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ABSTRACT – The effect of applied loads and braking 

times on the tribological behaviour on indigenously 

formulated semi-metallic brake friction materials were 

investigated using Chase dynamometer. Friction and 

wear tests were carried out under six different loads (445, 

890, 1335, 1780, 2225 and 2670 N) and braking times (4, 

8, 12, 16, 20 and 24 minutes) while the rotating velocity 

of the disc was kept constant at 500 rpm during the tests. 

Generally, it was observed that coefficient of friction 

decreases while the wear volume increases with 

increasing of the applied loads and braking times. The 

friction material was observed to be suitable for 

temperature up to 250oC, load up to 1335 N and 

continuous braking time less than 20 minutes. An 

increase in wear volume was corresponding to the 

decomposition of organic materials.  

 

1. INTRODUCTION 

The tribological performance of brake friction 

material depends on the material properties as well as on 

the operating conditions such as applied load, sliding 

speed, frequency of braking, environment, etc. The 

coefficient of friction (COF) and wear rate are very 

important parameters for the selection, since they 

determine a material’s suitability for brake pad 

application. Brake friction materials should meet a 

number of requirement; they should have a moderate 

COF, low wear rate and good mechanical properties. 

In real brake systems, the nominal contact pressure, 

typically varies between 0.3 and 2 MPa and the sliding 

velocity between 1 and 10 m/s [1].  It was observed by 

several authors [2-4] that the variation of COF and wear 

rate depends on the interfacial conditions such as normal 

load, geometry, relative surface motion, sliding speed, 

surface roughness of the rubbing surfaces, type of 

material, temperature, lubrication and vibration. Among 

these factors, sliding speed and normal load are the two 

major factors whose play significant role for the variation 

COF and wear rate. Further, most of the wear studies on 

friction material were performed at low speed (0.5–10 

m/s) and load (2–900 N) conditions [2-6]. Literature on 

the high sliding speed and load effects on the wear and 

friction properties is limited [7]. Therefore in this study 

an attempt is made to investigate the effect of braking 

load and time on COF and wear behaviour of semi 

metallic friction material. 

 

 

2. METHADOLOGY 

In this study, a semi-metallic friction material 

(brake pad) from earlier publication was used [8]. The 

friction and wear tests were carried out using Chase 

dynamometer. In this test, each specimen was pressed 

against a brake drum rotating with a constant speed of 

500 rpm following the experimental design approach (6 

loads x 6 times). The tests were conducted at different 

braking loads of 445, 890, 1335, 1780, 2225 and 2670 N 

and different braking times of 4, 8, 12, 16, 20 and 24 

minutes. Friction test results obtained from this study are 

the COF and the volume of wear of the brake friction 

materials.  

  

3. RESULTS AND DISCUSSION 

It can be seen from Figure 1 that after short running-

in stage the COF raised until it reached a maximum value 

with an increase in braking time. After reaching its 

maximum value, the COF declined with the braking time 

and subsequently reached a steady state friction. With 

subsequent braking, the shearing of the peak asperities 

resulting in breaking the interlocking between asperities 

which reduced the COF. The present results are 

consistent with previous work [9]. The present samples 

are only suitable as the load increased up to 1335 N. 

It was observed that an increase in worn volume 

occurred as the function of braking time as shown in 

Figure 2. The worn volume shows a linear relationship 

with load and/or braking time below 890 N and/or 12 

minutes, respectively. Above 890 N load and/or 12 

minutes braking time, the worn volume increased 

significantly. For all load at braking time 24 minutes, the 

worn volume also increased dramatically. The above 

finding is consistent by Rhee [10], Kubota and Hirose 

[11] and Talib [12] which concluded that wear rate 

increased linearly when the temperature was below 

230oC and afterwards increased exponentially. The 

phenolic resin becomes weaker as the temperature rises, 

since it undergoes softening. The polymer material will 

be degraded as the temperature increase. Thermal 

degradation of resin materials results in reduction in 

composition bonding and structural integrity of the brake 

friction materials caused the wear rate to increase 

exponentially. The wear resistance naturally decreased in 

response to a reduction of composition bonding and 

structural integrity. This process may have increased the 

rate of surface failure as reported by other researchers 

[13-14]. 
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Figure 1 The variation of COF related to braking time. 

 

 
Figure 2 Variation of worn volume with braking time. 

 

4. CONCLUSION 

The following salient conclusion can be drawn from 

the study on influence of different applied loads and 

braking times of semi-metallic automotive friction 

material. In general, the increase in load and braking time 

lead to an increase in surface temperature the worn 

volume but cause a reduction in COF. The increased in 

wear volume was corresponding to decomposition of 

organic materials. The COF was highest on the onset of 

braking due to ploughing of harder asperities and 

enlargement of the contact area. Later, the COF slowly 

decreases with applied loads and braking times due to 

shearing of the peak asperities and formation of friction 

film. The samples are observed to be suitable for load up 

to 1335 N and continuous braking time less than 20 

minutes.  
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