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INDUCTION MOTOR SIGNATURES ANALYSIS UNDER 

INFLUENCE OF MECHANICAL AND ELECTRICAL FAULT  
 

Abstract: the study of the potential impact under the typically measured signals in electrical machines due to 

faults is a crucial step for the development of effective systems for fault detection. The relationship between 

the electrical and mechanical components has been extensively studied in the past, but despite the progress 

made, the introduction of new control systems or the nonlinearities presented in the electrical machine, still 

makes hard the diagnosis of faults. The present study attempts to show the evolution of the induction motor 

signatures when electrical and mechanical faults occurs simultaneously. The analysis of the stator phase 

currents may lead to an accurate diagnosis of the fault due to the fact that the non-linearity interactions 

between the electrical and mechanical components are difficult to predict with precision. Fourier analysis has 

been chosen. Results shown in the present paper indicate that the consequences of the above mentioned faults 

in the typical analysis carried out to diagnoses the state of the electrical machine, may be interpreted as 

indicator of a different type of fault. 
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1. Introduction 

Fault diagnosis of electrical motors is a topic 

frequently discussed in relation to industrial 

solutions above all in those cases in which high 

power machines run the productive process. 

The scientific community together with 

industry has dealt with this challenge for many 

years now, but still there is no global solution 

available due to the evolution of the industry. 

For instance, the development of new drives for 

electrical motors brought new difficulties in the 

condition monitoring and fault diagnosis. 

It is well know that the sideband components 

around the fundamental frequency ( )
0

21 fs±  for 

�3,2,1 ±±±=k , are typical used as an indicator 

of electrical faults and mechanical faults, and 

they depend on the torque demanded by the 

load. However the study and analysis of those 

components has been considered insufficient to 

detect faults in some cases, in which authors 

have suggested complementary studies of other 

components of the stator currents, 

electromagnetic toque or rotor speed [1] [2] [3] 

[4]. In [5] authors suggest the use of the 

component at frequency ( )
s

fs45 −  in order to 

detect rotor fault due to the fact that this 

component increases with the number of broken 

bars while remains almost unchangeable for the 

inertia of the motor-load unit as well as for 

supply voltage distortion or unbalance. In [6] 

the components around the principal slot 

harmonic PHS have been considered in order to 

detect the mechanical unbalanced. 

Nevertheless, in those studies has not been 

considered the possible effects over the 

frequencies magnitudes that may happened 

when two of these faults occurs simultaneously 

due to the interactions existed between 

electrical and mechanical components of the 

electrical machine.  

In large scale motors, at nominal conditions, the 

slip is rather small being that frequency 

sidebands in a range of few hers.  However, low 

frequencies components are also a typical effect 

when a fault occurs in turbo-machinery. For 

instance, Surge in centrifugal compressors. 

Surge is a phenomenon in which mass flow 

oscillations are produced due to the rise of the 

pressure and the rotational speed of the 

compressor, causing and alternating component 

in the compressor’s torque [7]. This 

phenomenon appears when the operation point 

of the compressor cross the stability limit in the 

compressor’s map and may cause severe 

damage to the machine. In big compressors, i.e. 

7-8 MW power, the surge frequency is about   

1-2 Hz [8]. 

This work attends to show the alterations 

produced in the frequency spectrum, when the 

above faults affect the whole system at once, of 

the sideband components around the main 

frequency, considering resonances due to the 

fact that characteristic frequencies of both faults 

may be equal. How the load, the inertia of the 

system, the magnitude and phase of the 
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mechanical load and the severity of the rotor 

fault have been considered.  

The results have shown that big differences in 

magnitudes of sidebands can be appreciated as 

a function of the mechanical load conditions.    

Simulink has been selected as platform to 

develop faulty dynamic models of induction 

motor IM based on effect of main magneto-

motive forces. 

2. Models 

2.1. Internal electrical fault – Broken Bar 

A broken or incipient broken bar is one of the 

usual faults on induction motors. When rotor 

defect appears, the asymmetry is losing 

inducing additional components in the motor 

current which frequency is ( )
0

21 fs− . This 

frequency is responsible for the appearance 

torque ripple at frequency 
0

2sf . The ripple in 

torque creates a new current in the stator 

windings of frequency ( )
0

21 fs+ , hence, a new 

magnetic field rise with frequency respect to 

rotor
0

3sf .  

The interaction between magneto motive forces 

of stator and rotor (MMF’s) due to cage 

asymmetry give rise frequency components 

( )
0

21 fks±  for �3,2,1 ±±±=k  in the current 

spectrum. The magnitude of the components is 

damped more and more for the inertia of the 

machine. Because of that fault detection is 

focused on ( )
0

21 fs± . 

The asymmetry of the cage is modeled 

increasing the resistance of the element affected 

by the fault. The change of the resistance is 

typically estimated by an increase of 20 times 

the initial value; therefore, an additional term of 

the rotor resistance will appear.  It is well 

known that asymmetry and symmetry 

coefficients are used to indicate the increase of 

the cage resistance [9]. 

The model for internal electrical fault is 

described as follow.  
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With the purpose of clarity the equations used 

has been transformed into components d-q and 

stator and rotor fluxes have chosen as state 

variables. 

One broken bar has been considered in the 

present analysis; hence, the corresponding 

value of 
as

k  and 
s

k  is 0.0291. 

2.2. Generic Mechanical Fault  

Electrical motors are the main component of a 

large variety of industries connected to a wide 

number of machinery. Their functionality is 

often affected by malfunction in the load 

causing severe damage if they are no detected 

quickly especially in high power machines. For 

example, an unbalanced rotation shaft due to a 

fault in a gearbox or a broken ball in a bearing 

creates an additional torque and in some cases 

an asymmetry in the air-gap. 

The reaction of the induction motor due to this 

type of faults can be studied through the set of 

two mechanical equations together with 

additional torque components, time or angle 

dependent.   

 

Zele

2

TT
dt

d
D

dt

d
J −=

ϕ
−

ϕ
             (4) 

rw
dt

d
=

ϕ
                            (5) 
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Where J is the moment of inertia of the rotor 

plus the load, D the dumping term, 
ele

T  the 

electromechanical torque, 
Z

T  the resistive 

torque in shaft, ϕ  is the geometrical angle of 

the rotor and 
r

w  the mechanical speed of the 

rotor. Usually the dumping term can be 

neglected. 

In order to study the effects of a generic 

mechanical fault, 
Z

T  has been defined as the 

sum of a constant component plus an 

alternating component 
AC

T , in which the main 

harmonic has only been considered, with 

adjustable frequency 
z

f . The amplitude of 
AC

T  

has been defined under assumption of same 

effects over the electromagnetic torque as the 

broken bar.  

 

( )ZzACZ
'
Z �f�2TTT +⋅⋅⋅+= sin     (6) 

3. Results  

Two different experiments have been proposed 

with the aim of bringing light to the following 

challenges:  

• The objective of the first experiment is to 

study changes in the magnitude of the 

frequency components ( )
021 fs±  due to 

broken bar when the mechanical oscillating 

frequency 
zf  is close to 

BB
f  (

02 fs ⋅ ). 

• The second experiment has attempted to 

answer the following question in case of 

frequencies 
zf  and 

BB
f  have the same value: 

Which would it be the behavior of ( )
021 fs±  

components if the mechanical fault phase is 

different? 

An induction motor with the following rated 

data has been chosen: Pn = 2000 kW, nn = 2980 

rpm, Un = 6kV, In = 227A, p = 1, N = 36 rotor 

bars and J = 34 kgm
2
.  

RMS value of the stator phase current has been 

chosen as reference of the Fourier analysis 

(rms*1e-5). 

3.1. Evolution of Broken Bar component 

magnitude 

Following figures and tables show the evolution 

of ( )
021 fs±  components magnitude under 

assumption of alternating component of the 

mechanical load produces ripple in the 

electromagnetic torque of the induction motor 

which amplitude is equivalent to effects of the 

broken bar. The analysis has been carried out 

for different load scenarios considering the 

phase angle 
Z
�  equal to zero: loaded with 

100%, 75% and 50% of the nominal torque. 

Moreover, the influence of the machine inertia 

has been also considered.  

In order to bring clarity to the results a filter has 

been applied and the net frequency removed 

from the Fourier spectra of the stator phase 

currents. 

 
Fig. 1. Fourier Spectra of Phase current A: 

 100 % Nominal torque and 
zf = 4.5 Hz 

 
Fig. 2. Fourier Spectra of Phase current A:  

100 % Nominal torque and 
zf = 3 Hz 

 
Fig. 3. Fourier Spectra of Phase current A: 

 100 % Nominal torque and 
zf = 2 Hz 
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Table 1.  Magnitude of ( ) 021 fs±  component for inertia twice the motor inertia 

BB
f \ 

z
f  4.5 Hz 4 Hz 3.5 Hz 3 Hz 2.5 Hz 2 Hz 

47 Hz 100% Tn 318.77 318.76 318.75 496 318.53 318.46 

53 Hz 100% Tn 1242.55 1242.5 1242.34 721.07 1241.9 1241.22 

 

Fig. 1, Fig. 2 and Fig. 3 show changes in the 

magnitude of the ( )
0

21 fs±  components in lineal 

scale as a function of the mechanical fault 

frequency 
zf , which has been decreased from 

4.5 Hz until 1.5 Hz, being the moment of inertia 

equal to twice the inertia of the induction motor 

(notice that red color indicates frequency 

component due to mechanical fault).  

Table I complete the analysis showing the 

changes for the frequencies do not included in 

the following figures.  

It can be established that magnitude of the 

components only change considerably when the 

mechanical frequency is equal to broken bar 

frequency independently of the load. In case of 

different load same tendency can be 

appreciated. However, this effect is attenuated 

when the inertia of the systems is increased. In 

addition, magnitude of mechanical fault 

components increased as it is expected. 

3.2. Evolution of Broken Bar component 

magnitude due to phase changes. 

Previous experiment has proved that magnitude 

of component ( )
021 fs±  change when both 

frequencies reach the same value, but not only 

the frequency of the mechanical fault, affects 

the magnitude.  

Second experiment proof that phase of the 

mechanical fault influence considerately in the 

magnitude of those components.  

In the same way, by considering same effect of 

the broken bar and the mechanical fault under 

the electromagnetic torque produced by the 

motor, keeping the load equal to the nominal 

torque, taking J equal twice the motor inertia 

and Hzf
z

3= , the phase of the alternating 

component of the mechanical load 
Z
�  has been 

increased from 0 to 2� in ten steps.  

Fig. 4 shows the effects over the component’s 

amplitude. 

It can be stablished the alternation between both 

component which has the greater value due to 

phase changes. Another of the conquences 

observed is a modulation of low frequency of 

the stator phase currents. Due to the fact that 

the resolution of the Fourier spectra used in the 

study is 0.1 Hz, the component of that 

modulation could not be appreciated in the 

spectrum. In order to observe it, is required to 

adquire the currents during a long period of 

time. 

 

 
Fig. 4. Evolution of Sideband’s Amplitude 

regarding mechanical phase  

In Fig. 5, that modulation is reveal. Fig. 6 

shows the presence of riple at 3 Hz due to 

fault.That modulation is also presented if 
z

f  

suffer slightly changes. Fig. 7 shows the 

modulation when 
z

f  is equal to 3.1 Hz. It is 

divided in two: a) the left side shows the ripple 

at frequency 3 hz as Fig. 6; b) the right side 

shows the modulation of the startor currents as 

Fig. 5. 

 
Fig. 5. Phase current modulation 

zf = 3 Hz 
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Fig. 6. Phase current modulation 

zf = 3 Hz 

zoom 

 
Fig. 7. Phase current modulation 

zf = 3.1 Hz 

 

Fig. 8. Fourier Spectra of Phase current A: 

 Broken Bar and 100 % Nominal torque 

Fig. 9. Fourier Spectra of Phase current A: 

Broken Bar and 
zf = 6 Hz 

 

Fig. 10. Fourier Spectra of Phase current A: 

 Broken Bar and 
zf = 5.2 Hz 

Fig. 11. Fourier Spectra of Phase current A: 

 Broken Bar and 
zf = 4 Hz 

 

3.3. Experimental results 

A qualitatively analysis of the results show in 

the subchapter 3.1 has been carried out with a 

motor of rated data Pn = 4 kW, nn = 1480 rpm, 

Un = 400 V, In = 2.6 A, p = 2, N = 28 rotor bars 

and J = 0.019 kgm
2
. A DC motor controlled by 

a power electronic converter has been used to 

simulate a mechanical fault. The converter 

allows us to regulate the field winding of the 

rotor, hence, the current supplied, for a given 

frequency
z

f . 

Fig. 8, Fig. 9, Fig. 10 and Fig. 11 show the 

current spectrum for the following faults: one 

broken bar and one broken bar plus mechanical 

fault with amplitude 10% of the nominal torque 
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and frequencies 
z

f  equal to 6 Hz, 5.2 Hz and 4 

Hz respectively. 

The evolution of the sidebands ( )
021 fs±  agrees 

with the simulation results. The amplitude of 

the broken bar is lower if the mechanical fault 

arises (Fig. 8). The amplitude of both 

mechanical components is greater when 
zf  is 

lower than 
BBf  as it has been shown in Fig. 1 

and Fig. 3. Finally, if 
zf  reaches the value of 

BBf , the difference between amplitudes of both 

sidebands, resulted from the sum of both fault 

effects, is reduced as it was shown in Fig. 2.  

4. Conclusions 

The aim of the paper is to study which 

phenomena occurs in the induction motor when 

two of the commonest faults appear 

simultaneously: one broken bar and a 

mechanical fault. MCSA technique has been 

applied to study the evolution of the sideband 

frequencies ( )
021 fs±  extensively used for 

diagnosis of both faults. Changes in magnitudes 

have been studied in order to reveal the 

behavior of the motor. The Fourier spectrum 

has shown differences regarding the faults 

applied and load conditions. Simulink has been 

used as platform for development of IM 

models.  

Simulations have shown that the magnitude of 

the sidebands ( )
021 fs±  has only changed  when 

mechanical fault frequency 
zf  reach the same 

value as the broken bar frequency 
BBf . The 

experimental results confirmed, qualitatively, 

the evolution show in the simulation results.  

According to simulation results, the phase of 

the mechanical fault has an important role, 

leading to possible misinterpretation of the 

results derived from IM diagnosis due to 

changes in the sidebands amplitudes. 

One of the techniques applied to detect the 

presence of broken bar or incipient broken bar 

in electrical motors consisted in study the 

differences between the magnitudes of the two 

sidebands ( )
021 fs±  establishing global fault 

indicators [1] [10]. The presence of a 

mechanical fault produces variations in 

magnitudes that may alter the value of the 

indicator leading to incorrect diagnosis.  

It is noteworthy to mention that high difference 

between sideband components can be attributed 

to cases where more than one bar was damaged. 

Future research may be focused in study 

systems which include not only a model of the 

electrical machine plus a generic mechanical 

fault, but also the mechanical load driven, due 

to the fact that nowadays industry demands 

solutions customized for individual systems. 

The inclusion of electrical machines models in 

the studies carry out to evaluate failures in 

turbo-machinery could be pointed out that 

damage could be increased due to electrical 

faults and vice versa. 
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