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ABSTRACT: Eddy Current braking technique is a classical example of how effective and efficient braking be obtained
from application of magnetic field. Eddy current braking is based on the principle of relative motion between a
magnetic source and a metal. In this paper, eddy current braking system is modeled in SIMULINK and effects of
various parameters are observed over the overall braking. This would provide a comparative study between the various
parameters involved and understand the braking system.

ILINTRODUCTION

Braking forms an important part of motion of any automobile or locomotive. Effective braking ensures the safety of the
passengers and goods an automobile or a locomotive is carrying. Hence, new and effective braking techniques are
required which increase the efficiency of the existing braking system by either replacing the older systems or by
providing an auxiliary support whenever required. The main advantage of eddy current brakes lies over the fact that,
more the relative motion between the metal and the magnetic source, more would be the braking force observed by the
metal disc. Owing to their efficiency at very high speeds these brakes are used in high speed locomotives and their
scope can be further increased to high performance/racing automobiles. Another important advantage is that it has no
loses due to friction and thus improves the overall efficiency of the system. Thus, it is important to understand the
various parameters that affect the braking force.

1. BACKGROUND

Current is induced when a conductor is introduced in a variable magnetic flux. This can be achieved by either exerting
a time varying magnetic field over a static conductor or a static magnetic field over a moving conductor. In Eddy
current braking system, a conducting disc is rotated in the air gap of the magnetic field produced by a permanent
magnet or an electromagnet. Using electromagnets is a much efficient method since; the setup can be activated as per
requirement. When the disc rotates in the magnetic field, eddy currents are induced into the conductor in such a manner
that they oppose the cause producing it. As a result of the interaction between the magnetic field produced by the
induced eddy currents and the magnetic field of the electromagnet, a braking force is experienced which causes braking
or retardation of the disc. This braking force is dependent upon the velocity of rotating disc. The braking force
increases as the velocity of disc increases.

When the metal plate enters the magnetic field, a Lorentz force,

F=q @ x B)

The force experienced by the electron in the disc causes induced current which in such a way that it opposes the cause
producing it. Thus, induced current flows in closed paths. Certain papers [2] mention about the proposed models and
the equations regarding the eddy current braking. They propose W.R. Smythe’s Model, D.Schieber’s Model and J.H.
Wouterse’s Model.
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The former two propose valid results at low speeds whereas the third model is acceptable at high speed ranges also. It
states that at low speed:
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At high speeds the braking force is :

o= (a5

The list of various symbols used is given in table 1:

Table 1 : List of Symbols

Symbol Meaning and Measurement

P Specific resistance of disc material

£ Ratio of zone width to air gap

vy Critical Speed i.e., Speed at which

exerted force is maximum
By Strength of Magnetic Field
d Thickness of disc (m)
D
c

Diameter of Soft Iron pole (m)
Proportionality factor, ratio of total
disc resistance to resistance of part

under pole

v Tangential Speed of Rotating disc

x Air gap between the poles

ri Distance of centre of pole from centre
of disc

A Total radius of disc

111.OBSERVATIONS

The SIMULINK model is modeled using the above mentioned equation of "F," at both high speed and low speed. In
order to determine the dependency of the braking torque, F,, over a particular parameter, that parameter is varied as a
Ramp signal keeping the other parameters constant. Through this we generate a time varying signal of the parameter
under consideration. For example, if the dependency of braking torque over velocity of disc is to be established then the
velocity of disc is fed as a Ramp signal varying with time of positive slope. Results can be obtained with any time
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varying signal of any slope, the author chooses time varying ramp signals. The basic SIMULINK model would look as
following :
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Figure 1 :SIMULINK Model

Effect of change in velocity, v:

In Fig 2, The speed is varied from 0-250 m/s i.e., 0-900km/hr. The following graph is obtained with Velocity on Y-
axis and time on X-axis. A ramp Signal with slope 5 is used to provide velocity varying with time. The highest speed
being 250m/s.
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Figure 2 : Velocity increasing with time
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Figure 3: Braking Force at Low Speeds Figure 4: Braking Force at High Speeds
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In Fig 3, It can be clearly observed that, as the speed increases the braking torque (on Y-axis) also increases. At High
Speed i.e., greater than 100 m/s the modeling is carried out according to the equation of braking force at high speeds. In
Fig. 4, As observed, it can be concluded that the braking torque increases as velocity increases and hence, the braking
torque stops acting when the velocity of the disc equals to zero. The reason of the trends observed in the above to graph
is because, as stated by Lorentz law, mentioned above, as the relative velocity increases the magnitude of eddy current
induced in disc increases which causes, and thus the induced eddy currents would try to oppose the cause producing it
and hence higher value of braking torque is obtained. braking torque is directly proportional to the relative velocity of
the source to the rotating metal. As the relative velocity between then increases, more braking force would be
generated. This particular reason aids Eddy current brakes to be used in at High Speed applications as the high
magnitude of braking force can be generated.

Effect of change in Magnetic Field, By:

In fig 4, the Magnetic field is increased from 0-2T, then its effect on the braking torque can be observed in Figure 5 and
figure 6 for low speeds and high speeds respectively. The trend observed in both Fig 5 and Fig 6, indicates that the
observed braking force increases as the magnitude of Magnetic Field increases. Since, the braking force increases, thus
the brakes would work more over the wheel to stop its rotation and reduce its speed efficiently and much faster than the
conventional braking system. The reason for the trends obtained in Fig 5 and Fig 6 can also be explained by Lorentz
law. Since, eddy currents induced also depend upon the magnetic field of the source producing it. As the magnetic field
increases so will the eddy currents induced and hence, the increased magnitude of eddy currents would oppose the
cause producing it. The interaction of the two magnetic fields of the source and that produced by induced eddy current
would generate the braking torque in a value proportional to the change in magnetic field. Thus, increase in magnetic
field causes increase in braking force.

=, T T T T T

Figure 4 : Increasing Magnetic field Figure 5 : Braking Force at low Speed
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Figure 6 : Braking Force at High Speed - Increases as Magnetic Field increases
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In Fig 4, a time varying magnetic field can be obtained by providing a ramp signal of slope 0.04 hence, generating
values from 0-2T.

Effect of increasing width of Air-Gap, .x:

If the air gap between the poles of magnet is increased with time then, at low Speed, the change in air gap does not
have much effect on the braking force as observed in Fig 7. But, at high speed, initially on increasing the air gap the
braking force increases and after a particular point the braking force decreases as in fig 8. At this point of maxima, the
strength of the dipole formed would be maximum and hence, maximum braking force is obtained and such a position
can be the optimum braking position at high speeds. The trend observed in Fig 7 can be explained as, at lower speeds
since, the change in air-gap has negligible effect on the magnitude of magnetic field between the poles of the
electromagnet. Thus, the magnitude of braking force obtained is relatively constant. The trend in fig 8 is a result of
obtaining increasing air gap as a function of time. As the poles are moved at a distance which is greater than the
thickness of the disc apart from each other the effective magnetic field decreases. This is because the effective magnetic
field is an inversely proportional function to the distance between the poles. As the distance increases, the effective
magnetic field decreases and since, the braking force is proportional to changes in magnetic field strength, the braking
force also decreases.
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Firgure 7: Brakihg F(Srce ét low Speed

Figure 8 : Braking Force at High Speed - Increases to
an optimum value and then decreases

Effect of increase in thickness of Disc, d :

If thickness of Disc, “d” is increased with time, then at low speeds, as observed in Fig 9, braking force (Y-axis)
increases with the increasing thickness of the disc. Also similarly at high speeds, as in Fig 10, braking force (Y-axis)
increases with increasing thickness of the disc. The trends observed in Fig 10, can be explained as by increasing the
thickness the air gap decreases and as a result the braking force increases as explained in the previous case. At lower
speeds for Fig 9, the function of braking force is proportional to thickness of disc and as a result the braking force
increases when the thickness increases.

ol

Figure 9 : Braking Force at low Speed - Figure 10 : Braking Force at high Speed - Increases
as Thickness of disc increases Increases as Thickness of disc increases
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Effect of increase in position of centre of pole from centre of disc, ril:

Centre of pole refers to the distance of point where, line joining the centers of both the poles and the surface of the disc
meet, measured along the surface of the disc. As observed in fig 11 and fig 12, If this distance is increased, then the
braking force would decrease. This is because as we move away from the centre the effect of magnetic field produced
by the eddy current does not provide the same braking force as it did closer to the centre. This is because the effective
field at any point producing the eddy current depends inversely over rl. As rl increases magnitude of effective
magnetic field decreases and thus braking force decreases. Braking force would be maximum at the centre and least at
the edges.

= AN
Figure 11 : B'raki_hg Fbrce at low speeds - Figure 12 : Braking Force at high speeds - Decreases
asdistance from centre to pole increases Decreases as distance from centre to pole increases

Effect of increase in Diameter of pole which increases the area of magnetism over the disc, D :

If the diameter of soft iron pole is increased or the diameter of the area at which the magnetic source acts is increased
then the braking force also increases as can be observed from both fig 13 and fig 14. This is because as the diameter of
pole is increased the effective area where the eddy currents are produced increases. This causes an increase in
magnitude of the eddy currents, which produce magnetic field in the direction opposite to the cause producing the eddy
current. As the area is increased, magnitude of eddy current produced would increase and thus, increasing the force in
direction opposite to that of the source producing the eddy currents would be produced.

Figure 13 : Braking Force at low speeds — Figure 14 : Braking force at high speeds : Increases
as effective area increases Increases as effective area increases

IV. ADVANTAGES AND DISADVATAGES
Advantages:

Eddy current brakes depend upon the velocity the disc. Braking Force is more for higher velocity and reduces as
velocity is reduced and stops acting if the disc stops rotating. Also, Frictional loses are greatly reduced since, it has no
moving or sliding parts. This even reduces cost of maintenance. It can be used in addition to the existing brake system
as an auxiliary brakes to provide efficient braking at very high speeds.
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Disadvantages :

Since, it is dependent upon velocity of the disc hence, it cannot hold the disc at rest, as opposed to the holding force
provided by the static friction of conventional brakes. Also, the braking force decreases as the speed decreases and
hence, conventional brakes are required if more braking force is required. Maybe costly if operated for low speed
applications.

VI. PERFORMANCE EFFECTS ON AN EXISTING SYSTEM

Based on the observations above, it can be observed that if the above mentioned parameters are changed their effects
would be observed over the existing system with which they are working upon. If the magnitude of magnetic field is
increased or decreased then the braking force would increase or decrease respectively causing much faster and efficient
braking. Also the distance between the pole plays a major role at high speeds. The poles should be at a distance of the
optimum braking point, because of which the most efficient braking is obtained. Also, thickness of the disc, and
positioning of the poles play another important role. Altering any of the factor would alter the performance of the
brakes and hence, alter its efficiency. Also all parameters should parameters should be designed in such a way that
braking force doesn’t reach a point where jerks are observed while braking and sliding of disc is not observed. The
applications include being used in High speed trains and high performance lifts. Hence, all the parameters needs to be
designed keeping the above observed trends in consideration. Also, eddy current braking system can act as a very
efficient braking system at high speeds and thus, be used as auxiliary brakes for many high speed applications along
with the conventional mechanical brakes being used. Since, both the brakes would act on the wheel or the shaft
responsible for braking, the effective time where the brakes act can be reduced and hence, the automobile or
locomotive be stopped in a much lesser time and distance.

V. CONCLUSION

Thus, the eddy current brakes are modeled and the various factors and parameters affecting the efficient braking are
observed. The above analysis could be reviewed while designing of eddy current brakes.
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