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Abstract

Disc brake is a device by means of which artificial
frictional resistance is applied to rotating disc, in order to
stop the motion of vehicle. During the braking phase, the
frictional heat generated at the interface of the disc and
pads can lead to high temperatures. The frictional heat
generated on the rotor surface can influence excessive
temperature rise which, in turn, leads to undesirable effects
such as thermal elastic instability (TEI), premature wear,
brake fluid vaporization (BFV) and thermally excited
vibrations (TEV).This causes will be reduced by better
thermal stability materials. In this project we analyze the
thermal behavior of the ventilatedbrake disc with Titanium
alloy (Ti 550) and conventional grey cast iron material in
finite element software ANSYS WORKBENCH 14.0.
Modeling of the disc brake rotor is done using
SOLIDWORKS 2013.Finally a comparison is made
between conventional grey cast iron and Ti 550 materials
and the best material for making disc brake have been
suggested based on the magnitude of VVon misses stresses,
temperature distribution and deformation from the thermal
analysis result.
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1. Introduction

Brakes are the most important safety parts in the
vehicles. Brakes function to slow and stop the rotation of
the wheel. To stop the wheel, braking pads are forced
mechanically against the rotor or disc on both surfaces.
They are compulsory for the safe operation of all vehicles.
In short, brakes transform the kinetic energy of the car into
heat energy, thus slowing its speed. Brake fade is the
reduction in stopping power that can occur after repeated
or sustained application of brakes, especially in high load
or high speed conditions.

Brake fade can be a factor in any Vehicle that
utilizes a friction braking system including automobiles,
trucks, motorcycles, airplanes, and even bicycles. Brake
fade is caused by a build-up of heat in the braking surfaces
and the subsequent changes and reactions in the brake

system components and can be experienced with both
drum brakes and disk brakes.

Loss of stopping power, or fade, can be caused
by friction fade, mechanical fade, or fluid fade. Brake fade
can be significantly reduced by appropriate equipment and
materials design and selection, as well as good cooling. It
is more prevalent in drum brakes due to their
configuration.

Disc brakes are much more resistant to brake
fade because the heat can be vented away from the rotor
and pads more easily, and became a standard feature in
front brakes for most vehicles.

1.1 Classification of brakes

Classification of brakes (based on transformation of
energy):

e Hydraulic brakes.

e Electric brakes.

* Mechanical brakes

1.1.1 Mechanical Brake:

Mechanical brakes are assemblies consisting of
mechanical elements for the slowing or stopping of
rotating material. They use levers or various leverage to
transmit force from applied place to brake. Mechanical
brakes according to the direction of acting force may be
sub divided into the following two groups:

e Radial brakes.
e Axial brakes.

Radial Brake: In these brakes the force acting on the
brake drum is in radial direction. The radial brake may be
subdivided into external brakes and internal brakes.

Axial Brake: In these brakes the force acting on the brake
drum is only in the axial direction, e.g., Disc brakes, Cone
brakes.

1.1.2 Electric brake

Electric brakes are assemblies of electrical elements for
the slowing or stopping of rotating objects. Electrical
power is required to activate the brake.

1.1.3 Hydraulic brake

Hydraulic brakes use a fluid to transfer pressure and
actuate the braking mechanism
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1.1.3.1 Disc Brake
A disc brake consists of a cast iron disc bolted to the
wheel hub and a stationary housing called caliper. The
caliper is connected to some stationary part of the vehicle,
like the axle casing or the stub axle and is cast in two
parts, each part containing a piston. In between each piston
and the disc, there is a friction pad held in position by
retaining pins, spring plates, etc., passages are drilled in
the caliper for the fluid to enter or leave each housing.
These passages are also connected to another one for
bleeding. Each cylinder contains rubber-sealing ring
between the cylinder and piston.

Brake Force

Angular
velocity

Figure 1.1 Schematic Diagram of Disc Brake

1.1.3.2 DISC BRAKE COMPONENTS
e Caliper: The brake calipers have a two brake
pads and wheel cylinder.

o Brake pad: The pad is mostly made on the
nonmetallic materials eg.ceramic materials.

e Piston: Itis used to push the brake pad by the
flow of brake fluid.

* Rotor or disc: It provides a smooth surface
against which to face the brake pads, to slow or
stop the vehicle.

e Master cylinder: Its carries the brake fluid we
apply the brake to supply to wheel cylinder.

2 .MATERIAL SELECTION

2.1GENERAL MATERIAL REQUIREMENTS

Disc brake systems generate braking force by clamping
brake pads onto a rotor that is mounted to the hub. The
high mechanical advantage of hydraulic and mechanical
disc brakes allows a small lever input force at the
handlebar to be converted into a large clamp force at the
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wheel. This large clamp force pinches the rotor with
friction material pads and generates brake power. The
higher the coefficient of friction for the pad, the more
brakepower willbe generated. Coefficient of friction can
vary depending on the type of material used for the brake
rotor. Typically service brakes are concerned with the
coefficient of friction measured while the vehicle is
moving.

All modern disk brakes systems rely on brake pads
pressing on both sides of a brake rotor to increase the
rolling resistance and slow the car down. The amount of
frictionalforce is found by multiply the force pushing the
pad into the rotor by the coefficient of friction of the pad.
So, the force slowing the brake disc or rotor is

FROTORzch,pad Fpad

The braking system is a vital safety component of ground-
based transportation systems  hence the structural
materials used in brakes should have possess some
combination of properties such as good compressive
strength, higher friction coefficient, wear resistant, light
weight, good thermal capacity and economically variable.
2.2 REASON FOR CHOOSING Ti550

e Tib50 is a high strength, forgeable alpha beta
alloy.

e Inthe solution treated and aged condition it has
superior tensile and fatigue properties compared
to Ti 6-4 combined with good elevated
temperature tensile and creep properties up
to750°F (400°C).

e This alloy has applications in the aerospace
industry both as aero engine (eg. compressor
discs) and airframe components (eg. flap tracks).

e Ti 550 has also found applications in high
performance automotive engines. The alloy has
good superplastic forming properties and an
excellent balance of strength and toughness.

2.3 MATERIAL COMPOSITION OF Ti 550
Table 1

N 0, H Fe Al Mo Sn Si Ti

0.05 0.27 0.012 0.20 3- 3.050 1.5- 0.3- bal

% % % %| 5 % | 25 0.7
% % %
2.4 PROPERTIES OF TITANIUM 550:
Table 2
PROPERTIES VALUES
Density (g/cm3) 4.6
Melting point (-C) 1650-1670
Elastic modulus (MPa) (Tension) 1030
Poisson’s ratio 0.31
Thermal conductivity (W/m -C) 75
Specific heat J/(kg K) 586 (20-570 °C)
Coefficient of thermal expansion (x10-6 °C) 8.8
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2.4 PROPERTIES OF GREY CAST IRON:
Table 3

PROPERTIES VALUES
Density (g/cm3) 7.2

Melting point (-C) 1200-1300
Elastic modulus (GPa) (Tension) 125
Poisson’s ratio 0.25

Thermal conductivity (W/m K) 42.0-62.0
Specific heat J/(kg K) 460

Coefficient of thermal expansion (x10-6 °C) | 8.1-19.3(20-C)

3. THEORITICAL CALCULATION

The Specification of HUYNDAI i20 car is taken for
calculating the heat flux created during maximum speed
condition.

3.1 Disc Brake values

Rotor disc dimension = 256mm. (256x10"-3 m)
Rotor disc material = Ti 550

Pad brake area = 7193.46 mm”2 (7193.46x10"-6 m)
Pad brake material = Asbestos

Coefficient of friction (Wet) = 0.07-0.13
Coefficient of friction (Dry) = 0.3-0.5

Maximum temperature = 350 °C

Maximum pressure = 1MPa (10”6 Pa)

3.2 Ti 550
Heat generated Q= mxcpxAT
Mass of disc = 0.34kg
Specific Heat Capacity = 634 J/kg °C
Time taken Stopping the Vehicle = 4sec
Developed Temperature difference = 15 °C
Q=0.5x800 x 15=3233.4]
Area of Disc=n (R2-12)
=m *(0.128 — 0.085)
=0.028773 m"2
Heat Flux = Heat Generated /Second /area
=3233.4 /4 /0.028773= 28.094 kw/m”2
3.3 GREY CAST IRON
Heat generated Q= mxcpxAT
Mass of disc = 0.5323kg
Specific Heat Capacity = 447J/kg °C
Time taken Stopping the Vehicle = 4sec
Developed Temperature difference = 15 °C
Q =0.5323% 447 x 15=3352.5 ]
Area of Disc = 1 (R? - r?)
=1 *(0.128 — 0.085)
=0.028773 m"2
Heat Flux = Heat Generated /Second /area
=3352.5/4/0.028773
=29.128 kw/m"2
4. MODELING

The modeling of the disc brake is done using solid works.

Dimensions were taken from Australian brake disc
dimension book.
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grey castion

= paa asoercs 2

Al dimensions are in mm

Fig 4.1 disc brake model and dimension sheet

5. ANALYSIS

Steady state thermal analysis is done using Ansys
workbench software.

5.1THERMAL BOUNDARY CONDITION

7
%

After formulation of the heat flux thermal boundary
conditions they are applied on the FE model to obtain
an estimate of the temperature distribution in the
disc rotor. The thermal boundary conditions on the
rotor are as follows Initial temperature on the rotor is
set to 20 OC.

Convection is applied on those surfaces of rotor which
is not in contact with the pad, with the film coefficient
of 30 w/m2 0C Heat flux at each second time steps is
applied on the respective contact region.

The pressure values are applied for the disc / rotor is
1 MPa.The hub region of the rotor is constrained in all
degree of freedom.

1046


http://www.ijiset.com/

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 5, May 2015.

www.ijiset.com

ISSN 2348 — 7968

5.2. MESHING MODEL 5.5. BOUNDRY CONDITION FORSTEADY STATE
‘ THERMAL ANALYSIS: GREY CAST IRON

Fig5.1 Meshing
5.3MESHING RESULT

Geometry, PrthrevEew,-\Repoanevim/ ‘

NO.OF ELEMENT : 25138 o ¥ TohinDit 7
NO.OF NODES : 45338 Fig5.3Steady state thermal analysis boundary condition for

54 BOUNDRY CONDITION FOR STATIC grey cast iron

STRUCTURAL ANALYSIS

5.6 BOUNDRY CONDITION FORSTEADY STATE
THERMAL ANALYSIS: Ti 550

Foed Spot
I Fed ot

- o oz T T
Fig 5.2 Static structural analysis boundarycondition ] y

] 20

Fig 5.4Steady state thermal analysis boundry condition for
Ti 550
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5.7 TOTAL DEFORMATION: GRAY CAST IRON 5.9 EQUIVALENT STRESS :GREY CAST IRON

Geometry A Pint Pvewm/\ReportPrewew/
Fig 5.7 Total deformation for Grey cast iron

Fig 5.9Equivalent stress for grey cast iron

5.8TOTAL DEFORMATION: TITANIUM 550 510 EQUIVALENT STRESS: Ti 550

8.7684e-6 Min

Fig 5.10 Equivalent stress for Ti 550

Geomety Pt e et P
Fig 5.8 Total deformation for Ti 550

511 TEMPERATURE DISTRIBUTION: GREY
CAST IRON
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11816Min

MeometryAP’intPreviewﬂeportPreview/
Fig 5.11Temprature distribution of grey cast iron

5.12 TEMPERATURE DISTRIBUTION : Ti-550

ik

Fig 6.12.Temprature distribution of Ti 550

6. RESULT COMPARISION:
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Table 4 Result comparison

MATERIAL EQUIVALENT
TYPE TOTAL STRESS TEMPERATURE
DEFORMATION | (N/mm?) DISTRIBUTION
(mm) (o)
Greycast
iron 0.0125 18.274 537.36
Ti 550 0.000067857 3.9911 474.75

7. CONCLUSION

In this work, we compared the Ti 550 alloy and grey cast
iron material brake disc based on the wear resistance and
thermal gradient properties, we calculate the heat
dissipation and force created by these two materials and
found that Ti 550 alloy is best on the thermal analysis.
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