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. 

       Congratulations to the editorial team for all of  
       their hard work and attention in putting the 
       magazine together. 

 
I am pleased to report that the Mechanical  
Engineering Department contributes to society by 
producing competent and innovative professionals. 
 
 "Imagination is more important than knowledge," 
Einstein famously observed. 
 
 "Logic will take you from point A to point B, but 
imagination will take you everywhere."  
 
Develop your imagination!



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Dr.C.SAKTHIKUMAR,M.E.,Ph.D, 

DIRECTOR 
 
 
 
 

PECMEC'20 demonstrates the students' ability. The goal of 

the college magazine is to bring out hidden talents  

and abilities, as well as providing a forum for students 

to showcase their literary ability. 

 

I'd want to offer my heartfelt gratitude to all of the  

contributors to this issue's pieces. This publication is  

available because of people's willingness to share 

their expertise, & perspectives with  

others...



 

 

VISION 
The Department of Mechanical Engineering will be globally recognized 

as a pioneer in Under Graduate Engineering Programs through its 

excellence in teaching and research, catering to the significant and 
evolving societal needs. 

 

MISSION 

Mission 1: To serve the society by developing competent engineers with 
outstanding leadership qualities and ethical values. 

Mission 2: To address the progressive needs of the society and 

industry using modern engineering tools and cutting edge 
technologies. 

Mission 3: To inculcate the importance of professional development 

within budding engineers through sustained learning. 
 

PROGRAMME EDUCATIONAL OBJECTIVES  
 

PEO 1: Graduates will contribute to the industrial and societal needs as per the recent 

developments using knowledge acquired through basic engineering education and 

training. 

PEO 2: Graduates will be able to demonstrate technical knowledge and skills in their 

career with systems perspective, analyze, design, develop, optimize, and implement 

complex mechanical systems.  

PEO 3: Graduates will be able to work in multidisciplinary environment developing 

complex mechanical systems. 

PEO 4: Graduates will work as a team or as an individual with utmost commitment 

towards the completion of assigned task using apt communication, technical and 

management skills. 

PEO 5: Graduate will recognize the importance of professional development by 

pursuing higher studies in various specializations. 

 

 

 

 

 

 

IMPACT OF 5G IN MECHANICAL ENGINEERING 

                             - P.AJAY 

                                                       (III Mech) 



When the transition from 4G to 5G is complete, all industries and businesses will enjoy the 

faster and denser data streams that 5G brings. With speeds as high as 10 gigabits per second 

and latency (delay) less than five milliseconds, companies are looking forward to impressive 

gains in productivity and efficiency. In fact, speeds are claimed to be up to 100 times 

faster than 4G, accompanied by higher bandwidth and significantly increased connection 

density compared to today’s networks. The faster speed and lower latency of 5G will advance 

the capabilities of IT and Internet of Things (IoT) technologies. These include wireless 

connectivity, machine-to-machine communications, data capture and analysis, artificial 

intelligence, simulations, 3D modeling, and virtual and augmented reality—all of which 

impact engineering and design. 

 

1. Smarter Operations 

Manufacturers are constantly looking for ways to boost efficiency and innovation by 

improving connections between people, equipment, and devices, especially through IoT 

technologies such as AI, machine learning, and robotics. “5G will help enable the concept of 

Industry 4.0, where factories will have much better flexibility using 5G, or even a 5G private 

network, to connect and operate on the factory floor,” said FramAkiki, president of Joun 

Technologies, a technology consulting firm. 

 

 

 

2. Design Freedom 

5G will enable the creation of many new applications or the integration of existing products 

that were not possible before. Engineers will be able to develop faster and smarter devices for 

https://www.thalesgroup.com/en/worldwide-digital-identity-and-security/mobile/magazine/5g-vs-4g-whats-difference
https://www.thalesgroup.com/en/worldwide-digital-identity-and-security/mobile/magazine/5g-vs-4g-whats-difference


a variety of industries. “The higher bandwidth and low latency will transform existing 

applications and will likely create new ones that have yet to be imagined,” said Shawn 

Carpenter, senior product manager at Ansys, a provider of engineering simulation and 3D 

design software.  

 

 

3. Faster Prototyping  

Speed of production and speed to market are critical objectives for manufacturing companies. 

Rapid prototyping is essential for achieving these goals. 5G can vastly speed up conventional 

subtractive machining methods or the additive manufacturing methods that are used to make 

production-ready prototypes. 5G can also help workers operate multiple stand-alone 3D 

printers simultaneously and control the prototyping process remotely. 

 

 

 

4. Improved VR  

Because of 5G’s much faster speeds, virtual reality (VR) will be able to operate without a 



wired connection. In addition, the motion sickness that sometimes accompanies VR that is 

caused by the higher latency of 4G will be eliminated, allowing for the creation of more 

effective VR products. For example, the low latency of 5G will enable haptic applications like 

remote surgery that were previously impossible to accomplish due to the delay between a 

surgeon’s hand movement and the remote actuator response. 

 

 

5. Improved Digital Twins 

5G will make digital twins more capable, providing faster data capture from IoT sensors and 

data analytics. Digital twins offer engineers virtual tools for managing assets and resources 

while improving performance. Not only will 5G enhance the effectiveness of digital twins in 

real-time, but 5G-enabled digital twins can also be used to assess the impact of 5G 

implementations. 

6. Remote team 

Communication can be a challenge when half the team is in an office, and the other half is 

operating remotely off-site. IT and communication platforms can be clunky, inefficient, or 

slow in sharing files or other large data transfers. 5G optimizes data flow, file-sharing, and 

real-time communication, improving collaboration, engagement, and decision-making. 

 

Developments 

More companies, government agencies, and academic institutions are establishing 5G research 

centers to speed this process up. For example, an innovative 5G “living lab” center called Nine 

Twelve Convergence at Purdue University features state-of-the-art 5G networking and 

wireless connectivity. Companies can partner with Purdue University researchers to develop 

their 5G technologies. The center will be the first in the U.S. to provide full-suite development 

and testing capabilities, revolutionizing the speed at which products get to market while 

https://www.purdue.edu/newsroom/releases/2021/Q1/5g-testing-center-for-rapid-connectivity-to-launch-at-purdues-discovery-park-district.html
https://www.purdue.edu/newsroom/releases/2021/Q1/5g-testing-center-for-rapid-connectivity-to-launch-at-purdues-discovery-park-district.html
https://www.purdue.edu/


minimizing risk and reducing development costs. “Our 5G lab will be another key component 

in creating the nation’s first fully-integrated testbed at scale for innovators, companies, and 

key stakeholders,” said David Broecker, chief innovation and collaboration officer for Purdue 

Research Foundation. 

 

ELECTRIC VEHICLES 

-S.ANISH 

                                                       (IV Mech) 

In 2019, the United States imported about 3% of the petroleum it consumed, and the 

transportation sector accounts for approximately 30% of total U.S. energy needs and 70% of 

U.S. petroleum consumption. Using more energy efficient vehicles like hybrid and plug-in 

electric vehicles is an important part of continuing this successful trend of minimizing 

imported petroleum. This supports the U.S. economy and helps diversify the U.S. 

transportation fleet. Additionally, using an energy source such as electricity for transportation 

creates a resiliency benefit. The multiple fuel sources used in the generation of electricity 

results in a more secure and domestically generated energy source for the electrified portion of 

the transportation sector. All of this adds to our nation’s energy security. 

 

Hybrid electric vehicles (HEVs) typically use less fuel than similar conventional vehicles, 

because they employ electric-drive technologies to boost vehicle efficiency through 

regenerative braking—recapturing energy otherwise lost during braking. Plug-in hybrid 

electric vehicles (PHEVs) and all-electric vehicles (EVs), also referred to as battery electric 

vehicles, are both capable of being powered solely by electricity, which is produced in the 

United States from natural gas, coal, nuclear energy, wind energy, hydropower, and solar 

energy. 

 

https://prf.org/
https://prf.org/
https://www.eia.gov/tools/faqs/faq.php?id=32&t=6


 

COST 

Although energy costs for hybrid and plug-in electric vehicles are generally lower than for 

similar conventional vehicles, purchase prices can be significantly higher. Prices are likely to 

equalize with conventional vehicles, as production volumes increase and battery technologies 

continue to mature. Also, initial costs can be offset by fuel cost savings, a federal tax credit, 

and state and utility incentives. The federal Qualified Plug-In Electric-Drive Motor Vehicle 

Tax Credit is available for PHEV and EV purchases from manufacturers that have not yet met 

certain thresholds of vehicle sales. It provides a tax credit of $2,500 to $7,500 for new 

purchases, with the amount determined by the size of the vehicle and capacity of its battery. 

 

FUEL ECONOMY  

HEVs typically achieve better fuel economy and have lower fuel costs than similar 

conventional vehicles. For example, FuelEconomy.gov lists the 2020 Toyota Corolla Hybrid at 

an EPA combined city-and-highway fuel economy estimate of 52 miles per gallon (MPG), 

while the estimate for the conventional 2020 Corolla (four cylinder, automatic) is 34 MPG. 

Use the Find a Car tool on FuelEconomy.gov to compare fuel economy ratings of individual 

hybrid and conventional models. 

HEVs, PHEVs, and EVs can reduce fuel costs dramatically because of the high efficiency of 

electric-drive components. Because PHEVs and EVs rely in whole or part on electric power, 

their fuel economy is measured differently than that of conventional vehicles. Miles per gallon 

of gasoline equivalent (MPGe) and kilowatt-hours (kWh) per 100 miles are common metrics. 

Depending on how they are driven, today's light-duty EVs (or PHEVs in electric mode) can 

exceed 130 MPGe and can drive 100 miles consuming only 25–40 kWh. 

 

INFRASTRUCTURE AVAILABILITY 

PHEVs and EVs have the benefit of flexible charging. Since the electric grid is in close 

https://afdc.energy.gov/laws/law/US/409
https://afdc.energy.gov/laws/state
https://www.irs.gov/businesses/plug-in-electric-vehicle-credit-irc-30-and-irc-30d
https://www.irs.gov/businesses/plug-in-electric-vehicle-credit-irc-30-and-irc-30d
https://fueleconomy.gov/
http://www.fueleconomy.gov/feg/findacar.shtml
https://afdc.energy.gov/glossary.html#MilesperGallonofGasolineEquivalent
https://afdc.energy.gov/glossary.html#MilesperGallonofGasolineEquivalent


proximity to most locations where people park, they can charge overnight at a residence, as 

well as at a multi-unit dwelling, workplace, or public charging station when available. PHEVs 

have added flexibility because they can also refuel with gasoline or diesel (or possibly other 

fuels in the future) when necessary. 

Public charging stations, or electric vehicle supply equipment, are not as ubiquitous as gas 

stations. Charging equipment manufacturers, automakers, utilities, Clean Cities coalitions, 

municipalities, and government agencies are rapidly establishing a national network of public 

charging stations. The number of publicly accessible charging stations reached more than 

26,000 in 2020, offering more than 80,000 places to charge, according to the Alternative 

Fueling Station Locator. Search for electric charging stations near you. 

 

 

 

 

EMISSIONS 

Hybrid and plug-in electric vehicles can have significant emissions benefits over conventional 

vehicles. HEV emissions benefits vary by vehicle model and type of hybrid power system. 

EVs produce zero tailpipe emissions, and PHEVs produce no tailpipe emissions when in all-

electric mode. 

https://afdc.energy.gov/fuels/electricity_charging_home.html
https://afdc.energy.gov/fuels/electricity_charging_multi.html
https://afdc.energy.gov/fuels/electricity_charging_workplace.html
https://afdc.energy.gov/fuels/electricity_charging_public.html
https://afdc.energy.gov/stations/#/find/nearest
https://afdc.energy.gov/stations/#/find/nearest
https://afdc.energy.gov/fuels/electricity_locations.html


The life cycle emissions of an EV or PHEV depend on the sources of electricity used to charge 

it, which vary by region. In geographic areas that use relatively low-polluting energy sources 

for electricity production, plug-in vehicles typically have a life cycle emissions advantage over 

similar conventional vehicles running on gasoline or diesel. In regions that depend heavily on 

conventional electricity generation, PHEVs and EVs may not demonstrate a strong life cycle 

emissions benefit.  

BATTERIES 

The advanced batteries in plug-in electric vehicles are designed for extended life but will wear 

out eventually. Several manufacturers of plug-in vehicles are offering 8-year/100,000-mile 

battery warranties. Predictive modeling by the National Renewable Energy Laboratory 

indicates that today’s batteries may last 12 to 15 years in moderate climates (8 to 12 years in 

extreme climates). 

Check with your dealer for model-specific information about battery life and warranties. 

Although manufacturers have not published pricing for replacement batteries, some are 

offering extended warranty programs with monthly fees. If the batteries need to be replaced 

outside the warranty, it may be a significant expense. Battery prices are expected to decline as 

battery technologies improve and production volumes increase. 

 

 

 

INDUSTRY 4.0 

                             -S.BIRJITH  

                                                       (II Mech) 

 

The Fourth Industrial Revolution, 4IR, or Industry 4.0 conceptualizes rapid change to 

technology, industries, and societal patterns and processes in the 21st century due to increasing 

https://afdc.energy.gov/fuels/electricity_production.html
https://en.wikipedia.org/wiki/21st_century


interconnectivity and smart automation. Coined popularly by the World Economic 

Forum Founder and Executive Chairman, Klaus Schwab, it asserts that the changes seen are 

more than just improvements to efficiency, but express a significant shift in industrial 

capitalism.  

A part of this phase of industrial change is the joining of technologies like artificial 

intelligence, gene editing, to advanced robotics that blur the lines between the physical, digital, 

and biological worlds.  

Throughout this, fundamental shifts are taking place in how the global production and supply 

network operates through ongoing automation of traditional manufacturing and industrial 

practices, using modern smart technology, large-scale machine-to-machine communication 

(M2M), and the internet of things (IoT). This integration results in increasing automation, 

improving communication and self-monitoring, and the use of smart machines that can 

analyze and diagnose issues without the need for human intervention. 

 
 

KEY THEME 

Four themes are presented that summarize an Industry 4.0: 

 Interconnection — the ability of machines, devices, sensors, and people to connect 

and communicate with each other via the Internet of things, or the internet of people 

(IoP) 

 Information transparency — the transparency afforded by Industry 4.0 technology 

https://en.wikipedia.org/wiki/World_Economic_Forum
https://en.wikipedia.org/wiki/World_Economic_Forum
https://en.wikipedia.org/wiki/Klaus_Schwab
https://en.wikipedia.org/wiki/Capitalism
https://en.wikipedia.org/wiki/Capitalism
https://en.wikipedia.org/wiki/Artificial_intelligence
https://en.wikipedia.org/wiki/Artificial_intelligence
https://en.wikipedia.org/wiki/CRISPR_gene_editing
https://en.wikipedia.org/wiki/Robotics
https://en.wikipedia.org/wiki/Automation
https://en.wikipedia.org/wiki/Manufacturing
https://en.wikipedia.org/wiki/Machine-to-machine
https://en.wikipedia.org/wiki/Internet_of_things


provides operators with comprehensive information to make decisions. Inter-

connectivity allows operators to collect immense amounts of data and information from 

all points in the manufacturing process, identify key areas that can benefit from 

improvement to increase functionality 

 Technical assistance — the technological facility of systems to assist humans in 

decision-making and problem-solving, and the ability to help humans with difficult or 

unsafe tasks 

 Decentralized decisions — the ability of cyber physical systems to make decisions on 

their own and to perform their tasks as autonomously as possible. Only in the case of 

exceptions, interference, or conflicting goals, are tasks delegated to a higher level 

 

 

 

SMART FACTORY 

Smart Factory is the vision of a production environment in which production facilities and 

logistics systems are organized without human intervention. 

The Smart Factory is no longer a vision. While different model factories represent the feasible, 

many enterprises already clarify with examples practically, how the Smart Factory functions. 

 

PREDICTIVE MAINTENANCE 

Industry 4.0 can also provide predictive maintenance, due to the use of technology and the IoT 

sensors. Predictive maintenance – which can identify maintenance issues in live – allows 

machine owners to perform cost-effective maintenance and determine it ahead of time before 

the machinery fails or gets damaged.  For example, a company in Los Angeles could 

understand if a piece of equipment in Singapore is running at an abnormal speed or 



temperature. They could then decide whether or not it needs to be repaired. 

 

3D PRINTING 

The Fourth Industrial Revolution is said to have extensive dependency on 3D 

printing technology.  Some advantages of 3D printing for industry are that 3D printing can 

print many geometric structures, as well as simplify the product design process. It is also 

relatively environmentally friendly. In low-volume production, it can also decrease lead times 

and total production costs. Moreover, it can increase flexibility, reduce warehousing costs and 

help the company towards the adoption of a mass customization business strategy. In addition, 

3D printing can be very useful for printing spare parts and installing it locally, therefore 

reducing supplier dependence and reducing the supply lead time. 

 

SMART SENSORS 

Sensors and instrumentation drive the central forces of innovation, not only for Industry 4.0 

but also for other “smart” megatrends, such as smart production, smart mobility, smart homes, 

smart cities, and smart factories. 

Smart sensors are devices, which generate the data and allow further functionality from self-

monitoring and self-configuration to condition monitoring of complex processes. With the 

capability of wireless communication, they reduce installation effort to a great extent and help 

realize a dense array of sensors.  

The importance of sensors, measurement science, and smart evaluation for Industry 4.0 has 

been recognized and acknowledged by various experts and has already led to the statement 

"Industry 4.0: nothing goes without sensor systems. 

 

 

AGRICULTURE & FOOD INDUSTRY 

https://en.wikipedia.org/wiki/3D_printing
https://en.wikipedia.org/wiki/3D_printing
https://en.wikipedia.org/wiki/3D_printing


Smart sensors in these two fields are still in the testing stage. These innovative connected 

sensors collect, interpret and communicate the information available in the plots (leaf area, 

vegetation index, chlorophyll, hygrometry, temperature, water potential, radiation). Based on 

this scientific data, the objective is to enable real-time monitoring via a smartphone with a 

range of advice that optimizes plot management in terms of results, time and costs. On the 

farm, these sensors can be used to detect crop stages and recommend inputs and treatments at 

the right time. As well as controlling the level of irrigation. 

 

 

HYPERLOOP 

                             -A.ABISHEK 

                                                       (III Mech) 

 

A Hyperloop is a proposed high-speed transportation system for both passenger and freight 

transport. The term was coined by Elon Musk to describe the modern open-source project 

originally conceived in the 1900s. Hyperloop is described as a big vacuum sealed tube or a 

system of connected vacuum sealed tubes having very low air pressure through which a pod 

may travel substantially free of air resistance or friction. 

Proposed hyperloop designs employ three essential components: tubes, pods, and 

terminals. Here, a tube is a large sealed, low-pressure system. A pressurized coach 

(at atmospheric pressure) runs inside this controlled low-pressure environment (which is 

usually a long tunnel). A coach is often called a pod. The pod may use aerodynamic 

or magnetic propulsion to glide along a fixed guideway, with terminals handling pod arrivals 

and departures.  

The hyperloop has its roots in a concept by George Medhurst in 1799 and subsequently 

https://en.wikipedia.org/wiki/Public_transport
https://en.wikipedia.org/wiki/Freight_transport
https://en.wikipedia.org/wiki/Freight_transport
https://en.wikipedia.org/wiki/Elon_Musk
https://en.wikipedia.org/wiki/Drag_(physics)
https://en.wikipedia.org/wiki/Vacuum#Vacuum-driven_machines
https://en.wikipedia.org/wiki/Atmospheric_pressure
https://en.wikipedia.org/wiki/Maglev
https://en.wikipedia.org/wiki/George_Medhurst


developed under the names pneumatic railway, atmospheric railway or vactrain. Elon 

Musk renewed interest in hyperloop after mentioning it in a 2012 speaking event. Musk 

further promoted the concept by publishing a white paper in August 2013, which conceived of 

a hyperloop route running from the Los Angeles region to the San Francisco Bay Area, 

roughly following the Interstate 5 corridor. His initial concept incorporated reduced-pressure 

tubes in which pressurized capsules ride on air bearings driven by linear induction 

motors and axial compressors. Transportation analysts challenged the cost estimates included 

in the white paper, with some predictions that a realized hyperloop would be 

several billion dollars over budget.  

 

The hyperloop concept has been "open-sourced" by Musk and SpaceX, and other companies 

or organizations have been encouraged to freely advance the technology, preferably in 

collaborations. TUM Hyperloop set the hyperloop speed record of 463 km/h (288 mph) in July 

2019 at the pod design competition hosted by SpaceX in Hawthorne, California. Virgin 

Hyperloop conducted the first human trial in November 2020 at its test site in Las Vegas, 

reaching a top speed of 172 km/h (107 mph).  

 

 

Concept 

The vactrain concept was first invented by Robert H. Goddard as a freshman at Worcester 

Polytechnic Institute in 1904. Goddard subsequently refined the idea in a 1906 short story 

called "The High-Speed Bet" which was summarized and published in a Scientific American 

editorial in 1909 called "The Limit of Rapid Transit". Esther, his wife, was granted a US 

patent for the vactrain in 1950, five years after his death. 

Musk first mentioned that he was thinking about a concept for a "fifth mode of transport", 

calling it the Hyperloop, in July 2012 at a PandoDaily event in Santa Monica, California. This 

https://en.wikipedia.org/wiki/Atmospheric_railway
https://en.wikipedia.org/wiki/Vactrain
https://en.wikipedia.org/wiki/Elon_Musk
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https://en.wikipedia.org/wiki/Linear_induction_motor
https://en.wikipedia.org/wiki/Linear_induction_motor
https://en.wikipedia.org/wiki/Axial_compressor
https://en.wikipedia.org/wiki/Billion
https://en.wikipedia.org/wiki/Open-source
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https://en.wikipedia.org/wiki/Technical_University_of_Munich
https://en.wikipedia.org/wiki/Hyperloop_pod_competition
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https://en.wikipedia.org/wiki/Virgin_Hyperloop
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https://en.wikipedia.org/wiki/Worcester_Polytechnic_Institute
https://en.wikipedia.org/wiki/Worcester_Polytechnic_Institute
https://en.wikipedia.org/wiki/PandoDaily
https://en.wikipedia.org/wiki/Santa_Monica,_California


hypothetical high-speed mode of transportation would have the following characteristics: 

immunity to weather, collision free, twice the speed of a plane, low power consumption, and 

energy storage for 24-hour operations. The name Hyperloop was chosen because it would go 

in a loop. Musk envisions the more advanced versions will be able to go at hypersonic 

speed. In May 2013, Musk likened the Hyperloop to a "cross between a Concorde and 

a railgun and an air hockey table". 

 

 

Human factors  

Some critics of Hyperloop focus on the experience—possibly unpleasant and frightening—of 

riding in a narrow, sealed, windowless capsule inside a sealed steel tunnel, that is subjected to 

significant acceleration forces; high noise levels due to air being compressed and ducted 

around the capsule at near-sonic speeds; and the vibration and jostling. Even if the tube is 

initially smooth, ground may shift with seismic activity. At high speeds, even minor deviations 

from a straight path may add considerable buffeting. This is in addition to practical and 

logistical questions regarding how to best deal with safety issues such as equipment 

malfunction, accidents, and emergency evacuations. 

Other maglev trains are already in use, which avoid much of the added costs of Hyperloop. 

The SCMaglev in Japan has demonstrated 603 km/h (375 mph) without a vacuum tube, by 

using an extremely aerodynamic train design. It also avoids the cost and time required to 

pressurize and depressurize the exit and entry points of a Hyperloop tube. 

There is also the criticism of design technicalities in the tube system. John Hansman, professor 

of aeronautics and astronautics at MIT, has stated problems, such as how a slight misalignment 

in the tube would be compensated for and the potential interplay between the air cushion and 

the low-pressure air. He has also questioned what would happen if the power were to go out 

when the pod was miles away from a city. UC Berkeley physics professor Richard Muller has 

also expressed concern regarding "[the Hyperloop's] novelty and the vulnerability of its tubes, 

[which] would be a tempting target for terrorists", and that the system could be disrupted by 

https://en.wikipedia.org/wiki/Hypersonic_speed
https://en.wikipedia.org/wiki/Hypersonic_speed
https://en.wikipedia.org/wiki/Concorde
https://en.wikipedia.org/wiki/Railgun
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everyday dirt and grime. 

 

 

Hyperloop pod competition 

A number of student and non-student teams were participating in a Hyperloop pod 

competition in 2015–16, and at least 22 of them built hardware to compete on a sponsored 

hyperloop test track in mid-2016. 

In June 2015, SpaceX announced that they would sponsor a Hyperloop pod design 

competition, and would build a 1-mile-long (1.6 km) subscale test track near SpaceX's 

headquarters in Hawthorne, California, for the competitive event in 2016. SpaceX stated in 

their announcement, "Neither SpaceX nor Elon Musk is affiliated with any Hyperloop 

companies. While we are not developing a commercial Hyperloop ourselves, we are interested 

in helping to accelerate development of a functional Hyperloop prototype."  

More than 700 teams had submitted preliminary applications by July, and detailed competition 

rules were released in August. Intent to Compete submissions were due in September 2015 

with more detailed tube and technical specification released by SpaceX in October. A 

preliminary design briefing was held in November 2015, where more than 120 student 

engineering teams were selected to submit Final Design Packages due by 13 January 2016. 

 

FRICTION STIR WELDING 

                             -B.DAMODARAN 

https://en.wikipedia.org/wiki/Hyperloop_pod_competition
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                                                       (III Mech) 

Friction stir welding (FSW) is a solid-state joining process that uses a non-consumable tool to 

join two facing workpieces without melting the workpiece material. Heat is generated by 

friction between the rotating tool and the workpiece material, which leads to a softened region 

near the FSW tool. While the tool is traversed along the joint line, it mechanically intermixes 

the two pieces of metal, and forges the hot and softened metal by the mechanical pressure, 

which is applied by the tool, much like joining clay, or dough. It is primarily used on wrought 

or extruded aluminium and particularly for structures which need very high weld strength. 

FSW is capable of joining aluminium alloys, copper alloys, titanium alloys, mild steel, 

stainless steel and magnesium alloys. More recently, it was successfully used in welding of 

polymers. In addition, joining of dissimilar metals, such as aluminium to magnesium alloys, 

has been recently achieved by FSW. Application of FSW can be found in modern 

shipbuilding, trains, and aerospace applications. 

It was invented and experimentally proven at The Welding Institute (TWI) in the UK in 

December 1991. TWI held patents on the process, the first being the most descriptive. 

 

 

 

Principle of Operation 

The FSW is performed with a rotating cylindrical tool which has profiled pin (also known a 

probe) having diameter smaller than the diameter of shoulder. During welding the tool is fed 

into a butt joint between two clamped workpieces, until the probe pierces into the workpiece 

and shoulder touches the surface of the workpieces. The probe is slightly shorter than the weld 

depth required, with the tool shoulder riding atop the work surface. After a short dwell time, 

the tool is moved forward along the joint line at the pre-set welding speed. 

Frictional heat is generated between the wear-resistant tool and the work pieces. This heat, 
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along with that generated by the mechanical mixing process and the adiabatic heat within the 

material, cause the stirred materials to soften without melting. As the tool is moved forward, a 

special profile on the probe forces plasticised material from the leading face to the rear, where 

the high forces assist in a forged consolidation of the weld. 

This process of the tool traversing along the weld line in a plasticised tubular shaft of metal 

results in severe solid-state deformation involving dynamic recrystallization of the base 

material. 

 

 

 

Micro-structural features 

The solid-state nature of the FSW process, combined with its unusual tool shape and 

asymmetric speed profile, results in a highly characteristic micro-structure. The micro-

structure can be broken up into the following zones: 

 The stir zone (also known as the dynamically recrystallised zone) is a region of heavily 

deformed material that roughly corresponds to the location of the pin during welding. 

The grains within the stir zone are roughly equiaxed and often an order of magnitude 

smaller than the grains in the parent material. A unique feature of the stir zone is the 

common occurrence of several concentric rings, which has been referred to as an 

"onion-ring" structure. The precise origin of these rings has not been firmly established, 

although variations in particle number density, grain size and texture have all been 

suggested. 

 The flow arm zone is on the upper surface of the weld and consists of material that is 
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dragged by the shoulder from the retreating side of the weld, around the rear of the tool, 

and deposited on the advancing side. 

 The thermo-mechanically affected zone (TMAZ) occurs on either side of the stir zone. 

In this region the strain and temperature are lower and the effect of welding on the 

micro-structure is correspondingly smaller. Unlike the stir zone, the micro-structure is 

recognizably that of the parent material, albeit significantly deformed and rotated. 

Although the term TMAZ technically refers to the entire deformed region, it is often 

used to describe any region not already covered by the terms stir zone and flow arm. 

 The heat-affected zone (HAZ) is common to all welding processes. As indicated by the 

name, this region is subjected to a thermal cycle but is not deformed during welding. 

The temperatures are lower than those in the TMAZ but may still have a significant 

effect if the micro-structure is thermally unstable. In fact, in age-hardened aluminum 

alloys this region commonly exhibits the poorest mechanical properties. 

 

Advantages 

 Good mechanical properties in the as-welded condition. 

 Improved safety due to the absence of toxic fumes or the spatter of molten material. 

 No consumables — A threaded pin made of conventional tool steel, e.g., hardened H13, 

can weld over 1 km (0.62 mi) of aluminium, and no filler or gas shield is required for 

aluminium. 

 Easily automated on simple milling machines — lower setup costs and less training. 

 Can operate in all positions (horizontal, vertical, etc.), as there is no weld pool. 

 Generally good weld appearance and minimal thickness under/over-matching, thus 

reducing the need for expensive machining after welding. 

 Can use thinner materials with same joint strength. 

 Low environmental impact. 

 General performance and cost benefits from switching from fusion to friction. 

 

Disadvantages  

 Exit hole left when tool is withdrawn. 

 Large down forces required with heavy-duty clamping necessary to hold the plates 
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together. 

 Less flexible than manual and arc processes (difficulties with thickness variations and 

non-linear welds). 

 Often slower traverse rate than some fusion welding techniques, although this may be 

offset if fewer welding passes are required. 
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