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Abstract
Vehicle braking system is considered as one of the most fundamental 
safety-critical systems in modern vehicles as its main purpose is to 
stop or decelerate the vehicle. Some vehicles use brake shoe made 
from semi-metallic materials. Semi-metallic brake shoes are made 
from a combination of metallic and non-metallic materials. For 
more than 80 years asbestos has been used as a friction material 
because of its good physical and chemical properties. However, 
due to the health hazard associated with its handling, it has lost 
favour and several alternative materials are being increasingly 
used. In this Paper a non -asbestos friction material was developed 
using aPolymer matrix composite. Among the fibersexploiting the 
characteristics of glass fiber in replacing the asbestos which has 
been found to be carcinogenic. A brake pad was produced using 
glass fiber as a base material following the procedures employed 
by the manufactures. The glass fiber was used in production of 
brake pad in composition of woven roving mat600 and alkali 
resistant glass fiber with epoxy resin. The properties examined 
are hardness, wear rate, tensile strength. This results obtained 
in this work were compared with that of commercial brake pad. 
Hence glass fiber can be in production of asbestos free brake 
pad. The results suggest that woven roving mat 600 and alkali 
resistant glass fiber could be a possible replacement for asbestos 
in friction lining materials.
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I. Introduction
A brake plays a vital role in any automotive vehicle so as to slow 
down the vehicle or to stop the vehicle completely. During the 
application of brake, friction between brake pads and rotating 
disc causes to stop the vehicle by converting kinetic energy of the 
vehicle into heat energy. Therefore the brake pads should quickly 
absorb heat, should withstand for higher temperatures and should 
not wear. The brake pad material should maintain a sufficiently 
high friction coefficient with the brake disc, not decompose or 
break down in such a way that the friction coefficient with the 
brake disc is compromised at high temperatures and exhibit a 
stable and consistent friction coefficient with the brake disc. 
The development of modern friction materials has a history 
spanning over the past 110 years. Herbert Frood is credited with 
inventing the first brake lining material in 1897 (Blau, 2001). 
His invention led to the founding of the Ferodo Company, a firm 
that still supplies brake lining materials today. In 1901, Herbert 
patented a block made from layers of textile material impregnated 
with rubber, if the block was to be used against steel, or wax, 
if it were to be used against rubber. As the duty of the brakes 
increased, the cotton tended to char, so in 1908, Herbert replaced 

it with asbestos. The asbestos was woven into a loose fabric and 
impregnated with resins and varnishes of high melting point. 
By 1914, the use of Ferodo brake linings was widespread. In 
1920s all friction materials were of the Ferodo type. In 1925, the 
British Belting and Asbestos (BBA) Limited became known as 
BBA Group that produced such famous friction material brand 
names as Mintex, Don, Textar, Frenosa, Bendix Mintex and SBF 
(Smales, 1995). In the 1930s, Ferodo turned to thermosetting 
resins and later introduced moulded instead of woven linings. The 
moulded linings were made by mixing fibre and resin together 
and also, polymerizing the resin under pressure and temperature. 
Fillers such as mineral and metal particles, which modify the wear 
properties of the lining, could be introduced in these linings, and 
polymers could be used which wereimpracticable with woven 
linings (Newcomb and Spurr, 1967). 
From the foregoing, asbestos has been used as basematerial in 
the manufacture of brake lining materials for close to 100 years. 
It is still being used by some manufacturers who do not possess 
the necessary technology or will to change to other materials. 
Though asbestos has been referred to as a “God given” material 
for inclusion in friction linings due to its good physical and 
chemical properties that remain stable over the temperature 
range experienced by friction materials (Smales,1995), it has been 
reported that asbestos has serious health risks. Diseases associated 
with it include asbestosis, mesothelioma, lung cancer and other 
cancers (Anon, 2004: Norton, 2001).Efforts have been geared to 
replace asbestos fibres in friction linings. This is exemplified by 
the work of Nakagawa et al. (1986),
Thus, to reduce or completely eliminate the health risks posed by 
asbestos in friction lining manufacture and to reduce the cost of 
friction linings, this work presents the development of an asbestos-
free friction lining material in which an Polymer Matrix (woven 
roving mat600, alkali resistant glass fiber, epoxy resin) was used 
as the base material.

II. Literature Review
Dr. P. Srinivasa Rao et al studies on glass fiber reinforced concrete. 
The alkali resistant glass fibers were used to find out workability, 
resistance of concrete due to acids, sulphate and rapid chloride 
permeability test of M30, M40 and M50 grade of glass fiber 
reinforced concrete and ordinary concrete. The durability of 
concrete was increased by adding alkali resistant glass fibers in 
the concrete. The experimental study showed that addition of glass 
fibers in concrete gives a reduction in bleeding. The addition of 
glass fibers had shown improvement in the resistance of concrete 
to the attack of acids. 

Yogesh Murthy was et all discussed about the performance of 
Glass Fiber Reinforced Concrete. The study revealed that the 
use of glass fiber in concrete not only improves the properties 



IJRMET Vol. 8, IssuE 2, May - ocTobER 2018  Issn : 2249-5762 (online)  |  Issn : 2249-5770 (Print)

w w w . i j r m e t . c o m 14   InternatIonal Journal of research In MechanIcal engIneerIng & technology

of concrete and a small cost cutting but also provide easy outlet 
to dispose the glass as environmental waste from the industry. 
From the study it could be revealed that the flexural strength of 
the beam with 1.5% glass fiber shows almost 30% increase in 
the strength. The reduction in slump observed with the increase 
in glass fiber content. 
PohWah lee was et all discussed about the friction and wear 
performance of Cu-free and Sb-free environmentally friendly 
automotive brake friction materials with natural hamp fibers and 
geo polymers as a fraction replacement of synthetic kevlon fibers 
and phenol resins respectively. Using geopolymer in the brake 
materials reduced the amount of phenol resin, which will release 
Volatile Organic Compounds (VOCs) when pads are subjected to 
temperatures higher than 300OC. The Dynamometer results shown 
that the modified samples had better performance when compared 
to the T-baseline (Cu, Sb based). However, the modified samples 
exhibit higher wear rate than the T-baseline. 
K.K. Ikpambese et al IDris was et all discussed about produced 
a new brake pad using banana peels waste to replaced asbestos 
and phenolic resin as a binder was investigated. The resin was 
varying from 5 to30 wt% with interval of 5 wt%. Morphology, 
physical, mechanical and wear properties of the brake pad were 
studied. The results shown that compressive strength, hardness 
and specific gravity of the produced samples were seen to be 
increasing with increased in wt% resin addition, while the oil 
soak, water soak, wear rate and percentage charred decreased 
as wt% resin increased. The samples, containing 25 wt% in 
uncarbonized banana peels (BUNCp) and 30 wt% carbonized 
(BCp) gave the better properties in all. The result of this research 
indicates that banana peels particles can be effectively used as a 
replacement for asbestos in brake pad manufacture. prepared brake 
pad material using natural fiber called palm kernel fibers (PKFs) 
for its eco friendly nature with CaCO3, graphite and Al2O3 as other 
constituents. Epoxy resin is used as binder. Composition of 40% 
epoxy-resin, 10% palm wastes, 6% Al2O3, 29% graphite, and 15% 
calcium carbonate gave better properties than other composition. 
The results were compared with commercial asbestos, palm kernel 
shells.Results shown that PKF can be suitable for replacement of 
asbestos brake pads with epoxy resin as a binder. 
P.V.Gurunath was et al discussed about newly developed resin in 
brake pad materials due to phenolics suffer from serious drawbacks 
and limitations such as evolution of noxiousvolatiles(viz.
NH3(ammonia), CHO(formaldehyde), etc.) during ambient 
temperature curing, very short shelf life. Results are compared 
with the resin that is capable of heat induced ring opening 
polymerization is made in the laboratory with the traditional 
Novalcphenolici resin., it was concluded that the composites based 
on newly developed resin showed superior performance to the 
composite based on traditional phenolic resin. These features, 
however, reflect the performance of materials in severe operating 
conditions where surface temperature of pads may exceed 400OC. It 
indicated large potential to replace the commercially used phenolic 
resins. The laboratory scale preparation studies also indicated the 
cost of synthesis of the new resin is comparatively lower than 
the phenolics. During the experiment they noted that there is no 
correlation between strength properties of resins, composites and 
their wear behavior. 
“From the literature review, we are studied about the asbestos is 
used in brake pads but asbestos causes the carcinogenic effect on 
human health so, we are decided to replace the material besides 
asbestos. From this literature review, They are mostly used natural 
fiber and binder was phenolic resin and also studied about the glass 

fiber. So, we are selected the glass fiber due to their properties and 
low cost, to replace the asbestos material and epoxy resin is used. 
Here we are selected the woven roving mat 600 and alkali resistant 
glass fiber from its types. combination of these two material used 
in brake pads. Also, these composite material is used in car washes, 
chemical industry and automotive industry etc”

III. Experimental Methodology

A. Material Selection
Polymer matrices are most common and widely used matrix 
material, because of its availability, easiness to fabrication, light 
weight and low cost compared to others. The matrix material 
used in the present work is epoxy resin. Glass fibers are most 
common reinforcing agent among various composite materials.
Glass fibers are available in the form of woven fabric, chopped 
strands, long continuous fiber and short discontinuous fiber. In 
present research work the glass fiber was used in production of 
brake pad in composition of woven roving mat600 and alkali 
resistant glass fiber is used as reinforcing agent.

Fig. 1: Alkali Resistant Glass Fiber

Table 1: Chemical Composition in Wt % (AR Glass Fiber)

SiO2 B2O3 Al2O3 Na2O K2O BaO CaO MgO

69 1 4 13 3 2 5 3

Fig. 2: Woven Roving Glass Fiber

Table.2. Chemical Composition in Wt %(Woven Roving mat 600 
Glass Fiber)

SiO2 Al2O3 MgO Na2O Zr2O3 Fe2O3

64 25 10 0.1 1 0.1



IJRMET Vol. 8, IssuE 2, May - ocTobER 2018

w w w . i j r m e t . c o m InternatIonal Journal of research In MechanIcal engIneerIng & technology 15

 Issn : 2249-5762 (online)  |  Issn : 2249-5770 (Print)

The new composite for brake pads was developed through the 
process beginning with the selection of raw materials, weighing, 
mixing, compacting and sintering, Friction materials investigated 
in this study were Polymer matrix Laminate materials containing 
13 different ingredients as shown in the Table 3. Experimental 
procedures for formulation the samples

Table. 3: List of Lamination 

Layers Laminate 1 
(WR MAT 600) 

Laminate 2 
(AR Glass 

Fiber) 

Laminate 3 
(WR MAT 600 

& AR Glass 
Fiber) 

1 WR MAT 600 AR Glass 
Fiber WR MAT 600 

2 WR MAT 600 AR Glass 
Fiber 

AR Glass 
Fiber 

3 WR MAT 600 AR Glass 
Fiber WR MAT 600 

4 WR MAT 600 AR Glass 
Fiber 

AR Glass 
Fiber 

5 WR MAT 600 AR Glass 
Fiber WR MAT 600 

6 WR MAT 600 AR Glass 
Fiber 

AR Glass 
Fiber 

7 WR MAT 600 

8 AR Glass 
Fiber 

9 WR MAT 600 

 10 AR Glass 
Fiber 

11 WR MAT 600 

12 AR Glass 
Fiber 

13 WR MAT 600 

B. Preparation of Laminates
In the present study the composite laminate specimens are prepared 
using the hand layup technique and the specimen are subjected to 
the investigation is carried out as per the ASTM standards. The 
simplest manufacturing technique adopted involved laying down 
bidirectional type fibers over a polished mould surface previously 
treated with a releasing agent after this, a liquid thermosetting resin 
is worked into the reinforcement by hand with a brush or roller. 
The process is repeated a number of times equal to the number of 
layers required for the final composite. Resin and curing agents 
are pre-mixed and normally designed to cross-link and harden at 
room temperature. The major advantage of this manufacturing 
process is its great flexibility, meaning that it suits most common 
mould sizes and complex shapes. 
Epoxy based composite slabs filled with varying concentrations 
of (0%, 10% and 15% volume) fly ash, aluminum oxide (Al2O3), 
magnesium hydroxide (Mg(OH)2), and hematite powder 
were prepared. Fabrication of the composites is done at room 
temperature by hand lay-up techniques. The required ingredients 
of resin, hardener, and fillers are mixed horoughly in a basin and 
the mixture is subsequently stirred constantly. The glass fiber 
positioned manually in the open mold. Mixture so made is brushed 
uniformly, over the glass plies. 
Entrapped air is removed manually with squeezes or rollers to 
complete the laminates structure and the composite is cured at 
room temperature. 

 The process of fabrication is carried out by using Diglycidyl Ether 
of BisphenolA (DGEBA) / Tri-ethylene Tetra Amine (TETA) as 
the epoxy matrix, chemically belonging to the “epoxide” family 
is used as the matrix material in the ratio 10:1. The composite 
specimen is fabricated as per the standard procedure. Unidirectional 
fabric of AR-glass with density 220 gsm is used to reinforce the 
polymer matrix. The surfaces will be thoroughly cleaned in order 
to ensure that they were free from oil, dirt etc., before bonding at 
room temperature and pressure. The laminate will be allowed to 
cure for about 24 hours.  

Fig. 3: Hand Lay Up Method

Laminates composed of a single ply of glass fabric with epoxy 
resin were fabricated, with a thickness of nearly 0.52 mm, after 
curing 24 hrs at room temperature. After curing, samples were 
cut to the desired dimensions for different mechanical test. The 
fig shows that preparation of laminates.

Cut the fiber

Mix the Binder

Pour in Binder

Coating the fiber

   Curing



IJRMET Vol. 8, IssuE 2, May - ocTobER 2018  Issn : 2249-5762 (online)  |  Issn : 2249-5770 (Print)

w w w . i j r m e t . c o m 16   InternatIonal Journal of research In MechanIcal engIneerIng & technology

  Specimens ready for testing
Fig. 4: Preparation of Laminates  

C. Testing of Laminates
After the fabrication of laminates, the laminates are tested for 
their mechanical properties. The composition and description of 
composite used in this study are listed in Table 4. The mechanical 
properties like tensile, flexural, impact and hardness tests are 
obtained for these laminates and are studied. 

Table 4: Designation of Composite
S. No. Specimen No. Compositions

1 S1 WRMAT 600 + Epoxy Resin
2 S2 AR Glass Fiber + Epoxy Resin

3 S3 WR Mat 600 + AR Glasss Fiber + 
Epoxy Resin

D. Mechanical Testing

1. Tensile Testing 
Tensile testing utilizes the classical coupon test geometry as shown 
below and consists of two regions: a central region called the gauge 
length, within which failure is expected to occur, and the two 
end regions which are clamped into a grip mechanism connected 
to a test machine. Typical tensile composite test specimen (all 
dimensions in mm) These ends are usually tabbed with a material 
such as aluminum, to protect the specimen from being crushed 
by the grips. This test specimen can be used for longitudinal, 
transverse, cross- ply and angle- ply testing. 

Fig. 5: Universal Testing Machine

It is a good idea to polish the specimen sides to remove surface 
flaws, especially for transverse tests. The tensile test is conducted 
on all the samples as per ASTM256 test standards. Specimens are 
positioned in the grips of universal testing machine and a uniaxial 
load is applied through both the ends until it gets failure fig. 5 
shows the experimental setup for the tensile test

2. Impact Testing 
The Impact test is used to find the energy required to break the 
specimen. The Izod impact test is conducted to study the impact 
energy according to the ASTM D256. Length 65mm, width 13mm 
and the thickness as per the laminate made. The un-notched 
specimen is kept in cantilever position and the pendulum swings 
around to break the specimen. The impact energy (J) is calculated 
from the dial gauge which is fitted on the machine. Figure 6 shows 
the experimental setup for the Impact test.

 
Fig. 6: Impact Testing Machine Table 3 Impact Test Results 

3. Wear Testing 
Wear is related to interactions between surfaces and specifically 
the removal and deformation of material on a surface as a result 
of mechanical action of the opposite surface. The need for relative 
motion between two surfaces and initial mechanical contact 
between asperities is an important distinction between mechanical 
wear compared to other processes with similar outcomes Wear can 
also be defined as a process where interaction between two surfaces 
or bounding faces of solids within the working environment 
results in dimensional loss of one solid, with or without any actual 
decoupling and loss of material. 
Wear test for brake friction materials can be performed using a 
pin-on-disc machine in a laboratory. Such a test would determine 
the wear and co-efficient of friction on metals. It is also used for 
evaluating the rate of wear and ranking of materials. The pin-
on-disc wear and friction tester is operated with a pin positioned 
perpendicular to the flat circular disc. The test machine causes the 
disc specimen to revolve about the disc center and the sliding path 
is a circle on the disc surface. The pin-on-disc wear test confirms 
to ASTM test standard. The other properties of materials that can 
be determined by this tester are effects of load and speed on dry 
adhesive wear of materials, stick-slip phenomenon in dry contacts, 
adhesive wear of coatings, and adhesive wear of self-lubricating 
materials and can help in generating wear maps. 
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Fig. 7: Wear Test Machine 

4. Hardness Test
The Brinell hardness test method as used to determine Brinell 
hardness, is defined in ASTM E10. Most commonly it is used to 
test materials that have a structure that is too coarse or that have 
a surface that is too rough to be tested using another test method, 
e.g., castings and forgings. Brinell testing often use a very high 
test load (3000 kgf) and a 10mm diameter indenter so that the 
resulting indentation averages out most surface and sub-surface 
inconsistencies. The Brinell method applies a predetermined test 
load (F) to a carbide ball of fixed diameter (D) which is held for 
a predetermined time period and then removed. 
The resulting impression is measured with a specially designed 
Brinellmicroscope or optical system across at least two diameters – 
usually at right angles to each other and these results are averaged 
(d). Although the calculation below can be used to generate the 
Brinell number, most often a chart is then used to convert the 
averaged diameter measurement to a Brinell hardness number. 
Common test forces range from 500kgf often used for non-ferrous 
materials to 3000kgf usually used for steels and cast iron. There 
are other Brinell scales with load as low as 1kgf and 1mm diameter 
indenters but these are infrequently used.

Fig. 8: Brinell Hardness Testing Machine 

IV. Results and Discussion

A. Tensile strength
The Tensile strength was done using a universal testing machine 
The complete set of samples to achieve Tensile test. The samples 
were subjected to tensile force, loaded continuously until failure 
occurred. The load at which failure occurred was then recorded, 
Table 5 shows the tensile strength for new composite materials 
developed.

Table 5: Tensile Strength of Composites

S.No Sample Area 
(mm2) 

Gauge 
Length 
(mm) 

Fmax 
(KN) 

UTS 
(MPa) 

1 S1 52.76 50.00 8.34 89.20 

2 S2 71.17 50.00 6.66 93.62 

3 S3 140.87 50.00 12.57 158.02 

B. Impact Strength
The Impact strength was done using a Izod testing machine The 
complete set of samples to achieve Impact test. The sampleswere 
subjected to Impact, loaded suddenly until failure occurred. The 
load at which failure occurred was then recorded, Table 3 shows 
the Impact strength for new composite materials developed

Table 6: Impact Strength of Composites

S.No Sample Load(Kg) Values In
Joules

1 S1 100 2 
2 S2 100 4 
3 S3 100 6 

C. Hardness
Hardness is one of the most important factors that affect the wear 
property of materials. The hardness test was done by Briness 
Hardness Machinw (BHN). During hardness test filler phase and 
matrix phase pressed together and interface can transfer load more 
effectively although interfacial bond strength may be poor which 
results in improved hardness

Table 7: Hardness of Composites

S.No Samples Load (Kg) BHN BHN BHN 

1 S1 100 16 12 10 

2 S2 100 09 13 12 

3 S3 100 21 19 20 

Finally, we conclude based on above results The mechanical 
properties of the glass fiber reinforced epoxy composites at 
different fiber loading Table 8. The fig. 9 shows that comparison 
of mechanical properties of composites. It is observed from 
Table 4 that specimen 3(WR Mat 600 +AR Glasss Fiber+ Epoxy 
Resin) better Tensile and impact strength as compared to others 
composites specimen. And also these composites exhibit higher 
hardness values compare to other two composites.
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Table 8: Mechanical Properties of Composites

S.no Specimen 
No

Tensile 
Strength
UTS(MPa)

Impact 
Strength 
(JOULES)

Hardness
(BHN)

1 S1 89.20 2 12.66
2 S2 93.62 4 11.33
3 S3 158.02 6 20

Fig. 9: Compartion of Composites

D. Sliding Wear Behaviourof Glass-Epoxy Composites
The variation of wear rate with respect to fiber loading at different 
testing conditions Specific wear rate of the composites decreases 
with increase in fiber loading, at testing condition. The hardness 
plays an important role in the wear resistance of the material. 

Table 9: % of Wear Rate

S.No Samples Initial
Weight (g) 

Final
Weight (g) 

Abrasion 
Loss (g) % 

1 S1 2.7576 2.6442 0.1134 5.95 
2 S2 1.4880 1.4276 0.0604 4.06 
3 S3 1.1928 1.1218 0.0710 4.11

As fibers are harder phase in the composite more energy is required 
for the failure of the fibers. Thus, the wear failure is less in case 
of composites with higher fiber loading. Thus, the wear failure is 
less in case of composites with higher fibre loading. At S3 (WR 
Mat 600 +AR Glasss Fiber+ Epoxy Resin) minimum specific 
wear rate is observed from compare to other.

V. Conclusion
The composite material manufacturing method was performed 
at better level the hand lay-up method of laminate preparation 
was various fiber and resin also used. The specimen as per 
ASTM standard have been prepared. The various mechanical 
and tribological testing method was discussed and the ultimate 
tensile strength have compared with other composite laminate. 
The ultimate tensile strength value have been increased. The wear 
test have performed at pin on disc method. The wear rate of the 
laminate at the circular shape specimen prepared. The wear rate 
have been decreased at particular load level. The impact strength of 
the woven roving mat 600 with alkali resistant glass fiber have been 
increased. The hardness strength was performed different specimen. 
The brinell hardness test value have increased at woven roving mat 
600 with alkali resistant glass fiber. currently brake pad material 
was used in automobiles. as asbestos, but this is the hazardous 
material. The strength and wear rate of the asbestos has moderate 

level. The woven roving mat 600 and alkali resistant glass fiber 
has performed for various test method and different environment 
level have been increased life of the brake pad at two wheeler. The 
wear level also decreased of various load condition the hardness 
also better condition.The Result of This Research Indicates That 
combination of Woven Roving Mat 600 And Alkali Resistant Glass 
Fiber can be Effectively and betterStrength.Therefore there is an 
immense scope for the future work regarding use of composite 
materials in Brake Pad to reduce harmful effect.
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