
 

 

Design and test of a MEMS-

based oil quality 

sensor 
Author: Podvitelskij, Sergej 

 
Abstract— A major problem in the automotive sector is 

dealing with used hydraulic oil. Since this oil loses its purity over 

time, it must be changed. In most cases, the condition of the oil 

is not really checked, but is changed after a certain number of 

kilometers. It is possible that intact hydraulic oil is wasted in the 

process. Until now, there is no cost-effective method to check the 

purity on hydraulic oils, so there is nothing left but to remove all 

of the oil. The purpose of this work is to develop a measuring 

station for a MEMS-based oil quality sensor. With the help of 

the oil quality sensor, deviations of aged hydraulic oils shall be 

investigated. An infrared light source and a Fabri-Perot 

spectrum sensor will be used for more accurate detection of 

deviations in aged hydraulic oil. The goal is to clarify whether it 

is possible to use wavelength spectra to detect differences in aged 

hydraulic oil. To do this, a suitable Fabri-Perot spectrum sensor 

and a light source with the appropriate wavelength range were 

carefully selected. Furthermore, a measurement setup for static 

measurements was worked out. Subsequently, measurements 

were carried out with and without hydraulic oil and the 

measured data was compared with reference data. Finally, 

differences in the aged hydraulic oil could be determined by 

means of light wave measurements. 

 

I. INTRODUCTION 

To this day, the purity of hydraulic oil can only be tested 
manually and at higher costs. With that in mind it is usually 
cheaper to replace the old hydraulic oil with a new one. As a 
result, it is possible that pure and clean hydraulic oil is 
removed with the used oil. On the one hand, this represents a 
waste of money, but on the other hand it is also a burden on 
the environment. A waste of pure hydraulic oil makes it 
necessary to produce new oil. A precise oil quality sensor can 
provide a solution to this problem. With such a sensor, it 
should be possible to determine the degree of purity of 
hydraulic oil as quickly as possible. After all, the oil quality 
sensor can not only save time, but also a lot of money [1, 2].  

Since this sensor is mainly used to determine the quality 
of hydraulic oil and is therefore mostly used in motor 
vehicles, the oil quality sensor is mainly used in the 
automotive industry. Of course, other areas of applications 
could be considered for the oil quality sensor, but the focus is 
on the inspection of hydraulic oils. After a successful 
adaptation of the oil quality sensor to the micro range and 
suitable results, a cost reduction in the automotive sector can 
be achieved in the future [2, 3].  

This work is intended to provide information on whether 
it is possible to determine the oil quality of hydraulic oils by 
means of lightwave measurements. In addition, it should be 
clarified whether the sensor can be adapted accordingly in the 
micro range and provide suitable results.  

If you look at hydraulic oils in general, you will find a 
wide range of applications. Such hydraulic oils are mainly 
used in power transmission systems, engines and many more. 

Without hydraulic oils, such systems cannot be operated at all 
or experience significantly faster abrasion. The used oils are 
complex material systems consisting of long-chain 
hydrocarbons. Furthermore, hydraulic oils contain a variety of 
different additives that are responsible for the application-
specific increase in performance. Each manufacturer uses its 
own formula for increasing performance. In everyday use, 
these oils are exposed to various stresses, such as abrasion, 
shear forces or temperature fluctuations. Because of these 
stresses, problems can arise that affect the quality of the 
hydraulic oils. These problems can include tiny metallic 
particles detaching from the motor or hydraulic cylinders, or 
the penetration of water into the oil circuit, causing 
condensation. Due to these signs of abrasion, periodic 
replacement must be carried out, and it may happen that intact 
hydraulic oil is replaced. This results in high costs as well as a 
waste of fossil resources [1–3]. 

The detection of the oil quality of hydraulic oil is 
performed by means of a light wave measurement. This 
lightwave measurement consists of three parties, an infrared 
light source, the hydraulic oil and a Fabri-Perot spectrum 
sensor. Basically, the principle is that the emitted wavelength 
spectrum is collected by the Fabri-Perot spectrum sensor and 
the intensity differences are analyzed and recorded. The data is 
read out later by a suitable programming language. 

The Fabri-Perot Spectrum Sensor used here is an ultra-
compact sensor with integrated MEMS FPI (Fabri-Perot 
Interferometer). This sensor makes it possible to measure a 
specific wavelength range. The sensor is used in different 
fields. Mainly it is used in the identification of materials in 
solutions, in plastics & textiles or also in the detection of 
moisture. Due to a built-in bandpass filter, the wavelength 
range is limited [4]. 

The measurement setup consists of three components, the 
oil chamber, the Fabri-Perot spectrum sensor and the infrared 
light source (see Figure 1). The chamber has the task of 
bringing all components together and storing the oil. It must be 
ensured that the chamber is airtight (additional leakage 
protection). The Fabri-Perot spectrum sensor is attached to the 
chamber by using a fixture. The infrared light source is located 
at a small distance from the spectrum sensor. To protect the 
sensor and light source from the oil, windows made of 
translucent plastic are placed in the chamber. With this 
measurement setup, real-time measurements are performed 
and the outgoing data sets are stored as a CSV file. This data 
is graphically reproduced later using a programming language.  

 

II. MATERIALS AND METHODS 

A. Measurement Setup 

As already mentioned, the measurement setup consists of a 
few components. The oil chamber is responsible for the 
measurements in general. It ensures that all components are 
held together and that the hydraulic oil can be used for static 
measurements. This chamber and all the related fixtures come 
from the Hahn-Schickard (VS) workshop. The complete setup 
is shown in Figure 1. 

The infrared light source or also called emitter is an 
external component and comes from the company "Micro-
Hybrid". Emitter, as well as the enclosed software comes from 
"Micro-Hybrid" and are included in the "Evaluation-KIT". 



 

 

The emitter generates a broadband radiation spectrum, which 
makes it possible to target a specific wavelength range. 
Furthermore, this emitter is thermally dependent, i.e. the 
wavelength spectrum can be influenced by temperature. 

The Fabri-Perot spectrum sensor is also an external 
component and comes from the company "Hamamatsu". 
Both the sensor and the enclosed software were already 
included. The software can perform differential 
measurements on different media and save the resulting data 
as CSV files. Due to the integrated bandpass filter in the 
sensor, only a certain wavelength range can be investigated. 
In this case the wavelength range is between 1550nm to 
1850nm.  

In addition, the Python programming language is used to 
graphically display the resulting data.  

 

 
Figure 1 Representation of the measurement setup (1: Hamamatsu 

FPI spectrum sensor; 2: Oil-Chamber; 3: Infrared lightsource; 4: 

Evaluationboard of the lightsource) 

B. Procedure for the Task 

Before thinking about the measurement setup, a basic 
understanding of the Fabri-Perot spectrum sensor and the 
infrared light source had to be established. All knowledge 
was taken from the enclosed data sheets for the individual 
components, see [4]. Based on that, first concepts of the 
measurement setup could be realized. The goal should be to 
ensure measurements in the static as well as in the dynamic 
range with this setup. This led to the idea of the oil chamber 
and the associated devices. 

Following the completion of the concept, the complete 
measurement setup could be assembled. This was followed 
by the first test measurements. These tests served not only to 
calibrate the software components, but also to gain a better 
understanding of the Fabri-Perot spectrum sensor software. 
Furthermore, first measurements were performed on sample 
media. These media included water and air. The purpose of 
the sample media was to perform measurements on 
comparable media, such as hydraulic oil, and to collect 
corresponding data sets for comparison. 

Finally, a test matrix was created for the oil measurements. 
This matrix only provides a better organization of the 
measurement data. After finishing the oil measurements, the 
complete data sets were saved as CSV files and processed via 
Python.  

C. Detailed Measurement 

For an optimal measuring procedure, all components must 
be first installed and ready for use. At the beginning of the 
measurements, the chamber must be completely empty and 
free of impurities. After the oil chamber has been completely 
cleaned, all components can be connected to each other. This 
means that the Hamamatsu Fabri-Perot spectrum sensor 
should be mounted on the oil chamber fixture and the infrared 
light source should be plugged into the chamber. Once both 
electrical components are connected to the oil chamber, they 
can be powered. For this purpose, both components are 
connected to the PC via USB interface. In addition, the 
infrared light source is connected to the power supply in the 
laboratory via a power supply unit. After the measurement 
setup has been completely assembled and both electrical 
components are powered, the respective software can be 
started. To do this, the Hamamatsu software for detecting the 
light wave differences is started and the corresponding 
evaluation board of the PCB is loaded onto the PC. Then the 
program for emitting the wavelength spectrum via the 
“Micro-Hybrid” PCB can be started.  

Before the measurements with the hydraulic oil samples 
start, reference measurements must be carried out in 
preparation. For this purpose, the reference media “air” or 
“pure hydraulic oil” are inserted into the oil chamber and then 
sealed air-tight with the reference medium inside. By 
selecting "Reference" in the menu of the Hamamatsu 
software, reference measurements are performed when the 
program is started. The reference data is stored in the program 
during this process. Following the reference measurement, the 
chamber must be emptied and cleaned again.  

Once the oil chamber has been completely cleaned, the 
hydraulic oil sample can be inserted into the oil chamber. It is 
important to ensure that the optimum amount of oil is used for 
the measurement and not too much, otherwise the pressure in 
the chamber will be so high that the windows may burst. For 
this reason, the required amount of oil is added to the chamber 
using a pipette and then sealed air-tight. After the chamber has 
been closed, the measurement can be started. To do this, select 
"Multi-Sample" in the Hamamatsu software menu. This 
makes it possible to measure the same sample several times. 
After the sample measurement, the measured data is 
compared with the data from the reference measurement and 
the results are printed out graphically via the program. In 
addition, the resulting data set is saved as a CSV file.  

After successfully measuring the hydraulic oil sample, the 
chamber is emptied again and completely cleaned. To ensure 
that the chamber is completely free of oil, it is flushed with 
the use of warm water and then dried. This cleaning step is 
designed to prevent any residual oil from settling in the 
chamber. 

Finally, the resulting data sets from the lightwave 
measurements and the CSV files can be read out via the 
Python programming language and graphically displayed 
using some plot functions.  

 

III. RESULTS 

 

The Hamamatsu Fabri-Perot spectrum sensor measures the 

required absorbance and the Micro-Hybrid emitter provides 
the required wavelength spectrum. Both components were 
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perfectly matched, allowing the software to provide the 

necessary data sets.  

The measurements in the figures also show the desired 
results (see Figure 2 and Figure 3). In both figures, the 

absorbance from the light wave measurements is shown. In 
each case, six differently aged hydraulic oils were examined 

with the reference media "air" and "pure hydraulic oil". The 

measurements took place in a wavelength range between 
1550nm and 1850nm. This range serves as the x-axis. 

 
Figure 2 Representation of the measured absorbance between air and 

aged hydraulic oil 

Figure 2 shows the best results from the light wave 

measurements. As mentioned, the reference medium is air. 

Looking at Figure 2, we notice a bulge at about 1700nm. This 

bulge is most pronounced in pure and untreated hydraulic oil. 

For this reason, it appears that this bulge is indicative of the 

purity of hydraulic oils. At least especially for the wavelength 

range between 1550nm and 1850nm.  

 
Figure 3 Representation of the measured absorbance between pure 

hydraulic oil and aged hydraulic oil 

In Figure 3, pure hydraulic oil is used as the reference 

medium. This means, that if pure oil is compared with pure 

oil the resulting absorbance should be at the value 0. As 

expected, the resulting graph shows that the purer oil sample 

approaches an absorbance value of 0. Other samples are 

slightly above 0, which clearly shows that the aged hydraulic 

oil has changes in their absorbance. In this case, a deviation 

from aged oil to pure oil can be seen quite clearly.   
 

IV. DISCUSSION 

The measurements show that it is possible to determine the 

oil quality based on light wave measurements. The work shows 

that there are slight differences between new and aged 

hydraulic oil and that these differences can be detected by 

means of a spectrum sensor. Absorbance plays the most 

important role. The absorbance is an attribute of a medium. If 

this medium is changed in any way the absorbance of this 

medium is changed. Aged hydraulic oil has the property to 

decrease intensity of certain wavelengths. This intensity can be 

measured later and compared with the original. This results in 

the desired absorbance.  

Of course, there were also limitations that restricted the 

project. First, measurements could only be performed with one 

sensor. This makes it impossible, for example, to ensure proper 

verification of the results. Furthermore, the Hamamatsu Fabri-

Perot spectrum sensor had a low sample rate, i.e. only a small 

number of data points could be measured and stored 

(Hamamatsu = 300 data points). This made it impossible to 

perform long-term measurements. In addition, due to the short 

time, only a static measurement could be performed. However, 

if we want to get closer to reality, the measurement setup 

should be optimized so that dynamic measurements are 

possible.  

V. CONCLUSION & OUTLOOK 

Overall, the project was a success. With the help of this 

work, it was possible to determine that aged hydraulic oil has 

differences compared to new hydraulic oil, which can be 

detected by means of light wave measurement. 

For the future, the measurement setup can be changed to 

dynamic measurements, so that we could get closer to reality. 

Furthermore, additional sensors can be used for the 

measurement, so that a better verification of the measured 

data can be ensured. In addition, different sensors can be 

tested, e.g. to make long-term measurements possible. 
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