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Application of the Goertzel’s Algorithm in the 
Airgap Mixed Eccentricity Fault Detection 

Dejan Reljić1, Josif Tomić1, Željko Kanović1 

Abstract: In this paper, a suitable method for the on-line detection of the airgap 
mixed eccentricity fault in a three-phase cage induction motor has been 
proposed. The method is based on a Motor Current Signature Analysis (MCSA) 
approach, a technique that is often used for an induction motor condition 
monitoring and fault diagnosis. It is based on the spectral analysis of the stator 
line current signal and the frequency identification of specific components, 
which are created as a result of motor faults. The most commonly used method 
for the current signal spectral analysis is based on the Fast Fourier transform 
(FFT). However, due to the complexity and memory demands, the FFT 
algorithm is not always suitable for real-time systems. Instead of the whole 
spectrum analysis, this paper suggests only the spectral analysis on the expected 
airgap fault frequencies employing the Goertzel’s algorithm to predict the 
magnitude of these frequency components. The method is simple and can be 
implemented in real-time airgap mixed eccentricity monitoring systems without 
much computational effort. A low-cost data acquisition system, supported by the 
LabView software, has been used for the hardware and software implementation 
of the proposed method. The method has been validated by the laboratory 
experiments on both the line-connected and the inverter-fed three-phase four-
pole cage induction motor operated at the rated frequency and under constant 
load at a few different values. In addition, the results of the proposed method 
have been verified through the motor’s vibration signal analysis. 

Keywords: Induction motor, Airgap mixed eccentricity, MCSA, Goertzel’s 
algorithm. 

1 Introduction 

Three-phase cage induction motors are by far the most widely used rotating 
electrical machines in many industrial applications [1]. Their simple and robust 
construction, reliability, low cost and less maintenance are benefits that make 
them the right choice in industrial production systems. Developments in power 
electronics and digital control have led to the use of cage induction motors not 
only in low-performance drives, but also in high-performance applications.  
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Even though cage induction motors are reliable, there are still problems 
with electrical and mechanical types of faults. The cage induction motor faults 
can cause the downtime of industrial processes and create production losses. 
Furthermore, they can also have a serious impact on the safety of people and 
environment (e.g. chemical industry). Hence, the early fault detection and the 
diagnosis of cage induction motors are of great importance. This enables repair 
actions to be planned before more serious damage occurs. Besides, early fault 
detection reduces maintenance costs. 

The most common electrical faults of the cage induction motor include 
shorted and open turns on a stator phase winding, broken rotor bars, and broken 
rotor end-rings, while mechanical faults include airgap eccentricity (static, 
dynamic and mixed) and bearing failures [2 – 3]. The mechanical faults are 
prevalent and represent up to 60% of the faults [4]. Eccentricity fault represents 
up to 80% of the mechanical faults [4 – 5] and can be considered as a critical 
failure in an induction motor. Therefore, particular attention needs to be drawn 
to any signs of presence of eccentricity. 

Due to the significance of early eccentricity fault detection, a large number 
of methods for induction machine condition monitoring and fault diagnosis have 
been proposed in the literature [2 – 13]. The methods are based on the 
mechanical vibration signals and motor current signal analysis in the steady-
state and/or transient operation [2 – 13]. This is a non-intrusive way to test the 
induction motor. However, vibration sensors are expensive for industrial 
systems. On the other hand, stator currents can be easily measured via external 
inexpensive current sensors. Therefore, current-based methods have become the 
most common methods for the airgap eccentricity fault detection at an early 
stage.  

The current-based method that has drawn researchers’ attention is the 
motor current signature analysis (MCSA) [13]. This method is readily available, 
simple and cost-effective, and provides advantage over the techniques based on 
the measurement and analyses of motor vibration signals. Likewise, the method 
requires only one current sensor. MCSA technique is most often applied by 
monitoring and recording the motor line current, and then performing off-line 
digital signal processing of the recorded current signal by applying the Fast 
Fourier transform (FFT), which gives the current frequency spectrum. The 
spectrum is then analyzed, and the fault type is determined based on the 
characteristic current frequency components [2 – 4, 6 – 11, 13].  

In this paper the MCSA method has been employed for the on-line airgap 
mixed eccentricity fault detection. Since the airgap mixed eccentricity problem 
can cause other faults in the induction motor [6], this fault should be detected at 
an early stage. Otherwise, the fault will propagate, leading to a more serious 
damage of the induction motor and the malfunction of an industrial system. 
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However, due to the complexity and memory demands, the MCSA method 
based on the FFT algorithm is not always suitable for real-time systems. Instead 
of the whole spectrum analysis, this paper suggests only the spectral analysis on 
the expected airgap mixed eccentricity fault frequencies employing the 
Goertzel’s algorithm. This algorithm is simpler and numerically much more 
efficient than the FFT but only for a small number of frequency components of 
interest, which is the case here. Only the spectral analysis on the expected 
airgap mixed eccentricity fault frequencies is required. This reduces the 
expensive FFT hardware requirements (due to complex calculation and huge 
memory requirement). Hence, the on-line MCSA method can be implemented 
with low-cost hardware.  

A low-cost data acquisition system, supported by the LabView software, 
has been used for the hardware and software implementation of the proposed 
MCSA method for the on-line detection of the airgap eccentricity based on the 
Goertzel’s algorithm. The method has been validated by the laboratory 
experiments on both the line-connected and the inverter-fed three-phase four-
pole cage induction motor operated at the rated frequency and under constant 
load at a few different values. Finally, results of the proposed method have been 
verified through the induction motor’s vibration signal analysis.  

2 Theoretical Background 

2.1 Airgap eccentricity-related fault 

Airgap eccentricity is a condition of unequal airgap that exists between the 
stator and the rotor [3, 10]. Airgap eccentricity can occur due to the 
misalignment of the stator and the rotor axes, ovality of the stator and/or the 
rotor bore, but it is often a side effect caused by faults in bearings or the shaft 
misalignment. Airgap eccentricity is also caused by mechanical problems in 
induction motor drives, such as shaft misalignment, or coupling misalignment in 
motor-load systems. The two main forms of airgap eccentricity are static and 
dynamic [3, 7, 10], while the presence of both types of eccentricity is called 
mixed eccentricity [14].  

In the case of static eccentricity, the airgap length minima (maxima) 
position does not change with the rotor rotation [15]. Such type of eccentricity 
occurs if the rotor was not properly inserted into the stator bore or as a 
consequence of an oval-shaped stator magnetic circuit (Fig. 1). If the rotor is 
firmly tightened, the value of static eccentricity does not change during the 
motor operation [15]. Static airgap eccentricity creates a constant radial 
magnetic force, i.e. unbalanced magnetic pull (UMP), which acts on the rotor, 
trying to move it in the direction of the minima airgap, where magnetic 
reluctance is decreased [7]. The static eccentricity can lead to premature 
bearings failure. 
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Dynamic eccentricity occurs when the rotor axis does not align with the 
axis of rotation (Fig. 1). As a consequence, the airgap length minima (maxima) 
position rotates together with the rotor. Dynamic eccentricity occurs as a result 
of bearing wear or due to a bent shaft and creates a rotating UMP that affects 
the rotor and revolves with the rotor [7]. Dynamic eccentricity is dangerous, 
since its value changes during the motor operation and in some cases can lead 
the rotor to rub against the stator [15].  

Finally, the presence of both types of eccentricity is called mixed 
eccentricity. In this condition, stator, rotor and rotational axes are displaced with 
respect to each other (Fig. 1). Since both static and dynamic eccentricities exist 
simultaneously in practice [14], only mixed eccentricity is considered in this 
paper. 

 

Fig. 1 – Illustration of static (left), dynamic (middle) and 
mixed (right) airgap eccentricity of an induction motor. 

 

In practice, a certain amount of static and dynamic airgap eccentricity 
always exists, even in a healthy motor. The permissible limit of airgap 
eccentricity (radial) depends on the motor construction. It is considered that the 
permissible value of airgap eccentricity is 10% for a healthy motor [3, 7, 11]. 
On the other hand, motor manufacturers even try to reduce the eccentricity level 
below 10% in order to reduce the acoustic noise and motor vibrations [3, 7]. If 
airgap eccentricity value is not kept within the permissible level, potentially 
serious faults can occur, as previously stated. In high power induction motors, 
the eccentricity level above 25% can be considered dangerous [7].  

2.2 Detection of airgap eccentricity 

Traditionally, the MCSA method is used to detect abnormal level of airgap 
eccentricity [2 – 3, 11, 15]. This is a popular approach and the method has 
received many researchers’ attention in recent years. The method relies on the 
fact that the mechanical airgap asymmetry causes a change in the airgap 
magnetic field, i.e. a change in the distribution of space harmonics in the airgap 
as well as the creation of additional frequency components in the stator current 
spectrum. Airgap eccentricity can be detected by monitoring particular 
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frequency components fec in the stator current spectrum [2 – 3, 10, 16] given by 
the following relationship:  

  1 2ec s d sat

s
f f nR n n

P

       
, (1) 

where fs is the stator supply frequency, n is an integer (1,2,3…), R is the number 
of rotor slots, nd is the eccentricity order (0 in the case of static eccentricity; 
1,2,3… in the case of dynamic eccentricity), s is the slip, P is the number of 
pole pairs, nsat models magnetic saturation (0, 1, 2…) and  is the harmonic 
order of the stator supply voltage (1,3,5,7,…). 

The equation (1) can be rearranged in the following way [16]: 

 
1 1

2ec s d sat

s s
f f nR n n

P P

                 
. (2) 

It can be seen from (2) that the terms in the first parentheses represent the rotor 
slot harmonics, i.e. the frequency components that occur as a consequence of 
static eccentricity are equal to the frequencies of the rotor slot harmonics. On 
the other hand, dynamic eccentricity creates additional frequency components 
around the rotor slot harmonics. Moreover, in the case of saturation, new 
frequency components around dynamic-eccentricity-characteristic components 
will occur [16]. 

The equations (1) and (2) can be used for the separate detection of static 
and dynamic airgap eccentricity, but under assumption that the motor 
construction, i.e. R and P, is well known. However, this is in general unknown 
to the user, making this approach impractical. Besides, characteristic frequency 
components from (1) and (2) are the function of the slip, so the change in the 
motor load will affect a certain change of the frequency spectrum. It means that, 
for a reliable assessment of eccentricity faults, the measuring of the slip (or the 
rotor speed) is desirable. This is not a problem in the speed-controlled induction 
motor drives, but it is a problem for the mains-fed motor drives. Furthermore, 
the existence of the rotor slot harmonics in (2) depends on the number of R and 
P combinations [17 – 18]. These components are presented in the frequency 
spectrum of the stator current if R satisfies the relationship (3) for the upper slot 
harmonic or (4) for the lower slot harmonics [17 – 18]: 

  2 3R P m q r      , (3) 

  2 3R P m q r z       , (4) 

where r, z, m and q are real numbers that satisfy the following relations: 0r   
or 1r  , 1z   or 2z   and 0,1,2,3,m q    Likewise, it has been shown in 
[19] that the MCSA method based on (1) and (2) cannot be used to detect the 
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eccentricity-related fault signatures of static airgap eccentricity, as well as 
dynamic airgap eccentricity based on the lower sideband detection, because the 
variations in the sideband magnitudes between the healthy and faulty motors are 
small. These are certain drawbacks of the MCSA method for the airgap 
eccentricity fault detection approach based on (1) and (2). 

In practice, static eccentricity and dynamic eccentricity exist 
simultaneously and are referred to as airgap mixed eccentricity [3, 14, 20]. 
Under airgap mixed eccentricity condition the stator current contains the 
following frequency components fmec [3, 14, 20 – 22]:  

 
1

1mec s s r

s
f f k f kf

P

      
, (5) 

where k is an integer (1,2,3,…) and fr is the mechanical rotational frequency of 
the motor. For k = 1, the specific fault frequency components from (5) occur at 
fs – fr (lower sideband) and fs + fr (upper sideband). The variations in the 
magnitudes of these two sidebands between the healthy and faulty motors are, 
according to [21], over 20 dB. This is noticeable even when the motor operates 
at light load, which is the main benefit of this approach. The results presented in 
[21] also indicate the increase in the sidebands magnitude with the increase of 
the airgap eccentricity level, which makes it much easier to distinguish between 
the healthy and the faulty motors. Another important issue is that there is no 
mask effect in (5), since the eccentricity frequency is far enough from the 
supply frequency associated component [22]. 

The focus of this paper is airgap mixed eccentricity. Both sideband 
components (the lower and the upper sidebands) from (5) have been observed. 
It is obvious from (5) that both sidebands depend on the slip, i.e. motor load. 
Therefore, the change in the motor load will have a certain effect on the 
frequency spectrum shifting. However, for normal motor load values, the slip 
changes will not significantly affect the accuracy of the magnitude detection of 
sidebands. That means that the information on the slip, or the motor rotational 
speed, at normal load conditions is not essential. Instead, the proper frequency 
window should be set to enable an accurate identification of the eccentricity 
related components. 

Although the MCSA method is a powerful technique for the airgap 
eccentricity fault detection, the eccentricity-related fault in induction motors can 
also be successfully detected using the vibration signal analysis [23 – 24]. The 
characteristic eccentricity-related frequency components fecm which exist in the 
motor vibration signals are [3, 24]:  

 2ecm s rf f f  . (6) 

The component at twice fundamental frequency from (6) indicates static 
eccentricity, while sidebands from (6) indicate dynamic eccentricity. An 
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increase in vibration level can be used to detect eccentricity fault. In this paper, 
these frequency components have been observed only as a confirmation of the 
eccentricity fault detection based on the MCSA method, i.e. (5). 

3 MCSA Method Based on the Goertzel’s Algorithm 

The discrete Fourier transform (DFT) is the basic tool used for the MCSA. 
The DFT performs the Fourier transform of a discrete-time signal with N 
samples. However, the direct DFT computational complexity is O(N2) and for 
large series it can take a considerable amount of computation time [25]. A much 
faster algorithm has been developed by Tukey and Cooley [26], called the FFT. 
There are many variations of the FFT algorithms, but a radix-two decimation-
in-time is by far the most widely used FFT algorithm. This algorithm reduces 
the number of computations from O(N2) to O(Nlog2N) [25 – 26]. Thus, the 
computation of the DFT becomes practical, particularly for large N. The only 
requirement is that N is restricted to be a power of 2 (radix-two). 

Nevertheless, when a limited number of frequency components are needed 
to be computed, the Goertzel’s algorithm [27] can be more efficient than the 
FFT based algorithms. The Goertzel’s algorithm is a simple DFT. The first-
order and the second-order Goertzel’s algorithms are explained in [27]. The 
second-order Goertzel’s algorithm is more efficient than the first-order 
Goertzel’s algorithm [28]. The Goertzel’s algorithm performs the DFT using an 
IIR filter calculation [28]. The z-domain transfer function of the second-order 
Goertzel filter is [27 – 30]:  

 

2
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1 2
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where K is a coefficient for respective frequency components (Kth DFT 
component) in the input signal x of length N.  

The respective difference equation of the above second-order IIR system is 
given by [30]:  
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where x represent a discrete input signal of length N (n  0), and yK is its DFT, 
with zero initial conditions. Equation (8) can be described using the state 
variables [30]:  
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while the output is given by:  

 
2

j
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Ky n X K s n s n




    , (10) 

with zero initial conditions.  

The flow graph of the system is shown in Fig. 2. The left half of the graph 
contains a feedback (recursive) part and the right half contains a feedforward 
(nonrecursive) part. The feedback part is calculated at each iteration, while the 
feedforward part is calculated only after the last iteration [28]. For real data, the 
algorithm requires N real multiplication, 2N real additions, and a single complex 
multiplication with addition to compute the DFT value. For the computation of 
all N DFT values, the Goertzel’s algorithm requires approximately N2 real 
multiplications and 2N2 real additions. Thus, the computational complexity of 
the Goertzel’s algorithm is O(N2) [31]. On the other hand, the direct application 
of the DFT requires N2 complex multiplications and N(N–1) complex additions, 
while the FFT requires (N/2)log2N complex multiplications and Nlog2N 
complex additions [31]. It is evident that the Goertzel’s algorithm is more 
efficient than the direct DFT computation, but it is inefficient when compared 
with the FFT based algorithms. Nevertheless, in digital signal processing we do 
not always need to compute X[K] from (10) at all N values of K, i.e. only a few 
frequency components are required rather than the entire spectrum. Namely, it 
has been shown that when calculating the DFT of the signal for only a few 
frequency components (M), this method is more efficient than the radix-2 FFT 
for M < log2N [29]. In this case the computational complexity of the Goertzel’s 
algorithm is O(MN). This is the main benefit of the Goertzel’s algorithm. 
Moreover, the advantage of the Goertzel’s approach over the radix-2 FFT 
algorithm is that N can be arbitrary (it does not have to be a power of 2) [30].  

 

Fig. 2 – Flow graph of the second-order Goertzel’s algorithm. 
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Since the Goertzel’s algorithm processes samples in time order, it allows 
the calculation to begin when the first sample arrives. In contrast, the FFT must 
have the entire frame in order to start calculation [28]. Thus, the Goertzel’s 
algorithm can be less demanding from the viewpoint of the memory capacity 
and it can perform at a very low latency [30]. In this paper, the Goertzel’s 
algorithm has been efficiently applied for the on-line implementation of the 
MCSA technique for the airgap mixed eccentricity fault detection, i.e. for the 
detection of the current sidebands of interest according to (5).  

4 Experimental Results 

An experimental study was performed on the drive system from Fig. 3. The 
three-phase cage induction motor under test has the following rated data: 
20 kW, 380 V, 40 A, 50 Hz, 1455 rpm. The induction motor can normally be 
connected to the sinusoidal three-phase supply (transfer switch in position 1), or 
can be supplied by the power inverter (transfer switch in position 2). Thus, two 
tests could be conducted: Test 1 – the motor was supplied from the three-phase 
mains, and Test 2 – the motor was supplied by the industrial power inverter. An 
optical encoder was attached to the shaft for speed measurement. A shaft-
coupled wound-field synchronous generator with a resistive load bank was used 
to provide constant load conditions during experimental tests. During tests, the 
operational frequency of the induction motor was set to the rated value. 

 

Fig. 3 – Induction motor drive system configuration. 
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The supply line current was sensed by a Hall-effect current clamp. The 
current signal from the clamp passed through an analog low-pass forth order 
Butterworth anti-aliasing filter with the cut-off frequency of 100 Hz, the 
stopband of 1.6 kHz, and the attenuation of –96 dB (the level of the noise floor). 
This provided an acceptably small amount of aliasing, which was especially 
important when the induction motor was supplied by the power inverter. Thus, a 
very high sampling rate of the data acquisition hardware was not mandatory. 
The filtered signal was then forwarded to the 16-bit A/D converter as a part of 
the NI USB-6210 data acquisition hardware [32]. In order to meet the Nyquist 
criterion, the sample rate was set to 3.2 kS/s, i.e. the oversampling technique 
was applied [33]. Since the rated speed of the induction motor is 1455 rpm and 
the supply frequency is 50 Hz, the mixed eccentricity frequency components 
from (5) for k = 1 (the lower and the upper sidebands) are in a 0.75 Hz wide 
window. Accordingly, the acquisition period was chosen to be 1 s. By using a 
rectangular window function, a 1 Hz spectral resolution is obtained. Since there 
is no mask effect (the eccentricity-related frequency components are far enough 
from other current frequency components), this enables the detection of the 
magnitudes of the mixed eccentricity-related frequency components with 
sufficient accuracy and a little motor speed variation. It should be mentioned 
that a certain error in magnitudes detection exists due to the reduced spectral 
resolution and spectral leakage. As the motor load increases, the error will 
increase. Nevertheless, since the variations in the magnitudes of the sidebands 
between the healthy and faulty motors are over 20 dB [21], quite accurate 
detection of their magnitudes is not mandatory, i.e. this error is negligible, 
especially for low-slip high-power induction motors. The experimental results 
reported below support this conclusion. 

A monitoring system for the on-line airgap mixed eccentricity fault 
detection based on the MCSA method was realized in the LabVIEW software. 
LabVIEW program is called a virtual instrument (VI) [34]. It represents a shift 
from traditional hardware instrumentation to a software system which exploits 
the computing power. The magnitudes of the mixed eccentricity-related current 
frequency components (the lower and the upper sidebands from (5) for k = 1) 
and the fundamental frequency component (a total of three frequency 
components) were detected using the proposed Goertzel’s algorithm. This was 
mplemented using the LabVIEW’s Goertzel function in the MathScript RT 
Module. The VI developed for the airgap eccentricity fault monitoring system is 
shown in Fig. 4. Only the sideband component whose magnitude is closest to 
zero is considered as the eccentricity-related fault signature. The sideband 
magnitude for the healthy motor should be less than about –65 dB [17, 19, 35] 
and vice versa for the faulty motor. The frequency components with the higher 
values of k from (5) usually have much lower magnitudes. Hence, they were not 
considered as the eccentricity-related fault signatures. 
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Fig. 4 – LabVIEW VI block diagram of the airgap 
mixed eccentricity fault monitoring system. 

 

During tests, the wound-field synchronous generator with the resistive load 
bank was providing constant load conditions, as follows: no-load, 3 kW, 4 kW, 
5 kW, and 6 kW. Unfortunately, the motor full-load torque could not be 
achieved due to the load bank limitations. As described earlier, two 
experimental tests were conducted: Test 1 – the induction motor was supplied 
from the three-phase mains, and Test 2 – the induction motor was supplied by 
the power inverter. In Test 2, the switching frequency of the power inverter was 
set to 8 kHz, while the induction motor was in constant U/f control. The tests 
provided the results presented in Table 1. 

Table 1 
Magnitude of the characteristic sideband component. 

Load Rotor average speed Magnitude 
Test 

[kW] [Hz] [dB] 
Test 1 
Test 2 

0 
0 

24.94 
–39.0 
–38.5 

Test 1 
Test 2 

3 
3 

24.85 
–39.3 
–37.6 

Test 1 
Test 2 

4 
4 

24.83 
–39.5 
–37.8 

Test 1 
Test 2 

5 
5 

24.78 
–40.0 
–37.7 

Test 1 
Test 2 

6 
6 

24.75 
–40.6 
–37.6 

The experimental results (Table 1) show that, independently of the power 
supply, the characteristic sideband magnitude is far above –65 dB. This 
indicates the presence of an abnormal level of the airgap mixed eccentricity. A 
certain differences in the magnitude of the characteristic sideband component 
between Test 1 and Test 2 (Table 1) are due to the applied voltage. In Test 1 the 
induction motor was supplied from the three-phase mains with a small voltage 
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asymmetry. Unsymmetrical voltages cause unsymmetrical currents. Thus, the 
magnitude of the airgap mixed eccentricity-related component varies per phases 
and will be different when compared with its value under symmetrical voltages. 
In Test 2 the induction motor was supplied by a pulse-width modulated (PWM) 
symmetrical voltage source. However, the PWM voltage source can cause 
motor torque and rotor speed pulsations due to the dead-time effect. This causes 
a certain error in the magnitude detection. Nevertheless, these effects did not 
significantly affect the fault diagnosis and the airgap mixed eccentricity fault 
was found to be very severe. It is noteworthy that the magnitude of the 
characteristic sideband component from Table 1 is the average value during the 
diagnostic period of 10 s (Fig. 5). Observing Fig. 5, it is evident that the 
magnitude of the airgap mixed eccentricity-related component slightly changes 
over time. This could be caused by the rotor speed pulsation but also by the 
variation of the airgap eccentricity over time. 

 

(a)                                                              (b) 

Fig. 5 – (a) Variation of the magnitude of the characteristic sideband 
component over time – illustration for Test 1. (b) Variation of the magnitude 
of the characteristic sideband component over time – illustration for Test 2. 

 

In order to validate the results obtained by the proposed MCSA method 
based on the Goertzel’s algorithm, the off-line FFT analysis of the supply line 
current signal was also performed. Here, the acquisition period was set to 10 s, 
while the sample rate was not changed. By using a rectangular window 
function, a spectral resolution of 0.1 Hz was obtained. Therefore, much more 
accurate detection of the sidebands magnitude was expected (Table 2). 

By comparing the results obtained with two different methods, the 
Goertzel’s algorithm (Table 1) and the FFT (Table 2), it can be noticed that 
there is a little difference of the magnitude of the airgap mixed eccentricity-
related component. These differences are decreasing at light load conditions. 
This is caused by the spectral resolution and spectral leakage. Still, this is 
acceptable. Illustration of the supply current spectra, performed by the FFT with 
the spectral resolution of 0.1 Hz, is shown in Fig. 6. 
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Table 2 
Magnitude of the characteristic sideband component – FFT analysis. 

Test 
Load 
[kW] 

Rotor average speed 
[Hz] 

Magnitude 
[dB] 

Test 1 
Test 2 

0 
0 

24.94 
–39.2 
–39.3 

Test 1 
Test 2 

3 
3 

24.85 
–39.2 
–37.4 

Test 1 
Test 2 

4 
4 

24.83 
–40.4 
–38.7 

Test 1 
Test 2 

5 
5 

24.78 
–41.3 
–39.4 

Test 1 
Test 2 

6 
6 

24.75 
–39.4 
–37.1 

 

 

(a)                                                                (b) 

Fig. 6 – (a) Supply current spectra from the induction motor – illustration for Test 1. 
(b) Supply current spectra from the induction motor – illustration for Test 2. 

 

It should be pointed out that a very accurate frequency analysis (Fig. 6) is 
not desirable since it would lead to a huge time acquisition period in which the 
induction motor has to operate in a steady-state condition. This is inconvenient 
in industrial applications. Moreover, a huge acquisition time period would lead 
to the limitations of the hardware processing power. 

To confirm the presence of eccentricity, evaluated by the MCSA method, 
the signal of vertical vibration at the drive side of the tested induction motor 
was also collected, using 100 mV/g accelerometers with the magnetic mounting 
and the NI USB-9234 acquisition card. Vibration signal was acquired with the 
sample rate of 25.6 kS/s, while the induction motor, supplied by the three-phase 
mains, was loaded for a period of 10 s by the synchronous generator with the 
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resistive load bank of 6 kW. The spectrum of the vertical vibration signal is 
shown in Fig. 7. It can be clearly distinguished that the vibration magnitudes are 
increased at 100 Hz, 75.25 Hz, and 124.75 Hz, which strongly points to the 
airgap eccentricity and confirms all previous results presented by the MCSA 
method. Moreover, it can also be noticed that the existence of one more peak is 
at 99.6 Hz. This frequency component is attributed to the presence of 
misalignment, which caused the airgap mixed eccentricity fault. 

 

Fig. 7 – Vertical vibration signal spectra of the induction motor. 
 

5 Conclusion 

In this paper, the simple method for the on-line airgap mixed eccentricity 
fault detection of the induction motor was demonstrated. The method is based 
on the MCSA using the efficient Goertzel’s algorithm instead of the FFT. The 
algorithm was employed for predicting the magnitudes of the characteristic 
airgap mixed eccentricity-related frequency components. 

The effectiveness of the proposed method was demonstrated by 
experiments on both the line-connected and the inverter-fed induction motor. 
Satisfactory results were obtained. Moreover, the results of the proposed 
method were validated through the motor’s vibration signal analysis. 
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