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Due to their wide range of friction characteristics resulting from the application of different friction materials and good heat dissipation
conditions, railway disc brakes have long replaced block brakes in many rail vehicles. A block brake still remains in use, however, in low
speed cargo trains. The paper presents the assessment of the braking process through the analysis of vibrations generated by the
components of the brake system during braking. It presents a possibility of a wider application of vibroacoustic diagnostics (VA), which
aside from the assessment of technical conditions (wear of brake pads) also enables the determination of the changes of the average
friction coefficient as a function of the braking onset speed. Vibration signals of XYZ were measured and analyzed. The analysis of the
results has shown that there is a relation between the values of the point measures and the wear of the brake pads.
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1. INTRODUCTION

The growing speeds of trains force the application of
friction disc brakes as the main train stopping systems. This
is particularly the case for trains comprising a locomotive
and passenger’s coaches. In the case of traction sets,
commonly referred to in Polish as ‘EZT’ a friction disc
brake cooperates with an electrodynamic brake, in which the
traction motors, acting as generators of additional resistance
(regenerative braking) absorb the braking energy in the first
stage of the process. Only in the second stage of braking are
the disc brakes engaged at the speed of approx. 10 km/h
following the drop in the efficiency of the electrodynamic
brake. Due to the use of two braking systems, the work on
vibroacoustic diagnostics (VA) of traction motors is
presented in the works [10], [11], [12] or friction discs
described in the works [28], [30].

The main advantages of a disc brake system include a
stable course of the average friction coefficient as a function
of speed of the onset of braking on the level of 0.35 or 0.37
as per [17] depending on the maximum train speed (0.37 for
Vmax=300 km/h, 0.35 for vma=200km/h) and good
conditions of dissipation of the accumulated thermal energy
to the environment, which is particularly efficient in the case
of ventilated discs. A stable course of the braking process
and the high value of average friction coefficient of as much
as 0.4, when sintered brake pads are applied, as well as a
quick transfer and dissipation of thermal energy enables the
application of greater forces of the brake pads exerted on the
disc, hence better braking power.
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Fig.1. View of the passenger coach fitted with a disc brake:
a) view of the MD 523 bogie, b) view of the wheelsets with the
brake discs, c) view of the 136 Amg passenger coach.

One of the few downsides of a disc brake system is that it
is impossible to control the wear level of the components of
the friction pair in operation. This is particularly
conspicuous in passenger coaches, where the brake discs are
fitted on the axles between the wheels as shown in Fig.1.b).
In order to check the wear level of the friction pads, it is
necessary to send the coach for service procedures so that
the technicians can ascertain the wear from under the car
and, if boundary wear is reached, renew the brake pads. In
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the automotive industry, the problem of brake pad wear has
been resolved by applying a wear sensor in the brake pad.
At the pad thickness of 2-3 mm the abrasion of the metal
part of the sensor closes the circuit by connecting the sensor
with the metal brake disc.

The selection of proper materials for the friction pair of a
disc brake allows a wide range of the brake’s friction
characteristics, which directly influences the braking
process. Instability of the braking process is an effect of a
variety of phenomena discussed by many researchers. One
of them is self-induced vibrations generated by the brake
systems in different phases of the braking process, as
presented in [7], [18], [27], [35]. The fluctuation of the
instantaneous friction coefficient directly influences the
vibration of variable amplitude. Another phenomenon of a
thermal nature are the hot spots occurring on the brake disc,
the effect of which is an uneven distribution of temperature
and high local increments of temperature reaching §,
presented in [36] as a relation between the maximum
temperature (at the hot spot) of the friction ring and the
minimum temperature. The problem of the hot spots
phenomenon on both the brake discs and clutch discs in
motor vehicles has been presented in [2], [14], [16], [19],
[24]. A separate problem adversely influencing the braking
process are the chemical changes occurring in the brake pad
material at high temperatures (above 200°C). This is related
to the degassing of resins connecting the organic
components of the metal brake pads, which results in the
formation of a gas cushion between the brake pad and the
disc. In literature, this effect is referred to as fading and has
been described in [6], [8], [22]. In order to minimize the
fading phenomenon, the manufacturers of the friction
materials subject the brake pads to thermal processing at the
temperature of 1200°C (scorching). Simultaneously, works
are underway related to the materials for brake discs aiming
at selecting appropriate components and thermal-chemical
processing of irons, both gray and spheroid described in [1],
(4], [5], [23], [25].

The aim of the investigations presented in the paper is an
attempt to use the vibrations generated by the brake system
while braking at different speeds to assess the braking
process understood as change in the friction coefficient.

2. SELECTED MODELS OF VIBRATIONS IN DISC BRAKES

The initial models assumed that self-induced vibrations of
the brake were related to the drop in the friction coefficient
and an increase in the slide velocity. This is the case for a
variety of materials but only for a limited range of speed
change. If we assume a brake model of one degree of
freedom as in Fig.2.b) then the equation of motion is
expressed by the relation (1) [34].

mx+cx+kx+N(,us[—,uo) (1)
where: mi, m> — masses of bodies,
N — pressing force,
k — coefficient of resilience,
c — coefficient of viscous damping,
Vo — velocity,

st — coefficient of static friction,
Ho — coefficient of kinetic friction.
a) b)
2 N XXX
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Fig.2. A model of vibrations of one degree of freedom: a) a model
of a resilient friction system based on a conveyor; b) a model of
mechanical system with feedback [34].

The system described in the equation of motion (1) will go
into unstable vibrations depending on the values of the
coefficient of damping x, as shown in the relation (2).

c> —NA'U )
2114 kmvg

The first model that presents the possibility of instability
of the friction system for a constant value of the friction
coefficient was presented by Spurr as a slider with an
angular support, as shown in Fig.3.a). This solution was
improved by Jarvis and Earles. This mode, however, is
geometrically inconsistent with the actual friction disc
brake. Then, the condition of instability is determined with
the relation (3) [34]:

C
%(y ~1g@sin 20 > 2 (3)

Fig.3. A model of instability of the friction system: a) disc - slider
on an angular support; b) binary flutter of lumped parameters [34].

Another model was proposed by North and then Millner.
This was a binary flutter model close to the model of a disc
brake. The vibration mechanism in this case is similar to that
of the fluttering effect of the wings of a plane. The race of
the disc brake was replaced by a straight rigid beam of two
degrees of freedom. The cross-section of the pad-race-pad
system of the length of 2x/ is shown in Fig.3.b). The
condition of instability of the presented model is expressed
by the relation (4) [34]:
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where:  2h — thickness of the beam,
M — mass,
1 — inertia,
21 — length of the beam,
Kp — transverse rigidity of the pad,
Ky,P/3 — rotary rigidity for the 21 portion.

As Crolla and Lang have proved, this and the other models
do not entirely reflect the actual brake operation. Thanks to
these models, however, we can obtain qualitative
information needed in the design process of brake systems
and in the search for design solutions eliminating some
classes of vibrations and the resultant noise [34].

3. METHODOLOGY AND OBJECT OF RESEARCH

Research of a friction-vibroacoustic nature was performed
on a certified inertia test stand at TABOR Institute of Rail
Vehicles in Poznan. The test stand enables investigations of
actual brake systems of rail vehicles (including pad and rail
brakes) in the scale 1:1. Data obtained during tests on the
certified brake inertia test stand are used for modeling the
braking process or forecasting damage to brake system
components. [9].

Fig.4. View of the research object on the disc brake test stand:

a) view of the friction pair — brake disc and pads; b) View of the
measurement section of the test stand; c¢) view of the drive
component of the test stand with the rotating masses; d) View of
the vibration transducer Briiel&Kjar type 4504A, 1 — brake disc, 2
— brake clasps and the pads, 3 — static force sensor referred to the
brake radius, 4 — sensors of the pressing force of the pads to the
brake disc, 5 — rotational speed sensor, 6 — vibration transducer.

The investigations were performed according to the
assumptions of the active experiment described in [20], [21],
the input parameters were intentionally modified in order to
record the output parameters. The input parameters were the
simulated speed of the onset of braking v, the pressing force

of the pads on the brake disc N, the mass to be decelerated
M, and the wear of the brake pads G. The output parameters
were instantaneous tangential force F; referred to the radius
of braking r, instantaneous pressing force on the brake disc
F}, and instantaneous value of the vibration accelerations a.
The observations of the input parameters on the changes of
the output parameters were performed.

Fig.4. presents the brake test stand and the measurement
equipment. For the measurements, the following sensors
have been applied: HBM sensors (force) and B&K
transducers (vibrations). The research object was a 590x110
railway brake disc with ventilating vanes and three sets of
175 FR20H.2 brake pads (a set of new pads of the thickness
of 35 mm and two worn sets of 25 mm and 15 mm). During
the tests a procedure of active experiment was applied, in
which the output parameters were recorded following a
modification of the input parameters.
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Fig.5. Diagram of the measurement track used in the
investigations.

Tests of a tribological nature were performed according to
the requirements stipulated in [17], [26]. During the tests,
braking was performed from the speeds of 50, 80, 120, 160
and 200 km/h. During the tests, the pressing force of the
pads to the disc of 25 kN was applied and the simulated
mass to be decelerated was 5.7 tons.
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The vibroacoustic tests were performed simultaneously
with the friction (tribological) tests. One of the clasps was
fitted with the vibration transducer shown in Fig.4.a). The
measurements of the vibration accelerations were performed
perpendicularly to the surface of the disc based on the
experience of other researchers presented in [28], [32].
Fig.5. presents the diagram of the measurement track on the
test stand additionally extended by the measurement of the
vibration accelerations.

4. ANALYSIS OF THE RESULTS

In the domain of amplitudes of the analysis of vibration
accelerations, the most frequently used are point measures
that characterize a given vibration process with a single
value according to [37]. Then, in vibroacoustic diagnostics
in particular (VA), it is possible to determine the changes in
the VA signal that result from a change of the technical
condition of the tested object. Literature presents a variety
of papers depicting the application of vibroacoustic
diagnostics in road vehicles, rail vehicles, and aircrafts [3],
[32], [33]. In order to determine the relation between the
average friction coefficient and the vibrations generated by
the brake system, in the first place it was proved that there
exists a relation between the vibrations measured on the
clasp and the technical condition of the system understood
as the wear of the brake pads. To this end, for all analyzed
speeds on the test stand, vibrations of the clasp were
recorded, as shown in Fig.6. Then the following point
measures were determined according to [37]:

1) RMS value of the vibration accelerations described with
the relation (5):

)

Arys =

where: 7T  — averaging time in [s],
a(t) — instantaneous value of the vibration
accelerations in [m/s?].
2) The average values of the vibration accelerations

described with the relation (6):

t

1
A4vERAGE =?j|a(f]df
0

(6)

3) Root value of the vibration acceleration described with

the relation (7):

2

T
1 1
Asouare = FI|‘1(’)|2 dt (7

0

4) Peak value of the vibration accelerations described with

the relation (8):
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Fig.6. Instantaneous value of the vibration accelerations of the
brake clasp with the brake pads when braking from the speed of
120 to the speed of 90 km/h with: a) new pads G1=35 mm; b) pads
worn to 25 mm; c¢) pads worn to 15 mm.

For each point measure, the potential of using it as a
parameter indicating the condition of the brake pads was
verified. To this end, the coefficient of dynamics of the
change of the diagnostic parameter was applied as per the
relation (9) [13]:

A

0

1

D =20 lg[ 9

where: A; —value of the point measure (Arms Or A4vERAGE)

determined when braking with new brake
pads, G1=35 mm w [m/s?],

A2 —value of the point measure (Arms Or AAVERAGE)
determined when braking with used brake pads,
G2=25 and G3=15 mm w [m/s?].

The recorded vibration signals were analyzed in Matlab
2014a. This included a deletion of fragments of signals not
related to the braking process (startup of the test stand and
coasting needed for the disc cooling), averaging as per
relations (5)-(8) and determining of the dynamics of the
change of the diagnostic parameter.

Table 1. presents the values of the point measures
determined in the braking process for different speeds of the
onset of braking.

The analysis of the results has shown that there is a
relation between the values of the point measures and the
wear of the brake pads (measuring the vibrations on the
clasps with the brake pads fitted). Only in the case of low
braking onset speeds (to 50 km/h) the dynamics of changes
of the most heavily worn brake pad (15 mm) does not reach
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6 dB. The braking processes for the speed starting from
80 km/h result in the peak value of the vibration acceleration
and dynamics of the changes of the diagnostic parameter
exceeding 6 dB. Higher braking onset speeds (160 and 200
km/h) cause also this point measure (Apgsx) to find
application in the measurements of the brake system
vibrations.

Table 1. Values of the point measures for the braking process
leading to a complete halt.

Value of the point measure in Dynamics
/s of .changes
in dB
Point Brake pad Brake pad | Brake pad
measure of the of the
of the . . G2/ | G3/
thickness of thickness thickness Gl Gl
-~ of G2=25 | of G3=15
G1=35 mm
mm mm
Speed of the onset of braking v=50 km/h
Arms 6.88 9.36 10.63 2.67 | 3.78
AAVERAGE 5.18 7.01 8.07 2.63 | 3.86
AsQUARE 4.25 6.26 6.88 335 | 4.17
ArEAK 45.06 59.25 65.35 2.38 | 3.23
Speed of the onset of braking v=80 km/h
Arms 7.29 12.47 15.05 4.66 | 6.29
AAVERAGE 5.55 9.39 11.48 4.57 | 6.32
AsQUARE 11.10 20.44 25.06 530 | 7.08
ArgAK 52.57 71.69 90.75 2.69 | 4.74
Speed of the onset of braking v=120 km/h
Arms 8.65 13.95 17.68 4.15 | 6.21
AAVERAGE 6.61 10.62 13.60 4.12 | 6.26
ASQUARE 28.66 53.51 68.67 542 | 7.59
ArEAK 59.63 95.22 111.55 | 4.07 | 5.44
Speed of the onset of braking v=160 km/h
Arms 10.03 14.17 37.46 3.00 | 114
AAVERAGE 7.59 10.67 18.66 296 | 7.8
AsQUARE 62.34 106.42 168.47 | 4.64 | 8.6
ApEAK 77.05 124.80 471.50 | 4.19 | 157
Speed of the onset of braking v=200 km/h
Arms 9.68 12.57 96.31 227 | 19.7
AAVERAGE 7.40 9.59 39.12 2.26 | 145
AsQUARE 104.5 179.86 49399 | 472 | 135
ApEAK 85.20 131.30 918.63 | 3.76 | 20.6

Fig.7. presents a graphical relation between the analyzed
point measures and the braking onset speeds, i.e. 50, 80,
120, 160 and 200 km/h. Fig.8. shows the relation between
the dynamics of changes of the diagnostic parameter and the
analyzed braking onset speeds. Following the information in
Table 1., Fig.7. and Fig.8., it has been confirmed that the
difference in the values of the point measures (between the
new brake pads and the used ones) increases with the
growing braking onset speed. Due to the dynamic nature of
the braking process, particularly at high braking onset
speeds, the vibrations generated by the brake system provide
information related to the wear of the brake pads, which, in
the further part of the paper will also be used in the
assessment of the braking process understood as changes in
the average friction coefficient.
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Fig.7. The relation of the values of selected point measures of
vibration accelerations for three values of the brake pad thickness
as a function of the braking onset speed: a) RMS value; b) average
value; ¢) root value; d) peak value.
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Fig.8. The relation of the dynamics of changes for selected point
measures of vibration accelerations for three values of the brake
pad thickness as a function of the braking onset speed: a) RMS
value; b) average value; c) root value; d) peak value.

For further analyses, the effective and the average values
of the vibration accelerations from the point measures were
utilized due to the high value of the coefficient of dynamics
of the changes of the diagnostic parameter for all braking
onset speeds under analysis. In order to assess the brake pad
wear, a reverse function to the approximating functions
(shown in Fig.7.) was applied, so that it was possible to

129



MEASUREMENT SCIENCE REVIEW, 17, (2017), No. 3, 125-134

assess the thickness of the brake pads based on the value of
the point measures, averaging the entire process of braking
until a full halt.

Fig.9. and Fig.10. show the relation between the brake pad
thickness and a given point measure, i.e. the effective value
and the average value.
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Fig.9. Dependence of the brake pad thickness on the RMS value of

the vibration acceleration for the braking onset speeds of: a) v=>50,
80 and 120 km/h; b) v=160 and 200 km/h.

The dependence of the brake pad thickness on the values
of the point measures, due to the highest value of the
coefficient of determinance R’, was approximated with
linear functions for the braking onset speeds from 50 to
120 km/h and exponential functions for the speeds of 160
and 200 km/h, which is expressed by the relations (10)-(19):

Gloeso) = —5.1- Apyss (voso) + 71.2 (10)
Glomso) = ~2.5 - Apyss (voso) +53.8 (11)
Glozn) = ~2:2 Apygs (sizo) + 54.4 (12)

Gly=160) = 1379 "1RMs(lt160)_0617 (13)

Gly=200) = 04.9 - Agys (v=2oo)70‘324 (14)
Glomso) = ~6.7- Auyerace (voso) + 706 (15)
Glomso) = —3-3* Ayypracr (veso) + 53-8 (16)

G(v:l 20) = —2.8- A yrrace (v=120) + 54.2 (17)
G(y=160) = 233.7- A gygrace (V:160)70.94 (18)
Gly=200) = 79.6- 4, VERAGE(v:ZOO)ﬂ46 (19)

In the further stage of the investigations carried out
simultaneously with the vibration research, the authors
measured instantaneous tangential force F; referred to the
braking radius and the instantaneous clamping force Fj of
the friction pads to the brake disc in order to calculate the
friction coefficient according to the relation (20) [17]:

o =L (20)
Fy

Then, the average friction coefficient for all braking onset
speeds under analysis was calculated as an integral of the
instantaneous friction coefficient on the braking distance s>
as per the relation (21) [17]:
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Fig.10. Dependence of the brake pad thickness on the average
value of the vibration acceleration for the braking onset speeds of:
a) v=50, 80 and 120 km/h; b) v=160 and 200 km/h.

Fig.11. shows the average friction coefficient as a function
of the braking onset speed for three values of the brake pad
thickness.
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Fig.11. Dependence of the average friction coefficient x4 on the
braking onset speed at N=25 kN, M=5.7 t for three values of the
brake pad thickness.

Analyzing Fig.11., it can also be observed that the average
friction coefficient also depends on the conditions of the
brake pads (their wear). As the brake pads wear down, the
value of the average friction coefficient decreases. Fig.12.
and Fig.13. show the dependence of u, on the thickness of
the brake pads. Additionally, the average friction coefficient
was approximated with the linear function as shown by the
relations presented in the graphs.
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Fig.12. Dependence of the average friction coefficient x» on the
thickness of the brake pads for the braking onset speeds of v=50
and 80 km/h.
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Fig.13. Dependence of the average friction coefficient x4 on the
thickness of the brake pads for the braking onset speeds of v=120,
160 and 200 km/h.
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Because of the occurrence of linear (low braking onset
speeds) or non-linear (higher braking onset speeds) relation
between the values of the brake pad thickness and the values
of the point measures and a linear relation between the
average friction coefficient and the brake pad thickness, a
relation aiming at the estimation of the average friction
coefficient based on the recorded vibrations was determined
through the method of substitution of two functions. A
general form of the determination of the average value of
the friction coefficient is expressed by equations (22) and
(23). Equation (22) is based on two linear functions and
equation (23) is a result of joining a non-linear function with
a linear one.

{G =, Agys (Or 4, VERAGE) +h,

u,=a,G+b, (22)
Hy :alaZARMS(Or AAVERAGE)+a2bI +b,
Jforv=>50,80,120 [%}

{G =, Agys (Or A yerace )b1
=a G+b
/um a 2 (23)

b
Hn :ala2ARMS(0r AAVERAGE)I +b,

for v =160, 200 [kTm}

Applying the relations pertaining to the brake pad wear as
a function of the values of the point measures of the
vibration accelerations and between the average friction
coefficient and the brake pad wear based on the assumptions
of functions (22) and (23), the following relations for the

assessment of the average friction coefficient were
determined:

Hin sy = ~0:0036 - Agygs ,_s0) + 0387 (24)

gy g0) = 0022 ARygs(y —go) +0376 (25)

Hi 10y = ~0:0046 - Apygs o120) + 0394 (26)

Fon ) = 0331 Apags a7 +0.249 (27)

By = 0-168 - Ay (1ap0) "2 +0.222 (28)

Fin sy = 00047 Ayppsrtyso) + 0386 (29)

Ho gy = ~0:9029- A ypace(yoso) +0376 (30)

Finy120) = ~0:0059 Ay sym120) +0.394 (31)

Fon o) = 056" Agvrae (vars0) 7 +0.249 (32)
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i (y ) = 0-21- 4, VERAGE(v:ZOO]iOAG +0.222 33)

where: um — average value of the friction coefficient [-],

A> — value of the effective point Arus or average
A4vErace measure in [m/s?].

The analyses of the results in the domain of amplitudes
have shown that, based on the point measures of vibration
accelerations of the brake system discussed in the paper, a
diagnostic of the brake conditions is possible as described
earlier in [15], [28], [31], including the assessment of the
braking process through the determination of the average
friction coefficient. Table 2. and Table 3. present the relative
percentage error of the suitability of the model of the
average friction coefficient based on functions (23)-(32)
against the values determined during the tests on a certified
railway brake test stand. The authors relied on the two point
measures of the vibration accelerations measured on the
brake clasps during the braking process. It should be noted
that also in the field of vibroacoustic diagnostics of the
braking systems are used more advanced analyses as
frequency analysis presented in the work [29] or time-
frequency analysis [30]. However, in spite of the greater
accuracy of the friction wear estimation, in the case of a
diagnostic system, such analyses will generate a more
sophisticated vibroacoustic signal processing system.

Table 2. Relative percentage error of the suitability of the model of
the average friction coefficient to the test results based on the
determined effective values 4rus of the vibration accelerations.

For the point measure 4rus

- - - Results of research

—A— Results Qf.,modef.,,,,,.,,,,,,
0380

0360 |

0.340 | ..~

0.320 | .~

0.300 &S

0280 | .

0260 | ..

35

Average coefficient of friction py [-]

50

20 ) 150

Thickness of pads G [mm] s 200

Speed at the beginning of
braking [km/h]

Fig.14. Relation between the average friction coefficient um
obtained during the investigations and the regressive model
obtained from equations (23)-(32) as a function of the thickness of
the brake pads and the braking onset speeds.

Speed detection

—

MSB
Mwv,=120km/h
Mv(t)=v(t+T)

Yes
,_| Stop recording the signal a(t) |

For a new | For the worn | For the worn
Speed [knvh] brake pad G1 | brake pad G2 | brake pad G3
v=50 0.3 0.8 0.5 Delete file
v=80 0.3 1.3 0.6 a(t)
v=120 0.2 1.5 0.2
v=160 1.3 3.7 0.9
v=200 43 6.1 1.8

Table 3. Relative percentage error of the suitability of the model of
the average friction coefficient to the test results based on the
determined average values 44verace of the vibration accelerations.

For the point measure 44veraGE
For a new | For the worn | For the worn
Speed [km/h] brake pad G1 | brake pad G2 | brake pad G3
v=50 0.2 0.8 0.3
v=80 0.3 1.2 0.5
v=120 0 1.1 0.6
v=160 0.2 2.4 0.8
v=200 33 6.2 1.6

The graphical representation of the suitability of the
regressive model of the value estimation of the average
friction coefficient against the test results on the railway
brake test stand is shown in Fig.14.

| Stop recording signal a(t) |

!

Calculate the point parameters
Aaus Ub Asverace

| Apply function (12) or (17) |+

Apply function
(26) or (31)
The thickness A bl
of the pad is ceeptable Unacceptable
correct wear of pad wear of pad
Calculate !
the )
coefficient of |
friction um Replace pad

Fig.15. Algorithm for evaluation of wear of friction pads and
assessment of braking process on example of braking from speed
v=120 km/h, MSB - Make stopping braking, T — time increment.
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Fig.15. shows the algorithm for the selected braking speed
for simultaneous evaluation of friction pad wear and the
evaluation of braking. The braking process is evaluated by
determining the mean friction coefficient. The algorithm
used to process the vibroacoustic signal generated by the
friction pad during braking is used to assess friction wear.
The wear assessment is made in three ranges, i.e. for the
thickness of the pad between 5 and 35mm, for a thickness of
Smm, and for a thickness of less than Smm where a pad
replacement message is generated for the new pad. Then, by
applying the functions described in (24) - (33), it is possible
to determine the mean coefficient of friction for the braking
speed from 50 to 200 km/h.

7. CONCLUSION

The paper presents a possibility of a wider application of
vibroacoustic diagnostics (VA), which, aside from the
assessment of technical conditions (in this case, wear of the
brake pads) also enables the determination of the changes of
the average friction coefficient as a function of the braking
onset speed. It results from the fact of a heavy dependence
of the diagnostic parameter on the brake pad wear expressed
with the dynamics of changes exceeding 6 dB as well as the
dependence of the average friction coefficient on the speed
and brake pad wear. The connection of both functions, i.e.
the wear of the brake pads/values of the point measures of
vibration accelerations and the average friction
coefficient/wear of the brake pads allows determining the
linear (low speeds) and non-linear (greater speeds)
regressive models for the assessment of the average friction
coefficient. In the analysis of vibration signals, point
measures in the domain of amplitudes are sufficient being
averaged to a single value of instantaneous changes of the
vibration accelerations of a selected component of a brake
system. An error in the reproduction of the model of average
friction coefficient, based on the determined point measures
during the braking process, reaches 6 % only for some
braking onset speeds. The article presents an algorithm for
simultaneous evaluation of wear of friction pads and
evaluation of braking process based on linear functions (24)-
(33). The application of more sophisticated analysis tools
such as FFT and STFT frequency analysis with filters or the
application of a time-frequency analysis will enable better
compliance of the model results with the actual results,
however, it will result in a more complicated signal
processing system and ultimately a more complex diagnostic
system.
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