
 

 

 

 

 

 

 

 

 

 

 

 
 

Lubrication Engineering: A Comprehensive 

Overview of Tribology 
By Yvonne Madahana 

 

Lubrication engineering is a dynamic field that bridges multiple 

disciplines to create systems aimed at reducing friction, wear, and 

improving the efficiency of mechanical components. Tribology, the 

science of interacting surfaces in relative motion, lies at the heart of 

this field, integrating fluid dynamics, material science, and mechanical 

engineering to address real-world issues like machine failures, energy 

losses, and material degradation. Therefore, Tribology can be defined 

as the science that deals with friction, lubrication and wear in all 

contacting surfaces. The role of lubrication is essential not only for the 

smooth operation of machinery but for the advancement of 

technologies in numerous industries. A well-designed lubrication 

system doesn't just minimize friction and wear; it also optimizes the 

longevity and performance of components under extreme conditions. 

Whether you’re talking about the jet engines of an aircraft or the gears 

in cars, tribology plays a pivotal role in ensuring reliable operation. 

The concept of friction has been recognized for centuries, with 

historical figures like Leonardo da Vinci pioneering early studies. 
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However, the formal field of tribology came into 

existence relatively recently. It was Dr. H. Peter 

Jost who coined the term in 1966, shining a 

spotlight on the critical importance of 

understanding surface interactions. His work led 

to the realization that machine failures and 

inefficiencies were often due to poor lubrication 

or mismanagement of friction and wear, which 

could be corrected with better tribological 

practices. 

 

Jost's contribution had a transformative effect on 

industries that had long struggled with friction-

related problems. His findings pushed engineers 

and scientists to consider tribology as a key 

factor in industrial efficiency, sparking 

innovations in material science, lubricant 

formulations, and surface treatment techniques 

that continue to influence modern machinery. 

 

Why Tribology Matters in Modern 

Engineering 

Tribology is indispensable in contemporary 

engineering for several reasons: 

 

a) Energy Savings: Research suggests that 

nearly one-third of global energy 

consumption is related to frictional losses. 

Tribological advancements help reduce this 

by minimizing the energy required to 

overcome friction. For instance, innovations 

in lubrication technology have greatly 

reduced energy consumption in automotive 

engines and large-scale industrial machinery. 

b) Cost-Effectiveness: Equipment breakdown 

due to excessive wear and friction is 

expensive. Tribology-driven solutions not 

only extend the life of components but also 

reduce maintenance costs. Predictive 

maintenance strategies, enabled by advances 

in condition monitoring, allow engineers to 

address wear before it leads to failure. 

c) Environmental Impact: With the rise of eco-

conscious engineering, the role of tribology 

is evolving. Lubrication systems that 

minimize energy waste and extend the life of 

machinery help reduce the environmental 

footprint of industries. Biodegradable 

lubricants and tribology-optimized designs 

are becoming key drivers in sustainable 

engineering. 

 

Key Pillars of Tribology: Friction, Wear, and 

Lubrication 

i. Friction 

Friction, the resistance to motion between two 

interacting surfaces, is central to tribology. In 

some applications, like braking systems, friction 

is essential; in others, like engines, it needs to be 

minimized. However, the challenge is achieving 

the right balance, and tribology helps optimize 

friction management for different applications. 

 

 
 

Types of Friction: 

• Static Friction: The friction that exists 

between surfaces at rest. 

• Sliding Friction: When surfaces slide over 

one another. 

• Rolling Friction: Where objects roll across a 

surface, such as in ball bearings. 

• Fluid Friction: When an object moves 

through a fluid (liquid or gas), impacting 

performance in marine vessels or 

aerodynamics. 

Key factors like surface roughness, material 

composition, lubrication, and temperature 

influence friction. In the context of industrial 

machinery, improper friction management can 

lead to overheating, energy losses, and premature 

wear. 

ii. Wear 

Wear is the gradual degradation of surfaces due 

to mechanical action. Engineers continually 

study wear mechanisms to reduce material loss 

and avoid catastrophic failures in critical 

systems. 
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Types of Wear: 

• Abrasive Wear: Occurs when harder surfaces 

grind against softer ones, acting like a cutting 

tool. 

• Adhesive Wear: Results from material 

transfer between surfaces in contact, causing 

degradation. 

• Fatigue Wear: Stems from cyclic stresses that 

cause small cracks and eventually lead to 

surface failure. 

• Corrosive Wear: Enhanced by chemical 

reactions, such as rusting or oxidation, in 

environments where surfaces are exposed to 

corrosive agents. 

• Erosive Wear: Caused by high-speed 

particles impinging on a surface, common in 

turbines and piping systems. 

By comprehensively understanding wear types, 

engineers can select materials, coatings, or 

surface treatments to extend the operational life 

of machinery. 

iii. Lubrication 

Lubrication is the art and science of minimizing 

friction and wear by applying a fluid, solid, or 

gas between interacting surfaces. Thin low shear 

strength layers of gas, liquid and solid are 

interposed between two surfaces in order to 

improve the smoothness of movement of one 

surface over another and to prevent damage. 

These layers of material separate contacting solid 

bodies and are usually very thin and often 

difficult to observe. Lubricants are carefully 

designed based on operational conditions like 

speed, temperature, and load. 

Types of Lubrication: 

• Hydrodynamic Lubrication: A thick fluid 

layer separates surfaces, typically seen in 

high-speed applications. 

• Boundary Lubrication: Occurs in low-speed, 

high-load situations where only a thin 

lubricant layer exists between surfaces. 

• Mixed Lubrication: Combines fluid film 

lubrication with occasional surface contact. 

o Elastohydrodynamic Lubrication: Found 

in rolling applications under high 

pressure, such as in gears and ball 

bearings. 

• Solid Lubrication: involves the use of solid 

materials, such as graphite, molybdenum  

 

disulfide, or polytetrafluoroethylene (PTFE), as  

the lubricating medium to reduce friction in 

conditions where liquids would fail. 

 

 
 

The proper selection of lubricants is critical in 

reducing friction, dissipating heat, preventing 

corrosion, and extending the life of machines. 

Advances in synthetic oils and eco-friendly 

lubricants are pushing the boundaries of what 

lubricants can achieve in extreme environments. 

 

Applications of Tribology Across Industries 

Tribology's impact spans nearly in every 

industry: 

i. Automotive Engineering: Imagine 

smoother, more fuel-efficient engines, 

seamless gear shifts, and braking systems 

that last longer. Tribology helps engineers 

reduce friction and wear in engine 

components, transmissions, and brakes, 

leading to higher performance and durability. 

ii. Manufacturing: In precision-driven 

processes like metal cutting, machining, and 

material forming, tribology is a game-

changer. It enables engineers to design tools 

and systems that optimize efficiency, reduce 

tool wear, and improve product quality—key 

for staying competitive in today’s high-tech 

world. 

iii. Aerospace Engineering: The extreme 

conditions in aerospace demand tribological 

expertise. Whether it’s improving the  



KeSEBAE News Vol. 6_No.8 

Page | 4  
 

 

reliability of aircraft engines or ensuring 

smooth landing gear operations, tribology is 

crucial to advancing safety and performance 

in flight technology, even in space missions. 

iv. Agriculture: Tribology helps engineers 

design more durable tractors, combines, and 

irrigation systems. By minimizing friction in 

moving parts, agricultural machinery 

operates more efficiently, with longer 

lifespans and less downtime—a must for 

feeding the world’s growing population. 

v. Energy Sector: In the quest for sustainable 

energy, tribology enhances the performance 

of wind turbines, hydropower plants, and 

even nuclear reactors. Engineers rely on 

tribological principles to reduce mechanical 

losses and improve the reliability of energy 

systems, helping meet global energy 

demands more sustainably. 

vi. Biomedical Engineering: In medical 

technology, tribology directly impacts the 

design of prosthetics, implants, and surgical 

instruments. By reducing wear in artificial 

joints and ensuring the smooth operation of 

surgical tools, it’s helping engineers build 

devices that last longer and improve patient 

outcomes. 

vii. Electronics: Engineers working on 

electronics, from hard drives to MEMS 

(Micro-Electro-Mechanical Systems), count 

on tribology to ensure seamless, wear-

resistant operations in devices we rely on 

every day—leading to longer-lasting and 

more reliable gadgets. 

viii. Mining and Earthmoving: Tribology is 

vital in heavy industries, where engineers 

face the challenge of keeping massive 

machinery and tools running efficiently. By 

reducing wear, tribology extends equipment 

life and keeps operations moving smoothly in 

harsh environments. 

ix. Consumer Products: From high-

performance sports equipment to everyday 

appliances and even cosmetics, tribology 

helps engineers create products that function 

more efficiently and last longer. It’s the 

hidden force behind better designs in our 

daily lives. 

x. Railways, Marine, and Construction: For 

engineers in transportation and  

 

 

infrastructure, tribology is a key player in 

creating more reliable, sustainable systems.  

Whether it’s improving the performance of 

trains, ships, or construction machinery, it 

ensures smoother operations and longer-

lasting equipment. 

 

Across all these industries, tribology empowers 

engineers to redefine what’s achievable, driving 

the creation of more efficient, reliable designs 

while reducing maintenance and significantly 

extending equipment lifespans. Its impact goes 

far beyond enhancing performance; tribology is 

a catalyst for sustainability, cutting operational 

costs, conserving resources, and sparking 

innovation. 

 

Future Trends in Tribology 

The future of tribology is being shaped by 

cutting-edge technologies and environmental 

demands. Some of the areas of concern are 

 

a) Nanotribology: At the nanoscale, friction 

and wear behave differently, necessitating 

new approaches for MEMS 

(microelectromechanical systems) and 

nanotechnology. 

b) Green Lubricants: As sustainability 

becomes a priority, biodegradable lubricants 

offer a way to reduce environmental impact 

without sacrificing performance. A major 

focus is on creating lubricants from 

renewable resources such as plant oils. These 

biolubricants are biodegradable, reducing 

environmental pollution and conserving non-

renewable resources like crude oil. 

c) Smart Tribology: Sensors embedded in 

machines can now track wear in real-time, 

allowing for predictive maintenance that 

prevents breakdowns before they happen. 

d) Self-Lubricating Materials: New materials 

like self-lubricating polymers are being 

developed to operate in extreme conditions 

without the need for additional lubrication. 

 

Conclusion 

Tribology, as the science of friction, wear, and 

lubrication, is at the core of innovation across a 

wide range of industries. By understanding and 

optimizing surface interactions, engineers can  
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significantly improve the performance, 

efficiency, and durability of mechanical systems.  

As technology advances, tribology will continue 

to play a crucial role in creating sustainable, 

energy-efficient solutions for the future. 

 

How can Green Tribology help the environment 

and mitigate the problems of global warming? 

What are the main research directions in Green 

Tribology? 
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JEAE 
Journal of Engineering in Agriculture and the Environment

The Journal of Engineering in Agriculture and the Environment (JEAE) is a Publication of the Kenya Society of 

Environmental, Biological and Agricultural Engineers (KeSEBAE) through which researchers in the fields of 

Environment, Agriculture and related fields share research information and findings with their peers from around 

the globe. 

The JEAE Editorial Board wishes to invite interested researchers with complete work in any relevant topic, to 

submit their papers for publication in the next editions of the Journal. 

Manuscripts may be submitted online or via email to: 

Chairperson, JEAE Editorial Board via Email: jeae@kesebae.or.ke  or Online via: 

https://kesebae.or.ke/journal/index.php/kesebae/about/submissions 

 

Criteria for Article Selection 
Priority in the selection of articles for publication is that the articles: 

a. Are written in the English language 

b. Are relevant to the application of engineering and 

technology in agriculture, the environment and 

biological systems 

c. Have not been previously published elsewhere, 

or, if previously published are supported by a 

copyright permission 

d. Deals with theoretical, practical and adoptable 

innovations applicable to engineering and 

technology in agriculture, the environment and 

biological systems 

e. Have a 150 to250 words abstract, preceding the 

main body of the article 

f. The abstract should be followed by the list of 4 to 8 

“Key Words” 

g. Manuscript should be single-spaced, under 4,000 

words (approximately equivalent to 5-6 pages of A4-

size paper) 

h. Should be submitted in both MS word (2010 or later 

versions) and pdf formats (i.e., authors submit the 

abstract and key words in MS Word and pdf after 

which author uploads the entire manuscript in MS 

word and pdf) 

i. Are supported by authentic sources, references or 

bibliography 
 

Our Expert Reviewers are Highly Regarded Globally and Provide Fast and Rigorous Review Services For 

additional details and online support visit: https://www.kesebae.or.ke/journal/instructions.php or visit our JEAE 

website at: https://kesebae.or.ke/journal/index.php/kesebae 

 

CALL FOR ARTICLES TO KeSEBAE NEWS 

 

 

 

To the Next Editions of the JEAE 
Call for Papers 

KeSEBAE NEWS Editorial wishes to call for topical articles for publication in future editions of KeSEBAE 

NEWS.  

Please transmit the same via Email: info@kesebae.or.ke 

NOTE: A payment will be made to the author of each selected article 

mailto:jeae@kesebae.or.ke
mailto:jeae@kesebae.or.ke
https://kesebae.or.ke/journal/index.php/kesebae/about/submissions
https://kesebae.or.ke/journal/index.php/kesebae/about/submissions
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Be a KeSEBAE Member: 
The annual subscription fees, admission fees and 

reinstatement fees for members of all grades (except 

Honorary and Life Members who shall pay no dues or 

fees) are indicated below: The annual dues are as follows: 

 

Membership 

Category 

Annual 

Subscript

ion 

(KES) 

Admissi

on Fees 

(KES) 

Reinstatem

ent Fees 

(KES) 

Fellow 5,000 1,000 2,000 

Member 2,000 1,000 2,000 

Ass. Member 1,000 1,000 2,000 

Aff. Member 500 1,000 2,000 

Student 300 100 - 

 

Membership Renewal 
Members of all grades are requested to renew their 2024 

membership as follows. 

 

 

Follow Us on Social Media: 

 

https://twitter.com/kesebae1  

 

https://web.facebook.com/kesebae1/   

 

PAYMENT DETAILS 

 

 

  Important Links 

KeSEBAE https://www.kesebae.or.ke/ 

JEAE https://www.kesebae.or.ke/journal/ 

EBK https://ebk.or.ke/ 

IEK   https://www.iekenya.org/ 

PASAE

  

http://www.pasae.org.za/  

Email info@kesebae.or.ke 
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Member 2,000 

Ass. Member 1,000 

Aff. Member 500 
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Bank 

Bank Absa Bank Kenya Plc 

Branch Nairobi University Express 

Branch 

Account Name Kenya Society of Env. Bio. & 

Agric. Engineers 

Account No. 2038150696 

Swift Code BARCKENX 

Currency Kenya Shillings 

M-PESA DETAILS 

Pay Bill No.: 4002575 

Account No: Your Full 

 Name 
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