
195Closed Loop Control of Soft Switched Forward Converter Using Intelligent Controller

IJCTA,  10(03), 2017, pp.  195-209
© International Science Press

Analysis of Broken Bar Fault of Three 
Phase Induction Motor using Wavelet and 
Park’s Vector Techniques
K. Mohanraj* Subhransu Sekhar Dash* V. Kalyanasundaram* and S. Paramasivam**

Abstract :  The ultimate objective of this work is to model the three phase induction motor under healthy and 
broken rotor bar fault  condition, and investigate the broken bar faults using wavelet technique and Park’s 
vector approach.  For analyzing the broken bar fault of the induction motor, wavelet technique and Park’s 
vector approach are used. Wavelet is a mathematical tool that diagnoses the broken bar fault accurately with 
any one phase current. In the Park’s vector technique, three phase currents are converted into direct axis and 
quadrature axis currents, and using these two currents  broken rotor bar faults are diagnosed. Induction motor 
current is taken and analyzed for the healthy, one bar broken and two bars broken state of the induction motor. 
Wavelet co-effi cients magnitude increases as the number of broken bars increase. Park’s vector pattern for the 
faulty condition of the induction motor is quite different from the healthy condition of the induction motor.  
This diagnosis is used in the industries where motor is subjected to high stress. Diagnosis of the broken bar 
fault can also be done using the soft computing techniques.
Keywords: Broken bar, Induction motor, Wavelet, Park’s vector approach, Diagnosis.

Nomenclature
  Ls Stator inductance
  Lm Mutual inductance
  Lr Rotor inductance
  Rs Stator resistance
  Rr Rotor resistance
  r Rotor speed
  P Pole number
  Va, Vb, Vc Stator three phase voltage
  Vds, Vqs d-axis and q-axis components of the stator voltage vector Vs
  Vdr, Vqr d-axis and q-axis components of the rotor voltage vector Vr
  ia, ib, ic Stator three phase currents
  ids, iqs d-axis and q-axis components of the stator current vectors is
  idr, iqr d-axis and q-axis components of the rotor current vectors ir
  J Moment of inertia of rotor
  JL Moment of inertia of load
  Tl Load torque
  Te Electromagnetic torque
  P Operator d/dt
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1. INTRODUCTION

Induction motors are reliable and most widely used motors in the industries as they require less maintenance. 
In general, fault diagnosis of induction motors has concentrated on sensing failures in one of three major 
components the stator, the rotor, and the bearings. Rotor faults have same frequency as the fundamental 
frequency of the motor. 

Even though mechanical sensing techniques based on thermal and vibration monitoring have been 
utilized widely, most of the recent research has been directed toward electrical sensing with emphasis 
on analyzing the motor stator current. Rotor asymmetries are detected through the presence of sideband 
components around the fundamental component. However, some load torque oscillations or mechanical 
load abnormalities may produce similar effects in the current spectrum (i.e., sidebands at similar 
frequencies), making the rotor fault diagnosis diffi cult [1-5]. Rotor broken bar can also be found from the 
Park’s vector pattern, and wavelet detail co-effi cient obtained for the broken bar fault signal obtained from 
the induction motor stator current [6-10].

An induction machine is a highly symmetrical electromagnetic system. Any fault will induce a certain 
degree of asymmetry[11-16]. Broken bars in induction machines can cause the asymmetry of the resistance 
and inductance in rotor phases, and consequently the asymmetry of the rotating electromagnetic fi eld in 
the air gap, which will eventually induce frequency harmonics in stator current. Therefore, the broken bar 
impact can be modeled by unbalancing the rotor resistance and inductance [17-21]. 

2. MODELING OF INDUCTION MOTOR

Induction motor is modeled using the following equations in Matlab / Simulink.

A. Supply Voltage

 Va = V sin(t + ) (1)

 Vb = 
2V sin
3

t 
 
æ ö÷ç - + ÷ç ÷çè ø  (2)

 Vc = 
4V sin
3

t 
 
æ ö÷ç - + ÷ç ÷çè ø  (3)

Three phase supply voltage is given by the equations Va, Vb and Vc. Phase ‘a’ voltage (Va ) is taken as the 
reference,  phase ‘b’ voltage (Vb ) is 120 degree lagging the Va, and  phase ‘c’ voltage (Vc ) is 240 degree 
lagging the Va .

B. Voltage Equations from Three Phases to Two Axes

Three phase voltage equations are converted into two voltage axes, direct axis voltage and quadrature axis 
voltage quantities, by following equations 4 and 5.

 Vds = 2 1 1V V V
3 2 2a b c

æ ö÷ç - - ÷ç ÷çè ø
 (4)

 Vqs = 
2 3 3V V

3 2 2b c

æ ö÷ç ÷-ç ÷ç ÷÷çè ø
 (5)

C. Primitive Voltage Equations of Three Phase Induction Motor

Primitive voltage. e equations of three phase induction motor model are given below between equations 
6 and 9.



197Analysis of Broken Bar Fault of Three Phase Induction Motor using Wavelet and Park’s Vector Techniques

 Vds = RdsIds + LdsIdsP + LmdPIdr (6)
 Vqs = RqsIqs + LqsIqsP + LmqPIqr (7)
 Vdr = LmdIdsP – Lmq rIqs + RdrIdr + LdrIdrP – LqrrIqr (8)
 Vqr = LmqIqsP – Lmd rIds + RqrIqr + LdrIdr r  – LqrIqrP (9)

D. Equations for Electrical Model

Electrical model of the induction motor is shown in Figure 1. Electrical model of the induction motor can 
be obtained by using the equations from 10 to 14.
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Figure 1: Electrical model

Induced emf, e = L di
dt

 (10)

 
1
L

e  = 
di
dt

 (11)

 
1
L

eò  = i(t)  (12)                                

 i(t) = 
1
L

eò  (13)
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 i(t) = 
1 (V Ri)
L

-ò  (14)

E. Torque and Mechanical model

Electromagnetic torque of the induction motor model can be obtained by using the equations 15 and 16.

 Te = [I [L I M I ] I [L I M I ]]qr dr dr d ds dr qr qr q qs+ - +  (15)

 Te = [I I ]qr dr dr qr -  (16)
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Figure 2: Relationship between torque and speed

Relationship between torque and speed is as follows.

 Te = 
2

l2J B K Td d
dt dt
 
+ + +  (17)

 Te – T1 = 
2

2J Bd d
dt dt
 
+  (18)

 Te – T1 = JS r + Br (19)
 Te – T1 = [JS r + B]r (20)

 lT T
[JS + B]

e -  = r (21)

 lT T
[JS]
e -   = r (22)

3.  MODELING OF INDUCTION MOTOR ROTOR BAR FAULT

All the rotor bars will have same resistance and inductance values. Then rotor resistance, Rr, can be taken 
as number of rotor bars multiplied by the resistance of each bar. Similarly, the rotor inductance, Lr, can 
be calculated from number of rotor bars multiplied by the inductance of each bar. Relationship between 
torque and speed is shown in Figure 2. Induction motor with supply is shown in Figure 3.

 Rr = N.rr (23)
 Lr = N.1r (24)
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Where,
 N Number of rotor bars
 rr Rotor resistance of each rotor bar
 lr Rotor inductance of each rotor bar
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Figure 3: Induction motor with supply

One bar broken fault is created by reducing the value of resistance and inductance corresponding 
to one rotor bar in the resistance and inductance matrix respectively, and similarly the two broken bar 
fault is created by reducing the value of resistance and inductance corresponding to two rotor bars in the 
resistance and inductance matrix of the induction motor model respectively.

4. BROKEN BAR FAULT DIAGNOSIS TECHNIQUES
A. Wavelet Analysis

The main advantage of wavelet analysis over Fourier analysis is that it does not require time function 
involved to be periodic. This means that wavelet could be applied for transient analysis and faults detection 
because, in this case, the stator current is generally not a periodic function of time. Wavelets are well-
suited for approximating data with sharp discontinuities.

Wavelet decomposition results in useful data that has ‘details’ and ‘approximate’ parts The 
‘approximation’ signal can  further be decomposed into a new set of ‘approximation’ and ‘details’ signals 
and continue until n decomposition levels. The ‘details’ signal contains high frequency information 
whereas the approximate part contains signal data with the low frequency components. Computing this 
decomposition to n levels results in those higher detail parts being removed, thereby reducing the overall 
frequency characteristics of the resulting data. This implies that lower levels of decomposition provide 
detail data that contains the highest frequency components. This high frequency components obtained 
provides the status of the induction motor [9-10].

For fi nding the broken rotor bar fault, motor current signal is analyzed with respect to six ‘details’ 
level. In this simulation, daudechies  wavelet is used to analyze the current signal.
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Ripples in the sixth ‘detail’ level clearly indicates how well the performance of the induction motor 
deviates from healthy condition during one broken bar and two broken bar of the induction motor.

B. Current Park’s Vector Approach

Three phase stator currents Ia, Ib and Ic in amperes are computed and then current Park’s vector pattern is 
determined on the basis of three to two phases transformation model.

Park’s vector components (Id, Iq) are :

 Id = 
2 1 1I I I
3 6 6a b c- -  (25)

 Iq = 
1 1I I
2 2b c-  (26)

Pattern obtained from the Id and Iq currents is almost circular in nature for the healthy induction motor 
and the patterns obtained from the park’s vectors Id and Iq for the broken bars are not exactly circular as 
the values of Id and Iq changes[10]. From the variation in the values of Id and Iq, it is understood that the 
severity of the fault due to the number of broken bars.

5. SIMULATION RESULTS

From the Figure 4 to Figure 6, it is observed that steady state currents for all the three motors are almost 
same but the transient currents are different i.e., for healthy motor it is around 60 amps, for one bar broken 
it is around 80 amps, for two bar broken it is around 100 amps.
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Figure 4: Healthy motor stator current of induction motor
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One Bar Broken Stator Current of Induction Motor
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Figure 5: One bar broken stator current of induction motor

Two Bar Broken Stator Current of Induction Motor
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Figure 6: Two bar broken stator current of induction motor

In the induction motor, rotor bar breakage can be detected through motor current signature analysis. 
Mainly the effect will be on the transient condition of the motor and on the frequency side band components. 
On seeing the transient conditions in the healthy, one bar broken and two bar broken of the induction 
motor, it is clearly noted that the current has been increased in the fault conditions of the induction motor. 
These waveforms can be analysed clearly through wavelet technique.
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Figure 7: Torque of healthy induction motor
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Figure 8: Speed of healthy induction motor
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One Bar Broken Torque of Induction Motor
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Figure 9: One bar broken  torque of induction motor

One Bar Broken Speed of Induction Motor
3000

2500

2000

1500

1000

500

0
0 1 2 3 4 5

Time (in Seconds)

Figure 10: One bar broken speed of induction motor
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Figure 11: Two bar broken torque of induction motor
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Figure 12: Two bar broken speed of induction motor
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The speed and torque of healthy, one bar broken and two bar broken of induction motor is shown in 
the Figure 7 to Figure 12 respectively. With  these waveforms, it is diffi cult to clearly fi nd the difference 
between the  healthy motor, one bar broken and two bar broken motor as the difference in speed is less for 
the above conditions.

Therefore to get the clear distinction of these three states of induction motor, induction motor model 
is simulated with wavelet tool and Park’s vector approach and the simulated results are compared for the 
healthy motor, one broken bar and two broken bar fault.
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Figure 13: Healthy motor details coeffi cients

It is clearly evident from Figure 13 that the healthy induction motor gives lesser magnitude ripples at 
the sixth detail co-effi cient whereas magnitude of  sixth detail co-effi cient shown in Figure 15 is higher, 
which represent the one bar broken fault, than the healthy motor sixth detail co-effi cient. Park’s current 
vector approach for Healthy motor is shown in Figure 14. Sixth detail co-effi cient ripple magnitude for 
the two broken bar induction motor is still more, as represented in Figure 17, than the sixth detail co-
effi cient of healthy and one broken bar induction motor. Park’s current vector approach for two bar broken 
induction motor is shown in Figure 18. Park’s current vector approach for one bar broken induction motor 
is shown in Figure 16.
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Figure 14: Park’s current vector approach for Healthy motor
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Figure 15 : One bar broken details coeffi cients



207Analysis of Broken Bar Fault of Three Phase Induction Motor using Wavelet and Park’s Vector Techniques

40 60 80

80

60

40

20

0

–20

–40

–60

–80

Iq
(in Amps)

–80 –60 –40 –20 200

Id (in Amps)

Figure 16 :Park’s current vector approach for one bar broken induction motor
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Figure 17: Two bar broken details coeffi cients
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Figure 18: Park’s current vector approach for two bar broken induction motor

Input voltage, Vm = 400 V
 Frequency = 50 Hz

Table1
Park’s Vector Values Under Healthy and  Fault Conditions

3 phase induction motor  condition Id min . (A) Id max. (A) Iq min.  (A) Iq max. (A)

Healthy –6.346 6.346 –6.494 6.493
One bar broken –15.5 15.5 –9.498 9.498

Two bar –41.46 41.46 –25.04 25.04

Park’s vector pattern is plotted between the two currents Id and Iq considering Id in the X axis and Iq in 
the Y axis. Steady state value of Id and Iq are less for the healthy induction motor, shown in Fig. 14, and 
steady state value of Id and Iq gets increased as the number broken bar in the induction motor is increased. 
Park’s vector under healthy and fault conditions are shown in Table 1.

Appendix

Induction Motor parameters :

 V = 400 V
 P = 4 KW
 Tl = 2 Nm
 Rs = 1.0405 ohm
 Ls = 0.178039 H
 Rr = 1.395 ohm
 Lr = 0.178039 H
 J = 0.013
 Lm = 0.1722 H
 P = 2
 N = 40 (rotor bars)
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6. CONCLUSION

Induction motor under healthy condition has been modeled and simulated; Single broken rotor bar and 
double broken rotor bar conditions of three phase induction motor have also been modeled and simulated 
MATLAB/SIMULNK. Induction motor stator currents, torque and speed of healthy motor and faulty 
motors have been displayed. Stator current of healthy and fault motors are analyzed by using wavelet 
daudechies 6-level decomposition technique and park’s current vector approach. These analyses show the 
difference between healthy, single and double broken rotor bars of induction motor.
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