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Mechanical vibration is a notoriously difficult subject matter 
to master. A quick glance at a textbook in the field shows 
that the advanced practitioner must master sophisticated 

concepts in mathematics and physics in order to accurately collect 
and interpret vibration data. This has caused a major problem for 
industrial plants – the benefits of a vibration testing programme are 
well known, but far too many plants choose to avoid vibration testing 
because of the perceived complexity. Topics covered in this article are:
• The difference between frequency spectrum analysis and overall 

vibration analysis
• Overall vibration analysis and severity scales
• Crest Factor Plus (CF+): High frequency overall vibration analysis 

and severity scales

Vibration spectrum analysis  
versus overall vibration analysis

All vibration data is collected in the time domain. When using a 
spectrum analyser or overall vibration meter, this time domain 
data is typically collected from a piezoelectric accelerometer. The 
accelerometer is placed in rigid contact with a vibrating machine. 
The machine vibration is transferred to the accelerometer, which in 
turn strains the piezoelectric element within and creates a voltage 
signal proportional to the vibration. This voltage signal is captured 
by the spectrum analyser or overall vibration meter. A sample time 
domain signal is shown (see Figure 1). Once the time domain signal 
has been captured, there are two common analysis methods that 
can be performed: spectrum analysis or overall vibration analysis. 
In spectrum analysis, the time domain signal is transformed into 
a frequency domain signal using an algorithm known as the Fast 
Fourier Transform (FFT). A detailed description of the FFT is beyond 
the scope of this article, but in short it reconstructs the time domain 
signal using a series of harmonic sine waves. The amplitude of each 
of these sine waves is then plotted against the frequency of the sine 
waves. The result is known as a frequency spectrum plot. A sample 
frequency spectrum plot is shown (see Figure 2).

A properly trained vibration analyst can use the frequency spec-
trum to determine which, if any, machinery flaws exist. The analysis 
can be somewhat complicated, but a significant benefit is that the root 
cause of the vibration problem can typically be identified.

Figure 1: Sample domain signal.
Figure 2: Sample frequency spectrum plot.

Overall vibration analysis, by contrast, is much simpler. In overall 
vibration analysis, the time domain data is used to calculate one 
single overall vibration value. This single value can be used as an 
indicator of the overall health of the machine. The benefit of overall 
vibration analysis is its simplicity – there is only one number to ex-
amine. However, there are three limitations of using overall vibration 
analysis that are worth noting:
• Different machines have different healthy levels of overall vibra-

tion
• Certain machinery flaws, particularly bearing flaws, will not impact 

the overall vibration value until significant damage has occurred
• Overall vibration analysis does not identify the root cause of 

vibration

Despite these limitations, overall vibration meters are still valuable 
as screening tools. 

Technicians can use them to trend values over time, and if any 
adverse trends are identified a more thorough analysis (such as 
spectrum analysis) should be performed to validate the problem and 
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identify the root cause. It is noteworthy that the company (represented 
by the author) has designed the 805 vibration meter to help mitigate 
these limitations.

Overall vibration analysis and severity scales

As discussed in the previous section, there are three key limitations 
of overall vibration analysis. In this section we’ll explain a bit more 
about each of these limitations, and show how an overall vibration 
meter can be an effective vibration screening tool despite the limita-
tions. Shown too is how the 805 vibration meter specifically helps 
to overcome the three limitations of a conventional vibration pen.

Three limitations of overall vibration analysis

The first limitation of overall vibration analysis is that different 
machines have different healthy levels of overall vibration. Rotary 
blowers, for example, have very high overall vibration levels even 
when they are in a healthy state. 

This is caused by the basic mechanical design of the machine, 
which consists of two parallel shafts with interleaving lobes rotating 
in synchronisation to compress air. By comparison, single-end suction 
centrifugal pumps (which have only one rotating shaft and an impel-
ler rotating inside of a volute) tend to have very low overall vibration 
levels in the healthy state. An overall vibration level of 0,300 in/s on 
the centrifugal pump is indicative of a problem with the machine, 
whereas that same vibration level on a rotary lobe compressor indi-
cates a healthy machine. The second limitation of overall vibration 
analysis is that certain machinery flaws, particularly bearing flaws, 
will not cause an alarm in the overall vibration level until significant 
damage has occurred. When a bearing is first starting to fail due to a 
flaw on the outer race, inner race, or roller, very short duration spikes 
will appear in the time domain each time the flaw makes contact with 
an adjacent bearing component. 

These spikes have very low energy, and therefore cause very 
little change to the overall vibration value. As the bearing damage 
progresses, the spikes will continue to increase in energy along 
with the baseline vibration of the machine, and will ultimately cause 
the overall vibration value to increase prior to catastrophic failure. 
However, it would be ideal to identify a bearing flaw early on in the 

process when the spikes still have low energy, and overall vibration 
analysis is a poorly suited tool to accomplish this. The third limitation 
of overall vibration analysis is that once a severe level of vibration has 
been detected, it is not possible to determine the root cause of this 
vibration using overall vibration analysis alone. Frequency spectrum 
analysis, by comparison, allows the experienced analyst to identify 
the likely root cause of the vibration by looking for patterns in the 
spectrum that are indicative of flaws such as unbalance, misalign-
ment, looseness, bearing damage, worn or loose belts, etc.

Value of an overall vibration meter

Despite the limitations listed, there are many advantages to overall 
vibration analysis, including:
• Overall vibration analysis does not require extensive training to 

implement. Almost any technician can utilise an overall vibra-
tion meter, which enables the testing of a much broader base of 
machines at a plant

• An overall vibration meter, when used as a screening tool, can 
effectively identify machines which should be given more in-depth 
vibration testing. Any machine that shows an adverse trend in 
overall vibration level over time, or that shows an abnormally 
high overall value in any one test, should be tested further using 
more advanced techniques

• Overall vibration meters are inexpensive – they can be purchased 
for about one tenth of the cost of a vibration spectrum analyser
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In addition, to these advantages, the company put a tremendous 
amount of effort into designing the 805 vibration meter such that the 
limitations of an overall vibration meter are mitigated. For example:
• The 805 includes a severity scale for overall vibration for 37 

commonly found industrial machinery types (categories). When 
using the 805, simply select the machine category you are testing 
from the list within the device and the 805 will provide you with 
a severity scale showing how severe the overall vibration value 
you’ve measured is. 

• The 805 uses a new proprietary algorithm known as ‘CF+’ that 
identifies bearing flaws much earlier than a simple overall vi-
bration meter. The CF+ algorithm utilises high accuracy high 
frequency measurements, and is described in the next section

• The 805 includes the ability to download results to an Excel tem-
plate for tracking and trending. Although a spectrum analyser is 
the best tool for determining the root cause of a high vibration 
condition, the tracking and trending of overall vibration values 
is a great way to identify machines which may have flaws and 
should be considered for more advanced testing

CF+ and high frequency severity scales

Certain machinery flaws (bearing flaws in particular) do not reveal 
themselves in an overall vibration value until significant damage has 
already occurred. 

This occurs for a simple reason: the early warning signs of a 
bearing failure are very short duration spikes in the time domain 
signal. Since these spikes are short in duration, they carry very little 
energy, and therefore they do not have a significant impact on the 
overall vibration value.

In an effort to better identify early signs of bearing damage, some 
overall vibration analysts began using the CF, which is defined as 
the ratio of the Peak / RMS of a time domain signal (where the RMS 
= Root-mean-square). 

The CF was actually very good for identifying early signs of bear-
ing failure, because the significant difference between the short dura-
tion peak value and the RMS value caused the CF value to increase 
rapidly during the early stages of bearing failure. 

However, a problem occurred as the bearing damage worsened. 
The significant bearing damage caused the RMS value of the time 
domain signal to increase significantly. Since RMS is in the denomi-
nator of the CF ratio, this actually caused the CF value to decrease. 
Counter-intuitively, the value of the CF would decrease as the bearing 
damage worsened. The analyst who saw a low CF value could not be 
certain whether the bearing was healthy or near failure - clearly not 
an acceptable state of affairs.

Heavy bearing damage time domain signal – the CF level 
returns to a low value, but the CF+ level is high. In an effort to over-

come this problem with CF analysis, the 805 utilises a proprietary 
algorithm known as CF+. CF+ values can be related to bearing damage 
according to the following chart:

Abbreviations 

CF  – Crest Factor
CF+  – Crest Factor Plus 
FFT – Fast Fourier Transient
RMS – Root Mean Square
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The CF+ algorithm is a significant step forward from 
traditional CF vibration analysis because the output 
value (CF+) increases continually as the bearing dam-
age worsens.

Conclusion

Frequency spectrum analysis is ideal for identifying the 
root cause of a vibration problem, but requires rather 
advanced training to implement. The 810 was designed 
to overcome this limitation by including a diagnostic 
engine that automatically identifies the severity of the 
four most common machinery problems: misalign-
ment, unbalance, looseness, and bearing damage.

Overall vibration analysis is inexpensive and easy 
to implement, but faces some key limitations, includ-
ing: different machine types exhibit different levels 
of overall vibration in a healthy state; and bearing 
damage does not impact the overall vibration reading 
until significant damage has occurred. The 805 was 
designed to overcome these two problems, by includ-
ing severity scales tailored to 37 different machine cat-
egories and by including the CF+ algorithm for earlier 
detection of bearing flaws. Both tools should be used 
in conjunction to identify machinery flaws early so that 
corrective action can be taken prior to machine failure.
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In a robust predictive maintenance 
programme, both frequency spectrum 
analysis and overall vibration analysis 

have their place.


