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Abstract — The strategy of Motor current 

signature has widely been used in industry to 

diagnose motors faulty conditions. This strategy 

has some shortcomings that limit it as an 

engineering auxiliary tool. The main problem of 

this strategy is its low reliability that in fault 

diagnosis. 

In this paper feasibility of application of 

MCSA as an automatic protection system is 

investigated and a new online diagnosis strategy 

is proposed, implemented and initially simulated 

to apply as an automatic system in motors fault 

diagnosis. 

 

I.  INTRODUCTION 

 

ecently the signature analysis method 

became a popular area of study for 

condition monitoring, especially vibration 

monitoring, in order to remove the expensive 

vibration sensors. But the method is not 

developed as a carefree automation strategy 

that can be applied in digital protection. Also 

it’s seen that in all power systems, the 

condition monitoring section is completely 

separated from the protection systems and in 

most cases the condition monitoring data 

(SCADA data, vibration data, etc.) just saved 

and studied by the engineers periodically, so 

the engineers must take the necessary actions 

and automatic system protection just limited to 

controlling and protecting against effective 

values (RMS) of voltage, current, vibration  
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and other physical conditions with fixed 

limitations without analyzing the signals 

components. In some cases some numeric 

methods and softwares helps the engineers to 

detect and diagnose the faults but just as a 

human tools for fault detection. 

II.  RELATIONSHIP BETWEEN PHYSICAL AND 

ELECTRICAL QUANTITIES 

 

For any electrical induction machine, a 

function can be defined. Consider the fed 

voltage as the input of this function and 

electrical current as the output. So the output 

is a direct result of input signal and the 

transfer function is the effects of physical 

phenomena on that induction machine as 

shown in fig1. And mathematically can be 

shown: 
 

I=F (“V”); F= f (“M”, “E”, “T”, “O”)      (1)                
  

The only accessible electrical quantities are 

current and voltage and normally the feeding 

voltage is independent of induction machine 

condition, so, this study concentrates on the 

effects of physical condition on electrical 

current. It is understood that the effect of any 

phenomenon on electrical quantities is not 

independent with other physical phenomena so 

it’s impossible to study on effects of specific 

phenomena by ignoring the role of other 

phenomena. 

Generally, in electrical induction machine 

the physical effects of induction machine 

reflected to the waveforms of current and 

analyzing of this factor is a primary and only 

way to detect electrical and sometimes 

mechanical overload faults. The protection 

systems have at least one current module; 

consequently it’s very economical to use this 
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module as a processor of other faults.  

 

 
Fig. 1. current signal considered as a result of 

physical effects on voltage as a transfer function. 

 

Vibration harmonics detection from current 

frequencies contains for induction machines 

developed and successfully tested in 

experimental application in various reports [1-

4]. However, there are some problems in 

applying this method in harmonic analyzing. 

The  main  

 

 
 

 
Fig. 2. Relationship of the vibration (a) and current 

(b) spectra of an unloaded 2-pole induction 

machine, healthy bearing and defective bearing 

with 5mm width hole[5]. 

Problem in this kind of analyzers is that, 

these analyzers with using accurate 

relationship just can be defined for specific 

kind of motors. Furthermore, the frequency 

relationships is strongly related by the flux and 

airgap of motor, and for whatever reason the 

airgap thickness or other flux parameters 

change during the operation, the calculation 

and defined relationships may become invalid. 

The reliability in current based vibration 

analyzers is very low and is not a certifiable 

strategy for applying in protection devices. 

This paper proposes a new method of 

designing a vibration protective system based 

on current and voltage detection by statistical 

and mathematical calculation based on 

patterns knowledge base of faulty situation. 

 

III.  FAULT PATTERN DIAGNOSE 

 

Every fault or generally any phenomena, 

has a specific time pattern and followed on a 

specific way from start to induction machine 

break down. If the exact pattern of faults is 

captured by practical examination or 

simulation, by checking the input and outputs 

of that system, it is possible to recognize the 

fault nature and also the risk and the safety 

period that the system can continue running 

with those faults. 

The patterns of faulty situation mostly 

appear as vibration exceeding from specific 

limitations on some specific frequency. The 

deviation of these frequencies can identify the 

extent and risk of the faults. By using 

frequency respond the risk of faults also is 

recognizable.  

 

IV.  INDUCTION MACHINE SIMULATION IN 

ABSENCE OF PHYSICAL FACTORS 

 

The state variables of function that relate 

the current to the voltage sub harmonics in 

induction machines are “V” “
∫
t

Vdv
0 ”, “I”.  

[ ])(...)2()1( fnIfIfI  =  (2) 
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=  (2) 

A is state parameter of induction machine. 

Using a simulation in situation of none-
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vibration, and in all possible situations, for 

any state, desirable value of current can be 

recorded and all this values are saved in 

database of that induction machine with 

electrical and mechanical property. 

In this paper a three-phase 400v HZ squirrel 

cage induction motor is used for simulation. 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3.  The different effects of mechanical faults on 

current 

  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 4.   Simulation graphs 

 

 

V.  SIMULATION WITH PRESENCE OF VIBRATION 

EFFECTS: 

 

The effects of vibration in current signal are 

clearly tested and published in some resources 

[4-6]. The mechanical faults can be diagnosed 

by detecting unexpected change in specific 

harmonics of current waveform, and the 

change’s rate indicates fault’s severity in 

induction machines. The system saving time 

that the induction machine must be removed 

from faulty situation. In damage prevention, 

two basic factors can illustrate the fault 

seriousness: current value of harmonic 

unexpected magnitude and also rate of 

primary factor. 

The primary detection factor is defined as 

deviation of real value of any harmonic with 

the expected value in non-harmonic situation 

in any state so 

The real data of current harmonics are 

collected by the simulation results as a 

database of expected current harmonics in that 

voltage harmonics and integration of this 

harmonics as a induction machine state.  

 

VI.  FAULT DIAGNOSES STRATEGY 

 

Any unexpected events can be categorized 

as either harmless, controllable risky and 

dangerous situations. The function of system is 

to raise alarm in 2nd situations and stop the 

operation in 3rd; also protection system must 

guaranty the normal operation of device in 

harmless situations. 

With respect to the induction machine 

property and faults nature on that specific 

system, the frequency band is divided in 

unique limitations; as an example for an 

induction motor that is operated with 

fundamental frequency of 50Hz, the frequency 

band is divide in to unequal zones with 

maximum length of 20 Hz the center of any 

zone defined as a correct factor of fundamental 

frequency. 

(1Hz-20Hz), (20-40), (40-60), (60Hz-80Hz), 

(80Hz-95Hz), (95HZ-110) and etc. 
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Non-zero value of ‘F’ illustrates at least one 

risky fault and using grows slop of the 

exceeded harmonics, the system saving 

time(dead line) can be calculated; in this 

simulation root mean squared of average of 

any exceeding frequency rate defined as a time 

factor criteria. 
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n: number of involved situations 

 

The saving time in this system is a variable 

and can be changed during alerting system but 

in most cases the increasing rate of faults are 

constant if the system is insulated from other 

effects as shown in fig. 3. 

For integration process in this system a 

simple method is applied to decrease the 

processing operation. For example: 
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m: number of samples per trigger. 

VII.  FLOWCHART ON ONLINE FAULT 

DIAGNOSIS 

The algorithm for the Online Fault 

Diagnosis (OFD) is shown in fig. 7 (see 

Appendix). 

We have drowned up this algorithm based 

from proposal made by various researches as 

discussed before. 

In this simulator the MATLAB data 

processing functions are applied for basic 

processing of captured data, so the processing 

ability and accuracy of the simulator is a 

function of MATLAB abilities. 

First of all the current data is captured 

follow to the chapter from measurements 

devices usng a data acquisition procedure [6]. 

Then the primary factors of signal processing 

(i.e. RMS and Variance) are calculated and 

the outliers are rejected from the original 

signal [7] 

  In this simulation, in order to avoid the 

wrong data to disturb the data variation, if a 

captured data become higher than 

“RMS+3VAR (data)” (RMS of signal +3 times 

of variance of the signal), it is detected as an 

outlier and will be removed from the original 

signal. 

 In next step the primary calculation is and 

the normal operation of digital relays is done. 

Then the data is forwarded.  

For this step some common commands 

defined for the relay simulator as a normal 

operation of relays. The insertion of these 

commands is applied to test the common 

function of protection system that must avoid 

dangerous situation by commanding the 

breakers and Warning systems. These 

commands are resulted from some calculation 

on the raw and magnitude waveforms and can 

be classified into three categories: 

1. RMS based command 

2. definite harmonics calculations 

3. THD(Total Harmonic Distortion) 

based 

Generally in fixed temperature and if the 

machinery and its accessories are in good 

condition, irregular temperature rising of 

electrical machinery is the directional effect of 

mechanical load increasing and also rising of 

harmonic contents of feeding signals. 

The mechanical load increment is detectable 

easily by overload protection relays, but 

without referencing the harmonic contents, the 

thermal effects cannot be detected using 

overload relays. Thus, without harmonic 

detection, the only way to protect the electrical 

machinery against the faults of temperature 

rising is to install temperature sensors in 

important parts of machinery, and periodical 

inspection 

The next section is an optional part to save 

the raw data within data stack. This section is 

bypassed in this simulator .WSFFT (Windows 
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Short FFT) is selected to process the data and 

calculate the frequency patterns.  

Here the applied method for signal 

processing is WSFFT (window short fast 

furrier transform) where the windows band is 

the fixed value of samples per trigger. in this 

simulation 1000 samples are collected in a 

signal trigger so the windows duration is the 

time of 1000 samples 1000/48100(sample rate) 

seconds.FFT is the method to measures the 

frequency contains in the waveform. After 

performing FFT transform, the result is not 

the function of the time. 

WSFFT is the new approach to the witch 

applies the time factor within data processing. 

WSFFT performs the FFT transform within a 

signal snapshoot. So for any duration of the 

signal specific configuration of frequency 

patterns in that time is calculated, hence the 

processed signal is the function of time and 

frequency. 

By applying WSFFT it became possible to 

measure the variation of frequency contains in 

forming real state situation in order to 

diagnosis the dynamic patterns. In the next 

section, the amplitudes of frequency points are 

compared with the standard look up tables to 

detect, if the system is in healthy situation or 

not.  

Generally, the protection risks are measured 

by comparing the significant signal with a 

standard table that indicate the faults, if level 

of significant signals is exceeded from the 

standard value; the system is entered to the 

alerting zone and then hazardous zone. 

These tables are defined by standardization 

of some measurements for the machine to 

found when the values of significant signals 

indicate a considerable risk for the protection 

target.  

Here as an example the risk measurements for 

rotor problems is as shown below. See Table 1. 
 

 

 

 

 

 

 

 

 

 

TABLE   1 

ASSESSMENT OF SEVERITY OF ROTOR BAR DAMAGE [8]. FL REFERS TO 

THE MAGNITUDE OF THE FUNDAMENTAL FREQUENCY (IN THIS THESIS 

F0) AND FP RELATES TO THE MAGNITUDE OF THE SYMPTOM FIRST 

HARMONIC ORDER IN ROTOR BAR DAMAGED 

 
 

In real situation, there is no reliable 

reference to compare the security of induction 

machines for various kinds of the faults by 

using frequency content of the current 

waveform. So here, the severity level for the 

mechanical and internal faults, are calculated 

the same as the rotor bar faults table with 

comparison of the ratio of significant 

frequencies to the desired frequency of healthy 

machine. These references can be more 

reliable with normalization and 

standardization of risk management tests 

Then the data is passed to the recording 

section. Here the processed data are saved in a 

proper format. Here, time labeling is used for 

data sampling. So after any triggering action, 

the FFT signal is saved in a definite part of 

hard, with a definite time naming path. 

By using this format, it is to make it easier 

to load the saved data refer to the date of 

sampling. Then the frequency zones are 

configured refer to the faulty patterns and the 

possibility of presence of symptoms in 

frequency band and faulty patterns is 

configured and compared with the present 

harmonic pattern of the target machine to 

diagnose the faults. Then by using equation VI 

the severity of fault is detected. A decision is 

be made to detect what to do the required 

commands. 

 

 



                                                 

 

 

VIII.  TESTING 

 

The system is successfully simulated using 

experimental results of a few induction 

machines with the alarm limitation of 20% of 

normal values and the stop limitation of 40% 

as default limitations. The induction machine 

precise limitations must be defined using the 

mechanical properties of that induction 

machine but normally the fixed limitations 

also can be used for protection.  

 

IX.  DISCUSSION 

 

The purposed system operation during the 

major mechanical damages is acceptable as a 

module of protection relay, but in slightly 

damages and also some kinds of electrical 

damages that results decrease or being stable 

in harmonics can’t be diagnosed using this 

system.  

For example in broken bar faults, if slightly 

damaged, the resultant sidebands grows can’t 

be diagnosed hence in one or two broken bars, 

the faults are easily diagnosed and investigated 

by following the process.  

As shown in fig. 6, the effects of slightly 

mechanical faults on rotor current is very 

difficult to diagnose and require a very small 

tolerance and a low percentage of harmonic 

grows in system setting, this job decrees the 

system reliability and may make big mistakes 

in diagnose and raise unnecessary alarms, 

furthermore normally slightly mechanical 

events aren’t emergency system failure and it’s 

expected that the slightly events are removed 

without any treatment, consequently ignoring 

the slightly mechanical events must be 

reasonable so undetectable failures can be 

detected by offline supplementary 

investigations. 

 

 
 

Fig. 5.  difference in resultant effect of vibration 

faults regard to faults seriousness for a motor with 

damaged bar[9] 
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Fig. 6.  difference in resultant effect of vibration 

faults regard to faults seriousness [9] 
 

X.   CONCLUSION 

 

A method for sensorless on-line vibration 

protection of a wide area of electrical 

induction machines was proposed and initially 

evaluated by simulation. This paper has shown 

that electrical induction machine vibration 

failures can be diagnosed in a sensorless 

fashion by utilizing the online digital 

processing in voltage and currents frequency 

contains referring to the simulation results of 

induction machine in absences of vibration. 
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