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VISION 

 

To be a globally renowned department in Engineering and Technology, excelling 

in academics, research, innovation, and ethical values, while addressing the needs 

of industry and society through leadership in Mechanical Engineering. 

 

MISSION 

 

To prepare responsible and effective engineers for global challenges by: 

1. Delivering quality education through cutting-edge technologies. 

2. Fostering research, innovation, and the development of socially relevant 

technologies. 

3. Upholding ethical values and promoting sustainable professional growth. 

  

DEPARTMENT OF MECHANICAL ENGINEERING 



PROGRAM EDUCATIONAL OBJECTIVES 
 

Following are the five broad statements of PEO of the Department of Mechanical 

Engineering:  

PEO 1: Build on the capability to work in global organisations as individuals and 

as team members and leaders and to have competence to start, run and grow one’s 

own business.  

PEO 2: Develop the ability of modeling & analytical skills for problem-solving 

and decision making to deal with latest technological challenges in industry and 

Research.  

PEO 3: Develop expertise in the design process of mechanical systems based on 

functionality, safety, standards, cost effectiveness, aesthetics and sustainability.  

PEO 4: Inculcate ethical responsibilities and service towards peers, society and 

the nation.  

PEO 5: Imbibe strong fundamental concepts of engineering and their application 

in the emerging fields of Engineering among students. 

 

PROGRAM SPECIFIC OUTCOMES 
 

Following are the three broad statements of PSO of the Department of 

Mechanical Engineering:  

PSO 1: To develop ability to understand the basic concepts of Mechanical 

Engineering and to implement the acquired knowledge for multi-disciplinary 

fields/projects.  

PSO 2: To develop an ability to accept global challenges and apply engineering 

knowledge for solving various problems in the area of Mechanical Engineering 

using the latest hardware and software tools.  

PSO 3: An understanding of social awareness & environmental wisdom along 

with ethical responsibility to have a successful career and to sustain passion and 

zeal for real-world applications using optimal resources as an Entrepreneur. 

  



Message From Founder & Chief Advisor's Desk 

 

 

 

 

 

 

 

 

It is indeed a matter of great pride that the Department of Mechanical 

Engineering, MAIT is publishing its annual technical magazine in July, 2024. 

The technical magazine, I understand, showcases the research activities and 

industry – academia interaction activities which the department has adopted 

during last year. 

I sincerely acknowledge the dedicated efforts of the faculty and staff of the 

Department of Mechanical Engineering in the successful release of this magazine. 

I also extend my heartfelt congratulations to the Editorial Team for ensuring its 

publication.  

I wish them all the very best in their future endeavors. 

 

 

Dr. Nand Kishore Garg 

Founder & Chief Advisor, MATES 
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I am gratified to know that the Department of Mechanical Engineering, MAIT 

has taken an initiative to publish the Technical Magazine in the month of July 

2024. This is productive as well as a great platform for the students, researchers, 

faculty members and industry experts to disseminate achievements in research 

and developments in computer science and technology. 

I gratefully acknowledge Dr. Vaibhav Jain, Head of the Mechanical Engineering 

Department, along with the faculty and students, for their valuable contributions 

to the publication of the Technical Magazine. My special appreciation goes to the 

Editorial Team for their commendable coordination in bringing this issue to life. 

Wishing them continued growth and success in all their endeavors. 

 

Sh. Vineet Kumar Lohia 

Chairman, MATES 
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I am extremely happy to know that the Department of Mechanical Engineering, 

MAIT is publishing its annual technical magazine in July 2024. 

 

This annual technical magazine will showcase the interaction of the Mechanical 

Department with Industry Professionals, Academicians and Research Scientists. 

It will also show the research by faculties of Mechanical Engineering. 

 

I wholeheartedly applaud the Head of the Department, the Editorial Team, and 

the coordinators for their commendable efforts in publishing this issue. I extend 

my best wishes for continued success in all their future publications. 

 

May their passion and dedication continue to inspire excellence in every edition. 

 

 

Prof. (Dr.) Neelam Sharma 

Director 

Maharaja Agrasen Institute of Technology 
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It is a moment of pride for us to print the new edition of the annual technical 

magazine of the Mechanical Engineering. Creativity and innovation are the 

catalyst of advancement. For the time immemorial, education emancipates. No 

study is complete when the scope of further research is available.  

 

Research is the fuel for advancement and development. This magazine will share 

and exchange the scientific knowledge of our teachers who are not only 

academicians but also researchers with the students. 

 

I congratulate and compliment the entire team, faculty members, staff and fellow 

students for initiating this magazine to exchange their views and knowledge on 

recent research and developments. 

 

 

Prof. (Dr.) S.S. Deswal 

Dean 

Maharaja Agrasen Institute of Technology 

 

 

 

  



Message From Head of the Department 

 

 
 

 

 

 

 

It is a matter of great pride and privilege for us to be associated with the 

department of mechanical engineering for this 5th year. The year 2023-24 has 

been a year of accomplishments for the Department.  

One faculty member of the Department received their Ph.D. degrees from Jamia 

University and Delhi Technological University. The department celebrated ‘Earth 

Day’ in association with Institute innovation cell (IIC) and ASHRAE Student 

Branch MAIT. A huge number of faculty members and students participated in 

this online event. 

Many events were organized by the department. Several hands-on activities have 

been also arranged by department students, faculties, and the ASHRAE society 

of MAIT. 

It is a difficult task to include information about all the activities of the department 

in an annual magazine like this.  

 

I congratulate Dr. Garima Sharma & Dr. Alok Kumar who worked tirelessly to 

bring out this edition of the magazine. 

 

 

Dr. Vaibhav Jain 
Head, Department of Mechanical Engineering  

Editor-in-Chief, Technical Magazine 
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Beat Plastic Pollution, it is in our hands 
 

With a plastic pen in hand 

Which has a plastic refill in it 

I sip my tea filled in a plastic cup 
 
The tea powder which was filled in a plastic jar, finding a solution to plastic 

reduction seems to be far. 

When I first thought of writing an article on the plastic pollution, I started to think as to how I 

should be addressing the problem. Then the thought came of writing the problem socially. To 

simplify, we can largely divide the human population into three categories. 

People who have nothing to do with the issue and feel that it is someone else’s job to solve it. 

The second type who look at the problem as avenue to research and find out some valuable solution 

which would be beneficial. 

The third type who try to look at the root of the problem and thus look at eliminating the problem 

from the source. 

The first kind of people who are not interested in solving the problem may turn out to be the 

trouble makers and lot of efforts are required to educate and create awareness among this category 

of people. The second category of people is those who have used waste plastic to make beneficial 

products. In this category, the end product is beneficial and may save the virgin resources. But the 

most important is the third category who wants to eliminate the problem from the root. They 

question the basis of plastic, its birth and its need. Rampant use of plastic just because it is 

convenient, needs to be tackled through consistent efforts. 

NGOs, socially oriented individuals and groups have been focussing their efforts in this direction. 

Public awareness, public participation and strict implementation of law and legislation will ensure 

effective implementation of ban on plastic. 

I would like to end by writing a quote by the Chinese philosopher Confucius. It states that “I hear 

and I forget, I see and I remember, I do and I understand”. This quote will strike the very core of 

our hearts who believe in action.  

Thus, to act to save the mother earth is the need of the hour and this requires our action of not 

using plastic as far as possible. 

 

  

Explore the Ocean of Faculty Perspectives 

Dr. Vaibhav Jain 
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Nanotechnology in Mechanical Engineering 

Nanotechnology, the science of manipulating matter at the atomic and 

molecular scale, has ushered in a new era in mechanical engineering. By 

enabling the design and fabrication of materials and devices with unique 

properties, nanotechnology is transforming various aspects of mechanical 

engineering, from materials development to manufacturing processes and 

system performance. 

 

 Enhanced Materials and Structures 

One of the most significant impacts of nanotechnology in mechanical 

engineering is the development of advanced materials. Nanomaterials, such as carbon nanotubes, 

graphene, and nanodiamonds, exhibit exceptional mechanical properties, including high strength, 

light weight, and enhanced thermal and electrical conductivity. Incorporating these nanomaterials 

into composites can result in components that are stronger, more durable, and more efficient than 

those made from conventional materials. For instance, carbon nanotube-reinforced polymers are 

being used to manufacture lightweight yet durable aircraft components, reducing fuel 

consumption and emissions.  

Surface Engineering and Coatings 

Nanotechnology has revolutionized surface engineering by enabling the creation of coatings and 

thin films with superior properties. Nanocoatings can provide enhanced resistance to wear, 

corrosion, and high temperatures, thereby extending the lifespan of mechanical components. For 

example, nanostructured ceramic coatings are applied to turbine blades in jet engines to improve 

their performance and durability under extreme conditions. These coatings can reduce friction, 

increase resistance to high temperatures, and protect against oxidation, enhancing the overall 

efficiency and longevity of the engines.  

Lubrication and Nanolubricants 

Friction and wear are major concerns in mechanical systems, leading to energy loss and 

component degradation. Nanotechnology addresses these issues through the development of 

nanolubricants. By incorporating nanoparticles such as graphene, molybdenum disulfide, and 

tungsten disulfide into lubricants, these nanolubricants can form protective films on surfaces, 

reducing friction and wear. This results in improved thermal stability, reduced energy 

consumption, and extended operational life of machinery in applications like engines, gears, and 

bearings.  

Self-Healing Materials 

Mechanical systems are often subjected to wear and tear, leading to the development of cracks and 

failures over time. Nanotechnology has enabled the creation of self-healing materials that can 

repair themselves when damaged. These materials contain microcapsules or nanoparticles that 

release healing agents upon cracking, filling the voids and restoring the material's integrity. This 

capability is particularly beneficial in applications where maintenance is challenging or costly, 

such as aerospace structures and automotive components. 

Micro and Nanoscale Sensors and Actuators 

Dr. Anil K. Dahiya 
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The integration of nanotechnology into mechanical systems has led to the development of micro 

and nanoscale sensors and actuators. These devices can monitor and control mechanical properties 

at the nanoscale, enabling real-time performance adjustments. For example, nanosensors can 

detect minute changes in temperature, pressure, and chemical composition, providing precise 

monitoring and control in mechanical systems. In the automotive industry, nanosensors are used 

for monitoring tire pressure, engine performance, and emissions, contributing to improved safety, 

performance, and environmental sustainability. 

Energy Efficiency and Sustainability 

Nanotechnology plays a pivotal role in enhancing energy efficiency and promoting sustainability 

in mechanical engineering. Nanomaterials can be used to create more efficient thermal insulators 

and conductors. Aerogels, which are nanostructured materials, offer excellent thermal insulation 

properties and are used in building construction and spacecraft. Additionally, nanofluids, which 

are fluids containing nanoparticles, can significantly improve heat transfer rates in cooling 

systems, leading to more efficient energy use in various applications.  

Nanotechnology in Manufacturing Processes 

Nanotechnology has also influenced manufacturing processes in mechanical engineering. 

Nanoscale 3D printing allows for the precise fabrication of intricate and complex structures, 

expanding the possibilities for designing machinery and components. This advancement has 

increased the number of options available for designing machinery and components, thereby 

improving their efficiency and dependability.  

Challenges and Future Outlook 

Despite the promising applications, the integration of nanotechnology into mechanical 

engineering faces several challenges. These include issues related to the scalability of 

nanofabrication techniques, the cost of nanomaterials, and concerns regarding the environmental 

impact and safety of nanomaterials. Addressing these challenges requires continued research and 

development, as well as the establishment of standards and regulations to ensure the safe and 

effective use of nanotechnology in mechanical engineering 
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Electric and Hybrid Aircraft Technologies: 

Paving the Way for Sustainable Aviation 
 

The aviation industry is undergoing a transformative shift towards 

sustainability, driven by advancements in electric and hybrid aircraft 

technologies. These innovations aim to reduce carbon emissions, lower 

operating costs, and enhance the overall efficiency of air travel. 

Electric Aircraft: Revolutionizing Short-Haul Flights 

Electric aircraft are designed to operate using electric propulsion systems, 

eliminating the need for traditional jet fuel. This transition significantly 

reduces greenhouse gas emissions and noise pollution, making them ideal 

for short-haul regional flights. Companies like Eviation Aircraft have developed the Alice, a fully 

electric aircraft capable of carrying up to nine passengers for distances up to 1,000 kilometers. 

Similarly, Heart Aerospace's ES-30 aims to offer hybrid-electric propulsion, with an electric-only 

range of 200 km and a hybrid range of 400 km, catering to regional routes .  

Hybrid Aircraft: Bridging the Gap 

Hybrid aircraft combine conventional combustion engines with electric propulsion systems, 

allowing for greater flexibility and extended range compared to fully electric counterparts. This 

hybrid approach enables aircraft to operate on longer routes while still benefiting from reduced 

emissions during certain phases of flight. Companies like Ampaire have developed hybrid aircraft 

such as the Eco-Caravan, which uses a hybrid powertrain to reduce fuel consumption by up to 

70% on shorter trips.  

Urban Air Mobility: The Rise of eVTOLs 

Electric Vertical Take-Off and Landing (eVTOL) aircraft are emerging as a solution for urban air 

mobility, offering the potential to alleviate traffic congestion and provide rapid transportation 

within cities. Companies like Joby Aviation and Archer Aviation are developing eVTOL aircraft 

designed to transport passengers within urban environments.  

Technological Challenges and Developments 

Despite the promising advancements, several challenges remain in the development of electric and 

hybrid aircraft technologies. Battery technology is a critical factor, as current lithium-ion batteries 

may not provide the energy density required for longer flights. Research into alternative battery 

chemistries, such as lithium-sulfur and solid-state batteries, is ongoing to address these limitations.  

Regulatory and Infrastructure Considerations 

The widespread adoption of electric and hybrid aircraft will require substantial changes in aviation 

regulations and infrastructure. Airports will need to invest in charging and maintenance facilities 

tailored to these new aircraft types. 

 Conclusion 

Electric and hybrid aircraft technologies represent a significant leap towards a more sustainable 

aviation industry. While challenges remain, ongoing research, development, and collaboration 

among industry stakeholders are paving the way for the commercialization of these innovative 

aircraft. As technology advances and infrastructure evolves, electric and hybrid aircraft are poised 

to play a pivotal role in shaping the future of air travel. 

Dr. Piu Jain 
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Smart Infrastructure and IoT Integration 

The integration of the Internet of Things (IoT) into urban infrastructure is 

revolutionizing the way cities operate, leading to the emergence of "smart 

cities." By embedding sensors, actuators, and connectivity into physical 

assets, IoT enables real-time data collection and analysis, facilitating 

more efficient and sustainable urban management. 

  

Smart Traffic Management 

IoT sensors embedded in roads and vehicles provide real-time traffic data, 

allowing for dynamic traffic signal adjustments and optimized traffic 

flow. This reduces congestion and enhances commuter safety. For instance, Barcelona's smart 

traffic lights adjust in real-time to traffic conditions, improving vehicle flow and reducing delays. 

Smart street lighting systems equipped with IoT sensors adjust brightness based on ambient light 

and pedestrian presence, leading to energy savings and improved public safety. Cities like 

Amsterdam have implemented flexible street lighting that adapts to real-time conditions.  

Environmental Monitoring 

IoT-enabled sensors monitor air and water quality, providing data that helps cities respond 

promptly to pollution spikes and implement measures to improve environmental health. This real-

time data collection aids in informed decision-making for urban planning and public health 

initiatives.  

IoT sensors in waste bins notify authorities when they are full, optimizing collection routes and 

reducing operational costs. This system enhances efficiency in waste management and contributes 

to cleaner urban environments.  

Energy and Water Conservation 

Smart grids and meters track energy and water usage in real time, enabling efficient distribution 

and consumption. IoT devices detect leaks and inefficiencies, allowing for prompt maintenance 

and conservation efforts. This proactive approach leads to significant resource savings and 

sustainability.  

Benefits of IoT Integration in Smart Cities 

Enhanced Efficiency: Automated systems reduce manual intervention, leading to more efficient 

operations across various urban services. 

Cost Savings: Optimized resource management and predictive maintenance reduce operational 

costs and extend the lifespan of infrastructure. 

Improved Quality of Life: Real-time data enables better urban planning, leading to safer, cleaner, 

and more livable cities. 

Sustainability: IoT facilitates the monitoring and management of environmental factors, 

contributing to sustainable urban development. 

Challenges and Considerations 

Interoperability: Ensuring seamless communication between diverse IoT devices and systems is 

crucial for effective integration. 

Cybersecurity: Protecting vast amounts of data generated by IoT devices from cyber threats is 

essential to maintain public trust and safety.  

Dr. Sidharth Bansal 
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Sustainable Materials and Composite Structures 
 

The construction and manufacturing industries are undergoing a 

significant transformation as they increasingly adopt sustainable 

materials and composite structures. This shift is driven by the need to 

reduce environmental impact, enhance resource efficiency, and 

promote circular economies. 

 

Natural Fiber-Reinforced Composites (NFRCs) 

Natural fibers, such as jute, hemp, flax, and kenaf, are gaining 

prominence as sustainable alternatives to synthetic fibers like glass and 

carbon. These fibers are renewable, biodegradable, and possess commendable mechanical 

properties. When combined with biodegradable matrices, NFRCs offer the potential for 

compostable composites at the end of their life cycle, aligning with circular economy principles. 

However, challenges remain in enhancing their mechanical performance to match that of synthetic 

composites. Innovations like graphene-based surface treatments and nanocellulose reinforcements 

are being explored to improve the strength and durability of NFRCs  

 

Engineered Bamboo and Cross-Laminated Timber (CLT) 

Wood-based composites, such as engineered bamboo and CLT, are revolutionizing the 

construction industry. Engineered bamboo, produced from bamboo fibers, offers a sustainable 

alternative to traditional wood, with applications ranging from paneling to lightweight building 

construction. CLT, made by gluing layers of wood at right angles, provides a renewable, green, 

and sustainable material when sourced from efficiently managed forests. Both materials contribute 

to carbon sequestration and offer design flexibility, making them suitable for various structural 

applications  

  

Mycelium-Based Composites 

Mycelium, the root-like structure of fungi, is emerging as a sustainable material for composites. 

These composites are biodegradable and can be produced from organic waste, offering an eco-

friendly alternative to conventional materials. Applications range from packaging to construction, 

with potential for use in building materials that decompose naturally, reducing landfill waste. 

  

Recycled Plastic Composites 

Innovations in recycling have led to the development of composites made from recycled plastics. 

For instance, Sustainable Infrastructure Systems in Australia has created construction panels by 

blending soft plastics with a proprietary resin, resulting in materials with structural strength 

comparable to concrete but with significantly reduced embodied carbon. These panels are 

designed to last over 100 years, offering a sustainable solution to the plastic waste crisis  

 

Transparent Wood Composites 

Researchers have developed transparent wood by removing lignin from balsa veneer and 

impregnating it with acrylic polymer. This material is 85% transparent while maintaining wood's 

Ms. Surabhi Lata 
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characteristic strength, opening possibilities for eco-friendly building applications such as load-

bearing windows and translucent structures. Although currently expensive, transparent wood 

holds promise for sustainable construction materials.  

 

3D-Printed Biopolymer Panels 

Advancements in 3D printing technology have enabled the fabrication of complex sandwich 

panels using biopolymers. These panels can incorporate natural fibers and continuous synthetic 

fibers, offering energy absorption and structural performance. The ability to create intricate 

geometries allows for lightweight and efficient designs, contributing to sustainable building 

practices.  

 

Conclusion 

The integration of sustainable materials and composite structures is reshaping industries, 

particularly construction and manufacturing. From natural fiber composites to innovative uses of 

mycelium and recycled plastics, these materials offer environmentally friendly alternatives to 

traditional options. As research and development continue, the adoption of these sustainable 

composites is expected to grow, leading to more eco-conscious and resource-efficient practices 

across various sectors. 
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Artificial Intelligence in Mechanical Engineering 

 

Artificial Intelligence (AI) is revolutionizing mechanical engineering by 

enhancing design processes, optimizing manufacturing, and enabling 

predictive maintenance. Through machine learning, data analytics, and 

automation, AI is reshaping how engineers approach complex challenges, 

leading to more efficient, sustainable, and innovative solutions. 

AI-Driven Design and Simulation 

In the realm of design, AI facilitates generative design, where algorithms 

explore a vast array of design alternatives based on specified constraints 

such as material properties, load conditions, and manufacturing methods. This approach allows 

engineers to discover optimized structures that might not be conceived through traditional design 

methods. For instance, companies like Airbus and Boeing have utilized AI to create lightweight, 

high-strength components that reduce material usage and improve performance. 

AI also enhances simulation and modeling techniques, such as Computational Fluid Dynamics 

(CFD) and Finite Element Analysis (FEA). By processing large datasets, AI can predict the 

behavior of systems under various conditions more accurately and swiftly than conventional 

methods. Tesla, for example, employs AI-driven simulations to model vehicle dynamics and crash 

scenarios, enabling rapid design iterations and improved safety features. 

 

Smart Manufacturing and Robotics 

AI is at the forefront of smart manufacturing, where it integrates with robotics and automation to 

streamline production processes. AI-powered robots can perform tasks like welding, painting, and 

assembly with high precision and adaptability. These robots learn from their environment and can 

adjust to new tasks without extensive reprogramming. Ford's implementation of AI in its 

transmission plant has increased assembly speed by 15%, demonstrating the tangible benefits of 

AI in manufacturing efficiency. 

Collaborative robots, or cobots, work alongside human operators, enhancing productivity and 

safety. These AI-enabled systems can assist in tasks such as material handling and quality 

inspection, reducing human error and physical strain on workers. The synergy between AI and 

human labor is transforming factory floors into more flexible and efficient environments. 

 

Predictive Maintenance and Fault Detection 

Maintenance is a critical aspect of mechanical systems, and AI is transforming traditional 

approaches through predictive maintenance. By analyzing data from sensors embedded in 

machinery—monitoring parameters like temperature, vibration, and pressure—AI algorithms can 

detect anomalies and predict potential failures before they occur. This proactive approach allows 

for timely interventions, reducing unplanned downtime and extending the lifespan of equipment. 

For example, General Electric employs AI to monitor jet engine performance, predicting 

maintenance needs and preventing costly repairs. Similarly, intelligent maintenance systems 

aggregate data collection, storage, and analysis to support decision-making, enabling more 

effective maintenance strategies. 

Dr. Kanchan Mudgil 
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Quality Control and Inspection 

AI enhances quality control processes by automating inspections and defect detection. Machine 

learning algorithms analyze images from production lines to identify defects such as cracks, 

misalignments, or surface imperfections that may be missed by human inspectors. Siemens utilizes 

AI in its factories to perform real-time quality checks, ensuring that only products meeting 

stringent standards reach the market. 

This automation not only improves the consistency and accuracy of inspections but also 

accelerates the production process, allowing for higher throughput without compromising quality. 

 

Energy Optimization and Sustainability 

AI contributes to energy optimization in mechanical systems by analyzing operational data to 

identify inefficiencies and suggest improvements. In HVAC systems, for instance, AI can adjust 

settings in real-time to maintain desired temperatures while minimizing energy consumption. This 

capability is particularly valuable in industrial settings, where energy costs constitute a significant 

portion of operational expenses. 

Moreover, AI aids in the development of sustainable materials and processes by simulating and 

testing various scenarios to determine the most environmentally friendly options. This application 

supports the mechanical engineering industry's shift towards greener practices and reduced 

environmental impact. 

 

AI in Materials Science 

The development of advanced materials is essential for innovative mechanical engineering 

solutions. AI accelerates this process by analyzing vast datasets to predict material properties and 

behaviors. Machine learning models can identify correlations between composition, structure, and 

performance, guiding the creation of new materials with desired characteristics. 

This capability is particularly beneficial in industries like aerospace and automotive, where 

material performance is critical to safety and efficiency. AI-driven materials science enables the 

rapid prototyping and testing of materials, reducing development time and costs. 

 

Challenges and Future Prospects 

Despite its transformative potential, the integration of AI into mechanical engineering faces 

challenges. Data quality and availability are paramount; AI systems require large, high-quality 

datasets to function effectively. Additionally, the complexity of AI models necessitates skilled 

personnel for development and maintenance, posing a barrier for some organizations. 

Ethical considerations, such as job displacement and decision-making transparency, also arise as 

AI systems take on more responsibilities traditionally held by humans. Addressing these concerns 

requires thoughtful implementation and regulation to ensure that AI serves as a complement to 

human expertise rather than a replacement. 

Looking ahead, the continued evolution of AI technologies promises even greater advancements 

in mechanical engineering. As AI systems become more sophisticated and accessible, their 

applications will expand, leading to more intelligent, efficient, and sustainable engineering 

solutions. The synergy between AI and mechanical engineering holds the potential to redefine the 

boundaries of innovation and performance in the field. 
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3D Printing: Transforming Design and 

Manufacturing 

 

3D printing, or additive manufacturing, has revolutionized the design and 

manufacturing sectors by enabling the creation of complex, customized, 

and sustainable products. This technology is reshaping industries such as 

automotive, healthcare, fashion, and construction, offering 

unprecedented opportunities for innovation and efficiency. 

 

Accelerated Prototyping and Design Innovation 

Traditional manufacturing often involves lengthy and costly prototyping 

processes. 3D printing addresses this challenge by allowing designers 

and engineers to quickly produce prototypes, facilitating rapid iteration and refinement. This 

capability not only shortens development cycles but also fosters creativity, enabling the realization 

of intricate designs that were previously unfeasible. 

Customization and Complex Geometries 

One of the most significant advantages of 3D printing is its ability to produce highly customized 

and complex components. In the automotive industry, companies like Czinger utilize 3D printing 

and artificial intelligence to manufacture hypercars more efficiently, breaking records and 

attracting partnerships with luxury automakers. 

 

Sustainability and Waste Reduction 

Traditional manufacturing methods often result in significant material waste. 3D printing, 

however, is an additive process that builds objects layer by layer, using only the material necessary. 

This approach minimizes waste and supports sustainability efforts. Moreover, the technology 

enables on-demand production, reducing the need for large inventories and the associated 

environmental impact Supply Chain Resilience 

The COVID-19 pandemic highlighted vulnerabilities in global supply chains. 3D printing offers a 

solution by enabling localized and on-demand production. This capability allows companies to 

produce parts closer to their end markets, reducing shipping costs and lead times. Additionally, 

businesses can eliminate the need for physical inventory, as digital files can be stored and printed 

only when needed. 

Healthcare: 3D printing is transforming the medical field by enabling the production of custom 

implants, prosthetics, and surgical tools tailored to individual patients. 

Fashion: Designers are experimenting with 3D-printed clothing and accessories, offering unique 

designs and personalized fits for customers. 

Construction: Projects like the Tecla house, a 3D-printed eco-residential building made from clay, 

showcase the potential of 3D printing in sustainable construction. 

  

Dr. Sumit Joshi 
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4D Printing: Materials That Morph Over Time 

Rishank Dabas  

01614811122 
 

In the ever-evolving world of manufacturing and materials science, 4D printing is emerging as a 

groundbreaking innovation. While 3D printing revolutionized how we prototype and build 

complex structures layer by layer, 4D printing takes it a step further—introducing time as the 

fourth dimension. This means that the printed object can change its shape, properties, or 

functionality over time in response to external stimuli such as heat, moisture, light, or magnetic 

fields. 

What is 4D Printing? 

At its core, 4D printing uses the same principles as 3D printing but incorporates smart 

materials—also known as programmable matter—that can react to environmental changes. 

When exposed to specific conditions, these materials undergo a transformation, allowing the 

object to bend, twist, expand, or self-assemble without additional mechanical input. 

The technology was first coined by MIT’s Self-Assembly Lab, where researchers explored how 

materials could be pre-programmed to self-transform over time. This opens up a new realm of 

design possibilities across engineering, architecture, biomedical devices, aerospace, and more. 

How It Works 

The backbone of 4D printing lies in the materials science involved. Smart materials like shape 

memory polymers (SMPs), hydrogels, and liquid crystal elastomers (LCEs) are programmed 

during the printing process to change form when a certain stimulus is introduced. 

Common Stimuli in 4D Printing: 

• Heat: Shape memory alloys and polymers can return to a predetermined shape when 

heated. 

• Water/Moisture: Hydrogels expand or contract when exposed to water, ideal for 

biomedical applications. 

• Light: Certain polymers can be activated by UV or infrared light. 

• Magnetic/Electric fields: These can induce changes in orientation or movement in 

embedded particles. 

The geometry and internal structure of the printed object are just as critical as the material used. 

Designers employ advanced software to predict and program the material’s behavior, simulating 

how it will evolve over time. 

Student Intellectual Expression 
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Engineering Applications 

The real power of 4D printing lies in its versatility and adaptability. Here are some key 

engineering domains where it’s making an impact: 

1. Aerospace Engineering 

In space missions, minimizing weight and maximizing adaptability is critical. 4D printed 

structures that self-deploy in zero-gravity or adjust their shape based on external conditions are 

being explored for satellite components and spacecraft insulation systems. 

2. Biomedical Devices 

4D printed stents, drug delivery systems, and tissue scaffolds can transform after implantation to 

better fit a patient’s anatomy or release medicine over time. Biocompatible hydrogels are used to 

mimic natural tissue responses in dynamic environments. 

3. Civil and Structural Engineering 

Imagine pipes that expand or contract depending on fluid flow, or building materials that adapt to 

temperature and humidity. These smart materials can be incorporated into responsive facades, 

climate-adaptive structures, and self-healing materials. 

4. Soft Robotics 

4D printing is enabling the creation of flexible, biomimetic robots that move and adapt without 

traditional motors or actuators. These are especially useful in confined or hazardous environments 

where rigid robots may not function well. 

 

Challenges and Limitations 

Despite its exciting potential, 4D printing is still in its early stages and faces several challenges: 

• Material limitations: Not all smart materials are easy to print or reliable over long cycles. 

• Design complexity: Predicting how materials will behave in dynamic environments 

requires sophisticated simulations. 

• Cost: Smart materials and multi-material 3D printers are expensive and not widely 

available. 

• Durability: Repeated transformations can degrade the material over time, affecting 

performance. 

As research advances, many of these hurdles are expected to diminish, making 4D printing more 

viable for mass production and critical applications. 

 

The Future of 4D Printing 

As digital manufacturing evolves, 4D printing could become a cornerstone in adaptive product 

design and sustainable engineering. From deployable shelters in disaster zones to personalized 

medical implants and wearable tech that adjusts to your body, the possibilities are vast and 

varied. 

Researchers are now exploring multi-material 4D printing, where different regions of the same 

object respond differently to stimuli. Coupled with AI-driven design and simulation tools, 

engineers can create objects that not only think ahead but react intelligently to their surroundings. 
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Conclusion 

4D printing marks the next frontier in materials engineering, merging design, function, and time 

into a single cohesive process. By harnessing the power of smart materials and predictive 

modeling, engineers can develop self-adaptive, responsive systems that were once the stuff of 

science fiction. As the technology matures, it promises to reshape how we think about design—

from static objects to dynamic, evolving solutions. 
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The Future of Robotics: Human-Centric Design in 

Industrial Automation 

Mayank Jately  

00114811122 
 

Industrial automation has evolved significantly over the past few decades, transitioning from rigid, 

repetitive mechanical systems to intelligent, adaptive robotic solutions. As we step further into the 

era of Industry 4.0, one of the most crucial trends shaping the future of robotics is human-centric 

design—a philosophy that prioritizes human safety, collaboration, and ergonomics in the 

development and deployment of automated systems. 

 

What is Human-Centric Design? 

Human-centric design refers to a design methodology that places the user—humans in this 

context—at the center of the development process. In industrial robotics, this means creating 

robots and automated systems that augment human capabilities, work safely alongside 

workers, and adapt to human needs and behavior, rather than the other way around. 

Instead of designing factories around machines, the future of automation aims to integrate robots 

into environments originally built for humans. This shift is not only about improving efficiency 

but also about enhancing workplace safety, reducing fatigue, and increasing worker 

satisfaction. 

 

Collaborative Robots (Cobots) 

A key outcome of human-centric design in robotics is the rise of collaborative robots, or cobots. 

Unlike traditional industrial robots, which are often enclosed in safety cages, cobots are designed 

to operate in close proximity to humans. They are equipped with advanced sensors, force-

limiting technologies, and AI-based vision systems that allow them to detect human presence 

and adjust their actions accordingly. 

Cobots can handle tasks such as material handling, assembly, quality inspection, and machine 

tending, working in tandem with human operators. This synergy not only increases productivity 

but also allows workers to focus on tasks that require creativity, critical thinking, or fine motor 

skills. 

 

Ergonomics and Worker Safety 

Ergonomics is another essential element of human-centric robotics. Repetitive motion injuries and 

musculoskeletal disorders are common in manufacturing environments. By integrating robotic 

systems that take over physically demanding or hazardous tasks, companies can significantly 

reduce the risk of injury. 

For instance, robotic arms can be used for lifting heavy objects, while automated guided 

vehicles (AGVs) can transport materials across the shop floor. These solutions not only minimize 

workplace injuries but also extend the careers of older or physically limited workers. 
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Adaptive Interfaces and Intuitive Programming 

Human-centric design also calls for intuitive human-machine interfaces (HMIs) that enable 

seamless interaction between operators and robots. Traditional robot programming often requires 

knowledge of complex code or specialized training. However, modern systems incorporate 

graphical user interfaces, drag-and-drop programming tools, and even voice or gesture 

recognition to simplify interaction. 

Technologies like digital twins—virtual replicas of physical systems—also help workers visualize 

and test robotic tasks in a simulated environment before implementing them in the real world. This 

reduces errors, accelerates deployment, and improves overall system understanding. 

 

AI and Machine Learning in Human-Robot Collaboration 

Artificial intelligence (AI) and machine learning algorithms are playing a crucial role in 

enhancing the adaptability of robots to human behavior. Through continuous learning and data 

analytics, robots can fine-tune their performance, predict maintenance needs, and even adapt to 

the preferences or habits of specific workers. 

For example, vision systems powered by AI can detect anomalies in product assembly or assist 

robots in picking irregularly shaped objects—capabilities that require real-time processing and 

decision-making. 

 

Ethical and Social Implications 

While the benefits of human-centric robotic design are clear, the transformation also comes with 

ethical and social considerations. Workforce displacement is a concern, especially in low-skill 

jobs. However, experts argue that automation, when implemented responsibly, leads to job 

transformation rather than elimination. Workers are increasingly taking on roles in robot 

supervision, maintenance, and system analysis—positions that are generally safer and more 

fulfilling. 

Upskilling and continuous learning will be critical to ensure a smooth transition. Many companies 

are investing in reskilling programs and partnering with educational institutions to prepare their 

workforce for the future of automation. 

 

Conclusion 

The future of robotics in industrial automation lies not in replacing humans but in empowering 

them. Human-centric design is redefining how we build, program, and integrate machines into our 

workspaces. By focusing on safety, collaboration, adaptability, and user-friendly interfaces, we 

can create a future where humans and robots thrive together. 
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Energy Harvesting Systems: Turning Vibration and Motion 

into Power 

Vasu Kumar 

00714808223 
 

As the world moves toward sustainable and self-sufficient technologies, energy harvesting 

systems have emerged as a promising solution to power small-scale electronic devices. Rather 

than relying on traditional batteries or wired power supplies, energy harvesting techniques convert 

ambient energy—like vibration, motion, heat, and light—into usable electrical energy. This is 

particularly valuable in scenarios where replacing batteries is costly, difficult, or impractical. 

One of the most innovative and rapidly growing subfields in this domain is vibration and motion-

based energy harvesting, which taps into mechanical movements to generate power. 

 

What is Energy Harvesting? 

Energy harvesting, also called energy scavenging, refers to the process of capturing and storing 

small amounts of energy from external sources. These sources can be environmental (like solar or 

wind), thermal (waste heat), or mechanical (vibration, pressure, motion). The harvested energy is 

typically used to power low-energy electronics such as wireless sensors, wearables, or Internet 

of Things (IoT) devices. 

 

The Mechanics of Motion and Vibration Harvesting 

Mechanical energy exists all around us—from the rumble of engines and foot traffic in buildings 

to the oscillation of bridges and machinery. Energy harvesting systems convert this kinetic energy 

into electricity using specialized transduction mechanisms. The three primary methods include: 

1. Piezoelectric Harvesting 

Piezoelectric materials, such as PZT (lead zirconate titanate) or PVDF (polyvinylidene fluoride), 

generate electrical charge when mechanically deformed. These materials are ideal for capturing 

vibrational energy, especially in high-frequency environments like machinery or industrial 

equipment. 

2. Electromagnetic Harvesting 

Electromagnetic systems work on Faraday’s Law of Induction, where a magnetic field moving 

through a coil induces an electric current. These harvesters are commonly found in dynamic 

systems, such as bicycles, automotive suspension, or even wearables that move with the body. 

3. Electrostatic Harvesting 

This method uses variable capacitors that change capacitance due to motion (usually in MEMS-

based systems). Electrostatic harvesters are lightweight, compatible with microelectronics, and 

well-suited for integration into compact devices. 

 

Applications in Engineering and Technology 

The benefits of vibration and motion energy harvesting are already being realized across multiple 

sectors: 
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Industrial Monitoring 

Factories are filled with vibrating equipment—motors, pumps, compressors. Embedding vibration 

harvesters into condition monitoring sensors can create battery-free IoT networks, enabling 

real-time health diagnostics and predictive maintenance without constant battery replacements. 

Structural Health Monitoring 

Bridges, railways, and high-rise buildings experience regular vibrations due to traffic, wind, and 

natural motion. Smart sensors powered by energy harvesting can monitor stress, strain, and 

cracks in infrastructure continuously, enhancing safety and extending service life. 

Wearable and Biomedical Devices 

Human motion, such as walking or arm movement, can be converted into power for fitness 

trackers, smartwatches, or implantable medical devices. These systems improve device 

autonomy and reduce reliance on frequent charging or surgery for battery replacement. 

Automotive Systems 

Vehicles generate abundant vibration and motion. Researchers are working on harvesting energy 

from tire deformation, engine vibration, and suspension systems to power onboard sensors or 

improve overall energy efficiency. 

 

Challenges in Vibration Energy Harvesting 

While promising, energy harvesting is not without limitations: 

• Low Power Output: The energy harvested is usually in the microwatt to milliwatt 

range—sufficient for low-power electronics, but not for high-demand applications. 

• Resonance Dependence: Many harvesters are designed for a specific frequency range. If 

the source vibration falls outside this range, efficiency drops dramatically. 

• Durability and Fatigue: Mechanical components may degrade over time, especially in 

harsh environments. 

• Energy Storage: The harvested energy must often be stored in supercapacitors or 

rechargeable batteries, which adds complexity to the system. 

 

To address these, researchers are working on broadband harvesters, hybrid systems, and 

adaptive tuning mechanisms to enhance efficiency and reliability. 
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Improving efficiency in Rankine and Brayton cycles 

Mayank Agarwal  

00214811122 

 
Improving the efficiency of Rankine and Brayton cycles is a major focus in power generation 

and mechanical engineering, as these thermodynamic cycles form the foundation of steam and 

gas turbine power plants, respectively. Below is a detailed explanation of each cycle and the 

engineering strategies used to improve their efficiency. 

 

 1. Rankine Cycle Efficiency Improvement 

The Rankine cycle is the basic cycle used in steam power plants. It converts thermal energy into 

mechanical work using water/steam as the working fluid. 

 Basic Components: 

1. Boiler – Heats the working fluid. 

2. Turbine – Expands the steam to produce work. 

3. Condenser – Condenses steam back to water. 

4. Pump – Pressurizes the water for re-entry into the boiler. 

  

Ways to Improve Rankine Cycle Efficiency: 

1. Superheating the Steam 

• What it is: Heating steam beyond the saturation point (without increasing pressure). 

• Benefit: Increases average temperature of heat addition → improves thermal efficiency. 

• Implementation: Use a superheater in the boiler. 

2. Reheating 

• What it is: Steam expands in a high-pressure turbine, then is reheated and sent to a low-

pressure turbine. 

• Benefit: Reduces moisture content in low-pressure turbine → improves turbine blade life 

and efficiency. 

• Implementation: Install a reheater between turbine stages. 

3. Regeneration (Feedwater Heating) 

• What it is: Use steam extracted from turbines to preheat feedwater before it enters the 

boiler. 

• Benefit: Reduces fuel consumption and increases boiler efficiency. 

• Implementation: Use open or closed feedwater heaters. 

4. Increasing Boiler Pressure 

• Benefit: Increases mean temperature of heat addition. 

• Limitation: High pressure increases material costs and design complexity. 

5. Reducing Condenser Pressure 

• What it is: Operate condenser at lower pressure (vacuum). 

• Benefit: Increases the enthalpy drop across the turbine. 

• Limitation: Can lead to larger condensers and more air leakage. 

6. Using Advanced Fluids (Organic Rankine Cycle - ORC) 
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• Application: Low-temperature heat sources (geothermal, waste heat). 

• Working Fluid: Organic fluids with low boiling points. 

• Benefit: Operates efficiently at lower temperatures. 

 

 2. Brayton Cycle Efficiency Improvement 

The Brayton cycle is the thermodynamic cycle for gas turbines, commonly used in jet engines 

and combined-cycle power plants. 

    Basic Components: 

1. Compressor – Compresses air. 

2. Combustion chamber – Burns fuel to heat air. 

3. Turbine – Expands hot gases to do work. 

4. Exhaust – Hot gases are expelled or used in a steam cycle. 

 Ways to Improve Brayton Cycle Efficiency: 

1. Increasing Pressure Ratio 

• What it is: Increase the ratio of compressor outlet pressure to inlet pressure. 

• Benefit: Increases thermal efficiency (up to an optimal limit). 

• Limitation: Higher pressure → more compression work → possible higher temperatures 

and material challenges. 

2. Increasing Turbine Inlet Temperature (TIT) 

• What it is: Raise combustion temperature. 

• Benefit: Higher TIT = greater enthalpy drop across the turbine = more work output. 

• Limitation: Requires advanced materials (e.g., ceramic matrix composites, cooling 

techniques). 

3. Regeneration (Heat Recovery) 

• What it is: Use turbine exhaust to preheat air entering combustion chamber. 

• Benefit: Reduces fuel consumption. 

• Implementation: Install a heat exchanger (regenerator). 

4. Intercooling (Between Compressor Stages) 

• What it is: Cool the air between compression stages. 

• Benefit: Reduces work required by the compressor. 

• Implementation: Multistage compressors with intercoolers. 

5. Reheating (Between Turbine Stages) 

• What it is: Reheat the gas between expansion stages. 

• Benefit: Increases power output and reduces thermal efficiency drop during expansion. 

• Limitation: Adds complexity and slightly reduces overall efficiency. 

6. Combined Cycle (Brayton + Rankine) 

• What it is: Use the Brayton cycle’s hot exhaust to generate steam for a Rankine cycle. 

• Benefit: Increases overall efficiency from ~40% to 55–60%. 

• Implementation: Combine a gas turbine and steam turbine system (CCGT). 
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S. No. Enrollment No. Student Name Internship / Summer Training  

1 00114808221 Manish Sharma Guru Kripa Engineers Works 

2 00214808221 Tushar Aneja Guru Kripa Engineers Works 

3 00214811120 Aditya Gosain Wow Wheels 

4 00314808221 Bhupender Singh Bisht ACMEGRADE 

5 00414808221 Pawan Kumar Upadhyay Capro Engineers LTD. 

6 00414811120 Ankur Ujjwal Intershala, Solidworks 

7 00514808221 Ankit Pal ACMEGRADE 

8 00514811120 Anshul Mathur Fusion 360, Udemy 

9 00614808221 Abhishek Kumar Guru Kripa Engineers Works 

10 00614811120 Aryan Girdhar Fusion 360, Coursera 

11 00714808221 Anshu Yadav ACMEGRADE 

12 00714811120 Ashish Fusion 360, Udemy,inc San Francisco, 

California, U.S. 

13 00814808221 Aditya Kashyap ACMEGRADE 

14 00814811120 Chirag Gupta MentorBoxx, Digital marketing 

15 00914808221 Ajay Kumar 3 -D Printing & Designing 

16 01014811120 Deepanshu Kumar 

Kadam 

Royal India (International),DJB STP 

Plant 

17 01114811120 Divyanshu Coursera, Phython 

18 01214811120 Ehsas Srivastava Curiosity 3D 

19 01314811120 Harsh Bhatt Tata servicing and procurement 

20 01414811120 Harsh Goel Machino Plastics Limited, Gurugram  

21 01514811120 Harsh Gupta Tridev Rice Mills 

22 01614811120 Harshit Gupta Intershala, Autocad 

23 01714811120 Himanshu Yadav Fusion 360, Udemy 

24 01814811120 Kavya Taneja Loco Components, Northern Railways 

25 01914811120 Kevin Devgan Investment Banking in JP Morgan Chase 

and Co. 

26 02014811120 Laksh Aggarwal Udemy, (FUSION-360) 

 

Internship / Summer Training Corner 
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S. No. Enrollment No. Student Name Internship / Summer Training  

27 02114811120 Love Kumar Dynamic Elecpower Pvt. Ltd. 

28 02214811120 Manan Singh Sethi Analytic Square 

29 02314811120 Mohd Rashid Kausar EDUONIX (AutoCAD) 

30 02414811120 Mohit Lakhera Colt Enterprises Pvt. Ltd. 

31 02514811120 Mrihnal Mahajan Python Course,Coursera 

32 02614811120 Neelesh Gore Delhi Metro Rail Corporation 

33 02714811120 Neeraj Sharma R S Enterprises, Vikaspuri, New Delhi 

34 02814811120 Nihal Mahto Eduonix (AutoCAD) 

35 02914811120 Prakhar Jain StepApp - Business Research and 

Development 

36 03114811120 Sagar Rawat CFEES DRDO Timarpur 

37 03214811120 Saquib Khan Autodesk, 221 SE Ankeny Street 

Portland 

38 03314811120 Satyam Luis n Vaya Pvt. Ltd. 

39 03414811120 Shashank Anand Northern Railways, Tughlakabad 

40 03514811120 Shobhit Tyagi Telus International, Xavient Software 

Solutions India Pvt. Ltd. 

41 03614811120 Shrey Jain Eleation Academy 

42 03714811120 Shreya NTPC, Bihar 

43 03814811120 Shubham Goel Udemy, The Web Developer Bootcamp 

2021 

44 03914811120 Sparsh Jindal CAD designing and FEA, Soltech, 

Rohini 

45 04014811120 Syed Qasim Ali Aquagreen Engineering Management 

Private Limited 

46 04114811120 Tamanna Singh Loco Components, Northern Railways 

47 04214811120 Taniya Loco Components, Northern Railways 

48 04314811120 Tanmay Agrawal Shri Brijeshwari Textiles Pvt. Ltd. 

49 04414811120 Uday Kalia Shri Brijeshwari Textiles Pvt. Ltd. 

50 04514811120 Vaibhav Chawla Proseller Lead Generation 

51 04614811120 Vaibhav Kumar Fusion 360, Autodesk 

52 04714811120 Vaibhav Singhal Northern Railways 

53 04814811120 Vansh Gulati Mahavir Printers 

54 04914811120 Vansh Sahni Northern Railway 
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S. No. Enrollment No. Student Name Internship / Summer Training  

55 20114811120 Ayush Kandari Steel Authority of India Ltd., New Delhi 

56 20214811120 Abhinav Rana Curiosity 3D Autodesk 

57 20314811120 Kunal Singh Kohinoor Ribbon Factory pvt. Ltd. 

58 20414811120 Dheeraj Joshi Fusion 360 on Coursera 

59 20514811120 Adarsh Kumar Pandey Loco Components, Northern Railways 

60 20614811120 Raushan Kumar Air India Engineering Service Ltd. 

61 20714811120 Tushar Solanki Fusion 360-Curiosity 3D 

62 35114808221 Saurabh Kumar Auto CAD (2D &3D) 

63 35114811120 Laksh Dua GAIL India Limited 

64 35314811120 Ayush Dahiya Fusion 360-Curiosity 3D 

65 35414811120 Chaitanya Kotnala Engineering Virtual Experience Program 
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Tribological Study of 3D Printed Materials 

Yash Mathur, Dhruv Gupta, Vipin Kumar Sharma  

 

This research paper presents an original investigation into the fabrication of 3D- printed pins using 

three different materials: PLA, TPU, and PETG. The study encompasses the manipulation of 

various parameters, including temperature, speed, and infill geometry, to fabricate the pins. 

Subsequently, the pins underwent a comprehensive roughness test to assess their surface 

characteristics. Additionally, a wear test using a pin-on-disk setup was conducted to compare the 

wearing behavior of the materials manufactured under different parameters, and a toughness test 

to compare the stress bearing capacity of the materials. Multiple sets of pins were produced, 

varying the printing parameters such as temperature, speed, and infill geometry. Following the 

fabrication, the pins were subjected to a rigorous roughness test to quantitatively analyze their 

surface roughness. This examination aimed to evaluate the suitability of the fabricated pins for 

applications that require precise surface finishes. In continuation, a wear test was carried out using 

a pin-on-disk setup, simulating real-world frictional conditions. The fabricated pins, manufactured 

under different parameters, were subjected to controlled friction, allowing for a comparative 

analysis of their wearing behavior. The findings from the roughness test shed light on the influence 

of temperature, speed, and infill geometry on the surface quality of the 3D- printed pins. Moreover, 

the wear test comparison highlighted the differential wearing behavior of PLA, TPU, and PETG 

pins, elucidating the effects of material choice and fabrication parameters on wear resistance. This 

research contributes to the current body of knowledge by establishing a comprehensive 

understanding of the interplay between 3Dprinting parameters, material selection, infill geometry, 

surface roughness, and wear behavior. The results can guide future manufacturing processes, 

enabling enhanced product performance, durability, and reliability. 
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Design optimization of Hexacopter frame using 

generative design and additive manufacturing    

Thirumal Azhagan M,Ragavanantham, Shanmugam, Saquib Khan,  

Surabhi Lata 

 

This research paper presents an investigation into the use of generative design for the optimization 

of hexacopter chassis. Hexacopters, which are six-rotor aircraft, have a wide range of applications 

in areas such as aerial photography, search and rescue, and package delivery. The use of generative 

design in this study aims to improve the performance of the hexacopter chassis while reducing 

material usage and cost. The optimization process involved comparing various properties such as 

weight, factor of safety, von Mises stress, and material used. A static simulation was also 

conducted to evaluate the performance of the optimized chassis. The results of the study 

demonstrate that generative design can effectively optimize the hexacopter chassis for improved 

weight-to-strength ratio, an increased factor of safety, and reduced von Mises stress. Additionally, 

the study shows that the use of generative design can lead to a significant reduction in material 

usage, resulting in cost savings. The benefits of using generative design in this study include the 

ability to explore a large number of design options, optimize for multiple objectives 

simultaneously, and generate designs that are not feasible to create manually. Overall, this research 

provides valuable insights into the use of generative design for the optimization of hexacopter 

chassis and highlights the potential of this design approach for other aerospace and mechanical 

engineering applications. 
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Waste to Energy Conversion  

Mr. K D Singh 

Aircon Private Limited 
 

Waste-to-Energy Conversion: Powering Progress Through Sustainable Innovation 

As an industry expert in sustainable energy systems, I’ve witnessed a growing shift toward waste-

to-energy (WTE) conversion as a viable solution to two of the most pressing challenges of our 

time: waste management and clean energy production. With urban populations expanding and 

landfill capacities shrinking, WTE technologies offer a dual advantage—minimizing waste while 

generating useful energy in the form of electricity, heat, or fuel. 

The Concept Behind Waste-to-Energy 

Waste-to-energy refers to a set of technologies that convert non-recyclable waste materials into 

usable forms of energy. The most common method is thermal conversion, particularly 

incineration, where waste is combusted at high temperatures to produce steam that drives turbines 

for electricity generation. Other advanced methods include gasification, pyrolysis, and plasma 

arc gasification, which thermochemically break down waste into syngas (a mixture of hydrogen 

and carbon monoxide), which can be used as a fuel or chemical feedstock. 

Additionally, biological processes such as anaerobic digestion are widely used to convert organic 

waste into biogas—a renewable source of methane that can be used for heating or power 

generation. This method is particularly suitable for agricultural, food, and sewage waste. 

Environmental and Economic Benefits 

One of the key benefits of WTE systems is their ability to significantly reduce the volume of 

municipal solid waste—by up to 90%—while simultaneously recovering energy. This not only 

conserves valuable landfill space but also reduces the environmental impact associated with 

methane emissions from decomposing organic matter in traditional dumpsites. 

From an energy perspective, WTE facilities can provide stable, base-load power that complements 

intermittent renewable sources like solar and wind. Moreover, modern WTE plants are designed 

with strict emission control technologies that capture dioxins, heavy metals, and particulates, 

making them far cleaner than their earlier counterparts. 

Economically, WTE facilities can create a circular economy by turning waste liabilities into energy 

assets. Revenue streams can be generated through electricity sales, tipping fees from 

municipalities, and by-products such as ash, which can be used in construction materials. 

Challenges and Considerations 

Despite the clear benefits, waste-to-energy conversion is not without challenges. Capital costs for 

setting up modern WTE plants are high, and public opposition—often based on outdated 

perceptions of pollution—can delay projectsTo address these issues, it’s critical to adopt 

integrated waste management systems that prioritize waste reduction, reuse, and recycling first, 

Industry Expert Corner 
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with WTE serving as a final solution for residual waste. Advanced sorting technologies and strong 

policy frameworks are essential to ensure that only non-recyclable, high-calorific waste is directed 

to WTE plants. 

Looking Ahead 

As the world moves toward a low-carbon, resource-efficient future, waste-to-energy will play an 

increasingly important role in both urban planning and renewable energy strategies. The future 

lies in modular, decentralized WTE systems that can serve individual communities, combined 

with digital monitoring and smart grid integration. 

In conclusion, waste-to-energy conversion is more than a technological solution—it is a strategic 

bridge between effective waste management and clean energy generation. As innovation 

continues, it will remain a key pillar in building sustainable, circular economies for generations to 

come. 
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Sustainability in steel pipes  

- Ankur Agnihotri 

Deputy General Manager  

(Marketing and Contract) 

Jindal Saw Limited 
 

Sustainability in Steel Pipes: Building Resilient Infrastructure with Responsibility 

As an industry expert in materials and infrastructure development, I’ve seen how steel pipes 

remain foundational to modern civilization—transporting water, oil, gas, and even structural 

integrity itself. However, in today’s world, engineering excellence must go hand in hand with 

environmental responsibility. Sustainability in steel pipe manufacturing and usage is no longer a 

choice—it’s a necessity. 

 

Why Sustainability Matters in Steel Pipes 

Steel is one of the most versatile and durable materials known to engineering. Its high strength-

to-weight ratio, corrosion resistance (especially in alloys), and recyclability make it ideal for 

critical infrastructure. However, traditional steelmaking is energy-intensive and contributes 

significantly to carbon emissions. This makes the sustainability of steel pipes a key focus area for 

both manufacturers and consumers who are aligned with global climate goals. 

Sustainable practices in steel piping not only reduce environmental impact but also enhance long-

term performance, reduce lifecycle costs, and support circular economy models. In sectors like 

construction, water distribution, and oil & gas, where pipelines can span hundreds of kilometers, 

even marginal improvements in sustainability can have a large-scale impact. 

 

Sustainable Manufacturing Practices 

The journey toward sustainable steel pipes begins at the source: production. Today, forward-

looking steel producers are increasingly adopting electric arc furnaces (EAFs), which use 

recycled steel scrap and consume significantly less energy than traditional blast furnaces. In many 

cases, steel pipes are now manufactured using up to 90–100% recycled content without 

compromising quality or strength. 

Water reuse systems, waste heat recovery, and carbon capture technologies are also becoming 

standard in modern steel plants. These innovations not only lower the environmental footprint but 

also enhance energy efficiency and cost competitiveness. 

Moreover, green certifications and environmental product declarations (EPDs) are being used to 

verify sustainable practices across the steel pipe supply chain. As demand from environmentally 

conscious clients grows, these certifications are becoming industry benchmarks. 

 

Lifecycle and Recyclability 

One of the strongest sustainability arguments for steel pipes lies in their lifecycle. Unlike plastic 

or concrete alternatives, steel pipes offer exceptional durability and a long service life, reducing 

the need for frequent replacements. In corrosive or high-pressure environments, steel's mechanical 

properties ensure safety and reliability over decades. 
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At the end of their life, steel pipes are 100% recyclable. This not only prevents waste but also 

reintroduces valuable material back into the production cycle, significantly reducing the need for 

virgin raw materials. Few other piping materials can boast such a closed-loop lifecycle. 

 

Innovations Driving Sustainable Use 

Recent advancements are also enhancing the efficiency of steel pipe systems. Coatings and 

linings now extend lifespan while reducing maintenance needs. Lighter, high-strength steel grades 

reduce material usage without compromising performance. Digital tools such as predictive 

maintenance sensors and smart pipeline monitoring are helping companies optimize 

operations, reduce leaks, and improve energy usage. 

 

Conclusion 

Sustainability in steel pipes is about much more than reducing emissions—it’s about creating 

durable, recyclable, and responsible infrastructure that serves society for generations. As the 

industry continues to innovate, it is our collective responsibility to ensure that steel piping 

solutions align with the goals of environmental stewardship, economic viability, and social 

accountability. 
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