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Abstract - There are number of methods already developed to monitor condition of lubricants in dynamic systems through 
the detection of the wide spectrum of sound produced during the movement of mechanical parts consisting of frequencies 
audible sound that can be detected by human ear. However, these methods are only applicable to moving i.e. dynamic 
mechanical systems, and cannot be applied in static mechanical systems. They are designed to remain static, until they are 
required to respond to an external trigger. These devices do not emit any acoustic signal and that makes it hard to monitor 
their condition with already developed sound processing methods. Thus, another, ultrasonic inspection approach is required 
to test such mechanisms. This research project review and introduces ultrasonic pulse-echo technique that can be applied in 
the inspection of lubricant in static mechanical systems. Ultrasound waves are propagated through a specimen consisted of 

the high viscosity grease and metal pieces. Different impedances and thickness of the lubricant/grease can be measured and 
its condition can be monitored. 
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I. INTRODUCTION 

 

Lubricants are essential to provide separation 

between different mechanical parts to prevent wear 

and damage in the parts that are subject to friction. 

Different kind of lubricants are used in many systems 

to reduce wear, noise, corrosion and malfunctions and 

insure the functionality of many mechanical systems 

where they are applied to. Hence, it is important to 

monitorand maintain the applied lubricants in the 

mechanical systemsto be able to schedule 

maintenance service to insure the functionality of the 
system and prolong its life time[1 and 2].  

 

Lubricants are normally subject to different types of 

mechanical stress like friction and heat that degrade 

its properties that ultimately lead to failure of the 

mechanical parts. Some of the typical causes in which 

the properties of the lubricants are degraded 

arehightemperatures,due to the friction of mechanical 

parts and the oxidation of the lubricant, when it is 

exposed to external environment with high oxygen 

content. It is causing a sludge formationand extreme 
thickening. Changes in lubrication properties are also 

due to contamination of the lubricant with debris and 

dust particles, from its surrounding, over period of 

time, which increase the rate of lubricant 

degradation[3 and 4].  

 

Common misconception in many industries is thatthis 

problem can be prevented by lavish application of 

lubricants assumingthat excessive lubrication will not 

lead to any danger to machines other than the waste 

of material. However, this causes  other problems, 

such as bearing failure,as excessive lubrication may 
cause excessive loading that would overheat the 

bearing and leads to degradation of lubrication. 

Therefore, the goal is to devise a way to measure the 

quality of the lubricants in the system and monitor the 

lubricant film thickness,to be able schedule 

maintenance service to insure correct amount of 

lubricant is applied[5 and 6].  

 

So far there are number of methods, such as 

ultrasonic condition monitoring, developed to 

monitor condition of lubricants through the detection 

of variations in the physical and chemical 

characteristics of the applied lubricant. Moreover, 

movement of mechanical parts produces a wide 
spectrum of sound consisting of low frequencies that 

can be detected by human ear [7, 8 and 9]. Other 

emissions, in high frequency range cannot be detected 

by human ears but can be by the ultrasonic measuring 

system. Small changes to the amplitude,inthe narrow 

band of high frequencies of the ultrasoundfrom 

friction,enable the monitoringof theapplied 

lubricants’ properties. The drawback is that 

thesetechnique is only applicable to moving 

(dynamic) mechanical systems but not to the 

mechanical systems that are static such as 
compressed springthat are designed to be active in 

response to external trigger. Some examples are: 

 High voltage circuit breakers with actuated 

springs 

 Pressure relief/safety valves 

 Latches and hooks with retracting springs. 

 

These devices must have adequate lubrication to all 

moving mechanical parts that will be actuated by 

stored spring energy, over long period of time, and 

are expected to perform the duty upon external 
triggering event. However, these devices that are 

intended to be statically active over a long period of 

time, may fail, or show sluggish response upon 
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external triggering event, if the applied 

lubricant/grease is dried, or degraded. It isultimately 
leading to the undesired event. These static devices 

do notemit any acoustic sound at rest, which makes it 

impossible to use the conventional ultrasonic 

detection technique to monitor the condition of the 

applied lubricant/grease. Hence, another ultrasonic 

inspection approach is required to test such 

mechanisms installed in industry [10].  

 

The main objective of this studyis to further 

investigate the active testing techniques in ultrasonic 

evaluation methods. In order to validate new 

approach, we will be using a static mechanical 
system, such as recoiling springs, in pressure relief 

valve, that resembles real life industry application. 

Different, mostly used, lubricantswill be used in 

ourexperiments. In addition to that, 

variousarrangements of the layers are also going to be 

used by changing the shape and size of the metal 

constructions.  

 

II. CURRENT METHODS FOR TESTING 

CONDITION OF LUBRICATION 

 
Methods used to monitor the condition of lubrication 

incorporate Oil quality sensors that provide indication 

of the lubricants’condition by measuring some key 

physical and chemical properties of lubricants, 

including viscosity, density, optical (light scattering) 

and electrical properties (permittivity and 

conductance). In this section of literature review 
some of these methods are identified and explained 

briefly. 

 

2.1. Capacitive Methods 

This method is one of the electrical techniques used 

to measure the electrical impedanceof asperities 

which enables the measurement of the lubricant film 

thickness [11]. In this methodthe main objective is to 

measure the capacitance between two surfaces that 

are separated by lubricant. Capacitance based 

inspection is a simple method that involves sensor 
consisted of a pair of conductive plates submersed in 

the lubricant. Equation (1) gives the expression for 

the sensor capacity: 

 

C = ε
A

d
= ε0εr

A

d
    (1) 

 
Where  

ε is liquid permittivity  

 ε0is electric constant equal ~ 8.854*10-12Fm-

1 

 εris relative static permittivity, or dielectric 

constant, 

 A [m2] is conductive plate overlapping 

surface area 

 d [m]is the distance between the plates.  

 

Themain drawback for this method is the difficulty in 

detection constant (ε) of grease. The constant (ε) of 
greaseattributed by the general properties lubricants 

that have relatively much higher viscosity compared 

to water.Generally, should be easy to detect because 

the dielectric constant (ε) of lubricant is 

generallylower than for water.Since hydrocarbons 

have non-polar nature, it is expected they have value 

of dielectric constant between 2 to 5, for most grease 

based lubricants, while the dielectric constant for 

water is about 80. Different materials have different 

inherent dielectric properties which mean different 

lubricants surely have differing dielectric constants 

[12]. Hence, it is assumed that the change in the 
properties of the lubricants such as degradation can 

be detected by observing the change in the dielectric 

constant. The increase of the dielectric constant of the 

lubricants is assumed to be due to the increased 

polarizability caused by theoxidation of the lubricants 

that are exposed to the external environment, 

products and contaminants. Theyare water, soot 

particles, glycol and ferrous and non-ferrous metallic 

particles.Most sensors for monitoring the condition of 

the oil, detect the change in dielectric constant of the 

applied lubricants. It is essential todetermine the 
degradation of the applied lubricants[13].The 

relationship between permittivity, complex 

impedance and capacitance can be obtained by simple 

arrangement of the parallel plate and cylindrical 

electrode.  

 

2.2. Inductive Methods 

This method is based on similar principal as the 

capacitive methods where the difference in the 

inductance of the lubricant [13].The inductance is 

represented by the magnetic permeability. Inductive 

method is mainly used to measure metallic particles 
produced during oxidation of the degrading 

lubricants, by placing coil of wirein the path of 

flowing lubricant fluid[8]. A fire fabric transducer is 

used in detection of small ferrous and non-ferrous 

debris to measure the level of contamination[14]. 

Eddy current is produced when a conductor is 

situated between alternating magnetic field. This 

important phenomenon relates to the change in the 

inductance of coil, which can be analysed to acquire 

the information about lubricant condition and state. 

Inductive transducer, which incorporatesmagnetic 
coil assembly, is used to detect wear metal particles. 

The particle signal detected by the coils (in the 

transducer) is transformed into an electric signal by 

the circuit unit and displayed on the monitor 

connected [14]  

 

2.3. Conduction/Resistance Methods 

The conduction/resistance method is another 

electrical technique that is based on the basic 

principal of electrical resistance of asperities.It used 

in providing average values for the film thickness of 

the applied lubricant in moving parts of mechanical 
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systems. The condition of the lubricants can be 

evaluated based on the electrical properties measured 
from the lubricants. There are a few different 

products with sensors available that are designed 

based on permittivity and conductivity measurements 

at a specific frequency. The detection principal of the 

electrodes is founded up on the variance in the 

resistance of the polymer that is essentially caused by 

the oxidation products and free water. Another 

principal used in the electrodes also requires having 

electrodes that are made of different kind of 

metal.Here, the potential is the difference between the 

reference electrodes and the sensitive electrodes.Itis 

been detected and measured as the lubricant begins to 
conduct a specific voltage waveform to the 

electrodesvia the current to voltage convertors. This 

method is used to monitor the degradation of the 

lubricants in automobile engines[13].  

 

2.4. Spectroscopy 

Spectroscopy is vastly used as measurement method 

in many applications including inspection of lubricant 

condition within several industries. The principal that 

constitute the method can be classified as absorption, 

diffraction, emission, resonance, impedance and 
inelastic scattering. Relative oxidation, depletion of 

additives and change in acidity are the typical 

phenomenon involved in the change (degradation) of 

the quality of the applied lubricant[12]. Two of the 

most reviewed spectroscopy methods are the 

absorption and reflection methods that are developed 

using smaller sensors and can be scaled down to 

feasible size. The spectroscopic method typically 

involves emission either by burning or fluorescence 

in infrared, fluorescence and Raman spectrometry. 

The infrared spectrum in Fourier Transform Infrared 

Spectroscopy (FTIR) can provide substantial 
information about the condition of the lubricant under 

investigation through the detection of water and other 

impurities. The amount of infrared absorbed could 

differ depending on the condition of the lubricant that 

can change due to oxidation and contamination of 

soot. There are studies that were undertaken to 

identify infrared oxidation bands in engine oil. Based 

on these studies, the limitation of these methods is 

identified mainly because the degradation products of 

lubricants are not well defined in IR spectrum as the 

petroleum hydrocarbons that constitute the lubricant 
[13].  

 

The other spectroscopy method is the 

Electrochemical impedance spectroscopy (EIS) that 

can provide time dependant quantitative information 

about the condition of the lubricant under 

investigation. Completely formulated lubricant films 

are non-aqueous colloidal polymeric system that 

primarily has low ionic electrical conductivity that is 

typically composed of combination of synthetic base 

oils with dipolar nature. The dipole nature of this oils 

enables the investigation of their properties and 

conditions with electrochemical impedance 

spectroscopy where small potential (5–10 mV) is 
used for excitation and initiate electrochemical 

activity of the system (oil film coated metal). The 

objective of EIS characterisation of the organic film 

is to investigate the degradation and reactivity of the 

oil film. 

 

2.5. Ultrasonic Method 

Otherresearchers utilized the ultrasonic method to 

determine some properties of a thin oil film as done 

by Dwyer-Joyce et al. Pulse echo technique which is 

commonly used in inspecting thickness of metal parts 

and welds[15, 16,  17 and 18]. Hence in 
Dwyer-Joyce et al research the thickness and the 

viscosity of an oil sample were realized from the 

proportion of incident signals reflected [19].  

There are several names for this method listed by 

various sources. These measurement names include 

but are not limited to: sonic impedance, sonic 

velocity and sonic scattering. Changes in viscosity 

will change the received signal. In addition, if more 

sophisticated monitoring techniques are used, some 

wear debris can also be detected as particles attenuate 

the signal as it passes between. Some level of 
distinction can be made as to the size of the particles 

(claims are made all the way down to 3μm) but they 

have problems distinguishing the difference between 

air bubbles (small or big) and debris as bubbles cause 

scattering of the ultrasonic signal as well [20]. 

A very similar method to the approach sought have 

been utilized in research carried out by Kouki 

Nagamune et al [21] to evaluate the degradation of 

insulating oil in transformers using two transducers 

(pulsar and receiver). Ultrasonic through transmission 

method was utilized where a pulse has been 

transmitted from the pulsar while the receiver 
captures the passing wave and echoes. It was found 

empirically that the echoes amplitudes will be 

reduced due to the attenuation property of sound in 

the propagation path. The scale of attenuation was 

found to be relative to the newness of the oil.  

 

III. THE PROPOSED TECHNIQUE  

 

Most of the previous researches on inspection of 

lubricant condition using ultrasonic to the passive 

testing methodsuch as the research done by Miettinen 
[22]. This inspection method is not applicable to 

static mechanisms, as there are no acoustic emissions 

to be captured. Thus, research on new method of 

inspection that is applicable to all systems becomes 

necessary. This paper proposes pulse echo inspection 

technique with wavelet feature extraction and fuzzy 

classification.   

Ultrasonic pulse-echo technique is used in weld 

defect inspections where the thickness of solid piece 

of metal is gauged. However, same principle can be 

applied in the inspection of lubricant where the 

ultrasound waves are propagated through a specimen 
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which is consisted of solids metal pieces and greases 

with high viscosity that are expected to show 
different impedances as presented in Equation (2). 

R = (
Z2−Z1

Z2+Z1
)2(2) 

 

Where; the proportion is known as the reflection 

coefficient, R and can be related to the impedances of 

the two materials Z1 and Z2according to the acoustic 

impedances of the plate’s material and oil. 

In ultrasonic pulse-echo technique, the pulse 

transmitter isused to transmit the produced shear 

ultrasonic passing wave, which will penetrate and 

pass through the lubricated piece. Some portion of the 
transmitted pulse will be reflected by the surface of 

the oil and the other portion will pass through 

according to the known difference of the impedance 

of the grease and the metal piece to which it is 

applied to.  

The receiver is used to capture the reflected wave 

pulse echoes. Studies show that the amplitudes of the 
reflected wave pulse echoes are reduced due to the 

attenuation property of sound in the path of 

propagation. The attenuation scale was found to be 

relative to the “newness” of the grease [23].  

As shown in Figure 1, theinspection technique is 

proposedinvolving two key steps. 

[1] Wavelet feature extraction  

[2] Fuzzy classification. 

Ultrasonic measurements are performed either by 

using pulsed or continuous ultrasound waves because 

the instruments can operate optimally and 

automatically, and the measurements can be 
interpreted quickly and easily. In pulse echo 

technique, the desired ultrasound waves are produced 

by the ultrasonic transducer whichis converting 

current into acoustic emissions and vice versa.  

 

 

 
Figure 1Ultrasonic Inspection of Lubricant Condition Process 

 
In pulse-echo technique a signal pulse is generated to 

propagate through the test sample to be reflected at 

the opposite wall of the test piece producing an echo. 

Each echo travels a distance equal to twice the 

thickness of the test piece before it reaches again the 

transducer as shown in diagram above. The time 

between reflected signals is related to the thickness of 

the test sample inspected. Since the sound signal 

travels through the test piece back and forth sweeping 

the piece twice thus the thickness can be deduced 

from the time according to the relation. Pulsar-
Receiver is used to amplify the returned low-level 

sound received as electrical voltage pulses after 

ultrasound wave go through the test piece. 

Furthermore, the amount of time and the energy of 

the pulse applied to the transducer can be controlled 

by pulsar control panel. Oscilloscope is used to 

capture and digitalize the waveform so it can be 

viewed on its monitor or loaded into the computer.As 

showing in Figure 2 shear wave ultrasonic pulses 

were produced to penetrate the lubricated piece; 

portion of the pulse reflects from the surface of the oil 

and other portion penetrates depending on the 

impedance mismatch between the piece and the oil. 

Multiple reflections will occur after ultrasonic pulse 

is transmitted into an oil film ifthe pulse width is 

greater that the thickness of the film. The height of 

echo (h) of the first reflected waves from the 

boundary depends on the thickness of the oil film. 

Hence, the mean film thickness Lmcan be estimated 

as given by Equation 3. 

 

Lm = L0 + L =
 Ry1+Ry3 

2
+ L                       (2) 

 
Figure 2Analysis of the concept of ultrasonic pulse -echo 

measurement method 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 7, Issue-2, Feb.-2019, http://iraj.in 

Inspection Techniques of Lubricant Condition inside Static Equipment: A Review 

 

79 

Where,L0is the mean distance between rough 

surfaces at the onset of solid contact and Ry1 andRy3 
are the roughness maximum height the first and third 

boundary material respectively.  

 

3.1. Experimental setup 
The ultrasonic measurement system fitted to Bearing 

is showing in Figure 3. A focused, longitudinal wave 

piezoelectric ultrasonic transducer (Olympus 20 

MHz) will be mounted such that it was normal to the 

top surface of the outer raceway. This transducer, acts 

as both an emitter and receiver (pulse-echo mode), 

and had a centrefrequency of 20 MHz, This equates 

to a theoretical focal spot size (defined at –6dB down 

from the maximum) in the plane of the lubricant film 

of 14mm at the centre frequency. The transducer was 

selected to ensure that the focal spot size was less 

than the minor lubricated contact diameter. Note that 
the upper operating frequency is not infinitely 

variable but is limited by material attenuation and 

sensitivity to small angular misalignments which both 

increase with frequency. Experience from other 

testings indicates that 20 MHz is close to the upper 

operating limit to use with different materials 

components. The ultrasonic transducer will 

beconnected to a pulsar-receiver. This outputs a Dirac 

delta - function like voltage spike containing energy 

in the range 5-20 MHz to excite the transducer and 

contains a receive amplifier to condition the reflected 
signals. The waveform will then be digitised at 200 

Msamples/s and passed to a PC for storage and 

analysis. The maximise object and inspection further 

details showing in Figure 4 is the reflective tape is 

attached to the bearing cage. When this tape is passed 

an optical sensor, it generates a positive pulse that 

then triggers a signal generator.  

 

 
Figure 3Experimental setup 

 
Figure 4 Lubricant inspection set up 

3.2. Development of Classification System  

To classify the age of grease from the extracted 
features fuzzy classification have been selected. 

Neural network classification could have been used 

as another alternative if enough samples were 

available for the training process. The features space 

plot data was used in developing the inference 

system. 

To design the fuzzy membership functions and to 

determine input ranges scale and coefficient features 

were partitioned into ranges of small, medium and 

large. From borders between these ranges, lines were 

drawn to split the features space into many partitions.  

If the different feature classes are situated in separate 
partitions this will allow high interpretability and 

easy definition of fuzzy rules. The fuzzy membership 

functions have been designed based on the borders 

between classes. The intercept points of membership 

functions were defined by the class borderlines. 

MATLAB tools program is will be used in this 

experiment to write a script command language that 

defines dedicated commands for a specific function 

that can be sent through serial ports of the 

oscilloscope via Hyper terminal. MATLAB can 

enable automation of the transmission, reception and 
analytic process of data and display the final results 

for the inspection [23].  

 

IV. SUMMERY 

 

The proposed pulse-echo technique will make it 

possible to inspect the lubrication condition of static 

mechanisms. The output of this research is the first 

step in developing inspection systems that enables 

operators of machines that contain static mechanisms 

that is charged and awaits trigger to monitor grease 

condition in these mechanisms. These inspecting 
systems allow machine operators to maintain the 

machine in optimum operating condition through 

regular inspection or even can be attached 

permanently to provide a continuous online indication 

of the grease condition in distributed machines. 

 

The paper has presented the approach used to develop 

the system used in inspecting the condition of grease 

utilizing pulse-echo ultrasonic technique. Initially the 

proposed method was explained concisely. Then in 

the second section the work plan have been explained 
in brief. Following that the steps adopted to select and 

setup the equipment was described. Next the phases 

taken in developing the algorithm used in processing 

and classification of signals were defined. Finally the 

procedures followed to verify and test the system 

were stated. 
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