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Abstract: The main aim of the article is to present the design of laboratory test equipment, which is
appropriate for monitoring the efficiency of oil filters and the system for evaluating the technical life
of engine oils in terms of possible extension of service intervals. The functionality of the designed
laboratory test equipment for the filtration of motor oils was verified by a practical experiment with a
verification measurement and assessment of the suitability of the hydraulic circuit elements and the
designed sensing equipment. The laboratory equipment enables the testing of oil filters with different
filtration capacity during simultaneous testing in two separate hydraulic circuits with differently
contaminated engine oil, while it enables laboratory measurements to be performed while simulating
operating conditions.

Keywords: laboratory test equipment; filter; hydraulic circuit; sensors

1. Introduction

The lubrication system is an integral part of the reciprocating internal combustion
engine, which we consider to be the most used power unit. The main signification of
lubrication lies in its beneficial effect on the passive resistances of moving engine parts,
ensuring the functionality of important engine nodes and keeping the parameters within
the required limits during its life.

The lifetime and stability of lubricating oils depends on the operating conditions,
especially on the operating temperature of the oil, the technological process of lubrication,
the design of the lubrication system and the working environment. Normal operating oil
temperature is in the range of 50 ◦C to 70 ◦C. Each increase of the operating temperature
by 10 ◦C shortens the life of the oil lubricant in the lubrication system by 1/3 to 1/2,
which is a big disadvantage. The solution to the problem, in the event of higher operating
temperatures, is to modify the lubrication system, e.g., by using a cooler, changing the size
of the oil tank, adjusting the circulation number, or other design modifications [1].

Changes in the physical and chemical properties of engine oil that occur during its use
during engine operation cause carbon, paint, sludge, water contamination, dirt, unburned
fuel residues and other products that are trapped in the oil filters [2].

Motor oils are the most demanding lubricants in terms of the choice of base oils and
suitable additives. Their functional properties result from the requirements for perfect
engine lubrication, keeping the internal parts of the engine clean and neutralizing acidic
products from combustion. According to Kučera [3], oil pollution is the most common and
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serious source of machine failure. The oil itself is extremely thermally loaded and stressed
during operation. The oil fill temperature can be up to 150 ◦C, the temperature on the
connecting rod bearings up to 180 ◦C and the temperature on the first piston ring up to
250 ◦C and more.

When designing the laboratory equipment for the evaluation of engine oil filtration,
we relied on the technical characteristics of oil filters and hydraulic pumps, the hydraulic
elements used in the test hydraulic circuit, the characteristics of the internal combustion
engine, and the calculations performed.

We require hydrostatic converters to run quietly, smoothly and with reliability [4].
Tóth [5] deals with the issue of lubricating tribological systems, which are formed by a
functional pair operating under different conditions of combined friction.

The determination of the extent of engine oil contamination before use in the test circuit
of the designed laboratory equipment is performed by evaluating the physical-chemical
properties of the used oil (engine oil taken). The equipment also allows monitoring the
life of oil filters, with variously contaminated engine oil, with the possibility of extending
engine oil change service intervals depending on changes in the physical-chemical proper-
ties of engine oil and filter efficiency. Semjonovs [6] focuses on increasing the engine oil
change interval in his work. These laboratory tests can be performed in parallel in two
hydraulic circuits, which can significantly reduce the testing time of the filter capabilities of
oil filters, without the risk of engine damage, provided that the tests were performed under
operating conditions. Diagnosis of the oil or oil conditions indicates oil contamination and
contaminants, warns of possible faults and allows faults to be prevented [7]. In the case of
use with short running times, the engine oils, regardless of category, must be changed after
two years at the latest [8].

2. Material and Methods

Oil aging catalysts contain impurities, such as water in the oil, which increases corro-
sivity, forms an emulsion and impairs lubricity properties [2].

Analysis of lubricating oils during engine operation can be used to determine and
detect the following:

• probability of failure of lubrication of functional parts;
• suitability of the type of oil;
• level of oil wear;
• determination of the oil change interval;
• evaluation of the technical condition of functional parts [8].

The measurement of the associated quantities in the hydraulic system is performed by
means of combined sensors. They allow simultaneous measurement of pressure, temper-
ature, and volumetric flow rate in different types of tests. For some purposes, especially
diagnostic and lifetime tests, it is useful to monitor the hydraulic power, which is obtained
by multiplying the volumetric flow rate Q and pressure p [9]. Figures 1 and 2 show the
digital record unit HYDAC 3100 with sensors, German devices that enable flow rate mea-
surement in the range of 6 to 60 dm3/min, 15 to 300 dm3/min, and 40 to 600 dm3/min at
a pressure up to 40 MPa and a temperature up to 100 ◦C. It is possible to connect a flow
sensor and a pressure sensor (Figure 2) in the body of the device, while the associated
sensing device can be built directly into the tube. All sensors can be connected to the HMG
3010 hand-held digital measuring device using connecting cables (Figure 1).
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Figure 2. Flow and pressure sensors for an HMG 3010 measuring device.

Measurement of quantities in the hydraulic circuit of the laboratory test equipment
can be divided into main and secondary measured quantities. To measure the required
quantities, measuring devices will be used to set and check the parameters and diagnose
faults in the hydraulic circuit.

We distinguish two basic groups of measuring instruments:

1. measuring instruments displaying the instantaneous value of the measured quantity
(volumetric flow rate meter, pressure gauge, and thermometer);

2. measuring instruments for recording the measured value, the course of the measured
value being displayed on a time axis.

2.1. Main Measured Quantities of Hydraulic Mechanisms

Theoretical low rate–realization of oil flow in front of and behind oil filters in the
circuit of the laboratory test equipment is performed continuously by a speed flow meter.
The flow meters were connected to the hydraulic circuit for flow rate checking. The flow
rate of the proposed laboratory device is regulated by the flow rate of the hydraulic pump,
this rpm having been determined with the rpm range of the internal combustion engine.

• The amount of fluid flowed per unit time, i.e., steady-state volume or mass over time:

QT = VTH .nTH (1)

or
where:
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QTH—theoretical flow rate of hydraulic pump, m3/s
VTH—theoretical volume of hydraulic pump, m3

nTH—theoretical hydraulic pump rotation speed, rpm

Pressure–the measurement is performed on the mechanical and electrical principle,
in this case when measuring the oil pressure at the inlet and outlet of the oil filter we
use pressure gauges on the electrical principle. The principle of changing the electrical
resistance due to a change shape in the area of elastic deformations is used to sense the
pressure by means of a strain gauge sensor.

When measuring pressure, we use basic definitions:

• force F (N) acting perpendicular to the unit area S (m2):

p =
F
S
=

m.g
S

(2)

• hydrostatic pressure is important for the pressure drop in the filter and the main
formula consists of a column of pressure fluid with height h and density p:

p = ρ.g.h (3)

where:

p—pressure, Pa
m—mass, kg
S—area, m2

g—gravitational acceleration, m/s2

h—liquid level, m
ρ—density, kg/m3

2.2. Secondary Measured Quantities of Hydraulic Mechanisms

Temperature—monitoring the oil temperature is important due to the change in
viscosity depending on the oil temperature. We measured it through the temperature
sensor in the tube Hydac ETS 4144-A000 and another sensor in the tank (Table 1).

Viscosity—measurement of kinematic viscosity and calculation of dynamic viscosity
is specified by standard EN ISO 3104, procedure for the determination of transparent and
opaque liquid petroleum products, lubricants, and related products. The method consists
in measuring the flow time of a given volume of the test liquid, caused by gravity, with a
calibrated glass capillary viscometer under known test conditions. Capillary viscometers
for the determination of kinematic viscosity are of different shapes and for each range of
viscosities it is necessary to use a viscometer with a suitable constant [10].

Volumetric flow rate, pressure, and temperature sensors will be used in both circuits to
evaluate the filtration of a given oil. Flow sensors will monitor the values in the measuring
circuit, while monitoring changes depending on the clogging of oil filters by contaminants.
The pressure change will be continuously monitored throughout the circuit using four
strain gauge pressure sensors. The temperature of the working fluid will be monitored in
the tank, or directly in the circuit, to ensure the operating temperature corresponding to
the temperature of the engine oil in operation.

The flow rate characteristics of the oil filters are measured using sensors located in
front of and behind the filters, together with the measurement of the pressure change.
The required working temperature of the engine oil is achieved by heating the oil with an
electric heater in the tank. Derivation of pressure or resistance in the hydraulic circuit of the
laboratory test equipment is performed by means of a throttle valve with the stabilization
of a pressure drop.
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Table 1. Basic data of volumetric flow rate, pressure, and temperature sensor [11].

Flow rate sensor Hydac EVS 31 04-A-0060-000

Parameter Unit Value

Power supply V DC 10–32
Signal mA 4–20

Fluid temperature ◦C −20 ÷ 90
Ambient temperature ◦C −20 ÷ 70
Measured flow rate dm3/min 6 ÷ 60

Working pressure maximum MPa 40
Accuracy of measurement % ≤2

Pressure sensor Hydac HDA 4744-A-250-000

Power supply V DC 12–30
Supply current maximum mA 100

Measured maximum pressure MPa 25
Accuracy of measurement % ≤±0.25

Safety type according to DIN 40050 IP 65

Temperature sensor Hydac ETS 4144-A000

Thermal range ◦C −25÷100
Operating current mA 4 ÷ 20
Operating voltage V 8 ÷ 32

Protection class IP 65
Response time 1/s 4

Accuracy of measurement % ≤±0.8

Temperature sensor in tank ZPA EKOREG KSTz.eEX Pt100/B/3w

Measuring range ◦C −30 ÷ 170
Classification - II 3 G EX nA II (T3)-T6

Accuracy of measurement % ±1
Degree of coverage IP 65

Maximum overpressure at temperature MPa/◦C 4/100; 3.1/180

3. Results

The laboratory equipment for the evaluation of engine oil filtration was designed
to assess the properties of various engine oil filters and their filtration capabilities. Tests
on this equipment will shorten the testing time of oil filters, as they are not tied to the
operating conditions of the intercity bus, but we will induce the operating conditions by
simulation. Tests of suitability for the use of different types of oil filters will be evaluated on
the basis of the influence of contaminated working fluids on the change of pressure in the
hydraulic circuit and the change of flow rate in the hydraulic circuit of the test equipment.
At the same time, we will monitor and evaluate changes in the physical-chemical properties
of the assessed motor oils. In the proposed laboratory test equipment, hydraulic elements
are used in the reference and test hydraulic circuit: tandem gear hydraulic pump, safety
pressure valve, throttle valve with stabilization, three-way valve, filter, heater, tank and
measuring devices.

Hydraulic scheme Figure 3 of the proposed test laboratory equipment of engine
oil filters consists of three hydraulic circuits, where circuit A can be called a reference
measuring circuit, circuit B a test circuit, and circuit C a control circuit of measuring devices.
The drive of the device is provided by an electric motor connected to a frequency converter
to achieve the required rpm of the gear hydraulic pump, the rpm is sensed by a rpm
sensor. Subsequently, a tandem hydraulic pump with specific properties (e.g., the ability
to withstand high temperatures) is connected in the device, through which we pump oil
through the filter device in the hydraulic circuit A and B. The tank includes coarse filters
that separate coarse dirt. The hydraulic circuits are secured against overload by pressure
valves, in the function of relief valves. The formation of resistance in the hydraulic circuit
is realized by means of throttle valves with the stabilization of pressure drop. Temperature
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and pressure sensors are located behind the throttle valves. There are two oil filters in the
primary and secondary circuits, while filter (1) is the filter recommended by the vehicle
manufacturer and filter (2) constitutes an alternative use. The direction of the oil to the
individual filters is ensured by changing the position on the three-way valve. Circuits A
and B consist of a tank in which a heater is included, which we use to reach the operating
temperature. Behind the heater is a thermometer and a manometer. Subsequently, the
circuit branches off and by means of a three-way valve, the flow is directed to the filters (1)
or, if necessary, to filters (2). A three-way valve is re-introduced from the filters at the outlet
tube. Behind the three-way valve is a combination of the sensors for digital recording unit
Hydac HMG 3110, which is used to sense operating conditions in the hydraulic circuit,
temperature, pressure, and flow sensor.

Appl. Sci. 2021, 11, x FOR PEER REVIEW 6 of 13 
 

two oil filters in the primary and secondary circuits, while filter (1) is the filter recom-

mended by the vehicle manufacturer and filter (2) constitutes an alternative use. The di-

rection of the oil to the individual filters is ensured by changing the position on the three-

way valve. Circuits A and B consist of a tank in which a heater is included, which we use 

to reach the operating temperature. Behind the heater is a thermometer and a manometer. 

Subsequently, the circuit branches off and by means of a three-way valve, the flow is di-

rected to the filters (1) or, if necessary, to filters (2). A three-way valve is re-introduced 

from the filters at the outlet tube. Behind the three-way valve is a combination of the sen-

sors for digital recording unit Hydac HMG 3110, which is used to sense operating condi-

tions in the hydraulic circuit, temperature, pressure, and flow sensor. 

H1 N1

B

M

FM

HG
SO

F1.1

TV1.1

t1.1

C

A

OV1.2

p1.1

ŠV1

PV1

SP

Q1.1

TV1.2

F1.2

t1.2

p1.2

Q1.2

H2N2

PV2

Q2.1

t2.1

p2.1

F2.1

TV2.1

TV2.2

F2.2

OV2.2

ŠV2

Q2.2

t2.2

p2.2

21

123467

8

10

11

12

13

14

15

16

17

18 19 20

22 23

24

26

27

28

29

30

31

32

33

3435363738

5

OV1.1
OV2.1

9 25

 

Figure 3. Equipment for comparing the flow properties of oil filter materials in the lubrication circuits of internal combus-

tion engines. Legend: A—reference measuring circuit; B—test measuring circuit; C—recording and evaluation circuit; 1, 

22—heaters; 2—tandem hydraulic pump; 3—coupler; 4—rpm sensor; 5—frequency converter; 6—electric motor, 7, 23—

tanks; 8, 24—safety valves; 10, 19, 26, 35—pressure sensors; 11, 18, 27, 34—flow sensors; 12, 21, 28, 37—temperature sen-

sors; 13, 15, 29, 31—three-way valves; 14, 32—original filter materials; 16, 30—testes filter materials; 9, 17, 25, 33—sampling 

points; 20, 36—throttle valves; 38—computer with software; HG—tandem hydraulic pump; H1, H2—heaters; N1, N2—

tanks; FM—frequency converter; SP—coupler; SO—speed sensor; PV1, PV2—safety valves; Q1.1, Q1.2, Q2.1, Q2.2—flow sen-

sors; p1.1, p1.2, p2.1, p2.2—pressure sensors; t1.1, t1.2, t2.1, t2.2—temperature sensors; F1.1, F1.2, F2.1, F2.2—filters in circuit A and B; 

TV1.1, TV1.2, TV2.1, TV2.2—three-way valves; OV1.1,OV1.2,OV2.1, OV2.2- sampling point; M—electric motor; ŠV1, ŠV2—throttle 

valves. 

The reference measuring circuit A consists of an electric motor 6 connected to a fre-

quency converter 5 for setting and maintaining the required speed of the first Section 2 of 

the tandem hydraulic pump in the range from the minimum to the maximum. The first 

Section 2 of the tandem hydraulic pump is connected to the electric motor 6 via a first 

Figure 3. Equipment for comparing the flow properties of oil filter materials in the lubrication circuits of internal combustion
engines. Legend: A—reference measuring circuit; B—test measuring circuit; C—recording and evaluation circuit; 1, 22—
heaters; 2—tandem hydraulic pump; 3—coupler; 4—rpm sensor; 5—frequency converter; 6—electric motor, 7, 23—tanks; 8,
24—safety valves; 10, 19, 26, 35—pressure sensors; 11, 18, 27, 34—flow sensors; 12, 21, 28, 37—temperature sensors; 13, 15,
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frequency converter; SP—coupler; SO—speed sensor; PV1, PV2—safety valves; Q1.1, Q1.2, Q2.1, Q2.2—flow sensors; p1.1,
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The reference measuring circuit A consists of an electric motor 6 connected to a
frequency converter 5 for setting and maintaining the required speed of the first Section 2
of the tandem hydraulic pump in the range from the minimum to the maximum. The first
Section 2 of the tandem hydraulic pump is connected to the electric motor 6 via a first
coupler 3. An rpm sensor 4 is arranged between the electric motor 6 and the first Section 2
of the tandem hydraulic pump and a first safety valve 8 is connected to the output of the
first Section 2 of the tandem hydraulic pump. In the lower part of the reference measuring
circuit A, a first fluid tank 7 is located, which is connected to the first heater 1 and to the
first Section 2 of the tandem hydraulic pump for sucking the working fluid into the first
three-way valve 13. Between the first Section 2 of the tandem hydraulic pump and the
first pressure sensor, a first sampling outlet 9 is located. A first pressure sensor 10, a flow
sensor 11 and a temperature sensor 12 are arranged between the first heater 1 and the first
three-way valve 13, the first three-way valve 13 being connected to the first original filter
14 and to the first tested filter 16. The first original filter 14 and the first tested filter 16 are
connected at the outlet to the second three-way valve 15. A second sampling outlet 17 is
located between the second three-way valve 15 and the second pressure sensor 19. Behind
the second pressure sensor 19, the flow sensor 18 and the temperature sensor 21, there is a
first throttle valve 20. The reference measuring circuit A is connected in both directions
via the first Section 2 of the tandem hydraulic pump to the test measuring circuit B via the
second Section 2 of the tandem hydraulic pump. The measuring circuit used new oil. The
connection of measuring circuit B is similar as measuring circuit A (Figure 3). By circuit B
it is possible to simultaneously measure more different engine filter at once (max. 4 pieces)
with two different types of engines oil. With laboratory device is also possible to simulate
and compare different operational condition, e.g., a higher level of oil contamination or
different level of filter clogging (Figure 3).

All sensors, first temperature sensor 12, second temperature sensor 21, third tempera-
ture sensor 28, fourth temperature sensor 37, first flow sensor 11, second flow sensor 18,
third flow sensor 27, fourth flow sensor 34, first pressure sensor 10, second sensor 19 of
the pressure, the third pressure sensor 26, the fourth pressure sensor 35, and the frequency
converter 5 are connected in two directions to computer 38 in the recording and evaluation
circuit C for the transmission and processing of the recorded data. Subsequently, the ob-
tained data are processed by computer 38 in table and graphic format. If the measurement
methodology is followed, the repeatability of the measurement in laboratory conditions
is guaranteed, and thus the possibility of monitoring the influence of different degrees of
contamination of oil fillings on the flow properties of filter materials and their ability to
separate impurities is ensured. The device for simultaneous testing of flow properties of
filter materials allows measuring the flow properties of original and tested filter materials
in each circuit while maintaining the same input conditions, and monitoring the filtration
efficiency using mineral, synthetic oil fillings, but also oil fillings with different degrees
of contamination and pollution. During the measurements, it is possible to simulate the
conditions that are achieved in the lubrication circuit of the internal combustion engine by
means of the first heaters (1, 22) and throttle valves (20, 36). The device allows monitoring
of operating conditions recorded by temperature sensors (12, 21, 28 and 37), flow sensors
(11, 18, 27 and 34) and pressure sensors (10, 19, 26 and 35) depending on the selected
rotation speed, which are set by means of frequency converter 5 and a load exerted by the
first throttle valve 20 and the second throttle valve 36. It is also possible to monitor the
effect of contaminated oil fillings on filter materials and their ability to separate impurities.

3.1. Calculation and Design of Laboratory Test Equipment Drive

Operating conditions were considered when calculating and designing the drive of
the hydraulic equipment, selecting a suitable electric motor, and using a tandem hydraulic
pump. When designing the electric motor, we considered the suitability of using the given
application (asynchronous motor). By using a frequency with an asynchronous motor, we
have achieved rotation speed controllability in the required range, without the need to use
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a gearbox. A tandem hydraulic pump was used in the test equipment, the parameters of
which are given in Table 2. One of the criteria for the use of that hydraulic pump was the
operating temperature of the engine oil used and thus the use of suitable types of seals.

Table 2. Parameters of the Marzocchi ALPP2-D-13 hydraulic pump [12].

Geometric Volume of
the Hydraulic Pump,

cm3

Volumetric Flow
Rate at 1500 rpm,

dm3/min

Continuous
Operating

Pressure, MPa

Intermittent
Operating

Pressure, MPa

Peak
Pressure,

MPa

Maximum
Rotation Speed,

rpm

9.6 13.7 25 27 29 3000

3.2. Calculation of the Nominal Diameter of the Hydraulic Line

The design of the nominal diameter of the tube have to be based on the interdepen-
dence between the flow from the QHG hydraulic pump, the flow velocity of the liquid v
and the cross section of the tube S. This dependence is given by the continuity relation:

QHG = S.v (4)

where:

QHG—maximum flow rate of the hydraulic pump, m3/s

S—tube cross section
(

S = πD2

4

)
, m2,

v—fluid flow velocity, m/s

In this case, two quantities are unknown, namely the flow velocity of the liquid and the
nominal diameter of the tube, which we want to calculate. Based on that a gear hydraulic
pump will be used in the design of the hydrostatic dynamometer, the theoretical value of
the flow rate will be determined by the relation for the circumferential velocity:

v = ω.r (5)

where:

ω—angular velocity (ω = 2πn), 1/s

After adjusting the relation (5) and substituting it into the relation (4), we get a formula
for calculating the inner diameter of the tube:

d = 3

√
4.QHG
π2.nHG

(6)

where:

nHG—hydraulic pump rotation speed, rpm
d—diameter, m

After substituting the data in the corresponding units into relation (6), the value of
the internal clearance of the tube is calculated d = 19.6 mm. According to the EN 10305-1
standard, the next highest value of the internal clearance of the hydraulic tube is selected,
d = 20 mm with a wall thickness s = 2 mm. From the parameters designed in this way,
it is possible to recalculate the flow velocity of the liquid, resp. flow velocity range at
varying hydraulic pump speeds (from 600 rpm to 3000 rpm). At the maximum rotation
speed of the hydraulic pump nHG = 3000 rpm, the theoretical velocity of the liquid flow is
approximately v = 3.77 m/s and the maximum theoretical flow from the hydraulic pump
QHG = 28 dm3/min.

3.3. Circulation Number Calculation

For the calculation of the tank volume, the decisive volume of the oil filling was
determined by the construction of the IVECO TECTOR 7 combustion engine. The amount
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of working fluid used in both circuits is given by the volume of the oil charge in said engine.
The circulation number is calculated as the ratio of the flow of the hydraulic pump to the
volume of the oil filling. The results of the calculation of the circulation number is that the
oil filling is pumped for one hour through the test laboratory equipment 42.41 times per
hour, measured at the rotation speed of the electric motor 1728 rpm and the flow of the
hydraulic pump QHG nom = 16.26 dm3/min.

On the laboratory test device, Figure 4, verification measurements of the device were
performed under the specified conditions:

1. test of pressure and flow characteristics of selected types of oil filters with uncontami-
nated engine oil at 30 ◦C and 60 ◦C;

2. test of pressure and flow characteristics of selected types of oil filters with contami-
nated engine oil at 30 ◦C and 60 ◦C, collected from the IVECO CROSSWAY bus after
80,744 km;

3. comparison and evaluation of measured values of pressure and flow characteristics
of oil filter MANN W950/26;

4. comparison and evaluation of measured values of pressure and flow characteristics
of oil filter CNH Industrial 2992242.
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Verification measurements under laboratory conditions were performed under the
following conditions:
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• the measurement setting of the laboratory equipment must not change during the
test, the position of the three-way valve in front of and behind the oil filters must not
change;

• the operating temperature of the engine oil in both the test and reference circuits must
be the same;

• the rotation speed of the hydraulic pump must correspond to the nominal rotation
speed of the internal combustion engine IVECO TECTOR 7;

• when simulating the operating load, the rotation speed change of the hydraulic pump
is realized by means of a frequency converter, according to the motor rotation sensed
in the operating conditions;

• the rotation speed value after its setting must not change ∆n = ±1% or 10 rpm,
considering the higher value;

• for pressure and flow measurement, a minimum measurement time of 60 s is set, with
recording of values in the interval 0.02 s;

• unless otherwise specified by the manufacturer, the oil temperature must be in the
range of 80–100 ◦C. Because the only verification measurement necessary was to check
the right functionality of sensors and hydraulic circuit, we can set a lower temperature
(30 ◦C and 60 ◦C).

Verification of the functionality of the proposed laboratory test equipment was per-
formed by verification measurements, using a new, uncontaminated engine oil and oil
filter in the reference hydraulic circuit according to the specification specified by the manu-
facturer. Contaminated engine oil from operation using a MANN W950/26 oil filter and
using a CNH Industrial 2992242 oil filter was used in the test circuit.

4. Discussion

Petranský [13] dealt with the issue of designing test hydraulic equipment in their
work at the Department of Transport and Handling, Faculty of Engineering in Nitra, which
created a set of measuring laboratory equipment for testing hydrostatic elements and
hydraulic fluids. For testing filters that are used in conjunction with an internal combustion
engine lubrication system, standardized tests specified by either the filter manufacturer or
the final filter purchaser are used. When designing laboratory test equipment, the effort is
to be as close as possible to the working conditions in normal operation. Laboratory tests
are used in practice, which are focused on changes in hydraulic-mechanical characteristics
(pressure and flow rate changes in the hydraulic circuit), filtration efficiency, which is
determined by the coefficient β (expresses the filterability as the ratio of the number of
particles greater than the limit before the filter to the number of particles greater than
the limit behind the filter according to the standard ISO 4572), chemical and temperature
compatibility and permeability of the valves of the filter device. According to Kučera [14],
if tribotechnical diagnostics is applied correctly and thoroughly, there can be significant
savings in increasing the technical life of machinery and equipment, reducing energy
consumption and reducing downtime. The basic tribotechnical diagnostics of oils is
spectroscopy (spectrometry). Analysis of oils by spectroscopy was discussed by Tkáč [9],
which evaluated the state of oils on the basis of the different absorption (absorption) of
chemicals and their ability to emit (emit) light at different wavelengths.

The next research [15] dealt with the contamination of engine lubricating oils and
their influence on tribological parameters that negatively affects engine performance
and increases fuel consumption. He points out the fact that engine oil is most often
contaminated with Fe, Cu, Al, Pb, and SiO2 particles. The presence of solid contaminants in
motor oils leads to an increase in the coefficient of friction, wear, and friction losses, which
increases the surface roughness. In the results, he showed that grain size and concentration
significantly affected tribological parameters. In order to minimize the impact of solid
contaminants, it is necessary to improve the filtration accuracy of lubricating oils. Gulzar
and Masjuki [16] in their work focused on the modification of an oil filter for internal
combustion engines powered by biodiesel, where the use of new filtration technology was
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adopted to neutralize acidic contaminants. Similarly, the author Puškár [17] in his study
dealt with the analysis of biodiesel and its mixture for regulated and unregulated gaseous
emissions of a diesel engine, this engine being the propulsion unit of a vehicle that can be
used in standard road traffic. It is therefore possible to assume that this power unit would
be used in a bus. By filtration chemical modification, the interval of lubricant outflow
through the basic filter was improved, while it showed a significant and positive effect by
slowing down the rate of lubricant degradation.

In his work, Junda Zhu [18] focused on monitoring the condition of lubricating oils
and detecting degradation. The main purpose of monitoring the condition of the lubricating
oil and detecting degradation is to determine whether the oils have deteriorated to such an
extent that they no longer fulfill their functions. In particular, the evaluation of the lubricant
efficiency and the remaining assumption of the life of the decomposed lubricating oil with
the viscosity data, with the filterability of the lubricating oil contamination particles, are
given. To demonstrate the effectiveness of the developed technique, a simulation study
based on laboratory-validated models was provided. Laboratory models enable online
monitoring of lubricating oils and the prediction of changes in oil properties using viscosity
and dielectric constant sensors together with oil contaminant filtration technology.

The laboratory equipment allows testing the suitability of filters with different fil-
tration capacity in simultaneous testing in two separate hydraulic circuits with different
contaminated engine oil, without the risk of damage to the internal combustion engine.
Determination of the extent of engine oil contamination before use in the test circuit will
be made by evaluating the physical-chemical properties of the oil used and the degree
of its contamination. The results of the evaluation of the filtration capacity of oil filters
can be used in the design of new filter materials. Moreover, with a suitably determined
methodology for changing oil filters and engine oil change intervals, it is possible to extend
replacement intervals.

5. Conclusions

Some types of test are very difficult to perform directly under operating conditions
due to possible damage to the internal combustion engine. This is because during the
tests the course is affected by various adverse effects, such as the diversity of technical
and operational conditions, the disproportionate load and the human factor. The testing
of engine oil filters and their abilities should be solved in laboratory conditions on a
specialized laboratory test device with the simulation of operating conditions. The aim of
the presented article was the design of a laboratory device for the evaluation of engine oil
filtration from the point of view of a possible extension of service intervals.

One of the conditions in the design of the test device was the application of the
most modern methods of control and simulation, which are closest to the real operating
conditions. The proposed laboratory test device allows the simultaneous testing of the
filtration ability between different types of filters with different contamination levels of
engine oil, with the exact repeatability of the tests.

The results of the verification measurement indicate the real use of the device to
evaluate the filtration of engine oil under laboratory conditions, in the simulation of the
operating load. The accuracy and wide possibilities of the laboratory device were proved
by the performed verification measurements.

The construction of the laboratory test equipment together with the verification mea-
surement of individual hydraulic circuits was carried out on the basis of practical questions
on the possibility of replacing internal combustion engine oil filters with the possibility of
extending service intervals to reduce operating costs and eliminate environmental impacts.
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