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Calculation of UMP and Effects of Broken Bars
Location on Performance Electrical Machine
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Abstract

The unbalanced magnetic pull UMP is the resultant global magnetic force that acts on the rotor
due to an asymmetric magnetic field distribution in the air gap as broken rotor bars condition.
It can be computed by normally found during finite element analysis using Maxwell’s stress
method. In this paper, influence of the broken bars location upon the amplitudes of current
waveform is investigated. The stator current frequency spectrum, waveform flux density,
variations of torque for a faulted induction motor are obtained for all cases in which four broken
bars are distributed over poles of the motor. The torque frequency spectrum of faulted motor
has been obtained for various cases of bars breakage location.
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I. Introduction

Fault diagnosis methods are widely utilized for maintenance and protection of induction
motors. The principle of any reliable fault recognition technique is steady-state analysis of
electrical, magnetic and mechanical behavior of the motor under fault conditions; modeling is
the first step for studying this phenomenon. The FE method enables one to calculate the
magnetic field distribution within the motor using its exact geometry and magnetic
characteristics. Knowing the magnetic field distribution, other quantities of the motor such as
variations stator current waveform, air gap magnetic flux density and different inductances can
be obtained [1]. A finite element coupled method has been used to analyze and diagnose a
faulty induction motor [2] .Modeling of the motor to simulate performance of the faulty motor,
selection of proper signal for processing and feature extraction are necessary. The technique
that has been used over many years for mechanical fault diagnosis is based on the temperature
and vibration changes [3].However; it is clear that electrical signals such as stator current can
be used for the same purpose. Particularly, processing stator current spectrum for diagnosis of
the rotor faults such as broken rotor bars and eccentricity has been widely used [4]. In fact,
stator current is the most convenient signal for fault diagnosis; the reasons are its sensitivity to
the fault, availability of suitable sensors from the quality and cost point of views, capability of
considering the fault conditions in the model, capability of the model in computation of the
chosen signal variations against fault conditions and finally fault severity have a unique
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influence upon the signal characteristics. To this end, the stator current spectra are analyzed to
detect different kinds of faults [5]. In [6] and [7], magnitude of side band components at
frequencies around the supply frequency in the stator current spectrum has been used as a
criterion for broken rotor bar. In [8] and [9], magnitude of the side band components at
frequencies around the principal slot harmonic has been employed to detect different types of
eccentricities. In many published papers for diagnosis and analysis of broken rotor bars of
induction motor, current of the broken bars is taken to be zero, while this means considerable
increase of current in the bars adjacent to the broken bars [10] and [11].
Table I :Squirrel-cage induction motor parameters

Number of poles 4
Number of phases 3
Outer diameter of stator 140mm
Inner diameter of stator 76mm
Air gap length 0.6mm
Axial length 52mm
Number of stator slots 24
Number of rotor bars 24
Rated voltage (V) rms 320
Rated frequency (Hz) 50
Number of stator turns/phase 150

In Table 1, I show the specifications of proposed motor used in this study. The torque frequency
spectrum of a faulted induction motor has been obtained for various cases of the bars breakage
location and shown that the bars breakage location influences the amplitudes of harmonic
components in the torque frequency [12]. It is indicated that the location of the rotor bars has
significant effect upon the torque of the faulty motor and waveform flux density distribution in
air gap .when the broken bars concentrate over one pole of the motor comparison with another
location, the torque of faulty motor oscillates more. Now make comparison between different
cases for distribution of broken bars under poles and discussion what happen for motor
component.

In this modeling, we discuss geometrical and characteristics of all parts of the motor and
effected distribution of location broken bars over different poles of the motor at the current
stator and another components due to the fault, spatial distribution of stator windings, field
distribution and flux density concentration.

272



Jg—iAL_ill g guulill a2l deolall culyill dus dlao

I1.Based Of Magnetic Field Analysis

Magnetic field waveform contains full information about the stator and rotor positions and
mechanical parts of the motor. Distribution of the magnetic flux density is calculated from the
magnetic potential vector A as follows [13]:

B=V =4 1)
Based on the Maxwell stress method, the stress tensor applied to the rotor surface is as follows:
B, — B!
o2 )

where Bh=radial tangential components

Bi=tangential components of the magnetic flux

density.

f=permeability of free space= 4107’

The electromagnetic torque is determined by integration of T over the stator and rotor surface:
Te = rol ?§ BB, ds
Hy ©)

where Tem= the electromagnetic torque

f=permeability of free space= 4107’

I= axial length

In a healthy induction motor, the stator rotating field and rotor rotating field develops a uniform
torque. In a faulty motor, a field opposite to the stator main field induces current in the rotor;
this interacts with the rotor main flux and develops a torque with twice slip frequency, this
increases the noise and slip and the torque oscillation frequency is increased by increase of the
load. Although in all cases, the frequency of torque variation is equal to the twice slip
frequency. Asymmetry of stator and rotor increases the stator harmonics current, torque
variations, temperature rise; mean torque decreases and losses increase which leads to a lower
efficiency and asymmetrical magnetic flux distribution has been used to diagnose the broken
rotor bars. These signs and some of their secondary signs can be used as indexes for fault
diagnosis of the motor. So far, for detection of these indexes, various methods have been
proposed which cover different aspects of science and technology. Different cases for
distribution of broken bars under poles with full load and same speed motor, and the influence
of the broken bars location and concentration of broken bars on one pole upon the performance
of the faulty motor is investigated.
I11.CASE ONE
The effected location has four broken bars over one pole of the motor as shown in Figure la.
In this case, it is shown the influence of broken bars location and concentration it on one pole
upon the performance of the faulty motor on stator current, torque, waveform flux density are
a very high effective comparison with healthy motor. Figure 1b shows the magnetic flux
distribution with broken bars. The number of broken bars can lead to a more asymmetry in the
flux density distribution in air-gapFigureld; Figure 1c presents time variations of stator current
for healthy motor and motor with broken rotor bar. Presents the time variations of torque for a
healthy and faulty induction motor with four broken bars, Comparison in Figure7, indicates
that the rotor broken bars increases the oscillation of the developed torque when motor under
load and low speed.
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Figure 1 (a) distribution of four broken bars under one pole (b) Magnetic flux distribution (c)
Time variations of current in healthy motor and motor with four broken bars(d) waveform flux
density distribution in air gap induction motor
Figure 2 shows the stator current frequency spectrum for four broken bars under one pole. As
it can see, the sidebands frequency harmonics can be observed in the figure. The most important
harmonics caused by the broken rotor bars are as follows:

fee=((1£2Ks)fs) 4)
where s is slip of motor, fs is supply frequency and K =1, 2, 3, ... These harmonics must be
searched around the fundamental frequency component.
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Figure2 Current spectrum of an induction motor with healthy and faulty state with 4 broken
bars above one pole

Figure 3a shows the harmonic spectrum air gap flux density in healthy state and harmonic
spectrum air gap flux density in faulty state.
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Figure3 Harmonic spectrum air gap flux density in healthy state and
faulty state broken bars

IV.CASE TWO

In this case the distribution of the location four broken bars over two pole of the motor as
shown in Figure 4a, it is shown the influence of broken bars location and concentration of
broken bars on two poles upon the performance of the faulty motor on torque, waveform flux
density is less than effective comparison with case one. Figure4b showed the flux density
distribution in air-gap. Presents the time variations of torque for a healthy and faulty condition
as shows in figuer7, Comparison with casel indicates that the location rotor broken bars a few

increases the oscillation of the developed torque.
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Figure4 (a) distribution of broken bars under two pole (b) waveform flux density distribution
in air gap induction motor

V. CASE THREE

In this case the distribution of the location two broken bars over one pole and another two
broken on opposite pole of the motor Figure 5a, it is shown the influence of broken bars location
and concentration of broken bars on two poles upon the performance of the faulty motor on
torque, waveform flux density is less than effective comparison with case one.Figure5b shown
the flux density distribution in air-gap. Presents the time variations of torque for a healthy and
faulty induction motor with four broken bars as shows in figure7, Comparison in casel
indicates that the location rotor broken bars also a few increases the oscillation of the developed
torque.

Flux density(T)

77 Angular position[elect.degree)

(@) (b)
Figure5 (a) distribution of broken bars under two opposite pole (b) waveform flux density
distribution in air gap induction motor
V1. CASE FOUR
In this case the distribution of the location one broken bar one each pole of the motor Figure
6a, it is shown the influence of broken bars location and concentration of broken bars on four
poles, upon the performance of the faulty motor on torque, waveform flux density is less than
effective comparison with another case. Figure6b shown the flux density distribution in air-
gap, Presents the time variations of torque for a healthy and faulty induction motor with four
broken bars as shows in figure7, Comparison in casel indicates that the location rotor broken
bars also a few increases the oscillation of the developed torque.

Fhex density(T)

S o Angular postion{elect degree]

(@ - (b)
Figure6 (a) distribution of broken bars under four poles (b) waveform flux density distribution
in air gap induction motor
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VI1. Torque For The Case Of Rotor Conditions

Here, the developed torque profile are given in Figure7.Similarly, by comparison of all cases,
one can notice the torque increased in the case when location broken rotor bars concentration
over one pole. Furthermore, the computed average value of the torque, we notice that the
developed torque for all cases depended of location of broken bars regarding of pole in motor.
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Figure7 Time variations torque with four broken bar location cases over pole.

VI11.Unbalanced Magnetic Pull
The unbalanced magnetic pull is the resultant global magnetic force that acts on the rotor due
to an asymmetric magnetic field distribution in the air gap as broken rotor bars condition are
given in figure8. It can be computed by finite element analysis using Maxwell’s stress tensor
method. The force components Fxand Fy which act on a rotor having an axial length I, can be
computed by evaluating the following expressions along a surface of radius r in the middle of
air gap;
rla (2T
Fx = m 0 [
Fy= ;T:fozn[( BZ — B2)cosa + 2B.B,cosa]da  (6)
where Fy= force component on axial x
Fy= force component on axial y
l,= axial length
B.=circumferential flux density components
B:= Radial flux density components

(B2 — B%)cosa + 2B, Bgsina]da  (5)
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Figure 8 Output relationships between location broken rotor bars and
UMP
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IX. Influence Of Broken Bars Location On Induction Motor Performance
Tablel is explain the values of the output relationship between location broken rotor bars, rang
amplitude of current , mid air gap flux density, average of torque and unbalanced magnetic
pull.
In faulty motor, many harmonics components are injected into the stator current. Amplitudes
of the time variations of current components are increased by increase of the fault percentage.
In this paper, influence of the broken bars location upon the amplitudes of harmonics was
investigated. Therefore, for signal processing of the stator current of the healthy and faulty
motor, spectrum analysis of the stator current signal is necessary. It is notice that the amplitudes
of harmonics due to broken bars placed on one pole are larger than the in case which the broken
bars are distributed on four poles. Also in all cases presents the time variations of torque and
waveform flux density for a faulty induction motor with four broken bars are depended of the
location broken bars over poles when taken in account with another cases.

Table 1 Output relationship between location broken rotor bars and

motor condition

Inducti Location of | Curren | THD% | Average Average Torque
on broken bars tin Of the torque value of ripple
motor RMS | current (N.m) UMP
conditio value (N)
n (A)

Healthy | Healthy 1.27 40.45% | 0.4 0 1.875
case
Faulty 4 broken bars 1.69 34.88% | 2.5 88.4 0.4
Casel on 1 pole
Faulty 3 broken bars 1.06 39.34% | 0.7 67.6 1.143
Case2 on 1 pole and

1broken bar on

adjacent pole
Faulty 2 broken bars 1.272 39.80% | 0.6 36.4 1.333
Case3 on 1pole and 2

broken bars on

adjacent pole
Faulty 1 broken baron | 1.20 39.18% | 0.75 78 1.046
Case4 each pole
Conclusions

In this work Influence of broken rotor bars location on induction motor performance under four
broken bars fault was modeled very precisely and with minimum simplifying assumptions
using FEM. This modeling provided accessibility to the stator current signal very accurately.
Component of the current and waveform flux density distribution in air gap induction motor
was used to precisely diagnose the fault and depended on location of the broken bars. It was
shown that the distribution of the broken bars over different poles increases the amplitude of
the current components. It was shown that the broken bars increase the oscillation of the
developed torque of the motor and stator current, waveform flux density when four broken bars
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are concentrated on one pole. It was proved that the location of the rotor bars has considerable
effect on the performance and concentration of the broken bars on one pole of the motor
increases the motor oscillation.
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