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Abstract:

Introduction/purpose: The purpose of this paper is to present the
importance of applying a new diagnostic method with a monitoring system
and its capability to reliably determine when and where the problem will
occur related to the wear of plain bearings in further operation of the plant,
to offer a quality assessment of how the system will continue to function
over time, to predict causes of failures and how to eliminate them as well
as to provide time for planned maintenance of technical systems.

Method:The new method solves the problem of sliding bearing diagnostics
by measuring the dynamic trajectories (orbit) of the sleeve in the sliding
bearing. Modern methods of technical diagnostics based on the
measurement of dynamic parameters and electrical quantities and their
analysis enable the support of measuring systems and measurement
sensors from different manufacturers.

Results: Measurements of the dynamic trajectories of sleeves in sliding
bearings determine the values characterizing: normal condition, initial
clearance size, further clearance increase, bearing clearance sizes, the
moment when the state parameters are close to the upper limit of the
allowable clearance, and the specific clearance size when further plant
exploitation can cause system failure.

Conclusion: The new diagnostic method and monitoring systems can be
widely applied in all technical fields: internal combustion engines,
hydroelectric power plants, thermal power plants, process plants, and in
many other areas. Many monitoring systems, compatibility of devices and
equipment of different manufacturers are supported by hardware and
software. The calculations of theoretical and experimental dynamic
parameters were verified. The method has a wide range of possibilities of
application.

Keywords: sliding bearing, bearing clearance, bearing wear, bearing
sleeve, dynamic trajectory.
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Introduction

The new procedure and measuring systems (hereinafter referred to
as monitoring systems) for determining the clearance size, i.e. the
degree of wear of sliding bearings, is a new diagnostic method in the
technical field. It is is characterized by the following: it allows direct
measurement of the movement parameters of the sleeve in the sliding
bearing, thus enabling automatic quality control of plants in which sliding
bearings are built into. The monitoring system has an almost unlimited
lifetime, has no transferable and wear-exposed elements, does not
depend on the speed of rotation and overload of a plant, in the case of
internal combustion engines, and does not depend on the engine type
and stroke. The new method is used as a precautionary measure to
prevent possible system crashes. The monitoring system can be built into
machinery during production, so there is no limit if it is installed on a plant
already in operation. Monitoring systems can be implemented in the on-
line version, i.e. as a constant monitoring system or in the off-line
version, i.e. as an occasional monitoring system, depending on the plant
type and the requirements of the plant user (Cernej et al, 1986).

Theoretical settings, dynamics of sliding bearings,
and the calculation of dynamic parameters

There is a range of impacts such as defective lubrication, dirty and
diluted lubricating oil, incorrect bearing geometry due to manufacturing
and assembly errors, or large bearing deformations caused by dynamic
forces during plant operation, which causes damage to sliding bearings.
High temperatures in sliding bearings are most often due to:

- transient mixed friction with a longer duration, mixed friction in a
larger zone along the bearing range or due to mixed friction of higher
intensity,

- lack of lubricating oil for a certain period of time or a permanent
lack of oil in the sliding bearing.

The causes of mixed friction may be different or a combination of
multiple impacts, such as (Li¢en & Zuber, 2003):

- mistakes in making liners and sleeves,

- small and large bearing clearances,

- excessive mounting or working deformation of the bearing,

- clogging of oil channels with dirt in the lubrication system,

- small lubricant pump capacity,
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- transmission of dynamic forces, and
- filtration and cooling of lubricating oil.

Fatigue of the material in the sliding bearing occurs if the limit of the
dynamic endurance of the bearing material exposed to cyclically variable
pressures in the oil film is exceeded. Today's limits, with regard to fatigue
and bearing wear, are (Cernej et al, 1986):

- minimum oil film thickness obtained by calculation - 2 ym,

- maximum pressure in the oil film up to 250 MPa,

- maximum temperature in the oil film up to 140°C, and

- hydrodynamic specific friction force in the bearing up to 0.15

W/mm?Z.

The bearing pressure of the bearing lubricating oil is determined by
the bearing capacity characteristic and is in the range from 90° to 130° of
the bearing circularity. In the rest of the clearance, the lubricating oil
pressure is approximately equal to the oil supply pressure in the sliding
bearing.

Knowledge of the parameters of the dynamic orbit of the sleeve in
the sliding bearing leads to quality indicators about the relative
performance of certain drive and design parameters such as: bearing
dimension, the size of the clearance in the bearing, speed of rotation,
viscosity of lubricating oil, and the like.

The dynamic orbit (trajectory) parameters of the sleeve in the
bearing are determined by:

- the minimum thickness of the oil film, which is closely related to the
bearing load,

- maximum pressure in the oil film,

- the friction magnitudes in the bearing (energy losses) depending
on the bearing temperature regime, and

- the amount of oil flow in the bearing.

In order to theoretically obtain the dynamic trajectory of the sleeve in
the sliding bearing, the input data requires a dynamic load force of the
bearing and the angle at which it acts. The basis for obtaining the
dynamic trajectory is based on the balance of the dynamic force (F)
loading the sleeve and the hydrodynamic forces due to the pushing of the
sleeve (Fp) and turning the sleeve in the bearing (Fo), (Figure 1),
(Zegarac, 1989).
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Figure 1 — Schematic presentation of a cylindrical sliding bearing and the equilibrium
position of dynamic forces
Puc. 1 — Cxemamuuyeckoe u3obpaxeHue UYunuHOpU4ecKo20 NnodWUNHUKa CKOMIbXEHUS U
r1o510)KeHuUe pagHo8ecusi OUHaMUYeCKUX CUJl
Cnuka 1 — llemamcku nipuka3 yunuHOPUYHO2 KITU3HOZ flexaja U pa8HOMexXHoe rosoxaja
OuHamMuyKux cuna

Based on the balance of dynamic forces, the exact position of the
sleeve motion in the sliding bearing is obtained at each moment of the
plant cycle time.

For realistic operating conditions and different directions of rotation
of the sleeve in the bearing in Figure 2, possible positions of the non-
stationary loaded bearing (Lang & Steinhilper,1978) are shown.

From equation (1), the value for the dynamic force is obtained:

E, 2{005(5—7) Sign(é_;);in (5_y)}ign(ﬂ—|5—ﬂ4) (3)

From equation (2), the value for the dynamic force is obtained:

F_F sign(0 —y)sin(o —y) (4)
0 sin
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Figure 2 — Possible balance positions of the sleeve of a non-stationary loaded sliding
bearing
Puc. 2 — Bo3MOXHbIe 0I0XKEeHUST paBHOBECUS pyKaga HeCmauyUuoHapHO HagpyXeHHO20
MOOWUNHUKA CKOIbXKEHUS
Cnuka 2 — Moeyhu nonoxaju pagHomexxe pykasua HecmauyuoHapHoez ornmepeheHoe
Knu3Hoe nexaja

By introducing known ratios for Sommerfeld's bearing characteristics
for components due to the rotation and thrusting of the sleeve, the
parameters of the dynamic trajectory of the angular velocity of the sleeve
in the bearing are obtained (Lang & Steinhilper,1978):

2
So, =LV (5)
BD 77|a)|
2
So, =~V )
BD 77|3|
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The effective angular velocity of the sleeve |, | is given by equation

(7):

*

0- o,

.

=‘a)1+a)2—25

: (7)

where is:
w, - angular velocity of the sleeve,

@, - angular bearing speed (w, = 0, in the case of the non-rotating main
sleeve bearing),

s

w| - relative angular velocity of the sleeve in the bearing,

w = —262—5 - is a hydrodynamic effect in the bearing, stopping the
‘ t

sleeve and causing it to rotate in the opposite direction,

S| - angular velocity of the minimum thickness of the oil film,

v - relative bearing clearance calculated according to equation (8):

: (8)
where is:
R - bearing radius,

r - bearing sleeve radius, and
Z - radial bearing clearance.

Finally, the value for

G)‘Z

%k °

25 sign(6 — 7 )F sin(6 — y

= . (9)
BDSo,nsin

535

Zegarac, N., Development of a method for determining the size of clearance in sliding bearings, pp.530-553



’E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 3

The value for the radial velocity of the sleeve center (&) is obtained
from equation (10), (Lang & Steinhilper,1978):

2 inls -
g:L Cos(g_y)_w (10)
BD 1§, tgf

The value for the angular velocity of the minimum thickness of the oil

film (5), is obtained from equation (11):

. % 2 . _
521 e Fy sm('é‘ 7) (11)
2 BD nSo, sin f

An internal combustion engine of the type 6ASL-25D, manufactured
by Jugoturbina - Karlovac, licensed by Sulzer company, Switzerland, was
chosen as an example of modeling and calculating dynamic parameters
in order to determine the size of clearance in the sliding bearing.

Determining clearance in sliding bearings of internal combustion
engines is very complex. In this case, the main bearings of the engine
crankshaft were the subject of investigation.

Figure 3 shows the kinetostatic model of the motor mechanism, on
the basis of which the calculation of all dynamic parameters will be
performed: the speed of the parts of the motor mechanism, acceleration,
the dynamic forces that load the sliding bearing and the calculation of the
parameters of the dynamic orbit, on the axis, which will determine the
clearance size, i.e. bearing wear. A dynamic calculation was performed
in a completely new way. The results of the calculations were obtained
by the help of the software developed for this purpose (Zegarac, 1989).

Figure 4 shows the change in the intensity of the dynamic loading
force (F) acting on the sleeve of the 1st main bearing, depending on the
rotation angle of the crankshaft (a = 0° to 720°), during the engine
operating cycles, (Zegarac, 1989).
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Figure 3 — Kinetostatic model of an internal combustion engine

Puc. 3 — KuHemocmamudyeckasi Modesib dguzamerisi HymMpPeHHe20 c2opaHusi

Cnuka 3 — Kunemocmamuuku Modes1 MOMOPHO2 MexaHu3ma ca yHympauwiHum

cacopegaH-em
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a10°

Figure 4 — Changing the intensity of the dynamic force (F) acting on the sleeve of the 1st
main bearing depending on the angle of rotation of the crankshaft engine (a=0° to 720°)

Puc. 4 — NsmeHeHue uHmeHcusHocmu OuHamu4deckol cunbl (F), delicmeyrouwjeli Ha pykas
repeozo efagHo20 NOOWUMHUKA, 8 3a8UCUMOCMU OM yafia nogopoma KoieH4amozo
sarna dsueamens (a=0° do 720°),

Cnuka 4 — lNpomeHa uHmeH3umema duHamuyke curne (F) koja dernyje Ha pykasay, npgoe
2rasHoe nexaja y 3agucHocmu 00 yara 3aokpema KofeHacmoa epamusna momopa (a=0°
do 720°)

Figure 5 shows the change in the angle (y) at which the load force
(F) acts on the main bearing sleeve depending on the crankshaft rotation
angle (a=0°to 720°):
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Figure 5 — Changing the angle () at which the force (F) acting on the main bearing
sleeve depends on the the crankshaft rotation angle (a=0° to 720°)

Puc. 5 — NamereHue yena (Y), nod komopsim cuna (F), delicmeyrouwas Ha pykas
2n1asHo20 NodWUNHUKa, 3agucum om yarna KofieH4amoeo eana 0suzamens (a=0° 0o
720°)

Cnuka 5 — NpomeHra yana (Y) nod kojum cuna (F) Oenyje Ha pykasay anasHoe rexaja y
3asucHocmu 00 yara 3aoKpema KojieHacmoe gpamusa momopa (a=0° do 720°)

Figure 6 shows the hydrodynamic forces (Fo) and (Fp) depending
on the crankshaft rotation angle (a) on the 1st main bearing of the
engine. It presents the sum of the forces (ZFy), (2Fx), the influence of the
dynamic forces from all engine cylinders on the 1st main bearing of the
engine in the horizontal axis (y) and the vertical axis (x).

The radial clearance in the bearing is Z = 124 um, (Zegarac, 1989):
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Figure 6 — Changing the intensity of the hydrodynamic forces 2Fx, 2Fy depending on the

the crankshaft rotation angle (a = 0° do 720°)

a) vertical axis of the motor, b) horizontal axis of the motor

Puc. 6 — lsmeHeHue uHmMeHcusHocmu a2udpoduHamudeckux cun XFx, 2Fy, e

3asucumMocmu om yana rnosopoma KosieH4amozo easna (a = 0° do 720°)

a) eepmukarnbHas ocb 08uzamernsi, 6) 2opu3oHmarnbHas ocb 0guzamernsi

Cnuka 6 — [NpomeHa uHmeH3umema xudpoduHamuykux cuna 2Fx u 2Fy y 3agucHocmu
00 yena 3aokpema (a = 0° do 720°) KoneHacmoea epamusna Momopa:
a) eepmukarnHa oc momopa, 6) Xopu3oHmMarsnHa oc Momopa
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Figure 7 shows the calculated dynamic trajectory of the sleeve on
the 1st main bearing of the crankshaft, at 100% engine load and an
engine speed of n = 720 min™ when the value of the radial clearance is Z
= 124um. In the dynamic trajectory, the crankshaft rotation angle (a = 0°
to 720°) is indicated. The angle value (a = 0°) indicates the start of the
expansion in the engine, (Zegarac, 1989).

.00i2

Gornja polutka / Upper bearing
lezaja half

Donja polutka / Lower bearing
lezaja half

Figure 7 — View of the calculated dynamic trajectory of the main sleeve on the 1st main
bearing on the engine crankshaft
Puc. 7 — N3obpaxeHue usmepeHHoU OuHaMu4ecKol mpaekmopuu a/1a8Ho20 pyKasa 8
repeom eriagHoM nodwurnHuUKe dgueameriss KOfieH4Yamoeo eana
Cnuka 7 — lNpuka3 npopayyHame OuHaMuyKe Mymarbe 2/1aeHo2 pyKasuya Ha rpeom
2/1a8HOM Jiexajy KoreHacmoa epamusna momopa

Experimental research

The experimental studies were performed on a marine diesel
engine type 6ASL-25D, manufactured by Jugoturbina - Karlovac,
licensed by Sulzer company, Switzerland, at different engine modes and
engine speeds up to a maximum speed of n = 720 min™. All the
preparations for the measurement were made, the operating parameters
of the engine were adjusted, the monitoring system was installed and the
measurement system calibrated (Easy-Laser, 2020), (Zegarac,1993).
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If the plant is in operation and there is a need to install a new
monitoring system, the installation and centering of contactless encoders
to measure the center displacement of the sleeve center can be
performed with a laser centering system of the sleeve center relative to
the bearing center (Zegarac, 2016), (Lien & Zuber, 2003).

Dynamic trajectories were measured in the unladen mode, up to a
maximum speed of n = 720 min™.

Dynamic trajectories at partial engine loads were also measured, up
to a maximum engine speed of n = 720 min™.

Figure 7 shows the measured dynamic trajectories of the main
sleeve on the 1st main bearing of the crankshaft engine at 100% engine
load and a speed of n = 720 min™.

The size of the radial clearance in the sliding bearing is Z = 124um.

The figure also shows the size (e) that represents the displacement
of the sleeve center relative to the bearing center, i.e. the eccentricity of
the sleeve center, which is directly related to the bearing clearance (Z).

In order to compare the calculated and measured sizes of the

bearing clearance, the term of so-called relative eccentricity (&) was
introduced and determined by the equation:

E=—= (12)

Figure 8 shows the angle (5) of the minimum thickness of the oil film.
On the basis of the measured values (e) and (9), the clearance in

the sliding bearing and the assessment of further plant exploitation are
determined in order not to cause a plant failure.
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Figure 8 — Display of the measured dynamic sleeve trajectory on the 1st main bearing of
the crankshaft, at the engine load of 100%,
n =720 min”, and the bearing clearance Z=124 (um)

Puc. 8 — M3obpaxeHue uamepeHHoU QUHaMu4ecKol mpaekmopuu pyKkasa & rnepeom
enasHoM rnodwurHuke guzamerisi KOfleHYamoeo 8ana, npu Hazspy3ke Ha dguaamerib
(100%), n = 720 mur™', 3a30p nodwunHuka Z = 124 (um)

Cniuka 8 — lNpuka3 uamepeHe duHaMu4Ke rMymarbe pykasua Ha rnpeom 2/1ag8HoOM fexajy
Momopa KosleHacmoa epamurna Mmomopa npu onmepeherwy momopa (100%), n = 720
min’, 3a30p nexaja Z=124 (um)

Figure 9 displays the measured dynamic trajectory of the sleeve on
the 1st main bearing of the crankshaft engine at the load of 0%,n = 720
min”', and the bearing clearance Z = 124(um):
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Figure 9 — Display of the measured dynamic trajectory of the sleeve on the 1st main
bearing of the crankshaft , at the engine load of 0%, n = 720 min", and the bearing
clearance Z = 124 (um)

Puc. 9 — NsobpaxeHue usmepeHHOU QuHaMu4ecKol mpaekmopuu pykasa 8 rnepeom
2nasHoM rnodwurHuke 0gueamerisi KOsieH4amoeo 8arna, npu Hazpy3ke Ha dguzamerib
(0%), n = 720mun™, 3a3op nodwwunHuka Z = 124 (um)

OmobpaxxeHue usmepeHHOU duHaMU4YecKoU mpaeKkmopuu emyrku Ha 1-M a2riaeHoM
nodwunHUKe KorneH4Yamoao eana rnpu Hazpy3ske dgueamers 0%, n = 720 muH-1 u 3a3ope
nodwuriHuka Z = 124 (um)

Cnuka 9 — lNpuka3 usmepeHe OuHaMu4Ke rymarbe pykasua Ha rnpeoM 2r1agHoM fiexajy
Momopa KoneHacmoe epamuria Momopa, npu onmepehery momopa (0 %), n=720min”",
3a3op nexaja Z=124 (um)

Based on the results of measuring the displacement of the center of
the sleeve (e) for this engine type, the dependence (Z) of (e) was
determined (Zegarac, 1989):

Z=101-e+748t4 (13)
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The results are presented in Figure 10.

zlpm) -=

z=101e+748 %4

]

T T T T T 1
112.0C 128.090 144.00
elpm) —

T T T T
64.CC 80.0GC 96.00

Figure 10 — Graphic depiction of the clearance size (Z) and the displacement of the
center of the sleeve (e) for different rotation speeds and engine loads

Puc. 10 — Npaguyeckoe usobpaxeHue pasmepa 3a3opa (Z) u cMeuweHuUs yeHmpa
pykaea (e) 0n1s1 pa3Hbix ckopocmel 8palieHusi U Hagpy30K Ha dguzamerib

Cnuka 10 — paghuyku npuka3s 3agucHocmu eenu4uHe 3a3opa (Z) u nomaka cpeduwma
pykasua (e), 3a paznudume bpusuHe spmmbe u onmepehewa Momopa

Comparison of the theoretical calculation results and
the experimental research results

Figure 11 gives a graphic representation of the calculated and
measured values of the sleeve eccentricity (e) depending on the angle of
rotation of the crankshaft (&) for various bearing wear degrees, at a
rotation speed of n = 720 min” and at 100% engine load, (Zegarac,
1993):
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Engine load / Doterecenie motara 100% , A = 7200min"1)

wiefa] / 1% bearing
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Figure 11 — Display of the calculated and measured eccentricities of the sleeve (e) on the
1st main bearing depending on the crankshaft rotation angle () for different sizes of
bearing clearance Z=84 (um), Z=124(um), Z=144 (um), engine speed n = 720 min”" and
100% engine load

Puc. 11 — UsobpaxxeHue paccqumarHbIX U U3MePeHHbIX 3KCUeHmpucumemos pykasa (e)
repeozo efagHo20 NOOWUMHUKA, 8 3a8UCUMOCMU OM yafia nogopoma KoieH4amozo
sarna («) npu pasHbix pasmepax 3a3opa noowurnHuka Z = 84 (um), Z = 124(um), Z = 144
(um), yacmoma epawieHusi 0suzamens n = 720 mur" u Hazpy3ka Ha dgueamernb 100%

Cniuka 11 — lNpuka3 npopadyyHamux U USMEPEHUX eKCUeHmpuYyHocmu pykasua (e) Ha
rp8oM 2r1aéHoOM fiexajy y 3agucHocmu 00 yana 3aokpema KosieHacmoa epamuria
momopa («) 3a pasnu4yume 8enuquHe 3a3opa y nexajy: Z=84 (um), Z=124(um), Z=144
(um), 6p3uHU epmre momopa n =720 min~ u onmepehery momopa 100%

In Figure 12, there is a graphic representation of the measured
values of the sleeve eccentricity (e) depending on the angle of rotation of
the crankshaft (a) for various bearing wear degrees Z=84 (um), Z=124
(um), Z=144 (um), at different speeds of rotation, without loading the
engine.
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Figure 12 — Display of the measured eccentricities of the sleeve (e) on the 1st main
bearing, depending on the crankshaft rotation angle («) for different sizes of the
clearance in the bearing Z=84(um), Z=124 (um), Z=144 (um) and speed, no engine load

Puc. 12 — UsobpaxkeHue UaMepeHHbIX IKCUeHmpucumemos pykasa (e) nepgozo
2/1a8H020 MOOWUNHUKa 8 3a8UCUMOCMU Om yana rogopoma KoseH4amoao eana («) npu
pasHbIX 8efiu4uHax 3asopa 6 noowunHuke Z = 84 (um), Z = 124 (um), Z = 144 (um) u
ckopocmb, 6e3 Haepy3ku Ha dsuzamesb

Cniuka 12 — lNpuka3 usmepeHuUx ekcueHmMpu4YHocmu pykasuya (e) Ha rnpeom 2r1agHom
nexajy, y 3aeucHocmu o0 yana 3aokpema KorleHacmoe epamurna («), 3a pasnuyume
genuyuHe 3a3sopa y nexajy: Z=84(um), Z=124 (um), Z=144 (um) u 6p3uHama epmkbe,

6e3 onmepehera momopa

Figure 13 gives a graphic representation of the calculated and
measured values of the eccentricity angle of the bearing hose (9)
depending on the angle of rotation of the crankshaft of the engine («) for
various bearing wear degrees, at 100% engine load and the engine
speed of n = 720 min™' (Zegarac, 1993):
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Figure 13 — Display of the calculated and measured values of the angle of eccentricity of

the bearing hose (9) depending on the crankshaft rotation angle () for various bearing
wear degrees, 100% engine load, speed of rotation engine n = 720 min”
Puc. 13 — NsobpaxeHue pacdyemHbIx U U3MEPEHHbIX 3Ha4YeHUU yara sKcyeHmpucumema

pykaga nodwurnHuKa (d) 8 3a8ucuMocmu om yasia ogopoma KosieH4amozo eana

dsuzamens (&) npu pa3nu4yHoM usHoce nodwurnHuka, npu 100% Hazpyske Ha
dgueamernb, cKopocmu epaujeHusi 0gueamesisi n = 720 MuH’
Cnuka 13 — lNpuka3 npopadyHamux U U3MepeHUX 8peOHOCMU yana eKcUueHmpu4YHocmu

pykeua nexaja () y 3asucHocmu 00 yana 3aokpema KoreHacmoa epamurna mMomopa ()
3a pasHa ucmpouwersa nexaja, npu 100% onmpef;e/-by momopa, 6p3uHU 8pmMHe Momopa
n=720 min

Based on the comparison of the calculated dynamic sizes and the
measurement results, it can be concluded that the correspondence of the
results of the calculations and measurements is in the domain of 5%,
which is completely acceptable. The repeatability of the measurement
values during the measurement was obtained.

The method of calculation and measurement of the functional
parameters of the new diagnostic method has been completely verified.

Diagnostics of sliding bearings can be carried out for all modes,
rotation speeds and plant loads.

The author of this scientific paper has spent many years of research
on many projects related to technical diagnostics of machine and
electrical plants, development, research, design and implementation of
monitoring systems (Zegarac, 1994), (Zegarac, 2019).
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Conclusion

The application of the new diagnostic method and the monitoring
system gives an opportunity to reliably determine when and where the
problem will arise related to the wear of sliding bearings in further plant
operation, to offer a quality assessment of how the system will continue
to function over time, as well as to predict the causes of failures and how
to remedy them, and to provide time for routine maintenance of technical
systems. Modern methods of technical diagnostics based on the
measurement of dynamic parameters and electrical sizes and their
analysis allow the support of measuring systems and measurement
sensors from different manufacturers. The capabilites of a very
advanced program configuration for system diagnostics and monitoring
are presented. The values of the functional parameters were measured
and software processed as well as their limit values and alarms displayed
in different ways.

There are options for remote control and monitoring, shutting off
particular parts from further exploitation to prevent damage to various
plants where vital machine elements are installed. High accuracy and
reliability of measurements of all relevant measuring sizes are ensured,
on the basis of which the technical correctness of the plant can be
qualitatively determined. Multi-channel, modular, software-hardware
monitoring, control and protection systems allow the optimization of plant
operating parameters. The new diagnostic method and monitoring
systems can be widely applied in all technical fields: internal combustion
engines, hydropower plants, thermal power plants, process plants, and in
many other areas. Many systems for monitoring, compatibility of devices
and equipment from various manufacturers are supported by hardware
and software. Mechanical and electrical sizes measured on different
types of plants are very important for further operations of drive systems.
In this paper, a special attention is given to the diagnostics of sliding
bearings.

The new method of diagnostics of sliding bearings, by measuring the
dynamic trajectory of the sleeves in the bearing, does not depend on the
plant type, and can be applied to all types of internal combustion engines
and various other plants. The author of this very important project
proposes that this new method and its accompanying monitoring systems
be installed in drive systems. In the past, many important systems did not
have similar monitoring systems in place, and many problems arose. For
system installations used since the 1950s, simpler systems for
monitoring basic functions were designed, which was not enough,
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especially in recent times, as the development of new techniques has
progressed.

New plant monitoring systems have alarm functions. The alarm can
be visual or accoustic or in the form of SMS notifications. The field of
technical diagnostics is a very interesting field for many scientists (Braut
et al, 2008), (Licen & Zuber, 2003). This area is under-researched, as is
the area of medical diagnostics.
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PASPABOTKA METOOA OIMNPEOEJIEHNA BEJIMYMH 3A30POB B
NOoAWNIMHNKAX CKONbXEHNA

Hukona T. Xerapay,

Cepbckas akagemusi nsobpetartenei 1 y4eHbix,
r. benrpag, Pecnybnvka Cepbusi

PYBPUKA TPHTW: 55.00.00 MALLMHOCTPOEHMWE; 55.45.00 CynocTtpoeHue,
44.00.00 SHEPTETUKA
BWO CTATbW: opurmHansHas Hay4Has ctaTbs

Pe3some:

BeedeHue/uyenb: Lenb  daHHOU  cmambu  3ak/odyaemcss 8
npedcmasneHuu  8aXHOCMU  MPUMEHEHUsI ~ HO08020  Memooda
AuasHOCMUKU U cucmeMbl MOHUMOPUH2a, 803MOXHOCMU HalEXHO20
onpedesnieHUss 8PEMEHU U MOYHO20 Mecma B03HUKHOBEHUS
rnpobrnemebi, c8s13aHHOU C U3HOCOM MOOWIUMHUKO8 CKOJIbXEHUS rpu
OanbHeluwel 3Kcrilyamayuu ycmaHOBKU, a makxXe Ka4yecmeeHHO20
npoeHo3a npu npodosmkeHUU pabombi  cucmembl C MEeYeHUeM
8peMeHu, npedycMompeHuUe rpuyuH omkasa U crnocobos ux
ycmpaHeHusi, a makxe [aHUupoB8KU peayriipHO20 MEeXHUYEeCKO20
obcnyxueaHusi cucmemail.

Memod: Hosebili memod pewaem rnpobremy  OuacHOCMUKU
MOOWUMHUKOB  CKOJIbXKEHUSI  MymeM  U3MEepPeHuUsi — mpaekmopul
nepemeuweHuss (opbuma) eana 8 MNOOWUNHUKE  CKOJIbXEHUS.
CospemeHHble Memodbl mexHu4Yeckol QuagHOCMUKU, OCHOBaHHbIE Ha
u3MepeHUU GUHaMUYeCKUX rnapamempos U 3/71eEKMPUYECKUX 8€/TUYUH U
ux aHasnuse nosgorsnsam noddepxueame UIMEPUMESbHbIE CUCMEMbI
u damuyuku om pasfuyHbIx npouzeodumerned.

Pesynbmambi: U3mepsis mpaekmopuu nepedsuxeHusi (opbumesi)
gasnioe 8 MOOWUMNHUKax CKOMbXEHUsl, ornpedesisemcs 3HaqyeHusl,
Komopbie Xxapakmepusylom: HOpMasibHOe COCMOSHUE, HayarbHyHo
genluyuHy 3a3opa, ez2o OarnbHelwee ysesuvyeHue, 8eflU4UHY 3a3opa
nodwurnHuka, koz2da napamempbl npubsniwkaromes  rnpedesibHo
donycmumoUl eefluduHe 3a3opa U ornpedesisemcs 8esiuduHa 3a3opa, 8
criydae ecnu  OanbHelwasi 3KCrislyamayusi ycmaHo8KU MOXem
npusecmu K omka3ay cucmemal..

Bbigod: Hosebili mMemod OuasHOCMUKU U cucmeMbl MOHUMOPUH2a
MOXem UMemb WUPOKOE [PUMEHEHUE 80 8CEX MEXHUYECKUX
obnacmsix, makux Kak: 0euz2amesiu 8HYMPEHHE20 CaopaHus,
2udpoanekmpocmaHyuu, mernosble anekmpocmaxyuu,
mexHoJsIo2uUYecKUe ycmaHoeKu U np. AnnapamHoe U fpoepammHoe
obecriedeHue noddepxugaem MHOXeCmeo CUCMeM MOHUMOPUH2a,
KOHMpoJsis coemecmumocmu ycmpoticme u obopydogsaHusi om pasHbixX
npoussodumeried. lMpoeedeHa sepucbukayus pacyema
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meopemuyecKkux u aKCrepuMeHmarbHbIX OuUHaMu4ecKux
napamempos. Memod umeem wupoKuli Criekmp npuUMeHeHUs.

Knoyesbie crioga: noOWUMHUK CKOJIbXKEHUS], 3a30p MoOWUNHUKa,
U3HOC MOOWUNHUKa, 8as1 MOOWUNHUKA, MPaeKkmopusi rnepemMeueHusl.

PA3BOJ METO[E 3A YTBPBUBAHE BEJTMYMHE 3A30PA Y
KINMN3HNM NEXXAJEBUMA

Hukona TN. Xerapay,
Cpnicka akagemMuja usymmTerba u HayyHuka, beorpag, Penybnvka Cpbuja

OBNACT: MmalmrHCTBO, eHepreTuka, bpogorpagra
BPCTA UJIAHKA: opvruHanHu Hay4Hu pag

Caxemak:

Yeod/uurb: Y pady je npedcmasrbeHa rnpumeHa Hoge OujacHOCMUYKe
memode u MOHUMOpuHe cucmema. [lpukasaHa je mozayhHocm da ce
rnoy3sdaHo ymepou kala u 20e he ce riojasumu npobsieM Koju ce jasrba
rpu mpowery KNU3HUX fiexajesa y 0arboj ekcriroamauuju nocmpojersa.
lMoped moea, ouewyje ce kako he cucmem Hacmasumu Oa
byHKUUOHULWE MOKOM epemMeHa, rpedsuhajy ce y3pouu Kkeapoea U Ha4yuH
HbUX0802 OMKIararba, Kao U epeMe 3a M/1aHCKo 00pxKagare mMexXHUYKUX
cucmema.

Memoda: Hosa memoda pewasa npobrnem OujacHOCMUKE KIU3HUX
Jiexajesa mMepereM OUHaMUYKUX Mymarka pykasua y KIU3HOM 1eXajy.
CaspemerHe mMemode mexHudke OujazHOCMUKe, 3aCHO8aHe Ha MEpeH-y
OUHaMUu4KUX rapamMemapa U eJIeKMPUYHUX 8e/luduUHa U Huxose
aHarnuse, omoayhaeajy noOpuwKy MEPHUX cucmemMa U CeH30pa 3a MepeH-e
pasHux npoussohaya.

Pesynmamu: Meperem OQuHaMuyKux nymarma (mpajekmopuje)
pykaeaua y KIUSHUM nexajumMa ymephyjy ce eenuduHe Koje
Kapakmepuuly: HOpMaslHO Cmak-€, Mo4YemHy 8eslu4UHy 3a30pa, He2080
Oarbe rosehasarbe, 6eru4UHe 3a3opa rexaja, kada cy napamempu
cmarsa bnu3sy 2oprse 2paHuue 00380s/beHO2 3a3opa, U ymephusearse
gernuyuHe 3a3opa Kada Oarba eKcryioamauuja nocmpojerba MOXe
Mpoy3poKosamu xasapujy cucmema.

Sakrbyyak: Hoea OdujazHocmuuka Mmemoda U MOHUMOPHU2 cucmema
MO2y Ce WUPOKO MpuMeHUmu y CeuM mexHUYKuM obnacmuma:
MomopumMa ca yHympalbuM caz2opesareM, xudpoernekmpaHama,
mepmoerieKmpaHama, MPOUEeCHUM 0CmpojersumMa U MHo2uM Opyaum
obnacmuma. Xapdsepcku U coghmeepcku rnodpxasajy ce MHo2u
cucmemu 3a HalenieOare U rposepasa KomrnamubuiHocm ypehaja u
onpeme pasHux rnpoussohaya. M3epuwieHa je sepuchukayuja npopadyHa
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MeopUjCKUX U eKcriepuMeHmarnHux OuHaMuykux rnapamemapa. Memoda
uma wupoke moz2yhHocmu npumMeHe.

KrbyyHe peyqu: Knu3HU rnexaj, 3a3op riexaja, ucmpowere riexaja,
pykaeay, nnexaja, OuHaMuy4ka fnymarba.
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