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Overview 

Enveloping analysis is a well known and widely used technique to detect repetitive low 
amplitude signals in the acceleration domain. 
The technology works by analysing the envelope of the acceleration signal in a selected 
frequency band. This allows the detection and visualization of low-amplitude modulations in 
the vibration signal. For example, the presence of 1X side bands in the high-frequency part of 
the acceleration spectrum would manifest as a 1X peak in the enveloping spectrum.  
This technique is used mostly for diagnosing rolling bearing components; however gear and 
screw faults and defects linked to the grid frequency also appear in the enveloping spectrum. 
The presence of component frequencies in the enveloping spectrum is caused by the presence 
of modulations of that frequency anywhere in the enveloping frequency band. The choice of an 
enveloping band is therefore essential for the detection of these modulations. Choosing a 
narrow band risks missing important parts of the signal, if the modulated frequencies are 
outside the band. On the other hand, choosing a wide enveloping band often takes in too 
much noise, which can mask low-amplitude modulations and again lead to missing important 
details. 

The latter case is illustrated in Fig. 1: the narrow-band enveloping spectrum contains a well-
defined peak at 120 Hz with a second harmonic at 240 Hz. None of the peaks are clearly 
expressed in the standard wide-band spectrum as they are masked by the noise. 

This situation is commonly encountered in standard analysis tools, which use a wide frequency 
band typically in the range of 500 Hz-10 kHz. While analysts sometimes resort to using 
different frequencies, without a systematic approach and convenient visualization tools, 
valuable details are often impossible to detect. 
Relianeering's innovative "smart enveloping" technology presents analysts with a new powerful  
tool: the rE graph. It combines multiple narrow-band enveloping spectra centred at 
frequencies from 0 to 10 kHz in a single colour-map plot that provides a detailed picture of low-
frequency modulations in the acceleration signal at a glance. 
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Figure 1. Narrow-band (bottom; 2100-2600 Hz band) and wide-band (top, 500 Hz-5 kHz band) enveloping 
spectra on the same acceleration signal. Narrow-band peak positions are marked with red arrows. 

!  
Figure 2. Acceleration spectrum and rE graph. Each 500-Hz frequency band in the acceleration graph 
corresponds to a horizontal line in the rE graph. 
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How to use the rE graph? 

The rE graph is a 2D plot where each horizontal line represents a narrow-band enveloping 
spectrum with a frequency band centred at a given acceleration frequency (Fig. 2). The spectral 
amplitude is represented by colour, the X axis is the enveloping frequency (the frequency 
variable of the enveloping spectrum) and the Y axis represents the centre of the enveloping 
frequency band and corresponds to frequencies in the acceleration spectrum. To visualise the 
computation of the rE graph, one can imagine moving a fixed-width band over the frequency 
domain of the acceleration spectrum and extracting the enveloping spectrum at each position 
of the band.  
The analysis of the rE graph is as simple as the analysis of a standard enveloping spectrum. 
The colour scale gives a measure for the spectral amplitude. If a specific modulation frequency 
is present in all acceleration frequencies, it will show as a vertical line spanning the entire 
height of the rE graph.  Usually, however, modulations are only present in a certain frequency 
band of the time signal; in this case they show in the rE graph as vertical lines spanning only a 
range of Y values corresponding to that frequency band. In the example shown in Fig. 2, one 
can distinguish two acceleration frequency ranges that have different enveloping signals:  
0-3 kHz and 3-6 kHz (corresponding to X-values in the acceleration spectrum and Y-values in 
the rE graph). The range 0-3 kHz gives rise to a series of well-defined enveloping peaks, 
expressed as vertical lines in the bottom part of the rE graph. The other range, 3-6 kHz, gives 
rise to the noisy horizontal band in the middle section of the rE graph; several peaks can also 
be identified in this band and can provide important information for analysis. 
In the rest of the acceleration frequency range the enveloping signal is very weak (seen by the 
blue colour in the rE graph), demonstrating the lack of significant low-frequency modulation.  
The rE graph bandwidth is fixed to 500 Hz and the acceleration frequency axis runs from  
350 Hz to 10.1 kHz. This should be sufficient to discover most faults since almost all 
equipment components fundamental frequencies should be below 500 Hz. Higher frequencies 
are shown in the wide-band sE spectrum discussed in the next chapter, and frequencies 
below 500 Hz are well visible in the velocity spectrum. 
 

Example: 
The test equipment is a small grinder with variable speed motor and three measurement 
points. 
The speed is set to 9600 rpm in the ReSES.net platform. The grid frequency is 50 Hz (Fig. 3). 
Data from the condition monitoring (CM) point MTR_2_DE_H simulated a defect with a bolt 
moving back and forth and generating periodical pulses in the time wave form (TWF) (Fig. 4) 
due to metal-to-metal contact with the sensor adaptor. 
During the test measurement the grinder (test machine) speed was 487.5 rpm and could not go 
up to 9600 rpm.  There also was a specific smell from faulty electronics that was a symptom of 
potential electrical fault. 
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Figure 3. Test Equipment, created as functional location in ReSES.net platform. 

�  
Figure 4. TWF signal from the test equipment, collected with the SES logger. 
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The rE graphs and acceleration spectra for the test equipment are presented in Fig. 5, as 
shown in the ReSES.net platform. For clarity, the rE graphs are shown separately in Fig. 6 for 
points MTR_1_NDE_H (without defect, Fig. 6a) and MTR_2_DE_H (with defect, Fig. 6b). 
Figures 5 and 6 make clear the correlation between the energy in the acceleration spectrum 
and the amplitude of the rE graph. The acceleration amplitude is markedly higher for the 
second point (acceleration RMS nearly 10 times higher, Fig. 5). The enveloping amplitude is 
also about 10 times higher compared to the first point, as seen by the amplitude scales of the 
two rE graphs (Fig. 6).  
A very clear vertical line at 200 Hz is present in the rE graphs at points MTR_1_NDE_H (Fig. 
6a) and MTR_2_DE_V. Both points are measured without the simulated defect and the 
enveloping amplitudes are similar. At MTR_2_DE_H (Fig. 6b) the vertical line at 200 Hz is not 
visible, because it is masked by the high-energy peaks generated from the fault simulation. 
For the CM point MTR_2_DE_H, the rE graph contains a well-defined peak at a very low 
frequency (around 5 Hz). The peak is strongest at acceleration frequencies around 1.5 kHz and 
around 6 kHz, but is present in the entire frequency domain (Fig. 6b). 
The differences between the CM points with and without a simulated defect are clearly seen in 
the acceleration spectrum alone (Fig. 5). However, it is not obvious which is the defect 
frequency and it is almost impossible to find without the enveloping analysis. 
In Fig. 7 the peak of 200 Hz and its harmonics are present in the velocity spectrum. The same 
peaks can be seen in the acceleration spectrum. This is why the 200 Hz peak is visible as a 
vertical line in the rE graph (Fig. 6a). The frequency is a multiple of the grid frequency (200 Hz 
is equal to four times the 50 Hz grid line frequency) and is an indication of an electrical issue.


�  

Figure 5. Acceleration spectra (0-12 KHz) and rE graphs. 
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Figure 6. rE graphs:  a) a) without simulated defect, presenting a clear 200 Hz line in all frequency ranges;  b) 
with simulated defect, presenting a clear low frequency peak. 

In summary, from the analysis of the rE graphs we found that there is an issue linked to the 
stator (a 200 Hz modulation multiple of the grid line frequency – a symptom of stator fault) and 
a fault at MTR_2_DE_H (with a characteristic frequency at around 5 Hz). The quantitative 
analysis of the fault is carried out using the sE spectrum in the next section.

Conclusions: 

• The rE graph is an easy way to evaluate the equipment condition.

• The rE graph could be your first plot, before even opening the spectra.

• The rE graph allows at-a-glance discovery of potential faults.


� 

Figure 7. Velocity spectrum (2 - 1000 Hz) without simulated defect. 
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What is Relianeering Smart Enveloping? 

The rE graph provides a view of all spectra at a glance and is a valuable tool for quick 
evaluation of the equipment condition and for in-depth analysis of potential faults. For 
quantitative measurements and trending, we provide the vibration analysts with an additional 
enveloping tool. 
Relianeering's Smart Enveloping (sE) is a wide band enveloping spectrum with a frequency 
band from 500 Hz to 10 kHz. It combines the power and flexibility of the ReSES.net spectrum 
analysis tools with the rich information contained in a wide-band enveloping spectrum.  
The sE enveloping band is selected in order to maximise the use of the vibration information 
from the SES logger (upper bound of 10 kHz), while at the same time minimising the impact of 
1X, 2X… 10X peaks (lower bound of 500 Hz). The first 10 harmonics of the operating frequency 
are in fact completely eliminated for machines running at up to 3000 rpm, since 50 Hz is 1X 
and 500 Hz = 10 x 50 Hz. 
An sE value for trending and alarms is computed as a peak-to-peak value of the enveloping 
waveform. Due to the complexity of the signals that could be present in the wide band 
enveloping, it is difficult to set up level alarms and it is recommended to use the ReSES.net 
Baselevel, Change from previous and Statistic alarms for the sE parameter. 


The recommended values for first and second alarm are 5 and 12 sE, but one should consider 
the specifics of the equipment and functional location arrangement. 
The sE spectrum is computed for frequencies from 2 to 2000 Hz. 
The sE spectra for our test example are shown in Fig. 8a (without simulated defect) and  
Fig. 8b (with defect). In Fig. 8, the peak at 200 Hz previously identified from the rE graphs is 
also visible in the sE spectrum. 

In Fig. 8b only one peak at 5 Hz dominates in the sE spectrum of MTR_2_DE_H, where a 
defect has been simulated.  
To analyse this defect, we can look back at the TWF signal for this CM point, shown in Fig. 4. 
In 3 seconds, the thread of the bolt touches the adaptor of the sensor 15 times. In the test case 
the signals are quite high, but the defect occurs 15 times in 3 seconds. The simple math shows 
that every second there are 5 defect events or the defect frequency is 5 Hz. 
This corresponds exactly to the peak that we observed in the sE spectrum. 

Conclusions: 
• The sE spectrum is a standard acceleration enveloping spectrum in the 500 Hz - 10 kHz 

frequency band.

• The sE spectrum helps to localise and measure the defect frequencies by using  

ReSES.net's powerful spectrum visualisation and analysis tools.
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Figure 8. sE spectrum and rE graphs of : a) CM Point: MTR_1_NDE_H; b) CM Points: MTR_1_NDE_H and 
MTR_2_DE_H. 
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