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What is 3D
Printing?

3D printing, also known as
, is a revolutionary technology that
creates three-dimensional objects by building

them layer upon layer from digital models.

This process transforms digital designs into
physical reality, enabling rapid prototyping,
customization, and complex geometries

impossible with traditional manufacturing.
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The 3D Printing Operation Workflow
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01 02 03

Digital Design Creation File Preparation & Slicing Printer Setup

Create or import a 3D model using CAD software or 3D scanning Convert the model to STL format and slice into horizontal layers using Load material, calibrate the build platform, and configure print parameters
technology specialized software

04 05

Layer-by-Layer Printing Post-Processing

The printer deposits material precisely, building the object from bottom to top Remove support structures, clean, and finish the printed object as needed
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Working Principle of 3D Printing

3D printing operates on the fundamental principle of additive manufacturing — building objects by adding material layer upon layer, rather than subtracting it like traditional machining.

The Core Process

«  Adigital 3D model is sliced into thin horizontal cross-sections
. Each layer is printed sequentially on top of the previous one

. Material bonds or fuses as layers are deposited

. The build platform lowers incrementally after each layer

. Complex internal structures form without assembly
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"\ The system moves the extruder head
to be in position for printing the next layer

3D Extruder Principle

The extruder is the heart of FDM (Fused Deposition Modeling) 3D printers, responsible for melting and precisely depositing thermoplastic filament.

1 2

Filament Feed Heat Zone

Solid plastic filament is fed through a drive gear mechanism into the heating chamber The filament is heated to 180-260°C (depending on material type) until it reaches a

semi-liquid state

Nozzle Extrusion Rapid Cooling

Molten material is forced through a small nozzle (typically 0.4mm diameter) onto the Extruded material quickly solidifies upon contact, bonding with the previous layer

build platform
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Common 3D Printing Technologies

=

FDM - Fused Deposition Modeling

Thermoplastic filament is heated and extruded through a nozzle, building objects layer by layer. Most common and affordable
method.

>

SLA - Stereolithography

UV laser selectively cures liquid photopolymer resin, creating highly detailed parts with smooth surface finishes.

2

SLS - Selective Laser Sintering

Laser fuses powdered material (plastic, metal, ceramic) to form solid structures without support structures.

ak

DMLS - Direct Metal Laser Sintering

Similar to SLS but specifically for metal powders, producing strong, functional metal parts for industrial applications.
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How 3D Printing Operations Work
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3D printing transforms digital designs into physical objects through a sophisticated . The journey begins with creating a 3D digital
model using CAD software or 3D scanning technology.

This digital file is then processed by slicing software, which divides the model into hundreds or thousands of thin, horizontal cross-sections. Each slice represents one

layer that the printer will create.
The two most prevalent methods are:

. Fused Deposition Modeling (FDM) — where thermoplastic filament is heated to a semi-liquid state and precisely extruded through a nozzle

. Stereolithography (SLA) — where an ultraviolet laser selectively solidifies liquid photopolymer resin

The printer builds the object from the bottom up, with each new layer bonding to the one below it, creating complex geometries that would be impossible with

traditional manufacturing.
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Advantages of 3D Printing

Design Flexibility

Create complex geometries,
organic shapes, and internal
structures impossible with
conventional manufacturing

methods

Strong Lightweight
Parts

Engineer optimized internal
structures that maximize strength
while minimizing weight and

material usage
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Cost-Effectiveness

Eliminate expensive tooling and
molds, reduce material waste,
and enable economical small-

batch production

Increased Accessibility

Desktop printers bring
manufacturing capabilities to
individuals, schools, and small

businesses worldwide

Sustainability

Minimize material waste through
additive process, use recyclable
materials, and reduce

transportation needs
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Supply Chain
Enhancement

Produce parts on-demand, reduce
inventory costs, and enable
distributed manufacturing closer

to end users
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Disadvantages of 3D Printing

While 3D printing offers transformative advantages, it's important to understand current limitations and challenges facing the technology.

Slow Production Speed Restricted Build Size

Layer-by-layer building takes hours or days for complex parts, making mass Most printers have limited build volumes (typically 200-300mm),
production inefficient compared to injection molding or CNC machining requiring large objects to be printed in sections and assembled

High Costs and Energy Consumption Design Inaccuracies & Resolution Issues

Industrial-grade printers require significant capital investment, while Layer lines create visible striations, dimensional accuracy varies with
specialized materials can be expensive. Extended print times increase technology, and support structures may leave surface marks requiring post-
energy usage processing

Potential for Harmful Emissions Intellectual Property Concerns

Some materials release ultrafine particles and volatile organic compounds Easy file sharing enables unauthorized reproduction of patented designs,
during printing, requiring proper ventilation and safety measures creating challenges for protecting proprietary products and designs
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The Future
iS

Key Takeaways
[J Course Reference: 23GET102 BCMBasic
« 3D printing builds objects layer-by-layer from of Computational Methods3D Printing
digital models Module

e Multiple technologi ist for different
trhiple technotogies exist tot dulleren Instructor: Mr. Subramanian CAssistant

licati d material
apphications anc matetials Professor, Mechanical EngineeringSNS

«  Offers unprecedented design freedom and College of Technology
customization
«  Currently best suited for prototyping and low-
volume production
«  Technology continues advancing rapidly
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