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Abstract
This paper deals with lifetime test of biodegradable synthetic fluid. This fluid was used in the hydraulic and transmission circuit of a tractor type Zetor Proxima 6321. The test of the biodegradable synthetic fluid was set 500 engine hours (EH). During operating test was monitored the influence of the
biodegradable synthetic fluid on flow characteristics and decrease of flow efficiency of the tractor
hydraulic pump. The decrease of the flow efficiency of the hydraulic pump by nominal speed after
completing 500 EH was Δηpr = 1.701%. The measurements were founded the minimal influence of the
fluid on the hydraulic pump wear.
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INTRODUCTION
Hydraulic equipment is widely used in powerful mechanisms of agricultural and forest machines as
well as in many other areas. The development of modern hydraulic components is aimed at increasing
the transmitted power, reducing the energy intensity, minimizing the environmental pollution and increasing the technical life and machine reliability (Haas et al, 2016). Environmental protection is an
actual topic already for several years, and it becomes a preferred problem in the established trend of
economic development (Tóth et al, 2014, Majdan et al, 2018). Agricultural technology has a negative
impact on all elements of the environment (Kučera et al, 2016). It was reported that over 60% of all
lubricants end up in soil and water (Majdan et al, 2013). Hydraulic line breaks are extremely common.
If not attended to, these releases can cause contamination of the soil, ground and surface water.
The ecological fluids market is expanding, and ecological oils which can be used in hydraulic and
transmission systems are one of the provided products (Hnilicová et al, 2016). Biodegradability has
become one of the most important design parameters both in the selection of base fluids and in the
overall formulation of the finished lubricant (Mendoza et al, 2011).
This paper presents the results of a long-term operational test of the biodegradable synthetic fluid
(type HEES – Hydraulic Environmental Ester oil Synthetic). The biodegradable synthetic fluid was
applied in the transmission and hydraulic circuit of the tractor type Zetor Proxima 6321. During operating test was monitored the influence of the biodegradable synthetic fluid on flow characteristics of
the tractor hydraulic pump. Flow characteristics of the tractor hydraulic pump is a basic indicator its
lifetime. The test of the biodegradable synthetic fluid was set 500 engine hours (EH). The majority of
tractors are subjected to conditions (especially during the winter) which can cause an undesirable
phase transition of fluid in hydraulic systems. It is necessary to further develop and improve fluid flow
by means of the correct operation of hydraulic equipment. The flow characteristics are important to the
life of the hydraulic system.
MATERIALS AND METHODS
To choose the agricultural tractor for testing, it was taken into account analysis of the sale of agricultural tractors and the utilization of tractors on farms in Slovakia. By these criteria, it was selected
Zetor Proxima 6321 tractor. Before application of biodegradable synthetic fluid, there was removed
fluid from the transmission and hydraulic circuit and it was purified. At the same time, the new oil
filter was fitted to the tractor. To the transmission and hydraulic circuit of the tractor there was applied
selected biodegradable synthetic fluid.
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Operational test of the biodegradable synthetic fluid was set at 500 engine hours (EH) (the tractor had
over 2,450 EH). Measurements of flow characteristics are made after completing 0, 250 and 500 engine hours. The most important condition by measuring of the flow characteristics of hydraulic pumps
is the oil temperature. The temperature must be maintained at constant value, because the viscosity of
the fluid depends on it. At the same time, by measuring of the flow characteristics, the fluid temperature must be on operating value. Another extremely important parameter is revolution of hydraulic
pump. The hydraulic pump revolution will be monitored based on the combustion engine revolution
among which is transference. The temperature of oil during measuring of flow characteristics was
t = 40°C. Table 1 shows the basic technical parameters of biodegradable synthetic fluid.
Tab. 1 Technical parameters of biodegradable synthetic fluid
Properties

Unit

Amount

Kinematic viscosity at 40°C
Density at 15°C

mm2 s-1
kg m-3

67.52
931

Flash point

°C

212

Pour point

°C

- 48

The speed of the hydraulic pump will be monitored based on speed of the combustion engine, whereas
the internal combustion engine and the hydraulic pump axle ratio i = 1.467 reducing. Table 2 shows
the speed of the hydraulic pump during measuring of flow characteristics.
Tab. 2 Speed of combustion engine and hydraulic pump
Combustion engine speed (rpm)

Hydraulic pump speed (rpm)

1,600

1,090

2,200

1,500

2,300

1,570

To establish a methodology for the flow of hydraulic characteristics of hydraulic pumps measuring, it
is needed to set up the components that would be used to achieve the intended results. The most important components include a flow sensor, pressure sensor, temperature sensor, recording unit, load
member and joint flange. By the draft of the measurement chain, it is required to follow the certain
measurement conditions. The most important condition by measuring of the flow characteristics of
hydraulic pumps is the oil temperature. The temperature must be maintained at constant value, because
the viscosity of the oil depends on it. At the same time, by measuring of the flow characteristics, the
oil temperature must be on operating value. Another extremely important parameter is speed of hydraulic pump. The speed of hydraulic pump will be monitored based on the combustion engine speed
among which is transference (Tkáč et al, 2014).
RESULTS AND DISCUSSION
The flow characteristics were measurement at 0 EH, after completing 250 EH and after completing
500 EH. Fig. 1 – 3 shows the flow characteristics of the hydraulic pump type UD 20 at the different
speeds and Fig. 4 flow efficiency of the hydraulic pump after statistical processing. The polynomial
regression function of 2 orders at analysis of measurement was used.
Standard deviation σ is defined as a positive square root of variance. Standard deviation is calculated if
we have a complete set of possible states of the process (system). In probability theory and in statistics, standard deviation or mean square deviation is a measure of statistical dispersion. Simply said, it
refers to how widely are the values distributed in a set (Hill & Lewicky, 2006).
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where: n – population size, xi – individual values of population, x – arithmetic average of population.
When selecting a value from the range –2σ, +2σ, the probability of standard normal distribution is
95.46%. The flow efficiency of the hydraulic pump was calculated from this sample of values.

Fig. 1 Flow characteristics of hydraulic pump at n = 1,090 rpm

Fig. 2 Flow characteristics of hydraulic pump at n = 1,500 rpm (nominal speed)
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Fig. 3 Flow characteristics of hydraulic pump at n = 1,570 rpm

Fig. 4 Flow efficiency of the hydraulic pump
Hydraulic pump-operating conditions affect significantly the pump efficiencies, it is very important to
understand how the pump efficiencies depend on the hydraulic pump-operating conditions (Inaguma
& Yoshida, 2013). At the beginning of the performance test of biodegradable synthetic fluid, the level
of flow efficiency by nominal speed of hydraulic pump was at ηpr0 = 97.45%; at the end of the performance test, it was at ηpr500 = 95.82%. This means that the decrease of the hydraulic pump flow efficiency after completing 500 EH was Δηpr = 1.701%. This decrease indicates a minimal impact of biodegradable synthetic fluid on the lifetime of the hydraulic pump of tractor type Zetor Proxima 6321.
Dobrota et al, (2010) evaluated the flow efficiency of the hydraulic pump at the nominal speed η =
95.73% depending on the pressure p = 20 MPa and Michael et al, (2012) evaluated the flow efficiency
at the nominal speed η = 95.00%. These values corresponded with our results.
Kinematic viscosity at 40 °C (Fig. 5) is evaluated based on the positive or negative tolerance of the
measured values in comparison with the value of new oil (0 engine hours). The decrease of kinematic
viscosity at 40 °C does not exceed the limit of 20% which is prescribed for the ISO 15380:2011 standard. The deviation of kinematic viscosity at 40°C is calculated by using the formula:
∆𝑉 =

𝑉0 −𝑉500
. 100
𝑉0

(2)

where: ΔV – deviation of kinematic viscosity at 40 °C, V0 – kinematic viscosity at 40 °C at 0 engine
hours, V500 – kinematic viscosity at 40 °C at 500 engine hours
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Fig. 5 Kinematic viscosity at 40 °C and decrease of kinematic viscosity at 40 °C
The decrease of kinematic viscosity at 40 °C (after completing 500 engine hours) was calculated ΔV =
2.41% according to Eq. (3), based on the value of new oil ν0 = 67.52 mm2 s-1 and value of used oil ν500
= 65.89 mm2.s-1. Alias et al, (2009) evaluated the kinematic viscosity at 40 °C of palm oil-based TMP
ester (TMPE) and found the increase of kinematic viscosity after completing 400 hours ΔV = 1.72%.
Decrease of kinematic viscosity of the fluid means too thin oil film and therefore low load capacity.
The lower viscosity, the higher wear occurs (Sejkorová et al, 2017, Majdan et al, 2014).
CONCLUSIONS
Tribotechnical diagnostics use oils as media that help obtain information about processes and changes
in the systems that they lubricate. If tribodiagnostics are applied properly and thoroughly, they result
in significant savings in many areas; for example, they contribute to an increase of the lifetime of machines and devices, to a decrease of consumption of energy, to limiting the idle time (Kučera et al,
2013, Kučera et al, 2017). The decrease of the hydraulic pump flow efficiency by nominal speed after
completing 500 EH was Δηpr = 1.701%. This decrease indicates a minimal impact of biodegradable
synthetic fluid on the lifetime of the hydraulic pump of the tractor type Zetor Proxima 6321. We can
say that the biodegradable synthetic fluid does not affect the construction or operation of the tractor
type Zetor Proxima 6321.
Biodegradable synthetic fluid has no negative influence on the rubber components in the hydraulic
circuit of the tractor type Zetor Proxima 6321. One of the reasons for the high price of environmentally friendly hydraulic fluids is the necessity for the manufacturers of hydraulic pumps to approve the
usage of the fluid in the hydraulic system and to verify its compatibility with hydraulic circuit components (Xuejun et al, 2015, Stojilković & Kolb, 2016).
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