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Abstract: In a single formulation, automotive brake pads contain multiple components that contribute to a 

stable and consistent friction coefficient under various operating conditions, such as sliding speed, operating 

temperatures, and brake oil pressure. This study aims to improve brake performance by adding alumina as an 

abrasive to disc brake pad formulations in varying proportions. Three experimental formulations were 

prepared: the first is the conventional formulation of a Honda Excel passenger car disc brake pad without 

alumina (0 vol%) alumina (A), the second is the modified formulation (B) with (0.5 vol%) alumina, and the third 

is the modified formulation (C) with (3 vol%) alumina according to the conventional formulation.  The results of 

laboratory experiments indicated that samples (b) and (c) have consistent and stable braking performance 

under some different operating conditions, and sample (a) has lower operating temperatures than samples (b) 

and (c), and sample (b) is the best combination according to the results of the other samples. 
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I. Introduction 
To ensure the safety of passengers first and then vehicles, the car's brake system is an important 

component to prevent collisions by controlling the car's speed and steering [1-2] (Mr. Ajeet B. Bhane et al., 

2020; Fauzan Ilham Maulana et al., 2019). Braking performance is affected by several factors, including sliding 

speed, brake fluid pressure, friction coefficient, torque, braking force, and brake pad materials (Ibrahim L. 

Ahmed et al., 2020). For the brake system to perform as required, there must be friction to convert kinetic 

energy into thermal energy resulting from friction between the pad and the rotor. Therefore, brake pads play an 

important role in the brake system. According to ASTM standards, brake pads have been developed. Brake pads 

are made of approximately 17 components, 14 of which are modifiable, while the rest remain virtually constant, 

(Shoaib Munir Mulani et al., 2022; Matteo Federici et al., 2018). Brake pad composites contain a variety of 

materials that ensure high resistance, thermal stability, and frictional stability under constantly changing 

operating conditions. These materials include ferrous and non-ferrous (metallic components), as well as non-

metallic components, as well as binders and lubricants, to ensure good and stable performance under difficult 

friction conditions, some formulations also contain organic fibers, metal oxides, and carbon nanomaterials, 

including natural fibers such as banana peels and palm kernels, which enhance mechanical and frictional 

properties.  (Ileana Nicoleta et al., 2015; Senthil Kumaran Selvaraj et al., 2021; Zeina Ammaret al., 2023). Some 

brake pad composite materials contain a combination of abrasives and lubricants, as well as natural fibers such 

as palm and flax, along with inorganic materials such as barium sulfate, to improve frictional properties and 

reduce negative impact on the environment and humans (G. Gautier di Confiengo, 2022). Many studies have 

been conducted to study various brake pad compounds and find alternatives to traditional materials and their 

impact on various factors. This study aims to find alternative environmental materials to replace the traditional 

materials used in brake pad assemblies. Coconut fibers were used to obtain results that help in obtaining 

excellent frictional properties, (C Pinca-Bretotean et al., 2021). In this research paper, the results of a brake pad 

formulation containing palm kernel shell, epoxy resin and alumina up to 6% by volume were discussed and it 

was found that this formulation has good frictional properties (Mastariyanto Perdanaet et al., 2023). In this 

study, a brake pad formulation containing SIC and an aluminum matrix was prepared, which was manufactured 

by traditional casting. This formulation was characterized by good frictional performance and was 

recommended as an alternative to traditional materials (Arpita Chatterjee et al., 2023). This research paper 

aimed to develop composite brake pad material consisting of variable proportions of coconut fiber (0%, 5%, 
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10%, 15%) and alumina matrix. Satisfactory results were obtained, such as thermal stability and stable friction 

coefficient (A L Crăciun et al., 2017). The composite material in this study contains alumina, coconut fiber, 

zirconium oxide, titanium, and silicon carbide. Experiments were conducted on different brake pad 

formulations, and the results demonstrated stable properties and reduced noise and vibration during braking (A 

L Craciun et al., 2018). The composite material in this study includes various sugarcane fiber compounds at 

ratios ranging from 5 to 20% by weight. The results demonstrated stable properties and improved wear 

resistance during friction (Vikas Mehta et al., 2023).   This research paper discusses the performance of a 

composite material containing rice straw ash, alumina and teak wood powder at fixed ratios of 30% for each 

material and different combinations of other samples. The results showed satisfactory performance of the 

samples tested (Moch. Aziz Kurniawan et al., 2022). This research paper discusses the performance of 

composite material containing 52% coconut shell, 8% alumina, and 35% epoxy resins, results showed good 

performance of the formulations tested (J. Abutu1 et al., 2018).   This research paper discusses composite brake 

pad material containing variable amounts of steel fibers (0-20% by weight), phenolic binder resin, cashew nut 

shell, and aramid core, with the aim of enhancing the frictional properties and improving wear (J. Abutu1 et al., 

2018). This study tested natural zeolite in different brake pad formulations as a ceramic-like material in behavior 

due to its silica content and compared the results with formulations of samples containing zeolite mixed with 

normal elements (Ahmet Keskin, 2011).  This study used river sand and wheat straw fibers as a binder. Epoxy 

resin was added to different brake pad formulations. These components were identified and prepared to enhance 

the vehicle's frictional performance. The results showed good performance of samples tested (Worku 

MamuyeYilma et al., 2023). To improve the brake pad properties, composites containing aluminum oxides, 

cellulose fibers, and graphite were used. The results showed that the research samples had stable thermal 

performance and improved wear rate (Dinesh S Marewad et al., 2018). This study discussed composite brake 

friction materials with variable ratios consisting of hemp, pineapple, and banana fibers. The results were 

evaluated according to the following properties: friction coefficient and wear. Laboratory results indicated 

improved braking performance (Tej Singh et al., 2023). The advanced brake pad composite material contains 

sawdust, resin, carbon black, copper flakes, zinc oxide, and sulfur. These ingredients are blended and produced 

together to ensure safety and performance without asbestos (Benedict U. Iyida et al., 2023). By referring to 

research papers related to this study which aim to provide information and find solutions and alternatives 

through the development of composite materials for brake pads to reduce environmental pollution and 

manufacturing costs.  

This study aims to obtain different brake pad formulations containing nano-aluminum oxide powder to 

improve braking performance. During laboratory experiments, frictional, braking force, and braking torque were 

considered under various operating conditions, such as sliding speed, operating temperature, braking time, and 

brake oil pressure. 

 

II. Experimental Setup 
Raw materials 

Laboratory experiments were conducted on a conventional composition for a passenger car, disc brake 

pad sample (a). It contained silicon 0.11 vol%, iron 70 vol%, phosphorus 0.005 vol%, sulfur 0.01vol%, 

manganese 0.619 vol%, chromium 0.030 vol%, titanium 0.297 vol%, niobium 0.029 vol%, 10 vol% phenol, 7 

vol% graphite, and 11.9 vol% barite by volume and for the other test samples, nano-sized aluminum oxides 

were added as the main component and abrasive at variable rates to modified sample (B), first at 0.5 vol% by 

volume, and to modified sample (C), aluminum oxides were added at 3 vol% by volume. 

 

The main components of the test rig 

The purpose of the braking performance test rig as shown in Fig. 1, used in this study is to generate the 

kinetic energy required for conducting the experiments and to overcome it during the braking process by means 

of a disc brake system and to prepare the appropriate operating conditions for each of the research experiments. 

The testing device used in the laboratory experiments of this study was designed and assembled in Lab B104, 

Department of Automotive and Tractor Technology, Faculty of Technology and Education, Helwan University. 
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Fig. 1 Main components of the test rig 

 

Disc brake system 

Floating-piston disc brake pads from a 2005 Hyundai Excel passenger car were used in the test rig. The 

brake system used consists of a single-piston caliper, bolts, a brake pad, and a single-piston hydraulic wheel 

cylinder as shown in Fig 2. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Disc brake system of hyundai excel 2005 model 

 

Disc brake pad 

 In Fig 3 shows the disc brake pad used in the brake system of the testing device. There are three 

samples for testing: Sample (A), which is the conventional sample without alumina; Sample (B), which contains 

(Al2O3- 0.5 vol%) compared to the total volume of the conventional sample; and Sample (C), which contains 

(Al2O3- 3 vol%) compared to the conventional sample. 
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Fig. 3 Disc brake pad of test rig 

 

The normal force generation unit 

The braking force is affected by several factors, including the applied force (Fn), friction coefficient (μ) 

(Rewida Sami Abdullahet al., 2022), a hydraulic power generation unit has been added to test rig, which 

supplies the brake unit with friction with the brake disc. Because the brake oil is incompressible, the effect is 

achieved through the hydraulic unit equipped with a pulley, through which the pressure is applied, which is 

transferred by the brake oil to be transformed into a frictional force that works to stop the brake disc by friction 

through the slave cylinder, applied force was calculated using the following equations: 

As  =  
π

4
Ds

2       (1)                                                 

P = 
Fn

As
               (2)                                                                       

Fn= P ∗  As        (3)                                                                    

Where: 

Ds     piston diameter of slave cylinder equals (0.052 m)       

As     piston area of slave cylinder equals (2.12*10−3m2) 

FnApplied force of the disc brake system which affects brake pad, was selected oil pressure values of 5 and 10 

bar are selected during the tests. According to Eq. (3), these values of pressure equal applied force of 1103, and 

2206 N respectively for disc brake system. 

 

The kinetic energy generation unit 

The coefficient of friction is affected by many factors, including the sliding speed, which affects the 

torque and braking force (Khaled Abdelwahed et al., 2018). In this study, a brake force meter was used using an 

electric motor with a capacity of up to 7.5 kilowatts and a rotational speed of up to 2900 r.p.m. 

 

Temperature measurement unit 

Braking efficiency is affected by temperature (Siti Shofiah et al., 2024), so in this study, a digital 

temperature measuring unit with a J-type thermocouple with a measuring range of 700°C was designed and 

prepared to measure the initial operating temperatures at 70, 100, and 130°C and the final operating 

temperatures during laboratory experiments within 60 seconds. 

 

Speed measurement and brake torque calculation 

The braking system is affected by the braking torque, which is measured by a Schneider PM 1200 

digital power meter and ranges from 20 to 300 kW. The braking torque is measured by the electric motor, as 

shown in Fig. 4. To measure the rotational speed of the brake disc, a digital tachometer DT6234 was used, with 

a range of up to 100,000 rpm, as shown in Fig. 5. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Schneider PM 1200 digital 
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Fig. 5 Digital tachometer DT6234B 

 

By measuring the brake power and knowing the angular velocity of the rotating disc, the braking torque 

can be calculated. Laboratory experiments were conducted at a sliding speed of 300 and 600 rpm, and the 

braking force was calculated using the following equations: 

ω =  
2πn

60
         (4) 

 

Tb =  
Pb

ω
               (5) 

 

Where: 

n         Sliding speed of the rotating disc (r.p.m) 

ω        Angular speed of the rotating disc (rad/sec.) 

Pb  Brake power (watt)  

Tb    Brake torque (N.m) 

 

Brake force and friction coefficient calculations 

The brake system is affected by the coefficient of friction and the brake force. In this study, the following 

equations are used to calculate the coefficient of friction as follows: 

Reff = 
𝐫
𝐢+𝐫𝟎

𝛚
                                                                   (6) 

Where: 

Reff        Effective radius of brake pad, equals 0.089 (m). 

ri          Inner radius of the brake pad (m). 

ro          Outer radius of the brake pad (m). 

 

Fb=
Tb

2Reff   
                     (7) 

 

μ = 
Fb

Fn
                            (8) 

 

Where: 

 

Fb       Brake force (N). 

μ        Friction coefficient. 

 

III. Results And Discussion 
The following parameters were investigated during laboratory experiments to evaluate the performance 

of the brake system for study samples A, B, and C: the initial operating temperature was carried out at 70 and 

130°C, sliding speed at 150 and 600 rpm, and the brake oil pressure at 2.5 and 10 bar. The final operating 

temperature and braking power were measured in each experiment during the braking process for 60 seconds. 
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Effect of brake oil pressure at sliding speed 150 and 600 r.p.m at initial temperature 70 and 130°C on 

mean brake force  

Fig. 6 shows that the average brake force of commercial and modified samples at temperatures of 70 

and 130°C at a constant sliding speed of 150 rpm. The results show that the average brake force of commercial 

sample (A) at 70°C is 130.91 and 958.24 N, for modified sample (B) are 148.91 and 1084.59 N, and for 

modified sample (C) are 140 and 1033.46 N and at an initial temperature of 130°C, the average brake force for 

commercial sample (A) was 125.83 and 948 N, for modified sample (B) 147 and 1074.37 N, and for modified 

sample (C) 138.35 and 1014.26 N, respectively at brake oil pressure of 2.5 and 10 bar, the value of mean brake 

force of  sample (B) increases by 12.16%, 11.62% and for sample (c) increases by 7.14%, 7.26% depending on 

value of mean brake force of commercial sample (A). 

 

 
Fig. 6. Effect of pressure on mean brake force of commercial and modified samples at sliding speed 150 

r.p.m 

In Fig. 7 shows that the average brake force of commercial and modified samples at temperatures of 70 

and 130°C at a constant sliding speed of 600 rpm at brake oil pressure 2.5 and 10 bar. The results show that the 

average brake force of commercial sample (A) at 70°C is 114.50 and 784.6718 N, for modified sample (B) are 

136.58 and 895.26 N, and for modified sample (C) are 128.70 and 838.42 N and at an initial temperature of 

130°C, the average brake force for commercial sample (A) was 112.59 and 775.52 N, for modified sample (B) 

132.74 and 879.80 N, and for modified sample (C) 126.15 and 818.48 N, respectively at brake oil pressure of 

2.5 and 10 bar, the value of mean brake force of  sample (B) increases by 16.17%, 12.40% and for sample (c) 

increases by 10%, 6.44% depending on value of mean brake force of commercial sample (A). 

 

 
Fig. 7. Effect of brake oil pressure on mean brake force of commercial and modified samples at sliding 

speed 600 r.p.m 
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Effect of brake oil pressure on mean friction coefficient of commercial and modified samples at initial 

temperature 70℃ at sliding speed 

In Fig. 8 and Fig. 9 shows the effect of brake oil pressure of 2.5 and 10 bar on average friction 

coefficient at sliding speeds of 150 and 600 rpm and initial operating temperature of 70°C. The average friction 

coefficients for modified samples (B) and (C) are higher than the average friction coefficients for commercial 

sample (A), because alumina is an abrasive with nanometer diameters that enhances the coefficient of friction.  

 

 
Fig. 8. Effect of brake oil pressure on mean friction coefficient of commercial and modified samples at 

sliding speed 150 r.p.m and at initial temperature 70°C 

 

By increasing brake oil pressure from 2.5 to 10 bar, the average friction coefficient for the commercial 

sample (A) increased from 0.237 to 0.434, for the modified sample (B) from 0.270 to 0.491, and for the 

modified sample (C) from 0.253 to 0.468, also the results shown at sliding speed 600 rpm  by increasing brake 

oil pressure from 2.5 to 10 bar, the average friction coefficient for the commercial sample (A) increased from  

0.207 to 0.355, for modified sample (B) from 0.247 to 0.405, and for the modified sample (C) from 0.233 to 

0.380. The results show an improvement in average friction coefficients for the modified samples due to the 

addition of nano-sized alumina and the improvement of the friction surfaces. 

 

 
Fig. 9. Effect of brake oil pressure on mean friction coefficient of commercial and modified samples at 

sliding speed 600 r.p.m and at initial temperature 70°C 

 

Effect of alumina on the operating temperature of commercial and modified brake pads 

The effect of alumina on operating temperatures of commercial and modified brake pads at a sliding 

speed of 600 rpm at initial operating temperatures of 70°C is shown in Fig. 10. The results show a lower final 

0

0.1

0.2

0.3

0.4

0.5

0.6

2.5 10

M
e

an
 F

ri
ct

io
n

 C
o

e
ff

ic
ie

n
t

Pressure (bar)

Sample (A  ) Sample (B  ) Sample (C )

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

2.5 10

M
e

an
 F

ri
ct

io
n

 C
o

e
ff

ic
ie

n
t

Pressure (bar)

Sample (A  ) Sample (B  ) Sample (C )

http://www.ijeijournal.com/


Experimental Investigations on Adding Alumina on Automotive Disc Brake Pads … 

www.ijeijournal.com                                                                                                                                 Page | 133 

temperature for commercial sample (A) compared to modified samples (B, C) at 2.5 and 10 bar pressures. This 

is due to the lower coefficient of friction of commercial sample. The final temperatures for sample (A) are 73 

and 95°C, for sample (B) 79 and 104°C, and for sample (C) 75 and 100°C, respectively at brake oil pressures of 

2.5 and 10 bar.  

 

 
Fig. 10. Effect of alumina on the operating temperature of commercial and modified brake pads at a 

sliding speed of 600 rpm at initial operating temperatures of 70°C 

 

Effect of alumina on brake tourq of commercial and modified brake pads at sliding speed 

At an initial temperature of 70°C, the results on Fig. 11, 12 show the effect of alumina on brake torque 

of commercial and modified samples at a sliding speed of 600 rpm. The average brake torque for commercial 

sample (A) is 19.19 and 137.38 N.m, for the modified sample (B) is 25.40 and 156.74 N.m, and for sample (C) 

is 21.32 and 146.79 N.m at a pressure of 2.5 and 10 bar, respectively. Also, the results showed that the average 

brake torque of modified samples was higher than the average brake torque of commercial sample with an 

increase in brake oil pressure from 2.5 to 10 bar and a sliding speed of 600 r.p.m. during a braking time of 60 

seconds. This is due to the increase in brake power and friction coefficient under the same operating conditions 

at each constant speed. 

 

 
Fig. 11. Effect of alumina on brake tourq of commercial and modified brake pads at sliding speed of 600 

rpm at brake oil pressure 2.5 bar 
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Fig. 12.Effect of alumina on brake tourq of commercial and modified brake pads at sliding speed of 600 

rpm at brake oil pressure 10 bar 

 

IV. Conclusions 
In this study, the average brake force of commercial and modified samples at temperatures of 70 and 

130°C at a constant sliding speed of 150 rpm, the average brake force of commercial sample (A) at 70°C is 

130.91 and 958.24 N, for modified sample (B) are 148.91 and 1084.59 N, and for modified sample (C) are140 

and 1033.46 N and at an initial temperature of 130°C, the average brake force for commercial sample (A) was 

125.83 and 948 N, for modified sample (B) 147 and 1074.37 N, and for modified sample (C) 138.35 and 

1014.26 N, respectively at brake oil pressure of 2.5 and 10 bar, the value of mean brake force of  sample (B) 

increases by 12.16%, 11.62% and for sample (c) increases by 7.14%, 7.26% depending on value of mean brake 

force of commercial sample (A). Also, at a constant sliding speed of 600 rpm at brake oil pressure 2.5 and 10 

bar. The results show that the average brake force of commercial sample (A) at 70°C is 114.50 and 784.6718 N, 

for modified sample (B) are 136.58 and 895.26 N, and for modified sample (C) are 128.70 and 838.42 N , the 

value of mean brake force of  sample (B) increases by 16.17%, 12.40% and for sample (c) increases by 10%, 

6.44% depending on value of mean brake force of commercial sample (A).The average friction coefficients for 

modified samples (B) and (C) are higher than the average friction coefficients for commercial sample (A), 

because alumina is an abrasive with nanometer diameters that enhances the coefficient of friction.  

The results showed that the average brake torque of modified samples was higher than the average brake torque 

of commercial samples with an increase in brake oil pressure from 2.5 to 10 bars and a sliding speed of 600 

r.p.m. during a braking time of 60 seconds. This is due to the increase in brake power and friction coefficient 

under the same operating conditions at each constant speed. 

 

V. Conclusion 
A solar desalination system based on free jet-humidification with an auxiliary cold water system was 

carried out at Suez city, Egypt 29.9668°N, 32.5498°E. The main conclusions items can be briefly systemized as 

the following: 

1. Spherical dome heights 40 cm produce the highest fresh water productivity at the same condition. 

2. Increase the condensation surface will be increase the fresh water productivity 

3. Increase the salinemass flow rate will be increase the fresh water productivity 

4. The system productivity is (2.68 L/m
2
), the estimated cost is (0.12 $/L) and the efficiency is 61 %. 
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