
15027 
Eur. Chem. Bull. 2023, 12(Special Issue 4), 15027-15047 

An Overview on Maglev Train Technology and Its Future in India 
 
 

  

                                                                                                                             Section A-Research paper 

 
 
 
 

 
 

An Overview on Maglev Train Technology 

and Its Future in India 

1Parveen Berwal, 2Arun Kumar, 3Aryan Gobind Rao, 4Abhay Tripathi, 5Alok Pandey, 6Amit 

shankhdhar  

1,2Professor, Department of Civil Engineering, Galgotia’s College of Engineering & Technology , Greater 

Noida, 201310 
3,4,5,6Scholar, Department of Civil Engineering, Galgotia’s College of Engineering & Technology , Greater 

Noida, 201310 

   

                               Abstract 

With the increasing demand of faster, safer, and more comfortable rail travel, the 

evacuated tube maglev train (ETMT) has gradually attracted hot concerns in recent 

years. According to Kantrowitz limit theory, ETMT may encounter chocked flows, 

leading to more complex generation and development of a series of waves as 

ETMT moves rapidly in the tube. To study the wave phenomena produced by 

ETMT running at the super high-speed, the computational domain geometry model 

was simplified and then 2-D axisymmetric compressible N-S equation was 

established in the paper. Dynamic mesh method and dynamic adaptive mesh 

method were used to simulate the real motion of ETMT and improve the capture 

accuracy of the waves respectively. Results show that the wave structure is mainly 

composed of expansion waves, reflected shock waves and normal shock waves as 

ETMT moves for enough time at the speed of 1250 km/h. The intensity of the 

normal shock wave in front of the head car experiences four states consisting of 

rapid increase, initial stability, sudden drop and final stability. In the wake, the 

flow velocity attenuates in a fluctuating way along the opposite motion direction of 

ETMT due to the complicated interaction between shock waves and expansion 

waves. 

 

1. Introduction 
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Maglev, short for Magnetic Levitation, is a technology that uses magnetic fields to 

lift and propel trains above a guideway. Maglev trains are known for their speed, 

efficiency, and low noise levels, making them an attractive transportation option for 

certain applications. 

There are two main types of Maglev train technologies: electromagnetic suspension 

(EMS) and electrodynamic suspension (EDS). EMS uses attractive magnetic forces 

to lift and propel the train, while EDS uses repulsive magnetic forces .One of the 

key advantages of Maglev technology is that it eliminates the need for wheels and 

tracks, which can significantly reduce maintenance costs and increase reliability. 

Additionally, Maglev trains can reach extremely high speeds, with some models 

capable of exceeding 300 miles per hour. 

Currently, Maglev trains are in operation in several countries, including Japan, 

China, and South Korea. In Japan, the Chuo Shinkansen Maglev is currently under 

construction and is expected to begin commercial operation in 2027, with a top speed 

of 374 miles per hour. China also has several Maglev lines in operation, including 

the Shanghai Maglev Train, which holds the record for the fastest commercial 

Maglev train in the world, reaching speeds of 267 miles per hour. 

While Maglev technology has many advantages, there are also some challenges that 

must be addressed. One of the main challenges is the high cost of construction, which 

can make Maglev systems more expensive than traditional rail systems. 

Additionally, the technology requires specialized infrastructure and equipment, 

which can make it more difficult to implement in some areas. 

Overall, Maglev train technology has the potential to revolutionize transportation by 

offering high-speed, efficient, and low-noise transportation options. However, 

further research and development  
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                                Figure 1:  Chinese Maglev Train 

will be needed to overcome the current challenges and make Maglev technology 

more accessible and affordable. 

One of the primary advantages of Maglev technology is its speed. Unlike traditional 

trains, which are limited by friction and air resistance, Maglev trains are propelled 

by magnetic fields and can reach much higher speeds. This makes them an attractive 

option for intercity transportation, where speed is a priority. 

Another advantage of Maglev technology is its energy efficiency. Since Maglev 

trains don't rely on wheels and tracks, they experience less friction and can travel 

more efficiently. Additionally, the use of linear motors allows for more precise 

control of acceleration and deceleration, which can further increase energy 

efficiency. 

Maglev trains are also known for their low noise levels. Since they don't have wheels 

and tracks, there is less noise generated from the train itself. Additionally, the use of 

magnetic levitation can reduce noise from vibrations and impacts with the track. 

There are two main types of Maglev train technologies: electromagnetic suspension 

(EMS) and electrodynamic suspension (EDS). EMS uses attractive magnetic forces 

to lift and propel the train, while EDS uses repulsive magnetic forces. Both types of 

systems have their advantages and disadvantages, and the choice of technology may 

depend on factors such as cost, speed, and terrain. 
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In terms of safety, Maglev trains have a good track record. Since they don't rely on 

wheels and tracks, there is less risk of derailment or collision. Additionally, the use 

of advanced control systems and sensors can improve safety and reduce the risk of 

accidents. 

 

Despite these advantages, there are also some challenges associated with Maglev 

technology. One of the primary challenges is the high cost of construction. Since 

Maglev trains require specialized infrastructure and equipment, they can be more 

expensive to build than traditional rail systems. Additionally, the technology is still 

relatively new and may not be as widely understood or accepted as traditional rail 

systems. 

Another challenge is the limited availability of Maglev technology. While there are 

several Maglev systems in operation around the world, they are still relatively rare 

compared to traditional rail systems. This can make it more difficult to implement 

Maglev technology in certain areas. 

In conclusion, Maglev train technology has the potential to revolutionize 

transportation by offering high-speed, efficient, and low-noise transportation options. 

While there are still some challenges to be addressed, further research and 

development could make Maglev technology more accessible and affordable in the 

future. 

 1.2 Advantages of Maglev Train Technology 

Maglev train technology has several advantages over traditional rail systems. Some 

of the key advantages include: 

1. High speed: Maglev trains can reach extremely high speeds, with some models 

capable of exceeding 300 miles per hour. This makes them an attractive option for 

intercity transportation, where speed is a priority. 

2. Energy efficiency: Since Maglev trains don't rely on wheels and tracks, they 

experience less friction and can travel more efficiently. Additionally, the use of linear 
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motors allows for more precise control of acceleration and deceleration, which can 

further increase energy efficiency. 

3. Low noise levels: Maglev trains are known for their low noise levels. Since they 

don't have wheels and tracks, there is less noise generated from the train itself. 

Additionally, the use of magnetic levitation can reduce noise from vibrations and 

impacts with the track. 

4. Improved safety: Since Maglev trains don't rely on wheels and tracks, there is less 

risk of derailment or collision. Additionally, the use of advanced control systems and 

sensors can improve safety and reduce the risk of accidents. 

5. Reduced maintenance costs: Maglev trains eliminate the need for wheels and 

tracks, which can significantly reduce maintenance costs and increase reliability. 

Additionally, the absence of physical contact between the train and the track can 

reduce wear and tear on both components. 

6. Reduced travel time: Maglev trains can travel faster than traditional rail systems, 

which can reduce travel time for passengers. This can be particularly beneficial for 

intercity transportation, where time savings can be significant. 

7. Reduced environmental impact: Maglev trains are more energy-efficient than 

traditional rail systems, which can reduce their environmental impact. Additionally, 

since they don't rely on fossil fuels, they can help to reduce greenhouse gas emissions. 

Overall, Maglev train technology has several advantages that make it an attractive 

option for certain applications. While there are still some challenges associated with 

the technology, further research and development could make it more accessible and 

affordable in the future. 

1.3 Disadvantages of Maglev Train Technology 

Maglev train technology also has some disadvantages that should be considered. 

Some of the main disadvantages include: 

1. High cost: Maglev trains require specialized infrastructure and equipment, which 

can make them more expensive to build than traditional rail systems. This high cost 

can be a significant barrier to entry for many regions and countries. 
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2. Limited availability: Maglev trains are not as widely available as traditional rail 

systems. This can make it more difficult to implement Maglev technology in certain 

areas and limit its potential impact. 

3. Limited track compatibility: Different Maglev train technologies may not be 

compatible with each other, which can limit the ability to integrate different systems 

into a larger network. 

 

4. Limited freight capacity: Maglev trains are generally designed for passenger 

transport, and may not be suitable for transporting heavy or bulky freight. This can 

limit their use in certain applications. 

 

5. Power consumption: Maglev trains require a significant amount of electricity to 

operate, which can increase energy costs and contribute to greenhouse gas emissions 

if the electricity is generated from fossil fuels. 

 

6. Potential safety risks: While Maglev trains are generally considered safe, there are 

still potential safety risks associated with the technology. For example, there is a risk 

of electrocution if a person comes into contact with the power supply or track. 

 

7. Lack of public awareness: Maglev train technology is still relatively new and may 

not be as widely understood or accepted as traditional rail systems. This lack of public 

awareness can make it more difficult to build support for Maglev projects. 

In conclusion, while Maglev train technology has several advantages, there are also 

some disadvantages that should be considered. These include high costs, limited 

availability, limited track compatibility, limited freight capacity, power consumption, 

potential safety risks, and lack of public awareness. It is important to carefully 

evaluate the pros and cons of Maglev technology before deciding whether or not to 

pursue it for a particular application. 

1.3 Objectives 
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1. Enhance Transportation Efficiency: Implement maglev technology to significantly 

increase the speed and efficiency of transportation systems, reducing travel times 

between major cities and improving overall connectivity. 

2. Foster Economic Growth: Develop maglev infrastructure to stimulate regional 

integration, facilitate the movement of goods and people, and support economic 

development across different regions of India. 

3. Reduce Congestion: Alleviate traffic congestion on roads and airports by providing 

a high-speed and efficient transportation option, thereby improving overall mobility 

and reducing travel-related stress. 

4. Enhance Passenger Experience: Improve the comfort and convenience of travel for 

passengers by offering a smooth and comfortable ride with minimal noise and 

vibration, enhancing overall customer satisfaction. 

5. Increase Energy Efficiency: Leverage maglev technology's inherent energy 

efficiency to reduce the overall energy consumption and carbon footprint of India's 

transportation network. 

6. Drive Technological Advancement: Promote research, development, and 

innovation in maglev technology within India, fostering technological expertise and 

boosting the country's standing in the field of advanced transportation systems. 

7. Boost Tourism: Create opportunities for tourism growth by providing fast, efficient, 

and reliable transportation options to popular tourist destinations, attracting domestic 

and international visitors. 

8. Improve Safety and Reliability: Ensure the highest safety standards for maglev 

systems, implementing advanced safety features, rigorous maintenance protocols, 

and comprehensive training programs for operators and maintenance staff. 

9. Enhance International Collaboration: Foster partnerships and collaboration with 

other countries that have already adopted maglev technology, enabling knowledge 

exchange, joint research projects, and potential technology transfer to accelerate 

India's maglev implementation. 
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                                                  Figure 2 : Levitation and Propulsion 

 

 

 

 

 2. Literature Review 

Jacob Antony, 2021 

The basic concept of a magnetic levitation train is positioned through lateral guidance 

and then driven forward. These functions are accomplished through three sets of 

aluminium metallic loops attached to a concrete guideway, the first set of metallic 

rings being electromagnetic that repel the magnets attached to the train car and move 

above the guideway. The second set of metallic loops creates a repulsive magnetic 

field that keeps the train horizontally stable. The third set of metallic loops is supplied 

with alternating current and acts as a linear motor. The position of the train above the 

guideway is continuously monitored by sensors and the current flow through the 

three sets of coils is controlled to maintain the vertical and horizontal stability and 

propulsion energy of the car (Khan et al, 2017) [2]. 

The coils of superconducting magnets are made of niobium-titanium alloy. The coils 

are cooled to a temperature of -2690C with liquid helium. The propulsion coil on the 

guideway acts as a linear motor. The prototype train carriages are composed of 
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composite materials and have been tested at speeds of up to 603 km / h. Evaluated 

prototypes for vibrations and introduced ride quality and suspension dampeners. 

Monica Yadav, 2013 

The term levitation refers to a class of technologies that uses magnetic levitation to 

propel vehicles with magnets rather than with wheels, axles and bearings. Maglev 

uses magnetic levitation to propel vehicles. With maglev, a vehicle is levitated a short 

distance away from a guide way using magnets to create both lifts and thrust. High 

speed maglev trains promise dramatic improvements for human travel widespread 

adoption occurs.  

Gaurav Kumar Tandon, 2015 

The maglev train analysis focus on three systems aspects - cost, speed and 

reliability .These performance metrics were chosen because they are the basic 

characteristics of train system. Speed is the most common standard used to compare 

transportation systems and is directly related to the time needed to travel. For the 

maglev, speed is an extremely appealing attribute since it can travel over a hundred 

miles per hour. Lastly, reliability is the most crucial parameter because knowledge 

of the transportation system safety is the determining factor whether or not the system 

is viable . 

Veselco Protega , 1998 

The railway transport systems, based on the magnetic levitation technology and 

linear propulsion, can become very interesting traffic carriers of the future, at the 

same time being environmentally friendly and helping to solve transport problems. 

Of all the mentioned systems, transrapid has gone furthest and it is closest to 

implementation. Here, the technical achievements are efficiently applied, since this 

means of transport is ecologically acceptable, safe, economically justified and 

reliable and it occupies relatively little physical space. 

 

 3. Technology  
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 3.1 Infrastructure of Maglev Train Technology 

 

The infrastructure of Maglev train technology is a key component of its operation. 

Maglev trains require specialized infrastructure to achieve magnetic levitation and 

propulsion, which is different from traditional rail systems. Here are some of the 

main components of Maglev train infrastructure: 

 

                                             Figure 3: Maglev Guideway 

Guideway: The guideway is the structure on which the Maglev train runs. It is 

typically made of concrete or steel and contains the electromagnets and power supply 

necessary for magnetic levitation and propulsion. The guideway can be elevated, at-

grade, or underground depending on the location and application. 

Electromagnets: Electromagnets are used to create the magnetic field that levitates 

the train and propels it forward. The electromagnets are located on the guideway and 

are powered by an electric current. The magnetic field created by the electromagnets 

repels the magnetic field on the underside of the train, creating levitation. 

Linear motors: Linear motors are used to provide propulsion for the Maglev train. 

They are located on the guideway and generate a magnetic field that interacts with 



15037 
Eur. Chem. Bull. 2023, 12(Special Issue 4), 15027-15047 

An Overview on Maglev Train Technology and Its Future in India 
 
 

  

                                                                                                                             Section A-Research paper 

 
 
 
 

 
 

the magnetic field on the underside of the train. This interaction creates a forward or 

backward force that propels the train. 

Power supply: The power supply provides the electric current needed to power the 

electromagnets and linear motors. It is typically located along the guideway and can 

be supplied by a variety of sources, including overhead power lines, underground 

cables, or onboard batteries. 

Control systems: Maglev trains require advanced control systems to regulate the 

magnetic levitation and propulsion. These systems use sensors and feedback loops to 

control the magnetic field and ensure that the train stays on the guideway and travels 

at the desired speed. 

Stations: Maglev train stations are similar to traditional train stations and provide 

passengers with access to the trains. They may be located above or below ground, 

depending on the location and application. The design of Maglev train stations can 

vary depending on the specific technology and application. 

Overall, the infrastructure required for Maglev train technology is complex and 

specialized. It requires careful planning and design to ensure safe and reliable 

operation. However, the unique features of Maglev trains, such as magnetic levitation 

and linear propulsion, offer several advantages over traditional rail systems, making 

it an attractive option for certain applications. 

 

3.2 Future of Maglev Train 

The future of Maglev train technology looks promising, as there are ongoing research 

and development efforts to improve and expand its use. Here are some potential 

future developments and applications of Maglev trains: 

Higher speeds: Maglev trains already hold speed records for trains, with some 

systems operating at over 600 km/h (373 mph). However, there are ongoing efforts 

to increase these speeds even further, potentially up to 1,000 km/h (621 mph) or 

more. This could significantly reduce travel times between cities and regions. 
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3.3 Major Setbacks of Maglev Train Technology 

Despite the many advantages of Maglev train technology, there are several key 

setbacks that have limited its widespread adoption. Here are some of the main 

setbacks: 

High initial cost: Maglev train systems require specialized infrastructure and 

technology, which can be expensive to design, Build, and maintain. This high initial 

cost has been a significant barrier to adoption, especially in regions with limited 

resources. 

Limited range: Maglev trains are best suited for high-speed intercity travel, but their 

range is limited compared to other transportation modes. This makes them less 

practical for long-distance travel or freight transportation. 

Limited availability: Maglev train systems are currently only available in a few 

regions around the world, which limits their potential for widespread adoption. This 

may be due to the high cost of implementation, regulatory barriers, or lack of political 

will. 

Safety concerns: As with any transportation mode, safety is a key concern for Maglev 

trains. While Maglev trains have an excellent safety record, there have been incidents 

in the past, such as the 2006 accident in Germany, which has raised concerns about 

their safety. 

3.4 Hyperloop Technology and Maglev Train 

Hyperloop technology is a type of transportation system that uses Maglev train 

technology to move people or goods in pods through a vacuum-sealed tube. The 

concept was first proposed by Elon Musk in 2013 and has since been developed by 

several companies around the world. 

Hyperloop technology uses magnetic levitation to reduce friction and achieve high 

speeds, similar to Maglev train technology. However, the main difference between 

Hyperloop and traditional Maglev train systems is the use of a vacuum-sealed tube 

to eliminate air resistance, allowing the pods to travel at even higher speeds. 

3.5 Hyperloop in India 
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Hyperloop technology has the potential to address several transportation challenges 

in India, a country with a large population and rapidly growing economy. Here are 

some potential reasons why Hyperloop technology could be beneficial in India. 

Improved connectivity: India has a vast geography with several urban centers located 

far apart. Hyperloop technology could provide a faster, more efficient, and 

sustainable mode of transportation between these cities, reducing travel times and 

improving connectivity. 

3.6 Challenges for Maglev Trains in India 

Maglev train technology has several potential benefits for transportation in India, but 

there are also several challenges that need to be addressed before it can be deployed 

on a large scale. Here are some of the challenges for maglev train technology in India: 

High cost: Maglev train technology is expensive to develop and deploy, and India 

would need to invest significant resources to build the necessary infrastructure. The 

high cost of the technology could make it difficult for India to fund the development 

and deployment of maglev trains on a large scale. 

Existing infrastructure: India already has a well-developed railway system, and it 

would be difficult to integrate maglev trains with the existing infrastructure. Building 

new tracks and stations would require significant planning, funding, and coordination 

with existing stakeholders. 

Regulatory and safety concerns: India would need to develop appropriate 

regulations and safety standards to ensure the safe operation of maglev trains. This 

would require collaboration between the government, regulatory bodies, and the 

private sector. 

 

Political will: The successful deployment of maglev trains in India would require 

strong political will and support from the government. This would require a long-

term commitment to funding and planning for the technology. 

Local resistance: The construction of maglev train infrastructure could face 

opposition from local communities and stakeholders, who may have concerns about 
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the impact on their livelihoods, land use, and environment. This could result in 

delays, legal challenges, and increased costs for the development of the technology. 

 

 5. Conclusion 

 

In conclusion, maglev (magnetic levitation) technology holds significant promise for 

India's transportation infrastructure. As a cutting-edge transportation solution, 

maglev offers several advantages over traditional rail systems, including high speeds, 

reduced friction, enhanced energy efficiency, and minimal environmental impact. 

While India has yet to fully adopt maglev technology on a large scale, the potential 

benefits make it a compelling option for the country's future transportation needs. 

First and foremost, maglev technology provides unparalleled speed and efficiency. 

With maglev trains levitating and propelled by magnetic forces, they can achieve 

speeds of up to 500 km/h or more. This rapid transportation capability could 

revolutionize India's connectivity and significantly reduce travel times between 

major cities, enhancing economic growth and regional integration. 

Moreover, maglev systems offer reduced friction compared to traditional rail 

systems. Since maglev trains do not make direct contact with the track, there is 

minimal wear and tear on the infrastructure, resulting in lower maintenance costs and 

a longer lifespan for the tracks. This advantage translates into lower operating 

expenses and increased reliability for the transportation network. 

Energy efficiency is another significant advantage of maglev technology. By 

utilizing magnetic propulsion and levitation, maglev trains consume less energy 

compared to conventional trains. The absence of friction allows for smoother and 

more efficient acceleration, deceleration, and cruising, leading to reduced energy 

consumption and lower carbon emissions. This aligns with India's goals to minimize 

its carbon footprint and promote sustainable transportation alternatives. 

Additionally, the implementation of maglev technology in India would have positive 

environmental impacts. Traditional transportation systems, such as roadways and air 
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travel, contribute to congestion, pollution, and greenhouse gas emissions. Maglev 

trains offer a greener alternative, as they produce zero direct emissions during 

operation. By providing a clean and efficient mode of transportation, maglev 

technology can contribute to mitigating India's air pollution and improving the 

overall quality of life for its citizens. 

However, it is important to consider the challenges associated with adopting maglev 

technology in India. The implementation costs for maglev systems are typically 

higher compared to conventional rail infrastructure. Investments would be required 

for research, development, and construction of maglev lines, as well as adapting 

existing infrastructure or building new ones. Additionally, the training and expertise 

required to operate and maintain maglev systems would need to be developed, further 

adding to the initial investment. 

Furthermore, the complexity of integrating maglev technology into India's existing 

transportation framework should not be overlooked. This includes considerations 

such as alignment with existing transportation networks, land acquisition for the 

construction of maglev tracks, and addressing potential concerns regarding passenger 

safety, security, and system reliability. 

In conclusion, while maglev technology presents numerous advantages in terms of 

speed, energy efficiency, and environmental sustainability, its implementation in 

India would require substantial investments, careful planning, and extensive 

coordination among stakeholders. Nonetheless, considering India's ambitious goals 

for economic development, urbanization, and sustainable transportation, the adoption 

of maglev technology could be a Transformative step forward , revolutionizing the 

way people travel and contributing to the countrys overall progress . 
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