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INDUSTRIAL AUTOMATION
DIPLOMA WALLAH

UNIT 1 - INTRODUCTION TO INDUSTRIAL AUTOMATION

¢ 1. Introduction to Automation

Definition

Automation means using technology, machines, and control systems to perform
tasks with minimal or no human intervention. In industries, automation replaces
manual operations with intelligent systems that can measure, co and regulate
processes automatically. The goal is to achieve higher accuracy,%s r production,
lower cost, and improved safety.

In the electrical field, automation involves using sensors, conttollers (like PLCs),
and actuators to control machines such as motors, generdtess, and switchgear. It
ensures that processes like voltage control, power4istribution, or manufacturing run

continuously with high efficiency. «\\ 5
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¢ 2. Why Automation Is Required 4\ N
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Automation is required to incre\i? ﬁ}'oductivity, enhance product quality, and
reduce operational costs. Mede industries handle complex and dangerous
processes — such as high—volt’ég’e operations, chemical mixing, or heavy equipment
handling — that areunsafejor too precise for humans.

In electrical systemsyatutomation prevents overloads, faults, and instability by

continuously mg variables like voltage, current, frequency, and power
factor. It also@wes the accuracy of processes like motor control or power

distribution. Moreover, automation helps in achieving standardization, remote
monitoring, and energy conservation.

Real-Life Example (Electrical):

In an electrical substation, automation systems monitor current and voltage. When
an overload occurs, a relay sends a signal to trip the circuit breaker, preventing
damage. This entire protection sequence occurs automatically in milliseconds.

¢ 3. Examples to Understand Industrial Automation
A. Power System Automation

» DPower plants and substations use SCADA systems for monitoring.
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e Automation enables remote switching, load control, and fault isolation.

o Example: When a fault occurs in a power line, SCADA automatically isolates
the faulty section and reroutes power.

B. Motor Control Centers (MCC)

e Automation in MCCs uses Programmable Logic Controllers (PLC) to
start/stop motors, control speed through Variable Frequency Drives (VFDs),
and detect overloads.

C. Manufacturing Robots
» Robots are used for welding, painting, and material handling.

o Example: In a motor manufacturing plant, a robotic arm wirlds motor coils
uniformly and with constant tension. 4)

D. Process Industries (Chemical, Food, Paper)

« Continuous monitoring and control of pressuref{tempeérature, and flow
through Distributed Control Systems (DCS).

E. Building Automation \ R
o Lighting and HVAC systems use mot“?fﬁg sors and timers.

\ .
o Example: Lights turn off auto%%hem a room is unoccupied, saving
energy. ~ Y
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¢ 4. Motivation for IndéstrialJAutomation
’I

In-depth Concept:
Industrial automatiom’is driven by the need for accuracy, safety, and reliability.
Industries m e%growing market demands while minimizing cost and errors.

Motivating Facters:
1. Productivity: Automated systems work 24 /7 without fatigue.
. Quality: Elimination of human errors gives consistent output.
Safety: Prevents accidents in hazardous electrical or chemical environments.

2

3

4. Efficiency: Real-time control reduces waste and energy consumption.

5. Competitiveness: Industries that automate can produce faster and cheaper.
6

. Data Analytics: Modern automation integrates IoT and Al to analyze plant
data for performance improvement.
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Electrical Example:

Automatic Power Factor Correction (APFC) panels monitor the load and switch
capacitor banks automatically to maintain the desired power factor — improving
system efficiency and avoiding penalties.

¢ 5, Levels of Industrial Automation Process

Explanation with Hierarchy:

Level Name Description (Electrical Focus)

Level Field Level Consists of sensors (temperature, voltage, current) and

0 actuators (motors, solenoids, relays) that directly
interact with the process. Example: CT/PT sensors in
substations.

Level Control Level  Uses controllers such as PLC ofdGS to regulate process
1 variables. Example: PLC contglling conveyor motors or
pump flow.

Level Supervisory SCADA /HMI systéms used for monitoring and
2 Level visualization. Example: Operator monitors transformer
health from a control room.

Level Production Manageﬁ L(%W'/production, quality checks, and
3 Level (MES) schziilﬁgg.\Example: Generating daily energy
o UeLOR reports.
Pl ep
Level Enterprise Business management decisions such as maintenance
i Level (ERP) planning, cost tracking, and resource management.
Diagram

ERP System (Business Level)

T
MES (Production Level)

T
SCADA/HMI (Supervision)

T
PLC/DCS (Control)

T
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Sensors & Actuators (Field Level)

¢ 6. Types of Automation
A. Fixed (Hard) Automation
o Used for mass production of a single product.
o Machines are configured for one task (e.g., conveyor belt system).
o Example: Power cable insulation machine.

B. Programmable Automation

o Equipment can be reprogrammed for different tasks. l %\

o Suitable for batch production. \
o Example: PLC controlling filling operations in a bo%?ant
C. Flexible Automation E
o Systems can quickly change between pr duc little downtime.

e Uses robotics and advanced PLCs

o Example: Assembly line where can assemble multiple motor
models.

D. Integrated Automation
« Entire factory is co Cs, SCADA, MES, and ERP share data.

o Example: Smar&) tems where energy distribution adjusts automatically

based on de%
E. Adaptive / igent Automation (Industry 4.0)

o Uses Al, ML, and IoT for self-learning systems.

o Example: Predictive maintenance in electrical systems using sensors that
detect motor vibration and warn before breakdown.

¢ 7. What Can Be Automated?
Automation Possible For:
1. Repetitive tasks: Motor start/stop control, assembly, material handling.
2. Hazardous tasks: High-voltage switching, furnace control.

3. Precision tasks: Measuring and mixing chemicals or voltage calibration.
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4. Monitoring tasks: Energy consumption tracking.
5. Quality control: Inspection using cameras and sensors.
Automation Not Suitable For:
1. Creative or Design work: Product design or artistic work.
. Unpredictable environments: Maintenance requiring judgment.

2

3. Human interaction: Negotiation or teamwork.

4. Low-cost manual tasks: When automation cost exceeds benefit.
5

. Complex decision-making: Without measurable data.

A
D

¢ 8. Introduction to Process Automation

Definition:
Process automation is the automatic control of industrialprodesses like temperature,

flow, level, and pressure using instruments and centrol\systems.
S

Working (Step-by-step): § »
1. Sensors measure physical quantiti{es.l'éjf\//
\ -
. Transducers convert them inte tical signals.

|

2
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3. Controllers (PLC/DCS) roe%gs\ﬁgnals and decide the control action.
4. Actuators (motors, V_g\lvgﬁ\ﬁ%IS) perform corrective actions.
5

. HMI/SCADA displays‘\déta for operator supervision.

Example:

In a boiler, sensors measure steam pressure. The PLC compares it to the setpoint and
controls the trelease or hold steam — maintaining a stable pressure
automatically.

¢ 9. Familiarizing with Process Control System (PCS)
Components of PCS:

1. Sensors/Transmitters: Measure process variables. Example - voltage
transducer.

2. Controller (PLC/DCS): Takes decision using control algorithms like PID
(Proportional-Integral-Derivative).

3. Actuator: Device like a valve or motor that executes the command.
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4. Communication System: Data exchange using industrial networks (Modbus,
Profibus, Ethernet).

5. SCADA /HMI: User interface for visualization, alarms, and manual
overrides.

Control Loop Example:
[Sensor] — [Controller (PLC)] — [Actuator] — [Process] — feedback — [Sensor]
Control Types:

e Open Loop: No feedback. (Example: timer-based control)

o Closed Loop: Uses feedback (Example: voltage regulator)

o Cascade Control: One loop controls another (Example: m. eed + torque)

®

EV

o Feedforward Control: Predicts changes and acts b(@ ceur.
¢ 10. Advantages, Disadvantages & Applicatl
Advantages:
1. Improved accuracy and reliabilit %7
2. High speed and productivity \
3. Continuous 24 /7 operation

4. Reduction in labor co

5. Improved safet ar@ ity
Disadvantages: %&7
o N

3. Risk of system failure or cyberattack

4. Maintenance cost

5. Reduces employment opportunities
Applications (Electrical):

1. Power generation and substation automation

2. Smart grid and energy monitoring

3. Motor control using PLC and VFD

4. Automated production lines
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5. Building management and HVAC systems

¢ 11. Summary

Industrial Automation ka matlab hai machine aur control system ke through process
ko automatically chalana bina manual control ke.

Electrical industry mein ye safety, accuracy aur energy saving ke liye bahut
important hai.

SCADA, PLC, aur sensors milke ek complete automated system banate hain jo

continuous monitoring aur control karta hai.
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