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Abstract—this article examines the impact of maintenance on
reliability of microgrids. At first analysis of a system with two
members has been accommodated and then it has been tested in a
microgrid and it has been numerically analyzed. The effect of
repairable elements or non-repairable elements has been
evaluated in parameters MTTFF and MTTF.
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L INTRODUCTION

In recent years, the use of distributed generation has been
widely increased. The purpose of using this type of system is
to increase power quality, reduce transfer costs and in general
optimization of generation network, distribution and transmi-
ssion. Obviously, the system reliability is an important issue in
system design and in its implementation. One of the important
reasons is that with increasing competitive market, consumers
concerns more about power quality [1, 2].

Usually in designing network, the generated power is more
than the requested power to increase network reliability.
Network restructuring after the fault is difficult. Therefore, the
network is looking for a way to cut costs and provide
acceptable levels of reliability for the system in the
competitive market.

Distributed generation (DG) seem to be valuable in the
networks during the fault, the faulted area can be isolated and
DG can provide the power of this area so DG can increase
reliability of system and reduce or prevent power of
interruptions. Recently, another method for DG aggregation in
the network, especially LV grid is presented and called
microgrid. This makes positive influence on the reliability of
the system [4].

Microgrid (uG) is a LV network with a source of small-
scale production, storage devices and loads have an operation
that is coordinated with each other [1, 2]. Microgrid can be
fuel cell or wind turbines or PV they can generate small power
like several KW or they can be a larger generators such as 10
MW some generators simultaneously produce heat and power
together for gaining more efficiency. In normal state microgrid
has connection to the network and they have energy
exchanged between each others. Island mode occurs when
some faults occurs in the network. In this case, microgrid
disconnects from network and working in islanding state. In
this state, the DG should be able to produce the power that is
needed for the microgrid, otherwise, the central control center
switches off some loads, which are less important in DG.

Mohsen Eftekhari Amir Saman Molavi Tabrizi
Master Student — Shahed Master Student — Shahed
University University
Tehran, Iran Tehran, Iran
Sirmohsen200320@yahoo.com Molavi@shahed.ac.ir

In this article, we examine the effect of the elements that
are repairable or non-repairable on parameters MTTFF, MTTF
As an important indexes for analyzing the system reliability.

MTTF represents the average time between failures in
systems or it is the time of system loss. Sometimes to avoid
confusion, the Mean time between failure (MTBF) and mean
up time (MUT) is used instead of that but MTTFF represents
the average amount of time for the first fault of system since it
is start operation [3].

Section II explains the basic systems structure using
Markov approach. Section III examines the introduced system
in section II on the microgrid has been done and has
numerically analyzed. In Section IV the results has been
presented.

1L REVIEWS OF THE BASE SYSTEM WITH TWO ELEMENTS

Microgrid is a collection of series and parallel systems.
MTTFF and MTTF have been analyzed in both networks
configurations. Two states have been considered for these
systems: Repairable or non-reparable.

A. Repairable systems

1) Parallel Systems: system structure and Markov model
for parallel and repairable systems have been demonstrated in
Fig. 1.
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Figure 1. Parallel system structure

The exchange state of random probability matrix is very
suitable for determination of states. For this purpose, a vector
of probability is defined such as when the matrix is multiplied
by the random change of state it will not change. Therefore:

aP=«a 1)



Where o is a matrix, which its dimensions are 1 % n. n is
the number of rows of p matrix. With this explanation the P
matrix of this system is:
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For obtaining MTTF, the Q matrix should be discovered.
Row and column number 4 can be omitted so we have
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Q matrix is used for obtaining the average number of time
steps before system enters in steady state mode for the
continuous process of Markov method the obtained average
time of MTTF method has been used. It is shown in “(4)”

M=(I-Q)" 4)

Which the term Mj; is average time of system which has
been in j state before entering the steady state in circumstances
as the system process has been started from state i. if state 2 is
assumed as a operational state. For parallel system MTTF is

MTTFr=my;+mo= (A potpiAotp o)/ (A A (1)) Q)

b) Calculation of MTTFF: calculation for MTTFF is more
complicated than MTTF and it obtained by “(6)”

MTTFF=P.(0).(-R;)".Ux (6)

Ry, is a sub matrix of R matrix and it represents the
transition of the success state into success state. P.(0) is the
probability vector of success state for primary state (all the
active elements) and Uy is vector with unit of k, which is equal
to the number of successes state:
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MTTEFF for this system is
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2) Series systems: structure and markov model is

demonstrated in Fig. 3
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Figure3. Series system structure

In this state, modes 2, 3, 4 are not in working states. In
addition, by the value of P matrix in “(2)” the Q matrix is
calculated by:

Q= (1-0-12)
a) Calculation of MTTF: Considering the “(4)” the
MTTF is

MTTF=1/ (A +)s)

b) Calculation of MTTFF: considering the “(6)” the
MTTEFF is

R] 1:-0\,]+}\,2) P+ (0) =1 UK:1

As result

MTTFF=P; (0). (-R;))".Ux=1/ (\;+,)

B.  Non- repairable systems

For repairable systems, MTTF is equal to MTTFF .because
when system experiences its first fault it cannot exit from that
state.

1) Parallel systems: reliability of non-repairable parallel
system is:

Ry (1) =P, = e g ol _ g

According to the definition

© 1 1 1
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So
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2) Series systems: reliability of non-repairable series
systems

R = P = ¢ (hitia)t
So

MTTFF = MTTF = [ Ry, (t)dr =
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C.  Similarities and differences between MTTF and MTTFF
in series and parallel state

It is clear that MTTF and MTTFF in repairable state in
systems should be different because systems will return to
success state after repair, when number of success state is
greater than one. In special state, which there is, just one
success state (series state) system returns to the similar state
before repairing and MTTF is equal to MTTFF.

III.  ANALYZING OF MICROGRID MODEL IN CONNECTION AND
ISLANDING STATE

Microgrids usually work in two states. One of them is in
connection state and the other one is in islanding state.
Therefore, MTTF and MTTFF are evaluating in two states.
Schematic of a microgrid is shown in Fig. 5.

™~ T ! line
@ [
Main
Grid T load

Figure 5. Microgrid
Reliability Block diagram in microgrid is illustrated in Fig. 6.
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Figure 6. Reliability scheme of a microgrid (a) connection mode (b) an
islanding mode

A.  Non-repairable model of system:

1) In connection mode: according to reference [3] MTTF
value is obtained from

MTTE = f Rors(E)dt
]

Reliability is calculated by the “(10)”
Rsys(t=(Pno.Pr.PststPpo.Pr-Puig.Pog.Pr* Psts).PL (10)
In “(10)” the probability of success for both of transformers

assumed to be equal and Probability of success for element i
obtained by “(11)”

P=c¢™ (1)

If failure rate has been assumed kDC,:O.O2f.year'1 and for
main grid Ayc=0.024 f.year'1 and A =Agts=Ar=0.01 f.year'1
respectively. The value of MTTF is equal to 31.614 year™ that
is the same with the value of MTTFF.

2) In Islanding mode: according to Fig. 6 the value of
reliability is obtained by “(12)”

Rsys()=Ppg.Pr.PL (12)

And by “(12)” the value of MTTF is 22.73 year™.

By comparison between two modes 2 and 1 it is clear that
MTTF in islanding mode is lower than Connection mode.

B.  Repairable model of system: system in Fig. 6 is
simplified and presented in Fig. 7
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Figure7. Simplified Fig. 6

1) In connection mode: Fig. 7 and also the calculation in
section II represents that the value of MTTF and MTTFF can
be obtained by mathematical operation.

a) Calculating of MTTF

Figure (8) state space diagram for three-member system. U represents
the Up state and D represents down
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Active states in system are state 1 and 2 and 3 and the
other state is inactive states and according to Q has been made
as follows.

I-(A, + A4, +A0) A Ay
0= Hy 1_(2’A+}‘R+ﬂ’0) 0
Hy 0 17(/“B+]'A+AB)

By “(4)” the value of MTTF is obtained by pug
=pHG=2f.yealr'1 and pr=4fyear’ and pgrg=p;=12fyear’ the
value of MTTF is equal to 77.2112 years ™.

b) calculating of MTTF:
By using “(6)” value of MTTFF is obtained 88.4721 years™.

2) Inislanding mode:
In islanding mode and because of all the series elements
the value of MTTF and MTTFF are the same and they are
equal to the value, which obtained in non-repairing mode.

MTTFR=MTTFFR=MTTEN=MTTFn=1/ (ApgtArtAL) =22.7 f.year
1

C.  The effect of repair rate

As was observed the repair rate (i) has no effect on MTTF
and MTTFF in islanding mode and in non-repairable elements
which means by varying the value (p) the value of MTTF and
MTTFF not change.

The effect of repair rate in connection mode and in
repairable systems has been analyzed. By simplification of
system that is shown by dash in Fig. 7-a value of MTTFg,
MTTFFg can be deduced.

M TTF, =

MTTFy is equal to MTTFFy .it happened because of after
the simplification in both series system and according to
section II the value of MTTFy is equal to the value of
MTTFFk.

According to equations obtained in section II if the value
of uy, w, closes to zero then:

lim( Fy—MITFE,) = lim (A +2)-1h-y + 2420 (44 + 1)
#—0 //j:% Al Xy + 14+ 2+ )4 +4)
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According to the limit, this explained in equation the
Numerators close to, zero while the Denominator is constant.
Then:

lim (M TTFF, - MTTFF,)=0

uy > 0
Uy > 0

Means as closer the value of p;, u, to zero the value of
MTTFFg is closer to MTTFFy In “8” and “9” If p,=p, and
A=\ then:
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24

By closing, the value of pu to zero the value of MTTFFy is
closing to MTTFFy. In “(5)”, “(9)” by assuming the same
variables

MTTF, = #3224 MTTFF, = ——
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The value of MTTFy is not equal to the value of MTTFgr
IV. CONCLUSIONS

As seen in this article maintenance has a considerable
effect on the MTTF and MTTFF. As shown on section III in
islanding state, repairable system or non-repairable system
have no significant effect on MTTF and MTTFF and by

varying  the value of MTTF and MTTFF remain constant.
However, in the connection mode the value of MTTF and
MTTFF is a function of repairable or non-repairable systems.
In addition, the results prove the value of MTTF in islanding
state is less than the value of MTTF in connection state.
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