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Abstract— Indian Railways is India's national railway 

system. Operated by the Ministry of Railways, IR carried 

8.107 billion passengers (more than 22 million passengers per 

day), transported 1.101 billion tons of freight, and had 8,500 

stations in the 2015-16 fiscal year.[2] It is the fourth-largest 

railway network in the world by size, with 119,630 kilometres 

(74,330 mi) of total track[4] and 92,081 km (57,216 mi) of 

running track over a 66,687-kilometre (41,437 mi) route at 

the end of 2015-16.[2] Forty-five per cent of its routes are 

electrified [5] with 25 kV AC electric traction.[2] Its track is 

mostly broad gauge, with short stretches of metre- and 

narrow-gauge track. Thirty-seven percent of its routes are 

double- or multi-tracked.[5] IR operates long-distance and 

suburban rail systems, and ran an average of 13,313 

passenger trains daily in 2015-16. The trains have a five-digit 

numbering system. Mail or express trains, the most common 

types, run at an average speed of 50.9 kilometres per hour 

(31.6 mph).[6] At the end of 2015-16, IR's rolling stock 

consisted of 254,006 freight wagons, 70,241 passenger 

coaches and 11,122 locomotives (39 powered by steam, 5,869 

by diesel fuel and 5,214 by electricity).[2] IR owns 

locomotive- and coach-production facilities at several 

locations in India. The world's eighth-largest employer, it had 

1.33143 million employees at the end of 2015-16.[3] IR had 

earnings of ₹1.683 trillion (US$26 billion) in 2015–2016, 

consisting of ₹1.069 trillion (US$17 billion) in freight 

revenue and ₹442.83 billion (US$6.9 billion) in passenger 

revenue, and an operating ratio of 90.5 per cent in 2015-16. 

IR's Research Design and Standards Organisation (RDSO) 

undertake research, design and standardisation. The railway 

has undertaken several initiatives to upgrade its ageing 

infrastructure and improve its quality of service. The Indian 

government plans to invest ₹9.05 trillion (US$140 billion) to 

upgrade IR by 2020. Hence we decided to take challenge to 

make project in this Train field to support energy 

conservation system. 
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I. INTRODUCTION 

In this decade we have reached many milestones in the 

automation without failures. Trains have played a significant 

role in development. In terms of bringing automation upfront 

in the trains, we have brought exposure on train wheel 

operated door operating system. Trains are the veins of the 

country like India. Indian train network is the largest in the 

world which covers 62,458 Km, with 7116 stations. Its great 

challenge to work on such a big possible innovation for train 

wheel operated door operating system. Rail doors have seen 

a gradual evolution since the days of bulky, hand-operated 

door panels linking carriages. We have considered pneumatic 

control system can be the most efficient way for the 

application of automatic door with consideration of energy 

conservation. Before we go further let's take a sneak into the 

other countries automation in trains. 

A. How is World Heading towards Automation for The 

Train? 

On a global level, we consider China as a competitor country 

and they have implemented the train wheel operated door 

system but electrical. This is the first time a fully automated 

driverless train has operated in China with the train wheel 

operated door operating System. 

On the other hand, America has the metro services 

working actively with the automatic door opening system 

which works partially on the electric system. 

B. What Are We up to Today? 

An article was published by New Indian Express stating 

“Ministry of Railways to give top priority to safety. Sources 

said that automatic door locking mechanism will be 

manned by train guard from his cabin. On the lines of the 

Metro coaches, the initiative envisages all doors 

automatically opening when a train arrives at the station 

and close before it departs. 

So we have introduced the train wheel operated 

door operating system. 

C. What Can We bring to the Future? 

Energy conservation will always stay on high priority so 

we will be using the pneumatic system for application in 

the train wheel operated door operating system. 

The Chittaranjan Locomotive 

Works in Chittaranjan manufactures electric locomotives, 

and the Diesel Locomotive Works in Varanasi makes diesel 

locomotives. The Integral Coach Factory in Perambur 

(Chennai) makes monocoque coaches whose floor is part of 

the undercarriage. The Rail Coach 

Factory in Kapurthala also makes coaches. The Rail Wheel 

Factory at Yelahanka, Bangalore and the Rail Wheel Plant, 

Belain Chhapra, Bihar manufactures wheels and axles. 

The Diesel-Loco Modernisation Works in Patiala upgrades 

the WDM-2 locomotive from 2,600 to 3,100 hp. Some 

electric locomotives have been supplied by Bharat Heavy 

Electricals, and locomotive components are manufactured in 

other plants around the country. 

We still use the conventional way to manufacture 

coaches whereas the world has changed so much in coach 

manufacturing Hence we need to update our systems. The 

most common used system around the world is pneumatic 

operated system. 

Before discussing more about the situation in India 

lets first discuss the systems that is presently working or 

equipped around the world. Train and bus coaches around the 
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world are mostly  equipped with single control of Pneumatic 

doors which handled by Driver, in case of failure in switch or 

critical situation there is no provision to open the doors and 

emergency doors are to be open by physically. In 

consideration of the buses available across the country and 

global, the automatic doors are widely used for opening and 

closing operation and for the accident response by manually. 

The Pneumatic system of operating Main doors are 

commonly used there is no automated system for emergency 

door. The Main door operated by either detent type push 

button or toggle lever type pneumatic control switch 

employed, The Air cylinder is placed near to the doors which 

connected to the 5/2 Directional control valve either by air 

operated or by energizing electrical solenoid coil. The 

schematic of the existing system for pneumatic bus door is 

control over a single switch.  

In Existing Busses equipped with single control of 

Pneumatic doors which handled by Driver, in case of failure 

in switch or critical situation there is no provision to open the 

doors and emergency doors are to be open by physically. In 

consideration of the buses available across the country and 

global, the automatic doors are widely used for opening and 

closing operation and for the accident response by manually. 

The Pneumatic system of operating Main doors are 

commonly used there is no automated system for emergency 

door. The Main door operated by either detent type push 

button or toggle lever type pneumatic control switch 

employed, The Air cylinder is placed near to the doors which 

connected to the 5/2 Directional control valve either by air 

operated or by energizing electrical solenoid coil. The 

schematic of the existing system for pneumatic bus door is 

control over a single switch. 

II. LITERATURE REVIEW  

1) Hao Wang et.al in his research in San José State 

University in 2015 stated that as automated systems in 

transports (ATS) would be greatly reliable on automation 

systems. Hence different approach of automation system 

has to be considered. One being the most common 

approach using hydraulics and pneumatics other option 

that can be developed to a great extend is using servo 

motors and stepper motors. In his research he designed a 

system that can efficiently use stepper motor for the 

operation. This prototyping project delivered a mature 

approach for automatic door system design with a 

functional prototype. The strength of the full scale door 

mechanism structure is validated with simulations. 

Current FEA results show maximum von Misses stress 

of 111.3 MPa. The deformation is within the dimension 

tolerance. It is expected that the full scale can maintain 

its mechanism effectiveness under designed loading 

condition. The convergence of the stress reading can be 

validated with physical tests about strength on the 

prototype product. The diagram explains his research in 

brief.  

 

 
Fig. 1: Door Opening Mechanism 

2) Slobodan Stefanovic et.at in a research at Graduate 

school of applied professional studies did a research 

about the pneumatic system installation and maintancce 

performance in buses. His work was an attempt to 

combine the logic synthesis pneumatic control in case of 

bus door for suburban traffic. It is given a minimization 

procedure management. It shows the corresponding 

component installation for the opening and closing of the 

door, and on the end it is shown the process of 

maintaining.  

III. METHODOLOGY 

A. Basics of Pneumatics and Pneumatic Systems 

Pneumatics has long since played an important role as a 

technology in the performance of mechanical work. It is also 

being used in the development of automation 

solutions.  Pneumatic systems are similar to hydraulic 

systems but in these systems compressed air is used in place 

of hydraulic fluid. 

A pneumatic system is a system that uses 

compressed air to transmit and control energy. Pneumatic 

systems are used extensively in various industries.  Most 

pneumatic systems rely on a constant supply of compressed 

air to make them work. This is provided by an air compressor. 

The compressor sucks in air from the atmosphere and stores 

it in a high pressure tank called a receiver. This compressed 

air is then supplied to the system through a series of pipes and 

valves. 

The word ‘Pneuma’ means air. Pneumatics is all 

about using compressed air to do the work. Compressed air is 

the air from the atmosphere which is reduced in volume by 

compression thus increasing its pressure. It is used as a 

working medium normally at a pressure of 6 kg/sq mm to 8 

kg/sq mm. For using pneumatic systems, maximum force up 

to 50 kN can be developed. Actuation of the controls can be 

manual, pneumatic or electrical actuation. Compressed air is 

mainly used to do work by acting on a piston or vane. This 

energy is used in many areas of the steel industry. 

Pneumatic systems are used in various fields of 

technology, for different purposes, to achieve different tasks. 

Used as power transmission systems to run different 

mechanisms, then as a management and control systems in 

the field of embedded systems and others. Pneumatic static 

systems exhibit their primary effect of pressure energy of the 

working fluid. Using kinetic energy to get - to do their work 
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but also used less frequently, but the effects of the power is 

used in automation. Carrier of energy and information 

(command, control and other signals) in pneumatic systems 

is the gaseous fluid and usually compressed air. Compressed 

air has long been used to drive a variety of tools: air hammers, 

riveting hammers steel structures, tools for downloading 

oxidation edges, slag after welding, polishing, drilling, 

transportation of loose materials, etc. Today, in addition to 

the application field of application is very spread so for 

example: use of pneumatic brake systems and door opening 

to the road and rail vehicles, the use of performing various 

operations in construction, forestry, mining and other 

machinery and facilities, on vessels and aircraft for 

mechanization and automation of processes and machines.  A 

pneumatic system is a system that uses compressed air to 

transmit and control energy. Pneumatic systems are used in 

controlling train doors, automatic production lines, and 

mechanical Clamps, etc. 

B. Components of Pneumatic Systems 

Pneumatic cylinders, rotary actuators and air motors provide 

the force and movement for the most of pneumatic systems, 

for holding, moving, forming, and processing of materials. To 

operate and control these actuators, other pneumatic 

components are needed such as air service units for the 

preparation of the compressed air and valves for the control 

of the pressure, flow and direction of movement of the 

actuators. A basic pneumatic system consists of the following 

two main sections. 

 Compressed air production, transportation, and 

distribution system 

 Compressed air consuming system 

The main components of the compressed air 

production, transportation, and distribution system consist of 

air compressor, electric motor and motor control centre, 

pressure switch, check valve, storage tank, pressure gauge, 

auto drain, air dryer, filters, air lubricator, pipelines, and 

different types of valves.  The main components of air 

consuming system consist of intake filter, compressor, air 

take off valve, auto drain, air service unit, directional valve, 

actuators, and speed controllers. 

Air compressor converts the mechanical energy of 

an electric or combustion motor into the potential energy of 

compressed air. There are several types of compressors which 

are used in the compressed air systems.  Compressors used 

for generation of compressed air is selected on the basis of 

desired maximum delivery pressure and the required flow 

rate of the air The types of compressors in the compressed air 

systems are (i) piston or reciprocating compressors, (ii) rotary 

compressors, (iii) centrifugal compressors, and (iv) axial flow 

compressors. Reciprocating compressors are (i) single stage 

or double stage piston compressor, and (ii) diaphragm 

compressor. Rotary compressors are (i) sliding vane 

compressor, and (ii) screw compressor. 

Electric motor transforms electrical energy into 

mechanical energy. It is used to drive the air compressor. 

The compressed air coming from the compressor is 

stored in the air receiver. The purpose of air receiver is to 

smooth the pulsating flow from the compressor. It also helps 

the air to cool and condense the moisture present. The air 

receiver is to be large enough to hold all the air delivered by 

the compressor. The pressure in the receiver is held higher 

than the system operating pressure to compensate pressure 

loss in the pipes. Also the large surface area of the receiver 

helps in dissipating the heat from the compressed air. 

For satisfactory operation of the pneumatic system 

the compressed air needs to be cleaned and dried. 

Atmospheric air is contaminated with dust, smoke and is 

humid. These particles can cause wear of the system 

components and presence of moisture may cause corrosion. 

Hence it is essential to treat the air to get rid of these 

impurities. Further during compression operation, air 

temperature increases. Therefore cooler is used to reduce the 

temperature of the compressed air. The water vapour or 

moisture in the air is separated from the air by using a 

separator or air dryer. 

The air treatment can be divided into three stages. In 

the first stage, the large sized particles are prevented from 

entering the air compressor by an intake filter. The air leaving 

the compressor may be humid and may be at high 

temperature. The compressed air from the compressor is 

treated in the second stage. In this stage temperature of the 

compressed air is lowered using a cooler and the air is dried 

using a dryer. 

Air drying system can be adsorption type, 

absorption type, refrigeration type, or the type that uses semi 

permeable membranes. Also an inline filter is provided to 

remove any contaminant particles present. This treatment is 

called primary air treatment. In the third stage which is the 

secondary air treatment process, further filtering is carried 

out. 

Lubrication of moving parts of cylinder and valves 

is very essential in pneumatic system. For this purpose 

compressed air lubricators are used ahead of pneumatic 

equipment. Lubricator introduces a fine mist of oil into the 

compressed air. This helps in lubrication of the moving 

components of the system to which the compressed air is 

applied. Correct grade of lubricating oil usually are with 

kinematic viscosity around 20- 50 centistokes. 

Control valves are used to regulate, control and 

monitor for control of direction flow, pressure etc. The main 

function of the control valve is to maintain constant 

downstream pressure in the air line, irrespective of variation 

of upstream pressure. Due to the high velocity of the 

compressed air flow, there is flow-dependent pressure drop 

between the receiver and load (application). Hence the 

pressure in the receiver is always kept higher than the system 

pressure. At the application site, the pressure is regulated to 

keep it constant. There are three ways to control the local 

pressures which are given below. 

 In the first method, load vents the air into atmosphere 

continuously. The pressure regulator restricts the air flow 

to the load, thus controlling the air pressure. In this type 

of pressure regulation, some minimum flow is required 

to operate the regulator. If the load is a dead end type 

which draws no air, the pressure in the receiver rises to 

the manifold pressure. These type of regulators are called 

as ‘non-relieving regulators’, since the air must pass 

through the load. 

 In the second type, load is a dead end load. However the 

regulator vents the air into atmosphere to reduce the 
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pressure. This type of regulator is called as ‘relieving 

regulator’. 

 The third type of regulator has a very large load. Hence 

its requirement of air volume is very high and cannot be 

fulfilled by using a simple regulator. In such cases, a 

control loop comprising of pressure transducer, 

controller and vent valve is used. Due to large load the 

system pressure may rise above its critical value. It is 

detected by a transducer. Then the signal is processed by 

the controller which directs the valve to be opened to 

vent out the air. This technique is also used when it is 

difficult to mount the pressure regulating valve close to 

the point where pressure regulation is needed. 

Air cylinders and motors are the actuators which are 

used to obtain the required movements of mechanical 

elements of pneumatic system. Actuators are output devices 

which convert energy from compressed air into the required 

type of action or motion. In general, pneumatic systems are 

used for gripping and/or moving operations in various 

industries. These operations are carried out by using 

actuators. Actuators can be classified into three types which 

are (i) linear actuators which convert pneumatic energy into 

linear motion, (ii) rotary actuators which convert pneumatic 

energy into rotary motion, and (iii) actuators to operate flow 

control valves- these are used to control the flow and pressure 

of fluids such as gases, steam or liquids. The construction of 

hydraulic and pneumatic linear actuators is similar. However 

they differ at their operating pressure ranges. Typical pressure 

of hydraulic cylinders is about 100 kg/sq mm and that of 

pneumatic cylinders is around 10 kg/sq mm. 

C. Double Acting Cylinder 

In a double acting cylinder, air pressure is applied alternately 

to the relative surface of the piston, producing a propelling 

force and a retracting force (Fig. 6). As the effective area of 

the Piston is small, the thrust produced during retraction is 

relatively weak. The impeccable tubes of Double acting 

cylinders are usually made of steel. The working surfaces are 

also polished and Coated with chromium to reduce friction 

 
Fig. 2: Cross Section of a Double Acting Cylinder 

For Bus door opening and closing application 

Double acting cylinder with 5/2 valve and the control push 

button switch 18 3/2 DCV 15 used. For the Double acting 

cylinder the stoke length and Bore IS based on the Load and 

Door opening.  

 
Fig. 3: Double Acting Cylinders 

Directional control valves for the air actuator is 5/2 

single solenoid, spring return valve, for the Push button valve 

is 3/2 push button/toggle lever, spring return valves are used. 

For connecting the circuit poly ethylene or poly urethane 

hoses being used. 

 
Fig. 4: Directional control valves 

 
Fig. 5: Double Acting Cylinder 

Directional control valve: 

 
Fig. 6: Describing a 5/2 directional control valve 

D. Distribution of Compressed Air 

Proper distribution of compressed air is very important for 

achieving good performance. 

Some important requirements which are to be 

ensured are as follows. 

 Piping lay out (open or closed loop) with suitable number 

of drain valves at diagonally opposite corners 

 Piping design has important parameters like diameter of 

pipe for given flow, pressure drop, number and type of 

fitting and absolute pressure 

 Slope of the main horizontal header from compressor 

which is normally 1:20 

 Take off branches from the top of horizontal headers are 

with U or at 45 deg 

 Provision of accumulator with drain cock at the bottom 

of all vertical headers 

Air service unit connected at right angles to vertical 

headers all main pneumatic components can be represented 

by simple pneumatic symbols. Each symbol shows only the 

function of the component it represents, but not its structure. 

Pneumatic symbols can be combined to form pneumatic 

diagrams. A pneumatic diagram describes the relations 

between each pneumatic component, that is, the design of the 

system. 
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Fig. 7: Pneumatic System in Train 

E. Advantages of Pneumatic Systems 

Pneumatic systems are widely used in different industries for 

the driving of automatic machines. Pneumatic systems have 

a lot of advantages. 

1) High Effectiveness 

There is an unlimited supply of air in the atmosphere to 

produce compressed air. Also there is the possibility of easy 

storage in large volumes. The use of compressed air is not 

restricted by distance, as it can easily be transported through 

pipes. After use, compressed air can be released directly into 

the atmosphere without the need of processing. 

2) High Durability and Reliability 

Pneumatic system components are extremely durable and 

cannot be damaged easily. Compared to electromotive 

components, pneumatic components are more durable and 

reliable. 

3) Simple Design 

The designs of pneumatic system components are relatively 

simple. They are thus more suitable for use in simple 

automatic control systems. There is choice of movement such 

as linear movement or angular rotational movement with 

simple and continuously variable operational speeds. 

4) High Adaptability to Harsh Environment 

Compared to the elements of other systems, compressed air 

is less affected by high temperature, dust, and corrosive 

environment, etc. Hence they are more suitable for harsh 

environment. 

5) Safety Aspects 

Pneumatic systems are safer than electromotive systems 

because they can work in inflammable environment without 

causing fire or explosion. Apart from that, overloading in 

pneumatic system only leads to sliding or cessation of 

operation. Unlike components of electromotive system, 

pneumatic system components do not burn or get overheated 

when overloaded. 

6) Easy Selection of Speed and Pressure 

The speeds of rectilinear and oscillating movement of 

pneumatic systems are easy to adjust and subject to few 

limitations. The pressure and the volume of the compressed 

air can easily be adjusted by a pressure regulator. 

7) Environmental Friendly 

The operation of pneumatic systems do not produce 

pollutants. Pneumatic systems are environmentally clean and 

with proper exhaust air treatment can be installed to clean 

room standards. Therefore, pneumatic systems can work in 

environments that demand high level of cleanliness. One 

example is the production lines of integrated circuits. 

F. Economical 

As the pneumatic system components are not expensive, the 

costs of pneumatic systems are quite low. Moreover, as 

pneumatic systems are very durable, the cost of maintenance 

is significantly lower than that of other systems. 

G. Limitations of Pneumatic Systems 

Although pneumatic systems possess a lot of advantages, they 

are also subject to several limitations. These limitations are 

given below. 

1) Relatively low accuracy  

As pneumatic systems are powered by the force provided by 

compressed air, their operation is subject to the volume of the 

compressed air. As the volume of air may change when 

compressed or heated, the supply of air to the system may not 

be accurate, causing a decrease in the overall accuracy of the 

system. 

2) Low loading 

As the cylinders used in pneumatic systems are not very large, 

a pneumatic system cannot drive loads that are too heavy. 

3) Processing Required Before Use 

Compressed air must be processed before use to ensure the 

absence of water vapour or dust. Otherwise, the moving parts 

of the pneumatic components may wear out quickly due to 

friction. 

4) Uneven Moving Speed 

As air can easily be compressed, the moving speeds of the 

pistons are relatively uneven. 

5) Noise 

Noise is usually produced when the compressed air is 

released from the pneumatic components. 

IV. CONCLUSION 

From the study of different research papers and different 

components of basic pneumatic system we can reach a 

conclusion that these systems and components can be used 

efficiently in obtaining the desired output. Hence we plan to 

use this information to design a system that would use 

pneumatic system for the operation of door opening and 

closing. While most of the systems require a different 

compressor setup we desire to design the system with 

cogeneration. 
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