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Premier on ESA
Abtract

This is the second part of a series of articles discussing using electri-
cal signature analysis (ESA) to improve a plant’s electrical reliability. This 
article was written to give those not familiar with spectrum analysis the 
basics to read and interpret the graphs and displays used in spectrum 
analysis. It also introduces some basic analysis techniques to begin us-
ing ESA to identify developing problems in the motor system that could 
lead to either a loss of production or an increase in 
maintenance costs.

Electrical Signature Analysis
ESA is a predictive maintenance (PdM) technol-

ogy that uses the motor’s supply voltage and op-
erating current to identify existing and developing 
faults in the entire motor system. These measure-
ments act as transducers and any disruptions in 
the motor system cause the motor supply current 
to vary (or modulate). By analyzing these modula-
tions, it is possible to identify the source of these 
motor system disruptions.

Machinery Analysis
Historically, vibration analysis has been the basis for rotating machin-

ery analysis to assess the condition of rotating equipment and has been 
used very effectively for over 70 years. Modern electronics and micro-
processors have matured this process, from simple vibration amplitude 
measurements using a coil, magnet and a meter to measure overall vibra-

tion amplitudes to quickly assessing the mechanical condition of rotat-
ing machinery. It soon became apparent that machines with high levels 
of vibration generally were in poor mechanical condition and led to the 
development of various vibration severity charts, all of which are based 
solely on users’ experience.

Spectrum Analysis
Spectrum analysis in signal processing is the process that defines the 

frequency content of a time domain signal. Once the frequency content of 
the measured signals are known, they are correlat-
ed to the operational and design characteristics of 
the machine or machines to help identify the force 
that creates the oscillating motion.

Machinery vibration spectrum analysis begins 
with the sensor (transducer) placed on or near the 
oscillating component; this is usually at the bear-
ing or the bearing housing to convert the compo-
nent’s mechanical motion to an electrical signal. 
The output electrical signal follows the compo-
nent’s motion exactly, which varies with time and 
is referred to as time domain signals. The strength 
or amplitude of the signal varies depending on the 
amount of movement.

Early spectrum analysis used tunable filter analyzers to sweep an analog 
bandpass filter across a predetermined frequency range. These analyzers 
worked similar to tuning a radio. As the bandpass filter scans through the 
frequency range, any signals present in that range would create an out-
put. The output of the bandpass filter would be traced on a frequency 
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graph to identify the frequencies that were present in the output 
of the transducer.

The modern multi-channel, high resolution, digital analyzers 
create the frequency spectra using fast Fourier transform (FFT). 
Additionally, they allow various signal processing techniques, 
such as sideband analysis, synchronous time averaging, nega-
tive averaging, envelope processing and many other advanced 
techniques that accurately interpret the spectra.

Regardless of the advances in signal processing, vibration anal-
ysis is still limited by the laws of physics and the limits of the 
transducers. Since the vibration is a measure of a 
machine’s mechanical oscillations, either random 
or periodic, sufficient force is necessary from the 
machinery condition or component fault to over-
come the mass and stiffness of the machine and 
structure, as well as any damping supplied by the 
bearing or support system.

Additional limitations are created by the mea-
surement transducer itself. These are the types of 
measurement, relative or absolute, frequency re-
sponse of the transducer and the inherent frequen-
cy limitations of the measurements themselves, dis-
placement, velocity, or acceleration. 

Frequency Analysis
Time Waveforms

A time waveform is simply a display of a vari-
able function in relation to time. If the variations 
occur at the same time intervals, the waveform is 
periodic. A periodic waveform is one which repeats 
the exact same shape or pattern for the waveform’s 
whole duration.

The simplest form of a waveform is a sine wave 
and consists of a single frequency. Waveforms that 
are made up of multiple frequencies are called 
complex waveforms. The graphical display of waveforms is called the time 
domain. The display simply shows the instantaneous value of the variable 
in relation to time. In the time domain, the horizontal axis indicates time, 
whereas the vertical axis indicates the magnitude of the variable.

Fourier Transform
Jean Baptiste Joseph Fourier, an 18th century French mathematician 

and physicist, was one of the first to recognize that complex waveforms 
are a combination of multiple sine waveforms and initiated research into 
this field. The mathematical solution used to determine the series of fre-
quencies that make up any complex waveform is named in honor of him 
and is called Fourier transform. The original Fourier transform assumes an 
unbounded or infinite sample. Since then, it has been determined that 
Fourier transform can be applied to a finite waveform and has been called 
discrete Fourier transform (DFT). Algorithms have been developed for the 
efficient and high speed calculation of DFTs; these algorithms are referred 
to as fast Fourier transform (FFT).

In simple terms, FFT takes a finite sample of a time waveform, then cal-
culates the amplitude and frequencies of the sine waves that are com-
bined together to create the complex waveform.

The graphical displays of FFTs are presented in the frequency domain 
and are referred to as a frequency spectrum. The frequency spectrum dis-
plays the frequencies present in the complex waveform on the horizontal 
axis and the amplitude of the signal on the vertical axis. If sufficient mo-
tion is present at any frequency, a vertical line will be displayed on the 
horizontal axis to indicate the presence of that frequency. This height of 
the vertical line or spectral line indicates the strength or amplitude of the 

waveform at that frequency. If one of the sine waves pres-
ent in the complex waveform is at 30 Hz with amplitude 

of 3 amps, a spectral peak would be placed at 30 Hz and the 
height would represent three units.

There are many programs available to perform FFT and 
the analyst is not required to perform these, but the analyst 

does require a basic understanding of this graphical display 
itself. The minimum understandings of the FFT display are the 

frequency range, resolution and bandwidth. More advanced anal-
ysis can be performed with an understanding of sidebands, harmon-

ics, logarithmic scaling and demodulation. The 
following information attempts to provide a suf-
ficient understanding of these basic FFT principles 
to allow the reader to accurately analyze the data 
gathered using ESA.

Understanding the FFT
Understanding the limits of any display is invalu-

able in the accurate analysis of that display. FFT is 
a mathematical computation and these limits are 
established before the mathematical computa-
tion is performed. These boundaries are frequency 
range and lines of resolution.

Frequency Range
The frequency range determines the frequen-

cies that will be included in the FFT calculation. If 
the selected frequency range is too low, faults at 
higher frequencies will be missed. If the selected 
frequency range is too high, frequencies’ series 
that are close together might be combined. Addi-
tionally, the frequency range determines the data 
acquisition time. The frequency of a periodic signal 
is the inverse of time; the lower the selected fre-
quency range, the longer it takes to perform the 
data collection. In PdM, most FFTs start at DC (0 Hz) 

and continue to some maximum value. The maximum frequency range 
is referred to as Fmax. For more in-depth analysis, it is possible to set the 
lower limit of the frequency range at a value greater than 0 Hz and some 
higher limit. This is referred to as a zoomed spectrum.

Resolution
The second pre-determined boundary is the lines of resolution. Each 

frequency spectrum is divided into a finite number of spectral lines. Spec-
tral line is actually a misnomer since in reality it is not a line, but a spectral 
bin. Each spectral bin will have a high and low frequency limit. These limits 
are determined by the frequency range of FFT and the number of lines. 
The width of the spectral bin is called the bandwidth (BW). To determine 
the width of each spectral bin, simply divide the number of spectral lines 
into the frequency range (FR). If the frequency range is 100 Hz and there 
are 100 spectral lines, the width of each line is 1 Hz.

BW = # lines/FR 

The bandwidth of each spectral bin also can be calculated by subtract-
ing the low frequency limit (fl) from the upper frequency limit (fu) of each 
spectral bin.

BW = fu - fl

Each spectral bin is aligned next to the previous bin and the lower fre-
quency limit of each bin is the upper frequency limit of the previous bin. The 
upper frequency limit will be the lower limit of the bin plus the bandwidth.

For example: In the first spectral bin in a 100 line spectrum with FR 
from DC to 100 Hz, the lower frequency limit is 0 and the upper frequency 
limit is 1 Hz. The BW of the spectral bin is 1 Hz. Then the second bin would 
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go from 1 Hz to 2 Hz, the third bin from 2 Hz to 3 Hz and so on, with the last 
spectral bin 99 Hz to 100 Hz.

If the bandwidth of a spectral bin is too wide, multiple frequencies may 
reside in the same spectral bin. Additionally, when evaluating a frequency 
spectrum, the displayed frequency of the spectral bin is the center fre-
quency (cf ) of that spectral bin. To determine the cf of the spectral bin, 
simply calculate the average of the upper frequency limit and the lower 
frequency limit.

cf = (fu + fl)/2

What this means is that the indicated frequency may not be the fre-
quency of the actual signal. The frequency value displayed is the cen-
ter frequency of the spectral bin, whereas the actual frequencies of the 
waveform(s) could be any frequency within the bandwidth of the spectral 
bin. Each spectral bin may include more than one frequency. The wider the 
bandwidth, the less accurate the frequency of the displayed value of the 
spectral bin, and this increases the probability of analysis error.

To reduce this analysis error, simply increase the resolution of a FFT 
spectrum. Reducing the frequency range of FFT increases the resolution, 
but also increases both the time intervals between data sampling time 
and the data acquisition time. Another method is to increase the number 
of spectral bins into which FFT is divided. Increasing the number of spec-
tral bins requires taking more samples of the measured signal. To double 
the number of lines of resolution, twice as much data must be acquired.

Determining Resolution
The number of lines of resolution (# lines) of a FFT spectrum can be de-

termined by simply multiplying the period (P) of the time waveform by the 
frequency range (FR) in cycles per second (cps).

(# lines=P x FR)

Since ESA digitizes the time waveform, FFT is performed in the com-
puter, where it is possible to change the FFT resolution after data collec-
tion. This allows the analyst to examine very small portions of the captured 
waveform. However, it is important to remember that by reducing the pe-
riod of the time capture, the number of lines of resolution will be reduced 
proportionally and the probability of analysis error increases.

Amplitude Displays
Linear Scaling

The most commonly used graphical display of FFT is the linear scale. 
On the linear scale, the spacing between the markers is always the same 
and equally spaced. This allows all of the data to be conveniently displayed 
on a single graph. Linear graph displays work well with data sets when 
meaningful changes are important and very small changes are insignifi-
cant. The units displayed on the linear scale are the engineering units of 
the measured variable. In ESA, these units are either voltage (volts) or cur-
rent (amps).

Logarithmic Scaling
The logarithmic scale displays the amplitude in order of magnitude or 

a logarithm of the variable instead of the variable itself. One advantage 
of the log scale is the ability to display a very large range of amplitudes 
on a single graph. When very small changes in the measured variable are 
significant, displaying the variable in the linear format may not adequately 
identify the change. In these instances a logarithmic (log) display is used. 

In ESA, the log scale is commonly used since the measured variables 
are line voltage or current. Very small changes in either of these measure-
ments are used to identify faults in the motor system. The carrier frequen-
cy of these variables is at the frequency of the applied voltage, usually 50 
Hz or 60 Hz.

Since the logarithmic display is essentially a ratio, it is also a very conve-
nient method for comparing unlike variables. This has proven extremely 
useful in ESA since one of its important aspects is the ability to differenti-
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ate between faults in the incoming power and faults added by either the 
motor or the driven machine.

The units used in the log scale are decibels (db), which are a logarithm 
with a base ten. The db is a unit used to describe a ratio. The measure-
ments of voltage and current are field quantities and the db ratios used in 
ESA are also field quantities. Table 1 provides a guide to the relationship 
of the measured variable and the peak value of the current and voltage 
waveforms compared to the highest peak in the spectrum.

Summary
Effective use of ESA as a PdM technology requires the ability to ma-

nipulate, interpret and understand the graphs, charts and displays de-
veloped by the ESA software. These graphs, charts and displays are then 
used to identify faults in the motor system. Engineers and PdM techni-
cians familiar with vibration analysis will find that ESA FFT is similar to the 
vibration spectrum and many of the analysis techniques are the same.

However, even in MVA, it is important that the analyst has a thorough 
understanding of not only what FFT is indicting, but more importantly, 
what it isn’t.

IntroductIon to 
MachInery VIbratIons 
(IMV)
 

June 19-22, 2012                   
The Woodlands Hotel & Suites 
Williamsburg, VA

september 11-14, 2012         
The Hawthorne Hotel
Salem, MA

november 6-9, 2012              
Marriott by Courtyard-Historic 
District
Charleston, SC

basIc MachInery 
VIbratIons (bMV)
July 24-27, 2012                    
Chicago Marriott Southwest 
Burr Ridge, IL

october 1-4, 2012
Emerson Management Center 
Knoxville, TN

december 4-7, 2012       
Holiday Inn-Fisherman’s Wharf 
San Francisco, CA

balancIng of rotatIng  
MachInery (brM)
 
december 4-7, 2012             
Holiday Inn-Fisherman’s Wharf 
San Francisco, CA
 
MachInery VIbratIon 
analysIs (MVa)
 
october 1-4, 2012                  
Emerson Management Center 
Knoxville, TN

november 6-9, 2012    
Marriott by Courtyard-Historic District 
Charleston, SC

adVanced VIbratIon  
control (aVc)
 
July 24-27, 2012                    
Chicago Marriott Southwest 
Burr Ridge, IL 

rotor dynaMIcs (rd) 
september 11-14, 2012         
The Hawthorne Hotel 
Salem, MA
 

 

TRAINING SCHEDULE

2012

Attend a Vibration Institute training session and strike the perfect balance among theory, principles, techniques, 
case histories and practical knowledge to be a better analyst.

Practical applications. expert Knowledge. real-world solutions.

For more information or to register:  P: 630.654.2254   e: information@vi-institute.org  www.vibinst.org

Field Quantity Ratios
Engineering Unit 

Amplitude Decibel (db) Ratio

1000 0 1:1

700 -3 1.414:1

330 -10 3:1

100 -20 10:1

33 -30 30:1

10 -40 100:1

3.3 -50 300:1

1 -60 1000:1

0.33 -70 3000:1

0.1 -80 10000:1

0.03 -90 30000:1

0.01 -100 100000:1

Table 1
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