
 

   

 



 

 

FROM THE  

CHAIRMAN'S 

DESK….. 

 
 

 
 

 

 

 

I am immensely pleased to know that the department 

of mechanical engineering is going to launch their 

annual magazine UTKARSHA. I congratulate 

both the faculty and students for evincing keen 

interest in research. This magazine would definitely 

serve as a forum for the dissemination of scientific 

knowledge gained through rigorous research and 

experiments in the field of engineering. Further it 

will provide opportunity to the faculty and students 

to showcase their technical expertise in their 

respective field of study. 

I appreciate the commitment of all towards 

making this magazine a huge success. 

 
 

 

                              Er. Sanjib Kumar Rout 

President, C. V. Raman Global University 



 

FROM THE  
PRINCIPAL'S DESK….. 

 
It gives me immense pleasure to learn that department of 

mechanical engineering is going to launch their annual 

magazine UTKARSHA. 

Magazine plays a very important parts where hidden 

talents of the students as well as faculty members can 

expose. It is a time of Thanks giving to our almighty for his 

abundant blessings and leading the department to come 

thus far. It is also a time of retrospection, to appreciate 

the good things and also resolve to do better. 

I thank the editorial team for giving me the 

opportunity to send this greeting and wish the publication 

a grand success. 

 
 

 

Prof. (Dr.) Guda Sridevi 

Principal 

C. V. Raman Polytechnic 



FROM  
HoD’s DESK….. 

 
 

 

It is a matter of great joy and pleasure when I have been 

requested by the editor annual magazine “UTKARSHA” to 

give a short message which is going to be Published very 

shortly. 

The magazine is a most powerful platform of the 

students where they can focus their talents as well as their 

creativity in their respective field which may be benefited 

to all. 

 

Mr. Radhamohan Kabisatapathy 

Head, Dept. of Mechanical Engineering 

C. V. Raman Polytechnic 



FROM THE  
EDITOR’s DESK…. 

 

 

 
Welcome to UTKARSHA, a yearly magazine about the life 

and prestige at Mechanical Engineering Department, C. V. 

Raman Polytechnic. 

Every edition is a medium through which the 

ingenuity and hard work of the students and faculties are 

valued. This year’s edition is yet another representation of 

the same. The students throughout the session have 

strived for excellence, they have made every event a huge 

success. The faculties also have conducted outstanding 

research, which has gained global citations. 

It has been a wonderful journey working for the 

magazine, more so an unparalleled learning experience. 

The editors sincerely thank to Mr. Radhamohan 

Kabisatapathy for entrusting us with this responsibility. 

We are veritably grateful to all faculty members and 

students for their contribution to the magazine. 

 
Dr. Shubhashree Mohapatra 

Editor, Faculty Advisor, 

Society of Mechanical Engineering 
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VISION OF THE DEPARTMENT 
Mechanical department is committed to provide value based and quality education through highly qualified 

professionals with the cutting-edge technologies to meet industrial and social challenges. 

MISSION OF THE DEPARTMENT 
M1: To equip Mechanical Engineering students for competitive challenges by imparting  knowledge on modern 

technology and industry-oriented programs. 

M2:   To encourage and empower students to enhance their skills by providing training through various Centers of 

Excellence. 

M3: To foster a spirit of entrepreneurship through industrial visits, internships and seminars conducted by 

academic experts. 

M4: To motivate students to pursue higher studies for betterment of society. 

PROGRAM EDUCATIONAL OBJECTIVES 
PEO1- Understand and analyze the industrial needs through knowledge gained in Mechanical Engineering 

fundamentals. 

 PEO2- Pursue entrepreneurial opportunities by acquiring special knowledge in training programs.  

 PEO3- Creating technical solutions that successfully address environmental and societal issues.  

 PEO4- Understanding technical concepts, engage in lifelong learning, exhibit leadership qualities with ethics in 

their professional career. 

PROGRAM SPECIFIC OUTCOMES 

PSO-1: Discipline knowledge: Demonstration and understanding of tools with advanced software for 

design specification and operation of Mechanical Engineering systems, components and processes. 

PSO-2:Professional Skills: Apply contextual knowledge to analyze social, environmental, health, safety, 

legal, and cultural issues with professional ethics as part of the lifelong learning process. To be 

equipped to lead a team or operate successfully alone as an individual managing tasks in trans-

disciplinary areas. 
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ARJUNA- The inspiration 

 
By: Dr Shubhashree Mohapatra, Assistant professor, Mechanical Engineering, CVRP 

 

The ancient mythological story book ‘Mahabharat’ is indeed a guide for every solution to the societal issues. 

It contains several mini stories/ events, where one can learn a life lesson from. Each character presents them 

with high moral value from whom we must learn. I am citing 2 events here which refer the Gurukul times of 

the Kuru Princes. 

 

Story 1: 

 

Dronacharya, the guru of all Kurus, has instructed the cook to not give food to Arjuna in darkness. Drona was 

afraid; Arjuna might surpass his own son in archery. Arjuna, the 3rd son of Pandav is a brilliant student and a 

sincere disciple of his guru Dronacharya. Though, Dronacharya taught everyone with same spirit, Arjuna 

excelled everyone with his mastery in archery. Being blind by love of his own son Aswathama, however, 

Drona used to teach some extra lessons to his son with the expectation of increasing his own sons rank above 

others.  

 

One day, when all were having their night meal, a stream of wind extinguished the lamp of Arjuna. Arjuna 

noticed, even in darkness, his hand find its way to mouth from food plate without any difficulty. Being an 

excellent student, he suddenly realized the darkness does not create any major issue in eating. And, if he will 

practice, he can hit the target in darkness by following the sound. That night he went out with his bow and 

arrow while others were sleeping. He kept practicing and shooting the arrow in the direction of sound. By 

hearing the sound the hissing arrows, Drona came and saw Arjuna hitting the target in night with the guidance 

of sound. He astonished by the dedication and devotion of his favorite student and decided to give him 

“Sabdavedi Vidya”.  

 

Moral of the story: Practice is the key to success, even the odds bow before you 

 

Story 2: 

 

Once, Drona decided to test the achievements and knowledge of his students. He placed one wooden bird on 

one branch of a tree and asked all students to answer what they are actually observing.  

 

Yudhishtira was called first. 

Drona:  “There is a bird on the tree branch, could you see it? ”  

 

Yudhishtira : “Yes, I can.” 

Drona: “What do you see now, the tree, me or your brothers?” 

Yudhishtira : 'I am seeing it all” 

 

With severe disappointment with the reply of Yudhistir, Drona called other Kuru princess, but got the same 

answer. 
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Finally, Arjuna was called and asked about the same question. 

 

Arjuna replied, 'I see only the bird, not the tree, or you.” 

Drona:  “Explain the surrounding to me” 

Arjuna: “I see only the head of the bird.” 

Drona overwhelmed with the reply of Arjuna. What a dedication…What a focus… 

 

Drona commanded to shoot. Instantly, an arrowhead from Arjuna’s bow hits the head of the bird and dropped 

down with the wooden bird head. Drona hugged Arjuna in admiration and delight. 

 

Moral of the story: Focus on your goal with undivided attention 
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Learning outcomes of “Ramayana “  

 
By: Chandan sourav Sahoo, Lecturer, Mechanical Engineering 

 

Each and every one of us can learn a lot from the “Ramayana”. Being one of the oldest and most valued 

scriptures, it reflects our strong Indian culture. The characters in the epic such as Lord Ram, Goddess 

Sita, Hanuman or Sugreev are ideal depictions of what people in their respective roles should be like. 

While the standards they have set are impossible to match in today’s world, students can nonetheless 

try and learn few of these gems and implement in their lives. 

Being a Student,  Your primary duty during your student life is to study and score better. There might 

be other priorities and demands of you during this time and you might feel the pressure to fulfil all of 

them. You have your Centre of Excellence classes, extra-curricular activities, social relationships, 

Important  competitions such as World Skill and others. No matter what it may be, do not let it 

compromise your studies. 

In the epic, Lord Rama was deeply committed to Sita but he was also the king of Ayodhya. When his 

subjects began questioning Sita’s purity after her extended captivity, he decided to calm the masses and 

asked her to perform the well known “Agni-parikshya”. While this example is too extreme, it does put 

forward the necessity of understanding what one’s prime duty is and performing that with the utmost 

reverence. 

The Ramayana is an epic that every Indian household knows and every child growing up is bound to 

hear. The poem uses dramatic instances, emotions and a sense of honour, sometimes bordering on the 

extreme, to convey beautiful lessons for every kind of situation and for people of all ages. For students, 

this can be a goldmine of such life lessons and other gems which they can use to guide their actions 

towards a better and more fulfilling life. 

1. RAM– how to stand on words and Respect towards Parents , Elders & Teachers ‘’kartavya hi dharm 

hai’’. He shows tons of respect to his Father (Dasharatha) and Mother (Kaushalya) throughout the 

story. Even though it seems unfair, Rama willingly goes into exile for 14 years to keep his dad's 

promise. This teaches us to be selfless, listen to our parents, and do what's right. 
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2. Laxman– how to support his elder brother, respect, and being a servant to serve his brother leaving all 

the luxury behind and teaches about the importance of the relationship. 

3. Bharat– love.. the one who sacrifices his throne for his beloved brother Ram.. But later he has 

compromise for the happiness of Ram!! 

4. Shabari– waited for a long time for RAM, “bhakti main hi Sakti hai”…and Ram has her tasted berries 

without discrimination on bases of caste, religion, and racism. 

5. Bali-As Bali has captured Sugriva’s wife and his son along with his territory by his power and Vardaan 

given by Brahma… So never possessed anyone’s right. 

6. Ravan– who lost everything in the lust of Sita and ego of his own wisdom. 

7. Vibhishan– Never trust your siblings they can betray you at any time as Vibhishan told about the navel 

secret of Ravan. 

8. Sita– for his sawamji she left behind everything and women are given equal opportunities for choosing 

the right option for themselves. And never be greedy as she was by looking on golden deer which lead 

to Sita abandoned by Ravan!! 

9. Kaikeyi– Never come in a trap of everyone which led to losses of everything … She was trapped by 

Manthara. 

10. Dashrath– Never make any future promises that will lead you in trouble and may ruin you completely. 

11. Hanuman– He protects his Lord Rama’s and his devotees as well. Hanuman taught us to achieve 

salvation through true dedication. He proved to us that God resides in every devotee’s heart, and you 

don’t have to go places to find God. 

12. Nal & Neel (Engineers of the Ram Setu) -  

In Ramayana, Lord Rama in pursuit of building the Ram Setu was looking for technical assistance and 

that is when Lord Shiva informed him about two monkeys in his vanar sena. Nal & Neel were 

extremely notorious in their childhood and they would tease sages and throw their belongings in the 

river. Once a furious sage cursed them and told them that whatever they throw in the water, it will 

never sink. Nal & Neel, who were just ordinary soldiers a while ago were now chief architects of 

building the Rama Setu. Lord Rama with his wisdom and intelligence put their curse to tremendous 

use and as the history would have it, the 30 km long bridge came into existence within 5 days of the 

start of the work. 

This illustrates that leaders must have an eye for talent. A leader must understand the correct mix of 

his team. Not everyone will be exceptional. But when you hand good people possibility, they do great 

things. Every team will have its own Hanuman & Jamvant’s, however you need to find your Nal & 

Neel to take you through in the times of adversity. Go find them. 

13. The Squirrel: One squirrel was carrying pebbles when a monkey asked what he was doing 

there, and shouted at him to get out of the way. The squirrel said he was carrying pebbles to 

build Lord Rama's bridge. The monkey laughed at the squirrel as if to say, "What can you 

do, you tiny squirrel?" But it was the pebbles that filled in the gaps between the boulders 

that made the bridge strong. Lord Rama lifted up the little squirrel, thanked him for all his 

hard work, and blessed him by stroking his back.  

The lessons that squirrel taught us is that, A real leader knows that the value of the contribution is not 

measured by its size but its impact and necessity. 
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Be yourself always… 
 

By: Ms. Soumya Dash, Assistant Professor, Mechanical Engineering 

 

A timeless piece of advice that encourages authenticity, sincerity, and self-acceptance. It serves as a 

reminder that our experiences and emotions make each of us unique. They shape us, and no one can fully 

understand them. Allowing other's judgment to dictate our actions, happiness, personal development, or 

identity only hinders our personal growth and mental peace. It is important to recognize that not everyone 

will value or comprehend us and that is okay, accept it. The key is to be in the company of people who 

love and accept us for who we are. These people recognize our genuineness and accept our authenticity. 

Karma says, "No one has the right to judge you because no one knows what you have been through." 

They might have heard stories but they don't feel what you have felt in your heart. Don't change yourself 

for other people. The right people will love the real you. Embrace your true self and develop a sense of 

fulfillment and inner peace. Honor your individuality, trust your instincts, and stay true to yourselves in 

all aspects of life. 

In a world where opinions vary from person to person, the quest for universal approval can be a never-

ending pursuit. Yet, amidst the cacophony of diverse perspectives, one truth remains steadfast – "You 

cannot please everyone". Striving to satisfy everyone is futile. Each individual carries a unique set of 

preferences, beliefs, and expectations, shaped by a lifetime of experiences. 

Therefore, instead of contorting yourself to fit into a mold crafted by the whims of others, embrace your 

authenticity, and free yourself from the suffocating constraints of external validation. Develop confidence 

and stand firm in your convictions without fear and shine brighter. Be yourself… Develop confidence and 

stand firm in your convictions without fear and shine brighter. 

Be yourself always… 
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SUSTAINABLE ENERGY IS AN OVERVIEW 
 

By: Radhamohan kabisatapathy, HOD, Mechanical Engg. 

  

Mother goddess is the embodiment of energy. TheVedic Sastra preaches that 

 

 Yaa Devi Sarva-Bhutessu Shakti-Ruupenna Samsthitaa | 

Namas-Tasyai Namas-Tasyai Namas-Tasyai Namo Namah ||  

 

The meaning is Mother Goddess manifests as the form of energy in all Beings. Thus Salutations to Her, 

Salutations to Her, Salutations to Her, Salutations again and again.  

 The pious soul (Atma) cannot be cut into pieces by any weapon, nor can it be burned by fire, nor moistened 

by water, nor withered by wind. Thus Srimad Bhagawat Gita preaches that Nainam chindanti sastrani, 

Nainam dahati pavakah, Na chainam kledayantyapo Na sosayati marutah.  

Similarly, energy can neither be created, nor be destroyed but only can be transformed from one form of 

energy to another.  

RESOURCES OF ENERGY 

There are mainly two types of energy resources such as, 

1. Renewable resources 

2. Non Renewable resources 

1. Renewable resources: 

Resources that can be replenished or renewed naturally at a higher rate than they are consumed are called as 

Renewable resources. For example, air, water, wind, solar energy etc are all renewable resources.  

2. Non Renewable resources: 

 Non-renewable resources are those natural resources that are available in limited quantity. These resources 

cannot be renewed or replenished after its consumption. These are also known as exhaustible resources. 

Examples- coal, natural gas, petroleum etc 

SUSTAINABLE ENERGY: 

https://energyeducation.ca/encyclopedia/Energy
https://www.toppr.com/guides/chemistry/hydrogen/water/
https://www.toppr.com/guides/science/winds-storms-and-cyclones/
https://www.toppr.com/bytes/solar-energy/
https://www.toppr.com/guides/chemistry/coal-and-petroleum/introduction-to-coal/
https://www.toppr.com/guides/chemistry/coal-and-petroleum/natural-gas/
https://www.toppr.com/guides/chemistry/coal-and-petroleum/petroleum-and-refining-of-petroleum/
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The energy which is capable of meeting the energy needs of the present without compromising the resources 

and energy supply for the future is called sustainable energy. Sustainable energy can address three global 
challenges, like conservation of environment, energy security, and socio-economic challenges. 

Sustainable energy plays a key role in decarbonising the energy supply. It also reduces utilisation of fossil 

fuels and has generated millions of jobs around the world. Sustainable energy is clean and environmentally 

friendly, and ensures efficient consumption energy. Thus sustainable energy ensures that the present energy 

consumption today does not compromise with the need of future generation. 

Differences between renewable and sustainable energy: 

Biomass is the source of renewable energy which is produced from plants and animals. They can be burned to 

produce heat or fuel. Energy created by burning biomass creates greenhouse gas emissions and harms the 

environment. Another example of bio energy is ethanol, which is produced from sugarcane and corn. Since 

these crops can be planted and farmed to generate more energy, it is a typical type of renewable energy. Such 

type of renewable energy put negative impact on environment and harms to future generation. So this 

type of renewable energy is not sustainable energy. Hence all renewable energies are not sustainable 

energy rather all sustainable energy are renewable energy. 

 Sustainable energy and its importance:  

Emission of green house gasses like carbon dioxide (CO2), responsible for rise in temperature of earth surface 

near about 1.5 degrees. Also due to industrial revolution other green house gasses emission to the atmosphere 

which affects the ozone layer depletion and enhances global warming. Many factors have contributed to this 

increase, but a major cause is the burning of fossil fuels for energy. The most fatal greenhouse gas is carbon 

dioxide (CO2), which has triggered immense global warming. 

Although carbon is an essential element within the earth’s ecosystem, there needs to be a sustainable balance 

for polluted free environment. Carbon particles have become trapped in the earth’s atmosphere, between the 

surface and ozone layer. This is insulating our planet and warming it up, which is causing catastrophic effects 

like glaciers are melting, sea levels are rising and extreme weather events like hurricanes, heat waves and 

floods are escalating. 

Beyond that, finite energy source responsible for pollution of air, water and soil which are increasing day by 

day. Besides destroying our natural environments, it is causing undue harm to the health of people globally. 

Although human beings have done irrecoverable damage to the environment, there’s still hope in how we 

maintain and mitigate the problem for future generations. The solution lies in how we stop the pollution of 

our atmosphere with carbon dioxide and how to reduce its emissions. It can be possible by the application of 

Sustainable energy.  

Sustainable energy sources can reduce the various causes of global warming. By choosing sustainable energy 

resources (Solar, Wind, hydro power ....etc) and committing to clean energy, human beings can effectively 

slow down the acceleration of climate change and can achieve pollution free environment. 

Benefits of sustainable energy 

The various benefits of sustainable energy and impacts on societies are described below.  

1. Public Health 
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Uses of non renewable energy  from fossil fuels like coal, petroleum and natural gas causes serious diseases, 

such as neurological damage, cancer, heart attacks, breathing problems and premature death due to emissions 

of green houses gasses to the atmosphere. Also burning of fossil fuels causes environmental pollution for 

which plant and animal kingdom are being affected. Such problems can be eliminated by using sustainable 

energy. Sustainable energy sources do not emit green houses gasses so that no air or water pollutants can 

harm public health. Utilisation of sustainable energy sources protects the environment from pollution. As a 

result the damage caused to flora and fauna can be minimised.  

 

2. Energy Security  

 Sustainable energy conserves the planet’s natural resources so that future generation can asses for their need. 

Sustainable energy the most reliable form of energy. It will never deplete and can remove our dependence on 

imported fossil fuels, which are growing more expensive and less accessible. 

3. Reduces Carbon Content. 

Emission of green house gasses like carbon dioxide (CO2), released from burning of fossil fuel responsible 

for global warming and climate change as well as polluting the atmosphere. Sustainable energy, such as wind 

and solar energy, creates zero carbon emissions that protect the atmosphere and Ozone layer. Also Sustainable 

energy saves the human life from fatal diseases like heart, skin and respiratory issues. India has set a target to 

achieve net-zero carbon emissions by the year2070. 

4. Enhances Employment.  

Installation of Solar, Wind and Biomass power plant enhances the job opportunity which reduces 

unemployment in our country. Especially, such power plant is being installed in local areas which reduce the 

unemployment crisis in rural areas. As a result the Sustainable energy improves the economy of the society. 

  

5. Cost Effective. 

Sustainable energy can save lot of capital in long term. Sustainable energy is clean and green energy. By 

choosing sustainable energy consumption one can get tax reduction benefit from the government. The cost of 

sustainable energy decreases each and every year.  

Renewable Energy Scenario of our Country.  

As per renewable 2023 global report, India is the 4
th
 largest country in wind power and 5

th
 in solar power 

capacity in the globe. India has set a target to produce 500GW capacity of non fossil fuel based energy by 

2030. At present the capacity of non fossil fuel based energy is about 45.1% of total energy capacity. As of 

April 2024, Renewable energy sources, including large hydropower, have a combined installed capacity of 

191.67 GW. The details of various sources are given below. 

1. Wind power: 46.16 GW 



9 

 

2. Solar Power: 82.63 GW 

3. Biomass/Co-generation: 10.35 GW 

4. Small Hydro Power: 5 GW 

5. Waste To Energy: 0.59 GW 

6. Large Hydro: 46.92 GW 

At present the planet earth is advancing towards destruction due to global warming, melting of glacier, rise of 

sea level and depletion of ozone layer. All these problems can be eliminated by enhancing the production and 

utilisation of Sustainable energy. Thus the use of Sustainable energy is inevitable which can protect the earth 

and restore adequate amount of energy for future generation. 
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Exploring the Advantages and Disadvantages of 

Artificial Intelligence 
 

By: Rina Bagha, Student, Mechanical Engineering 

 

Introduction:  

Artificial Intelligence (AI) has emerged as one of the most transformative technologies of the 21st century, 

revolutionizing various aspects of our lives. From powering virtual assistants to driving autonomous vehicles, 

AI is reshaping industries and economies worldwide. However, this rapid advancement comes with its own 

set of advantages and disadvantages, sparking debates about its ethical implications and societal 

consequences.  

 

Advantages of Artificial Intelligence:  

 

1. Increased Efficiency: AI systems can automate repetitive tasks, leading to enhanced productivity and 

efficiency in various industries. From manufacturing to customer service, AI streamlines processes and 

reduces human effort.  

2. Improved Decision Making: AI algorithms analyze vast amounts of data to provide insights and make 

informed decisions. This capability is particularly valuable in sectors like healthcare and finance, where 

accurate predictions can save lives and mitigate risks.  

3. Personalized Experiences: AI-powered recommendation systems use data analysis to deliver personalized 

content and services to users. This not only enhances user satisfaction but also drives business growth through 

targeted marketing.  

4. Enhanced Safety: AI-enabled technologies, such as autonomous vehicles and surveillance systems, 

improve safety by detecting and responding to potential threats in real-time. This has the potential to reduce 

accidents and crime rates significantly.  

5. Innovation Catalyst: AI fosters innovation by enabling the development of new products and services. 

From advanced robotics to medical diagnostics, AI-driven innovations push the boundaries of what's possible, 

fueling economic growth and competitiveness.  

 

Disadvantages of Artificial Intelligence:  

 

 1. Job Displacement: Automation powered by AI has the potential to replace human workers in various 

industries, leading to job displacement and economic inequality. This poses significant challenges for 

workforce adaptation and social stability. 

2. Bias and Discrimination: AI systems can inherit biases present in the data they are trained on, leading to 

discriminatory outcomes, particularly in decision-making processes. Addressing these biases requires careful 

algorithm design and diverse datasets.  
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3. Privacy Concerns: AI technologies often rely on vast amounts of personal data, raising concerns about 

privacy and data security. Unauthorized access to sensitive information by malicious actors can have serious 

consequences for individuals and society as a whole.  

4. Ethical Dilemmas: The use of AI in sensitive areas such as healthcare and criminal justice raises ethical 

dilemmas regarding consent, fairness, and accountability. Striking a balance between innovation and ethical 

principles is crucial for responsible AI deployment.  

5. Dependence and Control: Overreliance on AI systems may erode human skills and autonomy, leading to a 

loss of control over critical decision-making processes. Ensuring human oversight and transparency in AI 

development is essential to prevent unintended consequences.  

 

Conclusion:  

 

Artificial Intelligence offers immense potential to transform industries, drive innovation, and improve quality 

of life. However, realizing these benefits requires addressing the associated challenges and risks, including 

job displacement, bias, privacy concerns, ethical dilemmas, and loss of human control. By fostering 

interdisciplinary collaboration and adopting ethical frameworks, we can harness the power of AI responsibly 

and create a future where humans and machines coexist harmoniously. 
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3D Printing – Manufacturing with a click of button 
 

By: Dr. Shubhashree Mohapatra, Assistant Professor, Mechanical Engineering 

 

3D printing or additive manufacturing (AM) is a process for making a 3D object of any shape from a 3D 

model or other electronic data sources through additive processes in which successive layers of material are 

laid down under computer controls. Similar to how paper printers lay down ink in one layer to create an 

image; 3D printers lay down or cure material layer by layer to create a three-dimensional object. 3D printers 

have a huge range of applications; designers use them to test out product ideas, manufacturing companies use 

them to make complicated parts for assemblies, and makers use them for DIY fabrication for anything they 

can imagine. Instead of the machine cutting or drilling parts out of a block of raw material to form a certain 

shape (subtractive manufacturing), 3D printers add material layer by layer to form their work, making them 

additive manufacturing machines.  

Why 3D printing? 

3D printers can be very inexpensive, so they allow anyone who has one to make anything very easily. They 

let designers go straight from ideas to reality, they allow for rapid iteration on designs, and they can create 

complicated geometries without much difficulty. In short, with just the push of a button, you can create 

whatever you imagine.  

Using a 3D printer, a part can be cheaply designed and made, and then its design can be modified, printed, 

and tested multiple times in rapid succession before the part reaches full scale production. 

3D printing is a hands-off manufacturing process; just by pressing a button, whatever you design will be 

made. Other manufacturing methods, like the drill press, lathe, or milling machine, need to be operated by the 

maker. The workpiece needs to be aligned, measured, and machined by the user, which introduces human 

error into the making of the part. 3D printers, because of the way that they create parts, can make many parts 

with intricate geometries, including natural shapes like prosthetic limbs or animal models, or more 

complicated shapes. 

Being able to create personalized content is valuable for both small-scale manufacturing and for makers, 

because it allows them to create designs for specific people, or even produce designs that others give them. 

Personalized jewelry, custom fit prosthetics, and even 3D scans of people can be printed. 

3D Printing Steps 

 Modelling : 3D printable models can be created with the help of CAD design packages or via 3D 

scanner. The manual modeling process of preparing geometric data for 3D computer graphics is 

similar to method sculpting. 3D modeling is a process of analyzing and collecting data on the shape 

and appearance of an object. Based on this data, 3D models of the scanned object can be produced.  

 Printing: Before printing a 3D model from .STL file, it must be processed by a piece of software 

called a "slicer" which converts the 3D model into a series of thin layers and produces a G-code file 

from .STL file containing instructions to a printer. The 3D printer follows the G-code instructions to 

put down successive layers of liquid, powder, or sheet material to build a model from a series of 

cross-sections of a model. These layers, which correspond to the virtual cross sections from the CAD 

model, are joined or fused to create the final shape of a model.  

 Finishing:  Although the printer-produced resolution is sufficient for many applications, printing a 

slightly oversized version of the object in standard resolution and then removing material with a 

higher-resolution process can achieve greater precision. 

3D printing Processes 

 Vat Photopolymerization / steriolithography (SLA):-  

This fast and affordable technique was the first successful method of commercial 3D printing. It uses 

a bath of photosensitive liquid which is solidified layer-by-layer using a computer-controlled ultra 

violet (UV) light. 

 Selective Laser Sintering (SLS):  
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Used for both metal and plastic prototyping, SLS uses a powder bed to build a prototype one layer at 

a time using a laser to heat and sinter the powdered material. 

 Fused Deposition Modelling (FDM) or Material Jetting:  

It uses a spool of thermoplastic filament which is melted inside a printing nozzle barrel before the 

resulting liquid plastic is laid down layer-by-layer according to a computer deposition program. 

 Selective Laser Melting (SLM) or Powder Bed Fusion:  

Selective Laser Melting is frequently used by the aerospace, automotive, defense and medical 

industries. This powder bed based fusion process uses a fine metal powder which is melted in a layer 

by layer manner to build either prototype or production parts using a high-powered laser or electron 

beam. 

 Laminated Object Manufacturing (LOM) or Sheet Lamination:  

This inexpensive process is less sophisticated than SLM or SLS, but it does not require specially 

controlled conditions. LOM builds up a series of thin laminates that have been accurately cut with 

laser beams or another cutting device to create the CAD pattern design. Each layer is delivered and 

bonded on top of the previous one until the part is complete. 

 Digital Light Processing (DLP):  

The part is continuously pulled from a vat, without the use of layers. As the part is pulled from the vat 

it crosses a light barrier that alters its configuration to create the desired cross-sectional pattern on the 

plastic. However, the vat needs to have a transparent bottom so that the light projected by the digital 

light projector reaches the resin and cures it. 

 

Application 

1. Medical: Orthopedic implants, pre surgery models from CT scan, dental device 

2. Manufacturing aids : Rotors, turbine nozzles, pressure gauge pieces, flow meter parts, control valve, 

Jigs and Fixtures, moulds for injection moulding and die casting 

3. Aerospace: interior of aircraft, Injector head of rocket 

4. Consumers customized product: Jewelry, shoes, any complex shapes and on demand production 

5. Automobile 
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MANUFACTURING  >>   Manu-Factus >>  Maid By Hand  

 

By: Chandan Sourav Sahoo, lecturer, Mechanical Engineering 

 

Manufacturing is the process of converting raw materials and components into finished goods. The Manufacturing 

Process can involve simple assembly by human labour or by robot, as well as mechanical, chemical, or biological 

processing to create a product. 

Products created by manufacturers can in turn be used as components by other manufacturers in the supply chain or 

sold directly to end consumers. 

Manufacturing can be as simple as creating bookshelves using wood, screws, glue, and varnish. It can involve more 

nuanced biological processes such as brewing and bottling beer using yeast, grain, water, and specialised vats and 

equipment.  

In complex organisations, manufacturing can be as sophisticated as assembling a modern mobile phone using 

components sourced from hundreds of high-tech suppliers, each with its own complex global supply chain. 

Raw materials to robots: A brief history of manufacturing 

Manufacturing has played an important role in society for thousands of years. 

In the past, manufacturers were much like builders and blacksmiths: skilled artisans whose craft-secrets were passed 

down by word of mouth, from one apprentice to the next. 

Then came the industrial revolution of the late 18th century. Britain introduced the factory system that saw technology 

and advanced machinery accelerate the speed with which goods could be produced. 

The production line approach divided labour so that different groups became responsible for each stage in the 

manufacturing process. Efficiency skyrocketed just as the cost of producing goods at a large scale plummeted. 

Fast forward to modern manufacturing, where: 

 Factories have been electrified and digitised to further improve manufacturing productivity and reduce the 

risk of human error. 

https://www.unleashedsoftware.com/manufacturing-guide/manufacturing-process/
https://www.unleashedsoftware.com/manufacturing-guide/manufacturing-process/
https://www.unleashedsoftware.com/supply-chain-management-guide
https://www.unleashedsoftware.com/blog/factory-automation-what-it-is-how-to-implement/
https://www.unleashedsoftware.com/manufacturing-productivity-guide/how-to-improve-productivity-in-manufacturing/
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 Lean manufacturing strategies enable companies to produce goods with minimised waste and a reduced risk 

of overproduction. 

 Cloud manufacturing software exists to streamline the flow of information as goods move through each stage 

of the supply chain and production process. 

To summarise, the manufacturing sector has received a generous injection of efficiency-enhancing solutions over the 

decades that continue to improve how effectively manufacturers are able to operate in modern times. 

And though the industrial revolution may be behind us, innovation continues to be a key driving force in the evolution 

of global manufacturing. 

10 key manufacturing sub-sectors 

There is no one definitive list of manufacturing companies or industry types – different categories are used depending 

on the needs of a given index, government, or group.  

However, commonly recognised categories of manufacturing companies include: 

 Food manufacturing 

 Agriculture Equipment manufacturing 

 Pharmaceutical manufacturing 

 Computer and electronics manufacturing 

 Chemical manufacturing 

 Furniture manufacturing 

 Vehicle manufacturing 

 Coffee manufacturing 

 Metal manufacturing 

 Spirits manufacturing 

Of these, food manufacturing remains the largest sub-sector – representing over 20% of total manufacturers’ sales in 

2022-23. 

Manufacturing examples 

The word manufacturing might bring to mind visions of grand factories, stacked floor-to-ceiling with fancy robotics 

and high-tech machinery. 

While this is an accurate description of some manufacturing organisations, it doesn’t paint a broad enough picture. 

Technically speaking, any business that converts raw materials inventory into finished goods can be considered a 

manufacturing company. 

Here are two examples of manufacturing that demonstrate how greatly companies within the industry may vary from 

one another. 

Food and beverage manufacturing 

Food and beverage manufacturing firms come in all shapes and sizes. For example, a globally recognisable, mass-

producing doughnut factory and a small, boutique bakery that sells homemade goods both fit the definition of 

manufacturers. 

https://www.unleashedsoftware.com/blog/cloud-manufacturing
https://www.unleashedsoftware.com/industry/food-manufacturing-software/
https://www.unleashedsoftware.com/industry/brewery-software
https://www.unleashedsoftware.com/industry/electronics/
https://www.unleashedsoftware.com/industry/coffee-roasters-inventory-management/
https://www.unleashedsoftware.com/industry/distillery-inventory-management/
https://www.ons.gov.uk/businessindustryandtrade/manufacturingandproductionindustry/bulletins/ukmanufacturerssalesbyproductprodcom/2022results
https://www.unleashedsoftware.com/blog/raw-material-inventory-management/
https://www.unleashedsoftware.com/food-beverage-manufacturing-software/
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Though it may not be equipped with all the fancy bells and whistles of large factories, the boutique bakery still 

converts raw materials (ingredients) into products (baked goods) – thus qualifying as a manufacturing business. 

Automobile manufacturing 

Unlike our boutique bakery, the automobile industry is dominated by huge factories with hundreds – or even 

thousands – of hired labour who each play a small but important role in producing finished goods. 

Vehicle manufacturers, Toyota, for example, have a workforce of more than 21,000 people in Europe alone. They 

produce cars in eight manufacturing sites across six different countries and have manufactured over 13 million cars 

since inception. 

Types of manufacturing processes 

 

Lifting the performance of a manufacturing business requires a different approach for the different types of 

manufacturers. For this reasons, there are myriad manufacturing processes you might choose to implement. 

The simplest distinction that can be made between different types of manufacturer comes down to what triggers 

their production management process.  

Regardless of the huge variety of activities that can be classed as manufacturing – plus the many different industry 

types and production methods – any manufacturer can be classed as either: 

 Make to Order (MTO) 

 Make to Stock (MTS) 

 Make to Assemble (MTA) 

Here’s how each of these types of manufacturing processes works. 

Make-to-stock (MTS) manufacturing process 

Make-to-stock (MTS) manufacturing is where the manufacturer creates products in response to demand forecasting – 

anticipating future sales and storing finished goods so that orders can be fulfilled in the shortest possible time. 

MTS manufacturing is sometimes called push production, with the forecasted demand responsible 

for pushing products through the production process and out into the marketplace. 

MTS manufacturers are often able to create very efficient manufacturing processes. The method is suited to high-

volume products with little or no variation between batches. 

https://www.toyota-europe.com/about-us/toyota-in-europe/european-manufacturing-plants
https://www.unleashedsoftware.com/blog/production-management
https://www.unleashedsoftware.com/blog/need-know-demand-forecasting/
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Today a vast array of products are created via MTS production, with so-called High Street Fashion a good example of 

the approach: volumes, colours, and styles are all planned ahead of each season, with stock warehoused until it can be 

sold. 

Make-to-order (MTO) manufacturing process 

Using the make-to-order (MTO) manufacturing process, manufacturers begin a production run when they receive 

a purchase order, creating just enough product to fulfil that request. 

For that reason, it’s sometimes called pull production, with products being pulled through the production process by 

the customer’s order. 

MTO manufacturers often sell higher-value goods, as well as products that are customised, rather than standardised. 

An aircraft manufacturer, for example, would only ever operate as an MTO business. Similarly, a dressmaker might 

use an MTO approach, ordering in fabric after a customer chooses the particular specifications that they want. 

Make-to-assemble (MTA) manufacturing process 

The MTA approach is a hybrid of the MTS and MTO systems.  

In MTA all the required components are either created or purchased ahead of time, with the final product built quickly 

as an order is received. Some tailors, for example, will quickly create a bespoke suit for a client using panels of fabric 

that have been pre-cut and stitched, with only minor adjustments needed to assemble the final piece.  

Similarly, some computer manufacturers allow clients to request custom-built machines to match their needs, adding 

RAM, and swapping out graphics cards as needed.  

An MTA approach works well where a business needs the flexibility of customisation but wants to fulfil orders 

quickly. Finished goods that perish quickly are also well suited to being assembled to order. 

How manufacturing works on the factory floor 

There are countless ways to manufacture products entirely dependent on the raw materials and components being 

used, the type of goods being produced, and the personal preferences of key decision-makers within a given company. 

However, we can break down how manufacturing production works in a large number of different business models 

by segmenting the most common production processes used around the world. 

The 8 main manufacturing processes: 

 Machining: Shaping and removing material from raw goods or components to create a desired finish. 

 Joining: Connecting or assembling multiple items to form a single, unified product. 

 Casting: Pouring liquid such as molten metal or alloy into a mould to create a solid object. 

 Forming: Reshaping and transforming raw materials using mechanical or thermal methods. 

 Moulding: Shaping a material by pouring or pressing it into a cavity, waiting for it to cool, and removing the 

outer casing. 

 Assembly: Combining separate components or parts to create a finished product. 

 Finishing: Treating an almost-finished product to enhance its appearance, usefulness, or quality – for 

example, painting, sanding, and varnishing. 

https://www.unleashedsoftware.com/blog/what-is-a-purchase-order/
https://www.unleashedsoftware.com/blog/kitting/
https://www.unleashedsoftware.com/blog/manufacturing-processes/


18 

 

Many goods manufacturers will use a combination of these processes to produce a single product. The ways in which 

they plan and implement a production process are known as manufacturing techniques. 

Let’s look at some examples. 

Manufacturing techniques:  

Here are some of the common tactics, or manufacturing techniques, that can be implemented to improve the 

efficiency of your production processes. 

Discrete manufacturing: 

Discrete manufacturing is a technique used to build unique and distinct goods. This is a popular strategy for 

companies assembling products from individual parts or components – for example, computers and household 

furniture. 

Discrete manufacturing processes largely rely on a bill of materials – a key document that functions as an ingredient 

list and recipe for producing a finished good. 

Process manufacturing: 

Process manufacturing is where a manufacturer produces goods through a series of repeatable or sequential steps. It 

differs from discrete manufacturing in that process manufacturing builds products by transforming materials rather 

than assembling components. 

Repetitive manufacturing: 

In repetitive manufacturing, similar or identical products are manufactured in large quantities using an automated 

production process. While this method leaves little room for customisations and variations, it’s a highly efficient way 

to produce a large number of alike goods. 

Batch production: 

Batch production is where groups of identical products are created in production runs. For example, when a clothing 

range includes several different styles of jacket, each style will be produced at once, before the production line is reset 

to accommodate the needs of the next product – with sewing machines swapped out and pattern-cutters 

reprogrammed as needed. 

Similarly, beer is produced in batches, with each batch needing different temperatures, time scales and ingredients, 

despite being produced with largely the same equipment. 

Job shop manufacturing: 

Job production is where a single end product is completed before the next item is begun. The job production method 

naturally aligns with MTO manufacturing and is suited to creating high-value and unique items. 

Custom jewellers, shipbuilders, and aircraft manufacturers all use the job production method. 

https://www.unleashedsoftware.com/blog/everything-you-need-to-know-about-bill-of-materials/
https://www.unleashedsoftware.com/blog/batch-production-explained
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Flow production: 

Flow production, also called continuous manufacturing, is where identical, standardised items are produced 

continuously and en masse in the name of optimal efficiency. 

Often using conveyor belts to move products sequentially through the assembly process, flow production lines are 

often capital intensive, but with lower labour costs. 

Flow production is suited to creating high volumes at a low price per unit, with limited and often lower-skilled labour 

required. 

 

Just-in-time manufacturing: 

Just-in-time manufacturing is a production technique in which goods are produced based on customer demand, not in 

advance of need. It aims to increase efficiency and improve order fulfilment times while simultaneously minimising 

excess costs and waste within a company. 

Lean manufacturing: 

Similar to the just-in-time approach, lean manufacturing is a technique that focuses on increasing efficiency by 

eliminating waste. The primary difference is that just-in-time manufacturing focuses on the business, while the main 

goal of lean manufacturing is to add value for the customer. 

Lean manufacturing was made famous in the 1940s by Japanese car manufacturer, Toyota, based on Ford’s assembly 

flow production method. 

Digital manufacturing: 

Digital manufacturing refers to the integration of computer systems and production lines. It embodies the modern 

approach to manufacturing, where technological advancements are harnessed for the sake of increased productivity 

and reduced costs. 

A key function of digital manufacturing is that it allows manufacturers to integrate with the rest of their supply chains. 

As such, visibility over important information like lead times and delivery statuses is made more readily available. 

Cloud manufacturing: 

Cloud manufacturing is a type of digital manufacturing technique that relies on cloud-based manufacturing systems 

such as  

https://www.unleashedsoftware.com/blog/what-is-flow-production-and-can-smes-use-it/
https://www.unleashedsoftware.com/blog/just-in-time-manufacturing
https://www.unleashedsoftware.com/manufacturing-guide/lean-manufacturing
https://www.unleashedsoftware.com/blog/lead-time/
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Inventory management software and bill of materials software. 

 

In cloud-based manufacturing, data is stored on a cloud that can be accessed via the internet. It enables business 

owners to view live updates regarding their manufacturing processes and financial status. 

Cloud tools benefit from their ability to integrate with one another, allowing manufacturers to create a single source of 

truth and a consistent flow of information within the business. 

Mass production: 

The mass production method of manufacturing involves producing large quantities of standardised goods at a high 

rate, typically using assembly lines. By taking advantage of economies of scale, companies can produce sufficient 

quantities to meet consumer demand without driving the cost of production through the roof. 

Mass customisation: 

Mass customisation is the child of mass production and MTO manufacturing. The technique allows companies to 

produce a broad range of product variations while remaining efficient and achieving economies of scale. 

Contract manufacturing: 

Contract manufacturing is when one company designs a product and outsources the manufacturing of this product to 

another company. 

Businesses use contract manufacturing when they do not have the assets—such as the facilities, equipment or skilled 

staff—to produce their goods in the quantity needed. By using a contract manufacturer, businesses can avoid having 

to make a large capital investment to produce their goods, and production can be scaled easily as the business grows 

(or shrinks). 

Ultimately, the decision on whether to use a contract manufacturer will rest on whether it is cost-effective for the 

business, and what capabilities the company already has. 

 

Manufacturing and inventory management: 

From the inventory perspective, manufacturing is the process of assembling a group of existing products under a new 

stock-keeping unit (SKU) code. In theory, this process should create more value than the sum of its parts. 

https://www.unleashedsoftware.com/product/bill-of-materials-software/
https://www.unleashedsoftware.com/blog/contract-manufacturing-explained-everything-you-want-to-know
https://www.unleashedsoftware.com/blog/manufacturing-inventory-management
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It may also generate waste, which can be assigned a cost that can be tracked using various manufacturing 

accounting and costing methods. 

There are four main types of manufacturing inventory: 

 Raw materials 

 Work-in-process goods 

 Finished goods 
 Maintenance, repair, and operations (MRO) inventory 

Because so many manufacturers strive for maximum efficiency, inventory management is an important contributor to 

the overall success of a manufacturing business. 

Manufacturing systems: 

A manufacturing system can mean either an accumulation of a company’s various manufacturing technology, 

processes, and actions used to create finished productions or simply a singular tool – such as manufacturing software – 

that’s used to manage  

production. 

Manufacturing software: 

Manufacturing software is a digital system that helps to automate or simplify various processes involved in 

production, from demand planning and accounting right through to the physical production and customisation of 

products. 

Common types of manufacturing software include: 

 Manufacturing accounting software 

 Cost-estimating software 

 Manufacturing inventory management software 

 Computer-aided design (CAD) software 

 Production planning software 

Each of these tools – and many more – exist to make manufacturers’ lives easier. 

If you’re looking for ways to streamline your manufacturing operations and increase efficiency, manufacturing 

software is an excellent place to start. 

Future Manufacturing: 

https://enoz4fyai9-staging.onrocket.site/inventory-accounting-guide/manufacturing-accounting
https://enoz4fyai9-staging.onrocket.site/inventory-accounting-guide/manufacturing-accounting
https://www.unleashedsoftware.com/inventory-accounting-guide/costing-methods
https://www.unleashedsoftware.com/blog/manufacturing-inventory-types
https://www.unleashedsoftware.com/blog/finished-goods-inventory
https://www.unleashedsoftware.com/manufacturing-guide/manufacturing-software
https://www.unleashedsoftware.com/blog/15-types-of-manufacturing-software-who-benefits-from-each/
https://www.unleashedsoftware.com/industry/manufacturing-inventory-management/
https://www.unleashedsoftware.com/blog/production-planning/
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Manufacturing processes are changing along with the skills required to undertake them. With more cost-

effective methods being sought out and increasing automation in manufacturing, the number of jobs in this 

sector are expected to decline. However, those that remain are likely to be more specialised and highly paid. 

Increasingly sophisticated technology means that manufacturing will require staff skills and training to 

manage, while new materials and processes are changing particular industries. Nanotechnology is changing 

electronics production while lighter materials like aluminium and carbon fibre has changed the automotive 

industry. Elsewhere, pharmaceuticals are being revolutionised by bio-engineering and 3D printing allows for 

the creation of bespoke specialised components for industries like aerospace and medical. As robots become 

more sophisticated many manufacturing processes are being automated while big data allows manufacturers 

to analyse and target customer needs to guide product development. 

Why it is Important 

Manufacturing is not only important in producing and delivering goods to the marketplace, but it is also 

important for economic reasons. In the United States, for example, manufacturing makes up 15% of the 

economic output. The mass production of items can provide a real boost to an economy, which can be 

measured by ‘manufacturing value added (MVA)’ indicators. These compare the manufacturing output to the 

size of the overall economy to create a percentage of gross domestic product (GDP).  The figures for 

manufacturing employment, inventories and orders are examined by manufacturing institutes, such as The 

Institute for Supply Management (ISM), whose reports inform financial analysts and researchers. 

Conclusion 

Manufacturing continues to be an import aspect of industry, not just to provide goods for the marketplace, but 

also to drive the economy. As manufacturing processes continue to advance, so the skills required have also 

developed, with this trend set to continue in the future. 

Manufacture requires a careful balance of supply and demand, whether through making items for stock, for 

order, or for assembly, as well as an ability to read the demands of the marketplace. 

Manufacturing has been an integral part of society for centuries and this looks to continue for as long as 

humans need products ranging from food and clothes to vehicles and pharmaceuticals. 

 

 

 

 

https://www.twi-global.com/technical-knowledge/faqs/what-is-3d-printing
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Harmonizing Polymer Composites-Balancing 

Affordability, Sustainability and Cost-Effectiveness 

By: Ms. Soumya Dash, Assistant Professor, Mechanical Engineering 

 

In the field of material science and engineering, addressing the disparity between polymer composites, 

their affordability and environmental safety is a critical and challenging task. To effectively deal with this 

issue, a comprehensive array of strategies must be integrated into a multifaceted approach. Let us delve 

into each of these strategies and explore their roles in achieving this goal. 

 Material selection: Optimal selection of reinforcements and polymers is of paramount 

importance, striking a balance between affordability and environmental safety. This entails 

exploring the utilization of recycled or renewable resources as reinforcements or polymer 

matrices. By embracing such alternatives, we not only diminish finite resources but also mitigate 

the adverse impacts associated with conventional materials. 

 Life Cycle Analysis (LCA): This is a holistic insight of the overall environmental footprint of 

composite materials. Starting from the inception of raw material extraction to the final phase of 

disposal or recycling, every stage undergoes meticulous scrutiny. Thus, the insights gleaned from 

LCA serves as guiding beacons, highlighting areas viable for enhancement and steering us 

towards a more sustainable practice. 

 Reusing and Recycling: Integrating recyclability and reusability into composite design is 

imperative. This involves the judicious selection of materials that lend themselves to facile 

recycling or reuse. Fortifying economic and environmental sustainability, curtailing waste 

generation and diminishing the imperative for advanced materials. 

 Biodegradability: Exploring the realm of biodegradability polymers and natural reinforcements 

presents a viable avenue for mitigating the long-term environmental repercussions of composite 

materials. Embracing materials that undergo safe degradation in the environment serves to curtail 

the accumulation of non-biodegradable waste, thereby fostering resilience and vitality of 

ecosystems. 

 Effective manufacturing procedures: It is essential to optimize the manufacturing processes in 

order to rationalize waste output and energy consumption. This will improve both environmental 

sustainability and economic viability
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DUAL FUEL ENGINE 

 

BY: ARYAN SWAIN, STUDENT, MECHANICAL ENGINEERING 

 

A dual-fuel engine is an internal combustion engine that operates on two different types of fuel, typically a 

combination of a primary fuel (usually diesel or gasoline) and a secondary fuel (commonly natural gas or 

LPG - liquefied petroleum gas). The engine can switch between these fuels or use them simultaneously, 

depending on the specific design of the engine and the fuel system. 

 

Key Features of Dual-Fuel Engines: 

1. Fuel Flexibility: Dual-fuel engines provide the flexibility to use two different fuels, allowing operators to 

choose or switch between fuels based on availability, cost, and environmental factors. The engine typically 

uses the primary fuel for ignition (like diesel) and the secondary fuel for combustion (such as natural gas or 

LPG). 

 

2. Reduced Emissions: One of the main advantages of dual-fuel engines is that they can reduce harmful 

emissions. Natural gas, for example, is considered cleaner than traditional diesel or gasoline, emitting fewer 

carbon dioxide (CO2), nitrogen oxides (NOx), and particulate matter (PM). By running on a higher 

proportion of natural gas, the engine can significantly reduce its environmental impact. 

 

3. Efficiency:: Dual-fuel engines can offer better fuel efficiency compared to engines running on a single 

fuel, especially when using cheaper or more energy-efficient fuels for the secondary fuel (like natural gas). 

 

4. Engine Design: In a typical dual-fuel engine, the primary fuel is injected into the cylinder, and the 

secondary fuel is mixed with the air before entering the cylinder. The spark from the primary fuel ignites the 

secondary fuel, allowing for a more efficient combustion process. 

 

How Dual-Fuel Engines Work: 

- Ignition: The engine primarily operates on the diesel or gasoline fuel, which is used for ignition purposes. 

The fuel is injected into the combustion chamber, where it ignites under pressure. 

   

- Secondary Fuel: After ignition, the engine injects the secondary fuel (usually natural gas) into the cylinder, 

which mixes with the air and combusts. The primary fuel (like diesel) helps ignite the secondary fuel, but 

once the engine is running, it relies more on the secondary fuel for continued operation. 

 

- Fuel Control: Modern dual-fuel engines are equipped with sophisticated fuel management systems to 

monitor and adjust the proportion of each fuel used during operation. The system ensures that the engine 

runs efficiently and effectively, depending on the load and operating conditions. 

 

Types of Dual-Fuel Engines: 

1. Diesel-Natural Gas Engines: These engines are common in heavy-duty applications such as trucks, buses, 

and industrial machinery. Diesel is used as the primary fuel for ignition, while natural gas serves as the 

secondary fuel. This combination can reduce operating costs and emissions. 

 

2. Gasoline-LPG Engines: In smaller vehicles, such as cars and light trucks, a combination of gasoline and 

LPG can be used. This dual-fuel setup allows for reduced fuel costs and lower emissions, as LPG is typically 

cheaper and cleaner than gasoline. 

 

3. Diesel-LPG Engines: This setup is often used in heavy-duty trucks and buses, where diesel serves as the 

main fuel for combustion, and LPG is added to reduce fuel consumption and lower emissions. 

 

Advantages of Dual-Fuel Engines: 

1. Fuel Cost Savings: By using cheaper fuels like natural gas or LPG in place of more expensive fuels like 

diesel or gasoline, operators can significantly reduce their fuel costs. 
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2. Reduced Emissions: Dual-fuel engines can operate with a lower environmental impact, as natural gas and 

LPG produce fewer harmful emissions compared to conventional fuels, making them a more 

environmentally friendly option. 

 

3. Flexibility and Convenience: Dual-fuel engines provide operators with the flexibility to choose the most 

cost-effective or readily available fuel, making them particularly beneficial in regions where certain fuels are 

more abundant or cheaper. 

 

4. Increased Efficiency: These engines can be more efficient than traditional single-fuel engines, as they take 

advantage of the combustion properties of both fuels, improving overall fuel efficiency. 

 

5. Energy Security: Dual-fuel engines contribute to energy security by allowing operators to switch between 

different fuel sources, depending on availability and price fluctuations. 

 

Challenges and Considerations: 

1. Initial Cost: Dual-fuel engines are typically more expensive to manufacture and maintain due to the 

complexity of the fuel systems and the additional components needed for dual fuel management. 

 

2. Fuel Availability: The effectiveness of a dual-fuel engine relies on the availability of both fuels. If the 

secondary fuel (like natural gas) is not readily available, the engine may not perform optimally. 

 

3. Fuel System Complexity: The dual-fuel system requires advanced technology and precise control systems 

to ensure that both fuels are mixed and burned properly. This can make maintenance and repair more 

complex compared to traditional single-fuel engines. 

 

4. Performance Variability: The performance of dual-fuel engines can be affected by the ratio of primary to 

secondary fuel and the engine's load, requiring careful tuning and adjustments to ensure optimal 

performance. 

 

Applications of Dual-Fuel Engines: 

1. Transportation: Dual-fuel engines are used in trucks, buses, and even ships, where they provide the 

flexibility to operate on cheaper or cleaner fuels. This is especially beneficial for long-haul trucking and 

public transportation, where fuel costs can be significant. 

 

2. Power Generation: In remote or off-grid locations, dual-fuel engines are often used for power generation, 

where they can operate on locally available fuels. This makes them ideal for backup power or industrial 

applications. 

 

3. Heavy Machinery and Industrial Equipment: Construction, mining, and agriculture industries use dual-fuel 

engines in their equipment, allowing them to cut down on operational costs while reducing emissions. 

 

Conclusion: 

Dual-fuel engines offer a flexible, cost-effective, and environmentally friendly alternative to traditional 

single-fuel engines. By combining two fuels, typically one cleaner and more cost-effective (like natural gas) 

and one more traditional (like diesel), these engines can optimize both fuel efficiency and emissions. While 

there are challenges such as higher initial costs and complexity, the benefits make dual-fuel engines an 

attractive option for various industries, especially those focused on reducing operating costs and 

environmental impact. 
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Comprehensive Guide to Digital Manufacturing 

 

By: Biswajit Dash, Student, Mechanical Engneering 

Introduction 

Digital manufacturing is revolutionizing industries by integrating advanced technologies such as artificial 

intelligence (AI), the Internet of Things (IoT), robotics, and automation. This approach enhances efficiency, 

reduces costs, and improves product quality, making manufacturing processes more agile and data-driven. 

Historical Background 

The concept of digital manufacturing has evolved over time, with key milestones including: 

1. Industrial Revolution (18th Century): Introduction of mechanized production using steam and water 

power. 

2. Second Industrial Revolution (19th Century):Adoption of electricity and mass production techniques. 

3. Third Industrial Revolution (20th Century):Development of computer-aided manufacturing (CAM) and 

robotics. 

4. Industry 4.0 (21st Century): Integration of AI, IoT, digital twins, and real-time data analytics. 

Key Technologies in Digital Manufacturing 

1. Artificial Intelligence (AI) 

AI-driven automation helps optimize production, reduce errors, and enable predictive maintenance. 

2. Internet of Things (IoT) 

IoT enables real-time data collection from machines, improving efficiency and decision-making. 

3. 3D Printing (Additive Manufacturing) 

Additive manufacturing allows for rapid prototyping, reducing material waste and production time. 

4. Robotics and Automation 

Robots and automated systems perform repetitive tasks with high precision, improving productivity. 

5. Cloud Computing and Big Data 

Cloud platforms store and process vast amounts of manufacturing data, enhancing collaboration and 

efficiency. 

Benefits of Digital Manufacturing 

The advantages of digital manufacturing include: 

- Increased Efficiency:Automation reduces production time and resource usage. 

- Cost Reduction:Optimized processes minimize waste and improve supply chain management. 

- Enhanced Product Quality:AI-driven quality control ensures defect-free manufacturing. 

- Flexibility and Customization: Enables rapid adaptation to customer needs and market trends. 

Case Studies: Real-World Applications 

1. General Electric (GE) 

GE integrates AI and IoT in its manufacturing plants to optimize turbine and engine production. 

2. Tesla’s Smart Factories 

Tesla uses robotics and AI to streamline electric vehicle manufacturing, increasing efficiency. 

3. Boeing’s Digital Twin Technology 

Boeing employs digital twin simulations to test aircraft components before physical production. 
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Challenges in Digital Manufacturing 

Despite its advantages, digital manufacturing faces several challenges: 

- High Initial Investment: Adoption of advanced technologies requires significant capital. 

- Cybersecurity Risks: Increased digitalization makes manufacturing systems vulnerable to cyberattacks. 

- Workforce Skill Gap:Employees must be trained to work with digital tools and automation. 

- Integration Complexity: Merging new technologies with legacy systems can be challenging. 

Future Trends in Digital Manufacturing 

1. AI-Powered Predictive Maintenance 

AI will enhance equipment monitoring, predicting failures before they occur. 

2. Smart Factories 

Factories will become more autonomous, self-optimizing, and data-driven. 

3. Digital Supply Chain Optimization 

Blockchain and IoT will improve supply chain transparency and efficiency. 

4. Sustainable Manufacturing 

Eco-friendly production techniques will reduce energy consumption and waste. 

Career Opportunities in Digital Manufacturing 

The demand for skilled professionals in digital manufacturing is growing, offering careers such as: 

- Automation Engineer – Specializing in AI-driven manufacturing automation. 

- Robotics Engineer– Developing and maintaining robotic manufacturing solutions. 

- Industrial Data Scientist – Analyzing production data to optimize processes. 

- 3D Printing Specialist– Innovating with additive manufacturing techniques. 

- Cybersecurity Expert in Manufacturing – Ensuring secure digital factory operations. 

Conclusion 

Digital manufacturing is revolutionizing industries by enhancing efficiency, reducing costs, and enabling 

greater customization. As technology advances, AI, IoT, and robotics will continue to shape the future of 

manufacturing. Businesses that embrace digital transformation will stay ahead in the competitive global 

market, and professionals skilled in these technologies will have abundant opportunities. 

 

Heat Transfer Mechanism and Applications 

 

By: Rina Dalai, Student, Mechanical Engineering 

Introduction 

Heat transfer is the process of thermal energy movement due to temperature differences. It plays a crucial 

role in various fields, including engineering, environmental science, and everyday life. Understanding heat 

transfer mechanisms allows engineers to design efficient cooling and heating systems, improve energy 

efficiency, and develop innovative thermal management solutions. 

Mechanisms of Heat Transfer 
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1. Conduction 

Conduction is the transfer of heat through a solid material due to molecular vibrations and collisions. 

Materials with high thermal conductivity, such as metals, conduct heat efficiently, whereas insulators like 

wood and plastic resist heat transfer. The rate of conduction follows Fourier’s Law: 

Q = -k * A * (dT/dx) 

where: 

- Q = Heat transfer rate (W) 

- k = Thermal conductivity (W/m·K) 

- A = Cross-sectional area (m²) 

- dT/dx = Temperature gradient 

2. Convection 

Convection involves heat transfer through fluid motion. It can be natural, caused by buoyancy-driven 

currents, or forced, using external devices like fans or pumps. The rate of convective heat transfer is given 

by: 

Q = h * A * (T_surface - T_fluid) 

where: 

- h = Convective heat transfer coefficient (W/m²·K) 

- A = Surface area (m²) 

- T_surface, T_fluid = Surface and fluid temperatures (K) 

3. Radiation 

Radiation is heat transfer via electromagnetic waves, occurring even in a vacuum. The Stefan-Boltzmann 

Law expresses radiative heat transfer: 

Q = ε * σ * A * (T⁴ _surface - T⁴ _surroundings) 

where: 

- ε = Emissivity of the surface 

- σ = Stefan-Boltzmann constant (5.67 × 10⁻ ⁸  W/m²·K⁴ ) 

- A = Surface area (m²) 

- T_surface, T_surroundings = Absolute temperatures (K) 

Applications of Heat Transfer 

1. Heat Exchangers 

Used in industries for cooling and heating processes, such as power plants, refrigeration systems, and 

automotive radiators. 

2. Thermal Insulation 

Buildings use insulation materials to minimize heat loss and maintain energy efficiency. 

3. Cooling of Electronic Devices 

Computers and smartphones use heat sinks and cooling fans to prevent overheating. 

4. Spacecraft Thermal Management 

Satellites use radiative cooling techniques to dissipate excess heat in space environments. 

5. Cooking and Food Processing 

Heat transfer principles are used in ovens, microwaves, and industrial food processing systems. 

Conclusion 

Heat transfer mechanisms—conduction, convection, and radiation—play essential roles in various 

applications. Understanding these principles helps engineers design efficient thermal systems for industries, 

electronics, energy production, and space exploration. Advances in materials and nanotechnology are further 

enhancing heat transfer efficiency, leading to more sustainable energy solutions. 
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