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Abstract - This research article concentrated on creating a new environmentally friendly material for automotive brake pad
applications and designing and developing a brake pad test rig to assess the performance of composite brake pads under
regulated braking conditions. The aim is to create a pollution-free brake pad that enhances performance and durability and
reduces weight. The design functionality was tested using specialized equipment to evaluate the performance of three composite
brake pads. A test bench is presented to improve comprehension and testing of brake pads in automotive applications. The study
incorporates the cooling rate of each brake pad, which was determined, and each composite brake pad's effectiveness was
assessed using stopping time and temperature rise. The findings demonstrate that brake pads' wear rates are acceptable and in
line with industry standards. When considering the cooling rate, temperature rise, and stopping distance, the basalt brake pad
is the most efficient. The jute brake pad is the least effective, followed by glass and basalt fiber brake pads. Basalt brake pads
offer the highest working efficiency with 42.5% cooling efficiency, while glass and jute brake pads provide 35.72% and 28.21%
efficiency, respectively. Selected composite materials are best in stopping time and heat resistance compared to the other
materials.

Keywords - Composite brake Pad, Test Rig Design, Performance of Brake Pad.

1. Introduction level, anti-vibration properties, and an improved cooling rate,
Automobile vehicles are now a Commonp|ace aspect of even in demanding driVing conditions. AlSO, they should be
daily life, used for transportation on highways and other ~ comfortable, strong, and safe. When replacing brake pads,
flexible surfaces. The braking system is crucial to the safe, consumers have a variety of friction materials to choose from.
efficient functioning and management of these vehicles since ~ However, it is essential that the replacement pads match or
it needs to slow down the vehicle more quickly than the engine ~ exceed the performance of the original linings [3]. In
can accelerate [1]. The brake disc system and the brake drum industries without established standards for brake pad quality
system are the two varieties of braking systems. Carscanhave ~ and performance, consumers are at risk of purchasing
disc brakes, drum brakes, or a mix of the two. A disc brake's ~ substandard replacements. These inferior brake pads can
caliper, rotor, and friction brake pads are its three primary ~ compromise braking efficiency, potentially leading to
parts. The braking system's friction brake material is a crucial ~ unexpected brake system failures while in use.
component. The friction materials and brake pads are the most
important components of the brake systems that affect braking In addition to the materials and hardware design of the
performance and driving safety [2]. We chose three types of ~ Vehicle, driver behaviour, vehicle usage, the brake system's
composite brake pads to achieve satisfactory performance level of adjustability, and the general driving environment all
compared to asbestos-based and ceramic-based brake padsto ~ have a big impact on brake performance [4]. In addition to
provide satisfactory performance while minimizing  these factors, braking control systems may be impacted by
environmental impact. Brake pads should, therefore, have a  engine braking and wheel system alignment [5-7]. There are
constant coefficient of friction, low rate of wear, low noise  four varieties of these test devices: Chase-type machines, pin-
on-disc tribometers, inertial dynamometers (ECE R-90
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standard test), and Friction Assessment and Screening Test
(FAST) [8]. The three main parts of these friction machines
are a system for detecting frictional torque, a force application
mechanism, and a conformal contact mechanism. Some tests
need deceleration, and others require a steady speed. Both
temperature measurement deceleration and multiple-load
applications are frequently used [9]. While many researchers
use laboratory-type devices to measure the wear and friction
properties of metal and natural powder automotive brake pads,
some researchers use simpler friction devices made for
specimen-type pads [10, 11]. This paper presents the design,
development, and testing of an experimental laboratory brake
pad using a designed test rig, which can be integrated with an
existing petrol engine. The test rig was utilized to assess the
performance and quality of automotive friction brake pads by
simulating the braking system and conditions of the vehicle in
which the brake pads will be installed. It has also been noted
that despite the use of various material tests, such as
compression tests and thermal conductivity measurements
while creating friction brake materials and spices, the final
qualification process requires extensive on-vehicle testing
with full-sized components [12]. Several testing machines
have been developed to enhance brake system safety,
performance predictability and reliability [13]. This paper
presents the design, construction, and testing of a composite
brake pad (Jute fibre, glass fibre, and Basal fibre) on the
developed test rig, which can be integrated with an existing
engine. The test rig was utilized to evaluate the performance
and quality of automotive friction brake pads by simulating
the braking system and operating conditions of the vehicle in
which the pads will be installed.

The present work contains three main objectives. The first
step is to present the test rig design for the new composite
material for brake pad temperature and wear tests in
accordance with the SAE standard. The second objective is to
test the new design with composite material parallel to how
friction testing equipment is wused to evaluate their
performance. The third goal is to suggest an experimental
approach for assessing and testing novel composite materials
for brake pad applications. Finally, the test results are utilized
to compare the wear rates and temperature efficacy of three
chosen composite brake pads and confirm that the test
equipment fully operates satisfactorily.

2. Material and Methods
2.1. Selected Composite Brake Pad

Traditionally, brake pads were composed of asbestos
fibres surrounded in a polymeric environment along with
other chemical additives. Due to the hazardous nature of
asbestos, it’s no longer permitted. As a result, asbestos-free
brake pads are now being developed using preferred natural
fibers that are cost-effective, readily available, and recyclable
[14]. Natural fibers are generally classified as those derived
from minerals, plants, vegetables, animals, or agricultural
waste, which can be processed into non-woven textiles. The
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friction material specimens for this test were created using a
standard Non-Asbestos Organic (NAO) formulation. For the
selection of composite materials, it was essential to consider
the engineering properties of the brake pads, with particular
emphasis on their physical and mechanical characteristics. In
accordance with the required standards for brake pad
materials, we ensured the proper wear rate, temperature
coefficient, and hardness of the material through different
mechanical tests.

Brake pads made of glass, basalt, and jute fibers were
examined in this study since the selection of fibers greatly
impacts material handling and overall performance. Brake pad
production involves a number of unit procedures, such as
mixing, cooling, post-curing, hot and cold pressing, and
finally, finishing. The blended material is placed in a mould to
shape the brake pad. A pre-pressing step compacts the material
into a semi-finished product, ensuring uniform density and
alignment of fibers. The schematic of the composite friction
brake pad is illustrated in Figure 1.

Finally, these three materials are practiced on a specially
designed setup. The brake pad tests aim to compare the wear
rates and efficacy of the three types of commercially available
automobile brake pads and to show how well the test rig
works.

Fig. 1 Sample of composite brake pad

3. Design and Development of Brake Pad Test
Rig

When designing a brake pad test setup, it's essential to
base the design on the specific vehicle's parameters to ensure
accurate simulation of real-world conditions. A crucial aspect
of this setup is replicating the vehicle's mass moment of
inertia, particularly the inertia experienced at maximum
velocity. The setup design includes the necessary calculations
and specifications of the flywheel. Radial and tangential
stresses in the flywheel, shaft diameter of the motor, and
bearing selection with required gear design for necessary
ratios. The design details of the required components are
discussed in the below section.
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3.1. Mass Moment Inertia of Flywheel

To calculate the required mass moment of inertia, the first
step is to determine the weight transfer occurring on the front
axle of the selected vehicle. This involves analyzing the
dynamic load distribution during acceleration or braking, the
magnitude of the weight transfer to the front axle measured
utilizing Equation (1) that follows.

_(uxgxhxM)

AR
l

€y

This equation provides the weight transferred to the front
axle during braking, a critical parameter for accurately
replicating braking conditions and understanding the forces
exerted on the vehicle’s components. Calculating the weight
transfer makes it possible to evaluate how well the braking
system works, particularly under maximum braking
conditions [15]. The total weight acting on the front axle
during braking is the sum of the static weight already
supported by the front axle and the additional weight
transferred due to braking forces. Once the total weight on the
front axle is determined, the corresponding mass can be
calculated by dividing the total weight by the acceleration due
to gravity, as illustrated below.

wy = Ry + AR 2)
w
g

This approach enables the precise determination of the
effective mass on the front axle, a critical factor for simulating
real-world braking conditions and ensuring that the test setup
accurately reflects the vehicle's behavior under maximum load
conditions.

The coefficient of friction and the mass acting on the front
axle are pivotal in generating the frictional force between the
tire and the road surface. This frictional force is essential for
effective braking. The frictional force is calculated as the
product of the weight acting on the front axle and the
coefficient of friction between the tire and the road surface.
Once the frictional force is determined, it is subsequently used
to generate the maximum braking torque in combination with
the tire radius. The braking torque represents the rotational
force necessary to decelerate or halt the vehicle, and it is
calculated as follows.

F=wsXpu 4

Tg =FXR (5)

By understanding the relationship between the frictional
force and braking torque, it is possible to accurately simulate
and evaluate the braking performance of the vehicle under
various conditions. The frictional force generated through the
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tire-road interaction, in conjunction with the braking torque,
dictates the vehicle's ability to decelerate effectively. This is
crucial for assessing brake pad performance within the test
setup.

Since the mass on the front axle represents the energy
stored in motion, the kinetic energy vehicle is precisely
proportional to that mass [16]. In a similar vein, kinetic energy
is linked to the mass moment of inertia of rotating devices,
such as the flywheel. This relationship enables the
determination of the mass moment of inertia for the flywheel
in the test apparatus. The KE of the vehicle is stated as per
Equation (6).

1 2
KE = > mV

(6)
For a rotating body, KE is associated with mass inertia ‘I’
and the angular velocity (®) as follows [17].

1
KE = > lw? (7

By equating the KE of the vehicle with the KE of the
flywheel, the required mass moment of inertia (I) for the
flywheel can be calculated. This ensures that the flywheel
accurately replicates the energy conditions of the vehicle
during braking, thereby facilitating precise testing of the brake
system under realistic load conditions. Once the mass moment
inertia for a single wheel is determined, the flywheel can be
selected based on this value, which takes into account mass
and radius [18]. The following formula is used to get the
flywheel's mass moment of inertia.

I =-mr? (8)

3.2. Tangential and Radial Stress in Flywheel

As a flywheel operates at high rotational speeds, it
experiences significant stress, which increases the potential
for catastrophic failure, such as fracturing or disintegration.
This risk is particularly pronounced in the presence of
manufacturing defects or if the flywheel exceeds its design
speed limits. Evaluating the tangential and radial stresses
applied to the material during operation is crucial for
maintaining the flywheel's structural integrity and safety [19].
The maximum tangential stress (o,) and radial stress (o) can
be determined using the following equation.

_ pv? (up + 3)

= (D er = 755 (5 ©

(Ut)max

By ensuring tangential and radial stresses remain within
the material's safe limits, the flywheel can operate securely at
high rotational speeds, thereby minimizing the risk of failure
while preserving its performance. This approach is essential
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for preventing material failure and enhancing the operational
longevity of the flywheel in high-speed applications.

3.3. Design of Shaft

In this design test rig, two distinct shafts must be used,
each serving a specific function. One of these shafts was a
motor shaft, and another was a flywheel shaft. The motor shaft
is responsible for supporting the gear with torsional moment.
The torsional shear stress (1) acting on this shaft is computed
using the subsequent formula.

M, x R
T= (10)
This approach ensures that the motor shaft is

appropriately sized to withstand the torsional forces generated
under typical operational conditions, thereby facilitating
effective power transmission to the gear while accounting for
the dynamic behavior of the vehicle during testing [20].

The second shaft, i.e., the flywheel shaft, is designed to
support a heavy flywheel. This shaft is subjected to both
torsional and bending moments, and its design is based on the
combined effect of these forces. The equivalent moment for
the flywheel shaft, which incorporates both torsional and
bending moments, can be calculated using the following
equation:

VK, x Mp)? + (K, X M,)2

€Y)

This equation accounts for the combined effects of
bending and torsional stresses on the flywheel shaft, ensuring
that the shaft is designed to withstand both types of loading
without failure.

3.4. Selection of Bearing

The selection of a suitable bearing is primarily
determined by key factors such as the shaft diameter, which
matches the bearing's inner diameter, along with the bearing's
load capacity and the shaft's operating speed. In this process,
it is essential to consider both the radial and axial loads
bearing encounters and the operational speed to ensure
optimal performance and durability. In this application, a self-
aligning ball bearing is chosen due to its ability to
automatically adjust the shaft's axis, compensating for any
misalignment that may arise during operation. To ensure the
test setup operates efficiently, the motor's power output must
exceed the system's frictional power losses [21]. These losses
primarily stem from friction in the bearings and the gear train
components. Bearings experience the highest frictional losses
as they directly bear the flywheel’s load. In contrast, the gear
train encounters relatively lower friction losses due to the line
contact between the gear and pinion faces. As a result, the
motor must initially provide higher torque to overcome
frictional losses in both the bearings and the gear train. The
power loss at each bearing can be determined by calculating
the frictional force and the corresponding torque applied to the
bearing. Therefore, the motor chosen for the test setup must
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be capable of providing a power output that surpasses the total
power losses from all bearings and the gear train, ensuring it
can sustain the required load to drive the system effectively.

3.5. Selection of Gear Train Configuration

The primary function of the gear train in the system is to
increase the flywheel's rotational speed, which is essential for
achieving the required mass moment of inertia in the test
setup. The flywheel's rotational speed is a key factor in
determining its moment of inertia. To achieve the necessary
speed amplification, the gear train design must consider both
the gear ratio and the motor specifications. The power
transmitted through the gear system is determined by the
torque and speed, which allows for the evaluation of the gear
module [22]. The gear module is calculated using the
following expression 12.

1/3
(kW) x Cs X (fs)

60 x 108
w e e

The calculation of the gear module is verified by
incorporating an appropriate safety factor. Once the module is
determined, the size of the gear train and the required surface
hardness can be calculated, ensuring that the design meets
performance requirements and effectively handles the
expected operating loads and speeds.

(12)

4. Operation of Brake Pad Test Rig
4.1 Specification of Test Rig

In order to produce a realistic braking environment, a
designed test rig was made to regulate the installed
components based on real-time data sampling from the
sensors, with the ability to collect data in real-time; when an
operator creates a scenario, the system delivers the operational
conditions. It implies that the structure gives truthful
measurement testing with a configurable number of braking
tests and variable temperatures. Table 1 shows the technical
specifications of the developed test setup. To determine the
performance of the composite friction brake pad test setup, a
photographic view and schematic structure of components are
displayed in Figures 2 and 3, respectively.

Table 1. Specification of Brake Pad Test Rig
Parameters Specifications
Motor 3 HP, 700 rpm, AC
Shaft diameter 50 mm
Bearings 2210 ZKL Bearing
Flywheel Weight 70 kg
Gear Ratio 5:1
Gear Module 7mm
Gear BHN 160
Temperature Sensors K-type thermocouple and

RTD (PT100)
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6. Electric Motor
7. Caliper Assembly

1. Frame
2. Flywheels
3

4. Coupling
5. Gear Train
. Plumber Block & Bearing

Fig. 3 Schematic lllustration of the Test Setup

4.2. Procedure of Brake Pad Test

Three types of composite brake pads were manufactured
for testing purposes and labeled as Jute, Glass, and Basalt. The
performance of each brake pad was assessed with the above-
described brake pad test setup, maintaining a constant brake
pedal force of 10 kg and brake pad contact pressure while
varying the rotational motor shaft speed between 200 and 500
RPM.

In order to allow the rotating brake disc with the brake
pad to gradually come to a complete stop, the brake pad test
rig was assembled to rotate at a certain vehicle engine

flywheel rotational speed. The engine flywheel is connected
to the selected motor to activate the brake pad test rig
assembly. This allows the rotating brake disc with the brake
pad to gradually come to a rotation and complete stop. An
adequate force is applied to the brake pad while the test and
measurements taken, such as stopping time, temperature rise,
and other pertinent characteristics, are recorded by applying
forces to the pedal plate.

The stopping time is measured using a stopwatch, the
temperature is recorded with a non-contact infrared
temperature sensor, and the speed is simultaneously measured
with a tachometer. Then, the previously tested brake pad is
removed from the caliper and replaced with another composite
brake pad for testing. After completion of the temperature rise
and deceleration test, the electric motor is immediately
restarted, and increased the motor shaft speed to 500 rpm.

Then, the motor is switched off, allowing the brake disc
to rotate freely. Corresponding to this temperature, the
rotational speed (rpm) of the brake pad and disc are recorded
at one-minute intervals until the brake disc comes to a
complete stop without applying braking forces. The collected
data is then used to generate graphs of rotational speed versus
time and temperature versus time. This approach facilitates
evaluating the brake pad's cooling characteristics under
dynamic conditions.

Using all required instruments, measurements were
taken to evaluate the performance attributes of three different
kinds of brake pads. Every test is conducted three times on a
brake pad at a specific speed, and the final test result is
determined by averaging the three results [23]. The average
stopping time and temperature rise in different test conditions
were measured and recorded. The recorded results of the three
tested composite brake pads are mentioned in Table 2 and
Table 3.

Table 2. Result of composite brake pad

L. Temperature .

Description Speed (rpm) Initial Final Time to Stop (Sec)

200 32 52 30

. 300 32 65 32

Jute Fiber 200 30 7 36

500 30 81 45

200 30 50 24

Glass Fiber 300 32 o/ 27

400 30 63 31

500 32 70 35

200 31 47 20

300 32 52 22

Basalt Fiber 400 30 57 25

500 31 63 31

45
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Table 3. Cooling effect test result of composite brake pad

Time (min) Jute Fiber Glass Fiber Basalt Fiber
Speed (rpm) Temp (°C) Speed (rpm) Temp (°C) Speed (rpm) Temp (°C)
0 500 81 500 70 500 63
1 412 77.6 420 66.4 415 59
2 335 74.4 340 61 338 54.7
3 260 71.8 264 57.5 258 48.4
4 205 68.2 198 53 210 44
5 150 64 145 49.6 160 41.3
6 110 62.1 103 47 109 39
7 75 59.8 80 46 78 37.3
8 35 58.5 30 45 40 36

5. Result and Discussions

The effectiveness of the brake pads was influenced by
their ability to balance temperature control, pedal feel,
deceleration, and stopping distance. The results show that the
most effective brake pads delivered consistent performance
across all evaluated criteria, although each type of brake pad
had its own specific advantages.

5.1. Deceleration Performance of Brake Pad

Braking effectiveness is measured with deceleration, the
degree to which a vehicle's brake system can effectively slow
down or stop it. Braking effectiveness improves with higher
deceleration rates [24]. Brake pads that generated more
friction with the same applied force resulted in faster
deceleration. This demonstrates how much the material and
design of the brake pad affect the vehicle's stopping time.
Figure 4 presents a plot of the average stopping time for the
three types of composite brake pads under varying speed
conditions, with a constant pedal force of 98.1 N and a contact
pressure of 0.82 MPa.

=@=Jute Fiber =—@=Glass Fiber Basalt Fiber
50
45

S 40

35 /

Time to Stop (Sec

PR DNNW
O 01O 01O 01O

200 300 400 500
Speed (rpm)
Fig. 4 Speed vs. Stopping Time of Brake Pad

From the graph, it is clear that at any given speed of the
brake pad, the Jute fibre brake pad takes longer to stop than
other brake pads due to lower friction and heat resistance. At
the same time, the brake pad basalt has the shortest stopping
time, while the glass fibre brake pad has a moderate stopping

time between the jute basalt fibre brake pad. For all the brake
pads, under the application of a constant force on the brake
pedal, the stopping time increases as the speed increases.

The Basalt brake pad has the shortest stopping time. This
is because brake pads made from basalt typically offer better
coefficient of friction and thermal stability, leading to faster
braking and more efficient heat dissipation than the other two
types of composite brake pads [25].

5.2. Temperature Rise Test of Composite Brake Pad

The temperature rise test assesses how various brake pad
compositions respond to heat when braking. Too much heat
can cause brake fade, decreased performance, and increased
wear, which are very important for the satisfactory
characteristics of brake pads [26]. To evaluate the temperature
increase under varied speeds and constant braking force, a
brake test was employed for all composite materials of the
brake pad. All samples get an equal application of braking
force. The test involves braking circumstances speeds
between 200 and 500 rpm. An infrared thermometer is used to
measure the rise in temperature of the brake pad surface.

=@=Jute Fiber ==@=Glass Fiber Basalt Fiber
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Fig. 5 Speed vs. Temperature Rise of Brake Pad

Figure 5 illustrates that the basalt fiber pad has better heat
resistance and conductivity than glass and jute fiber; it has the
lowest temperature rise, about 20-30% less than glass fiber
and 40-50% less than jute fiber. The temperature rise of glass
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fiber brake pads was moderate; it was around 15-25% lower
than that of basalt but 20-30% greater than that of jute. Jute
fiber brake pads are less effective for high-braking
performance due to the biggest temperature rise, usually 40-
50% more than basalt and 15-25% higher than basalt glass
pads.

5.3. Cooling Effect Test of Composite Brake Pad

The cooling effect test of brake pads evaluates how
efficiently brake pads dissipate heat after braking. Used to
measure the temperature drop over time. The test is conducted
under identical conditions for all materials. Simulating
braking conditions measure the temperature variations and
monitor the temperature decrease over time. The braking
system setup consists of a rotating free disc for different
speeds while a data logger captures changes in real-time
temperature readings. The cooling effect of the specified
composite brake pad is depicted in Figure 6.

As time increases, the cooling rate of each brake pad also
rises, following the typical environmental conditions [27-28].
However, due to its inherent properties, the cooling effect is
determined based on its selected working conditions. Figure 6
indicates basalt fiber brake pads are the best choice for
efficient heat dissipation and cooling, making them ideal for
high-performance or heavy-duty braking systems. Basalt fiber
brake pads offer a good compromise between cooling
efficiency and environmental friendliness, performing well
under moderate braking conditions. Basalt fibre brake pads
have the highest cooling efficiency, 42.5%, whereas the
cooling efficiency of the glass fibre brake pad was 35.71%,
and that of the jute fibre brake pad was 27.77%, respectively.
The cooling efficiency of the basalt brake pad is 18% better
than that of a jute and 7-8% better than that of a glass fibre
brake pad.

Basalt Fiber

0 1 2 3 4 5 6 7 8
Time (min)
Fig. 6 Cooling Effect of Composite Brake Pad
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6. Conclusion

Designed test rig successfully validated for the braking
performance of composite materials of brake pads. The test rig
successfully simulated real-world braking scenarios, enabling
a comprehensive assessment of stopping time, cooling
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efficiency, and heat rise of each material. The following
conclusions are drawn from the performance test results of
brake pads.

A designed brake test rig satisfactorily worked to measure
the temperature rise, cooling rate, and deceleration
performance of the brake pad under various conditions. The
test rig provided accurate, consistent, and repeatable
measurements, ensuring reliable comparisons between
different materials.

¢ Basalt fibre brake pads demonstrated the best overall
performance, with a cooling efficiency of 42.5%, the
shortest stopping time (24 sec), and excellent heat
resistance, making them ideal for high-performance
braking applications.

e Glass fibre brake pads showed moderate performance,
with 35.71% cooling efficiency and 24-sec stopping time,
making them suitable for medium-duty applications.

¢ Jute fibre brake pads had the lowest efficiency (27.77%),
with the longest stopping time (30 sec) and higher heat
retention, making them less suitable for high-speed
braking but feasible for light-duty applications.

Finally, the experimental results showed that the
developed brake pad test rig offered a highly reliable and
precise assessment of the cooling efficiency, temperature rise,
and stooping time of composite brake pads. The findings of
this study show that basalt fiber can possibly be used in place
of asbestos brake pad materials.

Nomenclature

AR Weight transferred on Poisons ratio of
the front axle Ko flywheel material
[ Wheel base of vehicle v  Peripheral velocity
g  Gravitational force M, Torsional moment
h Height of C.G from R, Radius of shaft
ground
. Polar moment of
M Total mass of vehicle ] inertia of shaft
Coefficient of friction . Torsional shear
H bet. tire & road stress
Ry, Static weight of front K, Shock factor
axle
wy  Weight of front axle K, Fatigue factor
my  Mass of front axle M, Bending moment
F Friction Force mg  Module of gear
Tz  Torque at the wheel kW Eower transmitted
Yy gears
R Radius of wheel Cs  Service factor
m  Mass of the flywheel fs  Factor of safety
. Number of teeth on
r  Radius of flywheel Z ihe pinion
vV Maximum velocity n,  Speed of pinion
Mass moment of .
I inertia of the flywheel ™V Velocity Factor
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w Angular velocity of b Face width of gear s, Tangential stress at Y Lewis form factor
flywheel tooth the flywheel
Mass density of s Ultimate tensile o Radial stress at KE  Kinetic ener
P flywheel material Ut strength " flywheel 9y
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