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ABSTRACT

During braking process, the kinetic energy of vehicle reduces and gets converted in thermal
energy due to friction between disk and brake pads. The disk brake is used to retard the motion
of vehicle by pressing brake pads against disk rotors. The frequent braking or panic braking
results in overheating of brake disks which may result in brake fade. It is therefore essential to
test newer materials which are more effective and possess better heat transfer characteristics
than conventional cast iron material. The current research investigates the application of Al
MMC material for ATV disk brake using experimental and numerical techniques. The
numerical analysis is conducted on both conventional cast iron and Al MMC disk brake under
steady state conditions and dynamic conditions. The dynamic condition testing involved
testing of disk brake with externally flowing air at 2.5m/s and 5nVs using techniques of
Computational Fluid Dynamics (CFD). The CAD model of ATV disk brake is developed in
Creo design software and CFD analysis is conducted using ANSYS CFX. The turbulence

model used for analysis is RNG k-epsilon. The temperature and heat flux are determined for

disk brake under steady state and dynamic conditions. The results have shown that disk brake
made from Al MMC possess better heat transfer characteristics as compared to conventional

cast iron and cooling time also reduces with increase in external air speed.
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INTRODUCTION

The disk brake is used to retard the motion of vehicle. It comprises of disk rotor, brake pad
and calipers (Abrar Ahmed etal., 2020). During braking process, the calipers squeeze the brake
pad against disk rotor which reduces rotational speed of disk rotor connected to front axle/rear
axle wheel or both. During the process, the kinetic energy of vehicle is converted into thermal
energy due to friction between brake pads and disk. During panic braking or hard braking the
brakes may become too hot which causes brake fade. The components of disk brake are shown
in figure 1.
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Figure 1 Components of disk brake (Sclar n.d.)

Grze$ (2009) has conducted transient thermal analysis on solid disk brake during emergency
braking. Two-dimensional model was developed, and parabolic conduction equation is used.
The findings have shown that rotating speed of disk and contact pressure has significant effect
on temperature of disc brake. Rahim, Bakar, and Ouyang (2007) has conducted contact
analysis on four different models with each model having different complexities. The findings
have shown that contact pressure effects the thermal stress and strain generated on disk brake.
The design engineers should consider contact pressure as one of the important criteria for
design of disk brake.

Nouby, Mathivanan, and Srinivasan (2010) has worked on integration of CAE with statistical
regression. The vibrational frequencies of disk brake are determined from eigenvalue analysis.
The design of experiments (DOE) is conducted to determine the effect of slot width, brake

thickness and chamfer distance on output parameters.

2


https://www.google.com/url?sa=i&url=https://www.dummies.com/home-garden/car-repair/brakes-bearings/how-to-check-disc-brakes/&psig=AOvVaw1L6A1WBJw-g3WZcPu2HO2Z&ust=1611144483190000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJi14Iz7p-4CFQAAAAAdAAAAABAJ

Journal of Engg. Research, ICIPPSD Special Issue

Bazdar, Kazemzadeh, and Niaki (2015) has conducted study to identify the variations in
multistage manufacturing processes through integration of the FID analysis. The effectiveness
of proposed method has been demonstrated by considering a case study in an automotive
industry. Liu etal. (2007) has investigated the factors affecting brake squeal using ABAQUS
simulation software. The results have shown that hydraulic pressure, rotational velocity, and
pad bending vibration has significant effect on brake squeal. Pohane and Choudhari (2011)
has conducted FEA analysis on solid and ventilated disk brake to under static loading
conditions. The parameters assessed are equivalent stress and thermal stress. The FEA analysis
results have shown that ventilated disk brake performed better than solid disk brakes.
Manivanna Boopathi and Abudhahir (2015) has conducted a comprehensive research study to
control the wheel slip using GA based fuzzy inference system. The simulation-based approach

shows good results in desired level during braking and acceleration.

Mazidi et al. (2011) has conducted numerical analysis on disk brake using implicit method.
The analysis undertook the effect of various parameters like contact pressure, vehicle velocity,
dimensions of disk brake components and duration of braking. Thilak etal. (2011) has worked

on application of lighter material for disk brake application using FEA analysis. The transient

thermal analysis have shown that S2 glass fibre and aluminum composites are better than grey
cast iron (Manickam et al., 2015). Chavan and Apte (2008) has conducted FEA analysis of
disc brake using ABAQUS software. The numerical analysis was conducted under brake fade
conditions and by axisymmetric modelling technique. The findings have shown effect of
contact pair between brake pads and disk on temperature and heat flux generation. Kim etal.
(2019) investigated the effects of the stiffness of exterior panels on customer satisfaction
extensively in the field of affective automotive engineering. Proposed found to describe the
mechanical properties of the panels. Cao et al. (2003) has conducted vibration analysis on disc
brake to determine the mode shapes and natural frequencies of disk brake. The unstable natural
frequencies determined from modal analysis are in close agreement with experimental
analysis. Jung et al. (2010) has conducted FEA analysis on disk brake with two pads rotating
at 1400rpm. The coupled structural thermal analysis is conducted to determine thermal

stresses. The results from FEA analysis are verified with experimental results.

The existing research is based on thermal and structural analysis of disc brake using fibre or
other materials, but no research is conducted in application of MMC'’s for disc brake materials
under steady and dynamic loading conditions. The conventional castiron material has low heat

dissipation capacity which results in brake fade. To improve heat dissipation capacity of disc
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brake, the conventional cast iron material needs to be replaced with more durable material
having better thermo mechanical characteristics. The current research investigates the
application of Al MMC material for automotive disc brake. As the brakes are applied under
dynamic conditions (i.e., when vehicle is moving) it becomes essential to investigate the effect
of moving air on temperature and heat dissipation of disc brake. So, to simulate this dynamic
condition on our numerical analysis, we have analysed disc brake under external air flow

conditions at both low-speed conditions and high-speed conditions.

For low-speed conditions relative velocity between air and vehicle is taken to be 2.5m/sec and

for high-speed conditions the relative velocity is taken to be at Sm/sec. The “CAD model of
disc brake is developed in Creo design software and analysed using ANSYS CFX software
(Agarwal, Molwane, and Marumo, 2020).

METHODOLOGY

The analysis involves experimental testing and numerical analysis. The numerical analysis is
conducted for both steady state and dynamic state (i.e., external air velocity). The CAD model
of wheel and disk brake rotor is developed in Creo design software as shown in figure 2. The

dimensions of disk brake are taken from ATV guide.

Figure 2 CAD model of disk brake with shaft and wheel

The experimental testing is conducted by rotating wheel using lathe chuck. The brakes on disk
brake are applied mechanically when wheel is rotating at specific RPM. The temperature is

measured using sensors. Figure 3 shows that experimental testing setup.
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Figure 3 Experimental testing of disk brake

After conducting FEA analysis and experimental testing of disk brake for steady state
conditions further analysis is conducted under transient thermal conditions. In transient
thermal analysis CFD is used to determine the effect of external air flow conditions on heat
dissipation from disk brake. The CAD model of ATV disc brake is imported in ANSY'S design
modeler to check for geometric errors as shown in figure 4. The model is discretized with
tetrahedral elements (Agarwal et al., 2020) as shown in fig 4 (a). The number of elements
generated is 31385 and number of nodes generated is 56855. The thermal loads are applied on

disc brake as shown in fig. 4 (b).
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Figure 4 Imported CAD model of disk brake meshed model (a) and with thermal loads (b)

The thermal load calculation is based on conservation of energy. Where, Kinetic Energy =
Thermal Energy =% 1 (12 Braking time = 0.8 second Braking Power = Thermal Energy /
Time, Braking Power = 15.81 J, Heat Flux= Braking Power / Area of Rubbing Surface = 385.6
W/M?, Heat Transfer Coefficient (Cast Iron to Air) = 7.9 W/m?

Heat Transfer Coefficient (Al MMC To Air) = 90.3 W/m?

Further analysis is conducted using Computational Fluid Dynamics to predict the heat flux

and temperature profile under air flow conditions. The imported CAD model of disc brake is

placed inside enclosure of 1m*1m*.5m. The enclosure will define computational domain for

the CFD analysis. Due to complexity of the geometry the domain is then meshed with
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tetrahedral elements. The meshing is done with medium size function, and inflation set to 1.2.

Fig.5 (a) shows disk brake and enclosure while the meshed model is shown in fig. 5(b).
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Figure 5 Computational domain model disk brake and enclosure (a) and meshed model (b)
The setup involves defining domain which is fluid domain for air and solid domain for cast
iron. The reference pressure is set to 1 atm and turbulence model is set to RNG k-epsilon

(Agarwal and Mthembu 2020). The CFD analysis is conducted at 2 different air velocitiesi.e.,

2.5m/s and 5m/s. The loads and boundary conditions are shown in figure 6.
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Figure 6 Loads and boundary conditions.
RESULT AND DISCUSSION

After defining loads and boundary condition, the steady state analysis is run to determine
temperature and heat flux. The temperature profile of cast iron shows maximum temperature
of disk brake reaches to 134° C which is observed on outer regions of disk whereas the inner
regions of disk have minimum temperature of 128° C. The red colored zone is the surface on

which brake pad rubs against the disk and therefore it has maximum temperature. The
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temperature plot and heat flux plot for grey cast iron are shown in fig.7 (a) and fig.7 (b)

respectively.
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Figure 7 Plots for grey cast iron, temperature plot (a) and heat flux (b)

The temperature plot and heat flux plot for Al MMC disc brake are shown in fig. 8 (a) and fig.
8 (b), respectively.
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Figure 8 Plots for Al MMC, temperature plot (a) and heat flux (b)

The heat flux plot obtained for cast iron shows higher magnitude at the corner regions. The
maximum directional heat flux along upward direction is .013763 W/mm? The temperature
profile of AL MMC disc brake shows maximum temperature of disk brake reaches to 132° C
which is lower than that of castiron and is observed on outer regions of disk whereas the inner
regions of disk have minimum temperature of 130° C. The red colored zone is the surface on
which brake pad rubs against the disk and therefore it has maximum temperature. The heat
flux plot shows higher magnitude at the corner regions and the maximum directional heat flux
for Al MMC disc brake is .0139 W/mm? along vertical direction.
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Further analysis is conducted under dynamic i.e., air flow conditions. The heat flux plot and
temperature plot as shown in fig. 9 (a) and fig.9 (b), are generated for Al MMC disc brake
operating at low air speed conditions i.e., 2.5 m/s.

(a) (b)
Figure 9 Dynamic condition for Al MMC at 2.5nVs heat flux plot (a) and temp. plot (b)

The temperature plot shows much lower temperature as compared to steady state analysis.
Under dynamic conditions, the temperature in most of the regions of disk brake ranges from
303K to 307K. The heat flux plot shows higher heat flow near ventilated holes (as shown by
yellow colored region) as compared to other regions (as shown by green and blue colored
regions. The heat flow under dynamic conditions is much higher than that in steady state
conditions. The heat flux plot and temperature plot are generated for Al MMC disc brake
operating at low air speed conditions i.e., 5 m/s as shown in fig. 10 (a) and fig. 10 (b)

respectively.

(a) (b)
Figure 10 Dynamic condition for Al MMC at 5m/s heat flux plot (a) and temp. plot (b)
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The heat flux plot shows maximum heat flux on windward zone i.e., left zone and bottom zone.
The zone near holes has maximum heat flux of magnitude 94.49 W/m-K and other zones has
heat flux of magnitude 23.62 W/m-K. The temperature plot shows that the disc brake has

almost uniform temperature throughout with magnitude of nearly 302K. Steady state analysis
isindicated in table 1.

Table 1 Steady state analysis results

Material Temperature Heat Flux
Grey Cast Iron 134°C 0.01376 (W/mn)
Al MMC 132°C 0.01394 (W/mn)

The comparison plot of temperature and heat flux is obtained for steady state conditions and
is shown in figure 11 and figure 12, respectively. The temperature comparison shows that Al-

MMC disk brake has lower maximum temperature as compared to grey cast iron.
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Fig. 11: Temperature comparison under steady state
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Heat Flux Comparison
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Fig. 12: Heat flux comparison under steady state

The heat flux (which indicates the heat flow) comparison plot shows Al MMC has higher heat
flow against grey cast iron which shows that Al MMC disc brake has much better heat

dissipation characteristics.
CONCLUSION

The steady state thermal analysis and dynamic analysis (under external air flow conditions) of
ATV disc brake is conducted to determine to heat flow and temperature profile. The CFD
results have shown that cooling time of disk brake significantly reduces with increase in
external air speed. At 2.5m/s, the disc brake cooled and reached to steady state within 4 secs
and at 5m/s the disc brake cooled within 2.8 secs. The steady state analysis shows that Al
MMC has higher heat flow against grey cast iron which shows that Al MMC disc brake has
much better heat dissipationcharacteristics. The results obtained from experimental testing are

in close agreement with numerical results.
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