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ABSTRACT: An experimental investigation was carried out to examine the tribological behaviour of NAO (non-
asbestos organic) type brake linings containing brass particles of varying amount. Brake linings with increasing content 
of brass particles (5%, 10% and 15% wt.) were prepared and produced by powder metallurgy technique. The samples 
has been tested under Friction Assessment and Screening Test (FAST). In this experimental study, the change of 
friction coefficient, the temperature of friction surface and the amount of wear were measured. The hardness and 
density of the samples were also determined. The results of tests showed that amount of brass particles on brake friction 
composites influenced the friction coefficient and specific wear ratio substantially. 
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I. INTRODUCTION 
 
Automotive friction materials have been formulated for about 100 years [1]. In the early 1920s, asbestos fiber was 
chosen as a friction material for use in all kinds of vehicles. Nowadays however non-asbestos (NAO) formula becomes 
mainstream to overcome the negative effect of asbestos on human respiratory system. A typical brake lining formula 
includes phenolic resin mixed with metal powder, inorganic fillers and fibers [2]. 
The brakes require the friction materials (FMs) with higher and stable friction coefficient (µ), low wear rate, no noise, 
low cost, and environment friendly. In order to realize the requirements, the researches on the selection of raw materials 
and optimization of friction formulations have been done [3,4]. 
Amongst the ingredients are metallic fillers such as copper, brass, iron etc., which are very important in FMs and are 
added in various shapes, sizes, amounts and combinations basically to improve the thermo‐physical properties [5]. 
These metallic fillers, however, influence the overall friction and wear properties of FM [6‐16]. 
Kumar and Bijwe [6] studied the sensitivity of friction (μ) towards braking pressure and sliding speed of selected 
composites based on variation in an inclusion of metallic fillers, viz. brass, copper and iron. They reported that among 
metallic fillers, copper powder proved very effective in reducing μ-sensitivity to dynamic variations in pressure and 
speed. Kumar and Bijwe [7] studied the influence of metallic contents on temperature sensitivity of friction composites 
on reduced scale prototype. They developed three friction composites with identical parent composition (90% by wt.) 
except metallic filler viz. brass, copper and iron powder (10% by wt.). One more was developed without metallic 
powder by adjusting 10% amount with barite (space filler). They characterized for physical, chemical and mechanical 
properties of all composites. They also tribo-tested wear, fade and recovery behavior of all composites. They concluded 
that with use of metal contents, friction and wear performance of composites improved in general. Kumar and Bijwe 
[13] studied very systematic and in depth investigations on these aspects by investigating the role of three different 
metallic fillers with variation in amount, shape, and size on the performance properties of NAO brake-pad materials. 
They developed composites in such a way that the variation in metallic fillers was managed as; three types (copper, 
brass and iron) and three amounts (0, 10 and 20 wt%). They characterized for physical, thermal, mechanical and 
tribological properties of all composites (on brake inertia dynamometer) as per the standard industrial practice.  
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They observed that the inclusion of metallic fillers enhanced the performance properties of composites significantly. It 
was reported that improved thermo-physical properties especially thermal conductivity of composites played an 
important role in the performance properties as copper powder based composites showed best tribo-behavior followed 
by brass and iron powder. 
In this study, the three different friction materials containing three amounts (5, 10 and 15 wt.%) brass particles were 
produced and investigated for tribological properties. It was observed that the amount of brass particles affected the 
performance properties of composites. 

II. MATERIALS AND METHODOLOGY 
 
Friction material specimens for this experiment were manufactured based on a typical non-asbestos organic (NAO)-
type formulation. The friction material specimens contained a binder, reinforcements, friction modifier, etc., as shown 
in Table 1, and they were fabricated using a typical manufacturing process for NAO brake pads [17,18]. The prepared 
composites were designated as B5, B10 and B15. 
 

Table 1. The composition of the brake material samples 

Constituent Weight percent (%) 
B5 B10 B15 

Phenolic resin 20 20 20 
Steel fibre 5 5 5 
Cashew dust 10 10 10 
Brass particles 5 10 15 
Graphite 5 5 5 
Copper particles 8 8 8 
Alumina 8 8 8 
Barite  39 34 29 
TOTAL 100 100 100 

 
Friction material specimens were produced by a conventional procedure for a dry formulation following dry-mixing, 
pre-forming hot pressing, scratching and grinding. The size of the brake pad was approximately Ø25.4×9 mm. Three 
tests were run of each material for each test conditions and average values were reported here. A schematic diagram 
of the friction tester and its contact geometry has been previously published [18]. 
Figure 1 shows the disc test equipment used in this study. To define friction coefficients of automotive brake pad 
under different temperatures, a test device was designed and manufactured. The detailed test equipment is shown in 
Figure 1. 
 

 
Fig. 1. Schematic of brake friction test equipment[19] 
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Using a real brake disc-type tester, the friction coefficient characteristics of the pad next to the disc made of cast iron 
were investigated by changing the pad. The test sample was mounted on the hydraulic pressure and pressed against 
the flat surface of the rotating disc. Before performing the friction coefficient test, the surfaces of the test samples and 
the cast iron discs were ground with 320-grid sandpaper. The normal load was varied to achieve a constant friction 
force. Braking tests were carried out under 1050 kPa pressure, 6 m/s sliding speed and at temperatures from 50 to 
400°C for 600 s. Electrical heater was used to achieve 400°C in friction surface temperature. The temperature and 
friction coefficient values were stored in a databank. Friction coefficients–temperature–time graphs are obtained to 
identify the effect of these variables [20]. 
A pad-on-disk test equipment was used, and the counterface was cast iron. The grey cast iron disc specimens had a 
composition of Fe-3,40 per cent C-2,20 per cent Si-0,60 per cent Mn-0,15 per cent S-1,05 per cent P. Disc samples of 
22.7 cm in diameter and 0.975 cm in thickness were obtained from a domestic company in Turkey. The roughness of 
cast iron disc was also Ra=1.40 µm. The Brinell hardness of the disc samples was 191.13 kgf/mm2 using 5-mm ball 
and 1,471 kN (150 kgf) load [20]. 
From the values of the normal load applied on the pin fn, and the frictional frictional force fs measured by the pin-on-
disc type test device, the friction coefficient µ is calculated as follow: 
 
ߤ = ௙ೞ

௙೙
             (1) 

 
The weight and thickness of two pads and a disc for each sample were taken before and after the friction test. To 
obtain average thickness, six measurements (three at the beginning and three at the end) were taken at different 
locations on the pads and disc before and after the friction test.  
Specific wear rate was determined in accordance to a TSE 555 [21] standard by using the following equation: 
 
ܸ = ଵ

ଶ.గ.ோ
∙ ௠భି௠మ
௡.௙ೞ.ఘ

              (2) 
 
where V is the specific wear rate (cm3/Nm), R is the distance between centers of the sample and the rotating disc (m), 
m1 and m2 are the average specimen weights before and after the test (g), respectively, n is the rotating number of disk, 
ρ is the density of the brake lining (g/cm3), and fs is the average frictional force (N). 
Friction stability (%) was determined by using the following equation [22]: 
 
ܵܨ = (μ௔௩௚ μ௠௔௫⁄ ) × 100             (3) 
 
Hardness testing was carried out on a Brinell hardness testing machine using a 62.5 kgf load and 2.5 mm steel ball to 
determine the hardness variation as a function of braking pad compositions. The surface of the specimens was 
carefully prepared, and each specimen was tested after production of each braking pad (The surface of the specimens 
was carefully prepared using SiC papers from coarse (180 grid) to fine (1.200 grid), and each specimen was tested 
after production.). At least five indentations were made from the center to the edge of the specimens to obtain an 
accurate value of the hardness for each specimen, and an average value was obtained. Experimental scatter was at 
most ±2 HB. Therefore, it was concluded that the alloys the braking pads were homogeneous. 
The density of the specimens was determined based on Archimedean principle in water.  
Counter disc temperature was measured during the tests by using non-contacting infrared (IR) thermometer. The 
thermometer is placed at approximately 2 cm away from the trailing edge of the brake lining samples. 
 

III. RESULTS AND DISCUSSION 
 

The coefficient of friction μ varied significantly in the initial stage of testing, since the size of the contact area 
increased and the friction layer was developed on the surface [23]. The characteristic time dependences of the 
coefficient of friction as detected in pin-on-disc type tribometer for all samples are shown in the Figures 2 to 4. 
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Fig. 2. The change of friction coefficient as a function of time for B5 sample 

 

 
Fig. 3. The change of friction coefficient as a function of time for B10 sample 

 

 
Fig. 4. The change of friction coefficient as a function of time for B15 sample 

 
Ostermeyer [24] reported that the friction coefficient decreases with increase in interface temperature. Fluctuations in 
the friction coefficient data in Fig. 2, Fig. 3, and Fig. 4 are observed, although these are not significant. Anderson [25] 
attributed these fluctuations to non-homogenous heat load on lining contact surface. That is because heat toward the 
center of the disc from the contact surfaces changes during the test period. Therefore, the friction coefficient changes 
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continuously due to this effect. Stachowiak and Batchelor [26] explained this by sticking of the friction surfaces. The 
sticking surface slips after a while due to the relative movement, and therefore, this, in turn, results in changes in the 
friction coefficient.  
The friction properties of samples are given in Table 2. The sample containing 5 wt.% brass particles (B5) showed the 
highest values of µ while the sample containing 15 wt.% brass particles (B15) showed the lowest values of µ. 
 

Table 2. Friction properties of the samples 
Sample Average coefficient of friction (µort) Specific wear rate (cm3/Nm) Friction Stability (%) 
B5 0.424 1.952x10-6 75.7 
B10 0.368 1.448x10-6 78.3 
B15 0.359 1.438x10-6 81.7 

 
No wearing cannot be expected from brake linings. Even if very high wear resistant materials are used, this results in 
wear on the counter surface. Therefore, a variation of the friction coefficient with the temperatures is considered to be 
much more important than the wear resistance in the friction materials [27].  
As can be seen from Table 2, an decrease in average coefficient of friction of the samples with increasing brass 
amount is observed. 
Temperature occured on lining contact surface during the friction test affected friction stabilities of the samples. 
Magnitude of % friction stability should be as high as possible and near to 100. Slope and undulations in the curve 
should be minimum [22]. 
It is stated in the literature that the friction coefficient (µ) generally varies between 0.1 and 0.7 depending on friction 
force and disc-lining interface temperature [28]. 
The physical properties of samples are given in Table 3. Almost all properties are well correlated. If hardness is high, 
density increases. If brass amount high, average coefficient of friction tends to be low. 

 
Table 3. Physical properties of the samples 

Sample Density (g/cm3) Brinell hardness (HB) 
B5 2.265 35 
B10 2.126 33 
B15 1.673 28 

 

IV. CONCLUSIONS 
 

Three brake lining composites were developed using brass particles (5, 10, 15 wt.%). Based on tribological 
performance evaluation on a pin-on-disc type friction tester. From the present work, the following conclusions can be 
drawn: 

 The highest friction coefficient was obtained in the sample containing 5 wt.% brass particles while the lowest 
specific wear rate was obtained in the sample containing 15 wt.% brass particles. 

 The specific wear rate increased with inreasing density and hardness for all samples. 
 Temperature occured on lining contact surface during the friction test affected friction stabilities of the 

samples. 
 If brass amount of the samples high, average coefficient of friction tends to be low. Brass particles amount 

added to the brake lining materials influenced wear and friction behaviors of brake linings. 
. 
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