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Abstract—Manufacturing processes are the foundation
of Industrial Production, enabling the transformation of
raw materials into functional products with desired
shapes, properties and performance. The developments
of these processes have been closely tied to human
technological progress, from simple manual techniques
to highly automated and intelligence systems.
Manufacturing processes have evolved from manual
craftsmanship to intelligent, automated systems, driven
by advances in materials, energy utilization and digital
technologies and continue to play a central role in
shaping modern industry and sustainable development.
The objectives of the paper are to review and classify
manufacturing processes, to compare their performance
and applications, to evaluate sustainability and
efficiency, to analyse recent Technological
advancements with identification of research gaps and
future directions. The methods will be used for the
survey are literature search from major databases, data
extraction and classification with comparative and
sustainable analysis. The survey on manufacturing
processes results that while traditional manufacturing
processes remain dominant in large scale production,
emerging Technologies such as additive manufacturing
and smart systems are reshaping the field, with
sustainability and efficiency becoming critical decision
factors. The conclusion of this research paper is
manufacturing processes continue to evolve from
conventional methods to advance digitalized systems.
While traditional techniques remain essential for mass
production, modern approaches like additive
manufacturing and smart systems are driving
innovation. The selection of appropriate processes
depends on balancing cost, quality and sustainability,
with future research focusing on Energy Efficiency,
material development and intelligent manufacturing
integration.

Index Terms—Additive manufacturing, intelligent

manufacturing, material development, smart systems,
sustainability, traditional techniques.
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L INTRODUCTION

Manufacturing processes are the methods and
techniques used to transform raw materials into
finished or semi-finished products with desired
shape, size and properties. They form the backbone
of the industrial production. They are the steps
involved in making things — from basic materials like
metal, plastic, or wood into useful products like cars,
machines, tools or electronics. Manufacturing is the
production of goods through the use of labour,
machines, tools and chemical or Dbiological
processing. It involves converting raw materials into
products with higher value. Understanding these
processes helps engineers and professionals design
efficient systems, improve product quality, and
optimize production. These processes are essential in
industries such as automotive, aerospace, electronics,
construction and consumer goods. Manufacturing
acts as a primary driver of economic growth and job
creation, often generating significant auxiliary
employment in sectors like logistics, energy and
retail. Beyond direct employment, the manufacturing
sector provides the physical infrastructure and
equipment that service industries- such as
telecommunications aviation- require to operate. By
increasing productivity and reducing waste through
techniques like lean manufacturing, these processes
improve overall standards of living and foster the
expansion of the middle class.

1L KEY FEATURES OF MANUFACTURING
PROCESSES

The structured nature of manufacturing processes
allows businesses to optimize workflows, minimize
production time, and maintain strict quality control
standards. This focus on efficiency drives continuous
innovation, as manufacturers frequently develop new
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technologies and  materials to maintain

competitiveness in dynamic markets. By integrating

system design, planning and automation, businesses
can ensure consistency in their output while
remaining responsive to shifting consumer demands.

Core Functional Characteristics

At their most fundamental level, manufacturing

processes involve several distinct activities designed

to add value to raw materials. These functions
include:

e Material Transformation:  Changing raw
materials through methods like casting, forming,
or machining to achieve the desired state.

e Refinement and Finishing: Using secondary
processes such as heat treatment, surface coating,
or lapping to enhance material properties and
aesthetics.

e Assembly and Integration: Combining individual
components through welding, soldering, or
mechanical fastening to build a complete unit.

e Quality Assurance: Implementing inspections,
testing, and monitoring at various production
stages to ensure products meet design
specifications.

III. KEY TECHNOLOGICAL AND
OPERATIONAL FEATURES

e Modern manufacturing relies on highly
integrated systems to maintain efficiency and
precision across different production
environments.

e Common operational features include:

e Automation and Robotics: Utilizing computer-
controlled machinery and robotic systems to
streamline tasks, reduce human error, and
increase output speed.

e Standardization: Employing repetitive or
continuous production methods to ensure
uniformity across large volumes of identical
items.

® Digital Integration: Leveraging technologies like
Computer-Aided Design (CAD) and Computer-
Aided Manufacturing (CAM) to plan and execute

complex production workflows.

e Process Scalability: Designing production lines
that can adjust their output rates to meet

IJIRT 201414

fluctuating customer demand while maintaining
stability.

Iv. TYPES OF MANUFACTURING
PROCESSES:

These processes can be grouped into several
categories based on how material is shaped, formed
and assembled.

1. Casting Processes: The casting process is a
manufacturing method where a liquid is poured
material is poured into a mold- a hollow
container featuring a specific shape- and then
allowed to solidify. Once the material is harden,
the part is removed from the mold. It consists of
three core components — Pattern, Mold and
material. The industry generally categorizes
these processes into two groups Expendable
mold the molding destroyed to remove the part
and the permanent mold the mold is reused. The
Expendable mold casting processes are ideal for
Complex geometry and material with high
melting points. These are categorized as sand
casting, investment casting and low foam
casting. In permanent mold casting methods used
the moles and are a designed for high volume
production of nonferrous metal like aluminum
and magnesium. Permanent mold casting is
classified as die casting, centrifugal casting and
gravity die casting.

Process Comparison table

Sr. | Process Typical Precisio | Productio
No Material n n rate
1 Sand Cast iron, | Low Low to
Casting Steel, medium
Bronze
2 Die Aluminum | Very Very high
casting , Zinc, high
Magnesiu
m
3 Investmen | Stainless High Low
t Steel,
Superalloy
s
4 Centrifuga | Iron, Steel, | Medium | Medium
1 Copper

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 4225




© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002

2. Forming (Deformation) processes

Forming processes are manufacturing processes in
which material is plastically deformed to obtain the
required shape and size without significant material
removal.

These processes really on materials ability to
undergo plastic deformation -permanent change in
shape after the forces removed. The farming
processes are classified as bulk deformation
processes and sheet metal forming processes.
Whereas bulk deformation processes are used for
large shape changes and classified as rolling, forging,
exclusion and drawing. The sheet metal forming
processes are used for theme sheets and are classified
as bending, Deep drawing and Stamping or press
working. The key characteristics are material volume
remains nearly constant, improve Mechanical
properties in many cases, produces less waste and
suitable for mass production.

3. Machining (Material removal) processes :
Machine processes are manufacturing processes in
which excess material is removed from a work piece
is in the form of chips to obtain the desired shape,
size and surface finish. The removal is usually done
in the form of chips using cutting tools. In machining,
a cutting tool cuts away extra final product. Common
machine processes are turning, drilling, milling,
shaping and planning, grinding, boring. The key
characteristics are material is removed as chips, high
dimensional accuracy can be achieved, good surface
finish possible for Complex shapes.

4. Joining processes :

Joining processes are manufacturing processes used
to assemble two or more components together
permanently or temporarily using mechanical,
thermal or chemical methods. In simple words it
combines separate components into one assembled
part. This process consists of two types - Permanent
Joining Processes and Temporary Joining Processes.
In Permanent Joining Processes the parts cannot be
separated easily without damage and are classified as
welding, brazing, soldering, adhesive bonding,
Riveting. In Temporary Joining Processes Parts can
be disassembled and are classified as bolted joints,
screwed joints, Nuts and bolts, Pins and cotters. The
key characteristics are combines separate parts into
assembly; maybe permanent or temporary, strength
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of joint is important, widely used in fabrication and
assembly.

5. Additive (3D Printing) processes :

Additive manufacturing processes are manufacturing
processes in which components are produced by
adding material layer by layer from a digital model.
Unlike machining material;] is not removed instead it
is gradually build up to form the final shape. 3D
printer makes an object by depositing material layer
upon layer until the complete part is formed.
Common additive manufacturing processes are fused
deposition modeling, stereo lithography, selective
laser sintering, direct material laser sintering, Binder
jetting. Key characteristics are builds parts layer by
layer, control using computer aided design models,
suitable for Complex shapes and minimal material
wastage

6. Surface finishing processes

Surface finishing processes are manufacturing
processes used to improve the surface quality,
appearance, accuracy, and protective properties of
manufactured components. are manufacturing
processes used to improve the surface quality of a
product after primary shaping or machining
operations. These processes improve surface
smoothness, appearance, dimensional accuracy,
corrosion resistance, and wear resistance.The
common surface finishing processes are Grinding,
polishing, buffing, lapping, honing, electroplating,
painting and coating, anodizing. The key features are
performed after manufacturing operations, removes
very little material or adds protective coating,
enhances product life and appearance.

7. Powder metallurgy processes :

Powder metallurgy is a manufacturing process in
which metal powders are compacted into shape and
then sintered to produce solid engineering
components. These processes are manufacturing
processes in which metal powders are compressed
into the desired shape and then heated (sintered) to
produce solid components. The fine metal powder is
pressed into a mold and heated to form a strong solid
part. The metal is generally not melted completely
during the process. The key Characteristics are Uses
metal powders as raw material, Produces near-net-
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shape components, Little or no material wastage,
Suitable for mass production.

8. Heat treatment processes

Heat treatment processes are controlled heating and
cooling operations performed on metals to alter their
mechanical properties without changing their shape.
These are manufacturing processes in which metals
or alloys are heated and cooled under controlled
conditions to change their mechanical properties
without changing their shape. These processes
improve properties such as hardness, strength,
toughness, ductility, and wear resistance. Heat
treatment changes the internal structure of a metal by
controlled heating and cooling to obtain desired
properties. Common heat treatment processes are
annealing, normalizing, hardening, tempering, case
hardening, quenching. The key features are Alters
internal microstructure of material, No significant
change in shape or size, Improves mechanical and
physical properties.

Table 1: Comparison between various manufacturing

processes :
Material [ Shape | Common
P T; Principl
rocess Lype rinciple Removal | Change |Examples
Sand
- ting, di
. Liquid metal cas fng, ©
Casting Processes e No Yes casting,
solidification .
investment
casting
Rolli
Forming Plastic deformation fO(!)‘ ‘:&
(Deformation) ; No Yes ang
under force extrusion,
Processes .
drawing
Machining Turning,
Material tti tion usi drilli
(Material Cutting action using Yes Yes r_1 .mg,
Removal) tools milling,
Processes grinding
. Welding,
. M echanical, thermal, [ Usually No major brazing,
Joining Processes B shape .
or chemical joining [No soldering,
change L
riveting
Additi
Manult"/:cturin Addition of material FDM,
L & No Yes SLA, SLS,
(3D Printing) from CAD model
DMLS
Processes
Polishi
W . . No major (_)15. e
Surface Finishing | Abrasion, coating, . grinding,
L Very little[shape .
Processes polishing, etc. change electroplati
8 ng, honing
Powder . Powder
Powder compaction R
Metallurgy . No Yes pressing,
and heating o
Processes sintering
A li
Heat Treatment |Controlled heating nnea_mg,
. No No hardening,
Processes and cooling .
tempering
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V. HIGHLIGHTING TRENDS OF
MANUFACTURING PROCESSES:

Manufacturing processes are continuously evolving
due to Rapid and advancement in technology
increasing industrial competition and the demand for
high quality products. Model Industries came to
achieve higher productivity, better accuracy, low
production, improved sustainability and faster
manufacturing methods. As a result traditional
manufacturing technique are being upgraded with
automation, computer Control Robotics, Artificial
Intelligence and advanced materials. The major
manufacturing processes such as costing, forming,
machining, joining, additive manufacturing, surface
finishing, powder metallurgy and heat treatment are
experiencing significant developments. These Trends
focus on Increasing efficiency, reducing material
West improving product quality enabling mass
customization and adopting environmentally friendly
practices

Technology such as CNC machines industrial robots
iot smart manufacturing and 3D printing are
transforming conventional production system to
intelligent and flexible manufacturing environment
these advancements are collectively known as
modern manufacturing Trends or industry 4.0
practices. Understanding the latest trends in
manufacturing processes is important because they
help Industries remain competitive product
innovative products and meet modern engineering
requirements efficiently.
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Table 2: Manufacturing Processes and Current

Trends

Manufacturing
Process

Current Trends / Developments

* Use of automated and robotic casting systems
Development of precision casting methods ¢

l(’::(s):lel:gses Computer simulation for mold design and
solidification * Use of lightweight alloys and eco-
friendly molds « 3D printed molds and cores
* High-speed and precision forming * CNC-
Forming controlled forming machines « Warmand hot
(Deformation) |forming of advanced alloys * Incremental sheet
Processes forming for customized parts * Automation and
smart monitoring systems
Machining * CNC and computer-integrated machining * High-
R speed machining (HSM) « Use of Al and IoT for
(Material . .
tool monitoring * Advanced cutting tool
Removal) . . ..
Processes mater.1a¥s and coatings * Non-t-radmonal
machining (laser, EDM, water jet)
*Robotic and automated welding « Laser beam
.. and friction stir welding * Joining of dissimilar
Joining and lightweight materials * Improved adhesive
Processes . . . .
bonding technologies ¢ Real-time quality
monitoring systems
* Rapid growth in industrial 3D printing * Metal
Additive additive manufacturing * Mass customization
Manufacturing|and rapid prototyping * Hybrid manufacturing
(3D Printing) |systems * Bio-printing and aerospace
applications
*Nano-coatings and advanced surface
Surface engineering ¢ Eco-friendly finishing methods ¢
Finishing Automated polishing and finishing systems ¢
Processes Plasma and laser surface treatments « Improved
corrosion- and wear-resistant coatings
* Use in automotive and aerospace industries
Powder Metal injection molding (MIM) growth
Metallurgy Advanced alloy powders and nano-powders
Processes Integration with additive manufacturing *
Improved sintering technologies
* Vacuumand controlled atmosphere heat
Heat treatment * Induction and laser heat treatment ¢
Treatment Energy-efficient furnaces * Computer-controlled
Processes temperature systems ¢ Environmentally friendly

heat treatment methods

VI.OVERALL MANUFACTURING TRENDS

1. Automation and Robotics:

e Increasing use of robots and automated systems

e  Higher product activity and reduced human error
Digital manufacturing
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e Integration of CAD/CAM, CNC, Al and IoT.

e smart manufacturing and industry 4.0 concepts
Sustainability

e Reduction in material west and energy
consumption

e Eco-friendly materials and processes
Precision and Quality Improvement

e Higher dimensional accuracy and better surface
finish.
Real time monitoring and quality control
Lightweight and advanced materials

e Use of composites,

advanced Steel

Titanium alloys and

e Especially important in aerospace and
automobile industries

6. Customization and flexibility

batch and

increasing

e small customized production
e additive manufacturing place a major role
Modern manufacturing trains focus on automation
Precision system ability digital control advanced
materials and flexible production systems.

VIL CONCLUSION

Survey of manufacturing processes shows that
modern manufacturing this highly diverse and rapidly
evolving field that integrates traditional method such
as casting, forming, machining, joining, surface
finishing, powder metallurgy and heat treatment with
advance technology like additive manufacturing and
automation. It is important that industries are
increasingly shifting towards smart, automated,
digitally control systems, to improve productivity,
accuracy, and efficiency. The adoption of CNC
machines Robotics, [oT, Al and 3D printing has
significantly transformed the conventional production
into more flexible and intelligent manufacturing
system. At the same time there is strong emphasis on
sustainability and resource Optimization with efforts
to reduce material waste, energy consumption and
environmental impact. Manufacturing processes are
also becoming more customized and application-
oriented enabling the production of complex and
high-performance components across industries such
as automotive, aerospace, medical and construction.

Overall the survey concludes that future of
manufacturing lies in the integration of advanced
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technologies, sustainable practices and hybrid
manufacturing systems, which together will enhance
quality, reduce cost, and support innovation in
Engineering applications.
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