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Abstract

This study examines the influence of altering hydraulic parameters on
the temperature of ISO HM VG 46 hydraulic mineral oil. Hydraulic
mineral oils find extensive application in industrial power transmission
systems, where precise temperature control is crucial for achieving
optimal performance and prolonging system lifespan. Variations in
hydraulic parameters, encompassing flow rate, pressure, and viscosity,
can significantly impact the thermal characteristics of hydraulic oil. In
this research, experimental studies were carried out to study the
influence of changing hydraulic parameters on the temperature of
hydraulic mineral oil. Experiments were performed on a hydraulic press,
where different working conditions were simulated. The quality of
hydraulic fluid is considered, according to all research, to be the most
influential factor in ensuring the reliable operation of hydraulic systems.
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1. Introduction

One of the key aspects in the development of hydraulic drives that the working fluid reaches the minimum viscosity levels

is achieving optimal operation of the hydraulic system that
powers the machine, all with the goal of improving the
efficiency of the hydraulic system by reducing energy losses
and controlling the heating of hydraulic oil. Regarding
temperature changes within a hydraulic fluid, the case most
encountered is fluid heating rather than cooling. Elevating the
temperature of the fluid, namely hydraulic oil, occurs as
a consequence of the dissipation of hydraulic energy within the

hydraulic system's components. The primary aim is to ensure
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demanded by the system components during operation, which
serves as a fundamental motivation for these efforts. Research
studies investigate the changes in the kinematic viscosity of
relevant types of nano lubricants, as demonstrated in the papers
[1, 5, 14, 26]. Manring [18] provided a detailed empirical
representation of defining the most important parameters of
hydraulic fluid, namely viscosity, and density. As Shababi et al.
highlight in their paper [25], temperature and the presence of

nanoparticles significantly influence the change in kinematic
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viscosity. The paper [27] describes the close connection
between the occurrence of cavitation in hydraulic systems and
an increase in the temperature of the hydraulic fluid, which can
have catastrophic consequences for the system components and
affects the system's reliable and efficient operation. In low, and
medium pressure stationary hydraulic systems, the
recommended operating temperature, measured at the tank, is
approximately 40-50 °C. However, in systems operating at
higher pressures (exceeding 400 bar), the average system
temperature can be clevated by approximately 10-20 °C [4].
The temperature of the hydraulic fluid should not surpass 90 °C
(maximum range of 100-120 °C) at any location within the
system [11].More detailed effects of cavitation on the system
and fluid heating are described in papers [15, 35]. Every fluid
change within the system must be followed because it performs
critical functions such as energy transfer, heat transfer,
corrosion prevention, and component wear [12]. The change in
temperature affects the parameters of the system, especially
through the viscosity of the oil, because by increasing the
temperature of the fluid, the viscosity decreases, which can
affect increased leaks within the system components, drop in
flow, poorer lubrication, and poorer cooling of the system [23,
29]. Based on the analysis of available data and previous
research, a notable gap in the literature regarding the
investigation of the influence of changes in hydraulic
parameters and tank capacity on the heating of hydraulic oil in
hydraulic systems has been identified. This study contributes to
filling this gap by identifying specific effects of parameter
alterations on the thermal characteristics of hydraulic oil, thus
providing relevant insights for enhancing the efficiency of
hydraulic systems.

When it comes to hydraulic systems with high pressures,
such as hydraulic presses, one of the main problems is leaks that
occur in components after a certain period of exploitation. Some
of the main reasons for this are non-ideal geometries of the
internal components themselves, the reason for this is wear,
while another reason can be cited as inadequate oil, i.e., oil with
reduced performance compared to the required one, more or less
in all components there are leaks [19, 30]. Increased leaks in the
system can cause a greater drop in flow reaching high pressure,
decreasing volumetric efficiency. Leaks inside the hydraulic

pumps are described in the papers [20, 22, 34]. In addition to

the control components and drive components, pumps and leaks
can also occur on excellent elements, which in the case of
hydraulic presses are represented by cylinders. Leaks in
cylinders were described by Jin et al. [13]. Detailed analysis of
hydraulic oil leakage inside the cylinder are also described in
the papers [6—8, 33]. The temperature of the fluid is certainly
one of the main reasons for increased leaks in hydraulic systems,
as described in the paper [17].All the listed leaks affect the
temperature of the working fluid in the system, so it is crucial
to design the reservoir in which the hydraulic oil is located.
Under design, the size of the tank is also considered as
a parameter that affects the even distribution of heat, however,
the tanks must be adapted to the space and the economic aspect,
so the tanks must not be oversized. A larger reservoir can allow
the oil to stay in the system longer, resulting in better oil cooling
as it passes through the various system components. Suppose
the tank's surface is well-designed and made of material that
conducts heat well. In that case, the larger surface area can
improve the dispersion of heat from the oil to the environment,
thus reducing the overall temperature of the oil. Oversizing the
reservoir of hydraulic systems can cause acration inside them,
which is described in the paper [9]. Also, in the paper [31], the
main factors influencing the quality of hydraulic oil on the
performance of executive elements, in this case, construction
machines, were presented. One of the main reasons for
examining the geometry and structure of the system is to
determine the appropriate system for cooling the hydraulic fluid
in the tanks based on the calculations. In the paper [16],
experimental investigations and comparative analyzes were
carried out while installing a new cooler on the hydraulic system,
where the appropriate thermo-characteristics were shown. From
the aspect of modern methods of regulating technical systems,
according to research from 2021, oil analysis is considered one
of the most important analyses in diagnosing the system's state,
in addition to vibration diagnostics, ultrasound, and
thermography shown in Fig. 1.

In addition to the mentioned methods of diagnosing the
condition of various technical systems, including hydraulic
systems there are also modern approaches to system condition
assessment that support the overall maintenance of the tested
system, through combinations of fault tree analysis, fuzzy logic,

expert systems, and graphical methods [36]. Due to complex
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conditions and non-linearity during tests and failure
occurrences, methods such as deep learning can greatly increase
the productivity of maintenance of hydraulic systems [32]. In
hydraulic systems, reliability analysis is one of the foundations
upon which an appropriate maintenance approach is based.
Elements such as pumps, motors, and cylinders are mostly
analyzed [2, 3, 10, 21, 28], but it is undeniable that the fluid
within the system represents the most influential factor for the
reliable operation of the system.

This study aims to investigate the impact of altering
hydraulic parameters and tank capacity on the heating of
hydraulic oil within a hydraulic press system, with the
overarching objective of enhancing the understanding of
thermal dynamics in hydraulic systems for improved
operational efficiency and reliability. Through experimental
studies and empirical modeling, this research endeavors to
elucidate the specific effects of parameter variations on the
thermal behavior of hydraulic oil, thereby facilitating informed
decisions in system design and maintenance practices to

optimize performance and longevity.

35%
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Fig 1. Research carried out on the market on the application of

diagnostics in the analysis of the work of technical systems [37]
2. MATERIALS AND METHODS

2.1. Diagnostic tool utilization in hydraulic press system

analysis

Devices for monitoring hydraulic fluid parameters, specifically
hydraulic oil, were employed. Instruments for testing oil quality,
such as the presence of solid microparticles and water in the oil,

as well as a device for testing the kinematic viscosity of the oil,

were used. The application of this type of diagnostics represents
the initial phase for designing the behavior of the fluid in the
hydraulic system under different operating parameters and the
construction of the system itself. The initial results and values
obtained were implemented into appropriate empirical models
for defining the potential behavior of hydraulic fluid under
various conditions.

The operating parameters of the hydraulic press are as

follows:

e Flow: Q = 40—

min’
e Pressure: p = 250 bar”,

e  Hydraulic mineral oil HM VG 32, density: p = 835 k—g3
m

"1 bar = 10° Pa - the metric unit "bar" was utilized in
practice instead of the SI unit "Pascal" in the study, reflecting

its application within practical contexts

2.2. Impact of filtration process on hydraulic oil

parameters

The testing was conducted in two phases, with the first phase
examining the oil found in the hydraulic press system and the
second phase focusing on assessing the hydraulic oil's behavior
following the filtration process.

In Table 1, the results of the tested ISO HM VG 32 oil before
the filtration process are presented.

Table 1. Results of the tested oil ISO HM VG 32 before the

filtration process

Description and

sample ISO HM VG 32 hydraulic oil
identification
Results Oil purity requirements
Characteristics Units | Methods obtained according to standard
1SO 4406-05
. . 1SO 4406- 18/16/14 (axial-piston
Oil purity 1SO cod 05 20/19/18 pump, Valves)
Relative humidity |1SO cod 1500454 06-1 8195 30-80 %
Kinematic viscosity mm?s | 1ISO 3104 | 29,950 32 (ISO HM VG 32)

Kinematic viscosity, as the most important parameter of oil,
has allowable limits for deviation from the ideal state.
According to ISO standard 3448, the minimum allowable limit
of kinematic viscosity for ISO VG 32 oil is 28.8, while the upper
limit of viscosity for this type of oil is 35.2.

In Table 2, the results after the filtration process on hydraulic

mineral oil are presented.
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Table 2. Results of the tested oil ISO HM VG 32 after the

filtration process.

Description and
sample ISO HM VG 32 hydraulic oil
identification

Oil purity requirements|
according to standard
ISO 4406-05

Results

Totd it; Meth .
Characteristics | Units ethods obtained

. . 18/16/14 (axial-piston
Oil purity ISO cod| ISO 4406-05 | 18/17/15 pump, valves)

Relative humidity [ISO cod| 1SO 4406-05| 63 % 30-80 %

Kinematic | 12/ | 1SO3104 | 31,200 | 32 (ISO HM VG 32)

viscosity

The filtration process can never fully restore the oil to its

original factory condition.
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Fig. 2. The presence of solid particles before and after the

filtration process.
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Fig. 3. Water saturation in hydraulic oil ISO HM VG 32.

However, it can significantly improve the condition of used

oil and bring it to an optimal state for the smooth operation of
hydraulic system components. Filtered oil certainly performs
better and more efficiently in a high-pressure and load-bearing
system, which will be examined during the operation. On Fig.
2, the presence of solid particles is depicted before and after the
conducted filtration process.

The diagram in Fig. 3 represents the depiction of water

presence within hydraulic oil.
2.3. Designing reservoirs for optimal heat management

The research is set up to be conducted under several defined
operating conditions, all of which are related to the capacity of
the reservoir installed in the hydraulic press system. Several
initial conditions have been established to project the behavior
of the working fluid temperature, the volume of the hydraulic
press system's reservoir being 80 dm?, 120 dm?, 160 dm?, 240
dm?, and 280 dm’. Another variable pertains to the pressure
drop occurring in the system, within the ranges of 10 bar, 12 bar,
18 bar, 25 bar, and 28 bar. The third variable in the research
concerns clearance leaks, ranging from 0,2 I/min; 0,45 1/min;
0,5 I/min; 0,65 1/min; 0,85 1/min. The fourth and final variable
pertains to heat exchange with the surroundings, ranging from

30 %; 40 %; 50 %; 55 %; 60 %.

2.4. Defining parameters for hydraulic system thermal

analysis

Savi¢ described the heating of the working fluid in his book
[24], with the equation (1):

t
AT = — AP, -ED - {1 — k}, 1
VR'Cp'p g ()

while he defined the heating of the working fluid when

changing the volume of the reservoir with the equation (2):
=APg-ED-{l—k}_l @
: Cp P 13

The increase in the working fluid temperature during one
working hour of the hydraulic system is represented by the

equation (3):

ar, = ELUTH 3
R AT 3)
3. RESULTS AND DISCUSSION

By setting all the initial conditions of the observed system and

its working fluid, temperature changes within the hydraulic
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press system were examined under various operating
parameters. Based on the established empirical equations, the
results are presented in diagrams for three specified conditions,
namely, three reservoirs of different capacities (as mentioned in
the materials and methods section).

In Fig. 4, the influence of changing the reservoir volume on

the heating of the hydraulic working fluid is shown.
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Fig. 4. The influence of changing the reservoir volume on the
heating of the working fluid.

The first step in the research and the basis for further
examination of the heating of the working fluid is to investigate
the impact of changing the reservoir volume installed on the
hydraulic press on the fluid's heating. According to the diagram
in Fig. 4, it is established that, for the standard capacities
considered for this system, the oil in the smallest reservoir
variant of 80 dm? to the largest variant, a reservoir of 240 dm?,
heats up by approximately 27 % under normal operating
conditions for the hydraulic press, referring to the oil tested
before the filtration process. However, the oil heats up by
around 24 % after the filtration process when changing the
reservoir volume, but it still complies with the required heating
limits. This proportion demonstrates the significant influence of
the reservoir volume on the potential heating of the hydraulic
working fluid in the press system.

In the diagrams shown in Figs. 5, 6, 7, 8, and 9, the influence
of pressure drop in the hydraulic press system on the potential

increase in the working fluid's temperature is presented.
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Fig. 5. The increase in temperature within the hydraulic system

due to a pressure drop for a reservoir with a capacity of 80 dm?
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Fig. 6. The increase in temperature within the hydraulic system

due to a pressure drop for a reservoir with a capacity of 120 dm?
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Fig. 7. The increase in temperature within the hydraulic system

due to a pressure drop for a reservoir with a capacity of 160 dm?
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Fig. 8. The increase in temperature within the hydraulic system

due to a pressure drop for a reservoir with a capacity of 240 dm?
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Fig. 9. The increase in temperature within the hydraulic system
due to a pressure drop for a reservoir with a capacity of 280 dm?
From the displayed diagrams, it can be concluded that the
impact of pressure drop on fluid heating is highly significant
within the hydraulic press system. When considering the
reservoirs within the shown range, the difference in the heating
of the working fluid between the smallest and largest reservoir

falls within a percentage range of about 27 %, representing

a substantial risk to the operation and function of the system
components. If we examine the oil after the filtration process,
the difference range is slightly smaller, around 18 %.

In Figs. 10, 11, 12, 13, 14, diagrams of the temperature
increase of the working fluid due to specific oil leakage through

clearances in system components are presented.
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Fig. 10. The increase in temperature due to leakage through

clearances for the case of an 80 dm? reservoir.
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Fig. 11. The increase in temperature due to leakage through

clearances for the case of a 120 dm? reservoir.
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& In Figs. 15, 16, 17, 18, and 19, diagrams related to the
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clearances for the case of a 280 dm? reservoir
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Fig. 17. The increase in the temperature of the hydraulic fluid

due to heat exchange for a reservoir with a capacity of 160 dm?
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due to heat exchange for a reservoir with a capacity of 240 dm?
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Fig. 19. The increase in the temperature of the hydraulic fluid

due to heat exchange for a reservoir with a capacity of 280 dm?

Based on the displayed diagrams related to the heating of the
working fluid due to variations in heat exchange with the
surroundings, it can be concluded that this parameter does
indeed influence the fluid's heating to varying degrees
depending on the reservoir's capacity. In the first scenario,
examining the influence of an 80 dm® reservoir, the heating
percentage ranges from approximately 9 % in the best case to
17 % in the worst case, relative to the normal fluid temperature
of around 40 °C. When it comes to a tank of 280 dm?, the
percentage of heating ranges from about 5 % to 10 %, which
can be considered satisfactory. Tanks of 240 dm? and 160 dm?
also fall into the satisfactory category in terms of heating the
working fluid.

Table 2 displays the influence of changing the reservoir
volume on the heating of the working fluid under standard
operating conditions for the hydraulic press system.

Table 2. The effect of changing the volume of the tank on the
heating of the working fluid in the system - Variable 1.

Tank volume (dm?) 80 120 | 160 | 240 | 280

Temperature increase
before filtration process | 7,163 |4,775|3,580(2,387| 2,046
Variable 1. (C)
[Temperature increase after|
filtration process(°C)

Power loss (kW)

6,156 |3,999(2,489|1,995| 1,726

Pressure|  Flow
0,791 0,178

Table 3 displays the values of the working fluid's heating

20,969

when changing the pressure within the hydraulic press system.

Table 3. Influence of the pressure change in the system on the

heating of the working fluid — Variable 2.

Tank Pressure Temperature increase | Temperature increase
volume dro before filtration | after filtration process

(dm?) P process (°C) §o)
10 6,187 5,220

12 7,163 6,321

80 18 10,087 8,085
25 13,498 9,664
28 14,960 11,097

10 3,801 3,721

12 3,990 3,675

120 18 6,300 6,002
25 8,100 7,731

28 9,023 8,202

. 10 3,094 3,005
Variable 2. 2 3,582 3,420
160 18 5,042 4,920
25 6,749 5,905

28 7,481 6,371

10 1,997 1,887

12 2,387 2,107

240 18 2,911 2,562
25 4,050 3,520

28 4,331 4,017

10 1,768 1,554

280 12 2,048 1,996
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Tank Temperature increase | Temperature increase Tank | Thermal | Temperature increase | Temperature increase
Pressure . . S . .
volume dro before filtration | after filtration process volume | emission before filtration after filtration process
(dm®) P process (°C) ‘C) (dm?) (%) process (°C) §)
18 2,506 2,402 50 4.477 4,451
25 3,857 3,478 55 4.029 4,005
28 4,274 3,983 60 3.582 3,522
Power losses in the system 30 4,211 3,998
Pressure Flow 40 3,797 3,601
0791 0.178 20,969 240 50 3,455 2,655
: ’ — 55 2,384 2,301
Table 4 displays the values of the increase in the temperature 60 2,215 2,119
. . . e 30 3,581 3,449
of the working fluid for various leakages within the components 20 3.070 2.995
280 50 2,558 2,490
of the system. . :
M 0,55 2,302 2,201
Table 4. The effect of clearance leaks on the increase in the 0,60 2,047 1,915
. . . Power losses in the system
temperature of the working fluid - Variable 3. d Y
Pressure Flow 5 0.969
Tank Temperature increase | Temperature increase 0.791 0.178 >
Leakage : . > >
volume 3, before filtration | after filtration process
3 | (dm’/min) 0 0
(dnr) process (°C) 0 4. CONCLUSION
0,2 6,468 6,100
0,45 7,167 6,455 The operation of hydraulic systems relies on hydraulic oil, and
80 0,5 7,306 7,020
0,65 7,724 7,456 its quality is crucial for system reliability. Elevated temperatures,
0,85 8,821 8,001 . .
02 4200 4.001 often due to high loads and pressures, can degrade hydraulic
0,45 4,420 4,105 . .
120 |05 4,580 4,369 fluid quality.
0,65 5,200 4,520 e High temperatures can lead to changes in oil
0,85 5,801 5,191 . . ) o .
0,2 3,490 3,063 viscosity, affecting system friction and potentially
0,45 3,640 3,399 . . . .
160 05 3.897 3311 causing malfunctions in hydraulic components.
0,65 4,100 4,032 ..
Variable 3. 085 4200 3900 e Accurate determination of heat exchange
0.2 2,105 1911 coefficients is vital for wunderstanding and
0,45 2,401 2,050 . L. .
240 0,5 2,489 2,200 managing thermal dynamics in hydraulic systems.
0,65 2,550 3,380 .
0.85 5810 5 498 e Leaks within the system can exacerbate
0,2 1,848 1,505 overheating by reducing oil volume and impeding
0,45 2,048 1,956
280 0,5 2,087 1,995 effective cooling, highlighting the importance of
0,65 2,206 2,100 ) ]
0,85 2.365 2256 regular maintenance and leak detection.
Power losses in the system The study focuses on the impact of high loads, pressures,
Pressure Flow 03
0,796 0,079 Z 0,875 pressure changes, component leakage, and related factors on

In Table 5, the temperature values for the heating of the
working fluid, specifically variable number 4, are presented.

Table 5. The effect of thermal emission on the increase in

temperature of the working fluid - Variable 4.

Tank | Thermal | Temperature increase | Temperature increase
volume | emission before filtration | after filtration process
(dm?) (%) process (°C) &)
30 12,536 11,889
40 10,745 9,862
80 50 8,954 8,400
55 8,058 7,869
60 7,163 6,802
. 30 8,357 8,105
Variable 4. 40 7,163 7.009
120 50 5,696 5.510
55 5,372 5.025
60 4,775 4,600
30 5.424 5,355
160 40 5.372 5,250

elevated temperatures in hydraulic systems. It specifically
examines key variables like pressure differences, leaks, and heat
exchange coefficients. Determining accurate heat exchange
coefficients is challenging, typically relying on constant values
for normal conditions. However, this research establishes an
acceptable threshold for this variable.

Pressure and flow variables are relatively easy to examine
with diagnostic tools for detecting pressure increases and leaks.
Significant leaks result in oil loss, increasing oil usage and
preventing sufficient cooling in the reservoir, leading to further
heating. This thermal expansion can cause additional leaks and
alter oil characteristics, affecting viscosity and system friction.

In the worst case, increased leaks within the system lead to
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problems in the execution of appropriate functions on the drive
and executive elements of the system, causing the entire system
not to meet its prescribed characteristics. In hydraulic systems,
the reliability of components and the system can be reflected
through the volumetric efficiency, which depends on the
appropriate pressure and the ratio of the actual to theoretical
flow defined for the given system. In hydraulic press systems
and their components, if the system is newly constructed, the
volumetric efficiency should be between 0.95 and 0.98, i.e., the
reliability should be in the range of 95 % to 98 %. For exploited
systems, this percentage may go down to 90 % as the lower
tolerance limit for reliable and correct operation.

The filtration process of hydraulic mineral oils cannot
restore the oil to its factory condition, but it can lead to
improved oil characteristics, thereby extending the reliable

operational life and durability of the system and its components.
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