

	◦ Inconsistent soldering temperature in different batches.

•	 Task: Conduct a root cause analysis to identify why the soldering defects occur (e.g., equipment 
malfunction, improper temperature control, or inadequate training). Propose corrective actions 
like regular temperature calibration or process standardization to ensure consistent quality.

Scenario Card 3: Signal Interference in Telecom Equipment

•	 Objective: Diagnose the root cause of signal interference and establish corrective actions.

•	 Scenario: Telecom equipment is exhibiting signal interference during operational tests, affecting 
network performance. The interference is sporadic and occurs mainly when the equipment 
undergoes high-stress testing conditions.

•	 Non-Conformance:

	◦ Signal interference in the final product during stress tests.

	◦ Interference only appears under specific conditions (e.g., high temperatures, high loads).

•	 Task: Use root cause analysis techniques to determine the underlying reason for the signal 
interference (e.g., poor shielding, component tolerance issues, assembly error). Propose 
corrective actions such as improving component design, upgrading shielding, or optimizing 
testing conditions to eliminate interference.
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Notes for Facilitation  
•	 Stress the importance of documenting all defects clearly and categorizing them by assembly 

stages.

•	 Guide students in using tools like the 5 Whys and Fishbone diagrams to pinpoint underlying 
issues.

•	 Encourage actionable solutions and emphasize the importance of verifying the effectiveness of 
the corrective measures implemented.
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Unit Objectives  

Resources to be Used  

Note  

Unit 3.5: Quality Audits and Data Visualization

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc.

In this unit, we will discuss the process of developing an internal quality audit schedule based on risk 
assessments, analyzing audit findings to identify recurring quality issues, and collecting relevant quality 
control data from simulated sources. We will also explore how to use data visualization techniques, 
such as Pareto charts, to present and interpret quality control data effectively.

At the end of this unit, the participants will be able to:

1.	 Develop an internal quality audit schedule based on a risk assessment scenario.

2.	 Analyze audit findings from a pre-collected data set to identify recurring issues and areas for 
improvement.

3.	 Collect and consolidate data from simulated sources relevant to quality control.

4.	 Utilize data visualization techniques (e.g., Pareto charts) to present quality control data from 
simulated sources

Ask  
Ask the participants the following questions: 

•	 What are some common tools used to present quality control data, and how can they help 
identify areas for improvement?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Developing an Internal Quality Audit Schedule Based on Risk Assessment

Quality audits are essential for ensuring compliance with established processes and identifying areas for 
improvement in manufacturing and assembly operations. A key step in the audit process is developing 
an audit schedule, which is critical for effectively assessing and maintaining quality standards. When 
creating an internal quality audit schedule, it is important to base it on a thorough risk assessment of 
operations. Here’s how to approach it:
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1.	 Understand Risk Assessment: Risk assessment involves identifying potential risks in the 
process, determining their impact, and establishing the likelihood of occurrence. Risks could 
range from minor issues, such as slight inconsistencies in assembly, to significant problems, such 
as equipment failure or safety hazards. By assessing these risks, you can prioritize areas that 
require more frequent audits or deeper investigation.

2.	 Prioritize Audit Areas: High-risk processes or areas prone to quality issues should be audited 
more frequently. For example, if a particular assembly stage has a history of non-conformance, 
it should be audited regularly to ensure the process is in control. Conversely, low-risk areas may 
require less frequent audits.

3.	 Develop an Audit Calendar: An audit schedule should outline when audits are due (quarterly, 
monthly, or as determined by risk level), who will perform the audits, and the resources 
needed. Audits should be scheduled during times when the relevant operations are taking place 
to assess actual performance. This ensures the process is regularly monitored and improves 
overall system reliability.

4.	 Document Audit Results and Follow-Up Actions: After each audit, detailed results must be 
documented, including identified issues, corrective actions, and deadlines for resolving them. 
Follow-up actions should be tracked to ensure corrective measures have been implemented.

Analyzing Audit Findings from Pre-Collected Data

Once audits are performed, the next step is to analyze audit findings to understand recurring issues and 
identify areas for improvement. This process involves several key steps:

1.	 Review and Organize Data: Before analysis, ensure that all audit data is collected and organized 
systematically. This could include observations, process deviations, equipment performance, 
and quality control reports. Having well-organized data makes it easier to identify trends and 
patterns.

2.	 Identify Recurring Issues: By reviewing data from multiple audits, it becomes clear which issues 
consistently arise. Common problems may include equipment failure, inconsistent assembly 
practices, poor calibration, or non-compliance with quality standards. Recurring issues may 
indicate systemic weaknesses in the process, pointing to areas that need attention.

3.	 Root Cause Analysis: Once recurring issues are identified, it’s essential to perform a root cause 
analysis. Techniques like the 5 Whys or Fishbone diagrams can help uncover the underlying 
causes. For example, recurring soldering defects might stem from inconsistent temperature 
control in the soldering process, leading to poor joint quality. Identifying the root cause helps to 
direct corrective actions more effectively.

4.	 Propose Corrective Actions: Based on audit findings, develop actionable and measurable 
corrective actions. If recurring issues are identified in the assembly line, consider changes in 
process controls, additional operator training, or investing in better equipment. Ensure that 
each corrective action has a clear timeline for implementation and a system for tracking its 
effectiveness.

5.	 Monitor and Verify Effectiveness: After implementing corrective actions, it’s crucial to monitor 
the process to confirm improvements. This involves checking if the same issues reappear in 
future audits and whether the solution has resolved the root causes. Regular follow-up audits 
should be conducted to confirm the effectiveness of corrective actions.

Collecting and Consolidating Data from Simulated Sources Relevant to Quality Control

Data collection is a foundational step in monitoring and improving quality control processes. In quality 
management, accurate data informs decision-making and helps teams understand process performance. 
Here are the steps for collecting and consolidating data from relevant sources:
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1.	 Determine Key Metrics: Identify the key process parameters or metrics you need to collect data 
on. For telecom equipment assembly, these might include soldering temperature, component 
alignment accuracy, and product functionality tests. Select metrics that directly impact product 
quality and can help identify variations.

2.	 Data Sources: Data can come from various sources including equipment performance logs, 
operator feedback, visual inspections, and automated sensors. In a simulated environment, 
mock data sets may be generated based on historical performance or anticipated trends. These 
data sources will provide insight into process behavior and quality performance.

3.	 Frequency of Data Collection: Define how often data should be collected for each key metric. 
Some processes may require real-time data collection, such as temperature sensors during 
soldering, while others might need periodic checks (e.g., daily or weekly assessments of 
component alignment).

4.	 Data Consolidation: Once data is collected, it needs to be organized and consolidated in a 
central system for analysis. This could involve spreadsheets, databases, or specialized software. 
Ensure that all data points are consistent and formatted correctly, which will make analysis 
easier and more reliable.

5.	 Data Validation: Before analysis, ensure that the data is accurate and valid. This includes 
checking for missing data, outliers, or inconsistent entries. Clean, high-quality data is necessary 
to draw meaningful conclusions and make accurate decisions.

Utilizing Data Visualization Techniques for Presenting Quality Control Data

Effective data visualization is essential for communicating quality control performance to stakeholders 
and for identifying trends in the data. Here are some key data visualization techniques for analyzing and 
presenting quality control data:

1.	 Pareto Charts: A Pareto chart is a bar chart that helps identify the most common issues by 
displaying the frequency of occurrences of various problems. In quality control, this is a useful 
tool for recognizing the “vital few” problems that contribute the most to defects or failures. 
By visualizing data in this way, you can prioritize corrective actions for the most significant 
problems. For example, if a Pareto chart reveals that most defects are related to component 
misplacement, this issue can be addressed first.

2.	 Control Charts: Control charts are widely used in SPC (Statistical Process Control) to monitor 
process stability over time. These charts display process data points, upper and lower control 
limits, and the process mean. Control charts help identify variations in the process that are 
outside acceptable limits, signaling the need for intervention. Control charts are particularly 
useful for continuous processes such as temperature monitoring during soldering.

3.	 Histograms: Histograms are graphical representations of data distribution and are used to identify 
patterns or variations in quality metrics. A histogram of soldering temperature measurements, 
for example, would help assess whether the process is centered around the target temperature 
or if there are significant deviations.

4.	 Scatter Plots: Scatter plots can show the relationship between two variables, helping to identify 
correlations or trends. For example, a scatter plot could show the relationship between soldering 
temperature and the quality of solder joints, helping to understand how variations in one factor 
affect the other.

5.	 Box Plots: Box plots (or box-and-whisker plots) provide a concise summary of the data 
distribution, highlighting the median, quartiles, and potential outliers. These plots are useful for 
identifying the spread of data and understanding variations in product characteristics, such as 
component placement accuracy.
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The process of developing quality audit schedules, analyzing audit findings, collecting data, and 
visualizing quality control data is a continuous cycle aimed at maintaining and improving product 
quality. By combining a thorough risk assessment with effective data collection and root cause analysis 
techniques, teams can identify underlying issues, implement corrective actions, and ultimately improve 
the efficiency and reliability of telecom equipment manufacturing. Proper use of data visualization 
techniques like Pareto charts, control charts, and histograms ensures that quality control data is easily 
understood and actionable, helping drive continuous improvement across the production process.

Say  
Let us participate in an activity to explore the unit a little more.

Activity  
Group Activity: Quality Audit and Data Visualization

Activity Title: Internal Quality Audit and Data Visualization for Quality Control

Objective:
Students will develop an internal quality audit schedule based on risk assessment, analyze audit findings, 
and present the data using visualization techniques such as Pareto charts.

Activity Steps:

1.	 Scenario Introduction

	◦ Present a risk assessment scenario where a telecom company needs to conduct an internal 
quality audit. The company faces recurring issues in component placement and soldering 
quality across different assembly lines.

	◦ Provide students with a pre-collected data set representing quality issues, such as defect 
counts, types of defects, and associated assembly lines.

2.	 Develop an Audit Schedule

	◦ Groups will develop an internal quality audit schedule, considering risk levels for different 
stages in the assembly process (e.g., PCB assembly, final testing, packaging).

	◦ They will prioritize audit activities based on risk factors (e.g., higher risk for soldering defects 
or misaligned components).

3.	 Analyze Audit Findings

	◦ Groups will analyze the provided audit data set to identify recurring issues and patterns 
(e.g., frequent soldering defects in specific production batches, component misplacement 
in certain assembly lines).

	◦ They will document key areas for improvement based on the findings.

4.	 Data Consolidation

	◦ Using the data provided, groups will consolidate the findings into key categories, such as 
type of defect, affected assembly line, and frequency of occurrence.

5.	 Data Visualization (Pareto Chart)
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	◦ Groups will use data visualization techniques (e.g., Pareto charts) to present the quality 
control findings, highlighting the most common issues contributing to the majority of 
defects.

	◦ They will ensure the visualization clearly shows areas that require the most attention.

6.	 Presentation and Discussion

	◦ Each group will present their audit schedule, audit findings, and Pareto chart. They will 
discuss the key issues identified and propose areas for improvement.

	◦ The facilitator will guide a discussion on how to improve the audit process and how to 
address the root causes of recurring quality issues.

Examples of Scenario Cards:  

Scenario Card 1: Soldering Defects in PCB Assembly

•	 Objective: Analyze quality audit findings related to soldering defects.

•	 Scenario: During routine quality audits in the PCB assembly line of a telecom device, frequent 
soldering defects are observed. The audit data indicates that 15% of the units produced during 
a particular week show poor solder joints, leading to connectivity issues.

•	 Audit Findings:

	◦ Soldering defects identified in 15% of the units.

	◦ The issue is most prevalent on certain machines used for soldering.

•	 Task: Review the data, identify trends, and propose corrective actions. Develop a risk-based 
audit schedule focusing on the soldering process and use a Pareto chart to highlight which areas 
need the most improvement.

Scenario Card 2: Misalignment in Component Placement

•	 Objective: Identify recurring issues related to component placement misalignment.

•	 Scenario: An internal audit has revealed that components are consistently misaligned in some 
units during assembly. The audit data shows that these misalignments are causing product 
malfunctions in the final testing phase.

•	 Audit Findings:

	◦ Component placement misalignment is found in 20% of units.

	◦ The problem occurs mainly in one specific assembly line.

•	 Task: Analyze the audit data and identify if the misalignment is due to machine issues, human 
error, or another factor. Propose a risk-based audit schedule that prioritizes the problem 
assembly line and create a Pareto chart to visualize the data and target improvements.

Scenario Card 3: Frequent Failure During Environmental Stress Testing

•	 Objective: Assess the performance of telecom devices under environmental stress tests and 
propose improvements.

•	 Scenario: Telecom devices are failing consistently during environmental stress testing, 
specifically under high-temperature conditions. A recent audit showed that stress tests at 
higher temperatures (above 85°C) resulted in a 10% failure rate.

•	 Audit Findings:
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Do  
• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity

Notes for Facilitation  
•	 Focus audits on high-risk areas identified in the data. Prioritize the most critical processes, like 

soldering or component placement.

•	 Help students spot recurring issues by analyzing audit data. Encourage them to identify patterns, 
such as specific lines or machines causing defects.

•	 Guide students in using Pareto charts to visually highlight the most common quality issues and 
areas needing improvement.

Activity Duration Resources used

imulating a 
Housekeeping 

Challenge with a 
Focus on Operational 
Excellence and Guest 

Satisfaction

Whiteboard or flipchart, Markers, Sticky 
notes (different colors), Scenario cards 

(described below)

	◦ 10% failure rate during high-temperature stress testing.

	◦ The issue is mostly observed in units tested for longer periods at higher temperatures.

•	 Task: Analyze the audit data, identify the root cause of the failure (e.g., component tolerance, 
assembly error), and propose corrective actions. Create a Pareto chart to highlight the most 
frequent failure causes and prioritize actions to reduce the failure rate.
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Unit Objectives  

Resources to be Used  

Note  

Unit 3.6: Training and Continuous Improvement in Quality 
Control

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc.

In this unit, we will discuss the key principles of quality control in assembly processes, focusing on 
planning and delivering training for assembly personnel. We will explore how to design interactive 
exercises that reinforce quality control understanding and develop clear, concise documentation for 
quality control activities. The goal is to ensure that employees are well-equipped to maintain high 
standards of quality throughout the assembly process.

At the end of this unit, the participants will be able to:

1.	 Plan and deliver a mock training session on quality control procedures for assembly personnel.

2.	 Design and facilitate interactive exercises to reinforce understanding of quality control principles.

3.	 Practice developing clear and concise documentation related to quality control activities.

Ask  
Ask the participants the following questions: 

•	 What are the key elements that make up an effective quality control procedure in an assembly 
process?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Planning and Delivering a Mock Training Session on Quality Control Procedures for Assembly Personnel

A successful training session on quality control (QC) procedures for assembly personnel should be 
well-structured, engaging, and educational. The first step is planning the session with clear learning 
objectives. These objectives typically include understanding the importance of quality control, 
familiarizing participants with the specific QC procedures relevant to their tasks, and ensuring that 
assembly personnel can apply these procedures effectively.
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Key Elements for Planning a Mock Training Session:

1.	 Define Learning Objectives:

	◦ Ensure the session has clear, measurable learning outcomes. For example, “By the end 
of this session, participants will be able to identify key quality control checkpoints in the 
assembly process and apply the correct inspection techniques.”

2.	 Content Preparation:

	◦ Develop a well-organized presentation that includes the basics of quality control, the specific 
QC tools and techniques used in the assembly process (such as checklists, control charts, 
and inspection gauges), and the steps for ensuring quality during the assembly. Provide 
examples of common defects and demonstrate how to identify and prevent them.

3.	 Engagement Strategies:

	◦ Incorporate interactive elements to keep participants engaged, such as quizzes, group 
discussions, or live demonstrations of QC tools. This helps reinforce learning and makes the 
session more enjoyable.

4.	 Practical Application:

	◦ Include role-playing or scenario-based activities where participants can practice applying 
QC procedures. For instance, have them inspect a mock assembly unit, identify potential 
defects, and fill out a sample quality checklist.

5.	 Time Management:

	◦ Make sure the training is neither too long nor too short. Aim for a 60-90 minute session, 
with enough time for discussions, hands-on practice, and feedback.

6.	 Feedback Mechanisms:

	◦ Allow time for participants to ask questions and clarify any doubts. This can be done through 
a Q&A session or feedback forms to assess the effectiveness of the training.

Designing and Facilitating Interactive Exercises to Reinforce Understanding of Quality Control 
Principles

Interactive exercises are crucial in reinforcing quality control principles and ensuring that the knowledge 
gained is retained. These activities not only make learning fun but also help participants apply theoretical 
knowledge in practical scenarios.

Effective Interactive Exercises:

1.	 Defect Identification and Categorization:

	◦ Provide participants with a series of sample products (either physical items or photos). Ask 
them to identify defects (e.g., misaligned components, soldering errors) and categorize 
them according to severity. This exercise reinforces the concept of defect detection and 
prioritization in quality control.

2.	 Simulated Quality Inspection:

	◦ Set up a mock assembly line where participants can act as quality inspectors. They 
would need to follow QC procedures such as checking component placement, measuring 
tolerances, and testing product functionality. This hands-on exercise builds their confidence 
in using inspection tools and understanding quality standards.
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3.	 Root Cause Analysis Exercise:

	◦ Present a scenario where there is a recurring defect in the assembly process. Ask 
participants to apply root cause analysis techniques (e.g., the 5 Whys or Fishbone diagram) 
to investigate the problem’s underlying causes. This exercise helps participants understand 
how to systematically solve quality problems.

4.	 Quality Control Simulation Games:

	◦ Use a simple quality control simulation game where teams are tasked with improving the 
quality of a product based on given quality metrics. Participants work together to identify 
quality issues, propose solutions, and implement changes to improve the product’s quality. 
This promotes collaboration and problem-solving skills.

5.	 QC Tools Application:

	◦ Introduce common quality control tools such as checklists, control charts, and Pareto charts. 
In the exercise, participants can be tasked with filling out a checklist for a sample product 
or analyzing a given dataset using a control chart to determine if a process is under control.

6.	 Group Discussion and Problem Solving:

	◦ Facilitate small group discussions about specific quality control issues faced in the assembly 
process. Each group can propose solutions and then share them with the larger group. This 
fosters critical thinking and collaborative learning.

Developing Clear and Concise Documentation Related to Quality Control Activities

Documentation plays a key role in ensuring that quality control procedures are consistently followed, 
deviations are tracked, and corrective actions are properly executed. In this section, assembly personnel 
will learn how to create clear, concise, and accurate QC documentation that is easy to follow and 
reference during the assembly process.

Key Aspects of QC Documentation:

1.	 Standard Operating Procedures (SOPs):

	◦ SOPs are a cornerstone of quality control documentation. These documents outline the 
step-by-step procedures for performing specific QC tasks, such as inspecting components 
or testing finished products. SOPs should be clear, detailed, and written in simple language, 
avoiding jargon or ambiguity.

	 Example: An SOP might outline how to check for soldering defects in the assembly line, what 
tools to use, and the acceptable tolerance levels for component placement.

2.	 Quality Checklists:

	◦ Checklists are used to track the progress of quality inspections and ensure that each step 
in the assembly process meets the required standards. A well-designed checklist includes 
clear instructions for each quality checkpoint, with spaces for inspectors to mark whether 
a task has passed or failed.

	 Example: A checklist for assembling a telecom device might include tasks like verifying 
component placement, checking soldering quality, and ensuring proper alignment of the 
product.

3.	 Control Charts and Data Sheets:

	◦ Control charts are essential for monitoring the stability of processes over time. Assembly 
personnel should be trained to create and interpret control charts to track performance and 
identify any variations in quality that may require attention. Data sheets are used to record 
measurements, defects, and other relevant quality data.
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	 Example: A control chart for soldering temperature could be used to track the variation in 
temperature over time and ensure that it remains within acceptable limits.

4.	 Non-Conformance Reports (NCRs):

	◦ NCRs are used to document any non-conformances detected during the assembly process. 
The report should include a description of the issue, the affected product or batch, and any 
corrective actions taken. NCRs are crucial for identifying recurring problems and preventing 
future defects.

	 Example: An NCR could document an issue where a batch of telecom routers has soldering 
defects due to temperature fluctuations in the soldering machine.

5.	 Corrective and Preventive Action (CAPA) Reports:

	◦ After identifying and documenting non-conformances, it is essential to create CAPA reports 
that outline the steps taken to correct the problem and prevent its recurrence. These reports 
are important for tracking improvements and ensuring long-term quality.

	 Example: A CAPA report might detail how a machine calibration procedure was updated to 
prevent soldering temperature variations.

Delivering an effective mock training session on quality control, along with interactive exercises and 
clear documentation, is crucial for ensuring that assembly personnel understand and adhere to quality 
standards. By focusing on hands-on learning, such as defect identification and root cause analysis, and 
promoting collaborative exercises, the training becomes both engaging and educational. Additionally, 
clear documentation ensures that quality control activities are standardized, monitored, and continually 
improved, driving overall process quality and efficiency.

Say  
Let us participate in an activity to explore the unit a little more.

Activity  
Group Activity: Mock Training Session on Quality Control Procedures

Activity Title: Design and Deliver a Quality Control Training Session

Objective:
Students will design, deliver, and evaluate a mock training session on quality control procedures for 
assembly personnel, incorporating interactive exercises to reinforce understanding.

Activity Steps:

1.	 Scenario Introduction

	◦ Provide students with a scenario where assembly personnel must be trained on quality 
control procedures (e.g., identifying defects in telecom equipment, following assembly 
process standards).

	◦ Outline key quality control principles that need to be covered in the training session, such as 
defect identification, standard operating procedures, and inspection techniques.

2.	 Training Session Planning

	◦ In groups, students will plan a 15-20 minute training session aimed at assembly personnel.
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	◦ The session must include a clear introduction, explanation of quality control principles, and 
interactive exercises to engage the audience.

	◦ They will also create any necessary handouts or visual aids (e.g., checklists, process 
flowcharts) to support the training.

3.	 Interactive Exercise Design

	◦ Each group will design an interactive exercise that reinforces one or more key quality control 
principles (e.g., role-play identifying defects in mock products, group discussions on process 
improvement).

	◦ The exercise should be designed to ensure participation and active learning.

4.	 Delivery of Training Session

	◦ Groups will take turns delivering their training sessions to the class, which will act as the 
assembly personnel.

	◦ Each group will present their content and conduct the interactive exercises.

5.	 Feedback and Evaluation

	◦ After each training session, the class will provide feedback on the clarity of the presentation, 
the effectiveness of the interactive exercises, and the usefulness of the training materials.

	◦ Facilitators will guide a discussion on best practices for delivering effective training on 
quality control.

Examples of Scenario Cards:  

Scenario Card 1: Defect Identification and Inspection Process

•	 Objective: Train assembly personnel on identifying defects during the assembly process.

•	 Scenario: Assembly personnel frequently miss minor defects in telecom equipment, leading 
to quality issues in the final product. Your task is to train them on how to effectively identify 
defects like component misplacement, soldering issues, and damaged connectors.

•	 Task: Develop a mock training session that includes:

	◦ Visual aids for defect identification.

	◦ An interactive exercise where trainees identify defects in mock equipment.

	◦ A checklist for defect inspection during the assembly process.

Scenario Card 2: Standard Operating Procedures (SOPs) for Assembly

•	 Objective: Ensure assembly personnel are aware of and follow the standard operating 
procedures for assembly tasks.

•	 Scenario: The company has recently updated the Standard Operating Procedures (SOPs) for 
the assembly process. There have been recurring issues where personnel overlook these 
procedures, resulting in assembly errors.

•	 Task: Plan a training session that covers:

	◦ Key changes to the SOPs.

	◦ The importance of adhering to these procedures for quality assurance.

	◦ An interactive exercise where trainees practice applying the SOPs during an assembly task.

Scenario Card 3: Handling and Reporting Non-Conformances
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•	 Objective: Train assembly personnel on how to handle and report non-conformances.

•	 Scenario: During previous audits, it was found that assembly personnel are unsure of how to 
report non-conformances when they identify issues such as incorrect component placement or 
faulty soldering.

•	 Task: Design a training session that includes:

	◦ Steps for reporting non-conformances.

	◦ The importance of documenting issues accurately.

	◦ A role-playing exercise where trainees report non-conformances based on a simulated 
quality

Activity Duration Resources used

Designing a 
Comprehensive 

Housekeeping Strategy

Whiteboard or flipchart, Markers, Sticky 
notes (different colors), Task scenario cards

Do  
• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity

Notes for Facilitation  
•	 Use clear and simple language to explain quality control concepts, avoiding complex jargon.

•	 Ensure sessions include engaging exercises like defect identification and role-playing to 
encourage active participation.

•	 Focus on creating clear, easy-to-follow checklists and process guides for trainees to reference 
during their work.
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Exercise  
Multiple-Choice Questions (MCQs)

1.	 Which of the following is a key principle of quality control in telecom equipment?

a) 	 Minimizing production time

b) 	 Meeting customer specifications

c) 	 Maximizing product variety

d) 	 Reducing production costs

Answer: b) Meeting customer specifications

2.	 Which quality control tool is commonly used to monitor process stability over time?

a) 	 Fishbone diagram

b) 	 Histogram

c) 	 Control chart

d) 	 Scatter diagram

Answer: c) Control chart

3.	 What is the primary goal of root cause analysis in quality management?

a) 	 Identifying the costliest defects

b) 	 Resolving customer complaints

c) 	 Determining the underlying causes of quality issues

d) 	 Reducing production time

Answer: c) Determining the underlying causes of quality issues

4.	 What is the purpose of statistical process control (SPC)?

a) 	 To eliminate all sources of variation

b) 	 To monitor and control process variation

c) 	 To increase customer complaints

d) 	 To minimize operational costs

Answer: b) To monitor and control process variation

Fill in the Blanks

1.	 Statistical Process Control (SPC) uses __________ to track process behavior and identify deviations 
from the desired process parameters.

Answer: control charts

2.	 The key to developing an effective quality control plan is to define __________ at critical stages of 
the assembly process.

Answer: inspection points
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Answer:a) 3), b) 1), c) 2) 

Match the Following

Column A Column B

a. Quality Control Tools 1. Fishbone diagram

b. Root Cause Analysis Techniques 2. Control charts

c. Statistical Process Control (SPC) 3. Checklists, Inspection gauges

Column A Column B

a) Data Collection Identify recurring issues from pre-collected data

b) Corrective Action Record critical parameters at each stage of assembly

c) Internal Audit Determine the root causes of deviations and resolve 
them

Answer:a) 2) ,b) 3) ,c) 1) 

4.	 Root cause analysis techniques, such as the __________ diagram, are used to identify the 
underlying causes of quality problems.

Answer: Fishbone

5.	 In order to maintain consistency in product quality, __________ is essential to document and 
resolve non-conformances during the assembly process.

Answer: corrective action

Match the Following
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4. 	Root Cause Analysis 
and Corrective Actions

Unit 4.1: 	 Introduction to Failure Analysis Techniques
Unit 4.2: 	 Identifying and Analyzing Failure Modes
Unit 4.3: 	 Root Cause Analysis
Unit 4.4: 	 Corrective and Preventive Actions
Unit 4.5: 	 Communication and Reporting

TEL/N7222
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Key Learning Outcomes  
At the end of this module, the participants will be able to:

1.	 	Explain the principles and operation of various failure analysis techniques (visual inspection, 	
X-ray analysis, electrical testing).

2.	 	Analyze data collected from various tests (visual inspection, X-ray, electrical) to identify potential 
failure modes.

3.	 	Explain techniques for root cause analysis (e.g., FMEA, FTA) used to determine the underlying 
reasons for equipment failures.

4.	 	Identify common failure modes observed in telecom equipment (e.g., overheating, short 
circuits).

5.	 	Explain the functional principles and components of various types of telecom equipment.

6.	 	Analyze how design weaknesses, material deficiencies, or manufacturing process variations can 
contribute to equipment failures.

7.	 	Explain strategies for developing effective corrective actions to address identified failure 
mechanisms.

8.	 	Explain techniques for implementing preventive actions in design or manufacturing to minimize 
future failures.

9.	 	Explain the importance of clear and concise technical communication for presenting failure 
analysis findings.

10.		Explain the importance of effective collaboration skills for working with design and manufacturing 
teams to implement corrective and preventive actions.

11.		Demonstrate conducting visual inspections to identify potential physical defects or anomalies.

12.		Utilize X-ray analysis or other non- destructive testing techniques.

13.		Perform electrical testing to assess functionality and identify electrical faults or abnormal 
parameters.

14.		Employ root cause analysis techniques (e.g., FMEA, FTA) to determine the underlying reasons 
for the failure mode.

15.		Propose corrective actions to address the identified failure mechanism and prevent similar 
failures in future product revisions.

16.		Evaluate the feasibility and cost- effectiveness of potential corrective actions.

17.		Recommend preventive actions to be implemented in the design or manufacturing process to 
minimize future failures.

18.		Demonstrate developing and communicating a clear and concise report documenting the failure 
analysis process, findings, root cause, and recommended corrective and preventive actions.



         

Facilitator Guide

120

Unit Objectives  

Resources to be Used  

Note  

Unit 4.1: Introduction to Failure Analysis Techniques

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc.

In this unit, we will discuss various failure analysis techniques used in telecom equipment, focusing on 
visual inspection, X-ray analysis, and electrical testing. Students will learn how to conduct thorough 
inspections to identify physical defects, utilize non-destructive testing methods like X-ray analysis, and 
perform electrical testing to assess functionality and detect faults. These skills are essential for ensuring 
the reliability and performance of telecom equipment.

At the end of this unit, the participants will be able to:

1.	 Explain the principles and operation of various failure analysis techniques (visual inspection, 
X-ray analysis, electrical testing).

2.	 Demonstrate conducting visual inspections to identify potential physical defects or anomalies.

3.	 Utilize X-ray analysis or other non-destructive testing techniques.

4.	 Perform electrical testing to assess functionality and identify electrical faults or abnormal 
parameters.

Ask  
Ask the participants the following questions: 

•	 What are some common methods used to detect defects or faults in telecom equipment?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Failure Analysis Techniques in Telecom Equipment

Failure analysis is an essential part of ensuring the reliability and functionality of telecom equipment. 
Various techniques are used to identify and assess potential failures that could affect performance, safety, 
and overall quality. The primary techniques employed in failure analysis include visual inspection, X-ray 
analysis, and electrical testing. Each method serves to uncover different types of defects or anomalies, 
helping engineers and technicians to diagnose problems and take corrective actions. Below, we explore 
the principles, operation, and application of each of these techniques.
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1. 	 Visual Inspection

	 Principles and Operation: Visual inspection is the simplest and most commonly used failure 
analysis technique. It involves a thorough examination of the telecom equipment’s surface 
and components to identify visible defects, wear, or damage. This method is used to identify 
mechanical faults, physical damage, or other abnormalities that may lead to equipment failure. 
Visual inspection is often the first step in a failure analysis process, allowing operators to detect 
obvious issues before proceeding with more advanced methods.

Key Steps:

•	 Surface Inspection: The inspector closely examines the external components of the equipment 
for any physical damage, cracks, or discoloration. This is typically done under good lighting, 
sometimes using magnification tools like microscopes or magnifying glasses.

•	 Component Inspection: Components such as connectors, solder joints, and leads are visually 
checked for signs of overheating, corrosion, or physical stress.

•	 Assembly Check: The assembly of components is reviewed to ensure correct placement, proper 
alignment, and adherence to design specifications.

Applications: Visual inspection is useful for detecting:
•	 Cracked or broken components.

•	 Corrosion on connectors or solder joints.

•	 Overheating signs, such as burnt areas or discoloration.

•	 Misaligned or poorly assembled parts.

Although visual inspection can detect many issues, it has limitations, particularly when it comes 
to hidden internal defects or faults that may not be visible on the surface. In such cases, advanced 
techniques like X-ray analysis are required.

2. X-ray Analysis (Non-Destructive Testing)

Principles and Operation: X-ray analysis, also known as X-ray inspection or computed tomography (CT) 
scanning, is a non-destructive testing (NDT) technique that uses X-rays to view the internal structure 
of telecom equipment. X-rays pass through materials with varying levels of absorption depending on 
the material’s density. The X-ray images or scans produced provide a detailed picture of the internal 
components without damaging the equipment. This technique is particularly valuable for inspecting 
complex, multi-layered components or devices where visual inspection is not feasible.

Key Steps:

•	 Preparation: The equipment is placed in the X-ray inspection machine, where an X-ray beam is 
directed at it.

•	 Scanning Process: X-rays penetrate the materials, and detectors on the opposite side of the 
equipment capture the X-rays that pass through. The varying density of the materials creates 
different levels of absorption, which are then translated into an image.

•	 Analysis: The resulting X-ray images are analyzed to look for defects such as voids, cracks, solder 
joint failures, and other internal issues that are not visible on the surface.

Applications: X-ray analysis is typically used for:

•	 Detecting internal defects such as cracks, voids, and solder joint issues in circuit boards.

•	 Checking for improper or inadequate soldering of components, especially in complex electronic 
assemblies.
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•	 Analyzing multi-layered or encapsulated components where visual inspection cannot reach.

•	 Identifying issues like delamination, fractures, or foreign material inclusion within assemblies.

X-ray analysis is a powerful tool because it can detect hidden internal issues without damaging the 
equipment. However, it requires specialized equipment and may be costly for large-scale inspections.

3. Electrical Testing

Principles and Operation: Electrical testing is the process of measuring electrical properties to assess the 
functionality of telecom equipment. Electrical faults such as open circuits, short circuits, and abnormal 
voltage levels can lead to equipment failure, and electrical testing helps to diagnose these issues. It 
involves applying electrical signals to various components and measuring the resulting electrical 
responses to determine the component’s health and performance.

Key Testing Methods:

•	 Continuity Testing: This test checks for open circuits and broken connections. Using a multimeter 
or continuity tester, the technician ensures that current can flow through the circuit as expected.

•	 Voltage Testing: In voltage testing, measurements are taken across various components to 
ensure that the voltage is within the acceptable range for proper functionality.

•	 Resistance Testing: This method checks for abnormal resistance that could indicate faulty 
components, such as resistors or wiring. High resistance could indicate corrosion or broken 
connections.

•	 Current Testing: This test involves measuring the flow of current through components to ensure 
they are functioning properly. Deviations from expected current levels could indicate issues 
with components like transistors or capacitors.

Key Steps:

•	 Setup and Calibration: The equipment is powered on, and test instruments (multimeter, 
oscilloscope, etc.) are connected to the appropriate measurement points on the equipment.

•	 Measurement: Electrical signals are applied, and measurements of voltage, current, and 
resistance are taken to ensure they align with the specified values.

•	 Analysis: The data is analyzed to identify any discrepancies between expected and actual values. 
Any anomalies may indicate electrical faults or functional failures.

Applications: Electrical testing is essential for:

•	 Identifying faults like short circuits, open circuits, or incorrect voltage levels.

•	 Assessing the functionality of critical components like resistors, capacitors, diodes, and 
transistors.

•	 Diagnosing intermittent failures that may occur due to temperature or environmental stress.

•	 Ensuring that equipment operates within the specified electrical parameters.

Electrical testing is crucial in identifying functionality issues that cannot be detected through visual 
inspection or X-ray analysis. However, it may not detect mechanical or structural problems like cracks or 
misalignment, for which visual or X-ray inspection is required.

Integrating These Techniques

The effective use of failure analysis techniques often requires combining visual inspection, X-ray analysis, 
and electrical testing. Each technique provides complementary information:

•	 Visual inspection is best for identifying surface-level or obvious issues.



Reliability & Quality Control 
Manager

123

•	 X-ray analysis provides detailed insights into internal structures, identifying hidden defects that 
could cause failure.

•	 Electrical testing ensures that the equipment operates correctly and meets its electrical 
specifications, catching issues that may not be visible but can still lead to malfunction.

By integrating these techniques, engineers can get a holistic understanding of the equipment’s condition, 
enabling them to take precise corrective actions and improve product reliability.

Failure analysis techniques such as visual inspection, X-ray analysis, and electrical testing are essential 
tools in the quality assurance process for telecom equipment. Each method serves to identify different 
types of issues—whether surface-level defects, hidden internal flaws, or electrical faults—ensuring that 
equipment functions as intended and meets quality standards. While each technique has its strengths, 
using them in combination allows for a comprehensive evaluation of the equipment’s health, providing 
engineers and technicians with the data needed to prevent failures and improve product quality.

Say  
Let us participate in an activity to explore the unit a little more.

Activity  
Group Activity: Failure Analysis Simulation Workshop

Group Size: 4-6 participants

Materials:

•	 Sample mock components (e.g., printed circuit boards, mechanical parts) with simulated defects

•	 Magnifying glasses or microscopes for visual inspection

•	 Images or videos simulating X-ray analysis results

•	 Multimeters or mock data sets for electrical testing

•	 Flipcharts or whiteboards for documenting findings

Instructions:

1.	 Introduction and Group Division (5 minutes):

	▪ Divide participants into small groups and explain the objectives of the activity.

	▪ Briefly review key failure analysis techniques: visual inspection, X-ray analysis, and electrical 
testing.

2.	 Scenario Setup:

	◦ Assign each group a sample component (mock or real) or scenario with potential defects.

	◦ Provide the required tools (physical or virtual, depending on the setup) for each analysis 
technique.

Group Task (25 minutes):
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1.	 Visual Inspection (10 minutes):

a.	 Examine the component for physical defects (e.g., cracks, discoloration, missing parts) using 
magnifying tools.

b.	 Document any visible anomalies and hypothesize their causes.

2.	 X-ray Analysis (10 minutes):

	▪ Review provided X-ray images or descriptions to identify internal defects (e.g., voids, 
misalignments).

	▪ Record observations and discuss potential implications on functionality.

3.	 Electrical Testing (5 minutes):

	▪ Use a multimeter or mock data to test for electrical faults (e.g., open circuits, short circuits, 
abnormal resistance).

	▪ Note findings and suggest possible solutions.

Group Presentations (15 minutes)

Each group presents their findings, including identified defects, analysis process, and suggested 
solutions to address the issues.

Debriefing and Key Takeaways (15 minutes):

Facilitate a class discussion on:
•	 The types of defects identified and their implications on functionality.

•	 The effectiveness and limitations of each failure analysis technique.

•	 Key lessons learned about the importance of systematic failure analysis in preventing or 
addressing defects.

Examples of Scenario Cards:  

Scenario Card 1: Visual Inspection of Telecom Device

•	 Objective: Perform a visual inspection to identify potential physical defects or anomalies.

•	 Scenario: A batch of telecom routers has been reported to occasionally drop signals. Your task 
is to perform a visual inspection on one of the routers to identify any physical defects that could 
be causing the issue. Look for signs of damage to components, connectors, or circuit boards.

•	 Task:

1.	 Inspect the router for visible signs of physical damage (e.g., cracked solder joints, damaged 
capacitors, broken components).

2.	 Document any anomalies you find and suggest potential causes based on your observations.

3.	 Consider environmental factors such as heat or mechanical stress that may have caused 
damage.

Scenario Card 2: X-Ray Analysis for Internal Defects

•	 Objective: Utilize X-ray analysis or other non-destructive testing (NDT) techniques to detect 
internal defects.

•	 Scenario: An assembly line has experienced issues with telecom devices showing failure after 
prolonged use. The outer components look fine, but there may be hidden internal defects, such 
as broken internal wires or misaligned components.

•	 Task:
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Activity Duration Resources used

Failure Analysis 
Simulation Workshop

Sample mock components (e.g., printed 
circuit boards, mechanical parts) with 
simulated defects, Magnifying glasses 
or microscopes for visual inspection, 

Images or videos simulating X-ray analysis 
results, Multimeters or mock data sets for 

electrical testing, Flipcharts or whiteboards 
for documenting findings

Do  
• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity

Notes for Facilitation  
•	 Guide students to focus on the key indicators of failure during each technique (e.g., cracks, 

faulty connections).

•	 Ensure every group member participates in inspecting, testing, and documenting to maximize 
learning.

•	 Stress the importance of accurately reporting findings and suggesting corrective actions based 
on observations.

1.	 Use the X-ray or equivalent NDT equipment to analyze the internal structure of a device.

2.	 Look for issues such as solder bridges, internal cracks in components, or incorrect component 
placement.

3.	 Note any potential internal defects and hypothesize how they might lead to failure or poor 
performance over time.

Scenario Card 3: Electrical Testing for Faults

•	 Objective: Perform electrical testing to assess functionality and identify electrical faults or 
abnormal parameters.

•	 Scenario: A batch of telecom equipment is reported to have inconsistent performance, including 
random shutdowns or connectivity issues. Electrical testing is needed to assess whether the 
issue is related to power delivery or electrical faults.

•	 Task:

1.	 Perform electrical tests (e.g., voltage checks, continuity tests, resistance measurement) to 
identify any electrical faults.

2.	 Check for irregularities such as short circuits, power surges, or abnormal resistance readings.

3.	 Document any findings and identify the likely electrical issue causing the dysfunction.
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Unit Objectives  

Resources to be Used  

Note  

Unit 4.2: Identifying and Analyzing Failure Modes

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc.

In this unit, we will discuss how to analyze data from various failure analysis techniques, such as visual 
inspections, X-ray analysis, and electrical testing. We will identify common failure modes in telecom 
equipment, such as overheating or short circuits, and explore how design flaws, material deficiencies, 
or manufacturing process variations contribute to these failures.

At the end of this unit, the participants will be able to:

1.	 Analyze data collected from various tests (visual inspection, X-ray, electrical) to identify potential 
failure modes.

2.	 Identify common failure modes observed in telecom equipment (e.g., overheating, short 
circuits).

3.	 Analyze how design weaknesses, material deficiencies, or manufacturing process variations can 
contribute to equipment failures.

Ask  
Ask the participants the following questions: 

•	 What are some common failure modes you think can occur in telecom equipment, and how 
might they affect its performance?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Analysis of Test Data to Identify Potential Failure Modes in Telecom Equipment

1. 	 Analyzing Data from Visual Inspections, X-Ray, and Electrical Testing:

	 When analyzing data from various failure analysis techniques like visual inspection, X-ray 
analysis, and electrical testing, the goal is to identify potential failure modes that might not be 
immediately apparent. These failure modes can arise from various sources, including design 
flaws, material defects, or manufacturing issues.

•	 Visual Inspection is a critical first step in identifying surface-level issues, such as broken 
components, cracked solder joints, and physical damage to circuit boards. It also helps 
identify corrosion, heat damage, or any obvious signs of wear. Data from visual inspection 
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typically includes detailed notes on the condition of external components and connectors, 
and it can often reveal overheating, excessive vibration, or poor handling during assembly.

•	 X-ray Analysis, or other non-destructive testing (NDT) techniques, allows for a deeper 
investigation into the internal components of the device. It helps uncover hidden issues 
such as solder bridges, misaligned components, internal cracks, or voids in the solder joints. 
Data from X-ray analysis provides detailed images that can reveal structural weaknesses 
that could lead to device failure under stress or over time.

•	 Electrical Testing focuses on assessing the functionality of the device and identifying electrical 
faults or abnormal parameters. This may include measuring voltage, current, resistance, and 
continuity across various points in the circuit. Faults such as short circuits, open circuits, 
power surges, and abnormal voltage or current levels are commonly detected. Electrical 
testing data is instrumental in identifying failures that result from improper component 
ratings, poor soldering, or faulty power management.

By analyzing the results of these three methods, a comprehensive picture of the failure modes begins 
to emerge. The visual inspection identifies external signs, the X-ray reveals internal issues, and electrical 
testing identifies functional failures. Correlating these data points allows engineers to pinpoint the root 
causes of failure.

2. 	 Common Failure Modes Observed in Telecom Equipment:

	 Telecom equipment is susceptible to several common failure modes that can be classified into 
physical, electrical, and functional categories. Understanding these failure modes is key to 
improving the design and reliability of telecom devices.

•	 Overheating: Overheating is one of the most common failure modes, particularly in 
high-performance telecom equipment. Excessive heat can cause components to degrade 
over time, leading to malfunction or total failure. Common causes of overheating 
include insufficient cooling, excessive power draw, or poor thermal management during 
manufacturing. Overheating can lead to solder joint failure, capacitor leakage, or permanent 
damage to sensitive components such as microchips.

•	 Short Circuits: Short circuits occur when there is an unintended connection between two 
points in the circuit, allowing current to bypass the normal path. This can result from faulty 
components, poor PCB design, or physical damage that creates a conductive path between 
adjacent traces. Short circuits are often a leading cause of device failure and may occur due 
to excessive current, faulty soldering, or damaged insulation.

•	 Component Failures: Individual components, such as resistors, capacitors, and transistors, 
can fail due to material degradation, manufacturing defects, or external stresses. A 
capacitor, for instance, may fail because of over-voltage conditions or aging, leading to loss 
of functionality or signal distortion.

•	 Electromagnetic Interference (EMI): Telecom equipment is often exposed to high levels of 
electromagnetic radiation, which can disrupt signal transmission and cause malfunction. 
Inadequate shielding, poor grounding, and improper layout during assembly can exacerbate 
the effects of EMI, causing erratic behavior or failure of the equipment.

•	 Corrosion and Environmental Damage: Telecom equipment is often exposed to harsh 
environments, such as outdoor installations or areas with high humidity, which can accelerate 
corrosion. Corrosion can degrade connectors, PCB tracks, and other metal components, 
leading to electrical shorts or complete failure.

3. 	 How Design Weaknesses, Material Deficiencies, or Manufacturing Process Variations 
Contribute to Equipment Failures:
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	 The failure modes observed in telecom equipment are often influenced by weaknesses in the 
design, suboptimal materials, or errors in the manufacturing process. Understanding how these 
factors contribute to failures helps identify areas for improvement and guide the development 
of more reliable products.

•	 Design Weaknesses: Poor design choices can lead to a host of issues in telecom equipment. 
For example, inadequate thermal management in high-power components can result in 
overheating, or poorly designed layouts can make the device prone to electromagnetic 
interference. A design that fails to account for the real-world operating environment may 
expose the equipment to physical stresses like vibration, temperature changes, or humidity, 
which can lead to mechanical or electrical failures. Inadequate component selection, such 
as using under-rated components for high-stress areas, can also contribute to failure.

•	 Material Deficiencies: Material choices play a critical role in the reliability of telecom 
equipment. For instance, using low-quality solder or inadequate coatings for components 
can result in poor electrical connections or susceptibility to corrosion. Low-quality capacitors 
or resistors may fail under electrical stress or over time due to material degradation. 
Components that are not rated for the specific environmental conditions of use, such as 
high-temperature components in outdoor telecom equipment, are more prone to failure.

•	 Manufacturing Process Variations: Variations in the manufacturing process, such as 
improper soldering techniques, poor component placement, or inadequate quality control 
during assembly, can lead to defects in the final product. Poor soldering, for instance, can 
create weak joints that fail under stress or heat. Variations in the PCB assembly process can 
cause misalignments, leading to poor electrical connections or short circuits. Manufacturing 
defects like inconsistent placement of components, insufficient cleaning after soldering, or 
incorrect curing of adhesives can also contribute to failures.

Telecom equipment is subjected to various failure modes, ranging from physical damage to electrical 
faults. By thoroughly analyzing data from different failure analysis techniques such as visual inspection, 
X-ray analysis, and electrical testing, it is possible to identify the root causes of failures and improve the 
design and manufacturing processes. Common failure modes such as overheating, short circuits, and 
component degradation can often be traced back to weaknesses in design, material deficiencies, or 
manufacturing process variations. A thorough understanding of these factors is essential for developing 
more reliable telecom equipment and ensuring long-term performance in real-world applications.

Say  
Let us participate in an activity to explore the unit a little more.

Activity  
Group Activity: Failure Mode Analysis Workshop

Group Size: 4-6 participants

Materials:

•	 Mock data sets from visual inspection, X-ray, and electrical tests

•	 Diagrams or images of telecom equipment (optional)
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•	 Flipchart or whiteboard

•	 Markers

•	 Sticky notes

Instructions:

1.	 Divide Participants into Groups (5 minutes):

	◦ Form small groups and explain the activity objectives.

	◦ Briefly review failure modes, their causes, and their significance in telecom equipment 
reliability.

2.	 Scenario and Data Distribution (5 minutes):

	◦ Provide each group with a set of mock test data related to telecom equipment, including 
potential indicators of failure (e.g., abnormal readings, visible cracks, or electrical anomalies).

	◦ Assign a specific piece of telecom equipment (e.g., PCB board, antenna, or power supply 
module) for analysis.

3.	 Failure Mode Analysis (20 minutes):

            Each group analyzes the data using these prompts:
	▪ Identify Failure Modes: What potential failure modes (e.g., overheating, short circuits, 

material cracks) can be observed based on the data?

	▪ Root Causes: What are the likely root causes (e.g., design flaws, material deficiencies, 
process issues)?

	▪ Impacts and Solutions: What could be the impact of these failures on equipment 
performance, and what corrective actions would you recommend?

	◦ Groups record their findings on a flipchart or whiteboard for presentation.

4.	 Group Presentations (20 minutes):

a.	 Each group presents their analysis, including identified failure modes, root causes, and 
proposed corrective actions.

b.	 Other groups are encouraged to ask questions or provide feedback.

5.	 Debriefing (10 minutes):

	▪ Facilitate a class discussion to summarize key insights.

	▪ Compare approaches across groups and highlight the importance of analyzing diverse data 
sources to identify failure modes.

Examples of Scenario Cards:  

Scenario Card 1: Overheating in Telecom Equipment

•	 Objective: Identify the cause of overheating in telecom equipment and propose corrective 
actions.

•	 Scenario: A batch of telecom routers has been reported to overheat during prolonged use, 
causing performance degradation and occasional shutdowns. The equipment has passed visual 
inspection and electrical tests, but internal components are consistently hot after use.
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•	 Task:

1.	 Review the test data from visual inspection, X-ray, and electrical testing.

2.	 Identify any potential failure modes related to overheating (e.g., inadequate heat dissipation, 
poor design).

3.	 Analyze the data to hypothesize if design weaknesses, material deficiencies, or manufacturing 
issues contribute to the overheating.

4.	 Propose corrective actions, such as improving cooling mechanisms, changing materials, or 
adjusting circuit design.

Scenario Card 2: Short Circuit in Telecom Device

•	 Objective: Identify the root cause of a short circuit in a telecom device and propose solutions.

•	 Scenario: A telecom device in a deployed system has stopped functioning and is showing signs 
of a short circuit based on electrical testing (e.g., abnormal resistance or voltage readings). The 
device has undergone a full visual inspection, and no visible external damage is found.

•	 Task:

1.	 Analyze the electrical test results to pinpoint where the short circuit is occurring.

2.	 Investigate potential internal failures that could cause a short circuit, such as faulty 
components or damaged circuit paths.

3.	 Examine the manufacturing process for potential variations, like improper soldering or 
faulty assembly.

4.	 Propose corrective actions such as changing component specifications, improving 
manufacturing quality control, or revising design for better circuit isolation.

Scenario Card 3: Misaligned Components Identified by X-Ray

•	 Objective: Identify how misalignment of components might cause failure and propose corrective 
actions.

•	 Scenario: An X-ray analysis of a batch of telecom circuit boards reveals that several components 
are misaligned or not properly connected, leading to potential failure points in the long term. 
The issue was not visible during the visual inspection.

•	 Task:

1.	 Review the X-ray images to identify the affected components and potential failure points 
caused by misalignment.

2.	 Consider how manufacturing or assembly processes (e.g., automated soldering or 
component placement) could lead to this issue.

3.	 Hypothesize whether the misalignment could cause electrical failures or reduce the overall 
reliability of the telecom equipment.

4.	 Propose corrective actions, such as adjusting assembly procedures, improving equipment 
calibration, or enhancing quality control during the placement and soldering processes.

Activity Duration Resources used

Failure Mode 
Analysis Workshop

Mock data sets from visual inspection, 
X-ray, and electrical tests, Diagrams or 

images of telecom equipment (optional), 
Flipchart or whiteboard, Markers, Sticky 

notes
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Notes for Facilitation  
•	 Guide students to link test results (visual, X-ray, electrical) with potential failure modes. 

Emphasize the need for thorough analysis of each test type.

•	 Encourage deep analysis of design flaws, material deficiencies, and manufacturing variations. 
Discuss how each factor contributes to the failures. 

•	 Ensure corrective actions are feasible, focusing on real-world constraints like cost, time, and 
implementation challenges. Encourage creative yet practical solutions.

Do  
• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity
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Unit Objectives  

Resources to be Used  

Note  

Unit 4.3: Root Cause Analysis

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc.

In this unit, we will discuss techniques for root cause analysis, including Failure Mode and Effects 
Analysis (FMEA) and Fault Tree Analysis (FTA). These techniques are used to identify the underlying 
reasons for equipment failures. Students will learn how to apply these methods to assess failure modes 
and determine corrective actions to prevent future issues.

At the end of this unit, the participants will be able to:

1.	 Explain techniques for root cause analysis (e.g., FMEA, FTA) used to determine the underlying 
reasons for equipment failures.

2.	 Employ root cause analysis techniques (e.g., FMEA, FTA) to determine the underlying reasons 
for the failure mode.

Ask  
Ask the participants the following questions: 

•	 What do you think could be the main reasons behind a piece of telecom equipment failing, and 
how can we find out what went wrong?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Techniques for Root Cause Analysis (RCA)

Root Cause Analysis (RCA) is a structured approach to identifying the underlying causes of problems or 
failures in products, systems, or processes. In the context of telecom equipment, RCA helps identify the 
factors contributing to equipment failures, which can arise from design flaws, manufacturing defects, or 
environmental stresses. Two widely used RCA techniques are Failure Modes and Effects Analysis (FMEA) 
and Fault Tree Analysis (FTA). Both techniques are crucial for understanding the root causes of failure 
modes and developing corrective actions.
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Failure Modes and Effects Analysis (FMEA)

FMEA is a systematic method for evaluating a system, process, or product to identify potential failure 
modes and their causes, and assess the impact of those failures. It is typically carried out early in the 
design phase or when a failure occurs, with the goal of preventing or mitigating future failures.

Steps in FMEA:

1.	 Identify Components or Processes: Break down the system into individual components or 
processes.

2.	 List Potential Failure Modes: For each component or process, list possible failure modes, such as 
overheating, component malfunction, or short circuits.

3.	 Determine Effects of Each Failure: Assess the impact of each failure mode on the overall system. 
For example, overheating might lead to device shutdown or degradation of performance.

4.	 Assign Severity, Occurrence, and Detection Ratings: For each failure mode, assign a severity 
rating (how serious the failure would be), an occurrence rating (how likely the failure is to 
occur), and a detection rating (how easily the failure can be detected before it occurs).

5.	 Calculate the Risk Priority Number (RPN): The RPN is calculated by multiplying the severity, 
occurrence, and detection ratings. A higher RPN indicates a higher priority for corrective actions.

6.	 Develop Corrective Actions: Based on the RPN, prioritize the failure modes and develop corrective 
actions to reduce their likelihood or severity. This could involve redesigning components, 
improving manufacturing processes, or adding safety checks.

Advantages of FMEA:

•	 Proactive in identifying potential issues early.

•	 Helps prioritize failures based on risk.

•	 Provides a structured approach to prevent future failures.

Fault Tree Analysis (FTA)

FTA is a top-down, deductive technique used to analyze the causes of system failures. It visually 
represents the logical relationships between system failures, component failures, and their underlying 
causes. FTA is particularly useful when diagnosing complex systems, as it provides a clear picture of how 
multiple failures can interact to cause a larger issue.

Steps in FTA:

1.	 Define the Top Event: The top event represents the failure or problem being analyzed (e.g., 
telecom equipment failure, system downtime).

2.	 Construct the Fault Tree: Starting from the top event, break down the possible causes into sub-
events, using “AND” or “OR” gates to represent the logical relationships. For instance, a failure 
could occur if either of two components fails (OR gate), or both must fail simultaneously (AND 
gate).

3.	 Identify Basic Causes: At the bottom of the tree, identify the basic causes of the failure, such as 
faulty components, human error, or environmental factors.

4.	 Quantify the Probability of Failure: For each failure event, assign a probability or likelihood of 
occurrence, based on historical data or expert judgment.

5.	 Analyze the Results: Review the fault tree to understand the root causes of the failure, the 
interactions between components, and the most critical areas for corrective actions.

Advantages of FTA:
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Activity  
Group Activity: Conducting a Root Cause Analysis (RCA) on a Simulated Equipment Failure

Group Size: 4-6 participants

Materials:

•	 Whiteboard or flipchart

•	 Markers

•	 Sticky notes (multiple colors)

•	 Scenario cards (described below)

•	 Templates for FMEA (Failure Mode and Effects Analysis) and FTA (Fault Tree Analysis)

Instructions:

1.	 Divide Participants into Groups (5 minutes):

	▪ Form small groups and introduce the activity’s objectives.

	▪ Briefly explain the purpose and techniques of Root Cause Analysis (RCA), including FMEA 
and FTA.

Say  
Let us participate in an activity to explore the unit a little more.

•	 Provides a clear, visual representation of failure causes.

•	 Identifies critical failure points and their relationships.

•	 Helps pinpoint the most likely causes and mitigate risks systematically.

Application of FMEA and FTA in Telecom Equipment Failure Analysis

Both FMEA and FTA are valuable tools for analyzing telecom equipment failures. FMEA helps identify 
potential failure modes early in the design phase, allowing engineers to take proactive steps in preventing 
failures before they occur. For example, if a telecom device’s power supply is identified as a potential 
failure mode during FMEA, engineers may decide to use higher-quality components or redesign the 
circuit to handle higher loads.

FTA, on the other hand, is highly effective for diagnosing and analyzing failures that have already 
occurred. For example, if a telecom base station goes offline due to overheating, FTA can be used to trace 
the root cause by evaluating various components and events that could have led to the overheating. It 
can help uncover systemic issues like insufficient cooling, poor component placement, or faulty power 
systems that contribute to the failure.

Both FMEA and FTA are powerful techniques for root cause analysis in telecom equipment failure 
analysis. While FMEA is a proactive method focused on identifying potential failure modes and mitigating 
risks early in the design phase, FTA is more effective for diagnosing complex failures after they occur. By 
applying these techniques, engineers can not only improve the reliability and performance of telecom 
equipment but also reduce costs, enhance customer satisfaction, and prevent future failures.
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2.	 Distribute Scenario Cards (5 minutes): Each group receives a scenario card that describes a 
hypothetical equipment failure (see examples below).

3.	 Group Discussion and Analysis (30 minutes):

       Groups analyze their scenario using RCA techniques:
a)	 Step 1: Use FMEA to identify the failure modes, potential causes, and effects of the failure.

b)	 Step 2: Create an FTA diagram to explore the hierarchy of events or conditions leading to the 
failure.

	◦ Teams use the provided templates to structure their findings.

4.	 Group Presentations (10 minutes): Each group presents their analysis, including their FMEA 
and FTA results, and proposes solutions to prevent recurrence.

5.	 Debriefing and Key Takeaways (10 minutes): Facilitate a discussion focusing on the insights 
gained, different approaches, and the importance of RCA in preventing failures.

Examples of Scenario Cards:  

Scenario Card 1: Overheating in Telecom Equipment

•	 Objective: Identify the root cause of overheating in telecom equipment using FMEA and FTA.

•	 Scenario: A batch of telecom routers experiences overheating after several hours of operation, 
leading to performance issues and occasional shutdowns. Visual inspection shows no external 
damage, and electrical testing seems normal.

•	 Task:

	◦ Use FMEA to list possible failure modes (e.g., poor heat dissipation, faulty cooling system) 
and rank them by severity and likelihood.

	◦ Apply FTA to map out potential causes for overheating (e.g., inefficient airflow, malfunctioning 
fan, inadequate component design).

	◦ Identify the root cause and propose corrective actions.

Scenario Card 2: Connectivity Dropouts in Telecom Modem

•	 Objective: Investigate the root cause of connectivity dropouts in a telecom modem using root 
cause analysis techniques.

•	 Scenario: Users report frequent connectivity dropouts with a telecom modem. Electrical testing 
indicates intermittent issues, and a visual inspection reveals no obvious physical damage. X-ray 
inspection shows no internal component failure.

•	 Task:

	◦ Perform FMEA to identify possible failure modes contributing to connectivity issues (e.g., 
faulty antenna, signal interference, software glitches).

	◦ Conduct FTA to break down the potential faults in communication pathways or internal 
components.

	◦ Determine the most probable root cause and propose corrective actions (e.g., replacing 
faulty components, improving software stability).

Scenario Card 3: Short Circuit in Telecom Power Supply

•	 Objective: Analyze the root cause of a short circuit in the telecom power supply system using 
FMEA and FTA.
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Activity Duration Resources used

Conducting a 
Root Cause 

Analysis (RCA) 
on a Simulated 

Equipment Failure

Whiteboard or flipchart, Markers, Sticky 
notes (multiple colors), Scenario cards 
(described below), Templates for FMEA 

(Failure Mode and Effects Analysis) and FTA 
(Fault Tree Analysis)

Notes for Facilitation  

Do  

•	 Explain FMEA (failure modes & effects) and FTA (fault tree analysis) to distinguish their roles: 
FMEA for identifying failure modes, FTA for breaking down root causes.

•	 Encourage groups to brainstorm all potential causes and prioritize them based on severity and 
likelihood. Ensure active participation from all members.

•	 After identifying root causes, emphasize proposing practical, real-world corrective actions to 
resolve the issues effectively.

• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity

•	 Scenario: A telecom power supply has failed, and the system’s power circuit has experienced 
a short circuit. Electrical testing reveals abnormal voltage readings, and visual inspection 
identifies no clear external defects.

•	 Task:

	◦ Use FMEA to identify failure modes in the power supply (e.g., defective capacitor, wrong 
component placement, faulty soldering).

	◦ Perform FTA to deconstruct the causes of the short circuit (e.g., component defect, assembly 
process error, design flaw).

	◦ Identify the root cause and recommend corrective actions, such as design changes or 
process improvements to prevent future occurrences.
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Unit Objectives  

Resources to be Used  

Note  

Unit 4.4: Corrective and Preventive Actions

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc.

In this unit, we will discuss strategies for developing effective corrective actions to address identified 
failure mechanisms in telecom equipment. We will explore methods for proposing corrective and 
preventive actions, evaluating their feasibility, and considering their cost-effectiveness. The focus will 
be on implementing changes in design or manufacturing processes to minimize future failures and 
improve product reliability.

At the end of this unit, the participants will be able to:

1.	 Explain strategies for developing effective corrective actions to address identified failure 
mechanisms.

2.	 Propose corrective actions to address the identified failure mechanism and prevent similar 
failures in future product revisions.

3.	 Evaluate the feasibility and cost-effectiveness of potential corrective actions.

4.	 Recommend preventive actions to be implemented in the design or manufacturing process to 
minimize future failures.

Ask  
Ask the participants the following questions: 

•	 What do you think is the most important factor to consider when proposing corrective actions 
to fix a product failure?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Strategies for Developing Effective Corrective Actions to Address Identified Failure Mechanisms

Developing corrective actions is a critical step in addressing the root causes of failure mechanisms 
in telecom equipment. The effectiveness of corrective actions is fundamental to improving product 
reliability and ensuring that similar failures are avoided in future product revisions. A well-designed 
corrective action plan involves analyzing failure mechanisms, determining feasible solutions, evaluating 
their costs, and recommending preventive actions. Below are strategies to develop these actions 
effectively.
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1.	 Root Cause Analysis (RCA)

•	 The first step in developing corrective actions is performing a Root Cause Analysis (RCA) to 
identify the underlying causes of failure. Techniques such as Failure Modes and Effects Analysis 
(FMEA) and Fault Tree Analysis (FTA) are instrumental in breaking down complex failure modes 
into manageable components.

•	 By thoroughly understanding the root cause, teams can propose corrective actions that directly 
address the issue rather than just mitigating symptoms. For example, if overheating is identified 
due to poor thermal management, corrective actions could involve improving heat dissipation 
methods or upgrading cooling systems.

2. 	 Prioritization of Failure Mechanisms

•	 After identifying the failure modes, the next step is to prioritize them based on factors like 
severity, likelihood, and impact on product performance. This allows organizations to focus 
resources on addressing the most critical issues first.

•	 Techniques like Pareto Analysis (80/20 rule) can help in this prioritization by highlighting the 
most significant failure mechanisms that contribute to the largest proportion of failures.

•	 Corrective actions should aim at eliminating or reducing the occurrence of high-priority failure 
modes to maximize their impact.

3. 	 Design and Process Adjustments

•	 Design Changes: If the failure mechanisms are found to be linked to product design, adjustments 
must be made. This could involve redesigning components, enhancing material quality, or 
altering the layout of circuits to prevent short circuits, overheating, or mechanical failures.

•	 Manufacturing Process Improvements: Sometimes, failures occur due to poor manufacturing 
practices. These can be addressed by refining the assembly line, improving quality checks, and 
ensuring that the right materials and components are used. For instance, ensuring soldering 
is done at the correct temperature or enhancing component placement accuracy can prevent 
defects like cold solder joints.

4. 	 Use of Testing and Simulation

•	 Before implementing corrective actions, it is crucial to simulate and test them thoroughly. 
This helps in determining their effectiveness and identifying potential risks or unforeseen 
consequences.

•	 Stress testing can help simulate real-world conditions to ensure the equipment operates within 
the desired parameters. For instance, if a cooling system is redesigned, thermal cycling tests can 
confirm whether it resolves the overheating issue.

•	 Prototype testing may also be employed to validate design modifications or process changes 
before full-scale production is restarted.

5. 	 Root Cause Documentation and Knowledge Sharing

•	 Documenting the root causes of failures and the corresponding corrective actions is essential 
for continuous improvement. This knowledge base should be shared across teams to ensure 
that the same mistakes are not repeated in future designs.

•	 Post-mortem analyses or lessons learned sessions can be conducted after a failure investigation 
to discuss corrective actions and ensure they are implemented across relevant teams. This also 
helps in preventing similar issues from arising in future revisions of the product.
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Proposing Corrective Actions to Address Identified Failure Mechanisms

Once the failure mechanisms have been identified, the next step is to propose corrective actions 
that can effectively eliminate or mitigate these failures. These corrective actions should be specific, 
measurable, and feasible.

1. 	 Improving Product Design

•	 If a failure mechanism stems from a design flaw, corrective actions could include modifying the 
design to eliminate the weakness. For example:

	◦ Reinforcing Component Housing: In cases where mechanical failure occurs due to poor 
component housing, reinforcing the housing material or adjusting the shape to provide 
better stress resistance may be necessary.

	◦ Upgrading Materials: In situations where materials have failed (e.g., insulation material 
degrading over time), switching to more robust materials like higher-temperature resistant 
plastics or corrosion-resistant metals can be an effective corrective action.

2. 	 Optimizing Manufacturing and Assembly Processes

•	 If manufacturing issues are identified as the root cause of failure, corrective actions can focus 
on improving processes. Some examples include:

	◦ Automated Inspection: Implementing more stringent quality control measures, like 
automated visual inspection or electrical testing, can help identify faults earlier in the 
process.

	◦ Process Standardization: Ensuring that all steps in the manufacturing process are 
standardized and closely monitored can eliminate inconsistencies, such as inconsistent 
soldering temperatures or incorrect component placements.

3. 	 Upgrading Testing and Quality Assurance Procedures

•	 If failures were due to undetected issues, an upgrade in testing or quality assurance protocols 
may be necessary. This might include:

	◦ Enhanced Functional Testing: Adding more rigorous functional tests for every critical 
component before final assembly could prevent the occurrence of failures that go undetected 
in less thorough testing regimes.

	◦ Increased Reliability Testing: Implementing extended burn-in tests or environmental stress 
testing can help ensure the product will perform under various operating conditions.

Evaluating Feasibility and Cost-effectiveness of Corrective Actions

When evaluating corrective actions, two key factors must be considered: feasibility and cost-
effectiveness.

1. 	 Feasibility

•	 Feasibility analysis involves assessing whether the proposed corrective action can be 
implemented within the company’s existing constraints, such as technical capabilities, time, 
and resources.

•	 Factors such as complexity, required changes to infrastructure, and alignment with product 
timelines should be evaluated. For instance, if a design change requires new tooling or 
machinery, the cost of retooling may make this action less feasible for a short-term solution.

2. 	 Cost-effectiveness

•	 Corrective actions should be evaluated based on their costs relative to the benefits they bring. 
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Some corrective actions may require substantial upfront investments, but they should offer 
long-term savings by reducing failure rates, warranty claims, and customer dissatisfaction.

•	 A cost-benefit analysis can help in assessing which actions provide the best return on investment. 
For example, if an assembly line process is prone to defects, investing in a more accurate 
soldering robot may be costly but could significantly reduce defects in the long term.

Recommending Preventive Actions to Minimize Future Failures

Preventive actions are aimed at ensuring that the identified failure mechanisms do not reoccur in future 
product revisions. These actions are often implemented at both the design and process levels.

1. 	 Design Reviews

•	 Regular design reviews at different stages of the development process can identify potential 
failure points before they escalate. A multi-disciplinary team that includes reliability engineers, 
designers, and quality control specialists can help foresee issues early in the design phase and 
implement preventive measures.

2. 	 Continuous Process Improvement

•	 Implementing a continuous process improvement program, like Six Sigma or Lean Manufacturing, 
can help detect potential sources of failure early in the production process. Using tools like 
control charts and Pareto analysis, teams can spot variations that lead to failures and address 
them proactively.

3. 	 Enhanced Training Programs

•	 Ensuring that all personnel involved in the design, manufacturing, and testing processes receive 
proper training on quality standards and failure mechanisms can be a powerful preventive 
measure. Regular training updates and certifications can help employees stay informed about 
the latest best practices for failure prevention.

4. 	 Failure Reporting System

•	 A failure reporting system should be in place where any failures or deviations are immediately 
reported and analyzed. This will ensure that corrective and preventive actions are continuously 
refined and that lessons learned are integrated into future product development. 

Developing effective corrective and preventive actions to address failure mechanisms in telecom 
equipment is a comprehensive process that involves analyzing the root causes, proposing feasible and 
cost-effective solutions, and ensuring these solutions are implemented. By making improvements to 
design, manufacturing processes, and quality control, organizations can prevent future failures, enhance 
product reliability, and improve customer satisfaction.

Say  
Let us participate in an activity to explore the unit a little more.
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Activity  
Group Activity: Case Study on Implementing Corrective and Preventive Actions

Group Size: 4-6 participants

Materials:

•	 Whiteboard or flipchart

•	 Markers

•	 Sticky notes (different colors)

•	 Case study handouts (described below)

Instructions:

1.	 Introduce the Activity (5 minutes):

	◦ Brief participants on the objectives of the activity and provide an overview of corrective and 
preventive actions (CAPA).

	◦ Distribute a case study handout to each group, detailing a real-world scenario with a failure 
mechanism requiring corrective and preventive actions.

2.	 Group Discussion and Planning (25 minutes):

a.	 Each group analyzes their case study using the following prompts:

	▪ Identify Failure Mechanism: What went wrong in the given scenario?

	▪ Develop Corrective Actions: Propose strategies to address the failure and prevent its 
recurrence in the short term.

	▪ Evaluate Feasibility and Cost-Effectiveness: Assess whether the proposed corrective 
actions are realistic and economically viable.

	▪ Recommend Preventive Actions: Suggest measures to be implemented in the design or 
manufacturing process to minimize future risks.

b. 	 Groups document their findings and recommendations on a flipchart or whiteboard.

3.	 Group Presentations (20 minutes):

	◦ Each group presents their analysis, proposed corrective and preventive actions, and 
feasibility evaluation.

	◦ Other groups are encouraged to ask questions or suggest alternative approaches.

4.	 Debriefing and Key Takeaways (10 minutes):

	▪ Facilitate a discussion to compare and contrast the approaches of each group.

	▪ Highlight the importance of balancing cost-effectiveness with robust preventive measures.

Case Study Examples:

Case Study 1:
A batch of electronic devices is recalled due to overheating during usage. Investigations reveal a design 
flaw in the heat dissipation system. Develop CAPA strategies to address this issue.
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Case Study 2:
A manufacturing defect in a food packaging process causes leaks in sealed packages. The issue is traced 
back to inconsistent sealing temperatures during production. Propose CAPA measures to resolve this 
problem.

Case Study 3:
An automobile manufacturer experiences frequent failures in brake pads due to improper material 
selection, leading to customer complaints. Suggest CAPA strategies to improve material durability and 
customer satisfaction.

Examples of Scenario Cards:  

Scenario Card 1: Overheating in Telecom Router

•	 Objective: Develop corrective and preventive actions for overheating in a telecom router.

•	 Scenario: A telecom router used in a high-traffic data center experiences frequent overheating, 
leading to system shutdowns. The root cause analysis reveals that inadequate heat dissipation 
from the components causes excessive heat buildup.

•	 Task:

	◦ Propose corrective actions (e.g., redesigning the cooling system, improving thermal 
management components).

	◦ Evaluate the feasibility and cost-effectiveness of the actions (e.g., additional cooling fans vs. 
redesign of heat sinks).

	◦ Suggest preventive actions to avoid similar issues in future models (e.g., better heat testing 
during prototyping).

Scenario Card 2: Connectivity Dropouts in Telecom Modem

•	 Objective: Identify corrective actions for connectivity issues in a telecom modem.

•	 Scenario: A batch of telecom modems experiences intermittent connectivity dropouts during 
peak usage times. The root cause analysis shows that signal interference due to poor antenna 
design is responsible for the issue.

•	 Task:

	◦ Propose corrective actions (e.g., redesigning the antenna for better signal reception, 
shielding components).

	◦ Evaluate the feasibility and cost-effectiveness (e.g., impact on production costs, ease of 
redesign).

	◦ Suggest preventive actions to ensure reliable performance in future product revisions (e.g., 
rigorous antenna testing before production).

Scenario Card 3: Power Supply Failure in Telecom Equipment

•	 Objective: Develop solutions for power supply failures in telecom equipment.

•	 Scenario: Telecom equipment experiences sudden power supply failures, causing downtime. 
The root cause analysis reveals that a faulty capacitor is causing short circuits in the power 
supply system.

•	 Task:

	◦ Propose corrective actions (e.g., replacing faulty capacitors with higher quality alternatives, 
improving soldering techniques).

	◦ Evaluate the feasibility and cost-effectiveness (e.g., cost of component upgrades vs. 
production delays).
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	◦ Suggest preventive actions to avoid future failures (e.g., better quality control during 
assembly, enhanced component testing).

Activity Duration Resources used

Case Study on 
Implementing 
Corrective and 

Preventive Actions

Whiteboard or flipchart, Markers, Sticky 
notes (different colors), Case study 

handouts (described below)

Notes for Facilitation  

Do  

•	 Encourage realistic, actionable corrective actions. Balance technical feasibility and cost-
effectiveness.

•	 Stress the importance of preventive actions to avoid future failures. Think about long-term 
improvements in design and processes.

•	 Promote discussions on the potential side effects of actions and ensure thorough evaluation of 
every proposed solution.

• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity
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Unit Objectives  

Resources to be Used  

Note  

Unit 4.5: Communication and Reporting

Participant handbook, pen, notebook, whiteboard, flipchart, markers, laptop, overhead projector, laser  
pointer, etc.

In this unit, we will discuss the importance of clear and concise technical communication in presenting 
failure analysis findings. We will focus on developing effective reports that document the failure analysis 
process, root cause, and corrective actions. Additionally, the unit emphasizes the value of collaboration 
with design and manufacturing teams to implement corrective and preventive actions.

At the end of this unit, the participants will be able to:

1.	 Explain the importance of clear and concise technical communication for presenting failure 
analysis findings.

2.	 Demonstrate developing and communicating a clear and concise report documenting the failure 
analysis process, findings, root cause, and recommended corrective and preventive actions.

3.	 Explain the importance of effective collaboration skills for working with design and manufacturing 
teams to implement corrective and preventive actions.

Ask  
Ask the participants the following questions: 

•	 Why is it important to communicate failure analysis findings clearly and concisely to design and 
manufacturing teams?

Write down the participants’ answers on a whiteboard/flipchart. Take appropriate clues from the 
answers and start teaching the lesson.

Elaborate  
Importance of Clear and Concise Technical Communication for Presenting Failure Analysis Findings

Effective technical communication plays a pivotal role in the success of failure analysis and subsequent 
corrective actions in the telecom industry. The primary objective of failure analysis is to identify the 
root causes of issues in telecom equipment, whether they are related to design, manufacturing, or 
operational performance. Once the causes are identified, it’s essential to clearly communicate findings 
to stakeholders—design engineers, manufacturing teams, and management—who will act on the 
recommendations.
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Clear and concise communication ensures that all parties involved can understand the problem, 
its cause, and the recommended actions without ambiguity. When failure analysis findings are 
communicated poorly or in a convoluted manner, it can lead to misunderstandings, delays in decision-
making, and ineffective corrective actions, which ultimately affect the quality and reliability of the 
telecom equipment.

Key Points on Effective Communication:

1.	 Simplicity and Precision: The information should be straightforward, avoiding excessive 
technical jargon unless necessary. Presenting findings in a simple, understandable format 
ensures all stakeholders, regardless of technical expertise, can comprehend the analysis.

2.	 Structured Report: A well-organized report enables readers to follow the failure analysis process 
step-by-step, making it easier to understand the sequence of events, the investigation, and the 
solutions.

3.	 Use of Visuals: Diagrams, charts, and graphs enhance clarity. For instance, failure modes can be 
shown through FMEA charts, while root cause relationships can be visualized through fault tree 
diagrams.

4.	 Actionable Recommendations: A concise report should directly propose corrective and 
preventive actions, focusing on practical and actionable solutions.

Developing and Communicating a Clear and Concise Report Documenting Failure Analysis Process

The ability to document failure analysis effectively is essential for conveying technical findings to a wide 
range of stakeholders. A well-documented report not only helps in understanding the issue at hand but 
also serves as a reference for future troubleshooting and quality improvements. The document should 
be clear, concise, and provide sufficient technical detail without overcomplicating the subject.

Key Components of an Effective Failure Analysis Report:

1.	 Introduction and Scope:

	 Begin the report with a brief introduction to the equipment and the scope of the failure analysis. 
State the specific problem observed, such as system downtime or reduced performance, and 
the reason the analysis was initiated.

2.	 Data Collection and Methodology:

	 Provide a clear description of the methods used to collect data, such as visual inspection, 
electrical testing, or X-ray analysis. The methodology should highlight how data was collected, 
including testing procedures, equipment used, and environmental conditions during the tests.

3.	 Failure Identification:

	 Detail the specific failure modes that were identified during the investigation. Use clear examples, 
such as “Overheating due to inadequate heat dissipation,” or “Intermittent connectivity caused 
by faulty antenna design.”

4.	 Root Cause Analysis:

	 The root cause of the failure should be explicitly stated, ideally using tools like FMEA (Failure 
Modes and Effects Analysis) or FTA (Fault Tree Analysis). This part should link the failure mode 
to the underlying cause, such as a material defect, design flaw, or operational issue.

5.	 Corrective Actions:
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	 Recommend corrective actions, ensuring they are specific and feasible. These actions could 
involve design changes, manufacturing adjustments, or testing improvements. The report 
should explain why each corrective action is being suggested and how it addresses the root 
cause.

6.	 Preventive Actions:

	 After addressing the immediate problem, propose preventive actions that can avoid similar 
issues in future product revisions. For example, implementing stricter quality controls, enhancing 
testing protocols, or redesigning components for greater durability.

7.	 Conclusion:

	 Summarize the key findings and reiterate the importance of the corrective and preventive 
actions. This section may also include a timeline for implementing the changes and monitoring 
the results.

8.	 Appendices and Supporting Data:

	 Attach any raw data, test results, diagrams, or calculations that support the analysis. This ensures 
the report is comprehensive and transparent, allowing for further review if needed.

Communication Best Practices:

•	 Clarity and Brevity: Avoid lengthy explanations and stick to the core issues. Keep sentences 
concise and to the point.

•	 Executive Summary: For non-technical stakeholders, include a high-level executive summary 
outlining the problem, its impact, and the proposed solutions.

•	 Use of Bullet Points and Lists: This improves readability and ensures that important details are 
easily accessible.

Importance of Effective Collaboration Skills for Working with Design and Manufacturing Teams

Collaboration between failure analysis teams, design engineers, and manufacturing teams is crucial 
to the successful implementation of corrective and preventive actions. Failure analysis identifies the 
problem, but collaboration ensures the solution is practical, feasible, and implemented effectively in 
both design and manufacturing processes.

1.	 Knowledge Sharing:

	 Collaboration helps in the exchange of knowledge and expertise. Design engineers may have 
insights into the technical aspects of the product, while manufacturing teams are more familiar 
with production constraints and processes. By working together, they can find solutions that are 
both technically sound and feasible to implement in the manufacturing process.

2.	 Cross-functional Teams:

	 Establishing cross-functional teams comprising failure analysts, design engineers, manufacturing 
specialists, and quality control experts ensures that all aspects of the issue are considered. 
These teams are better equipped to assess the broader impact of proposed corrective actions 
on design, cost, quality, and production timelines.

3.	 Implementation of Corrective Actions:

	 Effective collaboration enables a smooth transition from identifying the problem to 
implementing corrective actions. For example, if the root cause analysis identifies a design 
flaw, design engineers must collaborate with manufacturing to modify the production process 
or component specifications. If a process issue is identified, the manufacturing team needs to 
adjust the assembly line or quality control procedures.
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4.	 Feedback Loop:

	 Successful collaboration involves a continuous feedback loop. After corrective actions are 
implemented, the teams must work together to monitor the outcomes, identify any new issues, 
and make necessary adjustments. Feedback ensures that corrective actions are validated and 
refined for maximum effectiveness.

5.	 Proactive Approach to Preventive Measures:

	 Collaborating on preventive actions helps ensure that the entire process, from design to final 
testing, is refined to reduce future failure risks. By considering potential failure modes early in 
the design phase and incorporating robust testing procedures, teams can preemptively address 
issues, thereby enhancing product reliability.

Building Effective Collaboration:

•	 Clear Communication: Ensure that everyone involved has a clear understanding of the problem 
and solution. Use visual aids, clear documentation, and concise updates.

•	 Respect and Trust: Foster an environment of mutual respect and trust. Encourage open dialogue 
where everyone’s input is valued.

•	 Regular Meetings and Updates: Hold regular meetings to discuss progress, challenges, and any 
necessary adjustments. Stay aligned on timelines, responsibilities, and expectations.

Clear and concise technical communication, along with effective collaboration skills, are essential 
components of successful failure analysis and corrective action processes. By developing clear reports, 
communicating findings effectively, and working collaboratively across teams, companies can ensure the 
timely resolution of failures and the prevention of future issues in telecom equipment. These practices 
not only improve product quality and reliability but also drive continuous improvement throughout the 
organization.

Say  
Let us participate in an activity to explore the unit a little more.

Activity  
Group Activity: Failure Analysis Report Development and Presentation

Group Size: 4-6 participants

Materials:

•	 Whiteboard or flipchart

•	 Markers

•	 Laptops/tablets (optional for report drafting)

•	 Sample failure scenario (provided below)

•	 Failure analysis report template (provided)
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Activity Description:

1.	 Introduction and Scenario Presentation (5 minutes):

	◦ Present the failure analysis scenario to the group. The scenario should describe a failure in a 
product, system, or process that requires a detailed failure analysis report.

	◦ Example scenario: A mechanical component used in a vehicle has failed after a short usage 
period, leading to unexpected downtime and customer complaints. The failure mode needs 
to be identified, and corrective and preventive actions must be proposed.

2.	 Group Discussion and Report Writing (30 minutes):

1)	 Step 1: In their groups, participants will analyze the failure scenario, determine the root 
cause, and outline the failure analysis process.

2)	 Step 2: Each group should develop a clear and concise failure analysis report, documenting 
the following:

	▪ Overview of the failure

	▪ Root cause analysis

	▪ Proposed corrective actions

	▪ Recommended preventive actions

	▪ Any necessary collaboration steps with design and manufacturing teams for 
implementation

	▪    Use the provided report template to structure their findings.

3.	 Report Presentation (15 minutes):

	9 Each group presents their failure analysis report to the class in a 3-5 minute presentation, 
focusing on the clarity and conciseness of their findings, root cause, and proposed actions.

	9 Encourage participants to discuss how they would collaborate with other teams (e.g., design 
and manufacturing) to implement corrective actions.

4.	 Debriefing and Feedback (10 minutes):

	◦ Facilitate a class discussion on the following:

	▪ What were the strengths and areas of improvement in the reports presented?

	▪ How did each group ensure the clarity and conciseness of their communication?

	▪ What collaborative approaches were suggested for effective implementation of actions?

Examples of Scenario Cards:  

Scenario Card 1: Telecom Router Power Failure

•	 Objective: Develop a clear technical report and propose corrective and preventive actions for 
power failure in telecom routers.

•	 Scenario: A batch of telecom routers consistently experiences power failure, leading to system 
downtime. After performing failure analysis, it is identified that a faulty power supply circuit is 
causing intermittent power loss.

•	 Task:

	▪ Develop a concise failure analysis report detailing the root cause and analysis process.
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	▪ Propose corrective actions (e.g., replacing faulty components, improving power supply 
design).

	▪ Suggest preventive measures for future models (e.g., enhanced testing procedures, 
redesigning the power circuit).

	▪ Communicate findings clearly to the design and manufacturing teams.

Scenario Card 2: Signal Drop in Telecom Modem

•	 Objective: Identify failure causes and present a technical report on a telecom modem’s signal 
drop issue.

•	 Scenario: A telecom modem experiences significant signal dropouts during operation, leading 
to customer complaints. Failure analysis reveals that poor antenna placement and insufficient 
shielding are the root causes.

•	 Task:

•	 Prepare a detailed failure analysis report with root cause analysis and suggested corrective 
actions.

•	 Propose changes to antenna placement and shielding design as corrective actions.

•	 Recommend preventive actions, such as improved design review and more stringent testing.

•	 Present findings and proposed actions in a clear and understandable manner to relevant 
teams.

Scenario Card 3: Overheating in Telecom Equipment

•	 Objective: Present a failure analysis report and recommend solutions for overheating in 
telecom equipment.

•	 Scenario: Telecom equipment used in outdoor environments has been experiencing overheating 
issues, causing operational failures. The root cause is determined to be inadequate cooling 
systems, exacerbated by high environmental temperatures.

•	 Task:

•	 Develop a comprehensive failure analysis report, detailing the process, findings, and root 
cause of the overheating.

•	 Recommend corrective actions such as upgrading the cooling system and improving air 
circulation.

•	 Propose preventive measures, such as using temperature monitoring systems or revising 
the equipment’s environmental testing criteria.

•	 Present your report to the design and manufacturing teams with a focus on clarity and 
actionable solutions.

Activity Duration Resources used

Failure Analysis Report 
Development and 

Presentation

Whiteboard or flipchart, Markers, Laptops/
tablets (optional for report drafting), 

Sample failure scenario (provided below), 
Failure analysis report template (provided)
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Notes for Facilitation  
•	 Ensure reports are clear, concise, and easily understandable for both technical and non-technical 

audiences.

•	 Propose practical corrective actions and long-term preventive measures. Prioritize feasibility 
and cost-effectiveness.

•	 Stress the importance of teamwork and communication between design, manufacturing, and 
quality teams when implementing solutions.

Do  
• 	 Guide the trainees throughout the activity

• 	 Ensure that all trainees participate in the activity
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Exercise  
Multiple Choice Questions (MCQs):

1.	 Which of the following is a common failure mode observed in telecom equipment?

a) 	 Voltage drop

b) 	 Overheating

c) 	 Low signal gain

d) 	 High humidity

Answer: b) Overheating

2.	 What is the primary purpose of Failure Mode and Effect Analysis (FMEA)?

a) 	 To identify potential failure modes and their causes

b) 	 To perform visual inspections on equipment

c) 	 To test electrical components for functionality

d) 	 To ensure cost-effectiveness in design

Answer: a) To identify potential failure modes and their causes

3.	 Which of the following techniques is most commonly used for non-destructive testing in failure 
analysis?

a) 	 X-ray analysis

b) 	 Electrical testing

c) 	 Thermal testing

d) 	 Vibration testing

Answer: a) X-ray analysis

4.	 What should be the main goal when developing corrective actions for a failure mechanism?

a) 	 To reduce the time to repair

b) 	 To eliminate the root cause and prevent recurrence

c) 	 To lower the product cost

d) 	 To simplify the design

Answer: b) To eliminate the root cause and prevent recurrence

Fill in the Blanks:

1.	 The process of analyzing failure data using tools like FMEA or FTA to determine the root cause is 
known as ________.

Answer: Root Cause Analysis

2.	 One of the most common failure modes in telecom equipment, often caused by excessive heat, is 
________.

Answer: Overheating
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Answer:1.→ b), 2. c),  3 → d), 4.→ a)

Match the Non-Conformance Procedure to the Correct Step:

Column A Column B

1. FMEA a) Identifying physical defects

2. X-ray Analysis b) Identifying root causes for failure modes

3. Overheating c) Non-destructive testing technique

4. Visual Inspection d) Common failure mode in telecom equipment

Column A Column B

1. Electrical Testing a) Identifying physical defects

2. Root Cause Analysis (FMEA) b) Identifying electrical faults and abnormalities

3. Corrective Actions c) Preventing recurrence of failures

4. Preventive Actions d) Proposing changes to design or process to prevent 
failures

Answer:1. → b),2. → a) , 3.→ c),  4. → d) 

3.	 A common non-destructive testing technique used in failure analysis to detect internal defects 
without damaging the equipment is ________.

Answer: X-ray analysis

4.	 Corrective actions should aim to eliminate the ________ and prevent future occurrences of similar 
failures.

Answer: Root cause

Match the Following:
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(eBook) Click/scan this (QR) QR code to access the e-book
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Annexure -I

Training Delivery Plan 

  
 

 

1.0 31/01/2024

NA 

Program Name

Version Update Date

Qualification Pack and 

reference ID

Version No.

Pre-Requisite License or Training

Training Outcomes

Reliability & Quality Control Manager

Reliability & Quality Control Manager- TEL/Q7206

At the end of the program, the learner should have acquired the listed 

knowledge and skills to:

• Understand and describe the key processes for evaluating semiconductor 

product reliability.

• Apply stress tests and failure analysis techniques effectively on 

semiconductor products.

• Analyze test data to identify failure trends and root causes.

• Evaluate corrective actions and recommend improvements for product 

robustness.

• Document and communicate test results and quality control measures 

accurately for ongoing improvements.



Facilitator Guide

159

1

Preparing 
and 
Assemblin
g Telecom 
Circuit 
Boards

Unit 1.1: 
Understanding 
Electronic 
Components 
and Their 
Specifica�ons

1. Understand 
the func�on 
and purpose 
of various 
electronic 
components 
(e.g., 
resistors, 
capacitors, 
transistors).

2. Interpret 
specifica�ons 
and 
datasheets 
for different 
electronic 
components.

3. Learn the 
importance 
of proper 
handling, 
storage, and 
preven�on of 
damage to 
electronic 
components.

TEL/N7219: 
Prepare and 

Assemble 
Telecom 

Equipment

Interac�ve 
Lecture in 
the Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), 
Solder, Solder 
paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 60:00
P: 60:00

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 1.2: 
Soldering 
Techniques 
and Assembly 
Processes

1. Compare and 
contrast 
various 
soldering 
techniques 
(wave 
soldering, 
hand 
soldering) 
and their 
applica�ons.

2. Iden�fy 
different 
soldering 
materials and 
equipment 
(solder paste, 
flux, soldering 
irons) and 
understand 
their roles in 
the assembly 
process.

3. Learn safe 
soldering 
prac�ces to 
minimize 
health and 
safety risks.

• 
Demonstrate 
industry-
standard 
soldering 
techniques 
and clean 
soldering flux 
residues from 
assembled 
PCBs.

Interac�ve 
Lecture in 
the Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), 
Solder, Solder 
paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 60:00
P: 60:00

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 1.3: PCB 
Assembly 
Procedures 
and Quality 
Control 
Standards

1. Understand 
the assembly 
procedures 
and the role 
of the Bill of 
Materials 
(BOM) in 
guiding the 
process.

2. Differen�ate 
between 
Surface 
Mount 
Technology 
(SMT) and 
Through-Hole 
Technology 
(THT) 
assembly 
processes.

3. Learn about 
quality 
standards for 
PCB assembly 
(e.g., IPC 
standards) 
and their 
applica�on.

4. Understand 
the opera�on 
of test 
equipment 
and interpret 
test results to 
iden�fy 
poten�al 
failures in 
PCBs.

Interac�ve 
Lecture in 
the Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), 
Solder, Solder 
paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 60:00
P: 60:00

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 1.4: 
Safety, 
Documenta�on
, and Test 
Equipment in 
PCB Assembly

1. Understand 
Electrosta�c 
Discharge (ESD) 
control 
procedures to 
protect 
sensi�ve 
components.

2. Learn the safe 
handling 
prac�ces for 
hazardous 
materials 
(solder, flux) 
used in PCB 
assembly.

3. Recognize the 
importance of 
maintaining a 
clean, safe 
work 
environment 
and the 
significance of 
accurate 
documenta�on.

4. Demonstrate 
how to prepare 
the worksta�on 
for assembly 
and verify the 
func�onality of 
test equipment.

Interac�ve 
Lecture in 
the Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), 
Solder, Solder 
paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 60:00
P: 60:00

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 1.5: 
Assembly 
Execu�on and 
Inspec�on 
Procedures

1. Follow 
assembly 
instruc�ons to 
place electronic 
components 
accurately on 
the PCB.

2. Perform visual 
inspec�ons of 
assembled 
PCBs to iden�fy 
defects like 
missing or 
misaligned 
components 
and poor 
soldering joints.

3. Understand 
rework 
procedures for 
rec�fying 
iden�fied 
defects and 
document the 
inspec�on 
results 
accurately. 

Interac�ve 
Lecture in 
the Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), 
Solder, Solder 
paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 60:00
P: 60:00

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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2

Conduc�ng 
and 
Analyzing 
Stress 
Tests

Unit 2.1: 
Telecom IC 
Requirements 
and Substrate 
Design 
Essen�als

1. Understand 
the 
func�onali�e
s and cri�cal 
performance 
parameters of 
various 
telecom 
equipment.

2. Discuss 
industry 
standards and 
regula�ons 
for telecom 
equipment 
reliability 
tes�ng.

3. Explain the 
opera�onal 
stresses 
experienced 
by telecom 
equipment in 
various 
applica�ons.

4. Describe the 
principles of 
stress tes�ng 
and its role in 
evalua�ng 
product 
reliability.

5. Differen�ate 
between 
different 
types of 
stress tests 
(e.g., 
environmenta
l stress 
tes�ng, 
electrical 
stress tes�ng, 
thermal 
cycling).

TEL/N7220: 
Conduct and 

Analyze 
Stress Tests 
for Telecom 
Equipment 
Reliability

Interac�ve 
Lecture in 
the Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), 
Solder, Solder 
paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 60:00
P: 90:00

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 2.2: 
Stress Test 
Equipment 
and Test 
Design

1. Understand 
the opera�on 
and 
func�onality 
of various 
stress test 
equipment 
(e.g., 
temperature 
chambers, 
vibra�on 
tables, 
electrical 
stress 
testers).

2. Explain how 
to design 
effec�ve 
stress test 
profiles to 
simulate real-
world 
condi�ons 
and induce 
failures.

3. Discuss 
calibra�on 
procedures 
for stress test 
equipment to 
ensure 
accurate and 
reliable data.

4. Select 
appropriate 
stress test 
equipment 
based on 
designed 
profiles.

5. Analyze 
typical 
environmenta
l and 
opera�onal 
condi�ons for 
targeted 
telecom 
applica�ons.

Interac�ve 
Lecture in 
the Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), 
Solder, Solder 
paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 60:00
P: 90:00

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 2.3: Data 
Acquisi�on, 
Analysis, and 
Sta�s�cal 
Techniques

1. Discuss data 
acquisi�on 
techniques 
for capturing 
and recording 
relevant test 
parameters 
during stress 
tes�ng.

2. Apply 
sta�s�cal 
techniques 
for analyzing 
failure data 
(e.g., Weibull 
analysis, 
Pareto charts) 
to iden�fy 
trends and 
pa�erns.

3. Develop data 
acquisi�on 
plans for 
capturing and 
recording 
relevant test 
parameters 
throughout 
the stress test 
process.

4. Compile and 
organize 
failure data 
from 
completed 
stress tests.

Interac�ve 
Lecture in 
the Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), 
Solder, Solder 
paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 60:00
P: 90:00

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 2.4: 
Failure 
Analysis and 
Root Cause 
Iden�fica�on

1. Iden�fy 
common 
failure modes 
and 
mechanisms 
observed in 
telecom 
equipment.

2. Perform root 
cause analysis 
to determine 
the 
underlying 
reasons for 
equipment 
failures, using 
case study 
data.

3. Propose 
correc�ve 
ac�ons to 
address 
iden�fied 
weaknesses 
and prevent 
similar 
failures in 
future 
product 
revisions.

Interac�ve 
Lecture in 
the Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), 
Solder, Solder 
paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 60:00
P: 90:00

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 2.5: 
Reliability 
Engineering 
and Correc�ve 
Ac�ons

1. Understand 
the principles 
of reliability 
engineering 
and their 
applica�on to 
product 
design and 
improvement

2. Discuss 
techniques 
for 
implemen�ng 
correc�ve 
and 
preven�ve 
ac�ons to 
enhance 
product 
reliability.

3. Collaborate 
with other 
departments 
to implement 
correc�ve 
and 
preven�ve 
ac�ons.

Interac�ve 
Lecture in 
the Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), 
Solder, Solder 
paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 60:00
P: 90:00

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 2.6: 
Communica�o
n, Safety, and 
Collabora�on

1. Explain 
effec�ve 
communica�
on skills for 
presen�ng 
findings and 
recommenda
�ons to 
design and 
manufacturin
g teams.

2. Discuss the 
importance 
of 
collabora�on 
with other 
departments 
to implement 
correc�ve 
and 
preven�ve 
ac�ons.

3. Describe safe 
opera�on 
procedures 
for stress test 
equipment, 
following 
established 
safety 
guidelines.

4. Explain 
poten�al 
hazards 
associated 
with stress 
tes�ng and 
appropriate 
safety 
precau�ons.

5. Role-play 
collabora�ng 
with design 
and 
manufacturin
g teams.

Interac�ve 
Lecture in 
the Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), 
Solder, Solder 
paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 60:00
P: 90:00

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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3

Developing 
and 
Implemen
�ng 
Quality 
Control 
Plans

Unit 3.1: 
Introduc�on 
to Quality 
Control and 
Management 
in Telecom 
Equipment

1. Explain the 
principles and 
methodologie
s of quality 
control and 
quality 
management.

2. Discuss the 
importance 
of industry 
standards for 
telecom 
equipment 
quality 
control.

3. Iden�fy 
cri�cal 
process 
parameters 
for different 
stages of 
telecom 
equipment 
assembly 
(e.g., 
soldering 
temperature, 
component 
placement).

4. Analyze 
customer 
specifica�ons 
to iden�fy 
quality 
requirements 
for assembled 
telecom 
equipment.

TE/N7221: 
Implement 

and Monitor 
Quality 
Control

Interac�ve 
Lecture in 
the Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), 
Solder, Solder 
paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 30:00 
P: 30:00 

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 3.2: 
Quality 
Control Tools 
and 
Techniques

1. Describe the 
applica�on of 
various 
quality 
control tools 
(e.g., 
checklists, 
control 
charts, 
inspec�on 
gauges).

2. Demonstrate 
the opera�on 
of various 
quality 
control tools 
(e.g., 
checklists, 
control 
charts, 
inspec�on 
gauges).

3. Develop 
inspec�on 
points 
throughout 
the assembly 
process, 
defining clear 
acceptance 
criteria for 
each 
inspec�on 
point.

4. Select 
appropriate 
quality 
control tools 
and 
techniques 
based on 
specific 
scenarios.

5. Explain 
sta�s�cal 
process 
control (SPC) 
techniques 
for analyzing 
process data 
and 
iden�fying 
varia�ons.

Interac�ve 
Lecture in 
the Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), 
Solder, Solder 
paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 30:00 
P: 30:00 

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 3.3: Data 
Collec�on and 
Sta�s�cal 
Analysis

1. Describe 
techniques 
for data 
collec�on and 
analysis of 
process 
parameters.

2. Develop data 
collec�on 
plans 
specifying the 
frequency 
and method 
of collec�ng 
data for 
cri�cal 
process 
parameters.

3. Simulate data 
collec�on 
procedures 
using mock 
data sets.

4. U�lize 
sta�s�cal 
process 
control (SPC) 
techniques to 
analyze 
simulated 
data sets 
(e.g., control 
charts, 
histograms) 
and iden�fy 
trends or 
devia�ons.

5. Maintain 
control charts 
based on 
simulated 
data analysis.

Interac�ve 
Lecture in 
the Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), 
Solder, Solder 
paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 30:00 
P: 30:00 

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 3.4: Non-
Conformance 
Management 
and Root 
Cause Analysis

1. Explain 
procedures 
for 
iden�fying, 
documen�ng, 
and resolving 
non-
conformance
s in the 
assembly 
process.

2. Describe root 
cause analysis 
techniques to 
iden�fy 
underlying 
reasons for 
quality issues.

3. Analyze the 
root cause of 
iden�fied 
varia�ons in 
simulated 
data sets and 
propose 
correc�ve 
ac�ons.

4. Role-play how 
to establish 
correc�ve 
ac�on 
procedures. 

Interac�ve 
Lecture in 
the Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), 
Solder, Solder 
paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 30:00 
P: 30:00 

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 3.5: 
Quality Audits 
and Data 
Visualiza�on

1. Develop an 
internal 
quality audit 
schedule 
based on a 
risk 
assessment 
scenario.

2. Analyze audit 
findings from 
a pre-
collected data 
set to iden�fy 
recurring 
issues and 
areas for 
improvement

3. Collect and 
consolidate 
data from 
simulated 
sources 
relevant to 
quality 
control.

4. U�lize data 
visualiza�on 
techniques 
(e.g., Pareto 
charts) to 
present 
quality 
control data 
from 
simulated 
sources.

Interac�ve 
Lecture in 
the Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), 
Solder, Solder 
paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 30:00 
P: 30:00 

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 3.6: 
Training and 
Con�nuous 
Improvement 
in Quality 
Control

1. Plan and 
deliver a 
mock training 
session on 
quality 
control 
procedures 
for assembly 
personnel.

2. Design and 
facilitate 
interac�ve 
exercises to 
reinforce 
understandin
g of quality 
control 
principles.

3. Prac�ce 
developing 
clear and 
concise 
documenta�o
n related to 
quality 
control 
ac�vi�es.

Interac�ve 
Lecture in 
the Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), 
Solder, Solder 
paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 30:00 
P: 30:00 

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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4

Root Cause 
Analysis 

and 
Correc�ve 

Ac�ons

Unit 4.1: 
Introduc�on 
to Failure 
Analysis 
Techniques

1. Explain the 
principles and 
opera�on of 
various 
failure 
analysis 
techniques 
(visual 
inspec�on, X-
ray analysis, 
electrical 
tes�ng).

2. Demonstrate 
conduc�ng 
visual 
inspec�ons to 
iden�fy 
poten�al 
physical 
defects or 
anomalies.

3. U�lize X-ray 
analysis or 
other non-
destruc�ve 
tes�ng 
techniques.

4. Perform 
electrical 
tes�ng to 
assess 
func�onality 
and iden�fy 
electrical 
faults or 
abnormal 
parameters.

TEL/N7222: 
Analyze 

Failures and 
Recommend 

Improvements

Interac�ve 
Lecture in the 
Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), Solder, 
Solder paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 30:00 
P: 30:00 

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 4.2: 
Iden�fying 
and Analyzing 
Failure Modes

1. Analyze data 
collected 
from various 
tests (visual 
inspec�on, X-
ray, electrical) 
to iden�fy 
poten�al 
failure 
modes.

2. Iden�fy 
common 
failure modes 
observed in 
telecom 
equipment 
(e.g., 
overhea�ng, 
short 
circuits).

3. Analyze how 
design 
weaknesses, 
material 
deficiencies, 
or 
manufacturin
g process 
varia�ons can 
contribute to 
equipment 
failures.

Interac�ve 
Lecture in the 
Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), Solder, 
Solder paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 30:00 
P: 30:00 

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 4.3: Root 
Cause Analysis

1. Explain 
techniques 
for root cause 
analysis (e.g., 
FMEA, FTA) 
used to 
determine 
the 
underlying 
reasons for 
equipment 
failures.

2. Employ root 
cause analysis 
techniques 
(e.g., FMEA, 
FTA) to 
determine 
the 
underlying 
reasons for 
the failure 
mode.

Interac�ve 
Lecture in the 
Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), Solder, 
Solder paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 30:00 
P: 30:00 

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 4.4: 
Correc�ve and 
Preven�ve 
Ac�ons

1. Explain 
strategies for 
developing 
effec�ve 
correc�ve 
ac�ons to 
address 
iden�fied 
failure 
mechanisms.

2. Propose 
correc�ve 
ac�ons to 
address the 
iden�fied 
failure 
mechanism 
and prevent 
similar failures 
in future 
product 
revisions.

3. Evaluate the 
feasibility and 
cost-
effec�veness of 
poten�al 
correc�ve 
ac�ons.

4. Recommend 
preven�ve 
ac�ons to be 
implemented 
in the design or 
manufacturing 
process to 
minimize 
future failures.

Interac�ve 
Lecture in the 
Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), Solder, 
Solder paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 30:00 
P: 30:00 

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Unit 4.5: 
Communica�o
n and 
Repor�ng

1. Explain the 
importance of 
clear and 
concise 
technical 
communica�on 
for presen�ng 
failure analysis 
findings.

2. Demonstrate 
developing and 
communica�ng 
a clear and 
concise report 
documen�ng 
the failure 
analysis 
process, 
findings, root 
cause, and 
recommended 
correc�ve and 
preven�ve 
ac�ons.

3. Explain the 
importance of 
effec�ve 
collabora�on 
skills for 
working with 
design and 
manufacturing 
teams to 
implement 
correc�ve and 
preven�ve 
ac�ons.

Interac�ve 
Lecture in the 
Class

Training kit 
(Trainer guide, 
Presenta�ons), 
Whiteboard, 
Marker, 
Projector, 
Laptop, 
Presenta�on, 
Par�cipant 
Handbook, etc.

Tools, 
Equipment and 
Other 
Requirements
Soldering iron 
(or soldering 
sta�on), Solder, 
Solder paste (if 
applicable), 
Stencil (if using 
solder paste), 
Tweezers, 
Component 
cu�ers, 
Magnifying 
glass, 
Mul�meter (or 
other test 
equipment), 
ESD 
worksta�on (or 
grounding 
equipment), 
Cleaning tools 
(e.g., flux 
cleaner, 
isopropyl 
alcohol), 
Workbench 
with proper 
ligh�ng 
(Op�onal: Data 
collec�on and 
analysis 
so�ware)

T: 30:00 
P: 30:00 

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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8
Employability 
Skills

Employability 
Skills

DGT/VSQ/N
0103:

Employabilit
y Skills (90 

Hours

Interac�ve 
Lecture in the 
Class

Employability 
Skills 
Par�cipant 
handbook, 
Projector 
Whiteboard,
Marker, and 
Duster

T: 30:00 
P: 30:00 

9
On-the-Job
Training

180
Hours

S
No.

Module
Name

Session 
Name

Session 
Objectives

NOS 
Reference

Methodology Training 
Tools Aids

Duration
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Annexure-II 

Assessment Criteria

CRITERIA FOR ASSESSMENT OF TRAINEES

 

S.No. Assessment Guidelines

1 

2 

3 

4 

5 

6 

7 

Job Role

Qualification Pack

Sector Skill Council

Reliability & Quality Control Manager

TEL/Q7206

Telecom Sector Skill Council

Criteria for assessment for each Quali�cation Pack will be created by the Sector Skill Council. Each Element/ 

Performance Criteria (PC) will be assigned marks proportional to its importance in NOS. SSC will also lay down 

proportion of marks for Theory and Skills Practical for each Element/ PC.

The assessment for the theory part will be based on knowledge bank of questions created by the SSC.

Assessment will be conducted for all compulsory NOS, and where applicable, on the selected elective/option 

NOS/set of NOS.

Individual assessment agencies will create unique evaluations for skill practical for every student at each 

examination/ training center based on these criteria.

Individual assessment agencies will create unique question papers for theory part for each candidate at each 

examination/training center (as per assessment criteria below).

To pass the Quali�cation Pack assessment, every trainee should score the Recommended Pass 70 % aggregate for 

the QP.

In case of unsuccessful completion, the trainee may seek reassessment on the Quali�cation Pack.
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NOS Assessment Criteria for Outcomes
Theory 
Marks

Prac�cal 
Marks

Project 
Marks

Viva 
Marks

1. 
TEL/N7219: 
Prepare and 

Assemble 
Telecom 

Equipment 
PCBs

Prepare & Assemble PCBs 18 30 - 5

PC1. review work instruc�ons and 
process documenta�on for the specific 
assembly opera�on

2 2 - -

PC2. iden�fy required materials, 
components, and tools

2 3 - -

PC3. verify the func�onality and 
calibra�on of test equipment

2 3 - -

PC4. prepare the worksta�on for 
assembly, ensuring a clean and organized 
environment

1 2 - -

PC5. pre-heat soldering equipment to the 
appropriate temperature (if applicable)

1 2 - -

PC6. retrieve components, verifying their 
part numbers and specifica�ons against 
the bill of materials (BOM)

1 2 - -

PC7. apply solder paste to designated 
pads on the PCB using a stencil or 
dispenser (if applicable)

1 2 - -

PC8. place electronic components onto 
the PCB accurately and according to the 
assembly drawing

2 3 - 1

PC9. soldering components using 
appropriate techniques (e.g., wave 
soldering, hand soldering)

2 3 - 1

PC10. clean any soldering flux residue 
from the PCB

1 2 - -

PC11. visually inspect assembled PCBs for 
defects such as missing components, 
misaligned components, or poor 
soldering joints

1 2 - 1

PC12. perform any required rework 
procedures to rec�fy iden�fied defects

2 4 - 1

Inspect, Test, and Document PCBs 12 30 - 5

PC13. retrieve components, verifying 
their part numbers and specifica�ons 
against the bill of materials (BOM)

1 3 - 1

PC14. apply solder paste to designated 
pads on the PCB using a stencil or 
dispenser (if applicable)

1 3 - -

PC15. place electronic components onto 
the PCB accurately and according to the 
assembly drawing

1 5 - 1

PC16. soldering components using 
appropriate techniques (e.g., wave 
soldering, hand soldering)

1 5 - 1
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NOS Assessment Criteria for Outcomes
Theory 

Marks

Practical 

Marks

Project 

Marks

Viva 

Marks

PC17. clean any soldering flux residue 
from the PCB

1 3 - 1

PC18. visually inspect assembled 
PCBs for defects such as missing 
components, misaligned components, 
or poor soldering joints

1 3 - -

PC19. record assembly activities in 
accordance with company procedures 
(e.g., completing assembly logs, 
updating production control systems)

1 3 - -

PC20. maintain accurate records of 
materials used, test results, and any 
non-conformances encountered

1 3 - 1

PC21. file completed documentation 
according to established filing systems

1 2 - -

NOS Total 30 60 - 10

2.
TEL/N7220: 

Conduct 
and Analyze 
Stress Tests 
for Telecom 
Equipment 
Reliability

Design and Prepare for Stress Testing 12 16 - 4

PC1. review product specifications and 
identify critical performance 
parameters (e.g., power consumption, 
signal integrity, data throughput)

2 2 - 1

PC2. research industry standards and 
regulations relevant to telecom 
equipment reliability testing (e.g., 
Telcordia GR series)

1 1 - -

PC3. analyze typical environmental 
and operational conditions for targeted 
telecom applications (e.g., temperature 
range, humidity levels, vibration 
profiles)

1 1 - -

PC4. design stress test profiles that 
simulate combinations of these 
conditions, exceeding expected 
operational limits to induce failures

2 2 - 1

PC5. select appropriate stress test 
equipment based on the designed 
profiles (e.g., temperature chambers, 
vibration tables, electrical stress 
testers)

1 2 - -

PC6. configure the chosen test 
equipment according to the specific 
stress test profile requirements

2 3 - 1

PC7. prepare test fixtures and 
adapters to securely hold and interface 
with telecom equipment samples 
during testing

2 3 - -
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NOS Assessment Criteria for Outcomes Theory Marks
Prac�cal 

Marks
Project 
Marks

Viva Marks

PC8. develop data acquisi�on plans for 
capturing and recording relevant test 
parameters throughout the stress test 
process

1 2 - 1

Conduct and Monitor Stress Tests 14 16 - 3

PC9. calibrate and verify the func�onality 
of stress test equipment before use

2 2 - 1

PC10. prepare and pre-condi�on telecom 
equipment samples for stress tes�ng 
according to established procedures

2 2 - -

PC11. integrate the telecom equipment 
samples into the designed test setup using 
prepared fixtures and adapters

2 2 - -

PC12. ini�ate and execute stress tests 
following defined protocols and safety 
guidelines

1 2 - -

PC13. review test outcomes and other 
related factors in the appropriate forms or 
electronic documenta�on tools

2 3 - 1

PC14. ensure data accuracy and 
completeness as per established 
procedures

1 1 - -

PC15. iden�fy passing and failing wafers 
based on defined criteria

2 2 - -

PC16. mark any irregulari�es or concerns 
that would need more research

1 2 - -

PC17. store the test data either in 
electronic or hard copy format depending 
on the company policy

1 1 - -

Analyze Failure Data and Recommend 
Improvements

14 18 - 3

PC18. compile and organize failure data 
from completed stress tests (e.g., �me-to-
failure, failure modes, opera�ng 
condi�ons at failure)

2 2 - 1

PC19. apply sta�s�cal techniques (e.g., 
Weibull analysis, Pareto charts) to analyze 
failure data and iden�fy trends or pa�erns 
in failure occurrences

2 2 - -

PC20. perform root cause analysis to 
determine the underlying reasons for 
equipment failures, considering design 
weaknesses, material deficiencies, or 
manufacturing defects

2 3 - 1
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NOS Assessment Criteria for Outcomes Theory Marks
Prac�cal 

Marks
Project 
Marks

Viva Marks

PC21. u�lize various tools and techniques 
(e.g., FMEA, FTA) to iden�fy poten�al 
failure mechanisms that could be 
triggered under different stress condi�ons

2 2 - -

PC22. based on the root cause analysis, 
propose correc�ve ac�ons to address 
iden�fied weaknesses and prevent similar 
failures in future product revisions

2 3 - -

PC23. evaluate the feasibility and cost-
effec�veness of poten�al correc�ve 
ac�ons considering design changes, 
material selec�on, or manufacturing 
process modifica�ons

1 2 - -

PC24. recommend preven�ve ac�ons to 
be implemented in the design or 
manufacturing process to minimize future 
failures (e.g., dera�ng components, adding 
thermal management features)

1 1 - 1

PC25. document recommenda�ons for 
correc�ve and preven�ve ac�ons in a clear 
and concise report with suppor�ng data 
and analysis results

1 1 - -

PC26. collaborate with design and 
manufacturing teams to present findings 
and discuss the implementa�on of agreed-
upon correc�ve and preven�ve ac�ons to 
enhance product reliability

1 2 - -

NOS Total 40 50 - 10

Develop, Implement, and Manage Quality 
Control Systems

18 30 - 5

PC1. analyze customer specifica�ons to 
iden�fy quality requirements for 
assembled telecom equipment (e.g., 
func�onality, performance, materials)

1 2 - 1

PC2. research and iden�fy relevant 
industry standards for telecom equipment 
quality control (e.g., IPC standards for 
soldering)

1 2 - -

PC3. develop inspec�on points throughout 
the assembly process that focus on cri�cal 
quality characteris�cs of the equipment

1 2 - -

PC4. define clear acceptance criteria for 
each inspec�on point, specifying the 
acceptable range for parameters like 
component placement or soldering quality

1 2 - 1
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NOS Assessment Criteria for Outcomes Theory Marks
Prac�cal 

Marks
Project 
Marks

Viva Marks

PC5. establish correc�ve ac�on 
procedures for iden�fied non-
conformances, outlining steps to resolve 
issues and prevent recurrence

1 2 - -

PC6. select appropriate quality control 
tools and techniques based on the 
assembly process and iden�fied risks (e.g., 
checklists for visual inspec�ons, control 
charts for monitoring process parameters)

1 2 - -

PC7. develop clear and concise 
documenta�on of the chosen quality 
control procedures, ensuring easy 
understanding and consistent applica�on

1 2 - -

PC8. train assembly personnel on the 
established quality control plans, 
procedures, and associated tools

1 2 - -

PC9. conduct periodic refresher training to 
ensure ongoing knowledge and proper 
implementa�on of quality control 
procedures

2 3 - 1

PC10. iden�fy cri�cal process parameters 
for each stage of the telecom equipment 
assembly process (e.g., soldering 
temperature, component placement 
accuracy, torque applied to fasteners)

2 2 - 1

PC11. develop data collec�on plans that 
specify the frequency and method of 
collec�ng data for these cri�cal process 
parameters

1 2 - -

PC12. implement data collec�on 
procedures, ensuring accurate and reliable 
data gathering throughout produc�on

1 2 - -

PC13. u�lize sta�s�cal process control 
(SPC) techniques to analyze collected data 
(e.g., control charts, histograms) and 
iden�fy any trends or devia�ons from 
established control limits

1 2 - -

PC14. analyze the root cause of iden�fied 
process varia�ons and implement 
correc�ve ac�ons to bring the process 
back within control limits

2 2 - 1

PC15. maintain control charts and 
document any correc�ve ac�ons taken to 
address process varia�ons

1 1 - -

Conduct Audits, Analyze Data, and Report 
for Improvement

12 30 - 5
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NOS Assessment Criteria for Outcomes Theory Marks
Prac�cal 

Marks
Project 
Marks

Viva Marks

PC16. develop and schedule internal 
quality audits of the telecom equipment 
assembly process based on a risk 
assessment, priori�zing areas with higher 
poten�al for quality issues

1 3 - -

PC17. conduct audits according to defined 
procedures, verifying adherence to 
established quality control plans and 
iden�fying any devia�ons or non-
conformances

1 4 - 1

PC18. perform regular inspec�ons of 
assembly worksta�ons, equipment, and 
materials to proac�vely iden�fy poten�al 
quality problems before they occur

12 30 - 5

PC19. document audit and inspec�on 
findings, including detailed descrip�ons of 
any non-conformances observed

2 4 - 1

PC20. analyze audit and inspec�on data to 
iden�fy recurring issues and opportuni�es 
for improvement in the quality control 
system

2 3 - -

PC21. collect and consolidate quality data 
from various sources (e.g., inspec�on 
records, SPC charts, customer feedback, 
warranty claims)

1 3 - -

PC22. analyze trends and pa�erns in 
quality data to iden�fy areas for 
improvement in the assembly process or 
product design

1 2 - 1

PC23. u�lize data visualiza�on techniques 
(e.g., Pareto charts) to effec�vely 
communicate key quality metrics and 
improvement opportuni�es

1 3 - -

PC24. prepare comprehensive quality 
reports that summarize key metrics, 
trends, correc�ve ac�ons implemented, 
and recommenda�ons for further 
improvement

1 2 - 1

PC25. communicate quality data and 
findings to relevant personnel (e.g., 
produc�on supervisors, management, 
design teams) to facilitate informed 
decision-making

1 3 - 1

NOS Total 30 60 - 10
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NOS Assessment Criteria for Outcomes Theory Marks
Prac�cal 

Marks
Project 
Marks

Viva Marks

Perform Failure Analysis and Iden�fy Root 
Cause

18 34 - 5

PC1. receive and document failed telecom 
equipment samples

2 4 - -

PC2. conduct visual inspec�ons to iden�fy 
poten�al physical defects or anomalies 
(e.g., burn marks, damaged components)

2 4 - -

PC3. u�lize X-ray analysis or other non-
destruc�ve tes�ng techniques to examine 
internal structures for hidden defects

3 5 - -

PC4. perform electrical tes�ng to assess 
func�onality and iden�fy electrical faults 
or abnormal parameters

2 6 - -

PC5. analyze collected data from various 
tests to iden�fy the most likely failure 
mode (e.g., short circuit, overhea�ng)

3 4 - -

PC6. employ root cause analysis 
techniques (e.g., FMEA, FTA) to determine 
the underlying reasons for the failure 
mode

3 5 - -

PC7. consider factors such as design 
weaknesses, material deficiencies, or 
manufacturing process varia�ons during 
root cause analysis

3 6 - -

Recommend Improvements and 
Communicate Findings

12 26 - 5

PC8. propose correc�ve ac�ons to address 
the iden�fied failure mechanism and 
prevent similar failures in future product 
revisions based on the root cause analysis

1 2 - -

PC9. evaluate the feasibility and cost-
effec�veness of poten�al correc�ve 
ac�ons (e.g., design changes, material 
selec�on, process modifica�ons)

2 4 - 1

PC10. recommend preven�ve ac�ons to 
be implemented in the design or 
manufacturing process to minimize future 
failures (e.g., adding redundancy, dera�ng 
components)

1 3 - -

PC11. develop a clear and concise report 
documen�ng the failure analysis process, 
findings, root cause, and recommended 
correc�ve and preven�ve ac�ons

1 3 - 1
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NOS Assessment Criteria for Outcomes Theory Marks
Prac�cal 

Marks
Project 
Marks

Viva Marks

PC12. collaborate with design and 
manufacturing teams to present findings 
and discuss the implementa�on of agreed-
upon correc�ve and preven�ve ac�ons

1 2 - -

PC13. develop clear and concise reports or 
presenta�ons summarizing failure analysis 
findings, root causes, and recommended 
correc�ve/preven�ve ac�ons

1 2 - 1

PC14. effec�vely present failure analysis 
results to relevant personnel (e.g., design 
engineers, produc�on supervisors, quality 
control personnel)

2 3 - 1

PC15. ac�vely par�cipate in discussions 
and collaborate with other teams (design, 
manufacturing) to develop and implement 
agreed-upon correc�ve and preven�ve 
ac�ons based on the analysis.

1 2 - -

PC16. communicate technical informa�on 
related to failures and improvement 
opportuni�es in a way that is 
understandable to a diverse audience

1 3 - -

PC17. document communica�on ac�vi�es 
and progress made towards implemen�ng 
correc�ve and preven�ve ac�ons

1 2 - 1

NOS Total 30 60 - 10

Introduc�on to Employability Skills 1 1 - -

PC1. understand the significance of 
employability skills in mee�ng the current 
job market requirement and future of 
work

- - - -

PC2.iden�fy and explore learning and 
employability relevant portals

- - - -

PC3. research about the different 
industries, job market trends, latest skills 
required and the available opportuni�es

- - - -

Cons�tu�onal values – Ci�zenship 1 1 - -

PC4. recognize the significance of 
cons�tu�onal values, including civic rights 
and du�es, ci�zenship, responsibility 
towards society etc. and personal values 
and ethics such as honesty, integrity, 
caring and respec�ng others, etc.

- - - -

PC5. follow environmentally sustainable 
prac�ces

- - - -
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NOS Assessment Criteria for Outcomes Theory Marks
Prac�cal 

Marks
Project 
Marks

Viva Marks

Becoming a Professional in the 21st 
Century

1 3 - -

PC6. recognize the significance of 21st 
Century Skills for employment

- - - -

PC7. prac�ce the 21st Century Skills such 
as Self-Awareness, Behaviour Skills, �me 
management, cri�cal and adap�ve 
thinking, problem-solving, crea�ve 
thinking, social and cultural awareness, 
emo�onal awareness, learning to learn for 
con�nuous learning etc. in personal and 
professional life

- - - -

PC8. adopt a con�nuous learning mindset 
for personal and professional 
development

- - - -

Basic English Skills 3 4 - -

Pc9. use basic English for everyday 
conversa�on in different contexts, in 
person and over the telephone

- - - -

PC10. read and understand rou�ne 
informa�on, notes, instruc�ons, mails, 
le�ers etc. wri�en in English

- - - -

PC11. write short messages, notes, le�ers, 
e-mails etc. in English

- - - -

Career Development & Goal Se�ng 1 2 - -

PC12. iden�fy career goals based on the 
skills, interests, knowledge, and personal 
a�ributes

- - - -

PC13. prepare a career development plan 
with short- and long-term goals

- - - -

Communica�on Skills 2 2 - -

PC14. follow verbal and non-verbal 
communica�on e�que�e while 
communica�ng in professional and public 
se�ngs

- - - -

PC15. use ac�ve listening techniques for 
effec�ve communica�on

- - - -

PC16. communicate in wri�ng using 
appropriate style and format based on 
formal or informal requirements

- - - -

PC17. work collabora�vely with others in a 
team

- - - -

Diversity & Inclusion 1 1 - -

PC18. communicate and behave 
appropriately with all genders and PwD

- - - -
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NOS Assessment Criteria for Outcomes Theory Marks
Prac�cal 

Marks
Project 
Marks

Viva Marks

PC19. escalate any issues related to sexual 
harassment at workplace according to 
POSH Act

- - - -

Financial and Legal Literacy 2 3 - -

PC20. iden�fy and select reliable 
ins�tu�ons for various financial products 
and services such as bank account, debit 
and credit cards, loans, insurance etc.

- - - -

PC21. carry out offline and online financial 
transac�ons, safely and securely, using 
various methods and check the entries in 
the passbook

- - - -

PC22. iden�fy common components of 
salary and compute income, expenses, 
taxes, investments etc

- - - -

PC23. iden�fy relevant rights and laws and 
use legal aids to fight against legal 
exploita�on

- - - -

Essen�al Digital Skills 3 5 - -

PC24. operate digital devices and use their 
features and applica�ons securely and 
safely

- - - -

PC25. carry out basic internet opera�ons 
by connec�ng to the internet safely and 
securely, using the mobile data or other 
available networks through Bluetooth, Wi-
Fi, etc.

- - - -

PC26. display responsible online behaviour 
while using various social media pla�orms

- - - -

PC27. create a personal email account, 
send and process received messages as 
per requirement

- - - -

PC28. carry out basic procedures in 
documents, spreadsheets and 
presenta�ons using respec�ve and 
appropriate applica�ons

- - - -

PC29. u�lize virtual collabora�on tools to 
work effec�vely

- - - -

Entrepreneurship 2 3 - -

PC30. iden�fy different types of 
Entrepreneurship and Enterprises and 
assess opportuni�es for poten�al business 
through research

- - - -

PC31. develop a business plan and a work 
model, considering the 4Ps of Marke�ng 
Product, Price, Place and Promo�on

- - - -
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NOS Assessment Criteria for Outcomes Theory Marks
Prac�cal 

Marks
Project 
Marks

Viva Marks

PC32. iden�fy sources of funding, 
an�cipate, and mi�gate any financial/ 
legal hurdles for the poten�al business 
opportunity

- - - -

Customer Service 1 2 - -

PC33. iden�fy different types of customers 
and ways to communicate with them

- - - -

PC34. iden�fy and respond to customer 
requests and needs in a professional 
manner

- - - -

PC35. use appropriate tools to collect 
customer feedback

- - - -

PC36. follow appropriate hygiene and 
grooming standards

- - - -

Ge�ng ready for appren�ceship & Jobs 2 3 - -

PC37. create a professional Curriculum 
vitae (Résumé)

- - - -

PC38. search for suitable jobs using 
reliable offline and online sources such as 
Employment exchange, recruitment 
agencies, newspapers etc. and job portals, 
respec�vely

- - - -

PC39. apply to iden�fied job openings 
using offline /online methods as per 
requirement

- - - -

PC40. answer ques�ons politely, with 
clarity and confidence, during recruitment 
and selec�on

- - - -

PC41. iden�fy appren�ceship 
opportuni�es and register for it as per 
guidelines and requirements

- - - -

NOS Total 20 30 - -
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Annexure - III 

Module 1: Preparing 
and Assembling 
Telecom Circuit 
Boards

Module 1: Preparing 
and Assembling 
Telecom Circuit 
Boards

Module 1: Preparing 
and Assembling 
Telecom Circuit 
Boards

Module 2: 
Conduc�ng and 
Analyzing Stress 
Tests

Module 2: 
Conduc�ng and 
Analyzing Stress 
Tests

Unit 1.1: 
Understanding 
Electronic 
Components and 
Their Specifica�ons

Unit 1.3: 
PCB Assembly 
Procedures and 
Quality Control 
Standards

Unit 1.5: 
Assembly Execu�on 
and Inspec�on 
Procedures

Unit 2.1: 
Telecom Equipment 
and Stress Tes�ng 
Fundamentals

Unit 2.3: 
Data Acquisi�on, 
Analysis, and 
Sta�s�cal 
Techniques

1.1.1: 
Understand the 
func�on and 
purpose of various 
electronic 
components (e.g., 
resistors, capacitors, 
transistors).

1.3.1
Understand the 
assembly 
procedures and the 
role of the Bill of 
Materials (BOM) in 
guiding the process.

1.5.2: 
Perform visual 
inspec�ons of 
assembled PCBs to 
iden�fy defects like 
missing or misaligned 
components and poor 
soldering joints.

2.1.1: 
Understand the 
func�onali�es and 
cri�cal performance 
parameters of 
various telecom 
equipment.

2.3.2: 
Apply sta�s�cal 
techniques for 
analyzing failure data 
(e.g., Weibull analysis, 
Pareto charts) to 
iden�fy trends and 
pa�erns

10 Basic Electronics 
Components and their 

func�ons

the role of the Bill of 
Materials (BOM)

PCB visual inspec�on: 
PCBA Visual Inspec�on 

Process

Telecom Important 
Parameters

What is PARETO ANALYSIS 
& How to MAKE a 

PARETO CHART

45

45
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106
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=rh1dGqj25eM
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Module 2: 
Conduc�ng and 
Analyzing Stress 
Tests

Module 3: 
Developing and 
Implemen�ng 
Quality Control 
Plans

Module 3: 
Developing and 
Implemen�ng 
Quality Control 
Plans

Module 3: 
Developing and 
Implemen�ng 
Quality Control 
Plans

Module 3: 
Developing and 
Implemen�ng 
Quality Control 
Plans

Unit 2.6: 
Communica�on, 
Safety, and 
Collabora�on

Unit 3.1: 
Introduc�on to 
Quality Control and 
Management in 
Telecom Equipment

Unit 3.3: 
Data Collec�on and 
Sta�s�cal Analysis

Unit 3.5: 
Quality Audits and 
Data Visualiza�on

Unit 3.6: 
Training and 
Con�nuous 
Improvement in 
Quality Control

2.5.3: 
Collaborate with other 
departments to 
implement correc�ve 
and preven�ve ac�ons.

2.6.1: 
Explain effec�ve 
communica�on skills for 
presen�ng findings and 
recommenda�ons to 
design and 
manufacturing teams.

3.1.1: 
Explain the principles 
and methodologies of 
quality control and 
quality management.

3.3.3: 
Simulate data collec�on 
procedures using mock 
data sets.

3.5.1: 
Develop an internal 
quality audit schedule 
based on a risk 
assessment scenario.

3.6.3: 
Prac�ce developing 
clear and concise 
documenta�on related 
to quality control 
ac�vi�es.

CAPA - Correc�ve 
ac�on and Preven�ve 

ac�on in Hindi

Effec�ve Communica�on

Total Quality Management 
Principles

Data collec�on 

Risk Management 

Quality Management 
System Documenta�on 

Structure

Module 2: 
Conduc�ng and 
Analyzing Stress 
Tests

Unit 2.5: 
Reliability 
Engineering and 
Correc�ve Ac�ons

106

106

151

151

151

151
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=NW3WAp_juAM
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ube.com/watch?v
=9GthPTi1Nqc
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ube.com/watch?v
=ON3MoAZI-io
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Module 4: 
Root Cause Analysis 
and Correc�ve 
Ac�ons

Module 4: 
Root Cause Analysis 
and Correc�ve 
Ac�ons

Unit 4.3: 
Root Cause Analysis

Unit 4.5: 
Communica�on and 
Repor�ng

4.1.1: 
Explain the principles 
and opera�on of 
various failure analysis 
techniques (visual 
inspec�on, X-ray 
analysis, electrical 
tes�ng).

4.3.1: 
Explain techniques for 
root cause analysis 
(e.g., FMEA, FTA) used 
to determine the 
underlying reasons for 
equipment failures.

4.5.1: 
Explain the importance 
of clear and concise 
technical 
communica�on for 
presen�ng failure 
analysis findings.

Failure Analysis

Root Cause Analysis 

Importance of technical 
communica�on

Module 4: 
Root Cause Analysis 
and Correc�ve 
Ac�ons

Unit 4.1: 
Introduc�on to 
Failure Analysis 
Techniques 178

178

178

h�ps://www.yout
ube.com/watch?v
=sirg9poGLok

h�ps://www.yout
ube.com/watch?si
=g3BwpMYWXAZR
jrIK&v=K2yHOYeZs
SQ&feature=yout
u.be

h�ps://www.yout
ube.com/watch?v
=kdW3aPdW3kU
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