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ABSTRACT
Although the asynchronous machine is known by its qualities of robustness and low cost of construction, however, it happen that
it has an electrical or mechanical fault. This article presented rotoric faults which are treated as part of the detection of broken bars,
and the inverter faults (switch fault). This detection technique is based on neural network. The simulation was elaborated on
Matlab/Simulink that show results used to assess the performance of the technique presented.
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1. INTRODUCTION

The induction machine is largely used in industry,
mainly due to its reliability and relatively low cost. The
control of the induction machine must take into account
machine specificities: the high order of the model, the
nonlinear functioning as well as the coupling between the
different variables of control. The new industrial
applications necessitate speed variations having high
dynamic performances, a good precision in permanent
regime, and high capacity of overload on all rang of speed
and robustness to the different perturbation.

The voltage source inverters construct a non
controllable function in the power electronic; it is used in
the variable application domains. The strategy obtaining
by this technique is based on the study of variation speed
in induction machine. The strong functional evolution was
based, on one hand, the development of components for
semi-conductor entirely commendable, ability, and
robustness, the other hand, on the quasi generalized used
of the technique pulse width modulation (PWM) [1]
[2].The five levels inverter structural is more adapted in
the ground power application, because the output voltage
and current presented a reduction of the harmonic
distortion.

The diagnostics of electric machines has been widely
developed in the industrial world as the intention to obtain
a lines production that becomes safe for some
applications, necessary. Production lines must be occupied
with reliable protection systems because any fault, can
lead to damage material or an injury inevitable. To avoid
these problems the research, has been working for
elabored a diagnostic method. These main have principal
objective to prevent the working of the possible risk that
can appear at the particular point in the system.

2. INDUCTION MOTOR ORIENTED MODEL

An induction machine model can be described by the
following state equations in the asynchronous reference
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frame whose axis d is aligned with the rotor flux vector,
can be expressed as: [7] [8]

& nlL, 1 1
—= D, D [)——C —fQ
dt JLr ( rd "sq rq sd) J r Jf
dl K 1
7;1:—2[“7, +CUS ]sq +;cDrd +anKcqu +O.7 Vsd
r s 1
il PR (1)
= l,~A1,—nQK®,,—®, +——V,

dt T ol
av, L, 1
— =", ——D,+(—n,QYDr
dt Ty sd Tr rd ( s P ) q
a, I 1
7: :ilsq _(a)s _an)(I)rd _;q)rq
With

LV
T, = R

Rr
o =1- Ly : Scattering coefficient Blondel

L, L,

K = L, ,

oL, L,
1= 1 + L(l -c )

T, 0 T, O

3. ASSOCIATION INDUCTION MACHINE -FIVE
LEVELS INVERTER

The figure (1) represented the principal schematic for
one topology of five levels inverter associated with
induction machine.
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Fig.1 The five levels inverter structural associated with
induction machine.

This structure is composed of three symmetrical arms
consisted each of six switches in series and two others in
parallels G; and Gg. More two diodes, noted Dy, Dy
permitted to obtaining the zero level for the voltage Vi,
(k=R, S, T). Each one of these switches is composed of a
two controllable semiconductor and diode appears in teat
digs. : [8][10][11] 12]

In order to avoid short-circuits of the sources voltage,
and to have a continuous conduction, there is an operation
completely controlled, concerning to adopt a
complementary controlled, which is definite as follows:

Bgs = E;cz
With

B : basic control of the switch K, of the arm k
(k=R, S, T).

K;=1: Show the closed of high switch and opened of law
switch.

K;=0: Show the opened of high switch and closed of law
switch

4. THE ROTORIC FAULT MODELOF THE
INDUCTION MACHINE

It is necessary to developed a model of rotoric fault
that explains the disequilibrium who transit a minimum of
parameters, these parameters must be the image of the
fault presented in the machine [3] [2].

The figure (2) illustrated the conventional modeling of the
rotor elementary dipoles with one broken bar.
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Fig.2 Modelisation of elementary dipoles for rotoric fault

e  Modelisation of Broken Bars

The voltage and flux equations when there are a fault
in coil B ) can written as:

(@)

2 2 .
q)O = g ngl’mIO + \/;noLm [008(00 )Sln(go ):K[dqs + [dqr) (3)

The current in the coil /, represented the fault that
was the original stationary magnetic field [ , as well as
the rotor that oriented on the axis 6 . This magnetic field

is the origin of the flux ® ;. We projecting /, and @ ;on

the axis d and q of Park, and we can associated for there
the stationary vectors:

SOl P 43 (DY b 2511

The relation (8) and (9) becomes a relation between
stationary vector as well as the rotor. The sum machine

equations of stator, rotor and coil B given by this new
equations [4] [1] [2] :

“

do ,, z
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Detection fault of broken bars of the induction
machine can be obtain by the following equation:
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5. DIAGNOSTICS
INVERTER

FAULTS OF FIVE LEVELS

In the inverter five levels, the phases voltage have
fifteen levels under symmetrical functional, but their
voltage levels seem to be different with each fault
commutation. The phase voltage for the positive period
has only five levels because the phase current transits the
switch K;; replacing the switch k;; in the positive state
(P). In the event of commutation fault of switch k;,, the
phase voltage for the positive period has only three levels
because the phase current transits the switch K;; in the
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positive state. Consequently when each commutation fault
occurs, the fictitious phase voltage was differently
between them. [9] [12]

The fault of K;; and K;, induces a disequilibrium in
the three phases, which translates by the discharge of the
lower condensers of the arm R for the five levels inverter.

(2] 31 (5] [10]

Kis: the switch of first

G..D]

arm (phase R) composed for

Ki;: the switch of first

[G.D)]

arm (phase R) composed for

Ki;: the switch of first

G..D)]

arm (phase R) composed for

K,7: the switch of first

G.G/]

arm (phase R) composed for

6. CONSTRUCTION OF NEURAL NETWORK

Supervise techniques for neural networks are based on
the existence of a database of training data, from which
one seeks to find a relationship between the input
variables and output variables. From these input variables,
the neural network provides a response characterized by
two types of output variables.

Actual output variables which can represent an
estimate of the supervise parameter or output categorical
variables that represent the state of functionality
equipment.

The type of neural networks application in the
supervise domains are related to the nature of the output
data.

Determining the neural model for the identification is
an essential phase which may be more or heavy months
for executed the industrial diagnosis.

The algorithm allows us to select the robust neural
model, for identification will be aspire in the following
steps:

a. The knowledge about the system to be identified.

b. Choisen of the inputs and outputs of the neural
model.

c. Determination of the internal behavior of the
number of neurons in each hidden layer).
Choisen of activation functions.

e. Choisen of accuracy and the number of iteration.

In this neural network (RNA) we used the variables {
the electromagnetic torque (c) and the rotation speed

(Wr)} which are used because they are more

representative of the fault (their paces varied considerably
in the event of application of a fault). [5] [6]

On the other hand, their measurements are available
by sensors which provide physical size.

The neural network diagnosis was the diagnosis
external method, it uses the automatic classification of the
signals and formes.
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The structural multi layer perceptron used in the neural
network of the asynchronous machine is given in Figure

3):

Input layer
=~ P N

’ - { ~_7 N =~

Fig. 3 Multilayer perceptron, structural (2, 3, 1).

The Figure (4) illustrated the application of neural
network model for the induction machine.

p
Controller r
-2 [

Detection

broken

bars

Fig.4 Command of induction machine with application neural
network model.

Ce: Input electromagnetique torque of neural network.
W, : Input measured speed of neural network.

LI L) Input statoric, rotoric current of neural
network.

The mathematical model of neural given by the following
equation :

n

}'=Zw[ xnt+h

i=L

(12)
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¥: Output neural, (¥1.%2, -+ +=++%x) gre the inputs neural, (

W1 W3, oo W) the correspondence heaviness and b is

bias of neuron.

After the upload of the output and input, we created a
neural network of three layer (six input layer, three output
layer and height hidden layer), by the utilization of
Matlab”newff” function, and the chosening of learning
function”trainlm”.

However if the neural network is constructed and the
learning afflicted the satisfactory performances, we
utilized the Matlab function “train” and simulated the
results (utilization of Matlab function “sim”).

In our model of induction machine, the speed W,

electromagnetique torque C. and the statoric, rotoric
currentlzz+Ira) are the input of neural network, and the

(Cas’ les) W.rs) are the outputs of neural network which
designated the value (0 0 1 0), so the correspondent fault:
broken bars.

0 : there is not a fault.
1 : induces of fault

Cosr Loss Wi, give the time of fault and the number of

broken bars.

The neural network can detect the fault time of broken
bar, if we have a broken bar at t = 2s, the neural network
accurately this time of broken bar and facilitates to show
the existence of this fault.

The figure (5) shows the existence of broken bar time at t
=2s.

gsf

cfauLLbrogen bars _

time(s)

Fig. 5 Dection of broken bars at t=2s

The figure (6) shows with the application of the neural
network that there are faults of broken bars (four broken
bars) in induction machine but with different time:

t = Is first broken bar

t = 2s second broken bar
t = 3s the third broken bar
t = 4s fourth broken bar

finally, the neuron networks helped us to know the time of
fault (broken bar) and the number of broken bar.
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faultbroken bars,

45

time(s)

Fig. 6 Dection of broken bars at t=1s, t=2s,
t=3s and t=4s

7. SIMULATION RESULTS

The simulation was elaborated on Matlab/Simulink for
the induction machine associated with five levels inverter.
For showing the effect of broken bars on induction
machine with utilization of neural network (show the
effect of the broken bars on simulated vectors: speed (Wr)’

electromagnetic torque (Ce) and the statoric and rotoric

current I, I,), and the effect of switching fault for the
inverter on the simulated vector for the induction machine.

e Bars fault.

The type of fault that we study is the broken bars of
the cage asynchronous machine.

Utilization of neural network for the detection of
broken bars gives the following results.

Figures (7) and (8) represent the characteristics of the
sound machine. The load torque of 10 Nm is applied at t =
(0.5 s, 1s).

The figure (9) and (10) represent the characteristics of
the induction machine with one broken bar at t = 1.5s and
two broken bar at T = 2s.

The analysis of the electromagnetic torque (Fig. 9)
shows a significant change in its appearance when rotor
faults occur. The presence of an oscillation, when there is
a rotoric fault of the machine, is due to the consideration
of space harmonics in the model.

We observe a slight modulation disturbs the evolution
of torque when the first bar is broken att = 1.5 s. We also
note that this modulation becomes more important with
the advent of second fault at t = 2 s. In theory, this
amplitude modulation is identical to the speed frequency
2gf but as we can see, it is relatively difficult to discern
with a simple visual analysis. We note that the first broken
bar indicates a very small increase in the current flowing
through the rotor (Figure 10).

e Inverter fault.
From the five levels inverter, the voltage and the

currents Ig,, I, resulting from the faults of the switches K,
illustrated by the figure (10) and the figure (13), that
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notice how the faults of this switcher K;; induces an
disequilibrium on these currents and voltage.

The figure (11) represented the lead of induction
machine before and during the fault, which are translated
by an increasement of speed and oscillations of the torque.
After this fault we have a decreasement of speed.

If they have a production of the fault in the five levels
inverter, the current deporting in the medium point caused
a ground effect in the charge/discharges condensers
variation. The fault in high switchers, produce an
increasement in lower discharges condensers, and the
voltage level appear to be different for each switching
fault, this disadvantage of five levels inverter have an
influence on the induction machine.

e Bars fault with application of load torque.

The figures (14, 15) show the evolution of the speed,
the electromagnetic torque and statoric, rotoric current in
the test of broken bars (one broken bar at t=1s and two
broken bars at t=25s).

- During motor startup.

- From the moment t=0.5s the nominal load torque is
applied.

-At t= 1s the first bar is broken and at t=2s the second bars
is broken, so the default is caused, noting us:

e The deterioration of the bar reduces the average
value of the electromagnetic torque and brings up
the oscillation of torque is the rotational speed.

e Undulation of current amplitude appears with the
broken bar.

e It is remark that the increase in number of broken
bar causes increase in the amplitude of the
fluctuations speed, and electromagnetic torque,
which causes the deterioration of the machine
enrolment.

e The amplitude of the stator phase currents is
proportional to the number of broken bars.

e The currents in the broken bars falling practical
to zero, but the currents in the neighboring bars
become disequilibrium, the currents through the
broken bars then divided into the neighboring
bars.
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Fig. 7 Speed and electromagnetic torque result of induction
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Fig. 9 Speed and electromagnetic torque result of induction
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Fig. 14 Speed and electromagnetic torque result of induction
machine with one broken bar at t=1s and tow broken bars at t=2s
with application of load torque Cr at t= 0.5s
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Fig. 15 The current I, I, result of induction machine with one
broken bar at t=1s and tow broken bars at t=2s with application
of load torque Cr at t= 0.5s

8. CONCLUSIONS

In this work, we have shown the effect of the broken
bar rotoric with a consideration of space harmonics, and
so the most significant identified signatures in the
spectrum of the stator current from the results obtained by
the simulation.

The broken bars create:

Oscillations on the torque and speed.
The increase in amplitude of the average couple.

Concerning the five levels inverter fault, note that as

fault occur, the current flowing in the medium point land a
ground effect in the variation of charge / discharge
condensers.
As the fault occurs, a disequilibrium voltage produced
between the high and lower condensers. Since the
disequilibrium voltage increases the blockage transit each
device commutation and caused a serious problem for the
protection of system.
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