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Markov chain modeling for reliability
estimation of the Self-excited induction
generator

Y.Naoui , H. Meglouli , S. Abudura

Abstract— A new approach to the prediction of the reliability of
Self-excited induction generator is presented in this paper. In this
approach, a reliability analysis based on the Markov chain is used to
diagnose the parameters that influence on the quality of the produced
electrical energy. For this, we have designed mathematical models to
the vacuum self-excited induction generator and load. These models
are simulated by the MATLAB software to determine the parameters
that affect the voltage supplied by the generator .After allowing us to
study the influence of failures of devices on the system operation, we
perform an analysis of the Failure Modes and their Effects which is a
method commonly used in the first step of a reliability study. Then a
model of Markov chain of the installation is applied to the system for
studying the reliability and determines the failure probability of the
installation components.

Keywords—Asynchronous generator (AG), Failure Mode and
Effects Analysis (FMEA), Markov Chain, Modeling, Reliability
analysis, Self-excited induction generator .

NOMENCLATURE
Symbol Definition Unity

C Capacity of the excitation capacitor bank F

Ci Rotation torque indicator of the diesel N.m
actuator

Cn Mechanical torque loss in the asynchronous N.m
generator

Cr Resistance torque of the asynchronous N.m
generator

Cem Electromagnetic torque of the asynchronous N.m
generator

g Slip

lig s i Current of the load
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im Modulus of the generator magnetization A
current vector

ird, irg Rotor current A

J Moment of inertia for all moving masses Kg.m

L¢ Inductance of total losses H

Lm mutual inductances Stator and rotor H
windings

Ls, Lr  The proper inductances of Stator and rotor H
windings

[ The stator and rotor phase resistances Q

t Time S

Ug, Usy  Stator voltages v

Uw Crankshaft gear ratio of diesel to the axis of
the fuel pump

W Rotational speed of the stator magnitudes rad.s *
self-excited induction generator

Wy Rotational speed of the diesel actuator axis rad.s *

Wh Rotational speed of the fuel pump rad.s !

W, Rotational speed of the rotor Self-excited rad.s *
induction generator

Z. Impedance of the condenser Q

Zg Equivalent impedance of the generator Q

., Modulus of the generator magnetization Wh
flux
Rotor flux Wb

Yrd"Yrq
Vg Vs Stator flux Wh

I. INTRODUCTION

HE electrical energy needs of the industrialized countries

continue to increase. Thus, in periods of normal growth, it
is estimated that electricity consumption doubles every ten
years [1], its needs are also increasing, especially in sites
fixtures or in isolated sites, the energy transport to these places
is very expensive. So it was necessary to launch projects to
produce energy at these locations thanks to autonomous
electrical installations (diesel, wind, solar ...) [2].
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Thus, the electric energy development program in the future
requires providing the energy installations with reliable
equipment with better performance parameters from a
technical and an economic point of view. Currently,
asynchronous machines are considered as the most used
electromechanical conversion tools in industry and power
plants. This type of machine has long been strongly challenged
by the synchronous machine in the fields of high power, until
the advent of power electronics. Today found in many
applications, particularly in transport (metro, trains, ship
propulsion), industry (machine tools) and appliances. It was
originally used only in engine, but always with the power
electronics, it is increasingly being used as generators in power
plants (hydro, wind, nuclear, diesel,)... [3].

The multiple uses of this in generator mode machine are
justified by the following advantages [4]:

* The construction simplicities

* A Better mass factor and template.

* The low cost of purchase

* Its mechanical robustness
Simpler and more practical construction technology in the
industry, and the absence of contacts palaces.
» A wide range of dimensional types and a high reliability of
operation
Moreover, their main disadvantages are at the level of
consumption of reactive power that derives from the network
because it does not create its own excitation energy. By
contrast, in the case of autonomous operation in a remote site,
it will bring him this energy by a capacitor bank connected in
parallel to the stator winding to produce the required reactive
power [5],[6]. The asynchronous machine used for power
generation in an isolated site is considered as an interesting
solution, prompting researchers in Electrical Engineering to
conduct investigations in order to increase the efficiency and
reliability of the electromechanical conversion of one hand,
and to improve the quality of the energy supplied on the other
hand [7].
So, reliability is a major issue to ensure optimal
competitiveness of the production tool of energy because it is
one of the most important parameters for the safety of
operation. It is discussed every time we want to reliable
systems available and safe. Indeed, the reliability is the
availability and security of systems. The reliability is involved
throughout the life cycle of the product or the system (design,
manufacturing, operation).
Several approaches to modeling and reliability analysis are
discussed in the literature. Some are quantitative and others are
qualitative, some are static while others are dynamic, some are
inductive, while others are deductive, some are predictable and
others by contrast are experimental ... They are all dedicated to
study a part or an aspect of the reliability [8]. The Lack for the
study and the modeling of the reliability in an integral and a
dynamic way for complex systems such as production systems
of electric power and especially the self- excited induction
generators remains to be filled and has its place in academic
research.
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In this context, the present work describes the study and the
modeling of the reliability by Markov chains method to the
vacuum self-excited induction generator and loads, and does
an analysis of the operating criteria of this generator to power
a remote site into electricity.

I1.DEVICE MODELING

The dynamic regime of the Self-excited induction generator is
determined by the mutual influence of the physical processes
that take place in the diesel actuator, the generators and the
loads [9],[10].This is why the mathematical model of this
regime takes into consideration the description of the
autonomous  subsystems (diesel actuator, asynchronous
machine, the capacitor bank and load) and their characteristic
relations as presented on Fig. 1.

Load

Fuel el AG
Pump — ctuator

The
capacitor
bank

Fig. 1. Self-Excited Induction Generator Bloc Diagram.
A. Diesel Actuator Mathematical Model

The variation of the diesel actuator rotational speed is
determined by the following equation:

dw, 1 (1)

dt - J(CI _Cr'cem _Cm)

The link between the diesel actuator and the fuel pump is
determined by the form shown in eq. (2) :

w, =U ,.w, )

B. Mathematical model of the Self-excited induction generator

It is necessary to perform a conversion of the machine
variables so as to get those of the primitive machine. This
conversion implies the transformation of the original generator
coils to an electrically and magnetically equivalent coil set in d
and g axis. This transformation is a particular case of the park
transformation [11] ,[12] ,[13].

- (3
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The hanging fluxes are related to the generator currents as
follows:

l//sd = Ls 'isd + I—m 'ird
Weq = Ledgg + Ly g

. . (4)
Wrd = I—r 'Ird + I—m 'Isd

W =L dy + LA

C .Mathematical model of the excitation circuit

The voltages of the excitation capacitor can be represented by
the system of differential egs (5):

Uy = Cigdt+ug,

()
Uy, = cj I, dt + U,

Where  Usq = Usqolt=0 et Usq = Usqolt=0: The initial voltages.
Differentiating both sides of the equation is obtained:
—d u sd i i 6

dt c ©)

dug, 1
= — 'IS
dt c =

The electromagnetic torque of the asynchronous generators is
determined by:

3
C

E'p'l—m(lrd'lsq_qu'lsd) (7)

em

The empty generator is driven by a diesel actuator and the
necessary condition to create a voltage between its edges is the
existence of a remaining field. In order to increase this
relatively low voltage amplitude to its nominal value, enough
reactive power by the capacitor bank magnetization should be
supplied to the generator [14] shown in fig. 1.

D. Conditions of self-start up of the empty generator

The self-start up of the generators occurs when both the two
following conditions are satisfied:

Total active power =0

Total reactive power =0

What means that the impedance equivalent to a stator phase of
the machine is also null ?

(Z¢ 2 =0)
Is L Ir
= SN VH’ a—‘—l
I tlm
‘ R
R, +—
c L |vs Ls Y
- |

Fig. 2: Simplified equivalent diagram of one phase of the generator
brought back to the stator
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The diagram of fig. 2. is equivalent to a generator producing
on Z_ impedance (as shown on fig. 3).

1s

Zc

Za

Fig. 3: Transformation of the equivalent diagram

We Tve: . B (5)
Zc Zc
Where:
ZC
Thus:
L..w 1
! Cw (10)

Rr )’ Tlsw
(Rs+grj +(L, w)

The self-start-up of the generator cannot occur unless its
produced apparent power corresponds to its absorbed one. For
the reactive power part, the following equation should be
satisfied (for g.=.g1.=.0).

1 —Cw=0
L..w

. 1)

This condition shows that the minimal value leading up to the
self-start-up is function of the cyclic stator inductance as well
as the rotor pulsation and the sliding thereof [15]. The
asynchronous generator does not receive any reactive energy
except the one coming from the C capacity [16].

E. Simulation result
To simulate the self-priming vacuum should be resolved

voltage equation system taking into account the voltage across
the capacitor, the equation system will be written:

“UYsg = Ls'dISd +Lm'dlrd +rs'isd
dt dt
di,  di, .
—Ug =L—+L,.—+rg (12)
dt
di di . . .
O=L.— 4L .~ 4ri —w.(L.i_ +L_.i
r dt m dt rrd r( rrq m sq)
di di
O=L.—+L .—+r.i_—wr(L.i +L_.i
r dt m dt rrq ( rrd m sd)

Formed into equation of state: X'= AY



Using
form:

X! +L X! =—1. X, ~ X,
L X, +L, X, =—1.X, - X,
L X, +L, X!
L, X Ly X =0, X, ~W (L, X + L, X,) >
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:
R
==
Ls

the matrix notation, the eq. (12) can be expressed in the
[x]=[AllY]
\

1, Xy =W (L X LX) )

, 1
XSZE'Xl
, 1
X6:E.X2 J
Where:
X, 1 [ig ] 'L, 0 L, 0 0 0]
X, | |ig 0L 0L, 00
X, | |i L 0 L 0 00
XJ=|of =] =
X, | | | 0L O L 00
X, | | Ug 00 0 0 10
Xo| | U] 00 0 0 11
[L]: inductance matrix
—1,.X; - X, i
-1, X, =X,
—r. X, -w, (L, X, +L,.X,)
[v]= —r. X, -w, (L, X, +L, .X,)
1
¢
1
_ ¢ _

Where: [A] = [L]™

Finally for simulation, simply insert the models of the AAG,

diesel

actuator and the capacitor bank and implanting under

the Matlab / Simulink environment.
The simulation block diagram is shown in Fig.4.
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Fig.4: Simulation block diagram

The simulation model allowed us to obtain the results of self-
priming vacuum:
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Fig. 5: The current generator with C < Cmi
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If the capacitor value is C < Cmin , the current of generator
Figure (5) lowers to be canceled , so the self-priming is not
possible .
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Fig. 6: Voltage of the self startup of an empty generator
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It can be noticed on this figure that the induced tension
increases indefinitely, in an exponential way, due to the non
saturation of the magnetic circuit of the machine

4 T

3

2

02 04 06 o8 12 14 16 18 2

hm;l[s]
Fig.7: Stator induced current of the empty generator

The induced stator current reaches, in few seconds, a value
that exceeds by several times the nominal value, what is very
far from the reality.

o

H H i i
02 04 08 1.2 1.4 16 18

ra-v‘me]
Fig. 8: Electromagnetic torque of the empty generator

When the generator starts itself, its electromagnetic torque
rises indefinitely which will increase the active power.

F. Consideration of the magnetic saturation phenomenon
In saturation regime, the fluxes and the currents are no longer
proportional. The magnetization characteristic is composed in
addition to the linear part, of a part of bend and another called
of saturation. This last one will limit the generator magnitudes
[17].

v,
L, =—"

Im
Expression of the magnetizing current based on stator current

and rotor is given by:
im = \/(isd + ird )2 + (isq + irq )2

To take account of the saturation magnetic circuit of the
machine, it is necessary to model the magnetization curve Fig.
9.

(14)
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Several spline interpolation functions are used [18], however,
there is no function that covers all points of the curve, and
modeling remains approximate with minimal error.

For our raised magnetic characteristic, we adopt the
approximation of the iron magnetization curve fig.9, by the

LANGEVIN function [L(X): coth(x)— 1) . [19], [20].
X
The calculation of the asynchronous machine main magnetic

circuit saturation is performed using the LANGEVIN function

as an approximation of the iron magnetization curve.

(15)

1 1 1
L, =— - —

a., | coth(b.i, ) b.,
Which value is obtained by the magnetization graph of the
generator free regime test shown in fig. 9.

a, b: Coefficient calculating the approximation obtained by the
magnetization curve ,fig.9.

oos \

0 1 2 3 4 ] 6
1m (A)

=

Fig. 9: Variation of the magnetization inductance Lm according to Im

By resolving the equation system (12), and taking in
consideration the eg. (15), the saturation of the machine, with a
self-start-up voltage, will be obtained as presented on fig.10.
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Fig. 10: Self-start-up voltage of the generator at void in saturation
regime
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At the beginning of the start-up, the voltage increases in a way
identical to the linear case, then converges toward a value that
depends on the choice of the condenser and speed values.

G. Mathematical model of the Self-excited induction generator
supplying an R-L load

This model is obtained by adding to the equations system (6)
the following load equations:

dusd 1 H usd H \
“at cle TR M

du, 1 [i Uy j (16)
at cl= TR "

di, _i >
dt L

di, 1 y

dt L~ _

The equation system (16) solution provides the results of
simulation with a variable load speed

= : : : :

20

I A

- i i . .
u] 0.5 1
tfs)

Fig. 11: Self startup voltage of the loaded generator for C=300 puF

It can be noticed on fig. 11 that, when a load is applied, the
voltage decreases with a light variation of frequency which is
due to the decrease of the speed .
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com Nom)

45 i L i i i i i L
(] 02 04 05 08 1 12 14 16 18
Teenps(s)

Fig. 12: Electromagnetic Torque of the loaded Generator under
loading
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The electromagnetic torque passes from a steady state to
another steady state defined by the load.

I11. MODEL VALIDATION

The simulation results of the Self-excited induction generator
functioning are validated by comparing them with
experimental ones obtained for transient regime parameters in
natural testing of asynchronous machine. These tests are
performed on MA-20M series electric devices.

The three-phase asynchronous machine AM72-4M type is
used as an asynchronous generator. The table bellow shows
the comparison between the simulation and experimental
parameters of a loaded Self-excited induction generator
running process.

Experimental Simulation
U (p.u) | Imax U Imax
(p-u) | (p.u) | (p.u)

0 0.45 0 0.4
0.4 2.8 0.09 2.95
0.366 3.9 0.33 3.6
0.91 3.6 0.96 3.3

Table. 1: The comparison between simulation and experimental
parameters

Mathematical models for the self-excited empty and loaded
Asynchronous Generator have been developed within the
scope of this study. Thus, theoretical and experimental
functional studies could be performed in addition to evaluating
the influence of the regime on the transient regime quality.
There are three parameters that affect the tension delivered by
the Self-excited induction generator, which are:
The value of the excitation capacity
The rotation speed
The load
To perform a system reliability analysis all these three
parameters should be considered.

IV. RELIABILITY STUDY OF THE SYSTEM

The first step of a reliability analysis consists of making a deep
study of the system. A common approach is to perform a "
Failure Mode and Effects Analysis " (FMEA). It allows
studying the impact of the devices failures on the system. It is
about an inductive analysis method retailing systematically all
the system components [21].

The main function of the system is the production of a good
quality and reliable electrical energy. To perform a functional
analysis of the produced electrical energy quality parameters a
set of the AAG running important regimes are considered. In
order to control the quality parameters of the produced
electrical energy (frequency/voltage) the following processes
should be analyzed:

The reactive energy source (The capacitor bank) of
the Self-excited induction generator system.

The rotation speed of the diesel actuator.

The connection of a load to the generator terminals.
The AAG coupling to the network.
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A. Failure Modes and Effects Analysis on the Self-excited
induction generator

To perform a Failure Modes and Effects Analysis (FMEA), the
system should be broken down to simple Elements. Each
element behavior can be determined via data collection
process, and consequently, all the failure modes effects of each
system element can be concluded using the system physical

and functional structure (Tab.2) [22], [23].

Element Failure modes Mechanism and Causes
failure effect on
the system
The capacitor | The non apparition | Lack of the reactive | Failure in the
bank of an exit voltage | energy for the source of the
on the generator generator reactive energy of

terminals

magnetization

the AAG
excitation system

Diesel Variation of the Variation of the Change of the
Actuator and | generator voltage of | residual field in the | rotation speed of
Fuel Pump exit generator's stator the actuator
motor
Load -Decrease in the -Variation of the The connection
Output voltage generator's of a load to the
-Variation of the excitation current generator
exit voltage terminals
frequency
Asynchronous | Overcharge of the | System The starting and
Generator generator and its destabilization and | the commutation
actuator the generating lose | of the mechanism
excitation with Diesel
Actuator

Table .2: Failure Modes and Effects Analysis of the Self-excited
induction generator

B. Reliability modeling and criteria of good working order of
the Self-excited induction generator

Different techniques are available according to the architecture
of the studied system, the concerned undesirable events, the
criteria to be evaluated and the hypotheses taken into account
in the model [8],[21].

The estimated reliability analysis determines the failure rate of
each equipment component in the real use conditions. Thus,
reliability databases are consulted. They allow the reliability
calculation of a circuit including several components. Many
models have already been developed to address this issue.
Markov chains, [24],[25]. is the one of the most commonly
used models.

C. Modeling of the reliability of the self induction generator
excited by the Markov chains method

Markov chains method or (Markov process) allows the
analysis of reliability of repairable systems for which failure
rates and repair components are held constant [26], so it can be
applied to our system.

It considers the system as a set of components which can be in
a finished number by states of functioning or of breakdown,
we shall build a graph nodes of which will correspond to the
various system states, and the arrows indicate the directions of
transitions (breakdown and repair) between system states. For
a system in components, if every constituent (component) has
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two states (functioning or breakdown), the maximum number
of states is 2". The calculation of the reliability is realized from
various states of the system.

The fundamental interest of the Markov process is its graphical
aspect which allows implement without really needing to know
about it, in depth, all the theoretical aspects [27].

Our installation contains four components, every component
has two states (functioning or breakdown), and the maximum
number of states is 2*.

The description of the components’ states of the installation is
represented in following table

Operating state | Failed state Component
A A Fuel Pump
B B Diesel Actuator
C T The capacitor bank
D D Asynchronous Generator

Table .3: The description of the states of the components of the
installation

The construction of Markov state diagram concerning the
system is made in two stages:

o ldentification of the various states which the system
can occupy during its operation, there are four named
A, B, CandD.

e Construction of Markov graph according to the
identified states by the representation of each of state
by a circle, (Operating state / Failure State) and
representation of the transitions between states by
arrows.

Every transition symbolizes the way the system jumps of a
state towards another one. Of the state of perfect functioning
E(ABCD),wecan jump towards EL(A B CD) or by

E2( A B CD) failure of A or B, of the state E2 we can go

or towards the state of breakdown E3 by failure of C or to
return to the state E1 by repair of B.

The analysis of the installation through the Markov process is
represented on the fig. 13.

The system states may be represented diagrammatically as:
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Operating state I Faille state ) N ) )
Where q;; :is the transition Rate Of Ei towards Ej.

1-Ha If it was not in Ei but the transition with place enters (t) and

(t+dt) fromEj : Zn: P, (t)ajidt
=1
=i

The general shape :

P(t+dt)= PRt 1—Zn:aijdt - Z P, (t)a;dt (18)
= =

= J#i

The governing equations :

The full time-dependent equations (including repair
transitions) are:

(ABCD)

Po(t+dt)=[1-( Andt+ Adi +icdt +iod)] Po®)+ )
padtP1(t)+ gdtP,(t)+ pcdtP(t)+ updtPa(t)

P, (t+0t)=[1- padt] .P1(t)+ adt Po(t)
P,(t+dt)=[1-ug dt].Py(t)+ Agdt Py(t) > (19)
Pa(t-+dt)=[ 1-zcdt].Pa(t)+ Acdt Po(t)
Py(t+dt)=[1- updt].P4 (t)+ Apdt Po(t)

Fig. 13: Markov state diagram of Installation P(t+dt)=Pdt d
PlLedl)=Rdt_ 0 p)_py @
A; : The failure rate of the component dt dt

;i : The repair rate of the component The equations were:

One to notice that the graph represents, in a synthetic way, all ~ P’o(t)=-( Aa+ Ag+Ac +4p)Po(t)+ aPa(t)
the paths (ways) (sequences of events) which the system can

borr?)w fro(m i}[/s)in(itiaql state during its ezlolution in tin¥e. * 1P ucPa(OF 1oPo(t)
This graph thus contains paths (ways) allowing the system to  P’1(t)= AaPo(t)-1aP1(t)

pass by the state of breakdown ( Ei) then to return in a state of P*,(t)= AsPo()- aPs(1) >‘
functioning ( E ). Thus it describes the behavior of a system 2 BrOT)” Her2
which can be underway at the given moment by having been  P’3(t)= AcPo(t)-1cPs(t)

one or several times out of order previously. Thus it is e

typically about a model of reliability R(). A0~ AoPo(luoPd _
The reliability of the system at time (t) is the probability that
the system is in states

(E1), (E2),(E3) or (E4):

(21)

Using the matrix notation, these equations can be expressed in

the form:
RO=[P1(t)+P2(t)+P3(t)+P4(t (17) 17 _
(O=P1O+P2(0*P3(O+P4 ] P PR A (©)]=[ROR.OR,OR 0P 1)
Pi (t): is the probability that the system is in functioning state - 7
at time ( t) to be ever having broken down previously, that is - (iA + /18 + /1(? + AD) ]“A /18 /10 /7“D
the probability to have stayed in good working order on all the U —u 0 0 0
duration [0, t].Because Markov-Chain is homogeneous thus A A (22)
the rate of transition is constant what makes leads (drives) to Uy 0 —-w 0 O
the consideration of a transition (and the only one) between (t) 0 0
and (t+dt).At the moment ( t+dt ), the system is in the state Ei: Hc Hc
] 1o 0 0 0 )

n
if it was there and if it does not leave it: P, (t 1— Z a;dt

j=1
J=i
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Indicating by P (t) the probability vector and by A The Where: [ dpP (t) — L[P@®) ~]

transition matrix, we obtain:

, d sP(s)—P(0)=P(s).A = P(s)=P(0)(sl —A)"*
P (t)zap(t)Z P(t). A (23)

ere | is the identity matrix

Now the Laplace Transform of equation (24) is given by

P (t)=P.(t) A (23)
Where: —~ <
L[R(t)]=R(s)=[e™.R(t)dt
P.(t) : Vector of probabilities of non-defaulting states )
¢ : Transition matrix between non- failing states Where
—_ B B 1A
=—Pt)> o, +>Pt)a, =—2~ : o :
dt e ! dt For the calculation of the reliability R(t) It is necessary to
J# " delete the arrows (u; ) characterizing the repair in the matrix of
Where: o = Z_ll o, repair A.
1= Where:
we have : dPu(t) — i Pj (t)aji _(ﬂ’A +AB +/1C +/1D) /1A /15 ﬂ'c ﬁ'D
dt = 0 0 0 0 O
dP(t)_ P (t). A And we find Nr = 0 0 0 00
dt 0 0 0 0 O
P.(fP(0))=P.(0)e I 0 0 0 0 0]
So the system’s behavior is determined by: The reliability matrix was:
The transition matrix A 1]
The initial probability vector P(0) 1
The reliability of the system are given by: Is(s) = [1 O O O 0].(sl — Ag )71. 1 (26)
1
— —Acct T
R()=P(0)e 1, e :
The reliability R(t) of the system at time t is:
. T . H
Where: :|.Ei : Column vector of warning R(t)z Aest + BeS? +Ce® + D™ @7)
A,B,C and D are the equating coefficients.
We can have the solution of equation ( 24 ) by: D .The quantitative calculates system reliability

o Truncated series
To estimate the probability of the events it is necessary to

¢ Numerical Integration return to the essays of experiment on the installation and the
data collections of reliability of the components [28]:

-Fuel Pump
o Fuel Pump life 9400 hours
e 2! The failure rate is =10-4/ hours
-Diesel Actuator
~ 2 df (t) ~ e Diesel Actuator life :8000 hours
L[f (t)] = f (S)z je *f (t)dt = L[ dt = sf (S)_ f (O) e )g: The failure rate is =10-4/ hours

0

e The Laplace Transform

The method of solution adopted here is that using Laplace
Transforms.
The equation solution P’(t) by Laplace Transforms:
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-The capacitors

The life of a capacitor is calculated by the Arrhenius law:

Tm ax _Ta

L=1L,2 w
Where :

L : The capacitor estimated life

The capacitor life in the nominal temperature (25 C°,105 C°)
Tmax : Maximal nominal temperature
Ta :Ambient temperature

Ac: The failure rate is:10-9/ hours

-Asynchronous Generators
Asynchronous Generators life (Operating time): 87000 hours

Ap: The failure rate is =10 / hours

Calculation of the reliability system by Markov process:

Time (h) R(D)
0 1
200 0.04160086
400 0.08241353
600 0.12245358
800 0.16173619
1000 0.20027633
1200 0.23808861

Table .4: Calculation of the reliability system by Markov process

The Reliability system R(t) by Markov process

— Rt}
04

0,2

1 2 3 4 5 6 7
Time {(h®1000)

Fig.14 .Reliability graph analysis

V. CONCLUSION

We have seen that Self-excited induction generator can be a
solution for the generation of energy (electricity) in operation
in an isolated or connected to the network sites. Load
operation of the generator is not a problem, simply choose the
value of excitement capacitor and rotational speed, because the
latter set the load operating points.

Thereafter, we take into account the magnetic saturation
which allows limiting the amplitudes of the voltages and
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currents in steady.

However, the operation of this generator in load decreases
the rotational speed, or a drop in voltage and frequency,
therefore, in the case in which the load is critical, it can be
completely demagnetized.

Thus the model of the Self-excited induction generator is
valid, by simulation for all operating conditions. Nevertheless,
it is desirable to take an experimental result and make a
comparison. Simulation results are similar to those found
experimentally in work if there is a difference , it is only due
to experimental survey of the vacuum feature , from its
modeling and from the identification method of the machine’s
parameters that has a great influence on the magnitudes
transient and steady state.

The evaluation of the reliability of the Self-excited
induction generator in the operational phase is based on an
analysis based on the system’s structure, from the influence of
the failure probabilities of its components on the probability of
overall system failure.

Then, the approach consists in observing the behavior of the
system considered and in performing statistical processing on
the data on the observed failures.

Collecting error data is critical in such a process and it must
be provided from the beginning of the system’s
implementation.

For those records of failure can be useful, it is important that
the use of independent asynchronous generator is as
representative as possible of the actual loading conditions of
the system in its operating environment. The main objective of
this observation is to assess the reliability of the system under
the conditions of the use (isolated sites).

To obtain a good statistical study, it is necessary to collect
enough data to deduce the closest or modeling laws that we
have seen during the considered time period

An overview of the methods used for the analysis of
reliability of the energy system in the operational phase shows
that for qualitative analysis, FMEA method is preferred to
determine the dreaded elements and adverse events their
causes of occurrence and the consequences of these failures on
the systems. By contrast for the quantitative analysis of the
reliability of the installation method of Markov chains is used
to control the functional behavior / dysfunctional and provided
an important opportunity to quantify the reliability and
evaluate the probability of failure of the entire system.
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