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The use of vehicles in Malaysia has become a need and important to commute to the workplace 

and commercial business transportation. This necessity resulted in an increase in the number 

of cars on the road that eventually increase the number of accidents that resulted in the loss of 

life which is also one of the leading killers in Malaysia. Deriving from this phenomenon, car 

maintenance especially brake systems has become imperative that eventually become the main 

objective of this research to investigate the effect of different road terrains to brake pad wear. 

The experimental vehicle is operated in two different road terrains namely hilly and flat roads 

and each road terrain is set to complete 1000km of investigation traveled distance. Three main 

investigation parameters are brake pad thickness wear, the temperature generated from 

rubbing the brake pad with the rotor, and the brake force applied on the brake pedal. A 

CANedge external onboard diagnostic (OBD) logger is used to collect real-time data on the 

relevant parameters from the vehicle’s ECU for analysis. The result from the experiments 

found that the average brake pad wear rate during hilly roads is 53% higher than that of flat 

roads. Likewise, brake pad temperature generation on a hilly road is 34% higher than that on 

a flat road. However, the brake pedal force applied during braking is 60% higher on flat roads 

compared to on hilly roads. From the findings, data from the vehicle OBD2 and the brake pad 

wear can be analyzed to provide an electronic signal for indication of timely maintenance for 

the brake pad.  

Keywords: Brake pad thickness; Brake pedal force; Temperature generation; Vehicle 

monitoring system; Vehicle maintenance 

1. Introduction 

Transportation using automobiles in Malaysia 

is very common and has become the primary way 

of commuting from one place to another [1].  The 

use of vehicles as transport is mostly for 

commuting to work, going shopping, visiting 

parents in hometown or places to even in short 

distances, mainly due to the convenience. In 

Malaysia, the increase in vehicles has significantly 

affected our daily activities. According to the 

Road Safety Report by the World Health 

Organization (WHO), road accidents in Malaysia 

contributed to 25 deaths per 100,000 populations 

[2]. Globally, road accidents have been 

responsible for massive deaths [3]. In particular, 

this involves the safety of both passengers on 

board the vehicle and other road users, including 

pedestrians [4]. 

Since the mid-1980s the number of vehicles has 

significantly increased due to the fact that 

Malaysia has established its own vehicle 

manufacturing named PROTON. Since then, the 

number of vehicles increasing almost 

exponentially every year, partly due to the 
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establishment of the second national car 

manufacturer named PERODUA in 1992 on top of 

existing foreign imported car brands such as 

Toyota, Honda, Nissan, BMW, and Mercedes, 

among others. In recent years, Malaysia 

Automotive Association (MAA), 2021 update, 

reported the total industry volume in Malaysia 

has reached 666,667 units (highest in 2015). Due 

increase in the number of vehicles on the road, has 

considerably impacted the accident statistics. 

Based on the several literature and research, it is 

estimated that the number of vehicles in Malaysia 

would be continuously increasing on year to year 

basis and it is also predicted that the number of 

vehicles accident on the road would also increase 

in tandem with the increase of population in 

Malaysia [5].  

As reported, road accidents cause massive loss 

of lives globally, with approximately 1.35 million 

people dying every year or, on average 3,700 

people losing their lives each day on the roads [6]. 

According to research by Musa et al. [7] 

approximately 18 traffic accidents occur in 

Peninsular Malaysia that causes, on average, one 

death in every hour, indicating preventive 

measures are required. This remains a significant 

concern that could obstruct human capital 

development, especially in developing countries 

such as Malaysia. Moreover, the steady increase in 

population and vehicles on the roads in Malaysia 

has significantly influenced traffic accidents. 

According to the WHO report [8], nations with 

low and middle earnings are severely affected by 

the fatalities of road traffic accidents, contributing 

to approximately 90% of road accident-related 

deaths globally [7].  

It is worth looking into this in detail to 

understand the associated problem in the vehicle 

that possibly contributes to the increase of the 

road accident apart from the driver skills & 

experience, road conditions, environmental 

changes to condition and other causes which are 

not reported and analyzed by the relevant 

authority. An investigation by Musa et al. [7] on 

federal road accidents in Malaysia found that the 

“Out of control” and “Head-on collisions” have 

out-numbered the other collision type suggesting 

the brake system components might have 

maintenance issues where both types of collisions 

accounted for 82% of collision type. Another 

investigation by Gavaskar et al. [9] on The 

National Transport Safety Board (NTSB) report 

found that the poor maintenance practice by the 

vehicle owner and/or commercial vehicle 

operators contributed to the failure in brake 

systems attributed to the lack of understanding 

and knowledge about the necessity for a well-

maintained vehicle. Research by Bohr et al. [10] 

mentioned that by observing and performing 

regular checks on the brake system and road 

condition, failures and accidents due to brake 

failure may not occur. An investigation by Solah 

et al. [11] on PUSPAKOM road worthiness 

inspection data on a private vehicle for pass or fail 

has found that the most highlighted items on the 

fail result are the brake function. Also highlighted 

that the number of cases increases as the vehicle 

age increases, and this clearly indicates that the 

maintenance aspects need to be looked into to 

ensure the vehicle, especially the brake 

components, is in good condition and thus 

performing as expected.  

Another investigation by Solah et. al [12] on 

buses accident in Malaysia found that brake and 

tire failure was common problem factors in the 

post-crash investigation. Thus, vehicle brake 

system components monitoring is critical to 

provide information for timely maintenance to 

ensure driver and passengers onboard the vehicle 

is protected when stopping at an occasion such as 

at a traffic light, approaching other vehicles, and 

most importantly when stopping for an 

emergency. To maintain the brake system 

function performance continuously working best, 

monitoring the brake component system, such as 

the brake pad, by inspecting the system 

component as regularly as possible is crucial [13]. 

Current practice using a metal pin attached to the 

brake pad, however, is common. Unfortunately, 

this could not effectively alert the driver as there 

could be a lot of other sounds during driving. 

Thus, this situation has motivated the project to 

investigate and propose a solution to this 

monitoring system. Therefore, this research 

project focuses on the vehicle's vulnerable point, 

which is the braking system. The main objective of 

this research is to investigate the effect of different 

road terrain on brake pad components wear rate 

which influence the decision for maintenance of 

the brake pad.  

According to a study on driving on a 

mountainous road in Wyoming by Haq et al. [14], 

http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index


© Rusli Majuma et al.    

Automotive Experiences  236 
 

the likelihood of crashes caused by brake failure is 

generally higher, especially as cars get older. 

Based on the study, trucks are more prone to 

brake failure since they are heavier than other 

vehicles in their class. Prolonged application of 

the brakes under prolonged downhill driving 

conditions could raise the brake temperature and 

cause the brake system components to fail. It is 

obvious that cars travelling across steep terrain 

operate in harsher conditions, putting additional 

strain on their mechanical parts [15]. Hence, it is 

important to understand the effect of hilly road to 

the brake components maintenance.  

From a different perspective study by Jawi et 

al. [16] on vehicle owner attitudes toward 

maintenance was found to be poor probably due 

to the influence of lack of general knowledge on 

automobile maintenance where most owners are 

inability to perform their own vehicle self-

assessment caused heavily relying on workshop 

mechanics. Therefore, an effective and reliable 

system with readily available tools in the market 

is necessary to address this problem. Several 

studies from the available works of literature have 

been conducted to look for suitable systems in 

order to review and propose the best and most 

applicable for the monitoring of the brake 

components where in this study the focus is on the 

brake pad.  

In a study conducted by Sivarao et al. [17], on a 

Perdana V6, the brake pad wear limit can be 

monitored by using a micro-sensor embedded in 

the brake pad. In this study, the sensor to detect 

the brake pad thickness has been selected from 

several available sensors, and choose the best 

position to install the micro sensor where the 

study successfully detected the brake pad wear 

progression. However, during the experiment on 

the test rig, the wire connection was vulnerable to 

vibration which implies the issue of reliability to 

the sensor is become the fundamental problem.   

Hatam and A. Khalkhali [18] in their study has 

proposed the wear prediction of a hydraulic brake 

pad using an algorithm to simulate the wear based 

on FE analysis combined with the Archard 

equation using Python scripting. The experiment 

was conducted on a Pin-on Disc performed on a 

standard-size pin known for the brake pad where 

the rotor and pad contact area and worn mass are 

obtained to determine the coefficients of friction 

and wear between steel disc and brake pad. The 

worn mass of the brake pad is also considered in 

the experiment where the proposed automotive 

brake pad wear prediction algorithm is validated 

by comparison of calculated worn mass to 

measured values, obtained in a corresponding 

cylindrical pin-on-disc wear test. In this 

prediction, it has to conduct several experiments 

to get the initial data of the brake pad using the 

Pin-on Disc when using a different type of brake 

pad material.  

In another method for investigation by Praneh 

et al. [19] using vibration signal for prediction of 

brake system health monitoring utilizing 

machine-learning & statistical analytic technic, the 

vibration signal obtained from an experiment 

using a piezoelectric accelerometer (Dytran make, 

10 mV/g sensitivity) where the signal data for 

good brake system condition and faulty brake 

conditions are developed as part of the machine 

learning system input teaching and the data are 

processed using statistical features that can be 

extracted and feed into the machine learning 

algorithm for data classification so that the 

expected brake system health are demonstrated. 

This research generally utilizes the latest 

technology of machine learning and has to collect 

the data of the vibration and install external 

measuring tools to capture the required data for 

the algorithm to work on.  

In a similar investigation approach, Harlapur 

et al. [20] have conducted a machine-learning 

algorithm by relating the brake pad thickness with 

the stopping distance. In this investigation, no 

external sensors and parameters were used as the 

whole data collection is making use of the 

vehicle’s onboard sensors for data such as the 

vehicle’s speed and so on. Since this investigation 

utilizes a machine learning algorithm, the 

variation of the vehicle’s stopping distances for 

various thicknesses of the brake pad is first 

recorded and then a suitable machine learning 

algorithm is used to fit this data. This algorithm 

provides a mathematical relation between the 

stopping distances and the brake pad thickness. 

Thus, this mathematical model can be used on the 

vehicle to calculate the brake pad thickness by 

monitoring the stopping distance of the vehicle. 

This study is generally very much similar to this 

research where the brake pad thickness and 

vehicle stopping distance is being used to 

investigate the brake pad health condition as an 
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indicator for the brake pad condition for 

maintenance. The novelty of this study lay in the 

data collection which utilized the real-time on-

board diagnostic tools to capture the required 

investigation parameters directly from the 

vehicle’s ECU and using the CANedge2 logging 

system without external measurement tools to 

measure the parameters and the experiment is 

conducted on the actual road for hilly and flat 

road terrain condition. In addition, in this 

research, the temperature generated on the brake 

pad and brake force amount applied on the brake 

pedal was also included to investigate the 

relationship between the thickness wear rate 

associated with temperature and the amount of 

brake force applied on the brake pedal. 

 

2. Methods 

The experimental vehicle for this study is a 

Toyota Avanza based on information that this 

model is one of the best-selling model in Malaysia 

and Indonesia [21]. The vehicle is a mini multi-

purpose vehicle (MPV) type with 1.5-liter engine 

capacity with an automatic transmission and the 

brake system is however not equipped with ABS. 

The focus of the experiment is on the front brake 

system which is a disc brake type. The measuring 

instrument to be used in this experiment indicated 

in Figure 1 includes a micrometer, brake pedal 

force sensor, K-type thermocouple, an On-board 

diagnostic (OBD2) tool as a data acquisition 

system called CANedge2 to capture data from the 

ECU of the vehicle, and Graphtec data logger. 

The experimental vehicle is operated in two 

different road terrains to investigate the effect of 

wear rate on the brake pad specifically on the front 

brake to provide a decision guide to do 

maintenance of the brake components. Two 

investigation road terrains in this research namely 

the hilly road covering the Sabah Crocker range 

and the other road terrain is the flat road covering 

around Kota Kinabalu city. Figure 2a and Figure 2b 

shows the map of hilly road and flat road terrain. 

Each road terrain is set to complete 1000km of 

investigation traveled distance to understand the 

main investigation parameters which are the 

brake pad thickness wear, the temperature 

generated on the brake pad rubbing with the 

rotor, and the brake pedal force. The data 

collected are analyzed to provide the average data 

for brake pad thickness wear rate, the average 

temperature generation as well as for brake force 

applied to the brake pedal during the experiment.   

 

 

Figure 1. Measuring instruments: (a) Micrometer (0-25mm range); (b) Brake pedal force sensor; (c) K-type 

thermocouple; (d) CANedge2 logger; (e) Graphtec data logger 

 

 

Figure 2. (a) Location of hilly road terrain and (b) Flat road terrain 
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According to Neis [22], any linear 

measurement of component wear can be 

performed by any metrological techniques 

described by ASTM G99 Standard, such as in the 

case of thickness measurements of a brake pad, 

micrometer, or vernier caliper are commonly 

used. In the same research, it was mentioned that 

international standards for brake pad wear test 

procedure such as ISO26867, recommends 

selecting at least 5 points equally spread on the 

brake pad surface for thickness measurements. 

Similarly, this approach is being employed in this 

research experiment with the increase in the 

number of measurement points to consider the 

effect of uneven pressure applied in the brake pad.  

Figure 3 shows the brake pad both the inner 

brake pad and the outer brake pad of the front 

brake pad of the vehicle with the measurement 

point selection. The brake pad is identified to have 

16 measurement points each where measurement 

point selection is based on the method used by 

Neis [22]. The measurement points are marked 

with a marker pen to ensure measurements are 

being done at the same points every time the 

measurement is being performed. In order to 

minimize errors from the measurement personnel 

it was decided to only one person to do the 

measurement of the brake pad thickness from the 

beginning until the experiments are completed. 

Due to the difficulty in measuring the 

temperature changes in the brake pad by normal 

temperature measurement tools on a continuous 

basis, a suitable method is required to be 

employed especially due to the brake pad location 

and operation are not easy to measure without 

stopping the vehicle. According to Grkić et al. [23] 

the best method to measure the temperature 

generated on brake pads is by using a 

thermocouple. The temperature of the heat 

generated by the rubbing brake pad against the 

disc brake during the braking process in this 

experiment is measured using a K-type 

thermocouple which accurately measures 

temperature ranging between -200 °C to 1000 °C. 

This K-type thermocouple is selected based on the 

suitability of the experiment where the 

temperature measurements are taken on a 

continuous basis and real-time monitoring apart 

from the capability of the thermocouple which is 

convenient and easy to install. The engine room 

temperature and environment temperature 

outside of the vehicle are measured for control 

and check for any influence from both areas on the 

brake pad temperature data. 

Before the brake pedal force sensor is installed 

on the brake pedal, it is first calibrated using a 

known weight for the expected range of force 

applied to the sensor so that the display is 

accurately indicated on the display unit. The 

calibration weight is from 1kg up to 40kg and once 

the calibration curve has been obtained, the data 

is then set on the Graphtec Data Logger to display 

and record the data for analysis purposes after all 

the experiments are completed.  

Figure 4 shows the setup of the brake pedal 

force sensor on the brake pedal. When the brake 

pedal force sensor is stepped by the driver, the 

brake force applied to the brake pedal is displayed 

on the display unit which is connected to the 

Graphtec data logger where the data is displayed 

and recorded in real-time. The data will be 

recorded with one-second sampling interval to 

ensure the data for the brake force are captured  

 

 

Figure 3. Brake pad measurement point selection 
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Figure 4. Brake pedal force sensor system setup on the experimental vehicle 

 

during the braking action in which it takes at a 

short interval and needed to be captured and 

recorded without missing any of the braking force 

data during the braking action. In this study, 

CANedge external On-board Diagnostic (OBD2) 

tool is used to collect real-time data of vehicle 

speed. This data is reliable because CANedge 

OBD2 taken the vehicle speed directly from the 

vehicle’s ECU. 

 

3. Results and Discussion 

The data collected from the study on the 

different road terrain, the temperature generated 

from the rubbing brake pad with the rotor disc, 

and brake pedal force applied during braking are 

analyzed to understand the effect of the brake pad 

thickness wearing phenomenon that leads to the 

maintenance decision of the brake components. 

Figure 5 shows the brake pad wear rate during 

1000km of the hilly road and flat road. The results 

consist of the inner and outer parts of both the 

front left and rear right brake pads. From the 

experimental result, after completing the 1000 km 

travel distance, it was found that the rate of 

thickness reduction for the front left inner and 

outer pad on the hilly road is 0.55% and 0.61% 

respectively, which means the total thickness 

reduction for both front left pad is 1.16%. For the 

front right pad, it can be seen that the rate of 

thickness reduction for the inner and outer pad is 

0.88% and 0.89% respectively, which means the 

total thickness reduction for the right brake pad is 

1.77%. The right brake pad reduction is greater 

than the left pad because of the travel direction 

from the origin toward the left side. When the 

vehicle turns to the left-hand side, the load will be 

transferred from the left to the right tire. This 

caused more force required to stop or decrease the 

rotational speed of the right-hand side wheel. As 

a result, more wear on the right pad as indicated 

by the wear rate in Figure 5a.  

Compared to the flat road surface, the 

thickness reduction rate for the front left inner and 

outer pad is 0.28% and 0.38%, respectively, while 

for the front right inner and outer pad, 0.27% and 

0.40%, respectively. The total thickness reduction 

of the front left and right brake pads can be 

summarized into 0.66% and 0.67%, respectively. 

During the flat road experiment, the wear rate is 

about the same between the left and right tire due 

to the traveling direction within Kota Kinabalu 

city not being fixed to one direction only. 

Furthermore, it was more random in the direction 

selection as there was more option for route and 

direction even though most of the time, followed 

the selected path. Consequently, the load 

distribution from left to right or right to left will 

be the same, and the effect on the pad's wear is 

almost the same. 
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Figure 5. Brake pad wear rate during 1000km of the hilly road (a) and flat road (b) 

 

The temperature analysis consists of outside 
temperature, engine temperature, and brake pad 

temperature, as depicted in Figure 6a and Figure 

6b. Based on Figure 6a and Figure 6b, the outside 

temperature on the hilly and flat roads is almost 

the same, which means that the outside 
temperature can be neglected in the analysis of the 

brake pad. For engine room temperature, both 
hilly and flat road shows the maximum 

temperature is approximately 100 °C for hilly 

roads and 80 °C for flat road. The maximum 
temperature on the hilly road is higher than flat 

road due to the more torque required during 
ascending. Higher torque also means more 

braking force when braking on a hilly road, which 

leads to more temperature generated on the brake 
pad.    

The heat generated on the rubbing brake pad 

and rotor during hilly road terrain was found to 

be at an average of 71.5 °C, compared to an 

average of 47.2 °C during flat road terrain. Higher 

temperatures are recorded mostly during 

descending and ascending the hill area where the 

braking action is applied to slow down the vehicle 

speed to ensure it is in control and generally 

following the speed limit. The result of the 

experiment is generally consistent with the 

information from Bryant’s study [24], where the 

wear rate of the brake pad will increase when the 

temperature of the brake pad is increased, which 

is the effect of high temperature during the 

braking operation is not good for the brake pad 

especially when the brake pad is made from 

material with a low resistance to temperature. 

As for the trend of braking force applied to the 

brake pedal as in Figure 7a and Figure 7b, it was 

found that the average braking force is 12N and 

18N for hilly roads and flat roads respectively 

approximately 33% difference between the road 

terrain. This result is opposite to the brake pad 

thickness wear rate result where the hilly road has 

a higher wear rate but less brake force applied 

while lesser brake pad thickness wear rate during 

flat road but higher average brake force applied. 

This perhaps could be due to the influence of the 

total duration of braking time and the average 

vehicle speed in completing the 1000 km traveling 

distance is higher during hilly roads compared to 

the flat roads as indicated in Table 1. In a study by 

Mahadika [25], requires higher brake pedal force 

to stop the vehicle at a higher vehicle speed 

compared to a lower vehicle speed. This is 

inconsistent with the result of the brake force 

trend for the hilly road terrain experiment where 

the lower average brake force of around 12N was 

applied during hilly road terrain for a higher 

average vehicle speed of around 39.8 km/h while 

during flat road terrain experiment the brake force
 

 
Figure 6. Brake pad temperature generated during hilly road (a) and flat road (b) 
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Figure 7. Brake pedal force applied during hilly road (a) and flat road (b) 

 
Table 1. Summary of braking force, vehicle speed and other information 

Parameter Unit Hilly road Flat Road 

No of braking count Count 14523 2256 

Total time for braking Hour 4.1 0.6 

Total travel time for 1000 km Hour 23 25 

Average braking force Newton 12 18 

Average vehicle speed km/h 39.8 29.9 

 

is about 18N for average vehicle speed of around 

29.9 km/h which is lower speed compared to hilly 

average speed. This inconsistent result is due to 

driving on a flat city road requiring more force to 

stop the vehicle at the traffic light and junctions. 

Furthermore, sudden braking is also more 

frequent on the city road and the experiment for 

flat road surfaces is conducted at the Kota 

Kinabalu City Central. During driving on a hilly 

road, the driver also tends to drive the vehicle 

carefully and will apply the lower force on the 

brake pedal to slow down the vehicle speed 

during descending the hill to ensure a safe 

downhill.  

In addition, from Table 1, it can be seen that the 

wear rate of the brake pads is also affected by the 

number of steps on the brake pedal as indicated 

by the number of braking counts and the total time 

taken for the braking action. However, the test 

results are only applicable and valid for the types 

of brakes and brake pads specifically used in this 

research. Meanwhile, research in the development 

of brake systems [26] and brake pad materials is 

also growing rapidly at this time, mainly due to 

issues related to reducing asbestos content [27]–

[30] and the development of local materials for 

brake pads  [31]–[34]. Therefore, further research 

on different brake system technologies and a 

wider range of brake pad materials can be carried 

out to complete the reference on the topic of brake 

pad wear. 

4. Conclusion 

In the first part of the experiment for driving the 

experimental vehicle on hilly road terrain and flat 

road terrain to complete a 1000 km distance, the 

three parameters of concern were evaluated to 

investigate the effect of each parameter on the 

extent of brake pad wear level progression. The 

three parameters are the brake pad thickness, the 

temperature generated on the rubbing brake pad 

with the rotor, and the third parameter is the trend 

of brake force applied on the brake pedal. The 

study found that the brake pad wear rate on the 

hilly road is 53% higher compared to flat road 

terrain. For the heat generated from the rubbing 

action between the brake pad and the rotor disc 

where in the experiment, the temperature 

generated on the brake pad during the hilly road 

terrain is 34% higher average temperature 

compared to the flat city road terrain during the 

total of 1000km traveled distance.  Regarding the 

brake force trend applied to the brake pedal, it 

was found that the average brake force applied to 

the brake pedal during the hilly road is 33% lower 

compared to the brake force applied during the 

hilly flat city road.  

Based on the result from the experiment, the 

OBD2 system is capable of being further 

developed to provide real-time information to 

monitor the brake pad wear by utilizing the data 

from the OBD2 to be collected and analyzed to 

indicate to the driver in the form of blinking light 
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on the meter cluster for replacement of the brake 

pad when the recommended thickness is reached. 

This will greatly assist in a timely replacement of 

the brake pad without exposing the driver to a 

braking system failure, thus providing a solution 

to many accident cases due to brake failure. 
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