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Summary: In the course of hydraulic system exploitation, some physical and chemical characteristics of working fluid must be monitored. Service life depends on the type and method of hydraulic fluid exploitation. In order to know what parameters of physical and chemical characteristics of working fluids should be monitored during the fluid exploitation, a model has been presented in this paper, according to which specific types of working fluids can be monitored during their exploitation.
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1. INTRODUCTION 
According to global research, mineral hydraulic oils are used in hydraulic systems in 85-90% of cases [1]. For this reason, the model presented in this paper relates to the monitoring of physical and chemical characteristics of mineral hydraulic oils.

The purpose of the diagnostics is to perform the evaluation of the hydraulic oil condition during exploitation, as well as to perform the evaluation when the oil degradation process has achieved its critical limit. After that, the decision on the necessity of oil replacement is to be made.
Hydraulic oil diagnostics can be divided into:

· Measuring changes in physical and chemical characteristics of oil (laboratory analyses of oil),

· Measuring the content of contaminants in oil – primarily the content of solid particles (metals and non-metals) and water in oil,

· Measuring the presence of metals in oil – spectrographic analysis of metal particles originating  from the wear of working elements of hydraulic components and separation of  additives from oil.

For a successful diagnostics of hydraulic oils, mostly used criteria and standard methods must be completely followed in order to obtain valid measuring results.

During the mineral hydraulic oil diagnostics procedure it is necessary to know both the starting value and the highest allowed value of physical and chemical characteristics of oils and the allowed water content, which are defined in accordance with the oil manufacturer’s specifications. The allowed content of solid particles is determined according to the construction of hydraulic components, primarily pumps, servo or proportional valves. 

Testing intervals depend on the size of oil filling, condition of oil filling and test costs.


Service life for smaller hydraulic oil fillings is defined by exploitation time, e.g. 6 months, 12 months, 2000 work hour, etc. [1, 2, 3, 4 and 5]. Service life for larger oil fillings is determined by actual change of characteristics and/or degree of degradation caused by the present contaminants (water and solid particles) up to 10,000 work hours.
2. MODEL FOR MONITORING OF HYDRAULIC OILS DURING THE EXPLOITATION
Various diagnostic methods are used to determine the oil degradation degree. The most reliable results are obtained from laboratory analyses of oil. In addition to laboratory analyses, there are also methods that can be used “in the field” such as: Kittiwake – Figure 1, electric conductivity of oil – Lubri Sensor oil analyzer – Figure 2 and other less reliable methods.
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Fig 1. Kittiwake – electro chemical oil analyzer [6]
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         Fig 2. Lubri sensor [7]
In practice, the hydraulic oil diagnostics is often performed based on different models. 

The model presented in this paper is based on both practical and experimental experiences of the author who has tested more than 1000 samples of mineral hydraulic oils. 

Model for oil filling analysis can be generally divided into three groups of tests (Figure 3), which are based on laboratory analyses for the purpose of determination of oil filling condition, i.e. its current physical and chemical characteristics.
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Fig 3. Model for diagnostics and examination of hydraulic mineral oil [8]
2.1 Model for testing of characteristics at the FIRST LEVEL

Specificity of the first phase of oil filling tests is that the tests are performed within defined time intervals. If the values of oil filling characteristics do not change beyond the determined limits, the testing is carried on within the determined time interval at the first test level.

The first test level includes the measuring and monitoring of the changes in the following oil characteristics:

· colour (determined visually) ( a change indicates that caution should be taken when estimating the oil condition;

· viscosity at 40(C ( a change indicates that the second level testing is required;
· density (provided that the supplier maintains a constant value) ( a change indicates that the second level testing is required;

· neutralization number ( a change indicates that caution should be taken when estimating the oil condition, and if it is beyond the allowed value, the oil should be replaced;

· water content (at times) ( in case of water presence, water should be separated from oil or the oil should be replaced with the new one;

· solid particles content (at times) ( if oil is contaminated with solid particles, it should be filtrated.


In case the oil has been found to contain water or solid particles beyond the allowed limits, it should undergo the purification treatment – separation of water and/or solid particles. However, if the increase in the viscosity or the neutralization number has been noticed, within the allowed limits, it will be necessary to set a deadline when the first level testing of the characteristics will be repeated, or the second level testing of the characteristics performed. In case the obtained values go beyond the allowed limit values, the oil should be replaced.

2.2 Model for testing of characteristics at the SECOND LEVEL

The second test level is performed if some of the above mentioned characteristics, from the first level testing (except for water and solid particles), have been found to show different values from the  starting values, or the values close to the critical / limit values.

The second test level includes:
· testing of the first level characteristics that additionally includes:

· viscosity at 100(C – applicable only to multi-grade hydraulic oils (HV type),

· viscosity  index     – applicable only to multi-grade hydraulic oils (HV type),

· copper strip corrosion;

· ignition point;

· pour point;

· foaming;

· demulsive characteristic of oil.
2.3 Model for testing of characteristic at the THIRD LEVEL
The third test level includes the following hydraulic oil analyses:

· the complete test of the second level characteristics that additionally includes:

· Four-ball test  is  a wear test performed with four balls – the oil lubrication ability,
· Spectrographic analysis of metal particles in oil.


During the testing procedures of hydraulic oil in exploitation, it is very difficult to strictly determine the limit values that will indicate the usability of oil. Some characteristics and limits of oil usability are often agreed with manufacturers of hydraulic oils and hydraulic components and equipment.
3. CONCLUSION 

The basis for elaboration of the model for the selection of mineral hydraulic oils is the following: 

· previous research results that have been elaborated in the form of published papers and specific applications [1],

· experience of other researchers; especially researchers from development centres of hydraulic equipment manufacturers [2,3,4],

· citations from professional literature [5,6,7,9] and
· our own research in cooperation with certified laboratories on around 1000 samples of hydraulic oil for industrial purposes [8].

The presented oil diagnostic model defines some specific approaches by which it has been distinguished from other models that we encounter in international literature. The authors wish to point to the need for a continuous monitoring of oil filling in exploitation as well as for development and application of new methods and equipment for its diagnosing. 

Based on the aforementioned, the field of hydraulic fluid diagnostics and maintenance has acquired a new value resulting in a new direction for future research. It can be briefly defined as follows:

· development of fluid diagnostics model in the frame of which researchers will be looking for verification of new electronic methods for a faster and more comprehensive analysis of oil characteristics,

· maintenance of hydraulic fluid with an increasing service life, especially from the aspect of contaminant content diagnostics, evaluation of their allowed content and application of economic and efficient maintenance procedures.

It is particularly necessary to point out that future research in this field will be based on the development of applicable software.

Application of the presented model will provide the possibility of the efficiency increase in hydraulic systems exploitation and maintenance processes, especially those systems operating in the field of ultimate loads.
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