International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-8, Issue-5, May 2022
ISSN: 2395-3470
www.ijseas.com

STUDY ON EMERGENCY BRAKING SYSTEMS
IN TRAINS
Dr.Shaniba Asmi

Mubashira kk

H.O.D (Applied Electronics And Communication Systems )
(Applied Electronics And Communication Systems)
MGM College Of Engineering and Pharmaceutical Sciences MGM College Of Engineering and Pharmaceutical Sciences
Valanchery, India
Valanchery, India
shanibasmi@gmail.com
mubiramshi9494@gmail.com

fabricate quickly because the rail-wheel friction is less collate
to the road. The advantage of this low rolling resistance
is that they can carry heavy loads[3]. The trams wield a
magnetic energy brake mechanism which stops the trains fast
.
This review study focuses on the detailed analysis on the
braking system in trains[4]. Three tacks of the emergency
braking system are discussed here, which would improve
the braking system in the train. Section 2 describes the
designing of a clamp system with PLC and SCADA along
with an ABS which is used in vehicles section 3 discusses an
aerodynamic braking system that can be implemented in trains.

Abstract—Railway plays an important role in transportation.
The Braking system is a paramount safety feature in the vehicle.
The abate or stopping down at a split second significantly helps to
stop incidents and accidents. The Trains brake system is also very
requisite. Pneumatic brakes or air brakes are the routinely used
braking system in trains. They have a high braking distance. So
to diminish braking distance, this article proposed two methods.
Foremost is the enactment of a clamping system with a PLC
(Programmable Logic Controller). Also by utilizing an ABS
(Automatic Braking System) which is used in the vehicle. Another
is using an Aerodynamic brake in the High-Speed Trains.
Index Terms—PLC,ABS,SCADA

I. I NTRODUCTION
Railway transportation is important for the improvement
of industry and agriculture.[1] railway transport is that they
can carry a huge load with less amount of cost. In India,
people favor traveling in trains rather than any other mode
of communication. The main edge of the railway system is
the development of agriculture, widening of the market, and
strategic importance. Nevertheless, there are many advantages
there are significant disadvantages of railways[2]. They are
railway ambush, railway accidents, etc
Braking reduces the energy sprint. The strands like air, rail,
rolling resistance should be considered while designing a
brake. The span that a train grasps to stop after applying
brake is called the braking distance. The braking system
in railway conveyance usually consists of compressed air
to move the pads in the wheels. Braking system has the
aptness to slow down a vehicle. Hither the kinetic energy of
a vehicle is altered to thermal energy through friction. The
braking apparatus employed in the trains are air or pneumatic
deceleration. The basic units of train brakes are condenser,
governor, brake pedal .Disregarding this there are so many
other components used in the modern rail systems
The reason why the train does not have a better braking
system is that it is depicting for starting not ceasing. Appraise
a train is dashing at a speed of 110km/h it is unable to stop
the train on this condition and by applying an emergency
brake, the inertia produced by the coaches in the train doesn’t
permit to brake. The emergency brake pause after 1.5km
than the veritable location (approx.) The train braking cannot

II. D ESIGNING OF A CLAMPING SYSTEM IN WITH PLC
AND SCADA WITH AN ABS
Automations are used in every sector like transportation,
agriculture, etc. Automation is the knowledge of making the
process done automatically. In the paper [5] the author affirms
that for designing a clamp system by an emergency braking
system with PLC and SCADA along with an Anti-Lock
Braking system the train wheels can be locked which can be
prevented from derailing the trains[6]
A. PLC
PLC stands for Programmable Logic Controller. PLC is
a computer that repeatedly monitors the state of the input.
A PLC embraces four basic components a power supply, an
input-output component, a processing section, and a programming section. The CPU component of the PLC consists of
a central processor, RAM,and ROM memory. It works on
a 24V DC supply. The PLC improves the system solidity,
performance, increased fidelity, and faster response time[7]. A
PLC is a distinct type of computer which is designed to operate
in harsh environments. Figure (1)manifests the architecture of
the PLC.
B. SCADA
SCADA outlooks for Supervisory Control And Data
Acquisition. It is a merger of software and hardware
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controls the wheel activity by continuously monitoring the
wheels by a sensor .It helps to prevent the wheel lockup
and avoid vehicles from skidding. ABS increases the traction
control.
The components of ABS include:
1) Wheel speed sensors: This is a toothed ring and a
magnet to generate signal. When a wheel rotate it induces
a magnetic field around the sensor.The fluctuations in the
magnetic field creates voltage in the sensor and this voltage
is send to the voltage controller . With the help of the voltage
controller it calculates the acceleration and deceleration of the
wheel.
2) Valves: : There is a valve which controls the brake line
with a ABS .When the controller detect a wheel slip, it send
a signal to release the valve
3) ECU: ECU is the computer brain of the ABS .The
Electronic Control Unit reads the signal of the sensor wheel.
The ECU is attached with the speed sensors on each wheel .
whenever a wheel sensor reads a lower output than the other
wheel sensor , the system assumes that the wheel is about
to lock .this maintain a braking force at the point where the
wheel lock.
Figure 3 shows an ABS connected to a vehicle

Fig. 1. Block diagram of PLC

elements. It is used to collect, analyze and visualize data.
Datas are collected from PLC and RTU and are visualized
and monitored in SCADA. SCADA comprises sensors, RTU,
Master units, and a communication network.[8]
1) Sensors: This may be either analog or digital. Sensors
in a SCADA include pumps, proximity sensors, level measure,
light intensity measures etc they can measure inputs and
outputs from a remote area.
2) RTU: RTU is a Remote Terminal Unit which is an electronic device controlled by microprocessors generally used to
interface SCADA with sensors .the RTU transmit information
via wireless communication
3) Master Unit: The master unit is essentially the supervisory computer system. These units are the central processors
of SCADA .
4) HMI: A Human Machine Interface is a user interface
which allows the human to interface with a device. It is an
interactive screen which allows to adjust the set points . Both
the HMI and PLC work together to monitor and control[9].
The basic architecture of SCADA is shown in the figure 2

Fig. 3. ABS connected to a car

So by the PLC and SCADA, a rail clamping system is
designed . The figure 4 shows the code for the simulation
By implementing this technique, a clamp system is
desighned with PLC and SCADA here the ABS is activated
when the speed signal coming to the wheel is low ,so that the
wheel sensor become active . Sensor become inactive when
the speed signal of the wheel is normal .when a train falls
suddenly at a certain km (say 6km/h)the rail clamp become
active .when the gas is pressed then the rail clamp become
passive .
The ABS is connected to the locomotives and wagons of

Fig. 2. Architecture OF SCADA

C. ABS
When a car is moving in the slippery area whena sudden
brake is applied , the vehicle start to slide , which causes an
accident . here comes the importance of ABS which allows
the driver to control the car in any road conditions .The ABS
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occured during the train operation, the emergency braking
system is the last safeguard. So it is very important to carry
out the analysis of emergency braking system. The braking
system of HST will be more efficient if an aerodynamic brake
will be integrated with it .
In the journal 11 the reasercher give a wide view on the
aerodynamic brake on the high speed train.To solve the
braking issues by train, shorten the braking distance and
to avoid the probable wheel sliding the paper 2 launch a
research an aerodynamic brake mechanism, in which the wing
plate can be open and close bilaterally against the wind with
an opening angle which is controllable. This optimization is
designed by using ADAMS.
The purpose of paper 12 is to deatil the position control
optimization of the braking board in an aerodynamic braking.
The simulation models are established by the mathematical
models of the hydraulic drive in the aerodynamic braking
system. The analysis of three control functions are explored
in this paper.— They are constant,linear,and quadratic.System
performance are evaluated by the position steady state error
and acceleration of piston rod.

Fig. 4. PLC code for the simulation

A. Aerodynamic braking
This is a neat and non-adhesion braking, and can be used
to provide extra braking force during high-speed emergency
braking. The research of aerodynamic braking has got more
attraction in recent years.[13] Aerodynamic braking is an air
brake which assists in landing aircraft. It causes increase
in drag force .this brake is highly effective in high speed
operations . the aerodynamic brake stops the moving aircraft
by the conversion of kinetic energy into heat energy. This is a
kind of friction brake in which the compressed air that pressed
on the piston to apply pressure to the brake pad to stop the
vehicle.
Since the supply of air is unlimited, the brake system cannot
be run out of its fluid like hydraulic brakes.These air brake
are easier to connect than the hydraulic brakes .It can also
function even a minor leakage occurs .Now a days air brakes
are used in heavy vehicles like truck,bus because it is more
reliable than hydraulic brakes .The aerodynamic brakes extend
out the airflow to increase the drag and it reduces the air speed
.
Air brakes are also known as speed brake because it is cause
the aircraft to slow down rapidly when they are deployed.
It is able to increase the friction force in train which is
travelling in the high speed .So it is able to decrease the
braking distance by implementing the aerodynamic brakes in
the high speed trains and also it saves energy .This paper
present a study on aerodynamic brake which is implemented
on a HST so as to decrease the braking distance and increase
the energy.The design is based on the parameters of the highspeed train and the working of the aircraft brake
The preceding section discuss about the motion....of the train
1) Motion of a train: The four modes of motion of a train
are maximum traction, cruising, coasting, and the maximum

Fig. 5. PLC code for the simulation

train .so the train can brake without locking the train wheels
so that the sliding can be reduced.

III. AERODYNAMIC BRAKE APPLIED TO TRAINS
TO REDUCE BRAKING DISTANCE IN HIGH SPEED
TRAINS
In the article (10) the author present a noval research
on an aerodynamic brake study applied on a High Speed
Train (HST) to reduce the braking distance . The HST have
an a operating speed of 300km/h-350km/h. The HST are
expensive but it has many advantages .It provides a fast and
reliable transportation over long distances and it provide high
economic productivity by linking labor markets.It support
environmental sustainability and energy independence .They
provide shorter travel time alternate to the air travel for many
of the shorter routes.
To ensure the safe operation of the train, the braking operation
of the train is highly considered . when a major accident
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braking

Rolling resistance has a opposite force denotes the tractive
force
tractive force or traction,is the force which is used to create
motion between a body and a tangential surface, through the
use of dry friction. TΓ alsoFG is the gravitational force.
In this study aerodynamic braking is applied to a highspeed
trian .Here the car body of the high speed train is desined into
a stremlined shape thereby reducing the frictional force.The
braking force of the drag-based braking system increases as
the velocity increases because drag force is proportional to
the velocity squared. Thus improving the brake against the
fluid flow creates a drag force. which causes the braking
of the high speed train smoothely[14].Hence the braking
distance and the train energy is reduced.[15]

Fig. 6. Four modes of train movement

B. Equation of train
consider the following terms related to the motion oft he
train
1) tractive Effort : Tractive effort is defined as the force
at the rims on the driving wheels of moving trains.Or it is
the sum of the tractive force and rolling effort on the road.
This is required to accelerate the rotating parts.
2) Train resistance: The calculation of the train resistance
is done by multiplying the resistance per ton at each speed
with the total tonnage of the train.
3) Train acceleration: It is necessary to calcualte the
train accelerations and decelerations for the planning of their
timetables, and signals should be sited so as to allow stopping
distances for the passengers and goods services.
Consider the figure 6, here the railway is standed at an angle

Fig. 8. Aerodynamic brake applied on a HST

Here an aerodynamic brake is installed at the upper surface
of HST.Aerodynamic brake’s mechanism is a folded wing
system at the stopping station and would be folded until the
train starts braking[16].The purpose of this application is that
to increase front area of the HST hits the air for improving
the drag force during braking operation.[17][18]
The simulation is calculated by the paper(10) by applying the
parameters of HST, with speed of a train is moving with 300
km/h between 2 passenger stations is divided into two cases.
Firstly, a train moves without aerodynamic brake during
braking mode. Secondly, train runs with aerodynamic brake
in braking mode which increases the area of the train front
surface.
The parameters of HST are speed of train 300km/h,distance
of train 300km,acceleration of train .56m/s2 ,deceleration of
.75m/s2 and cd of .25
The simulation result are shown by a graph
In fig 8 The HST of maximum speed of 300 km/h with no

Fig. 7. Motion of a train

θ f romthehorizontalsurf ace.
HereFR denotes the rolling resistance of train. Rolling
resistance is the sum of forces that work against the forward
motion .It is affected by the weight , gravity and inertia, the
amount of friction between the tires and surface, and air..
Rolling reistance is calculated by

µ R = F/G

(1)

where F is the force to pull horizontally in the direction of
travel,and G is the vertical load which is assumed to roll on
a horizontal surface.
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damage the overhead wires and power lines situated above the
train [19].Therefore by the application of aerodynamic brake,
it could increase drag force and friction force and hence reduce
velocity of the HST.
IV. CONCLUSION
Brake is an important feature in order to retard and stop
the train within a minimum possible time.The roads braking
system is very different from the railway braking system.
This paper presents a discussion about the different braking
systems used in trains.The brake must be strong enough to
stop the vehicle during an emergency happen in a shortest
distance.There should be no skidding during brake application.
Brake must keep the vehicle in a stationary place even the
driver is absent.
In this study an ABS is integrated in the locomotive and
wagons of the train .As in the case of a ABS connected in the
vehicle ,the stopping distance is also decreased here without
losing the control.This is run by a PLC.
Next study is refers the aerodynamic brakes which could
be applied on the High Speed Trains to reduce the braking
distance and increasing drag force

Fig. 9. Motion of a HST

coasting mode,when reduces its speed 200 km/h and 100
km/h during braking mode. The aerodynamic brake is applied
at when the speed reduces into 100 km/h before the train
arrives at station.

R EFERENCES
[1] Balfe, Nora, et al. ”Structured observations of automation use.” Contemporary ergonomics 2008 (2008): 552.
[2] Balfe, Nora, Sarah Sharples, and John R. Wilson. ”Impact of automation:
Measurement of performance, workload and behaviour in a complex
control environment.” Applied ergonomics 47 (2015): 52-64.
[3] Nouvel, F., and L. Lampe. ”PLC for Vehicles.” Power Line Communications: Principles, Standards and Applications from Multimedia to Smart
Grid (2016): 562-581.
[4] Nguyen, Thai, and Angelo Lombardo. ”PLCs Keep Trains Running.”
IMSA Journal 52.4 (2014).
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