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Abstract-Majority of braking systems work on the the system and makes it reliable even in changing loading
principle of dissipation of kinetic energy to heat energy. This ~ patterns. A study of eddy current braking system is
method has its own drawbacks and must be replaced with a  performed to find out the practical limit of using an
more reliable braking system that is quick in response, electromagnetic braking system.
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design an eddy current braking system and optimization for 2. METHODOLOGY

various operdional parameters has been doneThese

parameters have been previsly iterated in cited projects Modelling of designed experimental setup is done in
and papers and also in the simulation models and are to be ~ Autodesk Inventor and simulation analysis is done in
crosschecked with the experimental setup. COMSOL Multiphysics software.” U 3 AEEAAAO06 0O A

can be said that with increase in air gap and disc thickness,
the torque generated by the electromagnets is decreased.
Keywords z Brakes, COMSOL Multiphysics, Eddy Current, This relation can be verified by noting the stoppage time

Electromagnet, Parametric Sweep after varying the air gap. As per the model the stoppage
time must reduce with increase in air gap.

Following parameters are selected after literature survey

1. INTRODUCTION
2.1 Rotor Disc

In the operation of any machinery the most primary safety

system is the braking system. The most basic designs of Experiments done by G. Priyandokoshows that
the braking system involve the conversion of Kinetic Aluminum 6061 is the best material to be used as rotating
energy to heat energy by friction. This is accomplished by element in eddy current braking [10] [16],

friction between two rubbing surfaces. These brakes pose
several problems i.e. significant wear, fading, complex and
slow actuation, lack of fail-safe features, increased fuel
consumption due to power assistance, and requirement for
anti-lock controls. To solve these problems, a contactless
magnetic brake has been developed. This concept includes
a metals disk which will conduct eddy currents generated
by magnets.

This brake is wear-free, less-sensitive to temperature than
friction brakes, has fast and simple actuation, and has a
reduced sensitivity to wheel lock. This is achieved by the
generation of braking torque by a magnetic field across a
moving conductor which creates a perpendicular magnetic
field by induced eddy currents. Contactless brakes can be
applied to any machinery like automobiles, locomotives,
roller coasters, hydraulic and turbo machinery, machine
tools, elevators, etc. The wide range applicability of these
brakes strongly imply the effectiveness and ease of
operation. The braking force can be adjusted to control
higher torque loads by varying the coil turns or by
increasing the voltage. This gives flexibility of operation of

Figure -1: Rotor Disc
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2.2 Electromagnets

Electromagnets are DC type that can be powered by
battery. Electromagnets are selected instead of permanent
magnet as electrical actuation is faster than mechanical
actuation with lower losses

23 3AEEAAAO0GO -1 AAI

Qu
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experimental results with theoretical [2l. The model gives
fairly accurate results over low as well as high speed
OAT cA8 1! AAT OAET ¢ OI
generated in rotating disc under the
electromagnetic field is given by,

1 Q?

T =3 ¥ oBwnrim?BE |1 - ———

' (-

Where,

influence of

o = electrical conductivity of the rotating disk
& = sheet thickness rotating disk

w = initial angular velocity

r = radius of electromagnet

m = distance of disc axis from pole-face center
Bz = Magnetic flux density

a = disk radius

3. SIMULATION

The simulation was carried out on COMSOL Multiphysics®
on magnetic and electric fields module. The aim of the
simulation was to verify the actual results and to generate the
deceleration plot. The deceleration plot shows an early drop in
velocity due to hgh torque developed by eddy current present
in the disc.

The initial parameters were loaded in the study. A stationary

study was done to evaluate the eddy current generated in the

disc. Also a time dependent study was done to show the
development of the asne eddy currents in the disc with
deceleration.
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31 Meshing

The meshingnust bemore concentrated in the junction were
the magnetic field lines transferred into the disc from the
magnet.The mesh shape was selected to be free tetrahedral
and triangular edgelements'*®
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Figure -2: Meshing of Geometry

The junction had been meshed to an average element size of
0.9mm whereasthe rest of the geometry was meshe to
24mm mesh size.

3.2 Parametric Sweep

To understand the behaviour of the ECB under varying
conditionsvarying a parameter had to be done. The initial
speed and airgaps were physically possible to vary and hence
the simulation was done by varying the initial disc speed and
the airgap

The airgaps 1, 2, 3, 4 mm were swept against initial speeds
of 2500, 228, 2000, 1750, 1500 rpm3$he deceleration plot
isillustrated in the chart 1, 2, 3 and 4
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Chart -1: Deceleration graphs for Imm air gap Chart -3: Deceleration graphs for 3mm air gap
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Chart -2: Deceleration graphs for 2mm air gap
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Chart -4: Deceleration graphs for 4mm air gap
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Table 1 shows the braking time obtained by theoretical
calculation and by simulation and the observed percentage
deviation.

Table -1:Theoretical and Simulated Braking Time

Air Gaps
Initial
Speed Study type
(Rpm) L 2 mm 3mm 4 mm
mm
Theoretical 14.57 | 15.89 16.23 16.59
2500 Simulation 13.3 14.7 15.2 16.9
Deviation (%) 8.71 7.48 6.34 1.86
Theoretical 13.29 14.38 14.65 14.95
2250 Simulation 12.1 13.1 13.7 15.8
Deviation (%) 8.95 8.90 6.48 5.68
Theoretical 11.97 12.85 13.07 13.3
2000 Simulation 10.2 11.5 12.2 13.9
Deviation (%) 14.78 | 10.50 6.65 4.5113
Theoretical 10.62 11.3 11.47 11.65
1750 Simulation 9.2 9.9 11.7 12.9
Deviation (%) 13.37 12.34 2.00 10.73
Theoretical 9.23 9.74 9.87 10
1500 Simulation 8.2 8.8 10.1 12
Deviation (%) 11.15 9.65 2.33 20

3.3 Results and conclusion

The deceleration plot was extracted and studied under the
experimentation phase. A close resemblance was found
between the deceleration plot from the experiment and the
simulation. Speeds drops fall parameter setting were found
and compared.

Figure -3: Eddy Current density plot

There was a little difference between simulated and actual
graphs which can be accounted for bearing and air friction of
the disc and the shaft. Therefore, it is found the after 4mm

airgap there is very little effect of the electromagnets on the
disc whichreduces braking effectiveness. Also, the established
design procedure for ECB design performs as per the
simulated data.

4. Experimentation

The experimental setup is designed and fabricated in
such a way that it resembles to a high speed application
such as turbines, high speed spindle rotation etc. The
motor here denotes a high speed application. 2 12V
batteries are arranged in series to get 24V DC supply.
Table 1 shows the theoretical braking time obtained using
3 AEE A A A 08, GollokiNgOvAl@E df braking time is
obtained.

Figure 4 shows CAD model of experimental

setup

Figure -4: CAD Model of Experimental Setup
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Figure 5 shows the fabricated experimental setup.

Figure -5: Experimental Setup

Experiments are performed on setup at speed of 2500,
2250, 2000, 1750 and 1500 rpm taking 1 mm, 2mm, 3mm
air gap for each speed.

Based on experiments, the following graph is
extrapolated as shown in figure6.

Figure -6: Deceleration plot for Imm airgap at 2500rpm
with and without braking superimposed on
each other

Table2 shows theealts of brakingiime obtained similarly
for various speeds and air gap settiagd their relative
difference in percentage

Table -2:Experimental Braking Time

Air Gaps

Initial

Speed Study type

(Rpm) 1 mm 2 mm 3mm 4 mm
Without Brake 15.10 15.10 15.10 15.10

2500 With brake 11.98 12.33 13.10 13.70
Reduction (%) 23.97 18.36 13.26 9.29
Without Brake 14.32 14.32 14.32 14.32

2250 With brake 10.90 11.33 12.42 12.98
Reduction (%) 23.9 20.90 13.29 9.48
Without Brake 12.89 12.89 12.89 12.89

2000 With brake 9.86 10.28 10.75 12.06
Reduction (%) 23.55 20.25 16.60 6.48
Without Brake 11.38 11.38 11.38 11.38

1750 With brake 8.97 9.78 10.09 10.87
Reduction (%) 21.22 14.06 11.34 448
Without Brake 10.15 10.15 10.15 10.15

1500 With brake 7.95 8.21 9.17 9.73
Reduction (%) 21.65 19.14 9.67 411

Chart 5, 6, 7 and 8 shows the comparison of braking time
without braking system and with braking system with air
gap of Imm, 2mm, 3mm and 4mm respectively.

Comparison of Braking Time Without Brake and ECB
with 1 mim air gap

20.00
15.00
B
£10.00 e _
= 5.00
0.00
2500 2250 2000 1750 1500
Speed (RPM)

—o— Withoutbrake 1 mm air gap

Chart -5: Braking Time with 1 mm Air Gap
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Comparison of Braking Time Without Brake and ECB Comparison of Braking Time Without Brake and ECB
with 2 mm air gap with 4 mm air gap
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0.00 0.00
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Chart -6: Braking Time with 2 mm Air Gap

Comparison of Braking Time Without Brake and ECB
with 3 mim air gap
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Chart -7: Braking Time with 3 mm Air Gap

Chart -8: Braking Time with 4 mm Air Gap

5. CONCLUSION AND FUTURE WORK

The purpose of the study was to perform a
comparative study of theoretical and practical braking
time and establish a practical air gap limit beyond which
the electromagnetic brakes loses their effectiveness. From
theoretical calculations and experimented braking time
values, a maximum reduction in braking time 23.97% is
found and max air gap limit of 3 mm is obtained beyond
with electromagnetic brakes are found to be ineffective.

Further, a magnet of higher magnetic flux density can
be used to minimize the braking time. Also, magnets can be
positioned at different locations around the disc in radial
arrangement to get better braking torque distribution.
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