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Copyright & Disclaimer

This handbook has been developed as a comprehensive resource for Electronics Machine Maintenance
Executives, combining industry best practices, National Policy on Electronics (NPE) 2019 guidelines, and

modern maintenance frameworks. It is intended for professional development and operational reference.

Disclaimer: The content is compiled from sectoral standards, global electronics market analysis, and
established maintenance methodologies. While every effort has been made to ensure accuracy, this
handbook does not replace formal manufacturer documentation, safety regulations, or legal compliance
requirements. Users must always verify maintenance procedures against equipment-specific manuals and
current industry standards.

How to Use This Handbook
Each chapter builds progressively from global context to hands-on maintenance execution:

1. Industry Landscape: Understand the strategic forces shaping electronics manufacturing.
2. Organizational Policies: Learn the frameworks that govern high-tech operations.

3. Electronics Fundamentals: Master the scientific principles behind every diagnostic action.
4. Role & Competencies: Define your professional growth path from execution to leadership.

5. Maintenance Methodologies: Implement proactive, data-driven reliability strategies.

Look for key terms throughout the text, which are defined in the Index.
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The Strategic Imperative: Bridging Theory & Industry

The electronics industry is the foundational pillar of the modern global economy. For the Maintenance
Executive, understanding this landscape is not merely academic; it is a prerequisite for operating in the
high-volume, automated environments where consistent quality and low-cost production are maintained
through technical rigor.

Why This Handbook Exists

Most maintenance training focuses on reactive troubleshooting—fixing what is broken. This handbook
transforms that mindset into proactive reliability engineering. It connects the scientific principles of
electron flow with the strategic frameworks of organizational policy, ensuring that every maintenance
intervention is both technically sound and aligned with business objectives.

The Core Philosophy: Zero-Defect Operations

Every diagnostic step, every preventive schedule, and every risk assessment must be grounded in three
pillars:

1. Scientific Understanding: Mastery of electronic parameters and component behavior.

2. Policy Adherence: Strict compliance with organizational standards and national regulations.

3. Strategic Foresight: Shifting from reactive breakdown repair to condition-based, data-driven
maintenance.

Industry 4.0 Context:

The modern maintenance executive operates at the intersection of electronics, IoT, and data analytics. The
National Policy on Electronics (NPE) 2019 and "Make in India" have accelerated the need for professionals who
can maintain advanced production lines with minimal downtime.




Chapter 1: The Global and National Electronics
Landscape

1.1 Strategic Importance of the Electronics Industry

The electronics industry dictates the pace of innovation across every connected society—from
communication and healthcare to defence and industrial automation. For the Maintenance Executive, the
sheer scale of production volumes and the precision required in manufacturing create a direct link between
machine uptime and national economic competitiveness.

1.2 Global Market Analysis and Segment Dominance (2020-21)

The global electronics market reached a valuation of $2.9 trillion in 2020. However, executives must look
beyond the total figure to see where maintenance demand is most concentrated:

Global Electronics Market by Segment (2020-21)

Segment Market Size (USD Billion) Maintenance Intensity
Mobile Phones 540 Very High

IT Hardware (Laptops, Tablets) 210 High

Consumer Electronics (TV & Audio) 143 Moderate

Wearables and Hearables 66 Low

LED Lighting 25 Moderate

Electric Vehicles 4 Growing

Senior Synthesis:

Combined, Mobile Phones and IT Hardware ($750B) represent over 25% of the total global market. This
dominance indicates that the majority of maintenance opportunities and industrial pressures exist within the
high-speed production lines dedicated to these two segments.




1.3 The Indian ESDM Transformation: NPE 2019 and "Make in India"

India has transitioned from a consumer of electronics to a global manufacturing hub. The National Policy
for Electronics (NPE) 2019 was specifically designed to create an enabling environment for Electronics
System Design and Manufacturing (ESDM). Under the "Make in India" initiative, electronics has been
designated as one of the 25 priority sectors. This policy shift ensures that maintenance executives are now
operating within a sector projected to increase its workforce from 0.9 million to over 4 million, reflecting a

massive scaling of industrial capacity.

1.4 Primary Sub-Sectors of the Indian Electronics Industry

The Indian electronics sector is categorized into eight distinct sub-sectors, each with unique maintenance

demands:
1. Communications and Broadcasting: Focuses on connectivity (Mobile phones, tablets).
. Consumer Electronics: High-volume appliances (Televisions, refrigerators, washing machines).
. Industrial Electronics: Precision control systems (UPS, SCADA, PLC, AC Drives).
. Medical Devices: Life-critical equipment (Ventilators, X-ray machines, dialysis units).
. Electronic Components: The fundamental building blocks (Semiconductors, resistors, capacitors).
. Strategic Electronics: Mission-critical defense and aerospace (Radar, sonar, satellite navigation).

Computer Hardware: Enterprise and consumer computing (Servers, laptops, desktops).
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. LED: Modern lighting solutions for automotive and architectural use.

Critical Distinction:
While "Electronic Components" refers to the individual parts, "Strategic Electronics" refers to integrated,
high-reliability systems used in defense. Both require maintenance, but the tolerance for failure in the latter is

zero

Mastering this industry-wide view allows an executive to navigate the internal organizational policies that
govern high-tech maintenance operations.



Chapter 2: Organizational Framework and Operational
Policies

2.1 The Imperative of Standardized Policies

Executives must prioritize the strict adherence to standardized policies to mitigate legal risks and ensure
operational continuity. Without these frameworks, high-tech environments lapse into redundancy and
inefficiency.

2.2 Core Policy Area Definitions

* Incentive Policy: A strategic tool to boost productivity and retain talent through recognition, financial
rewards, or special incentives.

* Delivery Standards Policy: Defines the "Performance Standards" or the quality/quantity of output
expected from teams and individuals.

* Personnel Management Policy: Handled by HR, this governs everything from recruitment and payroll to
compliance with national labour laws.

* Public Relations (PR) Policy: Manages the external brand image and ensures consistent communication
with stakeholders and investors.

2.3 Levels of Performance Standards

Performance Standards by Organizational Level

Level Focus Strategic Impact

Individual Level  Specific employee output and skill Directly influences Key Performance Indicators (KPIs).
quality.

Operational Departmental or team-level Ensures contribution to specific company-wide goals.

Level activities.

Strategic Level Overall organization-level Alignment with the company’s vision, values, and
performance. long-term viability.



2.4 Evaluating Individual Performance KPIs

For a Maintenance Executive, individual performance is not a vague concept; it is measured through specific,
quantifiable traits:

* Technical Proficiency: The baseline ability to resolve complex circuit failures, directly impacting Mean
Time to Repair (MTTR).

Accountability: The necessity for a clear audit trail in maintenance logs to meet regulatory and safety
requirements.

Time Management: Essential for minimizing downtime during scheduled maintenance windows.

Communication: Crucial for troubleshooting within a team to prevent information silos that delay
repairs.

These organizational expectations form the professional envelope within which technical knowledge must
be deployed to ensure zero-defect operations.



Chapter 3: Foundational Principles of Electronics

3.1 The Scientific Basis of Machine Maintenance

The scientific bedrock of machine maintenance lies in the controlled flow of electrons through
semiconductors and conductors. Every maintenance action—whether measuring a voltage drop or replacing
a faulty transistor—is essentially a diagnostic or corrective step regarding this flow.

3.2 Key Electrical and Electronic Parameters

Fundamental Parameters for Maintenance Diagnostics

Parameter (Unit) Definition Common Formula
Electric Current (I), Ampere Rate of flow of electrons past a point. I =V/R

Voltage (V), Volt Electric pressure required to drive 1A through 1Q. V =IR

Resistance (R), Ohm (Q) The opposition to the flow of current. R=V/

Power (W), Watt Rate of work done / energy dissipated. P=VlorP=1IR
Conductance (G), Siemens Reciprocal of resistance; material current capacity. G=1/R

Resistivity (p), Ohm-meter Material's inherent resistance per unit dimensions. R = pL/A
Conductivity (o) Reciprocal of resistivity. o=1/p
Capacitance (C), Farad Ability to store electric charge (Q) per unit voltage. C=QV
Inductance (L), Henry Current growth in an LR circuit over time (t). | = (V/R)(1 - e~R/L



3.3 Primary Electronic Components: Construction and Function

® Resistors: Used to limit current and establish specific voltage drops. Identified by colour bands indicating
resistance value and tolerance.

® Capacitors: Formed by conductors separated by a dielectric; used for energy storage, filtering, and
coupling/decoupling signals.

* Inductors: Coils that store energy in magnetic fields, opposing changes in current. Essential in power
supplies and RF circuits.

* Transistors: Three-terminal (Base, Collector, Emitter) semiconductor switches or amplifiers. The
workhorse of modern electronics.

* FETs & MOSFETs: Field-effect devices using a Gate, Source, and Drain to control current via electric
fields. Preferred for high-speed switching.

¢ Integrated Circuits (IC): Complex semiconductor chips containing millions of the above components to
perform logic, memory, or processing functions.

3.4 Logic Gates and Digital Building Blocks

Digital electronics rely on logic gates—AND, OR, NOT, NAND, NOR, XOR, XNOR—which process binary
signals (0 and 1). Maintenance executives frequently encounter these gates in PLCs (Programmable Logic
Controllers) and embedded systems. Understanding truth tables is essential for diagnosing digital circuit

failures.

3.5 Active vs. Passive: The Maintenance "So What?"

The distinction between Active and Passive components is the most critical concept in troubleshooting:

* Active Components (Transistors, ICs, Diodes) require external power and are the "decision-makers" of
the circuit. Maintenance Insight: These are the primary points of failure and control.

* Passive Components (Resistors, Capacitors, Inductors) do not require external power. Maintenance
Insight: These serve to condition the signal environment for active components.

Field Diagnostic Rule:

When a PCB fails, first check power supply rails (voltage), then clock signals (if digital), then systematically probe
active components. Over 60% of field failures are caused by capacitor degradation or transistor overheating—
both detectable with basic multimeter and thermal camera.




Understanding these components in isolation is the precursor to managing their complex interactions in a
professional maintenance role.



Chapter 4: Professional Role, Competencies, and

Career Progression

4.1 The Executive’s Role in Business Loss Mitigation

The Maintenance Executive is the guardian of the production line. Their fundamental goal is the

minimization of business losses through the application of technical expertise and systematic rigor.

Unplanned downtime in electronics manufacturing can cost upwards of X1 lakh per hour in high-volume
SMT lines.

4.2 Core Responsibilities and Tactical Tasks

Diagnostics: Systematic troubleshooting of PCBs and machines using schematics, oscilloscopes, and
logic analysers.

Execution: Handling assembly, dismantling, and replacement of faulty parts per Standard Operating
Procedures (SOP).

Planning: Executing preventive and scheduled maintenance cycles aligned with production calendars.

Governance: Ensuring equipment matches maintenance checklists and documenting all interventions in
CMMS (Computerized Maintenance Management System).

Safety: Maintaining a secure environment to prevent workplace hazards, particularly ESD (Electrostatic
Discharge) and high-voltage risks.



4.3 Balancing Technical Mastery and Soft Skill Competencies

A successful executive balances technical "hard" skills with professional "soft" skills:

Competency Matrix for Maintenance Executives

Competency
Examples Impact on Role

Type

Technical PCB design, circuit analysis, soldering, use of Directly determines diagnostic speed and
oscilloscope/multimeter repair quality

Professional Advanced reporting, documentation accuracy, Enables audit compliance and knowledge
time management transfer

Physical Hand-eye coordination, fine motor skills, Critical for precision soldering and working
physical fitness in cleanroom environments

4.4 Career Path Evolution: From Execution to Leadership

The progression for an executive marks a shift from Technical Execution to Strategic Leadership:

1. Maintenance Executive: Direct technical intervention and troubleshooting.
2. Senior Maintenance Executive: Project ownership and advanced diagnostics.
3. Maintenance Supervisor: Team leadership and resource allocation.

4. Head of Maintenance: Departmental oversight, budgeting, and long-term reliability strategy.
This career trajectory requires the adoption of increasingly sophisticated maintenance methodologies.
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Chapter 5: Advanced Maintenance Methodologies and
Workflows

5.1 Proactive Reliability vs. Reactive Breakdown

Professional maintenance has evolved from "Breakdown Repair" to "Operational Reliability," shifting the
focus from fixing failures to preventing them entirely. The cost ratio between reactive and proactive
maintenance is approximately 5:1—every rupee spent on preventive maintenance saves five rupees in
emergency repair and lost production.

5.2 Evaluation of the Seven Maintenance Modalities

Maintenance Modalities and Strategic Context

Maintenance Type Strategic Context

Preventive Scheduled: Performed at fixed intervals to prevent failures in critical assets.
Corrective Reactive: Performed after failure to restore operation. Best for non-critical assets.
Risk-Based (RBM) Prioritized: Focuses resources on assets with high failure risk and high impact.

Condition-Based (CBM) Data-Driven: Maintenance occurs only when real-time sensors indicate a problem.
Pre-determined OEM-led: Maintenance intervals are dictated strictly by manufacturer guidelines.
Reactive Immediate: Addressing sudden issues that have not yet caused a total halt.

Breakdown Emergency: Restoring equipment that has completely failed and stopped production.
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5.3 Detailed Preventive and Corrective Workflows

Preventive Maintenance Workflow

1. Define reliability goals and critical performance indicators (e.g., MTBF).

2. Inventory all assets and assign maintenance tasks based on OEM guidelines and historical data.
3. Allocate resources (manpower, spares, tools) and schedule downtime windows.

4. Execute tasks, document findings, and track performance indicators.

5. Review data for continuous improvement—adjust intervals based on actual wear patterns.

Pros: Increases equipment life, improves safety. Cons: High planning overhead; may lead to unnecessary
maintenance.

Corrective Maintenance Workflow

1. Issue detection (operator alarm, quality deviation, or breakdown).

2. Diagnostics and predictive assessment to identify root cause.

3. Replacement or repair of faulty components, following ESD-safe protocols.
4. Verification of system return to operation, including functional testing.

5. Root cause analysis documentation to prevent recurrence.
Pros: Lower monthly cost for non-essentials. Cons: Increases unplanned downtime and MTTR.
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5.4 Risk-Based Maintenance (RBM) and Resource Prioritization

RBM is essential for large-scale factories. It applies risk assessment (probability x consequence) to ensure
that the most critical assets—those whose failure would cause catastrophic loss or safety hazards—receive
the highest frequency of service. A pick-and-place machine in an SMT line would be classified as high-risk,
while a conveyor motor might be medium-risk.

5.5 Condition-Based Maintenance (CBM) Implementation

CBM represents the pinnacle of modern maintenance, utilizing the Internet of Things (loT). It transitions
maintenance from a calendar-based activity to a needs-based activity:

1. Baseline: Establish normal operating parameters (vibration, temperature, current draw).

2. Sensor Deployment: Install oT sensors to continuously monitor heat, vibration, or voltage.

3. Data Analytics: Use edge or cloud computing to detect anomalies and predict remaining useful life.

4. Work Order Generation: Automatically trigger a corrective action work order before failure occurs.

Real-World Example:

A leading mobile phone manufacturer uses CBM on reflow ovens. Thermal profile deviations trigger an alert to
maintenance teams, who recalibrate the oven during the next shift change, avoiding batch rejection worth 315-20
lakhs.

Continuous improvement in these workflows is the only way to ensure the long-term operational reliability
of high-tech industrial assets.
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Annexure: Supplemental Learning Resources

7.1 Summary Exercises

1. Contextual Analysis: Differentiate between Condition-Based Maintenance (CBM) and Risk-Based
Maintenance (RBM). In what scenario would you choose RBM over CBM?

2. Circuit Theory: Explain the role of a MOSFET in a high-speed switching circuit. Why is the insulation of
the gate critical?

3. KPI Identification: How does accountability for maintenance documentation directly affect the
"Strategic Level" of organizational performance?

7.2 Fill in the Blanks

1. Organizational policies provide the essential guidelines for day-to-day decision-making and operational

2. Electric current is defined as the number of passing through a fixed point in one second.
3. Electrical resistance is the to current flow in a circuit when voltage is applied.
4. Active components are those that require an power source to modify electrical signals.
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7.3 Multi-modal Learning Resources (Video/QR)

Scan the QR codes or visit the links below for supplementary video content:

Topic Video Link

Global Electronics Industry Dynamics youtu.be/PiR7PDEKy2A
Fundamentals of Electronic Parameters youtu.be/eFPTBAT{X70
Professional Responsibilities of the Executive youtu.be/xGdcRPikE6¢c

Master the science, embrace the policy, and lead the shift from reactive repair to proactive reliability.
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https://youtu.be/PiR7PDEKy2A
https://youtu.be/eFPTBATfX70
https://youtu.be/xGdcRPikE6c

Index of Key Terms

Active Component

CBM (Condition-Based
Maintenance)

ESDM

loT (Internet of Things)

KPI (Key Performance
Indicator)

MOSFET

MTBF (Mean Time
Between Failures)

MTTR (Mean Time to
Repair)

NPE 2019

Passive Component

PCB (Printed Circuit
Board)

PLC (Programmable Logic

Controller)

RBM (Risk-Based

Maintenance)

SOP (Standard Operating

Procedure)

A semiconductor device (transistor, IC, diode) that requires external power to
operate and can amplify or switch signals.

Maintenance triggered by real-time sensor data indicating deviation from normal
operating parameters.

Electronics System Design and Manufacturing — the ecosystem covering design,
fabrication, and assembly of electronic products.

Network of physical sensors and devices that collect and exchange data for
monitoring and control.

A measurable value that demonstrates how effectively an individual or organization
is achieving key objectives.

Metal-Oxide-Semiconductor Field-Effect Transistor; a voltage-controlled switch
widely used in power electronics.

The predicted elapsed time between inherent failures of a system during operation.

The average time required to diagnose and repair a failed component or system.

National Policy on Electronics 2019; India's strategic framework to promote ESDM
and achieve a $400 billion electronics manufacturing sector by 2025.

A circuit element (resistor, capacitor, inductor) that does not require external power
and cannot amplify signals.

A board that mechanically supports and electrically connects electronic components
using conductive tracks.

An industrial digital computer used for automation of electromechanical processes.

A prioritization methodology that allocates maintenance resources based on the risk
(probability x consequence) of asset failure.

A set of step-by-step instructions to achieve a consistent and safe outcome in
maintenance tasks.
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