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Abstract

In this paper is investigated the ability of the Differential Impedance Analysis technique to serve as a principle for building a motor oil control system. The characterization of the oil’s quality is based on the oiliness characteristic which is connected with the molecules’ polarization. The estimation of the oil’s condition is done by determining the change in the time-constant’s distribution. It is developed a block structure for the electronic control system. General form of a classification algorithm is formulated. The hardware implementation is discussed. The advantages of the system are listed. The necessity of future researches is considered.  
 Keywords: motor oil, differential impedance analysis
Introduction

It is a normal procedure the oil change intervals to be determined by elapsed mileage or work hours. This doesn’t ensure use of the full exploitation resource of the oil. In harsh service conditions the oil’s resource is exhausted earlier and the mileage criteria lead to hard machine wears. 

Recently a number of real-time motor oil condition systems have been developed. Some are indirect and do not provide objective and complete analysis, but only with statistical significance. Others use variety of impedance methods. They provide quantification of many oil contaminants. But with account of the limited frequency range or neglected phase change of the response they do not extract all the information about the object and the results are unreliable. More accurate results are obtained using Electrochemical Impedance Spectroscopy (EIS) [4]. 
The Differential Impedance Analysis (DIA) is an advanced technique for impedance data processing, which increases the information potential of the EIS [4]. The main virtues of this method are: noise immunity, clear recognition of information,  reliability, possibility of flexible formulation of conclusions, robustness etc.  A researches on motor oils based on this method have been conducted and promising results were reported. These facts show the necessity and importance of developing quality control system for motor oils based on this new technique. 
All further analyses are implemented using DIA method.

The system can find application in variety of areas.  In agriculture such device for in-situ and cost-benefit oil analysis will provide better machine performance.
Material and methods 

The Differential Impedance Analysis like the Electrochemical Impedance Spectroscopy studies the system response to the application of a periodic small amplitude AC signal. The measurement system is consisted of electrochemical cell and measurement device which is Frequency Response Analyzer.  The electrochemical cell contains the object under investigation.The measurements are carried out at wide range of frequencies and the response contains information about the interface, its structure and reactions which take place. The DIA analysis as opposed to EIS does not require an initial working hypothesis and the information about the object is extracted from the experimental data [4]. The kernel of DIA is the applying of Local Operating Model (LOM) as a local estimator throughout the whole frequency range. The DIA procedure is divided into three steps: 1. Obtaining the impedance components for the whole frequency range; 2. Calculating the parameters of the Local Operating Model at every working frequency; 3. Spectral and temporal analysis of the LOM parameters. 

 The researches cited below are the first DIA impedance investigations of motor oils. They are performed on Solartron 1260 FRA Frequency Response Analyzer at room temperature within a frequency range 1 MHz ÷ 0.1 Hz with a density of 5 points per decade and amplitude of the AC signal 300 mV. The applied experimental cell is consisted of two coaxial cylindrical iron electrodes with coplanar working surfaces. The measurements are carried out with natural motor oils (Mobil Delvac MX 15W40 and 12 years old Castrol GTX), semisynthetic (Castrol TXT 5W40 mit Leichtlauf-Synthese and Agip SINT 2000 10W40 with synthetic oil base), synthetic (Castrol RS 0W40 and Elf Excellium LDX 5W40), as well as with fresh and waste oils [2].  
Results and Discussion


The DIA applies the algorithm of the scanning local analysis. The used local

estimator, called Local Operating Model (LOM) is shown on fig.1. The effective time constant T = RC is also regarded as a LOM’s parameter [4]. The characterization of the oil is based on the temporal analysis of the effective time-constant 
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	                                               Fig.1. Local operating model


One of the important parameters, determining the quality and condition of the motor oil is the oiliness [3]. The oiliness is higher when the polarisation processes are easier. The low and less allocated time-constant should be an indicator for homogeneous composition with easier polarisation and therefore for higher quality oil in respect to its oiliness [2].
The system is implemented as an electronic device, which perform measures on the oil and using classification algorithm determines the oil’s quality. To evaluate the degradation of used oil the algorithm takes parameters 
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	Fig.2. T - temporal plots of: (■) – new oil Mobil Delvac

MX 15 W40, (▼) - spent oil


The values of
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(fig.2). The highest frequency provides
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.  The value of N is not less than four, which means one point for decade. On fig.2 are shown T - temporal plots of new and spent Mobil Delvac MX 15 W40 (natural origin) oil [2]. It is an example of time-constant’s dispersion caused by  exploitation cycle.
The classification algorithm (fig.3) separates the oil into two categories at least - workable and unserviceable.  
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	Fig.3. Classification algorithm


The time-constant of fresh oil depends on its origin. It increases in the direction from synthetic towards natural oils, i.e. towards lower quality samples in respect to the oiliness characteristic [2]. To eliminate the factor oil origin (synthetic, semi-synthetic or natural) the change in time-constant’s distribution of used oil is evaluated toward the values of fresh oil (
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 is higher and highly distributed the lower is the oil’s quality in respect to its oiliness. The values of 
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 for the same oil are stored in the device’s memory. The exact form of classification algorithm is object of further investigations conducted over oils of different types and brands.  
The calculation of the effective time-constant for specific frequency is based on [4]:
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where 
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In the designed electronic system Eqn. (1) is replaced by:
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where 
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effective inductance and the real part of the impedance.
The block structure of the electronic system for motor oil quality control is shown on fig.4. 
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	Fig.4. Block structure of the electronic system


  
The heart of the programmable impedance meter block is a “Analog Devices” firm chip AD5933, a high precision impedance analyzer with a frequency range of 1 - 100 kHz and impedance measurement range 100 Ω to 10 MΩ which satisfies the needs of the device [1]. An on-board programmable frequency generator with a frequency resolution of 27 bits allows the measurement cell to be excited with a known frequency.  The cell’s structure is the same as it has been described above. The microcontroller communicates to the chip through serial I2C interface. The cable line between the measuring cell and the impedance meter is shielded. The shield acts as a Faraday cage to reduce electrical noise from affecting the signals. 

The microcontroller manages the dialog with user by means of the control panel and the indication. The power source provides all the necessary stabilized supply voltages. 
Conclusions

The system of motor oil quality control based on Differential Impedance Analysis technique has some advantages comparing to so far developed systems. Traditionally the evaluation of motor oil’s condition is based on different groups of contaminants and characteristics. The small and inevitable inaccuracy in every measured factor deteriorates the overall quality of the result. 

This system estimates the oil’s quality directly from the oiliness characteristic. This characteristic ensures the lubricating ability of the oil which is significant for exploitation.  
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