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ABSTRACT

This paper deals with the risk assessment of adgjectric dam. Hydroelectric dam produces elecpiawer with the help of
water collected in a pond. Here, in this paper, thehor has been taken one parallel redundant tuehio improve system’s
overall performance. On failure of any one turbittee whole system works in reduced efficiency stdte whole system can fail
due to failure of any of its subsystems. All fakifollow exponential time distribution whereasrajpairs follow general time
distribution. In order to risk assessment of thetem, we have obtained reliability function, M.F.Tand availability function for
considered system. A particular case, when all irspfallow exponential time distribution, and lomga behavior of system have
also been computed to improve practical utilitylef model. Graphical illustration followed by a necal computation has also
been appended at the end to highlight importanilteof present study.
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1. INTRODUCTION

The whole system consists of five major parts dnesé are
named here as:

(i) Subsystem A : Reservoir, intake gate

(i) Subsystem B : Penstock
(iii) Subsystem C : Turbine
(iv) Subsystem D : Generator

(v) SubsystemE : Power house.

The system has been shown in fig -1(a). The subsy#
takes the water and sends it to subsystem B (Re)stdy
the movement of this water, we rotate the turbind by
rotation of turbine, generator produces electricithe so
produced electric power can be stored at power éhausl
also can further distribute to various territories.

Since, the system under consideration in Non-Magkmv
the author has used supplementary variables toulate
mathematical model of the system. This model hanbe
solved further by taking help of Laplace transform.

3.LIST OF NOTATIONSUSED:

2. ASSUMPTIONS

This paper is based on following assumptions:

(2) Initially the whole system is good and operable

(2) After failure, repair facilities can be provile

immediately.

(3)All failures follow exponential time distributioand are

S-independent.

(4) All repairs follow general time distribution énare

perfect.

(5) Nothing can fail from a failed state.

(6) On failure of any one turbine (subsystem Cg, whole
system works in reduced efficiency

Hydroelectric Dam

er Lin:

Fig-1(a): System Configuration of Hydro-electric Dam

X : Failure rates of subsysteisB, C, DandE respectively.

(,[Il(X)A etc.

First order probability that subsystem A can épaired in the time interval

(X, X+ A) , conditioned that it was not repaired upto tixne

‘/fas(U)A First order probability that both the units obsystem C can be repaired in
' the time interval(u,u +A), conditioned that they were not repaired upto
time u.
P, (t) . Pr{attime t, whole system is operable}.
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Pl(x,t)A etc : Pr{attime t, system is failed due to failuresatbsystem A}. Elapsed repair
time lies within (X, X + A)
P3(Z,t)A Pr {at time t, system is degraded due to failufemmy one component of

subsystem C}. Elapsed repair time lies Witlﬁin Z+ A).

P (X,t)A etc Pr{at time t, system is failed due to failure afbsystem A while one
# component of subsystem C has already failed}. Edpeepair time of

subsystem A lies withir(x, X+ A) .

E’(S) : Laplace transform (L.T.) of function P(t).
M.T.T.F. : Mean time to failure.
s (i) ~ y(expl- [w, ()i}, Diandj.
D, (i) © h-si())ri, Diandj.
. Rt |Y)
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W (x)
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Fig-1(b): Transition-state diagram

States: .
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4. FORMULATIONOFMATHEMATICAL MODEL

Using continuity argument and limiting procedures abtain the following set of difference-differaitequations, governing the
behaviour of considered system, discrete in spadecantinuous in time:

d 5 % o o 1)

S S e R = TRkl e ok + [ (et (e
i=1 0 0 0

+ [ Py(m th, (m)dm-+ [ Ry (n,thyg (ndn+ [ R (k. thy, (dk + [ Py (u,ths, (u)du

0 0 0 0

§j+%+¢/i (j)}Pi (j,t)=0,i = 1245andj = x,y,m,nrespectivyy. ..(2)
:i+2+25:a. +h, +¢,(2) |[P,(z,t) =0 ...(3)
_62 it = [ 2 3 3

§j+% +Y, (j)}P&i (j,t)=0,i = 1245andj = x,y,m,nrespectivly. ..(4)
- 0 0 ...(5)
_E +a +¢/3,3(U)}P3,3 (ut)=0
) 0 ...(6)
oK t +<//h(k)}Ph (k,t)=0
Boundary conditions are:

P@Ot)=a,P(t),i=1,2,4and5 -(7)

@ @ ..(8)
P3 (O’t) = a3P0 (t) + j P3,1(X't)¢ll(x)dX+ j P3,2 (y'tWZ ( y)dy
0 0
+ [ Pau(mthy, (m)dm+ [ Py (n, thys (n)dn
0 0

P, Ot) =a,Ry(t) ,i=1,2,4and5 ++(9)
Pss O1) =a,R(1) ---(10)
R, (0.t) = h R, (t) + h, P (1) +(11)
Initial conditions are:

P, (0) =1, otherwise zero. -+(12)

5. SOLUTION OF THE MODEL

Taking Laplace transforms of equations (1) thro(fgh) subjected to initial conditions (12) and tlemsolving them one by one,
we obtain the following probabilities of states mgd in fig-1(b):

P =1 ...(13)

Po(s) = %

I_Di(S):mforizl, 2,4and5 ...(14)

B(s)

Ps(s) - A9 ...(15)
B(s)

|33,i (s) :Mfor i=1,2,4and 5 -+(16)

B(s)
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= A(s)D ..(17)
P3s(s) = _0’_3 (;)(5)3,3 (s)
..(18)
Ph(s) = —[h1 +h,A(s)|D, (s)
ast(s+ iai + hzj
where, A(S) = . =1 g ...(19)
1‘{2% Si(s) —a3§3(s)}D3[s+ da+ hzj
and . =

B(s) = 1+ a,D,(s) + a,D,(s) +a,D,(s) + a,Dy(5)] + a, +h,

~[h, + h, A(S)[Sh(s) - o, A(9S33(5) ..(20)
- [a3 + A(S)(algl(S) +a,52(S) +a,S4(s) + a, Ss (s)) Ss(s + 25: a + hzj

It is worth noticing that -

1
Sum of equations (13) through (18)= ...(21)
S

6.LONG-RUN BEHAVIOR OF CONSIDERED SYSTEM:

Using final value theorem of Laplace transform,.vizim P (t)= Liom S E(S) = P (say), provided limit on lefexists, we
too S

obtain the following long-run behaviour of consigéisystem from equations (13) through (18):

...(22
P =i 22)
B'(0)
aM, (23)
P= for i=1,2,4and5
B'(0)
_ A0 .(24)
* " B(0)
...(25
P3i =M;forizl,ZAands (25)
y B'(O)
— asA(O)Ms,s ...(26)
¥ B
..27)
P = h, +h, AQ)|M
h g (O)[ 0)]

s
a{l— S{Zai +h2ﬂ ..(28)
=

5 /5
a,+h, +(Zai —ang{ZGi + hzj
i=1

i=1

where, A(0) =

...(29)

B'(0) = [dis B(s)} _

= . ...(30
and M, =-S; (0) =Mean time to repait" failure. 30)

Volume: 03 Issue: 01 | Jan-2014, Available @ http://www.ijret.org 298




IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

7. PARTICULAR CASE:

When all repairs follow exponential time distribution

In this case, settlngS. ‘/7 +¢/ , for all i andj, in equations (13) through (18), we obtain thdofeing L.T. of
different state probabilities of fig-1(b):
Po(s) = ——
i E( s) ..(31)
— a. .
Pi(s) =———:; Fori=1,2,4and5
E(s)(s+,) ..(32)
F(s)
Ps(s) = ——
i E(s) ...(33)
a.F(s) _
Psi(S) = ——7——; Fori=1,2,4and5
i E(s)(s+y,) ..(34)
I33,3(S) = L(S)
E(s)(5+w33) ...(35)
and Pr(s) = ——|h, +h,F(s)
[ ]( s+y,) ...(36)
where, F (s) = - s  au "
a.y. a
S+ ai + h + w J _|: i i 37 3 :|
( ; ’ ’ ;5+¢/i S+, ...(37)
andE(s) = {1+ B, Dy G | O }+a3 +h
S+, styY, sty sty

_ U _AF (W

{a +F(S)( ay, . oW, , ay. , ays H v
3 S+y, s+yY, s+y, sty s+25:a. h, 4,

..(38)

8. RELIABILITY AND M.T.T.F. EVALUATION:

Form equation (13), we obtain the L.T. of relidlifiunction

R(s) = [s+25:ai + hzj_

i=1
taking inverse Laplace transform, we get

R(t) = exp.{— (ZS: a; + hljt} (39)

Also, M TT.F. :J.R(t)dt
0
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9. AVAILABILITY OF CONSIDERED SYSTEM:

Availability of considered system can be obtainedrf equations (13) and (15) as:

= 1 a
Pup(S): 5 1+ 5 3
sty a,+h| s+) a +h,
i=1 i=1

takinginverselLaplacetransform,we

obtaR,, (t) = [1+ hza hjexp{ (ia + hlj }
Also, P,

woun(t) =1 = R, (1) (42)

10. NUMERICAL ILLUSTRATION:
For a numerical illustration we consider the values

a, = 0002 a, = 0001, a, = 006, a, = 008 a, = 015h 7 %%

and t = 01,2,——-10. Using these values in equations
(39), (40) and (41), we draw the graphs shown gr2fi 3
and 4 respectively

11. RESULTSAND DISCUSSION:

A critical examination of graphs, shown in fig-2,aB8d 4,
yields that reliability and availability of consigl system
decreases smoothly with the increase in valuegraf tt It

should be noted that there are no sudden jumpwmindlues

of R(t) and P, (t). Also M.T.T.F. of considered system

decreases catastrophically in the beginning buetfeer it
decreases approximately in constant manner

Reliability Vs Time

exp{ (.251: a, +h, jt} (42)

M.T.T.F. Vs Human error

3.44

A 3.38 1
f 336 1
LL 334,

=332
S 331

3.26
3.24

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
hl--->

Fig-2: Reliability Vs TimeFig-3:MTTF Vs Human Error

Availability Vs time
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Fig-4: Availability Vs Time
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