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Abstract— Friction Pads are commonly use to stop the 

vehicle within smallest possible distance and this is done by 

converting the kinetic energy of the vehicle into heat energy, 

which is dissipated into the atmosphere. This report deals 

with a systematic approach for manufacturing methods of 

friction pad as well as its wear characteristics Hardness and 

Density. Metal powder’s types and characteristics play 

important role in manufacturing of friction pads. 

Manufacturing parameters i.e. moulding temperature, 

moulding pressure, and molding time required to be select 

properly to get good quality friction pads. In this study 

Taguchi, technique has been use to study the parametric 

effect on quality. Friction pad wear reduce with increasing 

the sintering temperature and pressure. Quality of friction 

pad is predominately affecting by molding pressure. Quality 

of friction pad has been checked using hardness, density, and 

its wear resistance. 
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NOMENCLATURE 

 A: Temperature(c) 

 B: Pressure (kg/cm2) 

 C: Time (min) 

 D: Weight (gm) 

 E: Length (mm) 

 F: Density (g/cc3) 

 G: Hardness 

 SS: Sum of square 

 MS: Mean square 

 F: variables 

 P: significance 

I. INTRODUCTION 

Typical brake pad will have its own metallic property 

organic compound saying its asbestos free, there are also 

non-metallic and metallic compounds, which improve 

braking and heat dissipation capacity and its thermal 

property. There are also ceramic and metallic compounds; 

due to high temperature qualities ceramic is most preferred. 

A. Objectives of the Project 

The main objectives of the present works are. 

1) To study about the material composition and friction 

characteristics for manufacturing of friction pads. 

2) Fabrication / Production of friction pad using 

"sintering of Powder metallurgy Technique". 

3) Investigation the effect of various manufacturing 

parameters on quality of friction pad using the Taguchi 

method. 

4) Measurement of wear characteristics of friction pads 

B. Methodology of the project 

The methodology of the present work is 

1) Identification of material composition for friction pad 

2) Identification of process parameter for friction pad 

manufacturing. 

3) Manufacturing of friction pad using various process 

parameter combinations 

4) Parametric study using Taguchi technique 

II. POWDER METALLURGY 

A. Working Principle 

Friction brake pad material has one of the important 

characteristic to have binding capacity and should have 

higher coefficient of friction. Friction brake pad material can 

have good mechanical property, higher thermal expansion, 

and insoluble in water and obvious it should have desirable 

chemical composition. Friction brakes can classified in 

various types .i.e. 

1) Binder 

2) Filler 

3) Friction modifier 

4) Reinforcement 

Following are the main 03 steps of Powder 

Metallurgy process: 

Mixing or blending, compacting, and sintering 

 
Fig. 1: Flowchart of the basic powder metallurgy [5] 

III. PARAMETRIC STUDIES ON FRICTION PAD QUALITY 

The method used for manufacturing of friction pad 

 
Fig. 2: Method of manufacturing friction pad 
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Procedure for manufacturing of sintered friction 

brake pad. 

1) Mix all the required material in dry mixing condition 

in mixture and heat in muffle furnace. 

2) Take out above heated material from the furnace and 

put them in to the die. 

3) Apply required temperature and pressure on the die. 

4) Wear test has been conducted on two different types of 

circular disc, first one wear test conducted on circular 

disc made of Mild Steel and E31 type disc [11] 

5) Specimen prepared for wear test on lathe machine after 

making special arrangements. 

Desirable Properties of Friction Brake Pad 

 It should be Light in Weight. 

 It should have Long Life. 

 It should have Stable Friction. 

 It should not have high noise, desirable Low noise. 

Low Wear Rate is also desirable... 

 It should Resistible to corrosion 

 Cost effectiveness i.e. acceptable Cost versus its 

Performance. 

Function Raw Materials Density g/cm3 %volume 

Binder Silicon Carbide 3.21 15 

Filler 
Baryte (BaSO4) 4.5 12 

Synthetic graphite 2.32 8 

Friction  

Modifier 

Alumina (Al2O3) 3.95 11 

Zinc 7.14 9 

Coke 1.506 8 

Reinforcement 
Copper Powder, 5.7 19 

Iron Powder 7.874 18 

Table 1:  Friction brake pad materials with its volume and 

density 

Brake pads material is very important for safe and 

consistent working of a vehicle braking system. Brake pad 

materials are classified in two categories; asbestos and 

metallic. Metallic brake pad materials are further classified 

as low metallic and semi metallic [5]. All pad material 

begins to disintegrate at the friction surface due to high heat 

generation process between the rotor and pad. Due to non-

uniform pressure distribution between the pad and rotor, pad 

surface temperature will be non-uniform and the areas of 

higher temperature will have low friction level than that of 

the lower temperatures. An exact analytical value of 

coefficient of friction between rotors and brake pads is 

difficult to set. 

A. Friction Pad Process Parameter 

After conducting various experiments on the trial and error 

basis, a conclusion is that within a temperature range of 750-

950 degree Celsius, and pressure up to 250Kg/cm2 better 

pallet can be produce as per our required specifications. In 

selected parameters i.e. temperature, pressure and time play 

a crucial role. Hot press is one of the key factors for binding 

any materials with different material properties. So that the 

materials become dense, that is why the parameter given 

below is consider as primary stage of sintering. After 

completion of sintering, the specimen should be heat treated, 

so that hardness can achieved and brittleness of the material 

can eliminated. 

Parameters of  

Molding 
Code 

Level 

1 

Level 

2 

Level 

3 

Molding  

Temperature (°C) 
A 750 850 950 

Molding Pressure 

(kg/cm2) 
B 250 300 350 

Molding Time  

(minutes) 
C 30 35 40 

Table 2: Process Parameters and Levels 

B. Experimental Setup 

 
Fig. 3: Experimental Setup 

As mentioned above In this work friction pads produced 

contains three main types of the metal powders used, as 

listed in the above , the friction pads are producing by dry 

mixing, pre forming and hot press molding at three different 

combination of time, pressure and temperature, post curing 

and heat treatment. Different time, temperature and pressure 

are mention as under: 

C. Steps in Taguchi method [8] 

 Recognize the main function, side effects, and failure 

mode Identify the noise factors, quality characteristics 

and testing conditions. 

 Decide the objective function to be optimized  

 Recognize the control factors and their levels.  

 Choose the orthogonal array matrix experiment. 

 Carry out the matrix experiment. 

 Analyze the data, performance and predict the 

optimum levels. 

 Do the verification experiment and plan the future 

action. 

The control factor that may contribute to reduced 

variation can be quick indentified by looking at the amount 

of variation present as response. All past analysis in text 

have addressed which factors might affect the average 

response but now there is interest in the effect of variation 

also. Taguchi has created a transformation of the repetition 

data to another value, which is measure of variation present. 

The transformation is the signal to noise ratio. The S/N ratio 

consolidates several repetitions into one value that reflect 

the amount of variation present. There are several S/N ratios 

present depending on the type of characteristic: 

 Lower is better   

 Nominal is best 

 Higher is better 

D. Design of Experiment (DOE) 

The final phase of degree of experiment process is to anlyse 

and interprets the experimental result to improve the 

performance characteristics of the product or process 
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relative to customer needs and expectations. After all tests 

conducted, decision must be making concerning which 

parameter affect the performance of product or process. The 

decision are made with assistance of various analytical 

technique such as 

 Observation method, 

 Ranking method 

 Column effect method, 

 Plotting method 

 Analysis of variance 

Type A B C D E F G 

L1 750 250 30 42.64 24.34 0.036 20 

L2 750 300 35 42.82 24.52 0.04 24 

L3 750 350 40 64.85 32.36 0.040 25 

L4 850 250 35 31.05 20.20 0.028 34 

L5 850 300 40 33.60 20.52 0.027 43 

L6 850 350 30 45.58 26.80 0.034 40 

L7 950 250 40 33.52 20.30 0.033 45 

L8 950 300 30 37.11 18.00 4.200 93 

L9 950 355 35 35.5 24.00 0.030 64 

Table 3: Taguchi design and result 

 
Fig. 4: image of specimen 

IV. RESULT AND DISCUSSION: FOR HARDNESS 

Type A B C D E G S/N 

L1 750 250 30 42.64 24.34 20 26.0206 

L2 750 300 35 42.82 24.52 24 27.6042 

L3 750 350 40 64.85 32.36 25 27.9588 

L4 850 250 35 31.05 20.2 34 30.6296 

L5 850 300 40 33.6 20.52 43 32.6694 

L6 850 350 30 45.58 26.8 40 32.0412 

L7 950 250 40 33.52 20.3 45 33.0643 

L8 950 300 30 37.11 18 93 39.3697 

L9 950 355 35 35.5 24 64 36.1236 

Table 4: S/N ratio for hardness 

Larger is better 

Level A B C 

1 27.19 29.9 32.48 

2 31.78 33.21 31.45 

3 36.19 32.04 31.23 

Delta 8.99 3.31 1.25 

Rank 1 2 3 

Table 5: Response Table for Signal to Noise Ratios 

 
Fig. 5: mean plot of S/N ratio for hardness 

The density of friction pad increase with increasing 

the molding temperature. Hardness and Wear give best 

result at level 3. Density of friction materials should be 

minimizing as much as possible because as par conducting 

experiment dense specimen has minimum wear rate. A 

higher wear rate means shorter friction materials life and 

thus, incurring more material and maintenance costs. A 

lower wear rate would increase the life of the brake pad and 

a higher friction co- efficient would improve the endurance 

limit. 

Source DF SS Adj MS F-ratio P-Value 

A 2 3024.2 1512.1 9.73 0.093 

B 2 620.2 310.1 1.99 0.334 

C 2 293.6 146.8 0.94 0.514 

Error 2 310.9 155.4 
  

Total 8 4248.9 
   

Table 6: Result 

A. Regression Equation 

Hardness = -128.6 + 0.2217A + 0.100B – 1.33C 

1) For density 

Larger is better 

No F S/N 

L1 0.035 -29.19 

L2 0.038 -28.4 

L3 0.04 -27.96 

L4 0.028 -31.06 

L5 0.027 -31.37 

L6 0.034 -29.37 

L7 0.033 -29.47 

L8 4.2 -12.47 

L9 0.03 -30.46 

Table 7: S/N ratio for density 

Level A B C 

1 -28.49 -29.94 -15.34 

2 -30.6 -15.77 -29.97 

3 -15.87 -29.26 -29.65 

Delta 14.73 14.16 14.63 

Rank 1 3 2 

Table 8: Response Table for Signal to Noise Ratios 
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Fig. 6: mean plot of S/N ratio for density 

B. Analysis of Variance 

Source DF SS Adj MS F-ratio P-value 

A 2 3.849 1.925 1 0.501 

B 2 3.855 1.927 1 0.501 

C 2 3.866 1.933 1 0.5 

Error 2 3.863 1.932 
  

Total 8 15.434 
   

Table 9: ANOVA result for Density 

C. Regression Equation 

Density = -0.53 + 0.00692A + 0.0000B - 0.139C 

V. CONCLUSION AND FUTURE SCOPE 

A. Conclusions 

The following elaborate in short can be concluding from 

existing study: 

 In the present study there are different types of metal 

powders are used with the help of these material(barite, 

iron powder, copper powder, zinc, silicon carbide) we 

can achieve appropriate value like density, hardness, 

wear characteristic, and endurance limit also,. With the 

help of powder metallurgy method, some various 

different properties can achieve. 

 Designed of experiments based on Taguchi approach 

were performed using orthogonal array to analyze 

density, hardness and wear rate. Nova analysis was 

performed to check the validation of the developed 

model 

 Maximum hardness (90HRB), minimum wear rate( 

0.003) and maximum density (4 gm/cc3) achieved at 

950 C temperature, 350 kg/cm2) pressure and 30 

minute time. 

B. Future Scope 

 Measurement of wear Characteristics: - In the present 

study, wear was found due to weight loss. Experiment 

set up are designed for applying 10 N, 12 N and 16 N 

force with help of spring for at least 10 minutes against 

the cast iron rotating disc at 1120(r.p.m). If the value 

of applied force, time, and rotation of the cast iron disc 

has been change, so it will possible to change the wear 

rate of friction pads. 

 With the help of advance technology, measurement can 

be improved and observing microstructure can 

understand more material selection 

 With the help of SEM image and EDX image micro 

structure and percentage of material presence can be 

observed. 
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