
GEAR TECHNOLOGY INDIA | JUL - SEPT 2024                                                             www.geartechnologyindia.com 1.	 1

VOLUME 2, ISSUE 1,
QUARTER 1, 2024

w
w

w
.g

ea
rt

ec
hn

ol
og

yi
nd

ia
.c

om

Raw Materials

Featured Article

Importance of Raw Material in 
Gear Manufacturing

Nanocomposite Coatings 
A new approach to reducing wear, friction, 
and corrosion

VOLUME 2, ISSUE 3,
QUARTER 3, 2024

Official Magazine for

In Association

26
9th INTERN ATIONAL  POWER  TRANSMISSION EXPO

2026
7th INTERNATIONAL EXPO ON GRINDING AND FINISHING PROCESS



GEAR TECHNOLOGY INDIA | JUL - SEPT 2024                                                             www.geartechnologyindia.com 1.	 2

T R U S T  I N
T E C H N O L O G Y

100 %

Scan QR Code 
and learn more.

real-time monitoring
of workpieces

with KAPP NILES
Process Monitoring



GEAR TECHNOLOGY INDIA | JUL - SEPT 2024                                                             www.geartechnologyindia.com 1.	 3

Dear Readers,

Welcome to the latest edition of Gear Technology India! We are excited to announce that starting 
from September onwards, our e-magazine will transition to a bimonthly publication schedule, 
allowing us to bring you even more in-depth analysis and industry insights.

This issue's theme, Gear Materials & Alloys, explores the critical role materials play in gear 
manufacturing. Our cover story, "Gear Materials and Alloys: The Backbone of Modern Machinery," 
delves into the evolution and future trends of gear materials. We also highlight the importance of 
raw materials, innovative nanocomposite coatings, and the growing use of ceramics and plastics 
in gear production.

In our featured articles, we examine the latest advancements in micro/nano gearing technology, 
the benefits of powder metallurgical steels, and a comparative analysis of carburizing versus 
nitriding for gear durability. We also shine a spotlight on India's defense sector and its strides 
towards self-reliance.

Don’t miss our exclusive interview with Balaji Diamond Tools, where we discuss their commitment 
to excellence in gear grinding technology. Plus, our press release on the transformation of 
engineering practices for the future rounds out this packed issue.

Happy reading, and thank you for your continued support!

Sincerely

Anitha Raghunath 
Director
Virgo Communications and Exhibitions Pvt.Ltd

GEAR TECHNOLOGY INDIA | APR - JUN 2023                                                             www.geartechnologyindia.com
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Join the Gear Technology India group at 
www.facebook.com/geartechnologyindia

Follow us on Instagram
www.instagram.com/geartechnologyindia/

Connect with us on LinkedIn
www.linkedin.com/showcase/gear-technol-
ogy-india

STAY CONNECTED

FOUNDER
Michael Goldstein founded Gear Technology in 1984 and served as 
Publisher and Editor-in-Chief from 1984 through 2019.
Thanks to his efforts, the Michael Goldstein Gear Technology Library,
the largest collection of gear knowledge available anywhere will remain
a free and open resources for the gear industry.
More than 38 years' worth of technical articles can be found online at
geartechnology.com. Michael continues working with the magazine
in a consulting role and can be reached via e-mail at
michael@geartechnology.com.

Powered by AGMA In Partnership With

DISCLAIMER
Gear Technology India is a registered trademark. All rights reserved. 

For permission to republish any portion of the magazine, please contact the 		
publishers at Gear Technology India. 

The views and opinions expressed in the articles published in the magazine belong to the 
respective authors and contributors. These views and opinions do not necessarily represent 
those of the publisher / management.

While we take utmost care and caution, the responsibility for the content of the articles 
published in the magazine and the opinions expressed on the website are exclusively of the 
authors(s) concerned. We do not assume any responsibility or liability for the accuracy, 
suitability or validity of the articles, or for any loss, damage or consequences arising from 
the same.

We make no representation that information published in the magazine and on the website 
is correct and accurate. 

All copyright over the articles and connected artwork published in the magazine and on the 
website rests absolutely with, and belongs to Gear Technology India. Any publication or use 
of the whole or any part of the published content without prior written consent will violate 
the copyright of Gear Technology India and is actionable.

All disputes are subject to jurisdiction of courts in Bangalore only, and laws of India will 
prevail.  
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package provides a platform 
to simultaneously create 
optimum design with 
automated tooling reducing 
error and improving 
production efficiency.

Features include; 

•  Quickly model power flow and 
deflection  
in a gearbox

•  Fast calculations for optimum strength 
and micro-geometry

•  FE evaluation of Involute, Non-involute, 
and Asymmetric tooth forms

•  Manufacturing simulation for hob, 
grind, shaping, shaving, power skiving, 
honing, and 5-axis

•  Integration with measuring devices to 
optimise production

Export files to inspection equipment and evaluate 
measurement data
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Honing added to Hobbing, 
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and process simulations
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for 5-Axis can instantly 
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for selected tooling for 
cylindrical or bevel gears
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RAW MATERIALS

Importance of Raw Material  
in Gear Manufacturing   
By: C Selvaraj

In this article we are going to study about   
following topics:

•	 Types of Gears.

•	 Usage of Gears in various Application fields.

•	 Types of Gear manufacturing Process.

•	 Types of Raw materials used in Gear 
manufacturing.

•	 Gear material selection process in Design?

•	 Gear matrial Specifications, properties and its 
heat treatment methods.

•	 Raw material inspection activities.

Types of Gears:
1.	 Spur Gear: This gear has parallel teeth around the 

cylindrical circumference. 
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2.	 Helical: These have slanted tooth traces that 
make more contact with one another and take a 
helix shape.                                                            

3.	 Herringborne                                                        

4.	 Internal Gears                                               

5.	 Bevel Gears (Straight / Spiral)            

6.	 Worm & Worm wheel: This comprises two 
mating parts. Worm shaft which is having screw 
shape and the worm wheel which is constructed 
from soft material to reduce friction.

7.	 Rack & Pinion: This combines a pinion (Circular 
gear and a rack (Linear gear). Rack and pinion 
convert rotational motion into a linear motion.          

Usage of Gears in Various  
Application Fields
•	 Agricultural equipment

•	 Automobile Transmission

•	 Cement plants

•	 Steel plants

•	 Sugar plants

•	 Paper plants

•	 Defence & Aero space

•	 High speed turbines

•	 Mining & Earth moving equipment

•	 Marine

•	 Cranes, Lifts, conveyors

•	 Wind mills

Types of Gear Manufacturing  
Processes:
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Casting - Any degree of complexity and size can 
be produced. Used applications like toys, small 
appliances, hand tools etc. Not possible to use high 
load carrying capacities.

Forging - Steel billets heated and hammered into 
die to form desired shape. Produces near net gears, 
reducing material cost, superior strength. Specialized 
tooling and process knowledge required to achieve 
AGMA8-9 Level gears. Used in agricultural, material 
handling equipment.

Cold drawing & Extrusion - A bar is drawn or pushed 
through a series of dies to achieve the final shape 
with desired tooth form. Used for mass production 
of spur gears. Used for watches, electric clocks, small 
motors etc.

Powder metallurgy & Sintering - Alloy powders 
mixed, compacted into a die, and sintered/heated in 
an atmosphere-controlled furnace for the particles to 
bond. 

Material utilization is 100%. Raw material cost is 
high. Used in household appliances, automotive 
components etc.

Fine Blanking - A sheet of metal is pressed between 
two dies to form a desired shape. Mainly used for 
bevel gears. 2 to 20kg weight gears production only 
possible. Used for automotive, appliance, medical 
equipment.

Machining - Gears will be manufactured with very 
accuracies by using various high precision gear 
manufacturing machines likes gear hobbing, Gear 
shaping, Gear grinding with various types of heat 
treatment process.

Types of Raw Materials used in Gear manufacturing:

Cast iron:  
These gears withstand repeated and sustained 
wear, making the metal ideal for precision gear 
manufacturing. The casting method can easily 
produce complex gear shapes.

Steel:  
Steel alloy gears are high strength because they are 
typically heat treated for enhanced toughness and 
hard ness, especially in the teeth. Carbon steel, is 
used to produce spur, helical, bevel, worm, and gear 
racks. 

Alloy steels to be selected based on the applications 
and load carrying capacity. Design engineers will 
select specific raw materials, heat treatment process 
to achieve the rating of gears. Accordingly, right 
selection of raw materials to be selected.

Bronze:  
The copper alloys include aluminium bronze and 
phosphor bronze. These non-magnetic gears are best 

for corrosive environments. This material used for 
worm wheels.

Gear Material Selection  
Process In Design:
If we need to identify the best material for gears, 
following points to be addressed.

What is the application, environment condition for 
the proposed gears?

The application is hot or cold condition?

Whether the application is high speed?

Do these gears need to continually self-lubricated?

Which is important, ductility or hardness?

How much wear these gears receive and what period 
will the wear occur?

Are oxidization, Corrosion, or magnetic fields an 
issue?

Gear Material specification,  
Properties, And Heat Treatment  
Methods:
Medium carbon steels are commonly used for gear 
manufacturing. The applications where high strength 
and toughness are needed requires these materials.

Medium carbon steels has a carbon content ranging 
from 0.3% to 0.6%.

Due to increased carbon content, these are stronger 
and harder than low carbon steels.

These are having less ductile and more difficult to 
form and weld.

They often require heat treatment such as quenching, 
tempering. Since manganese contents between 
0.30% to 0.60% it is possible to achieve the desired 
mechanical properties.

Case hardened steels EN36C, EN353, SAE 8620H, 
16MnCr5, 20MnCr5, 18CrNiMo7-6. :  
This material having Chrome-Nickel-Moly carburising 
steel generally supplied annealed to HB 229max. 
Carburised and heat treated it develops a hard wear 
resistant case to HRC 60-63 and a tough strong core 
with a typical tensile strength range of 900=1300MPa.

These are all case hardened steels. This materials 
needs to do Gas carburising and hardening to get 
higher surface hardness with good case depth. 
In the above materials we can maintain  surface 
hardness value 58-62 hrc core hardness 28-32-40 hrc 
depending Upon material.These gears will be supplied 
case hardened and Profile ground.
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Carbon steel for surface hardening C45, C60E, EN8 :  
These materials are used for output shafts of gear 
boxes with normalished condition.

Direct Hardening Alloy steels EN19, EN24,  
42CrNiMo6 :  
These materials are used for gears with through 
hardening as well as surface hardening. In the above 
materials we can maintain  hardness value  as below 
by doing hardening and Tempering. These gears can 
be supplied with cut finish as well as profile grinding 
finish.

  En 24 (upto 450 BHN)

  En 19 (upto 350BHN)

  En 9/C60E (up to 280BHN)

we can achieve higher hardness of 58 -62Hrc by doing 
gas Nitriding, sursulf Nitriding  with case depth of 
0.5mm and lesser.We can achieve higher case depth 
by doing Induction Hardening.

Properties of medium-carbon steel
Each grade has its own properties that distinguishes 
it from other medium-carbon steel grades. The 
table below gives you a range of values for medium-
carbon-steel properties.

Raw material Inspection methods:
To ensure raw material originality it is better to get 
mill test certificates for the steels used for gear 
manufacturing.

In case of high-speed application gears, integrated 
test bars to be received from mills. So that we can 
ensure the chemical/mechanical properties of 
original material.

In raw material stage, chemical composition to be 
verified. This can be verified by wet analysis method 
or Spectrometer.

Test bars to be checked for UTS, Elongation to ensure 
mechanical properties.

Charpy test to be done to check impact strength

To check any cracks ultrasonic testing to be 
conducted. By doing this any catastrophic failures can 
be avoided after final machining.

After heat treatment process gears can be checked 
for cracks by using magnaflux testers.

Hardness values to be verified by using hardness 
testers.

To check grinding cracks, Nital etching test to be 
conducted.

During heat treatment, each heat test piece to be 
verified to check the exact case depth.

Conclusion: 
In this article we have articulated about types 
of gears, applications, gear manufacturing 
process, different types of materials used for gear 
manufacturing. 

We have explained about types of heat treatment 
process and raw material properties and raw material 
inspection process methods. If we are following all 
these parameters clearly without any lapse gears will 
perform better.

The author, C Selvaraj, has four decades 
of experience in the field of gears and 
gearbox manufacturing, as well as  
servicing of gearboxes
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COVER STORY

By: Sushmita Das

In mechanical engineering, gears are the often-
overlooked workhorses that drive a wide range of 
applications, from automotive transmissions to 
industrial equipment. The materials used in these 
gears are crucial, as they dictate their performance, 
durability, and efficiency. This cover story explores 
the development of gear materials, the impact of 
alloys on improving gear characteristics, and the 
latest trends that are shaping the future of this 
essential mechanical component.

Understanding the Evolution of  
Gear Materials

Gear Materials and Alloys:  
The Backbone of Modern  
Machinery

Gears have been in use for thousands of years, with 
early examples crafted from wood, stone, and later, 
basic metals. As technology advanced, so too did the 
materials used in gear manufacturing. The industrial 
revolution marked a significant turning point, with 
the introduction of steel as the primary material for 
gears. Steel's combination of strength, durability, 
and machinability made it an ideal choice, and it has 
become the dominant material in gear production till 
date.

But, with the passage of time, the demands placed on 
gears have evolved dramatically. Modern gears must 
operate at higher speeds, under greater loads, and in 
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more extreme environments than ever before. This 
has also driven the development of advanced alloys 
and composite materials designed to meet these 
challenges.

What are the Key Properties of  
Gear Materials?
The selection of gear materials is guided by several 
significant properties which are mentioned as 
follows:

1. Strength: Gears must be able to withstand 
significant mechanical loads without deforming or 
failing. The tensile strength of the material is a key 
consideration.

2. Hardness: Surface hardness is crucial for gears to 
resist wear and maintain their performance over 
time. Hardening processes, such as carburizing or 
nitriding, are often used to enhance the surface 
hardness of steel gears.

3. Toughness: While hardness is important, gears 
also need to be tough enough to absorb shocks and 
impacts without cracking or breaking. This balance 
between hardness and toughness is a key challenge 
in gear material selection.

4. Fatigue Resistance: Gears are subject to repeated 
loading cycles, which can lead to fatigue failure 
over time. Materials with high fatigue strength are 
essential for ensuring long gear life.

5. Corrosion Resistance: In many applications, gears 
are exposed to harsh environments that usually lead 
to corrosion. Stainless steel and other corrosion-
resistant alloys are often used in these situations.

Exploring the Common Gear Materials
1. Carbon Steel: Carbon steel is one of the most 
commonly used materials for gears, offering a good 
balance of strength, toughness, and machinability. It 
is typically used in applications where high strength is 
not the primary requirement.

2. Alloy Steel: Alloy steels, which include elements 
such as chromium, molybdenum, and nickel, are used 
for gears that require higher strength and toughness. 
These steels can be heat treated to achieve the 
desired properties and are often used in automotive 
and aerospace applications.

3. Stainless Steel: Stainless steel is chosen for its 
excellent corrosion resistance, making it suitable for 
gears used in harsh environments, such as marine or 
chemical processing applications. However, its lower 
hardness compared to alloy steels can limit its use in 
high-load applications.

4. Cast Iron: Cast iron is another traditional gear 
material, valued for its good wear resistance 

and damping properties. It is often used in large 
industrial gears where noise reduction is important. 
However, its brittleness can be a drawback in some 
applications.

5. Bronze: Bronze gears are known for their excellent 
wear resistance and low friction, making them ideal 
for worm gears and other applications where smooth 
operation is critical. However, they are not suitable 
for high-load applications due to their lower strength.

6. Composites and Polymers: In recent years, 
composite materials and high-performance polymers 
have emerged as alternatives to traditional metals 
in some gear applications. These materials offer 
advantages such as reduced weight, corrosion 
resistance, and the ability to operate without 
lubrication. But, they are generally limited to lower-
load applications.

The Role of Alloys in Gear  
Performance
Alloys play a critical role in enhancing the 
performance of gear materials. By combining different 
elements, metallurgists can tailor the properties of 
a material to meet specific requirements. Some key 
alloying elements include:

1. Chromium: Added to steel to improve hardness, 
wear resistance, and corrosion resistance. Chromium-
molybdenum steel is a popular choice for gears that 
require high strength and toughness.

2. Nickel: Increases toughness and impact resistance, 
making it a valuable addition to steels used in heavy-
duty gears.

3. Molybdenum: Enhances hardenability and high-
temperature strength. Molybdenum alloys are often 
used in gears that operate under extreme conditions.

4. Vanadium: Improves wear resistance and fatigue 
strength. Vanadium is commonly used in high-
performance gear materials, particularly in the 
automotive and aerospace industries.

5. Cobalt: Known for its high-temperature strength 
and stability, cobalt is used in gears that operate in 
extreme heat, such as those in jet engines.

6. Silicon: Adds strength and toughness, particularly 
in cast iron gears. Silicon also improves the 
machinability of steel alloys.

Heat Treatment Processes
The properties of gear materials can be further 
enhanced through heat treatment processes.  
These processes involve heating the material to 
a specific temperature and then cooling it in a 
controlled manner to alter its microstructure. 
Common heat treatment processes for gears include:
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1. Carburizing: A process in which carbon is diffused 
into the surface of low-carbon steel to increase 
its hardness. Carburized gears have a hard, wear-
resistant surface with a tough core, making them 
ideal for high-load applications.

2. Nitriding: Involves diffusing nitrogen into the 
surface of the material to create a hard, wear-
resistant layer. Nitrided gears have excellent surface 
hardness and fatigue resistance, but the process 
is more expensive and time-consuming than 
carburizing.

3. Induction Hardening: Uses electromagnetic 
induction to heat the surface of the gear rapidly, 
followed by quenching to harden it. This process is 
often used for medium to large gears that require 
localized hardening.

4. Austempering: A heat treatment process that 
produces a bainitic microstructure, which provides 
a good combination of strength, toughness, and 
wear resistance. Austempered gears are used in 
applications where high fatigue strength is required.

Challenges in Gear Material Selection
Selecting the right material for a gear is a complex 
process that involves balancing multiple factors. The 
specific application, load requirements, operating 
environment, and cost all play a role in determining 
the best material. Some of the key challenges in gear 
material selection include:

1. Balancing Strength and Toughness: Gears need 
to be strong enough to handle the load but tough 
enough to resist cracking. Finding the right balance 
between these properties can be difficult, particularly 
in high-stress applications.

2. Minimizing Wear and Fatigue: Gears are subject 
to continuous contact and cyclic loading, which can 
lead to wear and fatigue. Choosing a material with 
the right hardness and fatigue strength is critical to 
maximizing gear life.

3. Corrosion Resistance vs. Strength: In corrosive 
environments, stainless steel may be necessary to 
prevent rust, but its lower strength compared to alloy 
steel can be a drawback. In such cases, a balance 
between corrosion resistance and mechanical 
properties must be achieved.

4. Cost Considerations: Advanced materials and 
heat treatment processes can significantly increase 
the cost of gear production. Engineers must weigh 
the benefits of enhanced performance against the 
potential increase in cost.

What are the Future Trends in Gear 
Materials?
The future of gear materials is likely to be shaped by 
several key trends:

1. Lightweight Materials: As industries like automotive 
and aerospace push for greater fuel efficiency, there 
is a growing demand for lightweight gear materials. 
Advanced composites and aluminium alloys are 
expected to play a larger role in these applications.

2. Nanomaterials: The use of nanotechnology in 
gear materials is an emerging area of research. 
Nanomaterials can offer enhanced strength, wear 
resistance, and toughness, potentially revolutionizing 
gear performance.

3. Additive Manufacturing: Also known as 3D printing, 
additive manufacturing is poised to change the way 
gears are designed and produced. This technology 
allows for the creation of complex geometries and the 
use of new materials, opening up new possibilities for 
gear design.

4. Sustainability: As industries move towards more 
sustainable practices, there is an increasing focus on 
developing eco-friendly gear materials. Recyclable 
alloys, biodegradable polymers, and energy-efficient 
manufacturing processes are likely to become more 
prevalent.

5. Smart Materials: The integration of sensors and 
smart materials into gear systems is another exciting 
development. These materials can monitor their own 
condition and provide real-time feedback, enabling 
predictive maintenance and extending gear life.

Gear materials and alloys are at the heart of modern 
mechanical systems, thereby enabling the reliable 
transmission of power across a wide range of 
applications. 

As technology continues to advance, the demands 
on gear materials will only increase, driving the 
development of new materials and manufacturing 
processes. can keep advancing the capabilities of 
gears, ensuring they remain an essential part of our 
technological future.

Sushmita Das is an accomplished
technical writer. Holding a degree
in Electrical Instrumentation
and Control System Engineering,
she brings a wealth of technical
expertise to her writing.
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Nanocomposite Coatings  
A new approach to reducing 
wear, friction, and corrosion
By: Olivia Fey and Mike Greenwald

Wear, friction, and corrosion constantly threaten 
mechanical components, causing efficiency losses 
and decreased component life. As more efficient 
designs and material advancements are introduced, 
these threats continue to be a point of frustration for 
engineers and end users.

To combat these losses, protective coatings were 
developed including legacy coatings like nickel-boron, 
chrome in its various forms, and cadmium typically 
deposited by electrolysis. While these coatings 
helped reduce wear, friction, and corrosion, they 
weren’t ideal, primarily due to the adverse health and 
environmental effects caused during their application 
and disposal. Not only that, but their performance 
characteristics left room for improvement and where 

there’s opportunity, there’s an engineer ready to 
develop a solution.

Thanks to advancements in material science and 
chemistry, particularly in nanoscience, a new solution 
has emerged: nanocomposite coatings, more broadly 
referred to as thin-film coatings. But how did we 
arrive at this point in coating development? As with 
many technologies, war highlighted the need for 
more advanced coating development eventually 
leading to nanocomposite coatings.

Evolution of Nanocomposite Coatings: 
Pioneering Materials Engineering
World War II Era

Figure 1 Parts being coated using PECVD.
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Optical Coatings: During World War II, the demand 
for improved optics led to advancements in optical 
coatings. Anti-reflective coatings, composed of thin 
films, were developed to enhance the performance 
of lenses and other optical devices.

Post-World War II

Thin-Film Deposition Techniques: In the post-war 
period, there was significant progress made in 
thin-film deposition techniques. Vacuum deposition 
methods emerged, such as Physical Vapor Deposition 
(PVD) and Chemical Vapor Deposition (CVD). These 
techniques enabled precise control over coating 
thickness, microstructure, and composition, laying 
the foundation for developing nanocomposite 
coatings.

1950s–1960s

Semiconductor Industry: The semiconductor 
industry’s growth in the 1950s and 1960s drove 
advancements in thin-film technology. Thin 
films became integral to the manufacturing of 
semiconductors, with techniques like sputtering and 
evaporation becoming widely adopted.

1970s–1980s

Plasma-Assisted Techniques: The use of plasmas 
to assist in thin-film deposition gained prominence 
in the 1970s and 1980s. Plasma-Assisted Chemical 
Vapor Deposition (PACVD) and Plasma Enhanced 
Chemical Vapor Deposition (PECVD) techniques were 
developed, improving film properties and lower 
processing temperatures.

Late 20th Century

Advancements in Coating Materials: Continued 
research led to developing a wide range of coating 
materials. Thin films were now being applied not only 
for functional purposes like corrosion resistance and 
optical enhancement but also for novel applications 
in electronics, sensors, and medical devices.

21st Century

Nanotechnology and Multifunctional Coatings: The 
21st century saw a convergence of nanotechnology 
and thin-film coatings. Nanocomposite coatings, 
with nanoscale materials embedded, became a focus 
for enhanced properties. Multifunctional coatings, 
offering a combination of properties such as self-
cleaning, anti-bacterial, and enhanced mechanical 
properties, gained attention.

Diamond-Like Carbon Coatings:  
Engineering Marvels of  
Nature-Inspired Design
Amidst the evolution of nanocomposite coatings, 

diamond-like carbon (DLC) coatings emerged as a 
breakthrough innovation, drawing inspiration from 
the extraordinary properties of natural diamonds. 
Unlike conventional carbon coatings, which often 
exhibited limited hardness, wear resistance, and 
adhesion, DLC coatings offered a compelling 
alternative with their exceptional mechanical and 
tribological properties.

The genesis of DLC coatings can be traced back to 
the pioneering work of researchers in the 1970s and 
1980s, who sought to replicate the structure and 
properties of diamonds through various deposition 
methods. By employing hydrocarbon precursor 
gases in a vacuum environment, researchers could 
generate amorphous carbon films with diamond-like 
characteristics, including high hardness, low friction, 
and chemical inertness.

The development of advanced deposition techniques, 
such as plasma-enhanced chemical vapor deposition 
(PECVD), further refined the synthesis of DLC 
coatings, enabling precise control over coating 
morphology, sp2/sp3 carbon bonding ratio i.e. 
diamond/ graphitic ratio, and internal stress levels.

As seen in Figure 1, the ratio of sp2 to sp3 carbon 
bonding has a direct effect on the properties 
exhibited by a DLC coating. Besides, sp2/sp3 ratio, 
hydrogen content impacts the properties exhibited.

Figure 2 Ternary phase diagram for DLC thin films. 
 Adapted from Ref. 1.

Unraveling the Enigmatic Properties of 
Diamond-Like Carbon Coatings
DLC coatings exhibit a plethora of exceptional 
properties, each contributing to their unparalleled 
performance in various industrial applications:

Hardness and Wear Resistance: DLC coatings boast 
extraordinary hardness, rivaling that of natural 
diamond, with values typically exceeding 20 GPa (~ 
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2000 HV). This exceptional hardness renders DLC-
coated surfaces highly resistant to abrasive wear, 
adhesive wear, and surface deformation, ensuring 
prolonged service life and reliability in high-stress 
environments.

Tribological Performance: The low friction coefficient 
of DLC coatings, coupled with their smooth surface 
finish, mitigates frictional losses and wear in 
mechanical systems, thereby enhancing operational 
efficiency and reducing energy consumption. The 
tribological behavior of DLC coatings can be further 
optimized through the incorporation of dopants, such 
as hydrogen or silicon, to modulate surface chemistry 
and lubricant interaction.

Chemical Inertness: DLC coatings exhibit inherent 
chemical inertness, rendering them impervious 
to corrosive agents, oxidizing environments, 
and aggressive chemicals. This chemical stability 
preserves the integrity of coated surfaces and 
prevents contamination and degradation of adjacent 
components, making DLC coatings indispensable in 
harsh operating conditions.

Adhesion and Coating Integrity: The adhesion 
strength of DLC coatings to substrate materials is 
critical for ensuring long-term performance and 
durability. 

Advanced surface pretreatment techniques, such 
as ion bombardment or plasma cleaning, promote 

interfacial bonding and adhesion between the DLC 
coating and substrate, thereby minimizing the risk of 
delamination or spalling under mechanical loading.

Biocompatibility and Biofunctionality: DLC coatings 
exhibit biocompatible properties in biomedical 
applications, facilitating integration with biological 
tissues and implants. The bioinert nature of DLC 
coatings mitigates inflammatory responses and 
tissue rejection, while surface modifications, such as 
surface functionalization or bioactive coatings, impart 
biofunctionality for tailored biomedical applications.

Optimizing Gear Performance:  
Diamond-Like Carbon  
Coatingsin Action
Now that we’ve elucidated the remarkable properties 
of DLC coatings, let’s explore their transformative 
impact on gear applications, with a focus on electric 
vehicle transmissions and industrial gearbox systems.

Electric Vehicle Transmissions:  
Efficiency, Reliability, and  
Sustainability
Electric vehicles (EVs) represent the vanguard 
of automotive innovation, propelled by electric 
propulsion systems that demand lightweight, 
compact, and efficient transmission solutions. 

Figure 3 SEM micrograph of Nanocomposite coating.
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DLC coatings emerge as a strategic enabler for 
enhancing the performance and sustainability of EV 
transmissions:

Enhanced Efficiency and Range: The integration of 
DLC-coated gear components within EV transmissions 
yields substantial improvements in energy efficiency 
and range. By reducing frictional losses and wear, 
DLC coatings optimize power transmission, minimize 
energy dissipation, and extend the operational 
lifespan of critical drivetrain components.

Thermal Management and Durability: Lower friction 
results in lower thermal load leading to better 
thermal management within EV transmissions, 
thereby mitigating the risk of overheating and 
thermal degradation. Additionally, DLC coatings 
enhance the thermal stability and wear resistance of 
gear surfaces, ensuring robust performance under 
dynamic operating conditions.

Noise Reduction and Vibration Damping: DLC-coated 
gear systems exhibit reduced noise emissions and 
vibration levels compared to traditional metal-
on-metal configurations. The inherent damping 
properties of DLC coatings attenuate mechanical 
vibrations, harmonics, and resonance, thereby 
enhancing passenger comfort and drivetrain 
refinement in EVs.

Industrial Gearbox Systems:  
Productivity, Reliability, and  
Maintenance Optimization
In industrial settings, gearbox systems serve as the 
mechanical backbone of machinery and equipment, 
facilitating power transmission, speed reduction, and 
torque amplification across diverse applications. DLC 
coatings emerge as a strategic asset for optimizing 
the performance, reliability, and maintenance 
requirements of industrial gearbox systems:

Enhanced Load-Bearing Capacity: DLC-coated 
gears exhibit superior load-bearing capacity and 
fatigue resistance, enabling them to withstand the 
rigors of heavy-duty industrial applications. The 
exceptional hardness and wear resistance of DLC 
coatings mitigates surface damage, pitting, and 
micro-fractures, thereby prolonging the service life of 
gearbox components.

Efficiency Optimization and Energy Savings: Industrial 
gearbox systems often operate at high torque levels 
and rotational speeds, necessitating efficient power 
transmission and minimal energy losses. DLC coatings 
reduce frictional losses, improve gear meshing 
efficiency, and optimize lubricant retention, resulting 
in energy savings, reduced operating temperatures, 
and enhanced gearbox efficiency.

Maintenance Interval Extension: DLC coatings 

mitigate the need for frequent maintenance 
interventions and lubricant replenishment in 
industrial gearbox systems. The self-lubricating 
properties of DLC-coated surfaces, combined 
with their resistance to abrasive wear and surface 
oxidation, contribute to extended maintenance 
intervals, reduced downtime, and enhanced 
equipment availability.

Advanced Applications and Emerging 
Trends in DLC Coatings
Beyond conventional gear applications, DLC coatings 
are finding novel applications and driving innovation 
across diverse industries:

Aerospace and Defense: DLC coatings enhance the 
performance and durability of aircraft components, 
such as gears, bearings, and actuators, in demanding 
aerospace environments characterized by high 
speeds, loads, and temperatures.

Renewable Energy: DLC coatings optimize the 
efficiency and reliability of wind turbine gearboxes, 
hydroelectric turbines, and solar tracking systems, 
thereby contributing to the expansion of renewable 
energy sources and sustainable power generation.

Medical Devices and Implants: DLC coatings exhibit 
biocompatible properties and wear resistance, 
making them ideal for orthopedic implants, surgical 
instruments, and medical devices requiring prolonged 
contact with biological tissues.

Microelectromechanical Systems (MEMS): DLC 
coatings provide lubrication and wear protection for 
MEMS devices, such as accelerometers, gyroscopes, 
and microvalves, enabling miniaturization and 
improved performance in microscale applications.

Challenges and Future Directions in 
DLC Coating Technology
Despite the myriad benefits offered by DLC coatings, 
several challenges and opportunities exist on the 
horizon:

Optimization of Deposition Processes: Enhancing 
the deposition efficiency, uniformity, and scalability 
of DLC coatings through advanced deposition 
techniques, such as plasma immersion ion 
implantation (PIII) and hybrid deposition methods, 
to meet the demands of mass production and high-
throughput applications.

Tailoring Surface Properties: Engineering DLC coatings 
with tailored surface properties, such as tunable 
friction, wear, and adhesion. This is accomplished 
through the incorporation of dopants, nanocomposite 
additives, or surface functionalization techniques, 
to address specific application requirements and 
performance objectives.
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Multifunctional Coating Systems: Developing 
multifunctional coating systems by integrating DLC 
coatings with complementary materials, such as 
diamond nanoparticles, metal oxides, or polymers, 
to synergistically enhance mechanical, thermal, and 
electrical properties for multifaceted applications.

Sustainability and Environmental Impact: Exploring 
sustainable sources of precursor materials and 
renewable energy sources for DLC coating deposition 
processes and advancing recycling and reclamation 
technologies for reclaiming and reusing DLC-coated 
components to minimize environmental footprint.

Conclusion: Harnessing the Power of 
Diamond-Like Carbon Coatings
In conclusion, diamond-like carbon coatings 
epitomize the convergence of cutting-edge material 
science, nanotechnology, and engineering innovation. 
Their exceptional hardness, tribological performance, 
chemical inertness, and biocompatibility render 
them indispensable in various industrial applications, 
particularly in gear systems where durability, 
efficiency, and reliability are paramount.

Embracing the transformative potential of DLC 
coatings unlocks new frontiers in performance 
optimization, sustainability, and technological 
advancement. By integrating DLC-coated components 
into gear assemblies, you not only elevate the 
operational efficiency and longevity of machinery but 
also contribute to the broader objectives of energy 

conservation, emissions reduction, and sustainable 
development.

In the ever-evolving landscape of materials 
engineering and surface technology, diamond-like 
carbon coatings stand as a beacon of progress and 
possibility, empowering industries to surmount 
challenges, transcend limitations, and redefine the 
boundaries of what’s achievable. 

These goals drive the continuous innovation here at 
United Protective Technologies (UPT). For more than 
two decades UPT has researched, developed, and 
applied advanced surface solutions for demanding 
applications. Our nanocomposite coating innovations 
are used to enable advancements in industries from 
aerospace to automotive, medical to metalworking, 
weapons systems to oil and gas.

upt-usa.com
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India, home to the world's second-largest 
armed forces, is now witnessing a revolutionary 
transformation in its Defence sector. 

This shift is being driven by the Indian government's 
focus on Defence and Aerospace as crucial pillars 
of the ‘Aatmanirbhar Bharat’ (Self-Reliant India) 
initiative, with an emphasis on developing indigenous 
manufacturing capabilities and enhancing a robust 
research and development ecosystem.

Budgetary Boost for Modernisation 
and Infrastructure
The Interim Union Budget for 2024-25 reflects 
India's commitment to strengthening its defence 
capabilities. 

Capital allocations for the modernisation and 
infrastructure development of the Defence Services 
have been significantly increased to INR 1.72 Lakh 

MAKE IN INDIA

India's Defence Sector on the 
Path to Self-Reliance
By: Sushmita Das

Crore, marking a 9.4% rise compared to the 2023-
24 fiscal year. Overall, the defence sector has been 
allocated INR 6.22 Lakh Crore, a 4.79% increase over 
the previous year. 

This financial boost underscores the government's 
intent to bolster India's defence infrastructure and 
technological prowess.

Ambitious Targets for Aerospace  
and Defence Manufacturing
The Ministry of Defence has set an ambitious goal 
to achieve a turnover of INR 1.75 Lakh Crore in 
aerospace and defence manufacturing by 2025, with 
export targets of INR 35,000 Crore. 

As of April 2023, a total of 606 industrial licenses have 
been granted to 369 companies in the Defence sector, 
reflecting the growing industrial participation and the 
sector's expansion.
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Fostering a Conducive Ecosystem
To support the domestic defence industry, the 
Indian government has prioritised transparency, 
predictability, and ease of doing business. A series 
of supportive measures have been implemented, 
including relicensing, deregulation, export promotion, 
and liberalization of foreign investment. 

The Foreign Direct Investment (FDI) limit in 
the Defence sector has been increased to 74% 
through the Automatic Route and 100% through 
the Government Route, making the sector more 
attractive to foreign investors. In addition, the 
Department of Military Affairs (DMA) has issued five 
Positive Indigenisation Lists, encompassing 5,012 
items that must be sourced locally. This move not 
only strengthens domestic manufacturing but also 
reduces dependency on foreign suppliers.

Defence Industrial Corridors:  
Catalysts for Growth
The establishment of two dedicated Defence 
Industrial Corridors in Tamil Nadu and Uttar Pradesh 
marks a significant step in creating clusters of defence 
manufacturing.  
These corridors are designed to leverage existing 
infrastructure and human capital, fostering an 
environment conducive to innovation and industrial 
growth.

Moreover, initiatives such as the Innovations for 
Defence Excellence (iDEX) and the Defence Testing 
Infrastructure Scheme (DTIS) are promoting 
innovation within the Defence and Aerospace 
ecosystem, furthering India's self-reliance goals.

Record-breaking achievements in  
Defence Production and Exports
The fiscal year 2023-24 witnessed remarkable growth 
in India's defence sector. The country spent 3.3% of 
its GDP on defence, and defence exports reached an 
all-time high of $2.63 billion.

Recently, the Union Defence Minister 
Shri Rajnath Singh announced in one 
of his posts on X that India achieved 
its highest-ever growth in defence pro-
duction value during the 2023-24 fiscal 
year, making significant strides under 
the Make in India initiative. He stated 
that production values rose by 16.8% 
compared to the 2022-2023 fiscal 
year, reaching Rs. 1,26,887 crores in FY 
2023-2024.
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A key milestone in India's journey toward self-
reliance was the partnership between Adani Defence 
and Aerospace and French defence company Thales 
in June 2024. 

This collaboration aims to manufacture 70 mm 
rockets for the Rudra and Prachand helicopters, 
aligning with the Make in India and Aatmanirbhar 
Bharat initiatives.

Strategic Frameworks and Policies
The Defence Production and Export Promotion Policy 
2020 (DPEPP) serves as a guiding document for the 
Ministry of Defence, outlining a structured approach 
to enhancing the country's defence production 
capabilities. 

The Defence Acquisition Procedure (DAP 2020) 
further empowers the Indian domestic industry 
through the Make in India initiative, establishing a 
preference for procurements from Indian vendors 
and enhancing indigenous content in defence 
products.

One of the cornerstone initiatives under DAP 2020 
is the Strategic Partnership Model (SPM), which was 
approved by the Defence Acquisition Council (DAC) in 
May 2017. 

The SPM aims to engage the Indian private sector 
in manufacturing high-tech defence equipment 
through long-term partnerships with global Original 
Equipment Manufacturers (OEMs). 

This model focuses on technology transfers and 
establishing domestic manufacturing infrastructure, 
ensuring that India can produce critical defence 
equipment independently.

Leading Players in Defence  
Manufacturing
India's defence production landscape is dominated by 
16 Defence Public Sector Undertakings (DPSUs). 

Hindustan Aeronautics Limited (HAL), renowned 
for producing the lightweight combat helicopter 
Prachand, is a key player in the aircraft segment. 

Other notable entities include Bharat Electronics 
Limited (BEL), Bharat Dynamics Limited (BDL), Mishra 
Dhatu Nigam Limited (MIDHANI), and BEML Limited, 
each specializing in electronics, missiles, special 
alloys, and vehicles respectively.

India's Defence sector is at the juncture of 
a transformative revolution, driven by the 
government's focus on self-reliance and indigenous 
manufacturing. 

With robust budgetary allocations, strategic policies, 
and active industrial participation, India is well 

on its way to becoming a global leader in defence 
production and exports. 

The initiatives and collaborations underway today will 
not only strengthen India's defence capabilities but 
also position it as a key player in the global defence 
and aerospace industry.
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The Role of Ceramic and  
Plastic Materials in Gear  
Manufacturing
By: Nishant Kashyap

The evolution of gear manufacturing has seen 
significant advancements with the introduction 
of novel materials that offer unique benefits over 
traditional metals. 

Among these materials, ceramics and plastics have 
emerged as viable alternatives, each bringing distinct 
advantages to various applications. This article 
delves into the role of ceramic and plastic materials 
in gear manufacturing, exploring their properties, 
applications, and the benefits they offer over 
traditional materials.

Ceramic Materials in Gear  
Manufacturing
Ceramic materials, known for their hardness and 
thermal stability, have been increasingly used in gear 

manufacturing. They offer several advantages over 
traditional metal gears, particularly in high-stress and 
high-temperature environments.

Properties of Ceramic Materials:

Ceramic materials are renowned for their 
exceptional hardness, which makes them highly 
resistant to wear and tear. This property is 
particularly beneficial in applications where gears 
are subjected to continuous friction and wear.  
 
Additionally, ceramics exhibit remarkable thermal 
stability, allowing them to withstand high 
temperatures without losing their mechanical 
properties. This makes them ideal for applications in 
high-temperature environments. Another noteworthy 
property of ceramics is their corrosion resistance.  
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Unlike metals, ceramics are not prone to corrosion, 
making them suitable for use in chemically aggressive 
environments.

Applications of Ceramic Gears:

Ceramic gears find extensive applications in various 
high-performance and demanding environments.  
In the aerospace industry, their high strength-to-
weight ratio is highly advantageous, making them 
suitable for use in turbine engines and other high-
performance components. 

In the automotive sector, ceramic gears are used in 
high-performance applications, including racing cars, 
where their thermal stability and wear resistance 
are critical. Additionally, the biocompatibility and 
sterilisation capabilities of ceramics make them 
suitable for use in medical devices and equipment, 
ensuring reliability and safety in medical applications.

Benefits of Ceramic Gears:

Ceramic gears offer several significant benefits that 
enhance their appeal in various applications. Due to 
their hardness and wear resistance, ceramic gears 
have a longer service life compared to metal gears. 

This longevity translates into reduced maintenance and 
replacement costs. Also, ceramic gears can operate at 
higher speeds and loads without deformation, leading 
to more efficient power transmission. The corrosion 
resistance of ceramics further reduces the need for 
frequent maintenance and replacement, resulting 
in lower operational costs and improved overall 
efficiency.

Plastic Materials in Gear  
Manufacturing
Plastic gears, on the other hand, are known for their 
versatility and cost-effectiveness. They are widely used 
in applications where noise reduction, lightweight, 
and cost savings are prioritised.

Properties of Plastic Materials:

Plastic materials possess several properties that 
make them ideal for gear manufacturing. One of the 
most notable properties is their lightweight nature. 
Plastic gears are significantly lighter than their metal 
counterparts, which reduces the overall weight of the 
machinery and improves efficiency. 

Additionally, plastics have inherent damping 
properties, which help in reducing noise and vibration 
during gear operation. 

This property is particularly valuable in applications 
where noise reduction is critical. Furthermore, the 
production of plastic gears is generally less expensive 
than metal gears, making them an economical choice 
for many applications.

Applications of Plastic Gears:

Plastic gears are widely used in various industries due 
to their unique properties. In the consumer electronics 
industry, plastic gears are commonly found in devices 
such as printers, cameras, and household appliances, 
where their lightweight and noise reduction capabilities 
are highly valued. 

In the automotive industry, plastic gears are used in 
non-critical applications such as window regulators, 
seat adjusters, and HVAC systems, where their cost-
effectiveness and lightweight properties are beneficial. 
Plastic gears are employed in various industrial 
machinery where high load and high-speed operations 
are not required, providing reliable performance in 
less demanding applications.

Benefits of Plastic Gears:

Plastic gears offer numerous benefits that make them 
a popular choice in various applications. One of the 
primary advantages is the ease of customization. 
Plastic gears can be easily moulded into complex 
shapes, allowing for greater design flexibility and 
customization. Many plastic gears are self-lubricating, 
which reduces the need for additional lubricants and 
simplifies maintenance. This property not only reduces 
maintenance costs but also improves the overall 
efficiency of the machinery. Like ceramics, plastics are 
resistant to corrosion, making them suitable for use in 
harsh environments where exposure to chemicals and 
moisture is a concern.

Comparative Analysis
While both ceramic and plastic gears offer unique 
advantages, their suitability depends on the specific 
requirements of the application. Ceramic gears excel 
in high-strength and high-temperature applications, 
thanks to their exceptional hardness, thermal stability, 
and corrosion resistance. 

They are ideal for use in demanding environments 
where long service life and efficient power transmission 
are critical. However, the manufacturing processes for 
ceramic gears are more complex and costly compared 
to plastic gears, limiting their use to high-performance 
and high-value applications. On the other hand, plastic 
gears are more cost-effective to produce and offer 
significant advantages in terms of lightweight, noise 
reduction, and ease of customization. 

They are ideal for applications where noise reduction, 
lightweight, and cost savings are prioritised, such 
as consumer electronics, automotive non-critical 
components, and industrial machinery. However, 
plastic gears may not be suitable for high-load and 
high-speed applications due to their lower strength 
compared to metals. The inherent brittleness of 
ceramics can also be a limitation in applications 
involving shock loads or impact.
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Challenges and Considerations
Despite their benefits, the use of ceramic and plastic 
materials in gear manufacturing also presents certain 
challenges.

● Manufacturing Complexity: The manufacturing 
processes for ceramic gears are more complex and 
costly compared to plastic gears. This can limit their 
use to high-performance and high-value applications.

● Material Properties: The inherent brittleness of 
ceramics can be a limitation in applications involving 
shock loads or impact, while plastic gears may not be 
suitable for high-load and high-speed applications due 
to their lower strength compared to metals.

Future Trends
The future of gear manufacturing is likely to see 
continued innovation in ceramic and plastic materials. 
Advances in material science and manufacturing 
technologies are expected to enhance the properties of 
these materials, making them even more competitive 
with traditional metals.

● Advanced Ceramics: Research into advanced ceramic 
materials aims to improve their toughness and impact 
resistance, making them suitable for a wider range of 
applications.

● High-Performance Plastics: The development of 
high-performance plastics with enhanced strength 
and thermal stability will expand their use in more 
demanding applications.

● Sustainable Manufacturing: The push towards 
sustainable manufacturing practices is driving 
the development of eco-friendly ceramics and 
biodegradable plastics, reducing the environmental 
impact of gear production.

Final Takeaway
The use of ceramic and plastic materials in gear 
manufacturing represents a significant advancement 
in the field, offering unique benefits over traditional 
metals. Ceramics provide exceptional hardness, thermal 
stability, and corrosion resistance, making them ideal 
for high-stress and high-temperature applications. 
Plastics, on the other hand, offer versatility, cost-
effectiveness, and noise reduction, making them 
suitable for a wide range of applications. As material 
science and manufacturing technologies continue to 
evolve, the role of ceramic and plastic materials in 
gear manufacturing is set to expand, driving further 
innovation and efficiency in the industry.

Nishant Kashyap is a mechani-
cal engineer with a passion for 
innovation in the manufacturing  
industry. With a strong back-
ground in machine tools, die 
mould, 3D printing, and the auto-
motive sector, he leverages his ex-
pertise to craft insightful articles. 
He has authored over 600 articles 
and 200+ interviews with global 
industry leaders.
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Micro / Nano Gearing  
Technology
By: Sudhanshu Nayak

Micro/nano gearing technology represents a frontier 
in engineering, where the precision and functionality 
of gears are scaled down to microscopic and 
nanoscopic dimensions. This technology is pivotal in 
the ongoing miniaturisation of devices across various 
industries. 

The ability to create functional gears at such small 
scales enables the development of sophisticated 
systems with enhanced performance, efficiency, and 
new capabilities previously unattainable with larger 
mechanical components.

This article aims to delve into the intricate world 
of micro/nano gearing technology, exploring its 
development and application in MEMS, biomedical 
devices, and miniature robotics. 

We will discuss the unique manufacturing challenges 
associated with producing gears at such small scales, 
including the precision required and the limitations of 
current fabrication techniques. 

Additionally, we will examine the material 
considerations crucial for ensuring the functionality 
and durability of micro/nano gears in various 
applications. 

Applications of Micro/Nano Gearing
Micro/nano gears are integral components in various 
advanced technologies, enabling high precision and 
efficiency in small-scale systems. Their applications 
span across diverse fields, each leveraging the 
unique advantages of miniaturised gears to push the 
boundaries of innovation and functionality.

● MEMS (Micro-Electro-Mechanical Systems):  
Micro/nano gears play a critical role in the 
functionality of MEMS devices, which combine 
mechanical and electronic components at 
microscopic scales. These gears enable precise control 
and movement, essential for the performance of 
MEMS applications.

- Microfluidic Systems: In microfluidic systems, micro/
nano gears are used to manipulate tiny volumes of 
fluids with high accuracy. They facilitate the precise 
mixing, pumping, and routing of fluids in lab-on-a-
chip devices, which are used for chemical analysis, 
biological assays, and medical diagnostics.

- Microsensors: Microsensors rely on micro/nano 
gears for accurate positioning and motion control. 
These sensors, which can detect physical parameters 
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like pressure, temperature, and acceleration, are 
used in various applications, including automotive 
systems, environmental monitoring, and consumer 
electronics.

- Optical Devices: In optical MEMS devices, micro/
nano gears are used to adjust mirrors, lenses, and 
other optical components. These devices are crucial 
in applications such as fiber optic communication 
systems, adaptive optics for telescopes, and 
miniaturised projectors.

● Biomedical Devices:  
In the biomedical field, the demand for miniaturised 
and highly precise components has driven the 
adoption of micro/nano gears in various applications.

- Medical Robotics: Micro/nano gears are essential 
in medical robotics, where they provide the precise 
control needed for surgical instruments and robotic-
assisted procedures. These gears enable minimally 
invasive surgeries with high accuracy, reducing 
patient recovery times and improving outcomes.

- Implantable Devices: Implantable medical devices, 
such as drug delivery systems and pacemakers, 
utilise micro/nano gears for their compact size and 
reliability. These gears ensure precise and controlled 
operation within the human body, crucial for patient 
safety and treatment efficacy. 

The precision and miniaturisation offered by micro/
nano gears are vital for biomedical applications, 
where even small inaccuracies can have significant 
consequences.

● Miniature Robotics:  
Micro/nano gears are at the heart of miniature 
robotic systems, enabling complex movements and 
tasks in tiny robots used across various industries.

- Exploration: In exploration, microrobots equipped 
with micro/nano gears can navigate and inspect 
environments that are inaccessible to larger robots. 
These robots are used in applications such as deep-
sea exploration, space missions, and archaeological 
investigations.

- Industrial Inspection: Miniature robots with micro/
nano gears are employed in industrial inspection 
tasks, where they can access confined spaces and 
intricate machinery. 

These robots help in detecting defects, conducting 
maintenance, and ensuring the smooth operation of 
industrial systems.

- Other Fields: Beyond exploration and industrial 
inspection, micro/nano gears find applications 
in fields like environmental monitoring, where 
microrobots can collect data on air and water quality, 
and in consumer electronics, where they enable the 
development of compact and efficient devices.

The applications of micro/nano gearing technology 
in MEMS, biomedical devices, and miniature robotics 
demonstrate its pivotal role in advancing precision, 
miniaturisation, and functionality in modern 
engineering.

Design Considerations for  
Micro/Nano Gears
Designing micro/nano gears involves addressing 
several unique challenges associated with their 
reduced scale. One of the primary difficulties in 
miniaturisation is achieving the high precision 
required for these tiny components. 

At micro and nano scales, even minor deviations in 
gear dimensions can significantly impact performance 
and efficiency. 

Therefore, manufacturing processes must ensure 
exceptional accuracy. Additionally, low inertia is 
critical in these gears to enable rapid response and 
smooth operation, especially in applications requiring 
high-speed actuation. 

Efficient power transmission is also vital, as losses due 
to friction and misalignment can be more pronounced 
at smaller scales, potentially compromising the 
overall system's performance.

Material selection is another crucial aspect of 
designing micro/nano gears. Suitable materials 
must exhibit a balance of mechanical properties, 
including strength, hardness, and fatigue resistance, 
to withstand the operational stresses. 

Polymers, ceramics, and metals are commonly used 
materials, each with its advantages and limitations. 

Polymers offer ease of fabrication and lightweight 
characteristics but may lack sufficient wear resistance. 
Ceramics provide excellent hardness and thermal 
stability but can be brittle. 

Metals, such as stainless steel and titanium, offer 
robustness and durability but can be challenging to 
machine at micro/nano scales. 

Thus, selecting the appropriate material involves 
considering both the mechanical properties and the 
feasibility of manufacturing and assembly.

Topology optimization plays a significant role in 
designing efficient micro/nano gears. This advanced 
design approach involves using computational 
methods to optimise the gear's shape and structure, 
ensuring it meets performance requirements while 
minimising material usage and weight. 

At micro/nano scales, topology optimization helps in 
achieving the necessary balance between strength, 
flexibility, and durability. It allows designers to create 
complex geometries that are not feasible with 
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traditional design methods, enhancing the gear's 
functionality and performance. 

However, the optimization process must also consider 
manufacturing constraints, such as the limitations 
of microfabrication techniques, to ensure that 
the optimised designs can be practically realised. 
Balancing these factors is essential for developing 
micro/nano gears that are both highly efficient and 
manufacturable.

The design of micro/nano gears requires immense 
attention to precision, material selection, 
and structural optimization. Addressing these 
considerations ensures the creation of reliable 
and high-performing gears that are essential for 
advancing technologies in various fields.

Manufacturing Techniques for  
Micro/Nano Gears
Manufacturing micro/nano gears requires specialised 
techniques capable of achieving the necessary 
precision and scale. 

Lithography-based processes are among the most 
commonly used methods, with photolithography 
and electron beam lithography being prominent 
examples. 

Photolithography involves using light to transfer 
geometric patterns from a photomask to a light-
sensitive chemical photoresist on a substrate, 
allowing the creation of intricate microstructures. 

Electron beam lithography, on the other hand, 
uses focused beams of electrons to write custom 
patterns directly onto the resist, offering even higher 
resolution suitable for nanoscale features. 

These techniques are pivotal in fabricating gear 
structures for applications such as MEMS, where high 
precision and small dimensions are essential. 

The ability to produce complex, highly detailed gears 
through lithographic processes has made them a 
cornerstone in micro/nano manufacturing.

Additive Manufacturing (AM), commonly known as 
3D printing, has also become an invaluable tool in the 
production of micro/nano gears. 

This technique involves layer-by-layer construction of 
objects from digital models, allowing for the creation 
of complex geometries that are difficult or impossible 
to achieve with traditional methods. 

AM enables rapid prototyping, which is particularly 
advantageous in the development phase, allowing 
designers to quickly iterate and refine gear designs. 
Moreover, 3D printing can produce parts with 
intricate internal structures and fine details, making it 
well-suited for micro/nano gears. 

The flexibility and efficiency of AM have expanded 
its use in various fields, including biomedical devices 
and miniature robotics, where custom, precise, and 
lightweight components are often required.

Precision machining, including advanced CNC 
(Computer Numerical Control) machining and micro-
machining, continues to play a critical role in the 
fabrication of micro/nano gears. 

Traditional machining techniques face significant 
challenges at these scales, such as maintaining 
accuracy and surface finish while minimizing tool 
wear and thermal effects. 

However, advancements in CNC technology have 
enabled the production of extremely precise 
microscale components. 

Micro-machining, which involves the use of 
specialized tools and machines designed for small-
scale operations, addresses some of these challenges 
by allowing for finer control over the machining 
process. 

This technique is essential for creating gears with 
the required precision and mechanical properties, 
especially when working with hard materials like 
metals and ceramics. 

The development of micro-cutting tools and 
improved process controls has significantly enhanced 
the capability of precision machining to meet the 
demands of micro/nano gear manufacturing.

The manufacturing of micro/nano gears leverages a 
combination of lithography-based processes, additive 
manufacturing, and precision machining to achieve 
the necessary precision and complexity. 

Each technique offers unique advantages and faces 
specific challenges, contributing to the advancement 
of micro/nano gearing technology in various high-
tech applications.

Future Directions and Innovations
The future of micro/nano gearing technology is 
poised for significant advancements, particularly with 
the emergence of new materials and technologies. 

Innovations in material science, such as the 
development of advanced polymers, high-strength 
ceramics, and nanocomposites, hold promise for 
enhancing the performance and durability of micro/
nano gears. 

These materials offer improved mechanical 
properties, wear resistance, and thermal stability, 
which are crucial for reliable operation at small scales. 

Additionally, nanotechnology is playing an 
increasingly vital role in this field, enabling the 
creation of materials with precisely engineered 
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structures at the molecular level. This can lead 
to gears with superior strength-to-weight ratios, 
reduced friction, and enhanced functionality, driving 
the performance of micro/nano gears to new heights.

The integration of micro/nano gearing technology 
with emerging technologies like Artificial Intelligence 
(AI), the Internet of Things (IoT), and smart materials 
is opening up exciting possibilities. 

AI can optimize gear design and predict maintenance 
needs through advanced algorithms and machine 
learning, leading to smarter and more efficient 
systems. IoT enables real-time monitoring and 
control of gear performance in various applications, 
enhancing reliability and maintenance strategies. 

Smart materials that respond to environmental 
changes can further improve the adaptability and 
functionality of micro/nano gears. 

Sudhanshu Nayak, a dynamic 
mechanical engineer, is driven by 
a fervor for cutting-edge technolo-
gies like 3D printing, cloud manu-
facturing, & Industry 4.0. He has 
gained invaluable firsthand ex-
perience with 3D printing during 
his tenure at innovative startups. 
His youthful energy fuels a deep 
expertise in social media market-
ing, technical content creation, & 
market research.

These integrations are expected to revolutionise 
future applications in industries such as aerospace, 
automotive, healthcare, and consumer electronics, 
where the demand for miniaturised, intelligent, and 
highly efficient mechanical systems continues to grow.
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Powder Metallurgical Steels in 
Gear Manufacturing:  
Advantages and Applications

Powder metallurgy (PM) is a versatile manufacturing 
process that offers unparalleled precision and 
efficiency in producing metal components. It involves 
creating intricate parts by compacting metal powders 
into the desired shape and then bonding them 
through sintering.  
This process stands out due to its ability to produce 
complex geometries with minimal material wastage, 
making it an environmentally friendly and cost-
effective option.  
 
The PM process begins with the creation of metal 
powders. These powders can be derived from various 
metals and alloys, each with unique properties suited 
for different applications. 

The powders are meticulously blended with 
lubricants and additives to optimise the pressing 
and sintering stages. The resulting mixture is then 
compressed into a die to form a 'green' part.  
The subsequent sintering process involves heating 
the compacted part below its melting point, causing 

By: Nishant Kashyap

the metal particles to fuse together and form a solid, 
robust component. This controlled atmosphere 
process ensures consistent material properties and 
dimensional accuracy.

Material Selection for PM Gears
The selection of the appropriate powder metallurgical 
(PM) steel for gear manufacturing is a critical 
decision that significantly impacts the component's 
performance, durability, and cost. Several factors 
must be considered:

● Mechanical properties: Strength, hardness, 
toughness, wear resistance, and fatigue strength are 
essential for gear performance.

● Operating conditions: Load, speed, temperature, 
and environmental factors influence material 
selection.

● Cost: The desired balance between material cost 
and performance must be considered.
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● Process-ability: The material's suitability for PM 
processing, including powder characteristics and 
sintering behaviour, is crucial.

Material Selection Considerations
● Powder characteristics: Particle size, shape, and 
distribution influence compaction and sintering 
behaviour.

● Sintering parameters: Temperature, atmosphere, 
and time affect microstructure and properties.

● Secondary operations: Heat treatments, surface 
coatings, and machining can modify properties.

● Cost-benefit analysis: Evaluate the trade-offs 
between material cost, processing costs, and 
component performance.

Benefits of Using Powder  
Metallurgical Steels in Gears
1. Material Efficiency: Powder metallurgy allows 
for near-net-shape manufacturing, meaning that 
the gears produced require minimal machining and 
finishing. This results in significant material savings, 
as there is little to no waste generated during the 
process.

2. Design Flexibility: PM technology enables the 
production of complex geometries that would be 
difficult or impossible to achieve with traditional 
manufacturing methods.  
 
This flexibility allows for the creation of gears with 
intricate shapes and features, improving performance 
and functionality.

3. Consistent Properties: The PM process ensures 
uniform distribution of alloying elements, resulting 
in consistent mechanical properties throughout 
the gear. This uniformity is crucial for high-stress 
applications where reliability and performance are 
paramount.

4. Cost-Effectiveness: Due to the efficient use of 
materials and the reduced need for secondary 
operations, powder metallurgical gears are often 
more cost-effective to produce than those made 
using conventional methods. This makes PM gears an 
attractive option for high-volume production runs.

5. Improved Performance: Powder metallurgical 
steels can be tailored to exhibit specific properties, 
such as high strength, wear resistance, and fatigue 
resistance. These properties are essential for gears 
used in demanding applications, ensuring longevity 
and reliability.

6. Environmental Benefits: The PM process generates 
less waste and consumes less energy compared to 
traditional manufacturing methods.  

This makes it a more sustainable option, aligning with 
the growing emphasis on environmentally friendly 
manufacturing practices.

Applications of Powder Metallurgical 
Steel Gears
Let’s have a look into the application side of PM Steel 
Gears: 

1.Automotive Industry: The automotive sector is 
one of the largest consumers of powder metallurgical 
gears. These gears are used in various components, 
including transmissions, differentials, and engine 
timing systems. The ability to produce lightweight, 
high-strength gears with precise tolerances makes PM 
technology ideal for automotive applications.

2. Industrial Machinery: Industrial equipment often 
operates under high loads and harsh conditions, 
requiring gears with exceptional durability and 
performance. Powder metallurgical gears are used 
in machinery such as pumps, compressors, and 
conveyors, where reliability and efficiency are critical.

3. Aerospace: The aerospace industry demands 
components that offer high strength-to-weight ratios 
and excellent wear resistance. 

Powder metallurgical gears meet these requirements, 
making them suitable for use in aircraft engines, 
landing gear systems, and other critical aerospace 
applications.

4. Consumer Electronics: Precision gears are essential 
in consumer electronics, where they are used in 
devices like printers, cameras, and small appliances. 
PM technology allows for the production of small, 
intricate gears with high precision, ensuring smooth 
operation and longevity.

5. Medical Devices: Medical equipment, such 
as surgical instruments and diagnostic devices, 
requires gears with precise dimensions and reliable 
performance. Powder metallurgical gears are used 
in these applications due to their ability to meet 
stringent quality and performance standards.

6. Power Tools: Gears in power tools must withstand 
high torque and repetitive use. Powder metallurgical 
steels provide the necessary strength and wear 
resistance, making them ideal for use in drills, saws, 
and other power tools.

Additional Considerations
Powder metallurgical steels offer additional 
advantages beyond their core benefits. 

The process allows for precise customization of 
material properties by adjusting powder composition 
and sintering conditions, resulting in gears tailored for 
specific applications.  
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While PM gears often require minimal finishing, 
surface treatments can further enhance performance, 
improving wear resistance and extending lifespan. 

Rigorous quality control measures ensure the 
highest standards of reliability, essential for critical 
applications. Continuous research and development 
in powder metallurgy push technological boundaries, 
leading to improved gear performance and expanded 
possibilities.

Final Takeaway 
Powder metallurgical steels have revolutionised gear 
manufacturing, offering a host of advantages that 
make them suitable for a wide range of applications. 
From automotive and industrial machinery to 
aerospace and consumer electronics, PM gears 
provide superior performance, cost-effectiveness, 
and design flexibility. 

Nishant Kashyap is a mechani-
cal engineer with a passion for 
innovation in the manufacturing  
industry. With a strong back-
ground in machine tools, die 
mould, 3D printing, and the auto-
motive sector, he leverages his ex-
pertise to craft insightful articles. 
He has authored over 600 articles 
and 200+ interviews with global 
industry leaders.

As research and innovation in powder 
metallurgy continue to advance, the future of 
gear manufacturing looks promising, with even 
greater potential for efficiency, sustainability, and 
performance improvements.
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Balaji Diamond 
Tools: Driving 
Excellence in 
Gear Grinding 
Technology  
By: Sushmita Das

Introducing B. Praveen Kumar, the dynamic CEO 
of Balaji Diamond Tools, a leading innovator in the 
gear grinding industry. Under his leadership, the 
company has made significant strides in developing 
specialized diamond tooling solutions that cater to 
the unique needs of precision-driven sectors like gear 
manufacturing.

In this interview, Mr. Praveen Kumar sheds light on how 
Balaji Diamond Tools is meeting the evolving demands 
of the gear grinding industry through cutting-edge 
products, customized solutions, and a relentless focus 
on quality. 

He also discusses recent innovations, such as the 
introduction of CVD single-edge dressing tools, which 
are designed to enhance consistency and accuracy 
in gear grinding applications. Moreover, he explores 
how the company's research and development 
team continuously innovates to address customer 
challenges and stay ahead of industry trends.

From quality control measures to the role of advanced 
diamond and CBN wheels in improving grinding 
efficiency, Mr. Praveen Kumar provides valuable 
insights into how Balaji Diamond Tools remains at 
the forefront of gear grinding technology. As the 
conversation unfolds, we gain a deeper understanding 
of the company’s commitment to excellence and its 
vision for the future of gear grinding.

1. How does Balaji Diamond Tools 
cater to the specific needs of the gear 
grinding industry with its product 
range?
As a first step, we understand the customer's 
application regarding the finish and desired tolerances 
for the job. Further, we recommended an appropriate 
diamond tooling solution to the customer.

B. Praveen Kumar,
CEO - Balaji Diamond Tools

2. Can you elaborate on any recent 
innovations or advancements Balaji 
Diamond Tools has made in the field 
of gear grinding?
We have developed a CVD single-edge dressing tool, 
which is a great solution for precision jobs, especially 
gear-grinding applications. 

This product delivers consistency in finish and 
accuracy, which is a fundamental expectation of the 
gear-grinding industry.

This tool is a great alternative for natural single-point 
diamond dressers - which overwear and tear will lead 
to deviations in finishing/accuracy also the top quality 
diamonds are proving expensive, which the industry 
can't afford to pay such high prices given the limitations 
and constraints of the industry.

3. How does the company handle  
customized tool requests for gear 
grinding applications, and can you 
share some examples of unique  
solutions provided?
We have a tool selection chart which defines the choice 
of tool for the said grinding application. Secondly, the 
raw material grades are chosen based on customer 
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requirements in terms of Ra value and tolerance.  
Every industry and shop floor has a unique requirement, 
so it's not the case that one tool fits all requirements.

4. What specific quality control  
measures are in place to ensure the 
precision and reliability of your gear 
grinding tools?
Our quality check is done at every stage of the 
production. Our products are processed as per BIS & 
DIN standards (roller dressers are made with German 
collaboration)

5. How do your diamond and CBN 
resin and metal bond wheels enhance 
the efficiency and accuracy of gear 
grinding processes?
Diamond wheels are employed for carbide grinding 
applications. Whereas the CBN wheels are used for 
hardened steel of above 45hrc grinding applications.

Diamond | CBN wheels ensure dimensional accuracy 
of around 3 to 5 microns and a high finish with a Ra 
value of 0.1–0.2. Which is quite difficult to achieve 
with bonded abrasives.

6. Can you discuss the role of your 
R&D team in developing new 
gear-grinding technologies and tools?
As and when a customer issue or problem statement is 
received, we look at possible solutions by tweaking the 
bond combinations, grit structural sizes, and grades to 
overcome the problem/issue. 

The R & D team is in a continuous process to keep 
developing different combination products through 
several iterations and provide the best possible tools/
solutions.

7. What are some common  
challenges faced in gear grinding,  
and how do your products address 
these issues?
Primarily we witness that the customer has a world-
class grinding machine, and world-class abrasive 
wheels, but unfortunately, quite sometimes they are 
not complemented with the right quality diamond tool 
which will ultimately reflect the finish and accuracy of 
the product.

We do our best to share our expertise in the choice of 
selection of the right type & grade of diamond tools/
wheels to meet the expectations of the user.

8. How does Balaji Diamond Tools stay 
updated with the latest trends  
and demands in the gear-grinding  
industry?
We work with our principals in the industry and 
constant sharing of knowledge happens through 
international conclaves and conferences.

9. How do you incorporate  
customer feedback into the design  
and manufacturing of your gear  
grinding tools?
Most of the design is provided by the customer.  
As our products are consumables, the design is usually 
provided by the machinery manufacturer.

10. What future developments or 
product launches can we expect from 
Balaji Diamond Tools in the context of 
gear-grinding technology?
We intend to develop special bonds and diamond 
coating methods for robotic operations, creep grinding 
operations and intricate profile grinding.

Sushmita Das is an accomplished
technical writer. Holding a degree
in Electrical Instrumentation
and Control System Engineering,
she brings a wealth of technical
expertise to her writing.
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Comparative Analysis of  
Carburizing vs Nitriding for 
Gear Durability
By: Sudhanshu Nayak

Enhancing durability against wear and fatigue is 
paramount for ensuring reliable performance in 
various industrial applications. Two prominent 
methods employed to achieve this are carburizing 
and nitriding. Each process modifies the surface 
properties of gears, imparting hardness and 
resistance to wear and fatigue. This article provides a 
comparative analysis of these methods, highlighting 
their respective advantages, mechanisms, and 
practical considerations. 

Carburizing Process:
Carburizing is a heat treatment process aimed at 
increasing the surface hardness of steel components 
like gears by introducing carbon into the surface 
layer. The two primary methods of carburizing are gas 
carburizing and pack carburizing. 

Gas carburizing involves placing the gears in a furnace 
with a controlled atmosphere rich in carbon-bearing 
gases such as methane or propane.  

Typical temperatures range from 850°C to 950°C 
(1560°F to 1740°F), with a carbon potential in the 
atmosphere adjusted to achieve the desired case 
depth. The duration of the process varies depending 
on the desired case depth, typically ranging from 
several hours to a day or more.

Pack carburizing, on the other hand, involves 
surrounding the gears with a carbon-rich material, 
such as charcoal or a carbonaceous gas compound, 
in a sealed container (pack). The assembly is heated 
in a furnace at temperatures typically between 850°C 
to 950°C (1560°F to 1740°F) for an extended period, 
often several hours to overnight. This method allows 
for localised control of carbon diffusion and is suitable 
for smaller batches or specific geometries where 
uniform gas carburizing might be challenging.

Nitriding Process:
Nitriding is another surface hardening process that 
enhances the wear resistance and fatigue strength 
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of gears by diffusing nitrogen into the surface layer 
of steel. There are several methods of nitriding, 
including gas nitriding, salt bath nitriding, and plasma 
nitriding, each offering unique advantages depending 
on the application requirements.

Gas nitriding involves exposing the gears to an 
atmosphere of ammonia gas (NH₃) at temperatures 
typically between 500°C to 600°C (930°F to 1110°F). 
The ammonia dissociates to release nascent nitrogen 
atoms that diffuse into the surface of the steel, 
forming nitrides. The process duration can range from 
several hours to tens of hours, depending on the 
desired case depth and nitrogen content required.

Salt bath nitriding, also known as liquid nitriding, 
immerses the gears in a bath of molten salts 
containing nitrogen-bearing compounds. 

The temperatures for salt bath nitriding typically 
range from 510°C to 590°C (950°F to 1090°F). The 
duration of immersion varies but generally ranges 
from several hours to a day. This method provides 
excellent control over nitrogen diffusion and is 
suitable for complex geometries or large-scale 
production.

Plasma nitriding involves subjecting the gears to a 
glow discharge plasma containing nitrogen ions at 
relatively low pressures and temperatures compared 
to other methods (usually around 400°C to 600°C or 
750°F to 1110°F). 

The nitrogen ions are accelerated towards the surface 
of the gears, where they penetrate and form nitrides. 
This method offers precise control over case depth 
and is favored for its ability to nitride specific areas 
selectively, making it suitable for intricate geometries 
or parts requiring localised hardening.

While carburizing introduces carbon to enhance 
surface hardness, nitriding introduces nitrogen for 
similar benefits. 

Each method within these processes offers distinct 
advantages in terms of control, applicability 
to different materials and geometries, and 
environmental considerations, catering to specific 
requirements in gear manufacturing and other 
industrial applications.

Mechanism of Surface Hardening:
Carburizing and nitriding both significantly alter 
the surface properties of gears to enhance wear 
resistance and fatigue life. Carburizing introduces 
carbon into the surface layer of steel gears, forming a 
hardened case through diffusion. 

This process typically results in a hardened layer 
known as the carburized case, with a typical case 
depth ranging from 0.1 mm to several millimetres, 
depending on process parameters. 

The hardness profile exhibits a gradient from high 
surface hardness (typically around 60-63 HRC) to the 
core hardness of the base material. Microstructurally, 
carburizing transforms the surface into a martensitic 
structure, characterised by fine grains and high 
hardness, improving resistance to wear and fatigue.

In contrast, nitriding introduces nitrogen to form hard 
nitrides within the surface layer of gears, resulting in 
a nitrided case. Nitriding typically achieves shallower 
case depths compared to carburizing, ranging from 
0.02 mm to 0.5 mm, but with high surface hardness 
(typically 600-1200 HV) due to the formation of 
nitrides such as iron nitrides. 

The microstructure after nitriding often consists of a 
compound layer followed by a diffusion zone, with 
retained austenite or martensite beneath, imparting 
excellent wear resistance and fatigue strength. 

These distinct surface modification processes offer 
manufacturers flexibility in choosing the most 
suitable method based on specific gear performance 
requirements, material compatibility, and processing 
constraints.

Effects on Wear Resistance:
When comparing the wear resistance imparted by 
carburizing and nitriding, both processes significantly 
enhance the surface hardness and wear performance 
of gears, albeit through different mechanisms. 

Carburizing introduces carbon into the surface layer, 
forming a hardened case primarily composed of 
martensite. This hardened layer typically exhibits high 
hardness (around 60-63 HRC) and provides excellent 
resistance to abrasive and adhesive wear.

The depth of the carburized case, which can range 
from 0.1 mm to several millimeters, contributes to 
prolonged wear life in applications involving heavy 
loads and abrasive environments.

Nitriding introduces nitrogen into the surface of gears 
to form hard nitrides, such as iron nitrides (Fe₃N) and 
chromium nitrides (CrN). Nitrided layers are typically 
shallower compared to carburized cases, ranging 
from 0.02 mm to 0.5 mm, but achieve extremely high 
surface hardness (typically 600-1200 HV). 

This hardness is distributed uniformly across the 
nitrided layer, providing exceptional resistance to 
wear mechanisms such as abrasive wear and surface 
fatigue. The presence of hard nitrides also improves 
the lubricity and reduces friction between mating 
surfaces, further enhancing wear resistance.

While both carburizing and nitriding significantly 
improve wear resistance, carburizing tends to provide 
a deeper hardened layer with high surface hardness, 
ideal for applications requiring resistance to heavy 
abrasive wear.  
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Nitriding, with its extremely hard and uniform 
nitrided layer, excels in applications where surface 
fatigue and lubricity are critical factors. 

The choice between carburizing and nitriding 
depends on specific performance requirements, 
material compatibility, and the operational conditions 
of the gears in industrial applications.

Effects on Fatigue Life:
Carburizing and nitriding both have significant 
impacts on the fatigue life of gears by enhancing their 
surface hardness and resistance to fatigue failure 
mechanisms. 

Both carburizing and nitriding improve the fatigue life 
of gears by enhancing surface hardness and reducing 
wear-induced fatigue mechanisms. 

Carburizing offers deeper case depths and is effective 
against wear-related fatigue, making it suitable for 
applications involving heavy loads and abrasive 
environments. 

Nitriding, with its extremely high surface hardness 
and uniform nitrided layer, excels in extending the 
fatigue life of gears subjected to high-cycle fatigue 
and surface-initiated failure modes.

The choice between carburizing and nitriding for 
enhancing the fatigue life of gears depends on 
specific application requirements, including load 
conditions, operational environment, and desired 
fatigue performance characteristics. 

Each process offers unique benefits in improving gear 
durability and reliability, contributing to optimised 
performance and reduced maintenance in industrial 
applications.

Surface finish quality achieved with 
carburizing and nitriding:
The surface finish quality achieved through 
carburizing and nitriding processes significantly 
impacts the performance of gears. 

Carburizing, which introduces carbon into the 
surface layer, often results in a rougher finish due to 
carbide formation and carbon buildup during high-
temperature exposure. 

This necessitates additional finishing steps like 
grinding to achieve a smoother surface suitable for 
operational needs. In contrast, nitriding produces 
a smoother and more uniform surface by forming 
hard nitrides within the surface layer, resulting in 
reduced surface roughness and enhanced tribological 
properties immediately post-treatment.  
Methods such as gas nitriding and plasma nitriding 
offer precise control over surface quality, minimising 
scale or oxide formation.  

Despite these differences in initial finish, both 
processes contribute to improved wear resistance and 
fatigue life, with the choice between them influenced 
by specific application requirements for surface 
integrity and mechanical performance of gears.

Key Takeaway: 
The comparative analysis highlights that both 
carburizing and nitriding processes significantly 
enhance gear durability by improving surface 
hardness and wear resistance through distinct 
mechanisms. 

Carburizing excels in applications requiring deep case 
depths and robust resistance against abrasive wear, 
while nitriding offers superior surface hardness and 
fatigue strength, ideal for high-speed and lubrication-
sensitive environments. 

The choice between these methods should be 
guided by specific application requirements, 
considering factors such as load conditions, 
operational environment, and desired performance 
characteristics. 

By selecting the appropriate surface hardening 
process, manufacturers can optimise gear 
performance, longevity, and reliability across a range 
of industrial applications.

Sudhanshu Nayak, a dynamic 
mechanical engineer, is driven by 
a fervor for cutting-edge technolo-
gies like 3D printing, cloud manu-
facturing, & Industry 4.0. He has 
gained invaluable firsthand ex-
perience with 3D printing during 
his tenure at innovative startups. 
His youthful energy fuels a deep 
expertise in social media market-
ing, technical content creation, & 
market research.
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Transformation: Preparing 
Engineering for the Future

Thinking big but starting small – this is often a sensible step to take to be successful.

With the digital transformation in full swing, the 
same applies to engineering. It’s an excellent idea for 
experts in the field to network: worldwide! This is 
exactly what will be taking place at the Eplan Forum, 
a hybrid-format event taking place in Cologne in 
September, which will be focusing on topics including 
automated engineering, machine cabling, and 
integrating ERP and PDM systems. 

International companies will be presenting in person 
about their practical experiences using Eplan software 
– and providing valuable insights and assistance for 
other interested parties who would like to make the 
most of their processes, from upper management 
down to experienced Eplan users.

Solutions provider Eplan was pleased to welcome 
more than 300 guests attending the event online 
and in person last year and the focus this year is 
once again on “Transformation in Engineering.” 
The Eplan Forum 2024 (previously the EF|A) invites 
stakeholders from around the world to a top-
class event for knowledge exchange. Participants 
can expect many reports on companies’ practical 

experiences – presented live by companies including 
Bender Solutions (DE), Kaeser Kompressoren (DE), 
Red Eléctrica de España (ES), PMS Elektro- und 
Automationstechnik (AT), Rockwell Automation (USA), 
TK Elevator (ES), Winkler+Dünnebier (DE), and others.

When engineering is ready for 
the future
Eplan’s Director Vertical Market Management  
Harold van Waardenburg explains: “The Eplan Forum 
is the premium event for the complete automation of 
engineering processes. 

Increasing numbers of companies are focusing on 
eliminating manual work steps and expanding their 
automation in engineering. 

They are moving to the ‘next level,’ so to speak, in the 
process of automated engineering.” Automation and 
machine cabling with exact cable lengths to use plug 
and play, all based on the digital twin, are just a few 
of the core topics being covered during this two-day 
hybrid event with participants from around the world.

Eplan Forum - The Eplan Forum is open to everyone around the world interested in sharing knowledge 
and exchanging experiences with automated engineering, machine cabling and ERP/PDM integration.
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Harold van Waardenburg - “Increasing numbers of 
companies are focusing on eliminating manual work 
steps and expanding their automation in engineering. 
They are moving to the ‘next level,’ so to speak, in 
the process of automated engineering,” says Eplan’s 
Director Vertical Market Management Harold van 
Waardenburg.

The focus lies on tried-and-tested strategies for the 
highest possible degree of automation in engineering. 
How than this be achieved? Standardisation is 
essential for this, but there are further methods 
and approaches depending on a company’s specific 
requirements – for instance, the targeted integration 
of Eplan data into ERP and PDM systems, which can 
unlock a lot of potential. The fact is that the question 
– “How can engineering and downstream processes 
be optimised in a future-oriented way?” – is one that 
almost all companies must be asking themselves 
these days.

Taking a deep dive into  
practical experience
International speakers from Eplan’s clientele will be 
sharing their very practical experiences and will be 
taking attendees along on their own journeys to more 
efficiency in engineering:

•	 Red Eléctrica de España: Ensuring a continuous     
national electricity supply – via parametric    
engineering for protection and control

•	 Bender Solutions: Securing the supply of 
electricity – via systematic variants for 
customised customer solutions in record time

•	 TK Elevator: Riding elevators to the top of 
the market – via global standardisation and 
automation

•	 Rockwell Automation: Internationally positioned 
– via variant management and automation in 
engineering

•	 Kaeser Kompressoren: From engineering into 
manufacturing – via Eplan-SAP integration

•	 PMS Elektro- und Automationstechnik: 
Economically designing plant system engineering 
projects

•	 Winkler+Dünnebier / Hahn Automation: 
Electrification of production lines – via the digital 
twin

Register here:

www.eplan-software.com/eplan-forum

Eplan Software & Service
EPLAN provides software and service solutions in 
the fields of electrical, automation and mechatronic 
engineering. The company develops one of the 
world’s leading design software solutions for machine 
and panel builders. EPLAN is also the ideal partner to 
streamline challenging engineering processes.

Both standardised as well as customised interfaces to 
ERP and PLM/PDM systems ensure data consistency 
along the whole value chain. Working with EPLAN 
means boundless communication across all 
engineering disciplines. No matter whether small or 
large enterprises: Customers can apply their expertise 
more efficiently. Worldwide, EPLAN supports 61,000 
customers. EPLAN wants to grow further with 
customers and partners and pushes integration and 
automation in engineering forward. Within the EPLAN 
Partner Network, open interfaces and seamless 
integrations are realised together with partners. 
„Efficient engineering“ is the focus.

EPLAN was founded in 1984 and is part of the owner-
operated Friedhelm Loh Group. The Friedhelm 
Loh Group operates worldwide with 12 production 
sites and 94 international subsidiaries. The entire 
group employs 11.600 people and generated 
revenues of around €2,6 billion in 2019. For the 
13th time in succession, the family business has 
won the accolade “Top German Employer” in 2021. 
In addition, Friedhelm Loh Group was recognized 
as “Top vocational trainer” according to a study of 
Deutschland Test and Focus Money.

For more information visit:

www.eplan.de and www.friedhelm-loh-group.com

EPLAN Software & Services Private Limited, 
NCC Urban Windsor, 3rd Floor, 
New Airport Road, Opposite Jakkur Aerodrome, 
Bengaluru 560064 
Krishnappa Sindhu

Phone : +91 9686 550509 
Sindhu.K@eplan.in
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