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Experimental studies of truck transport brake pads materials friction properties

The work presents the results of experimental systematic studies of "wheel-brake pad" friction pairs
wear resistance and the effect of the wear-resistant coating on the wear, in particular, from metal-
ceramic friction materials (OMK-8), carbon composite materials (BBKM) in comparison with carbon
steel of grade 45. It was established that the instantaneous values of brake pads friction coefficients
during the tests on inertial stand are random in nature and require the use of mathematical statistics
methods for their analysis. Change nature in pads and wheels friction force instantaneous values is
determined by pressing forces. It is shown that the mathematical expectation of the friction coefficients
values is within the normalized permissible interval. The probability of friction coefficients
instantaneous values matching into the normalized interval at a pressing force of 10kN is 0,6-0,8 for
speeds up to 60 km/h, for the rest is more than 0,8 at pressing force of 20kN, the specified probability
exceeds 0,85 for the entire range of speeds. With a pressing force of 20kN, the probability of values
exceeding the normalized interval does not exceed 0,15, with a pressing force of 10kN, the friction
coefficients exceeded the maximum normative values more than 0,35 for speeds up to 40 km/h. It has
been established that the most wear-resistant pads are coated with metal-ceramic material (OMK-8)
and carbon-carbon composite materials (BBKM). It is shown that the described technique based on the
mathematical statistic application allows to perform more in-depth analysis of freight wheeled road
trains brake pads frictional properties.

Keywords: mathematical statistics, friction, destruction, friction materials, friction pairs wear

resistance.

Introduction. In modern period of development of industry manufacture of Ukraine, the problem of
basic foundations creation for transport equipment development has arisen. It concerns, in particular,
issues of friction and wear in transport machines. The relevance is due to the fact that the current state
of technology development is characterized by strict conditions of the most diverse transport systems
operation, which is associated with an increase in specific loads due to increase in capacities; speeds;
by the action of complex static cyclic and dynamic loads; under the impact of various corrosive-active
environments as well as temperature [1-3]. It is known from operational practice that 70-80% of
disruptions in normal functioning or complete failure of technical systems are caused by the failure of
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tribosystems elements due to surface destruction as a result of wear and tear and other accompanying
processes - fretting erosion, etc. Therefore, increasing the friction units durability was and remains one
of the most important technical problems of modern times in terms of reliability increasing and service
life extending for transport vehicles [4-7]. However, despite the large volume of publications on this
topic, it can be noted that the diversity, large volume of experimental material and often uncertainty and
contradiction of information regarding the tribological properties of the material [8, 9] involved in
friction and wear pairs leads to the need to find an additional resource in increasing the wear resistance
properties of brake pads material, in particular of transport trucks [10, 11].

Therefore, we provided additional research on brake pads frictional properties in the conditions of
experimental stands, which were as close as possible to the real kinematic and dynamic conditions of
transport trucks operation.

Research purpose and task is to provide systematic experimental studies of brake pads frictional
properties made of different materials.

Research Materials and Methods. Special stand shown in Figure 1 was used in the experiments.
Express tests on dry friction were carried out for brake pads material selection (possible case of braking
wheel pair operation in the dry friction mode was simulated on the stand) together with specialists of
Powder Metallurgy, SPA (Belarus) and the Institute of Electric Welding named after Ye. O. Paton of
the National Academy of Sciences. Pads samples with coatings testing for wear resistance during dry
friction was carried out for 45 minutes at a specific pressure of 0.6 MPa and a counterbody rotation
frequency of 80min™', the counterbody was a disc made of hardened steel 40XH. Carbon structural high-
quality steel 45 was used as a reference sample of brake pads. Pads were made of two types: ®MK-8
metal-ceramic friction (iron-based), "carbon-carbon" composite materials BBKM. In the first case, the
main characteristics that were subject to registration were determined, in particular: wheel rotation linear
speed; time from the start of braking to complete stop of the wheel; instantaneous value of pad pressing
force on the wheel; instantaneous value of friction force; wheel heating temperature.

The results of experimental studies are shown in Figures 1-10.

e

Fig. 1. Stand for Determining the Frictional Properties of Brake Pads

The instantaneous friction coefficient is defined as instantaneous value of the friction force to
instantaneous value of the pressing force ratio. It was established that the registered parameters are
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random values, so their processing requires the use of statistical methods of analysis.

Pressing forces, friction forces and friction coefficients changes during braking data analysis (Fig.
2) shows that the instantaneous values of pressing forces change according to the harmonic law relative
to the average nominal value, while the change in friction forces has a deterministic nature.

Decisive factor affecting the nature of change in the instantaneous values of friction coefficients is
the pressing force (Fig. 2), therefore it is appropriate to determine the instantaneous values of friction
coefficients as instantaneous values of friction force to nominal (average) value of pressing force ratio.

For statistical processing, the entire set of measured parameters was divided into separate arrays
according to fixed braking speeds with an interval of Skm/h, while the initial speed was 20km/h [12,
13].

As a statistical law of pad pressing the wheel force distribution, the normal distribution law was
adopted, for which the distribution function and probability density have the form:

(x—a)?
F(x) = f_ e 202 dx (1)
1 (x—az)2
(p(x) - \/ﬁ'ﬂ' e 20 (2)

where o and 6 2 - are the mathematical expectation and variance of the random variable x.
Confidence intervals for mathematical expectation were determined by the formula:
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Fig. 2. Processes of changes in registered parameters during braking with an initial speed of
80km/h.
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Probability distribution densities of instantaneous friction coefficients (Figs. 3, 4) show that their
value increases as the rate of dispersion of changes decreases. The instability of the friction coefficient
at low speeds of wheel rotation can be due to the impact of the temperature of both the wheel itself and
the brake pad, however, this statement requires experimental confirmation, since during tests on an
inertial stand, the temperature is measured only on the wheel.

Despite the fact that the average values of friction coefficients (Figs. 5, 6) are in the given normalized
range of permissible values of friction coefficients [14], nevertheless, in order to evaluate the braking
properties of experimental pads, it is necessary to take into account the probability that the instantaneous
value of the friction coefficient will be within the permissible range ([L(V)]min, [U(V)]max)-

Probability of random value is equal to the integral of probability density within these limits [15]:

P = [1Wmax) = J,. (W) + dpt = 1= F(W)lmax); “)

where [WW(V)]min,[M(V)] max are, respectively, minimum and maximum normalized values of friction
coefficients established [15] for speed v.
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Fig. 5. Friction Coefficients Average Values at Pad Pressing the Wheel Force of 10kN

The performed calculations showed that the probability of friction coefficients instantaneous values
matching into the normalized interval [14] at a pressing force of 10kN is 0,6-0,8 for speeds up to 60km/h,

for the rest is more than 0,8 at pressing force of 20kN, the specified probability exceeds 0,85 for the
entire range of speeds.
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Fig. 6. Friction Coefficients Average Values at Pad Pressing the Wheel Force of 20kN

When analyzing the friction properties of a brake pad, it is necessary to analyze the maximum and
minimum values of friction coefficients, since high friction coefficients can lead to damage to the surface
of wheel pairs during braking, and low ones - to insufficient braking efficiency of a truck. The
probability of the pad friction coefficients exceeding the maximum normalized value is determined by
formula (5)[2], and the probability that the friction coefficients will be below the minimum normalized
value is determined by formula (6) [2]

P = [0Wmax) = J, (W) + dpt = 1= F(1W) ] max) )

P < [0 Imin) = [22 p(0) - dp = F([0O) Imin) (6)

Calculation studies show that with a pressing force of 20kN, the probability of the values of friction
coefficients exceeding the normalized interval does not exceed 0,15, and with a pressing force of 10kN,
the probability of the friction coefficients exceeding the normative values for speeds up to 40km/h
inclusive is more than 0,35.

The high probability of the friction coefficients exceeding the maximum normative values at a
pressing force of 10kN requires an analysis to be carried out under the condition of preventing a sliding
situation. As a criterion, the limit coefficient of wheels adhesion with asphalt was used. Results of the
calculation showed that the maximum probability of slipping is 0,55, that is, it should be expected that
out of a hundred cars operated on experimental composite pads, only five vehicles can have a slip on
wheel pairs.

Friction coefficients instantaneous values coefficients of variation (range) which are defined as
standard deviation to the mathematical expectation ratio, show that with a pressing force of 10kN, the
maximum values of the coefficients of variation correspond to speeds up to and including 40km/h, and
with a pressing force of 20kN - the range of rates (60-80) km/h

In the second part of the experiments, samples wear resistance was assessed by the weight method.
All samples were pre-treated before testing.
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Experiments results showed that the brake pads made of metal-ceramic materials have the highest
wear resistance, and it was noticed that the wear resistance increases with a decrease in the fraction of
material used. These data are in good agreement with the results known from the literature, where it is
recommended to use finely dispersed powders - fractions less than 20pum in order to obtain high-quality
wear-resistant coatings from ceramic materials. The tests were carried out on the MI-IM friction
machine with a special device for introducing a friction pair of abrasive suspended in lubricant to the
point of contact. A lubricant-abrasive mixture was used, which consisted of industrial lubricant 1-20
and 2% boron carbide, with a grain size of 4-5um. The test mode was as follows: friction speed 0,7-1,0
m/s; pressure in the friction pair 2-3 MPa; friction path during one cycle is 3-7km; cycle duration 1-1,5
hours. Wear was determined using I3B-1 length gauge with lum divisions in two mutually
perpendicular planes along two sections. The insert that was worn was measured in the central plane
along two sections.

The intensity of wear during the set period was estimated by the formula:

ISW
IO = (7)
Irp

where I;,, - is wear of the sample in diameter, pm;
Iz, - is friction path during the test period, km.

The friction path during the test period is determined by the formula:
Iy =m-D-N-107°, (8)

where D - is the sample diameter, mm;
N - is the rotation frequency of the sample, min.™.

During the test, the moment of friction of the "wheel - counterbody" pair was determined on the
scale of the registration mechanism after every ten minutes of testing.

Friction coefficient was determined by the moment of friction and the applied load

_ Mms
,L{ - (Rsr 'P)’ (9)

where My, ¢ - is the moment of friction;
R, - is sample radius;
P - is applied load.

Test results analysis (Fig. 7-10, designations for figures are the same) shows that the wear resistance
of the coating made of metal-ceramic powder (fraction 14 um) is higher than the wear resistance of the
coatings made of powder "carbon-carbon" composite materials and the wear resistance of samples made
of steel 45. In the process of samples with coatings wear, the phenomenon of salting the coatings was
observed, i.e. wear gradually decreased after a certain time after the tests beginning. At the same time,
the friction pair accretion period was about 1 hour on average. The end of accretion process was
estimated by the moment of friction and wear stabilization (Fig. 10).
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Fig. 7. Graphs of sample wear dependence on test intensity:
1 - reference sample made of steel 45; 2 - sample from BBKM; 3- sample from ®MK-8.
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Fig. 9. Graphs of the dependence of the wear coefficient K on the duration of the tests.
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Conclusions

1. It was established that the instantaneous values of brake pads friction coefficients during the tests
on inertial stand are random in nature and require the use of mathematical statistics methods for their
analysis. Change nature in pads and wheels friction force instantaneous values is determined by pressing
forces.

2. It is shown that the mathematical expectation of the friction coefficients values is within the
normalized permissible interval. The probability of friction coefficients instantaneous values matching
into the normalized interval at a pressing force of 10kN is 0,6-0,8 for speeds up to 60 km/h, for the rest
is more than 0,8 at pressing force of 20kN, the specified probability exceeds 0,85 for the entire range of
speeds.

3. With a pressing force of 20kN, the probability of values exceeding the normalized interval does
not exceed 0,15, with a pressing force of 10kN, the friction coefficients exceeded the maximum
normative values more than 0.35 for speeds up to 40 km/h. The maximum probability of slipping
corresponds to a speed of 30 km/h with a pressing force of 10kN and is 0,55. At the same time, the
variation coefficient at a pressing force of 10kN corresponds to the speed range of (20-40) km/h, and at
a pressing force of 20kN - (60-80) km/h.

4. It has been established that the most wear-resistant pads are coated with metal-ceramic material
(D®MK-8) and carbon-carbon composite materials (BBKM).

5. It is shown that the described technique based on the mathematical statistic application allows to
perform more in-depth analysis of freight wheeled road trains brake pads frictional properties.

REFERENCES

1. Gavrilyuk, V.P. (2007) Tribology of casting alloys. K: FTIMS of the National Academy of Sciences of Ukraine. [in
Ukrainian].

2. Dmytrychenko, M.F. (2006) Tribotechnics based on the reliability of machines. K.: INFORMAVTODOR. [in Ukrainian].

3. Zaporozhets, V. V. (1987). Diagnostics of friction units and special machines. K.: KNYGA. [in Ukrainian].

4. Kuzmenko, A.G. (2007). Contact friction and wear of lubricated surfaces. Khmelnytskyi: KhNU. [in Ukrainian].

5. Labunets, V. F. (1989). Wear resistance of boride coated. K.: Technology. [in Ukrainian].

6. Kostetskyi B. 1., Nosovsky I. G., Karaulov A. K. and others. (1976). Surface strength of materials under friction. K.:
Technika. [in Ukrainian].

7. Shevelya, V.V. (2006). Tribochemistry and rheology of wear resistance. Khmelnytskyi: KhNU. [in Ukrainian].

43



e-ISSN 2617-9059 Transport Systems and Technologies, 41, 2023

8. Blau, P. J., Jolly, B. C., Qu, J., Peter, W. H., & Blue, C. A. (2007). Tribological investigation of titanium-based materials
for brakes. Wear, 263(7-12), 1202-1211. https://doi.org/10.1016/j.wear.2006.12.015.

9. Miyauchi, T., Nakayama, J., Fujiwara, N., Shimoda, K., Nakazawa, S., & Fukagai, S. (2013). Friction and wear performance of
nickel and molybdenum-reduction cast iron composite brake blocks including ceramic foams. Wear, 302(1-2), 1436-1443.
https://doi.org/10.1016/j.wear.2012.11.025.

10. Pascu, L. V. (2015). Cercetari privind imbunatdtirea calitatii sabotilor de frdna destinati materialului rulant. Timisoara:
Editura Politehnica.

11. Kiss, 1., Cioata, V., Alexa, V., & Ratiu, S. (2016). Investigations on the selection of friction materials destined to railway
vehicles applications. Annals of the Faculty of Engineering Hunedoara, 14(4), 231.

12. Yerina A.M. (2001). Statistical modeling and forecasting. Kyiv: KNTEU. [in Ukrainian].

13. Nazarov O.1., Klets D.M., & Nazarov 1.O.. (2015). Mathematical model of wear of galvanic disk mechanisms of cars in the
minds of exploitation. Bulletin of NTU “KhPI”. Series: &quot;Mathematical modeling in engineering and technology&quot. [in
Ukrainian].

14. Nazarov O.I., & Nazarov V.L (2016). Reduced speed of wear of drum galvanized mechanisms installed on the front axle of
double cars. Bulletin of KHNADU. [in Ukrainian].

15. Kindrachuk M. V., Labunets V. F., Pashechko M. 1., Korbut E. V. (2000). Tribology. Kyiv: National Publishing House.
aviation "NAU-Druk" University. [in Ukrainian].

Banepin Makapenko', Onvza Boumosuw’, IOpuii Mewrkos’, Onez Kniwee’, IOnisn
Maxapenko®.

Mpodecop, Kadenpa TpaHCOPTHUX CHCTEM 1 TEXHIYHOTO CcepBicy. XePCOHCHKMI HAlIOHATBHUMN TEXHIUHMMN
yHiBepcuteT, bepucnasceke moce 24, M. Xepcon, 73008, Ykpaina, ORCID: http://orcid.org//0000-0001-9178-
9657

2louent, Kadenpa TpaHCIIOPTHUX CHCTEM i TEXHIYHOTO CEPBICY. XEePCOHCHKMI HAiOHAIBHUN TEXHIYHUH
yHiBepcuteT, bepucnasceke moce 24, M. Xepcon, 73008, Ykpaina, ORCID: https://orcid.org/0000-0003-0510-
4362

3louent, Kadenpa TpaHCIIOPTHUX CHCTEM i TEXHIYHOTO CEPBiCY. XEePCOHCHKMI HAIiOHAIBHUN TEXHIYHUH
yHiBepcuteT, beprucnasceke moce 24, m. Xepcon, 73008, Ykpaina, ORCID: https://orcid.org/0000-0002-2506-
7020

4Jloment, Kadenpa TpaHCIOPTHHX CHCTEM i TEXHIYHOTO CepBiCy. X€PCOHCHKHM HAIiOHANBHMI TEXHIUHHMI
yHiBepcuteT, bepucnasceke moce 24, M. XepcoH, 73008, Ykpaina, ORCID: http://orcid.org/0000-0001-6803-
0706.

5 Bakanasp Menuunuii ynigepcurer “Manito60”, m.Binniner, Kanana, https://orcid.org/0000-0003-1252-
4231.

ABTOp, BinnoBiganeHmii 3a nucryBanns: E-mail: mieshkov,yuri@qmail.com; Konr. ten. 095-175-72-09.

Excnepumenmanshi 0ocnioxycennsa ppukyiiinux énacmugocmeii Mamepianie 2aibMi6HUX
KO1000K 6AHMANCHO20 MPAHCHOPHLY

B pobomi naeedeni pezynomamu excnepumMeHmanrbHuxX CUCTMEMHUX O0CTIOdNCeHb 3HOCOCMIUKOCMI
nap mepms “‘Koneco-2anbMi6Ha KOI00Ka” i GNIUG HA 3HOULYBAHHS 3HOCOCIIKO20 NOKPUMMSL, 30KpeMa
3 Memanoxkepamivnux puxyiinux mamepianie (OMK-8) syeneyesux komnoszummuux mamepianie BBKM
6 NOPIGHSHHI 3 8y21eyesol0 CIMALI Mapku 45. Becmanoeneno, wo mummesi 3Hauents Koepiyicnmis
mepms  2aNbMI6HUX KOAOOOK Npu GUAPOOYEAHMAX HA IHEpYiliHOMY CMEHOI Marmv SUNAOKOBUX
Xapaxmep i 6umazaioms Oisi C6020 AHANIZY 3ACTNOCYBAHNSA MemOoOie Mamemamuunoi cmamucmuxu. Ha
xapaxmep 3MIHU MUTHIMEGUX 3HAUEHb CUTU MEPMs KONOOOK 1 KOMIC GUIHAUAIOYUL 6NAUE 30IUICHIOIOMb
cunu wamucxkaunsi. Illokasano, wo mamemamuune cnodi6anHs 3HAYEHb Koeiyicumie mepms
3HAXOOUMbCSL 8 MEANCAX HOPMOBAHO20 OONYCMUMO20 IHmMepsany. IMogipHicmb HONAOAHHS MUMIMEBUX
3HayYeHb KoeghiyieHmie mepms 6 HOpMOGaHull iHmepsan npu cuni namuckauua 10kH cxnaoae 0ns
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weuoxocmeti 0o 60km/200, 0,6-0,8 ons pewmu — 6invwe 0,8 npu cuni Hamuckanns 20kH, exazana
imogipricmo nepesuwgye 0,85 0na 6écvozco Odianazony weuoxocmen. Ilpu cuni mamuckanna 20xH
iMOGIpHICMb BUXOOY 3HAYEHb 3d HOpMOGaHull iHmepsan He nepesuwye 0,15, npu cuni namuckanns 10xkH
nepesuwjents KoeqQiyicHma mepms MAKCUMATLHUX HOPMAMUGHUX 3HAYEHb O weuokocmetl 00
40xkm/200 cknadae Oinvwe 0,35. Bcmanoeneno, wo HaubiIbuio 3HOCOCMINUKICIMIO 60J100iI0Mb
NOKpUmmsi KOJNOOOK 3 Memanokepamiuno2o mamepiany (OMK-8) i eyeneyv-gyeneyesi KOMHO3UmHI
mamepianu (BBKM). Ilokazano wo 6uxiadeHa memoouka HaA OCHOGI 3ACMOCYBAHHS anapamy
MamemMamu4Hoi  cmamucmuky  003680J5€  Npogooumu  Oiibul  2AUOOKUL  aHANi3  QPUKYITIHUX
81ACMUBOCTEN 2ATbMIGHUX KOJIOOOK BAHMANCHUX KOJICHUX A8MON0i3018.

Knrouosi cnosa: mamemamuuna cmamucmuxa, mepms, PYUHYSAHHS, @pukyitini mamepiany,
3HOCOCHIUIKICIb Nap mepmsi.
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