MODULE-5
Computer Numerical Control (CNC),Automation, Additive manufacturing
Applications of Al in Mechanical Engineering

COMPUTER NUMERICAL CONTROL (CNC)
Introduction

Definition: Computer Numerical Control or CNC is an advanced form of the NC system where
the machine control unit is a dedicated microcomputer instead of a hard-wired controller, as
in conventional NC.

Computer Numerical Control has evolved during the rapid improvements of the computer
technology. The advent of Microprocessors from the 1970s have helped in quick
advancements in the Computer Technology and is in turn adapted in modern CNC
Technology. Today's CNC Controller has latest features like high speeds of operation, large
memories, bus architectures, improved servos, etc.

CNC Technology has powered the Machine Tool industry today. It is used in majority of
machine tools like machining centers, turning centers, grinders, lathes, drilling machines,
etc.

COMPONENT OF A CNC SYSTEM

A CNC System consists of the following elements:

I. Input Device

2. MCU or Machine Control Unit
3. Machine

4.Driving System

5. Feedback d

6. Display Unit
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COMPUTER INTEGRATED MANUFACTURING (CIM)

ACIM is the integration of the total manufacturing enterprise through the use of
integrated systems and data communications coupled with new managerial
philosophies that improve organizational and personnel efficiency.o

CIM Obijectives

A Simplify production processes, product designs, and factory organization as a
vital foundation to automation and integration

A Automate production processes and the business functions that support them
with computers, machines, and robots

A Integrate all production and support processes using computer networks, cross-
functional business software, and other information technologies

POTANTIAL BENEFITS OF CIM

A Improved customer service

A Improved quality

A Shorter time to market with new products
A Shorter flow time

A Shorter vendor lead time

A Reduced inventory levels

A Improved schedule performance

A Greater flexibility and responsiveness

A Improved competitiveness

A Lower total cost

A Shorter customer lead tim



Computer-Aided Engineering (CAE) is the application of computer software
to simulate, validate, and optimize product designs and manufacturing
processes. It serves as a'"virtual playground” or "superhero sidekick" for
engineers, allowing them to predict how a product will behave under real-world
conditions (such as stress, heat, fluid flow, or vibration) without building
expensive, time-consuming physical prototypes.

Key Components and Techniques
T Preprocessing: Modeling the geometry and defining physical properties, loads, and
constraints.

1 Solving: Using algorithms to solve complex physics equations (e.g., Finite Element
Method).

1 Post-processing: Visualizing and analyzing results.









ADDITIVE MANUFACTURING
Introduction

Additive Manufacturing (AM) is a modern manufacturing process in which
objects are created by adding material layer-by-layer from 3D model data.
Unlike traditional manufacturing methods (such as machining or milling) that
remove material, additive manufacturing builds parts from the bottom up.

This technology is commonly known as 3D printing and is widely used in
industries like aerospace, automotive, healthcare, architecture, and consumer
products.
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ADDITIVE MANUFACTURING PROCESSES:

1. Photopolymerization Technique
2. Material Extrusion Technique
3. Powder-Based Fusion Technique

1. PHOTOPOLYMERIZATION TECHNIQUE

Photopolymerization is an additive manufacturing process in which liquid
photopolymer resin is cured (hardened) using ultraviolet (UV) light or a laser to
form solid layers of a 3D object. It belongs to the vat polymerization family of
3D printing technologies.

Principle of Photopolymerization

The technique works on the principle that certain liquid polymers solidify when
exposed to UV light.

Basic working steps:

1. A container (vat) is filled with liquid photopolymer resin.

2. A UV laser or digital light projector selectively exposes specific areas of
the resin.

3. The exposed resin polymerizes and solidifies to form one layer of the
object.

4. The build platform moves slightly to allow the next layer to be formed.

The process repeats until the entire 3D object is completed layer by layer.
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Major Photopolymerization Technologies :

1. Stereolithography (SLA)

1 Uses a UV laser beam to cure liquid resin.
1 One of the earliest 3D printing techniques.
1 Produces high precision and smooth surfaces.

2. Digital Light Processing (DLP)

7 Uses a digital projector instead of a laser.
1 Cures entire layers at once, making it faster than SLA.

3. Continuous Liquid Interface Production (CLIP)

7 An advanced form of photopolymerization.
1 Uses continuous curing instead of layer-by-layer exposure.
T Much faster than traditional SLA.

2. MATERIAL EXTRUSION TECHNIQUE

The Material Extrusion Technique is a 3D printing (additive manufacturing)
process where material is pushed through a heated nozzle and deposited layer
by layer to create a 3-dimensional object. It is one of the most widely used and
affordable 3D printing methods.

What is Material Extrusion?

Material extrusion is an additive manufacturing process in which thermoplastic
material is heated, extruded through a nozzle, and deposited in layers to build a
part from a digital model.

Working Principle
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