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Abstract: The aim of the study is to show the possibilities of ultrasound methods for measurement and analysis of different engine oil 
characteristics. These possibilities are important and understanding them may contribute for considerable benefits as: (i) 
improvement of the quality of specific auto service, by purchasing and correct usage of ultrasound devices; (ii) expertise 
improvement of technicians in the auto services; (iii) obtaining important information for oil film thickness in the group piston-
cylinder wall, ball and hydrodynamic bearings. The elucidation of different ultrasound methods’ applications and analysis of derived 
oil parameters broaden the knowledge of the lubrication process in automobile engine, which is a significant factor for the correct 
preliminary service diagnostics. The paper includes ultrasound methods’ description for oil film thickness measurement in the 
groups piston-cylinder wall, ball and hydrodynamic bearings, tribological and rheological oil properties’ measurement, oil level 
estimation in the engine, temperature measurement and presence of air bubbles in the lubricant oil supply and sump lines, oil 
viscosity circumference profile in journal bearing in-situ . 
Keywords: ultrasound, automobile oil, oil thickness, sensor  
 

1. Introduction 
The intensive use of vehicles requires a careful selection 

of used engine oils. Their quality and features directly affect the 
functionality of the engine, its good work, preserve and extend 
the range of the car and therefore have a definite practical and 
financial significance for every driver. 

The issue of maximum wear protection and minimization 
of friction between the parts of the car engine is relevant for at 
least two reasons. The first, of course, is financial, and the 
second one is related to technical safety and reliability in the 
intensive use of cars. 

In the engine the motor oil serves to form a thin oil film 
between all the friction components. This prevents direct 
contact between them, aiming at minimizing friction, reducing 
temperature amplitudes, reducing fuel consumption, slowing 
down wear and thereby maximizing engine life [1]. 

 
       2. Results 

According to 2014 statistics, the total number of vehicles 
in the world at that time was around 1.2 billion. It is assumed 
that their current number exceeds 1.4 billion in the present time. 
Each individual vehicle needs a regular engine oil change after a 
certain mileage or time. This requires sufficient production and 
a large number of companies and research teams working to 
improve the quality and lubricity of the offered oils. 

The aim of this paper is to show some of the possibilities 
of ultrasonic methods for measuring and assessing different 
characteristics of automobile oils. It turns out that they are not 
very few and their knowledge can contribute to certain benefits. 

 
2.1. Measure oil film thickness between the piston and the 
cylinder 
 

It is known that between 4 and 15% of fuel efficiency is 
lost by mechanical friction in cars. In addition, about half of 
them (40-55%) are due to friction losses in the piston-cylinder 
group. This means that a good understanding of the lubrication 
process between the piston and cylinder in internal combustion 
engines (ICE) is essential to reduce friction losses, reduce oil 
loss, reduce compression losses. These losses are directly 
related to engine efficiency and emission composition [2].  

An ultrasonic method for measuring the thickness of the 
oil film between the piston ring and the cylinder wall of an ICE 
was developed by R. Dwyer-Joyce and co-authors (Fig.1) [2, 3, 
4, 5,]. A piezoelectric sensor is mounted on the outside of the 
cylinder. Through it, ultrasonic pulses are generated, which pass 
through the different media of the work pieces. When the 
impulses encounter the oil film between the cylinder and the 
piston, some of them reflect and the others pass. The magnitude 
of the reflected signal (expressed by the reflection coefficient R) 
depends on various factors, one of which is the thickness of the 
oil film. The theoretical basis of the method is described in 
detail in several articles [ 3, 4, 5]. The main equation by which 
the thickness of the oil film h is calculated is: 
 

                                   ℎ = 2𝜌𝑐2
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where ρ is the density of the oil film, R is the coefficient of 
reflection, c is the sound velocity in the oil medium, ω is the 
specific angular frequency of the ultrasonic impulse, z is the 
acoustic impedance of the piston and the cylinder wall 
(assuming to be equal). 

 
 
Fig. 1 Sensor layout scheme (reprinted from  [4]. Mills, R. S., Avan, 
E. Y., & Dwyer-Joyce, R. S. (2013). Piezoelectric sensors to monitor 
lubricant film thickness at piston–cylinder contacts in a fired engine. 
Proceedings of the Institution of Mechanical Engineers, Part J: Journal 
of Engineering Tribology, 227(2), 100-111.). 
 

The authors show that the oil film thickness h depends on: 
• Different modes of operation. The authors study h in 

four modes - a non-combusted engine (4000 rpm driven 
outside), idle combusted engine without load (4000 rpm), 
combusted engine with load 50% (4000 rpm) and combusted 
engine with load 90% (4000 rpm). In expansion stroke the oil 
film is weakened by increasing the load to the engine (5 μm at 
non-combusted engine, over 3 μm idle, 2.5 μm at 90% load) [2].  

• The different position of the longitudinal reading on the 
cylinder wall. At compression stroke (unloaded mode), when 
the piston moves to the upper dead point, h increases from about 
3 μm to about 7 μm [4]. 

• Different engine speeds. The change profile of h at 
different angular velosity is different [2, 4]. 

• The different piston segments. At expansion stroke, h = 
2 μm at the oil segment, h = 2.5 μm at the second segment and 
about 4 μm at the compression segment [4]. 

• Viscosity of the oil [2]. A small load and a higher 
viscosity lead to the formation of a thicker oil film. 
 
2.2. Relationship between the speed of sound and the 
tribological and rheological properties 

In his PhD thesis from 2010, Sobahan Mia from Saga 
University, Japan, Faculty of Engineering Systems and 
Technology, entitled "Prediction of Tribological and 
Rheological Properties of Lubricating Oil by Sound Velocity", 
shows a direct relationship between the speed of the sound in 
lubricating oils and several parameters characterizing their 
different properties [6]. These parameters are low temperature 
fluidity, molecular structure of the oil, adiabatic bulk modulus 
[7], pressure-viscosity coefficient (α) and kinematical viscosity. 

The author offers two equations for the calculation of the 
pressure-viscosity coefficient (α) at high pressure for two types 
of the oils tested, by the adiabatic volume module K [8]. 

He proposes a connection between the sound velocity U 
(m/s) in the oil, its density ρ (kg / m3) and its surface tension γ: 
                                           𝑈 = 𝐶𝜌𝑎𝛾𝑏,                               
(2) 
where constants C = 11060, a = -0.58 and b = 0.58 were 
calculated for all samples tested. The error in determining the 
sound velocity of this formula is within ± 10%. 

In his work, Sobahan Mia confirms the direct relationship 
between the velocity of the ultrasound wave and the adiabatic 
volume modulus (K), and hence with the kinematical viscosity 
(v) of the studied oils. The PhD thesis clearly shows the 
potential of ultrasound wave velocity assessment to characterize 

the rheological and tribological properties of automotive oils. 
Also, mathematical formulae are drawn for the relationship 
between the acoustic and tribological properties of oils. 
 
2.3. Measurement of oil level in ICE 

There are many techniques described in the literature and 
practice to measure the level of liquid in a given volume. The 
oldest method is developed on the Archimedes principle, where 
the Archimedes force maintains a float in the liquid, and the 
latter gives information about the level. 

An ultrasonic method for determining the level of fluid 
was developed and proposed by Russian scientists in 2002 
based on a change in the parameters of ultrasonic Lambda 
waves in a liquid medium [9]. 

Ultrasonic sensor for level of high pressure fluid was 
developed by the NASA (Langley Research Center) and Old 
Dominion University. The basic principle is the emission of the 
ultrasound wave and the measurement of the time difference of 
the reflected and the transmitted ultrasound wave. This time 
difference is subsequently converted to a height of the liquid 
level [10]. 

Turkish engineers offer a new generation of oil level 
sensor based on the phenomenon “Whispering gallery mode 
phenomenon” (WGM) [11]. Together with Hella Company's 
engineers, they build on the existing ultrasonic sensor of the 
company [12, 13] and offer a completely new concept. Their 
purpose is to put the new sensor directly into the crankcase and 
be functional over a wide temperature range of -40 to 150° C. 
 
2.4. Measurement of temperature and air bubbles in the oil 
highway 

One of the key features of automotive oil essential to 
excellent engine performance, in addition to viscosity, is oil 
cleanliness, the presence of lubrication air bubbles and 
temperature. Monitoring these parameters in engine operating 
modes is very useful for in vivo monitoring of the engine's 
functional state. Wu and co-authors have constructed ultrasonic 
high temperature sensors made from piezoelectric composite 
films [14]. These sensors are embedded in the crankcase of a 
test engine, measuring the amplitude and velocity of the 
ultrasonic wave through the oil volume (Fig. 2). The proposed 
method makes it possible to accurately read and monitor the oil 
temperature and the air bubble content of the engine lubrication 
system. 

 
 
Fig. 2 Ultrasonic testing cell (reprinted from [14]. Wu, K. T., 
Kobayashi, M., Sun, Z., Jen, C. K., Sammut, P., Bird, J., ... & Mrad, N. 
(2011). Engine oil condition monitoring using high temperature 
integrated ultrasonic transducers. Industrial Materials Institute, 
National Research Council Canada, Boucherville, Quebec, Canada J4B 
6Y4.  ISSN 2153-2648.) 

 
2.5. Measurement of oil film thickness in ball and 
hydrodynamic bearings 

Both types of bearings are widely used in cars. Violation 
or lack of lubricating oil film is the main danger to the safe and 
stable operation of these bearings. 

B. W. Drinkwater et al. develop an ultrasonic method for 
measuring the thickness of oil film in ball bearings. They use a 
focused, longitudinal wave piezoelectric ultrasonic transducer 
(50 Hz) to transmit and record ultrasonic signals [15]. This 
transducer they chose to cover the focal spot size less than the 
minor lubricated contact diameter. It is focused on the ball 
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bearing sphere-corpus interface and detects the reflection 
coefficient of the lubricating oil film (Fig.3A). The thickness of 
the lubricating film is then calculated from the reflection 
coefficient. The authors study the dependence of the measured 
thickness at different angular velocities and radial load. The 
measured thicknesses are between 0.28 and 0,89 μm. As the 
angular velocity increases, the thickness also increases, and 
when the load is increased at constant speed, there is a decrease 
in thickness [15, 16]. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 A. Test Scheme for measurement of oil film thickness in 
ball bearings (reprinted from [16]. Zhang, J., Drinkwater, B.W. and 
Dwyer-Joyce, R.S. Monitoring of lubricant film failure in a ball bearing 
using ultrasound, Journal of Tribology, 2006, 128(3), 612-618.); B. 
Test Scheme for measurement of oil film thickness in journal 
barings (reprinted from [17]. Kasolang, S., & Dwyer-Joyce, R. S. 
(2008). Observations of film thickness profile and cavitation around a 
journal bearing circumference. Tribology Transactions, 51(2), 231-
245.)    
  

Hydrodynamic bearings are used in rotary equipment at 
very high angular speeds and high technical requirements. If the 
thickness of the oil film is insufficient, the consequences are 
catastrophic, because it increases friction and wear. If the 
lubricating oil is more there is a loss of energy for its disposal 
outside the active surfaces. The thickness of the oil film may be 
between 0.1 μm and tens of microns.  

Dwyer-Joyce, R.S. et al. create an experimental system 
for measuring the thickness of the lubricating film under 
different lubrication conditions in a hydrodynamic test bearing - 
varying angular velocity and radial load forces [18]. 

The experimental system includes an ultrasonic transducer 
inside the bearing shaft sealed with a brass seal. The hydraulic 
load is applied externally, as shown in Fig. 3B. The test bearing 
is lubricated through a hole with Shell Turbo T68 mineral oil at 
a low pressure of 1.5 to 2 bar. The oil temperature is monitored 
by a thermocouple at the inlet and outlet of the oil to the 
bearing. The principle of testing is an ultrasound wave emitting 
which partially reflects and partially passes upon encountering 
the oil film. The authors draw a formula for determining the 
thickness of the oil film based on determination of the reflection 
coefficient R, the acoustic properties of the oil and the 
frequency of the ultrasound wave [18]. 

The results obtained for the thickness of the oil film 
indicate that it depends on the load and angular velocities. As 

the load increases, the thickness decreases and the thickness 
increases with the increase of speed [18]. These results are 
identical to the results for ball bearings. 
 
2.6. Measurement of oil viscosity in journal (hydrodynamic) 
bearings in-situ. 

In 2016, Michele Schirru constructed a test ultrasonic 
viscometer defining the circular profile of oil viscosity in-situ in 
journal bearing. The ultrasound viscometer principle is based on 
the reflection of polarized tangential ultrasound waves from a 
thin resonating coating layer. The device allows the study of 
visco-elastic properties of engine oil in-situ. The influence of 
factors such as temperature, pressure and shear rates on the 
circular profile of the oil viscosity is determined [19]. 

The author applies different angular velocities and radial 
load. The reported results show the different viscosity and 
temperature of the oil lubricating film in four different zones of 
the circular profile of the oil viscosity in the tested bearings - 1. 
Zone - Inlet; 2. Zone - Raising temperature and low load; 3. 
Zone - Maximum temperature and maximum load; 4. Cavitation 
zone of high temperature and low load. 

Michele Schirru first measured the oil viscosity circle 
profile in hydrodynamic bearings and showed that his approach 
could be used to assess the lubrication of other engine 
components. Its achievement is unique in its capabilities and 
opens doors for exploring new types of oil, the application of 
which will improve engine performance, reduce emissions and 
fuel consumption [19, 20]. 
 
3. Conclusion 
 
The possibilities of ultrasonic methods for measuring and 
assessing the different characteristics of automotive oils are 
significant. Their knowledge leads to certain benefits: 
- improving the quality of certain auto service activities by 
purchasing and properly using acoustic equipment; 
- improving the expertise of auto technicians, which is directly 
related to the ability to accurately diagnose a problem and to 
solve it effectively; 
- improving the understanding of the lubrication process in the 
automotive engine by measuring certain characteristics of 
automotive oils by acoustic methods. 
- obtaining important information related to the thicknesses of 
the oil lubricating film in piston-cylinder, ball and 
hydrodynamic bearings groups and making useful outlets from 
it; 
- precise determination of the factors determining the thickness 
of the oil film in the different groups of engine details; 
- assess the contribution of the most important factors for this 
thickness and correct selection of a type of automotive oil 
suitable for a concrete engine. 
- examination of visco-elastic properties of engine oil in journal 
bearings in-situ. Assessment of the influence of factors such as 
temperature, pressure and shear rates on the circular profile of 
the oil viscosity. 
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