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ABSTRACT

The aim of this work is to make an evaluation to the reliability and availability of an electrical
power plant as special kind of production systems to assess its ability in providing power with
acceptable quality at a given period of time.

Markov model was used as an analytical tool in assessment of the reliability and availability of a
production power plant in Iraq, and especially for its four new steam-power units, which considered
as basic power units of this plant.

This model (Markov) was used for the first once in assessment of power production system in Iraq,
and prove its ability to provide a general evaluation for the performance of the power plant during a
period of time.

Since the method has too extensive mathematical operations, Matlab system (version 6.5) was used
W Tormulize two computerized programs. once for define the mathematics model of the problem,
and the other for the analysis and plot the curves. E \
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INTRODUCTION

A System in Markov ‘model is looking to be in one of several states. One possible state, for

example, is that, in which all the units composing the system are operating. Another possible state is
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that.in which one unit has failed but the other units continue to operate (G, Apostolakis, 1984) The
main assumption in Markov process model is that the probability of a system will submit a
transition from one state to another one depends only on the current staie of the system and not on
any previous states the system may have experienced.(Norman J., 1981)

The methodology will be presented in this paper deals with homogeneous Markov process that can
be used if the failure and repair rates are constants with the considered of normal conditions of
operation. Although the assumptions of constant failure and repair rates are not always desirable,
both assumntions are necessary in order to avoid extensive mathematical complications.

The input necessary data, (failure & repair rates of steam-power generation units), of the presented
Markov models have been obtained through the application of FT analysis at the power plant.
{Soroor, 2005)

REPRESENTATION OF THE GENERAL METHOD

To illustrate the general representation of Markov process analysis for a system with s-independent
units. we consider a parallel system with two units. each of which will be in one of two states,
operating or ailed,

The System State is then delined as be in oone of the 2" possible combinations ol eperating and
failed units.

For the two-unit system we define the following four system states:

State Unit 1 Unit 2
1 operating operating |
2 failed - operating |
3 operating _ failed
+ failed * failed

Since the two units are in parallel (redundant), only state number 4, result failure of whole system.

It is important (o describe the Markov process in graphic description called “Markov diagram™ or
“the state-space transition diagram”, that the whole information of the system is contained in such a
diagram,

By giving | and 0 digits to operating and failed states respectively, l]].f. two-unit system Markov
diagram could be represented as shown in Fig, (1). P

To assess swsteim availability, all the pessible evolutions of the system have fo -be taken into
account. so, the Markov dingram of Fig, (1) can be used without any modifications and the
transition matrix [A] that corresponding to this diagram will be:'"!

—(4, + ’12) A, 3'2 0
by H, _{#[ +4,) 0 4
Hi 0 (4 + ;) A
C H, Hy ~ (4 + )
Where:

A = Failure Rate in (hr ),
1 = Repair Rate in (hr ™,

and the sum of the ele:nents of each row is zero. this is a leature of Markov Matrix.

This matrix deals with the differential equations of the form; '

p :

—P(1)= A.P(t 5 1}
& ) (t) (
This equation can be weitten as: .

[P< ()] = [AL[P.()] @)
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where: .
[P.(1)] = is the column vector of the system probability function (availability) that consists of:
r,nﬂ
10
[Pw]= .
Py (1)
Py (1)
[PLD)] = |$ the cﬂhimn vector of the system differential function that consists of:
P, ® ;
Pz(1)
[P(1)] =
| Pit)
P 4 {TJJ

The wuluuun ol eq. (2) beginning'with an nitial condition represented by the probability ﬂf zero for
each state matrix unless given one to the [irst state.

In starting of solution. a matrix of [P((0}] should be considered as Thc initial or boundary conditions
column vector which contains the probabilities to be in any state i at time t = 0. where in our
examplei= 1.2, 5. 4. '

The method used to solve eq. (2) is the numerical solution of differential equations to resolve the set
of differential equations that related to the problem under study in this paper and by using computer
programs, which were constructed in Matlab system.

FUNCTIONAL DESCRIPTION OF THE POWER PLANT SYSTEM

The plant has six power units and four of them denoted by the new units, which they are the basic
steam-power units of the plant and they are working independently to supply the Super-Grid across
132 kV bus bar.

Through the studying of work nature of each power unit it will be found that there are thrcc systems
that affect on the relinbility and operating efficiency (that represented by unit awaﬂahlhw at any
given time), these systems are the mechanical, electrical. and control systems.

Euch one of the above systems has a combination of components and subsystems that connected
with each other in a specified manner to give the required output pewer of unit. '

The input data used in this paper depend on the results that obtained from Fault Tree Analysis and
Minimal Cut-Sets method in analyving the Balure and vepair rates for cach of the three systems
within the power unil.

The probability functions of the three systems within the umt are connected with each other by OR
gate since the failure of any system leads to the unit failure to give its required mission.

The unit shutdown is the Top-Event that finally reached by the Fault Tree analysis of each unit as
shown in Fig. (2).

The Minim2l Cut-Sets of mechanical system failures (events) are connected with each other by OR
gate leading to the top event of the mechanical system, (MF1=Turbine Failure), as shown in the
following probability function:
MFIl=MF2YMF4YMF5YMF6YMF7YMFBYMFOYMFIOY

MFITYMFIZ3YMFI4YMFISYMFI6 YMFI8YMFI19Y MF 21 Y MF 22

nhut
MF = a type of Mechanical C mnpomnta Failures, which described in Table (1).
Y =Linion symbol which means logically OR. and mathematically represented h}
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The Minimal Cut-Sets of the electrical system failures (events) which lead to the top event of the
system (EFI=Electrical System Failure) are related with each other by the following probability
function: ;

EF1=EF3YFEFSYEF6YEF7YEF8Y(EF101 EF13)Y(EF101 EF14). &
Y(EF111 EF13)Y(EF111 FF14)YEF 16 Y CF 18 Y EF 19

where: :

EF= a type of Electrical Components Failures which described in Table (2).
[ =Intersection symbols of two events logically means AND, mathematically represented by
multiplication symbol “*,

For control system failure (events) that leading to the top event of this system (CF1=Control System
Failure) are.related with each other by the following probability function:
CF1=CF5YCF6YCF7TYCFRYCF9YCFIOYCFI11YCFI3Y

5
CFI4YCFISYCF16 YCFI7YCF18 YCF19 Y CF 20 ®)

CF= a type of control system failure which described in Table (3).

The probability of top event (TE) of the power unit could be found from the probability function
that resulted from Fig. (2) as follaws:

P(TE) =P(MF1) Y P(EF1) YP(CF1). _ : (6)
The reliability expression of function (6) 15 expressed as follows;

RU = RM Y REY RC ; (7)
where:

RM, RE, & RC = are the reliabilities of Mechanical, Electrical, & Control systems respectively for
the unit to perform its function during the production cycle time (t).
By assumii:g a constant failure rate with time t, then: (Norman J.. 1981), (Patr)

R(t) =-e~* (8)
where:

R(1)= reliability of a component or (system) as a function of time t.

t= production cycle time of a component or (system), in (hr).

Since the unit operates dailv along 24 hours, this time includes the idle llmes for rcpdirmg and
maintenance.

The availability function of each component or (svstem) in a unit is obtained from the steady state
cquatnon as follows: (Norman 1. T981) (Charles 14, 1997)
p '
Alt) = —— (9)
i+ A

A(t) = the availability of a system with constant time (t).

The Fault Tree Analysis results of the power unit system are given by the following va!ucs,
(Soroor., )

RU = 0.6051 = I'Ehablllt}" of each unit

Al = 0.6731 = availability ol each unit

For t = 24 hr, then, the resulted failure and repair rates of the unit are: (Soroor, 2005)
A=0.0091hr"'

u=00187hr"
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Therefore we take the above values of failure and repair rates for each units as input data that
required to the Markov Model analysis.

The whole system of the power plant is has four basic power units (denoted by the new steam-
power units) are related in parallel with each other and connected with the Super-Grid across 132kV
Bus-Bar.

The system ol power plant could be represented as shown in Fig, (3).

THE APPLICATION OF MARKOV MODEL IN AVAILABILITY AND RELIABILITY
ASSESSMENT FOR THE I’R(}DU( TION POWER PLANT
During the normal operation of the plant, there are two hdH!L states-of each unit, Vshlth they are:

Che unit in operating state. this staie npl sented by =17 digit,

Uhe unit ina failed state, this state represented by 07 digid.
l'o assess the power plant av ..u{.ihlht} all 1I1L pi'l'n]lﬂ:t_ evolutions of the system have o be taken into
account, so that, the Markov State-Transition diagram of the availability assessment will have all
the 16-transition states as shown in Fig. (4).
To assess the plant reliability, only the possible evolutions of the system which will be never reach
the state of :ailure {0 0.0 0}, have to be taken into account.
From Markov diagram, one can find the set of the first order differential equations which form the
mathematical representation of the power plant system as follows:

dp, (t)/dt=(—40)p, (1) + GE)p (O +p, (O +p; () +p,(0)] \
dp, (ty/dt=4p, ()= (u+ 3R)p, (1) + Gu)[ps (D +p, (1) + pe (V)]
dp,(U/dt=2p, ()= (p+ 30, (0 + G ps (D + po (O + p,, (D]

dp, (U/dt=ap, (1) = (u+30)p, (O +BW[p (O +p,(D+p,, (1]

dps (O)/dt=Ap, ()= (p+31)ps () + )Py (1) + Py (O +p, (1)]

dp, (O/dt=Ap, (1) =(u+30)p, (D + (2p)[p- (1) + p (1]

dp,(1)/dt :?',.P_-![.l,]—[:!.l-rj?'.}phl:[} F2p)Ips () + (U]

dpg (t)/de=(22)[p, (1) +p, (D]+ 2@+ ) pe (D) + (2P, (O + P, (1]
dp, (1)/dt = (22)[p; () + pa (D] = 2(u+ M)py (1) + 2R [P, (O +pys(D)]
dpm (t)/dt=-2 l}[]'.';., (t) +_.P5{t}]'- 2(p+ }'-'} ?ln{t) + {Eﬂ-) [P‘is{t}+ plj{t}]
dpy, (t)/dt = (2A)[p, (1) + ps (D] 2(u+ 2p, (O + (2 [P, (1) + py<(1)]
dpy, (1)/dt=(3R)[p; () + p, (1) +po (D= 2(u+ A)p,, (D) + up, (1)
dpy;(1)/dt = GA)[p, (1) pg () + Py (D] =B+ A)p,s () + upy (1)
dp,,(/dt=G3M)[p, ()+py () +p (D] Gp+ R)p o (O +up, (1)
dp,s(0/dt= B[y () +p, () +p, (D]~ Bpt+A)p, (D) + pp, (1)

dpy (1/dt= (4R, (10 + Pos (04 Py ()£, (D] (4P, (0

The above set ol eguations are related to the availability estimation, and for reliability estimation
the same set ol cquations can be used. but the probability: Tunction sixteen and each luctors that

(10)

related o the swte { 167 are neg ||H|l fes mumee the Tarlure states are constdored s absorbin: o states J’L
using the numérical solution of differential equations in Matlab system, we were reached to the
output probabilities as the availability and reliability of each system states of the power plant, as
shown in the output results of the programs.
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RESULTS AND IMSSCUSSHON :

The output results of Matlab programs represent the availability and reliability of cach state in the
Power Plant as a whole production system of electrical power.

The availability-state space diagram (Markov State-Transition diagram) consists of 16 states as
shown in Fig. (4), therefore, this diagram leads to 16 probabilistic differential equations, which will
be resolved by using thé numerical solution of differential equations in Matlab programming.

The state curves are plotted as a function of time in Fig. (5) to show the variation of the
probabilistic relationships with time along the 24 hours of working day.

Fig. (5-A) shows the system availability for the states (1 to 4). Curve no.1 of this figure shows that.
the state (1) is beginning with probability of one at the start of operation life and then decreased
slowly with the increasing of time. And for the other states, their probabilities increased with time
in same manner as also shown in Figs. (5-B, C, & D). So that, it is clarified from this study, the
degradation of the system with time, since the system tend to be transferred 1o failed state gradually
as fime goes up. il . ' :

To assess the reliability of the power plant. the state space diagram should be consisted of 15 states
only. since the Tadled state. (state no. 103 should be neglected. Theretore. this leads 1o the reliability
diflerential equations, same as those tormed lor the avatlability assessment, but all factors that
related to the state no.16 should be neglected. These equations are also resolved by using the
numerical solution of differential equations with the aid of Matlab programming.

Fig. (6) related to system reliability of the power plant.

Fig. (6-A), curve no.1, shows that the system reliability is one at the first hour of operation time,
and then decreased with the passing of daily hours. In other states, the reliability of the system
increased with the passing of time during a day, as also shown in Figs. (6-B, C, &D). So that, this
study shows the degradation of the system reliability with the passing of time, since the system tend
to transfer to a less rel.ability running states without having passed through the failed state.

From the plotted curves of the reliability states, one can see that, the power plant system with less
reliable state is. when it is reached to the states (12). (13), (14), and (15). Therefore to overcome the
conditions of these states it will be needed for a high safety requirements 10 being in a more reliable
state for a long interval of operating time. And especially the components and subsystems of power
unit. which having less reliable factors should he more taken injo account to increase the safety
factors of the plant performance.

CONCLUSIONS

The power generation plant could be considered as a special type of industrial systems. where the
application of reliability algorithms have a respective importance, since the required functional
objective o the power plant is to produce energy with reliable factors and available quality as
planned as possible.

Due to the complexity of whole generation system of the power plant, there will be a need to
applied some algorithms for the system reliability evaluation, such algorithm is the fault tree
analysis to analyze the relationships among the failure events of whole system reaching the failure
event of enlire system, which is known by the top event. Then, the application of Markov analysis
model is firstly suitable for description of all possible transition states in the system by the
representation ol state-space diagram. And secondly, to quantifying the reliability-availability at
each siate of system transition states. as probability values that are predicated for a specified period
of lime,
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Fig. (1) Markov State-Transition Diagram of 2-Unit System
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Fig. (2) The Fault Tree of Power Unit
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Fig. (4) Markov State -Transition Diagram of the Power Plant System
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Jable (1)
Mechanical System l"dl[lll."l..S tMl— {.'lf the Steam- Pcmu Lmt

| Components Failure (Events) Code
Turbine Failures MF1
Boiler ¥eed Water Pumps Stop Working MF2

| Boiler Failures MF3

| Loss of Air Combustion Fans MF4
Max. or Min. Water Level MF5
Boiler Tubes Leakage MF6

 Heavy Oil Control Valve Failure MF7

’?ir Combustion Register System Failure __MF8§
_[{__m wing Air Heater Failure ; MF9
| Heavy Oil !‘:Luur{ [‘uulpw Failure g, . ME10)
[ C umh:mr Failures : el _____’__,___-___ﬂf_l__l_“‘_
Air Removal Pumps F nhu e L, =R MF12
{ Iri.llll,ll_-i_l Walcr PIIHT]H F ||f||u A LA R MI | 3

[( vndenser Tubes Direy MF14
Condensate Water Pumps Failure MFI5
Hydraulic System Failure MF16
Hydraulic Oil Pressure Pumps Failure MF17

| Oil Le el Low MF18
Servo Valve Failures MF19

| Servo Valve Filter Dirty MF20

| H draulic Oil Control Valve Closed

Table (2)
Electrical System Failures (EF) of the Power Unit

Components Failure (Events)

Eleetrieal System Failures < : . EF

(-i.uil riulor Stop (reuu ation j__ e By __I_*_Ifi! :

‘ﬁ! itoy 1 |i|I|. I' 1_|_|Jt .1 | i I F3
i.__uu_:-_il E xulmﬂiu__u_____ o i 4 .
Rotor Failures ' EFS
Excitation C.B Failures EF6
Rectifier Failure EF7
Carbon Brushes Failure EF8

Main TTR Failure EF9

Earth Fault of Main TTR EF10

Trip of Differential Relay No.l EF11
Auxiliary TRR Failure EF12

T'rip of Differential Relay No.2 EF13

Earth Fault of Auxiliary TRR EF14
}J’nilurt‘ of 132kV C.B - o <] EF15
Failure in Pressure of SF, s ae EF16

"Air Compressor Unit Failure _ EF17 i
| I ankage in Pip es of O ompressor l_iEII_ AT o _ _l_l_lif:_ HT
'{ OIPEESSOr i uimt = s " ey !'f_i’l_*_i____

PER = Translormer
C.B = Circuit Breaker
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L]
g Table (3)
Control System Failures (CI') of the Power Unit:

't"".l“ of Failures [Trip ~4ii_~;n:tij|_
Il Contro! System I
i "_H. stein .uiuu
FSSS Failures
| Spec 200 System Failure
Set Point Select Board Failure
| Dual Set Point Board failure
| Servo Amplifier Board Failure
[ 3 kHz Board failure
| Turbine Trip Signal
[ Flame Trip Signal
Loss of Fuel Trip Signal
‘ High Furnace Pressure Trip Signal
L.oss of FD Fan Trip Signal

High & Low Drum Level Trip Signal

Low Air Flow Trip Signal

I ass of 125V DC Trip H:un Rk o 7Y
i}rum Level Control System ¥ niurc '
Air Flow Control System Failure
| il Pressure Control System Failure

STC system = Steam Turbine Control system

FSS5 = Furnace Set & Supervisory System
FD Fan = Forced Draft Fan
DA = Dearator
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