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⎪ Proactive maintenance, lubrication and contamination management ⎪

L
et us look at the practical situ-
ation faced by the maintenance 
manager of a typical medium 
sized facility. It may be a hard 

or soft goods manufacturing or food and 
beverage processing factory; a small or 
medium sized municipal utility; a quarry 
or a small mine. Let us assume that 
reactive and preventive (usage based) 
maintenance have been properly consid-
ered and are employed. There may also 
be a formal asset management system in 
place but production downtime – due to 
unexpected plant failure – has become 
excessive. 

The organisation is too small to war-
rant a dedicated reliability engineering 
team, but there is sufficient investment in 
production assets to merit the introduc-
tion of condition monitoring in support of 
a proactive maintenance system. Where 
do you start? What options are available? 
How do you avoid bad investments?

For this exercise, it is helpful to iden-
tify those technologies that find almost 
universal adoption because they are 
practical and can add value in typical 
environments. The discussion excludes 
visual inspection and basic temperature 
monitoring, which is incorporated by the 

OEM. These are vitally important and it is 
assumed that they are already taken ad-
vantage of to the fullest extent possible.

Presently, there are four main pillars 
of condition monitoring that have merit 
in almost all situations such as these. In 
order of technical evolution for mainte-
nance, these are considered to be:
• Vibration analysis.
• Oil analysis.
• Infrared thermography.
• Ultrasound detection.
These technologies complement each 
other, which means that they are used 
for different things and one cannot re-
place the other, except for some limited 
overlapping. Think of them as the basic 
tools in a toolbox – a screwdriver can-
not replace a spanner, both are needed. 
Together they enable effective ‘on-line’ 
condition monitoring of a very wide range 
of mechanical and electrical plant and 
equipment.

The term ‘on-line’ is important. 
The aim of all of the technologies is to 
permit in-service condition assessment 
whilst the plant is in normal produc-
tion. Condition monitoring is achieved 
through trending the results of periodic 
condition assessments using hand-held 

instruments (except 
oil analysis, which 
is by sampling). In a 
medium sized plant, 
there is limited scope 
for continuous on-line 
monitoring simply due 
to economics. Even 
though it is the ideal 
solution, it is typically 
confined to critical 
assets.

Vibration analysis
This involves measure-
ment and analysis of 
mechanical vibration 
using an accelerom-
eter. It is concerned 
with low frequencies 
(generally less that 
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Having devoted time in this series to the big picture 
of proactive maintenance and how it fits into asset 
management, Mario Kuisis gets down to the basics and 
summarises the four pillars of condition monitoring and 
how these fit together.

1.0 kHz). Typically, a defect condition 
is indicated by vibration amplitude 
(displacement, velocity or acceleration) 
and diagnostics to identify the cause 
are usually performed by spectrum 
analysis. Application of vibration analy-
sis is almost wholly confined to rotating 
equipment (pumps, fans, compressors, 
motors, generators, etc). It is best suited 
to speeds above 300 rpm and on equip-
ment in continuous or near continuous 
operation.

Vibration analysers are available with 
varying sensor types and degrees of ca-
pability and complexity: from simple, low 
cost traffic light indicators to advanced 
instruments with automated fault detec-
tion and diagnostics. As always, it is nec-
essary to balance cost with features and 
benefits, but as a minimum the vibration 
parameters that are measured must be 
reliably and accurately quantified so that 
discrimination, trending and diagnostics 
can be effective.

Defects are usually relatively ad-
vanced by the time they are detected 
with periodic vibration analysis. Choosing 
the right interval between assessments is 
therefore important. Training is essential 
in order to properly interpret measure-
ments and perform diagnostics.

Oil analysis
Asset condition may be indicated by 
debris, by-products, dissolved gases or 
contaminants in oil. Condition of the 
oil itself can also be determined. Ap-
plications include any asset employing 
lubricating oil or electrical equipment 
with insulating oil (such as oil-cooled 
transformers).

Most commonly, samples are drawn 
and sent to a laboratory for analysis. 
Continuous on-line monitoring is an 
option on critical assets and portable 
instruments for on-site test and analysis 
are available for large fleets or remote 
locations, but these are unlikely to be jus-
tifiable for the situation we are discuss-
ing. Most asset owners have oil samples 
taken and analysed by a lab specialising 
in this kind of service. Although many 
of the test methods may be the same or 
similar, the approach with lubricating oils 
is different to insulating oils.

With lubricating oils, the main focus 
is on:
• Analysis of contaminants.

MechTech August 2016.indd   14 2016/08/18   02:10:01 PM



Mechanical Technology — August 2016 15

⎪ Proactive maintenance, lubrication and contamination management ⎪

Mechanical plant
Infrared 

thermography
Oil analysis

Ultrasound 

detection

Vibration 

analysis

Anti-friction bearings (lubrication) good no very good no

Anti-friction bearings (wear) no no very good very good

Compressors good very good3 good very good

Conveyor lines good no very good good

Couplings no no very good very good

Fans no no good very good

Gearboxes good very good3 very good very good

Hydraulic systems good good very good no

Mills good very good3 very good very good

Motors & generators good very good3 very good very good

Pipe networks (pressurised air/gas, steam) possible1, 2 no very good no

Pumps good very good3 very good good

Steam traps very good no very good no

Tanks 

(liquid filled above ground)

good no very good no

Tanks (liquid filled below ground) no no very good no

Thermal insulation, lagging very good no no no

Valves good no very good no

White metal bearings good very good no very good

Electrical plant

Busduct no no very good no

Bushings good no very good no

Cable terminations good2 no very good no

Generators good very good3 no very good

Isolators very good no very good no

Motors good very good3 very good very good

Switchgear & MCC’s (LV) very good no good no

Switchgear (MV, HV) no no very good no

Transformers (dry types) very good no very good no

Transformers (oil cooled) very good very good good no

Transmission lines very good no very good no

Table 1: Applications of the four ‘pillars’ of condition monitoring, 1: Medium dependant; 2: If open line-of-
sight, 3: If oil lubricated

• Analysis of debris from the wear 
components of machines.

• Analysis of oil properties including 
those of the base oil and its additives.

With insulating oils, the main focus is on:
• Analysis of dissolved gases that indi-

cate the presence of a fault condition.
• Analysis of the dielectric properties 

of the oil.
• Analysis of contaminants.
• Analysis of chemicals in the oil that 

are indicative of the ageing status of 
the winding insulation.

Regular analysis and trending of results 
are a reliable condition indicator, of both 
oil and asset condition.

Infrared thermography
This method relies on the measurement 
of object surface temperature by detec-
tion and analysis of infrared emissions. 
It depends on line-of-sight. Defect con-
ditions may be indicated by absolute 
temperature, comparison or thermal 
profile. Thermography was originally 
developed for military use but now has 
an extremely wide range of civilian appli-
cations: predictive maintenance, energy 
management, health and safety, security 
and many more. Where previously, infra-
red cameras were very high cost, they are 
now much more affordable.

The infrared emissivity of surfaces 
varies significantly, which directly affects 
the accuracy of measurements. Image 
resolution is very important for reliable 
defect detection and cameras designed 
for predictive maintenance have many 
features to facilitate data capture and 
interpretation.

Thermography is a versatile and effec-
tive condition monitoring technique for 
mechanical and electrical equipment as 
well as civil structures. While it should 
be considered a basic tool in every con-
dition monitoring practitioner’s toolbox, 
note that while it is seemingly simple 
and intuitive, this can be deceptive. 
Measurement inaccuracies can easily 
occur and misinterpretation of thermal 
profiles and patterns can lead to incorrect 
conclusions. Training is essential in order 
to fully and accurately ‘read’ the images 
and realise the benefits.

Ultrasound detection
Friction, turbulence and electrical dis-
charge all produce high levels of ultra-
sound, which is sound in the ultrasonic 
spectrum, i.e. frequencies above 20 kHz. 
This may be airborne, in solid structures 

or in liquids. The ultrasound spectrum 
contains an enormous amount of valu-
able information about equipment 
operation and condition. Detection, 
measurement and analysis of ultrasound 
allow for early identification of defects in 
mechanical and electrical equipment.

It is essential to use ultrasound de-
tectors that are designed specifically for 
predictive maintenance. When accurate 
reproduction of the ultrasound in the 
audible spectrum is replayed through 
headphones, it permits ready location 
and identification of the ultrasound 
source and hence the defect. It may be 
thought of as the ultimate extension of 
the mechanic’s screwdriver to the ear.

Ultrasound detection is the easiest 
to master and most intuitive of the 
technology options, but training is still 
recommended to gain all the possible 
benefits. It is a surprisingly versatile and 
effective condition monitoring technique 
for mechanical and electrical equipment. 
Ultrasound gives the earliest indication of 
onset of a defect condition in machinery 
where wear, due to relative motion of 
components, is a factor. It is not only 

effective on rotating equipment such as 
anti-friction bearings, gearboxes, etc, but 
also slow speed, cyclical, linear motion 
and many stationary components.

Suitability for various applications 
is summarised in Table1. The relative 
merits of the technologies are necessarily 
simplified and take into account detection 
and diagnostic capabilities along with 
applicability.

At this stage you may be thinking 
that this sounds great, but where will 
the money come from, especially in 
today’s depressed business climate? 
Remember that:
• The aim is to produce a nett reduction 

in asset costs of ownership.
• Costs are fully scalable according to 

the extent that you balance in-house 
and outsourced services.

• The number of assets chosen to in-
clude in the monitoring programme 
can help to reduce the investment. 

• There are usually significant quick 
cash benefits to be had by includ-
ing energy saving and efficiency 
measures.

So what’s stopping you then? q
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