
Introduction to Automation in Manufacturing

(A concise, structured overview for students, trainees, or anyone new to the subject)

1. What Is Automation?

Aspect Definition

General
Use of technology (machines, control systems, software) to perform tasks with

minimal human intervention.

In

Manufacturing

Integration of equipment, robotics, sensors, and data?driven software to

produce parts, assemble products, or handle material flow.

Goal
Increase productivity, improve quality, reduce waste, enhance safety, and lower

operating costs.

2. Historical Evolution

Era Milestones Impact

Pre?Industrial (pre?

1760)
Hand tools, artisan workshops. Low output, high variability.

Industrial

Revolution (1760?

1840)

Steam engines, mechanized looms.
First large?scale, labor?

intensive production.

Early 20th?C (1900?

1950)

Assembly line (Ford), basic CNC

(computer?numeric control).

Standardization, faster

throughput.

Mid?20th?C (1950?

1970)

PLCs (Programmable Logic Controllers),

early robotics (e.g., Unimate).

Reliable, repeatable control of

machines.

Late 20th?C (1980?

2000)

Computer?Integrated Manufacturing

(CIM), SCADA, early sensors.

Real?time monitoring, tighter

integration.

21st?C (2000?

present)

IoT, AI/ML, collaborative robots (cobots),

digital twins, additive manufacturing.

Adaptive, data?driven, highly

flexible production.

3. Core Components of a Manufacturing Automation System
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1. Actuators & Machinery

Motors, hydraulic/pneumatic cylinders, CNC machines, robotic arms.

2. Sensors & Data Acquisition

Proximity, vision, force/torque, temperature, vibration, barcode/RFID readers.

3. Control Systems

PLCs, DCS (Distributed Control Systems), PACs (Programmable Automation

Controllers).

4. Human?Machine Interface (HMI)

Touchscreens, dashboards, AR/VR overlays for operator interaction.

5. Communication Networks

Ethernet/IP, PROFINET, Modbus, OPC UA, wireless (Wi?Fi, 5G).

6. Software Layers

MES (Manufacturing Execution System) – tracks shop?floor execution.

ERP (Enterprise Resource Planning) – integrates business processes.

Analytics/AI – predictive maintenance, quality prediction.

7. Safety & Compliance

Safety relays, light curtains, emergency stops, ISO 13849, IEC 62061 standards.

4. Types of Automation

Category Description Typical Use Cases

Fixed (Hard)

Automation

Dedicated equipment for a single

product or high?volume run; hardware is

not reconfigurable.

Stamping presses, injection

molding, high?speed assembly

lines.
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Category Description Typical Use Cases

Programmable

Automation

Equipment can be reprogrammed for

different products; setup time is

moderate.

CNC machining centers, robotic

welding cells.

Flexible (Soft)

Automation

Software?driven systems that can

switch between product variants quickly

with minimal downtime.

Flexible manufacturing systems

(FMS), smart conveyors,

collaborative robot fleets.

Intelligent

Automation
Incorporates AI, machine learning, and
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