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Brake failure is always possible due 
to several factors that are difficult to con­
trol, such as a slight leak in the brake hose 
due to an impact or a rat bite. In the latest 
research, the development of a brake per­
formance detection tool has been started, 
but how to detect a brake temperature more 
efficiently on the brakes of large vehicles 
has not been specified. Given the signifi­
cant impact of losses due to brake failure 
and accidents that are still occurring, this 
research plays an important role. It must 
be completed immediately so that accident 
cases can be reduced. The object of this 
research is where the position of the maxi­
mum brake temperature occurs? How to 
measure brake temperature is more prac­
tical? What sensor is optimal in detecting  
a brake temperature? The research me- 
thod is carried out in a systematic stage 
that ends with an experimental method. 
This study indicates that the maximum 
temperature is relative to the entire fric­
tion area between the canvas and the drum 
brake. The most efficient sensor placement 
is in the hole in the drum brake cover so 
that installation is more practical and the 
brakes are not disturbed by the sensor’s 
presence. The optimal sensor is a ther­
mocouple sensor because it is more stable 
to vibrations and more resistant to mud 
disturbances than infrared sensors. When 
using a thermocouple sensor, the tempera­
ture detection results must be corrected. 
The correction factor can be made with the 
equation y = 10.3670+1.3205x–0.0003x2, 
where y is the actual temperature dis­
played, and x is the input temperature from 
the thermocouple sensor’s initial detec­
tion. Accurate brake temperature detec­
tion results will be developed as a signal for 
detecting brake faults in real-time to avoid 
brake failure. Finally, the safety of public 
transportation can be improved

Keywords: brake fault, traffic accident, 
brake temperature, temperature measure­
ment, drum brake

UDC 629
DOI: 10.15587/1729-4061.2021.224907

Copyright © 2021, Rolan Siregar, Mohammad Adhitya,  

Danardono A Sumarsono, Nazaruddin, Ghany Heryana, Sonki Prasetya, Fuad Zainuri  

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0)

Received date 09.12.2020 

Accepted date 08.02.2021

Published date 19.02.2021

1. Introduction

Accidents are very significant as a cause of death for 
people. In 2018, Indonesia’s number of traffic accidents was 
109,205, and 29,472 people died [1]. Brake failure is often 
the reason for an accident investigation of vehicles such as 
passenger buses [2]. Some of the causes of failure of the brak-
ing system are the reduced volume of brake fluid (27.2 %), 
overheating (22.5 %), the air in the system (13.4 %), and 
other factors [3]. Overheating is one of the cases which 

greatly impacts other elements, such as brake fluid will 
experience evaporation so that the volume of fluid in the 
brake master is reduced. So premature wear will occur on 
the pad elements [4]. Several studies have been published 
by previous scientists such as the impact of brake damage on 
accidents [5], brake element design improvements [6], repair 
of brake element constituent material [7], brake tempera-
ture analysis [8–10], brake temperature testing [11, 12], and 
brake failure detection technology. Recent research has be-
gun to discuss brake failure detection devices [13–15] with  
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various approaches such as temperature signals and vibration 
signals. Still, a more accurate and more practical study of 
the brake temperature detection process as a signal of brake 
conditions does not exist.

Until now, cases of brake failure have always appeared, 
especially in public transportation such as buses. Passenger  
death is often unavoidable because accidents like this are fatal. 
Some opinions from drivers or public bus vehicle technicians 
are that they do not have a definite brake fault indicator, which 
will cause brake dysfunction (brake failure) soon. Therefore, it 
is necessary to do a serious study of the brake fault indicators, 
so that brake failure of the bus vehicle can be avoided. 

2. Literature review and problem statement

Many accidents are related to brake failure, so there are 
various kinds of research to fix it. But until now, brake failure 
is still common, especially in bus vehicles in Indonesia. The 
problem of brake failure is very difficult, so it requires an 
in-depth investigation of existing research. In [13], there is  
a brake fault analysis using a statistical artificial neural net-
work approach. However, the data used as a signal is based on 
a brake system transfer function derived from quarter brake 
mathematical modeling. The signal from mathematical mo
deling is the most basic research method, but it does not rep-
resent the actual brake fault signal. The detection of various 
brake failure signals has been carried out in [14, 15], where 
the brake fault consists of wear on various sides of the brake 
shoe, the air in the brake, and brake oil leakage. Still, the cha
racter of brake damage is seen from the vibration signal that 
occurs, and this is less than optimal 
when applied in real conditions be-
cause the vibration disturbance is 
considerable from the outside. 

The research was conducted on 
the implementation of the thermo-
couple sensor on the drum brake 
to solve this problem. The result of 
temperature detection is used as the 
input brake performance signal, and 
this paper is presented in [16].

In this study, the thermocouple sensor head’s placement 
is carried out in the drum brake cover element because this 
position is more practical than the sensor embedded in the 
brake shoe or drum brake. The thermocouple head is located 
on the drum cover, which has a distance of several centime-
ters from the friction field. However, the temperature detec-
tion results are less accurate because the maximum tempera-
ture is in friction between the brake shoe and the drum brake. 
In this paper, it is suggested to study the detection of brake 
temperature using a thermocouple sensor with more accurate 
results and still consider the practicality of installing the  
sensor. Various methods of measuring brake temperature 
exist in several standards [17–20]. The sensor installation is 
placed in the brake in this standard, such as the plug ther-
mocouple and rubbing thermocouple. Temperature measure-
ments like this will get more accurate results. But with this 
method, the operator will disassemble the wheel to the brake 
element for mounting the sensor.

So that in practice, for real vehicles (buses or trucks), 
this is very complicated because it requires a long instal-
lation time, a relatively complicated installation process,  
a complicated maintenance process, and consideration of  

possible interference with the brake system due to these 
sensor elements.

Therefore, in this study, the brake temperature measure-
ment was carried out with the installation of a sensor, which 
is more practical but can read temperatures close to the ac
tual value. This temperature measurement data can be used 
to develop a real vehicle brake damage diagnosis in the future.

3. The aim and objectives of the study

This study aims to obtain a more practical method of 
measuring drum brake temperature with measurement re-
sults that are closer to actual. The detected temperature can 
be used as a brake performance indicator signal.

To achieve this aim, the following objectives are accom-
plished:

– getting the maximum temperature position on the 
drum brake;

– getting the most practical sensor position in detecting 
drum brake temperature;

– finding out the optimal sensor for measuring brake 
temperature.

4. Materials and methods

The stages of this research were made systematically. Ba-
sically, this research method is experimental, to measure the 
brake temperature from the optimal position. Fig. 1 shows 
the systematics of this research.

This research begins with a literature study of all ele-
ments related to the topic. Some of the main parts reviewed 
are vehicle properties, braking load, understanding the con-
version of motion energy to heat energy during braking, 
literature studies on the working mechanism of braking on 
each constituent element, analyzing the maximum brake 
force in several conditions, understanding the working prin-
ciples of finite element analysis based software, research 
about sensor devices in detecting brake failure, understand-
ing the working mechanism of measuring instruments and 
the process of measuring brake temperature. Table 1 below 
shows the vehicle data under review. These vehicles are con-
sidered the reference commodity bus vehicle (similar).

Table 1
Vehicle parameter datа

Item Value Unit

Vehicle weight m 8,000 kg

Wheelbase l 4,175 mm

Wheel track front tf 1,670 mm

Wheel track rear tr 1,650 mm

 

 

 
 

 
    
 

Fig. 1. Research systematics
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This vehicle is medium-sized, viewed from one of the 
vehicle manufacturers with insignificant size modifications. 
The vehicle’s mass is selected by following the govern-
ment regulations in Indonesia, namely Number 55 of 2012  
Article 5 Paragraph 3 concerning the amount of weight al-
lowed on a medium bus vehicle is 8,000 kg. Furthermore, the 
brake load will be defined from the properties of the vehicle.

The experimental brake setup is designed for a quarter 
vehicle or one brake unit. Brake temperature can be calcu-
lated using a simulation and validated by this experiment. 
The simulation is done by defining the heat flux first (eq. 1):

q
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From eq. (1) it can be explained that q is heat flux (W/m2),  
m is a mass held by one wheel (kg), v is the speed of the ve-
hicle when braking (m/s), I is mass inertia (kg∙m), ω is angu- 
lar speed (1/s), g is gravity acceleration (m/s2), S is slope 
road (%), A is the surface area of the touchpad with the 
surface of the rotor (m2), and t is the braking time (s). Fur-
thermore, the heat flux can be used as an input for transient 
thermal simulation. The simulation and experimental results 
are processed to conclude in the form of temperature expe-
rienced by the brakes, and it is hoped that a temperature 
detection device can be made to see the brake performance. 
Optimization of brake performance can be monitored based 
on the temperature read by the sensor, where the detection 
results must be accurate and effective. The experimental set-
up can be seen in Fig. 2 below.

Based on Fig. 2, it can be explained that the temperature 
measurement test is carried out on one bus vehicle brake unit. 
The assessment of a quarter of the vehicle is made to simplify 
and increase brake temperature measure-
ment accuracy. Wheel rotation speed can 
be adjusted on the inverter. The power 
withheld by the brake is the power from the 
7.5 kW electric motor. The sensors used are 
thermocouple sensors and high-quality in-
frared sensors that can record real-time tem-
perature. The sensor is placed on the drum 
brake cover, which has a hole. This is done 
so that no brake sensor interferes with the 
brake work. Besides that, the sensor instal-
lation is easier. However, the results of tem-
perature detection need a deeper correction. 

Experiments were carried out to obtain the brake tem-
perature and then analyze the brake character [17]. The tem-
perature data collection procedure, which refers to various 
sources, is as follows [21–23]. 

Defines the braking load to be tested:
a)  seeing the relationship between shaft rotation and 

motor power;
b)  perform braking repeatedly with the braking time 

according to analytical calculations;
c)  the amount of braking force is applied until the final 

speed is in accordance with the estimate;
d)  perform up to 20 repetitions of brakes if possible, do 

up to 200 brakes;
e)  pay attention to the braking system’s condition, 

whether it is in a damaged condition or not.
The temperature characteristics on the disc and drum 

brake surface can be obtained by experimenting (Fig. 1).  
In the future, these temperatures can be used to input data 
to the brake temperature detection device as an indica-
tor of brake performance. Optimized brake performance 
can be monitored based on the temperature read by the 
sensor. Based on several international standards such as 
SAE [17, 18], SASO/ISO [19], and Patent [20], the installa-
tion of a thermocouple to detect the drum brake temperature 
can be done by two methods, namely, plug thermocouple and 
rubbing thermocouple. However, the process of installing 
this sensor will be complicated. When it is applied to actual 
vehicle conditions, the most likely thing is to put the sensor 
on the drum brake cover because it is considered easier and 
does not interfere with brake work. The selection of the ther-
mocouple mounting model can be seen in Fig. 3 below.

Fig. 3 shows a drum brake temperature detection mo- 
del and sensor position that allows it to be installed on an 
actual vehicle.

 

 

 
 

Fig. 2. Experiment setup 
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Fig. 2. Experimental setup

 

 

 
 

Fig. 3. The position of the thermocouple sensor in the optimal position of the drum 
brake 

The alternative 
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sensor position in 
actual 
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an actual vehicle 

Fig. 3. Optimal position of the thermocouple sensor in the drum brake
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The temperature read by the sensor at the position 
shown in Fig. 2 is certainly smaller than the actual tempera-
ture in the friction surface area between the canvas and the 
drum. Therefore, to obtain the actual detection results, an 
in-depth search is needed.

5. Results of the drum brake temperature study

5. 1. Maximum temperature position on the drum brake
The amount of vehicle mass held by one brake unit is 

assumed to be one-fourth of the vehicle’s maximum mass, 
i. e., a quarter of 8,000 kg is 2,000 kg. Therefore, the wheels’ 
normal force on the road surface is 19,600 N. The maximum 
vehicle limit for toll road conditions for passenger bus vehi-
cles is assumed to be 100 km/h. The percentage of kinetic 
energy to heat energy is estimated at 70 %. Therefore, the 
kinetic energy held by the brake is 540,124 J. The braking 
time is 5 s. Then the braking power is 108,025 W, and the 
heat flux is 1,239.042 W/m2. The amount of heat flux will 
be entered in the transient thermal software simulation 
input data. Simulation is done using the student version 
of ANSYS. One of the important steps in this simulation 
process is the meshing process, where the style chosen is 
the Jacobian ratio. The most suitable simulation results are 
obtained when the smoothing mesh level is high, with the 
number of nodes 73,999 and the number of elements 47,823. 
Temperature simulation results on the drum brake can be 
seen in Fig. 4 below.

 
Fig. 4. Contour of drum brake temperature (Max 232.34 °C)

From the simulation results, it can be seen that the max-
imum temperature on the drum brake can reach 232.34 °C. 
The maximum temperature position is more evenly distri
buted in the friction area of the drum brake. Therefore, the 
direction of the thermocouple or infrared sensor head must 
be directed towards the maximum temperature area.

5. 2. Most practical sensor position in detecting drum 
brake temperature

The location of the bus brake temperature sensor must 
be practical so that it is easy for technicians to install, not to 
damage the brake element, and must not interfere with the 
operation of the brake.

In Fig. 5, the position of the brake temperature sensor is 
displayed.

The position of 
the sensor is 
optimal for 
detecting brake 
temperature

Fig. 5. Optimal sensor position in measuring 	
the drum brake temperature

In Fig. 5, this is the most suitable position for placing the 
sensor. If the sensor is placed here, the technician does not 
need to disassemble the entire vehicle wheel, and the brake 
function will not be disturbed. Buses have a relatively large 
mass so the process of dismantling the wheels and brake ele-
ments is very difficult and complicated. The brakes are not dis-
turbed, meaning that the brake lining is not made a hole as in 
the standard brake temperature measurement such as the plug 
thermocouple method [19], or the addition of a rod to hold 
the copper button in the rubbing thermocouple method [19]. 

5. 3. Optimal sensor for measuring brake temperature
The optimal sensor is a thermocouple sensor because it is 

more stable to vibrations and more resistant to mud distur-
bances than infrared sensors. However, measurements with 
this thermocouple sensor require a correction factor so that 
the displayed results are closer to the actual value. Infrared 
sensors have better temperature detection accuracy when the 
environment is clean but not accurate in dirty environments 
such as dust and mud. However, in this experiment, testing 
was carried out in a clean environment so that the infrared 
sensor could be used as a reference for the actual tempera-
ture. Data for measuring brake temperature using thermo-
couple and infrared sensors can be seen in Table 2.

Table 2

Thermocouple sensor measurement data (xi ) and infrared 
measurement data (yi)

i xi, (°C) yi, (°C)

1 35 50

2 30 52

3 33 53

4 34 54

… … …

181 193 245

Data collection was taken to reach the maximum tem-
perature range based on the simulation. Furthermore, the 
drum brake temperature test results can be seen in the graph 
in Fig. 6 below.

Based on Fig. 6, the difference in measurement results 
between a thermocouple and an infrared sensor can be seen. 
Where thermocouple measurement has a smaller value than 
infrared measurements. When using a thermocouple as the 
optimal sensor because of easy maintenance, it is necessary to 
provide a correction factor to the infrared measurement results.  
This correction factor is made by numerical method.
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The x data is the value obtained from the thermocouple 
sensor, and the y data is the value obtained from the infrared 
sensor. Data y is the actual temperature as the target of the 
thermocouple sensor. Thus, the thermocouple sensor must 
display y with an input value of x (Table 2). Approach func-
tion is made by regression of polynomial order 2 (eq. 2):

y a a x a x= + +0 1 2
2 	 (2)

and to get the constant values a0, a1, a2 can be solved with the 
relationship of three equations (eq. 3–5.)
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This equation can be solved by numerical simulation in 
Excel software. The constant value obtained is a0 = 10.3670, 
a1 = 1.3205, and a2 = –0.0003 with the square of the cor- 
relation R2 of 0.9848. Therefore, the formulation can be made 
as in eq. (6):

y x x= + −10 3670 1 3205 0 0003 2. . . . 	 (6)

Then eq. (6) acts as a correction factor for the measure-
ment results of the thermocouple sensor. Where y is the 
actual temperature displayed, and x is the input temperature 
from the thermocouple sensor’s initial detection. So, for 
measuring the thermocouple with the sensor’s position on 
the drum brake cover, eq. (6)can be used for the character of 
the vehicle used in this study. Furthermore, the temperature 
signal can be developed into a braking fault detection signal 
using statistical artificial intelligence.

6. Discussion of experimental results

Based on the research results, it can be explained that 
how to detect brake temperature is very influential in the 
development of brake fault detection equipment. The charac

ter of the brakes must be understood so that in 
actual vehicles, the installation of the sensors 
does not interfere with and damage the brakes 
themselves. Brake temperature simulation is 
necessary to determine the position of the maxi-
mum temperature in the brake system. Based on 
the simulation results conducted in this study, 
it can be seen that the maximum temperature 
is in the area of friction between the brake shoe 
and the drum, where the temperature contour 
in the friction area is evenly distributed (Fig. 4). 
So, the position of the temperature sensor head 
can be directed to the friction plane. Sensor 
placement is a very serious problem. Since 
the application is planned for large vehicles,  
the difficulty in dismantling the brakes must  
be considered. 

In addition, with the presence of a temperature sensor, 
as much as possible it does not damage the brake element 
(making a hole like a plug thermocouple [19]) and has no 
chance of inhibiting brake motion (such as thermocouple 
rubbing [19]). Therefore, in this study, the sensor is placed 
in the existing drum brake cover hole. This is important, 
because the sensor is in a position that is easy to install, and 
easy to maintain. There are two types of sensors as alterna-
tive choices that can be used, namely infra-red sensors and 
thermocouple sensors. These sensors have advantages and 
disadvantages. Infrared sensors are able to detect objects that 
are relatively far away with accurate results, but not well in 
vibrating and dusty areas. While the thermocouple sensor is 
more resistant to vibrations and dust, but it is not accurate 
in measuring objects that are relatively far away. However, 
from these two sensors the most possible to be selected on an 
actual vehicle is a sensor that can measure in vibrating and 
dusty conditions, namely the thermocouple sensor. In order 
for the thermocouple measurement results to be accurate, it is 
necessary to add a correction factor. In the test rig, the infra-
red sensor can work optimally because of the small vibration 
and clean environment. So that infrared sensor measurement 
data can be used as a reference. The thermocouple measure-
ment correction factor can be constructed as in section 5. 3.

For comparison, when using a vibration signal to deter-
mine the condition of brake failure as in [14, 15], the accele
rator sensor installation will be easier and simpler. However, 
this still needs to be considered again when used on actual 
vehicles. Vibration from tires due to various road surfaces 
will make it difficult for the system to detect the signal from 
the brake itself. To help solve this problem, it is possible to 
use a temperature signal that comes from within the brake 
itself, so that ambient temperature has little effect. This 
method has been used in [16] with a practical installation, 
but the accuracy of temperature measurement is not suitable. 
So that in this research, this problem has been solved by add-
ing a temperature measurement formula. 

It should be noted that the brake temperature measure-
ment method in this study is only limited to one vehicle 
commodity. This is an important note, the brake construction 
is different, of course, the brake temperature measurement 
method must be adjusted to the brake construction. In future 
research, it is necessary to carry out a standard measurement 
of brake temperature for vehicles in general where the posi-
tion of the sensor is on the outside of the brake to make it 
more practical. In addition, there is a generalization of the 
correction factor formula when using a thermocouple sensor, 

Fig. 6. Graph of drum brake temperature measurement
 

 

 
 

Fig. 5. Graph of drum brake temperature measurement 
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based on the weight of the vehicle, the construction of the 
brake unit, and the mass held by each brake. Thus, with this 
formulation, it will help in the development of brake damage 
indicator signals. 

7. Conclusions

1. Based on the numerical simulation results of the tran-
sient thermal, the temperature contours are obtained. The 
maximum temperature is 232.34 °C, which is evenly distribu
ted in the area of friction between the brake shoe and the drum.

2. The most practical sensor placement is in the hole in 
the drum brake cover so that installation is easier and the 
brakes are not disturbed by the sensor’s presence. 

3. The optimal sensor is a thermocouple sensor because it 
is more stable to vibrations and more resistant to mud distur-
bances than infrared sensors. However, measurements with 
this thermocouple sensor require a correction factor so that 
the displayed results are closer to the actual value. Infrared 

sensors have better temperature detection accuracy when 
the environment is clean but not accurate in dirty environ-
ments such as dust and mud. However, in this experiment, 
testing was carried out in a clean environment so that the 
infrared sensor could be used as a reference for the actual 
temperature. Temperature detection using a thermocouple 
sensor requires an appropriate correction factor to obtain 
near-actual results. The equation for the correction factor is 
y  =  10.3670+1.3205x–0.0003x2, where y is the actual tem-
perature displayed, and x is the input temperature from the 
thermocouple sensor’s initial detection.
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