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Biomosa zanom € 00Hi€l0 3 NpuMUH HEWACHUX
eunaodxie 3i cmepmenvHUMU HACAIOKAMU, OCKLIb-
Ku mpancnopmuuil 3acié He Mojice YnpasiAMucs
nanexcnum uunom. Tomy axmyanvui 0ocAioNceHHs
3 nideumwenns Gesnexu eanom. Temnepamypa npu
2a1bMYBAHHI BUKOPUCMOBYEMBCSL 8 AKOCMI NOKA3-
Huka egexmuenocmi zanvmyeanns. SAxuwo noxa-
3aHHA meMnepamypHo20 CUZHALY 6i0PIZHAIOMb-
C 6i0 HOPMANLHO20 CUZHATY 2ANbMYBAHHSA, Ue
cmae o3naxoio necnpagnocmi zanvm. fAx eumips-
mu memnepamypy 00epmosux 2a1bMi6HUX POmMopie
i axi damuuxu 003601710Mb BUKOPUCMOBYEaAmMU Ti
6 peanvHux MpaHCNOPmMHUX 3aco0ax € 20J106HUM
numannam 6 danomy odocaioxncenni. Y uiii cmammi
npedcmaeneni 0sa munu oamuuxie, w0 0036075-
10my BU3HAUAMU MeMnepamypy npu 2a1oMy6am-
Hi, a came — mepmvoea mepmonapa i mepmonapa,
eécmasnena 6 xKoa00ky 3 omeopamu. Ouixyemvcs,
wWo damuux mepmoo6oi mepmonapu 0yoe 6upoois-
mu Oiowl GUCOKY memnepamypy, OCKIIbKU MijC
mepmvo6010 CIMANNI0 i OUCKOM pomopa ichye epexm
mepms, mooi K damuux 6 omeopi Koa00KU NoKa-
sce peanvhe 3navenns. O0nax npu euxopucmau-
Hi Peanvio20 MPAHCNOPMHOZO 3AC00Y SUMIPIOBAH-
HS memnepamypu Wasxom npoousans 0meopis e
PeKomMeHoyemvCs, OCKIIbKU Ue Modice npusecmu 00
nomenuyiiinozo nowxooxicenns camoi xonooxku. Ilpu
euxopucmanti iH@pauepsonozo oamuuxa ycma-
HOBKA mpocmiwe, npome 0anull Memoo € Henpuii-
HAMHUM, OCKIbKU OpYOHi YyMo6u, maki K nuJ
abo qunxuii 6pyo na nosepxni damuuxa, 6yoymo
nepewKooyicamu 3Mumyeantio NOKA3ans 0amuuKa.
Tomy euxopucmanis mepmooeoi mepmonapu 6yoe
epexmueHiue 6 peaibHUX MPAHCROPMHUX 3AC00aX.
Omoice, suMiptosanns memnepamypu mepmoso6010
mepmonapoto 1eo0xi0Ho NPoeoOUMU 3 NONPAGOU-
HUM Koeiuienmom, axuil eionocumvcs 00 Qax-
muunoi memnepamypu. Ha nidcmaei nposedenux
eunpoodyeans peyaomamu uMip06ans 3a 00NOMo-
2010 mepmvogoi mepmonapu (T,) moxcna nepemeo-
pumu ¢ pienanna T=-0,0058T;+2,7668T,~81,257.
Ile pisnanns mosce Gymu euxopucmane 6 cucmemi
nonepeoicenns npo nebesnexy, axa 6K04ae 6 cede
npucmpoi 6usnavennsa epeKmueHOCmi 2a1oMy6anHs

Kntouosi crosa: mepmvoea mepmonapa, oucko-
8¢ 2a1bMO, BU3HAYEHHS MEMNEPAMYPU NPU 2ajlb-
MyeanHi
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1. Introduction

Indonesia was 103,672 incidents, and 27,910 people died [1].
Many things have been pursued by the government to re-

Traffic accidents are one of the highest causes of deathin ~ duce the number of accidents such as slogans, advertising,
Indonesian society. In 2018 the number of traffic accidentsin  and traffic signs that has the aim to drive safely, but the



crash still can not be avoided. Therefore, every cause of an
accident must be studied in depth to minimize accidents.
The braking system on a vehicle is one of the most important
things so that drivers and passengers can drive safely [2].
The braking system is also referred to as active safety, which
is controlled by the driver [3]. If braking does not function
properly, the possibility of an accident will be large. The
cause of the failure of the braking system is low fluid lev-
el (27.2 %), Overheating (22.5 %), Airin the system (13.4 %),
and other influences [4]. Overheat is one of the cases which
significantly affects other elements, such as brake fluid will
evaporate so that the volume of fluid in the brake master is
reduced and likewise premature wear on the brake pad will
occur [5].

This research develops an algorithm in determining
brake performance so that an indication of brake failure will
be known earlier. Brake temperature is used as an indicator
of brake work. If the temperature that occurs is too small
or too large than usual for one of the brakes, then this can
indicate an indication of abnormal brake work. The pin is
stuck, the cylinder is rusted, the rubber cylinder is torn,
the brake hose is leaking, from mounting the hose out of oil,
these are some of the factors that make the brake not grip-
ping normally. The pressure of the brake cylinder to the pad
is proportional to the size of the grip of the pad to the rotor
disc, and the grip of the rotor disc is directly proportional to
the temperature that occurs.

Specifically, this study discusses the temperature phe-
nomenon that occurs in the rotor disc, and the brake tem-
perature will become an input in the algorithm model to
assess the risk of brake failure. The problem is how to mea-
sure the temperature of the rotating brake rotors and what
sensors allow it to be used in real vehicles. In the research
that has been done, two types of sensors are displayed, which
allow detecting brake temperature, namely rubbing thermo-
couple [2] and a thermocouple sensor inserted in a pad with
holes [6]. The rubbing thermocouple sensor is expected to
produce a greater temperature because there is a friction
effect between the rubbing steel and the rotor disc, whereas
the sensor in the pad hole will show the true value. But in
use in a real vehicle, measuring the temperature by punch-
ing holes is not recommended because it can cause potential
damage to the pad itself. So the use of a rubbing thermocou-
ple will be better in real vehicles. Therefore, the measure-
ment of temperature by rubbing thermocouple must be made
a correction factor that refers to the actual temperature.

This research will continue until a model was obtained to
detect brake faults before the brakes fail fully, ie, the brakes
cannot stop the vehicle.

2. Literature review and problem statement

Research on brake faults or brake failure detection devic-
es has been developed by previous researchers. Various brake
problems have been displayed, such as overheat, pad and
rotor wear, the piston-cylinder motion is jammed, and etc.
A brake failure diagnosis approach with statistics has been
developed by several researchers [7], but most have not yet
applied it in a brake failure detection device. The paper [8]
show the vibration-based fault diagnosis of the automo-
bile hydraulic brake system using an artificial intelligence
technique called CSC algorithm. This test was successfully
carried out in a test rig but it might not function optimally

when applied under actual conditions because the vibration
noise from outside such as tire and road vibration is great.
Furthermore, research conducted by [9] provide such a
device to vehicles operator so that any harmful damage and
accidents caused by failure of brake switch can be easily
prevented by the proper indication of the working condition
of brake switch. They make pressure as an indicator of brake
performance, but do not display clearly how to measure the
brake pressure. As well as [10] present about automobile
brake failure indicator in the test rig by using pressure as a
signal. This work only displays measurements on one drum
brake unit. The development of brake failure detection de-
vices has also been performed by several researchers using
microcontroller devices and infrared sensors [11, 12]. This
study only shows the form of a series of tools without proving
work in actual conditions. The paper [13] make a comparison
between the temperature of the disc measured with thermo-
couple and by thermography and establishes the relations
between these measures. This paper is more focused on
testing the temperature that occurs in the rotor brake with
variations in speed and torque.

Some researchers have led to the detection of brake fail-
ure by utilizing brake vibrations and pressure as a signal to
show brake performance. However, this still has many prob-
lems like too much vibration signal noise from outside. This
noise can disturb the correctness of the signal entering the
microcontroller module. If the brake pressure is used as an
input signal, this has the disadvantage of complicated pres-
sure sensor implementation. It is known that the use of infra-
red sensors has a disadvantage, where when there is mud at-
tached to the sensor surface it cannot detect the temperature
properly. If using an infrared sensor, it will have weaknesses,
when there is mud attached to the sensor surface, the sensor
cannot detect the temperature properly. Therefore, the prob-
lem is how to detect the correct temperature on the rotor
disc brake when using a thermocouple sensor.

3. The aim and objectives of the study

The aim of the study is making an algorithm model to
find out the vehicle brake performance. This algorithm mod-
el is expected to be used for actual conditions so that the
brake status can be known earlier before brake dysfunction
occurs.

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

— getting the optimal thermocouple location for measur-
ing brake temperature;

— determine the correction factor of the thermocouple
rubbing measurement against the actual temperature.

4. Materials and research methods

This research begins with a literature study on brake tem-
perature measurements [11], dynamics of vehicle motion in
braking conditions, understanding the conversion of motion
energy into heat energy during braking [12], analytical max-
imum brake force, simulated rotor brake temperature [14],
and brake temperature sensor. Then the vehicle data collec-
tion is done to calculate the brake load data. The tempera-
ture characteristics on the disc surface can be obtained by
experiment [15] (Fig. 1).
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Fig. 1. Set-up experiment test rig

Experiments are made in the test rig model and must be
able to represent the actual conditions [16—18] and in the
future, the temperature can be used to input data to the brake
temperature detection device as an indicator of brake perfor-
mance. Optimized brake performance can be monitored based
on the temperature read by the sensor [13]. If the temperature
that occurs is too small or too large than usual on one of the
brakes, then this can show an indication of abnormal brake
work. The sensor used is a thermocouple sensor embedded in
the pad brake and a rubbing thermocouple sensor. The position
of the thermocouple is varied, that is, position 1, position 2,
and position 3 is on the perforated brake pad, and position 4 is
mounted on rubbing thermocouple (Fig. 2).

7

Fig. 2. Thermocouple sensor position: @ — sensor
thermocouple in Pad (position 1, 2, 3); b — rubbing
thermocouple (position 4)

This is done to see the distribution of brake temperature
that occurs on the surface of the rotor disc and to validate
the temperature contour on the rotor disc from the results of
a thermal transient simulation. The temperature at position
two is estimated to be closer to the actual temperature on
the rotor disc. If this is correct, then the temperature detec-
tion results from the two thermocouples will be made into
a reference. However, the measurement model by punching
holes is not recommended in the actual implementation of
the vehicle. Because the hole made in the pad can cause the
initial crack of the pad brake. So the use of rubbing ther-
mocouple is the best choice when used in real conditions,
but it is necessary to adjust the measurement results of
the rubbing thermocouple to the actual temperature. This
adjustment is because the temperature reading results with
the rubbing thermocouple will usually be greater than the
actual temperature because there is heat arising from rub-
bing steel friction with the rotor brake itself. Therefore, the
temperature of the rubbing thermocouple reading becomes a
function of the actual temperature. Experiments carried out
to obtain the brake temperature, which is then analyzed data
on the increase in brake temperature. The temperature data

collection procedure was developed from various literatu-
re [2, 3, 12] for more details can be displayed as follows:

1) see the relationship between shaft rotation with en-
gine power;

2) perform repeated braking with braking time following
analytical calculations. In this step, it is adjusted between
the machine used on the test rig and the engine that is test-
ing the engine power;

3) large braking force is given to the final speed in accor-
dance with estimates;

4) repeat braking up to 20 times if possible, up to
200 times braking;

5) pay attention to the condition of the braking system,
whether it is in a damaged condition or not.

The amount of braking force can be displayed in eq. (1).
This braking force is made based on a study of each brake
element.

r A

—_— .
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From eq. (1). it can be explained that Fj,.. is the brake
force on a wheel (N), r is the distance of the axle to the
midpoint of the cylinder pad (m), R is the distance of the
midpoint of the cylinder pad to the tire print surface (m), 2
is the friction force on two side, A is the surface area of the
caliper cylinder (m?), A, is the surface area of the master
cylinder (m?), F; is the compressive force given by the oper-
ator’s foot (N), ay is the distance of the force of the pedal to
the support (m), A, is the distance of the output shaft to the
support (m), and 0 is the angle between the output shaft and
the pedal arm (°).

This equation applies if there is no skid or adhesion force
between the tire and the road is greater than the braking
force. Furthermore, to display the temperature contours on
the surface of the rotor disc, finite element-based software
can be used. The simulation is done by defining the heat flux

first (eq. (2)).
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From eq. (2) it can be explained that ¢ is heat flux (W/m?),
m is a mass held by one wheel (kg), v is the speed of the
vehicle when braking (m/s), I is mass inertia (kgm), o is an-
gular speed (1/s), g is gravity acceleration (m/s?), S is slope
road (%), A is the surface area of the touch pad with the sur-
face of the rotor (m?), and ¢ is the braking time (s).

Furthermore, the heat flux can be used as an input for
transient thermal simulation.

5. Research result

5. 1. Position the maximum temperature on the
rotor disc

Experiments carried out to see the increase in brake tem-
perature, where measurements are made on the rotor brake.
The position of the sensor placement can be seen in Fig. 2.
Furthermore, the simulation on the rotor brake shows the
temperature contour in the friction area (Fig. 3).
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Fig. 3. Temperature rotor brake contours

The temperature contour can be used to validate the
temperature measurement position on the rotor brake. From
the simulation results it is shown that the maximum tempera-
ture is in the radius where thermocouples 2 and 4 are plac-
ed (Fig. 3). Temperature contours at positi-

5. 2. Temperature of rubbing thermocouple

From the reading of the disc temperature using rub-
bing thermocouple, the temperature rise obtained is much
higher compared to thermocouples installed in positions 1,
2 and 3. The difference is due to the additional heat arising
from rubbing steel friction with the rotor brake. Therefore
measurements with rubbing thermocouple do not show
actual results. However, in the fact that sizes can only be
done on rubbing thermocouple because the measurement by
punching holes in the pad is not recommended because the
holes made in the pad can cause the initial crack of the pad
brake. So the use of rubbing thermocouple is the best choice
when used in real conditions, but it is necessary to adjust
the measurement results of the rubbing thermocouple to
the actual temperature. Therefore the temperature of the
rubbing thermocouple reading becomes a function of the
actual temperature. As for the actual temperature reference,
the measurement at position 2. The chart in Fig. 5 shows the
correction factor for measuring the rubbing thermocouple.

ons 1 and 3 show the same colour, meaning 250
that the temperature at this position is not
much different. And when compared to posi- 200 -

tion 2 shows similar results. This means that
the temperature contours at positions 1, 2, 3
and 4 are not much different. Furthermore,
the results of this simulation are validated by
experiment. The results of temperature de-
tection from the tests that have been carried
out can be displayed on the graph in Fig. 4.

Based on the results of temperature mea-
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T, is function T,
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surements (Fig. 4), it can be seen that the 50 -
temperature rise in radius 1, 2 and 3 shows

results that are not much different. Position

radius 2 and 4 are the same, position 2 with 0
the thermocouple inside the pad and positi- 0

on 4 with rubbing thermocouple. Position 2
is chosen as a reference that shows the actual
temperature, because this position is validat-
ed with the simulation results that show the
maximum temperature contour. Therefore, the
optimum placement of the rubbing thermo-
couple sensor is the position of radius 2 or 4.
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Fig. 5. Relation temperature between position 2 and 4

So that the results of temperature reduction by rubbing

thermocouple are correct, then a correction factor is made
with eq. (3).

T =-0.0058T" +2.7668 T, —81.257, (3)

The largest gradient is T,
(m=0.11) and this is a
reference

200

150

100

Temperature 7, ° C

where T is the temperature read directly
by the rubbing thermocouple sensor, and
T is the actual temperature that occurs in
the rotor brake. T refers to the results of the
thermocouple 2 (T5) measurement, or rather
T is the same as T».

6. Discussion of the research results

Based on the measurement results it
can be seen that the temperature of the
rubbing thermocouple is different from the

301 Tl T —T3 — T4
o [T1=0101+94536 T2-0.11t+89.142  T3-0.09+9623
0 100 200 300 400 500 600

Fig. 4. Brake temperature detection results

thermocouple that is inserted in the brake
pad. Where the temperature of the ther-
mocouple rubbing measurement is much
greater than the temperature of the ther-

700



mocouple that is inserted in the pad brake. So to get the
actual measurement results needed correction factors.
The correction factor is obtained from the least square
equation that references the thermocouple measurements
entered in the pad. In this study the compressive force of
the thermocouple rubbing on the surface of the disc brake
rotor is considered to be small according to the stiffness
of the handle holding the steel skid is elastic. So that the
correction factor equation (eq. (3)) can be used in actual
vehicles, the operator must make a very elastic rubbing
steel shaft and the placement of the sensor must be right
in the middle radius of the pad friction area with the sur-
face of the rotor disc.

The measurement process using thermocouple rubbing
in this study requires good skills so that the touch of
thermocouple rubbing on the surface of the rotor disc is
not too large. The use of sensor data loggers must be more
sensitive and real time, this article uses NI-based C-Se-
ries sensors. So, in a vehicle brake temperature detection
application must have a large data storage capacity, real
time, and relatively cheap prices.

In this article the upward trend in brake temperature
read by thermocouple rubbing sensors is more stable from
300 seconds to 600 seconds. This value is also verified
by the thermocouple sensor which is inserted in the pad,;
therefore, the result is more likely in a rising temperature
brake trend. However, slightly different from the results
of tests conducted by [19] where the temperature at the
end of the test drops dramatically, and this graph does not
show how the temperature rise or fall time.

The results of measurements with this thermocouple
rubbing are limited to the large compressive force of ther-
mocouple rubbing with a relatively small rotor brake sur-
face, where the pressure is only estimated by the operator
when installing the sensor.

In-depth studies must be carried out to obtain the
compressive forces that occur between rubbing thermo-
couple and rotor disc brakes that are very small and mea-

surable. This is so that the heat signal read by the sensor
only comes from the braking temperature (friction pad
with the surface of the rotor disc) and there is no friction
heat between the thermocouple rubbing with the rotor
disc. Braking temperature signal that is read correctly be-
comes the input data in the development of a vehicle brake
damage detection device. In the future the development of
a brake damage detection tool is expected to be part of the
vehicle safety warning system to avoid total brake failure.

7. Conclusions

1. The position of the temperature measurement on the
disc brake rotor is in position two. This is evidenced by the
maximum temperature contour of the simulation results at
that point. In addition, the test data trendline shows that
the maximum gradient is at number two position.

2.1In the actual condition the use of thermocouples is
more optimal by using thermocouple rubbing than it is plant-
ed in the pad, but a correction equation is needed so that
the results of the thermocouple rubbing measurement are
correct. The equation is T=-0.005877+2.7668 T,-81.257
where Ty is the temperature read by the thermocouple rub-
bing sensor and T 'is the actual temperature that will appear
on the monitor display. T refers to the results of the thermo-
couple 2 (T2) measurement, or rather T'is the same as T2.

The results of this study can be used to develop a safe-
ty warning system about vehicle brakes.
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