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ABSTRACT- Reliability evaluation [undamentals are necessary for a quantitative
reliability evaluation in electric power systems. This paper includes a description
of the procedure f[or system reliability analysis. An important aspect of power
system design involves consideration of the service reliability requirements
of loads, which are 1o be supplied and the service reliability, which wiil be
provided by any proposed system.

A knowledge of the reliability of electrical equipment has an important
consideration in the design of power system for industrial plants. ldeally, these
reliability data should come irom a liekd vsed ol the same type ol equipiment
under similar enviromental conditions and similar stress levels.

in this paper, a comparison between the single-circuit and double circuit
reliability working with earthed neutral of power transformer at some variables
conditions is given. Also, a reliability comparison between three-conductors ol
single circuit for overhead transmission line and two-conductors-earth method
at various conditions, is introduced. A computer program flow chart is given.
Results of calculations are illustrated in curves as well as arranged in tables.

INTRODUCTION- The elementary reserve separation of transmission line (as
transformers, single circuit, double circuits and protective devices) and its
relation with the reliability will involve heavy capital economic and may worse
energy losses of the network [1]
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It is well known that, about 85-25% ol short circuits on ransmission lines
are singie-phase 1o pround. Conscquentiy, in order to keep symmetrical voltape
of load bus and full transmitied power ol three-phase system, the need has arisen
to balance the energy transmitied by several techmques | 2,7).

One common solution for such probjems has been carried out by using the
paralle] circuits [8).

Accordingly, it is necessary to make a comparison between the technical
economics for single-circuit ol transmission line and its corresponcling double-
circuit. The reliabitity calculation of the transmission line is necessary for estima-
ting the economic damage, which causes source interruption or worsening the
quality of electric energy at ronsuiners.

This paper presents, the statistical methods required to investigate the
reliability of power supply with single and double circuits. These methods proceed
from considering  the dnteeval thme ol Howing Bmit and the transimission lines
either under operation or vnder repair [3,6]. The outlays time replacement Tr

jor damage element with the performance of average restoration as wcll as
the simple Torced cocllicient alter [auli is piven by:

Kl:w Tr AN

The expected value of economic damage is determined by the {ollowing
merger equation [4}:-

vev ey =k Eeer ok LEnr

max it Imax

LT . - : (2
L CE. (=<K, + B r\p)

and the probability of no-lailure operation (!‘“m} is delined by the following
equation:

p_ze " L A3)

l- Comparison between singie and double—circuit reliability

Circuits considercd in the present study are earthed, comparison includes
two varients of electric power substation. The first one is linked in the end
of electric power substation with two paralle] circuits, and the second has
one circuit line as shown in Fig. (1}.

1.1 First Varient: Double - circust fines.

This varient will follow the lollowing cases:
a- Simulianeously failure of two circuits, which can occur alier the short
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circuit of one circuit to the other and V. V. , also at (alling the support
and other accidents. The simple forced coefficient in this is:

Kp o= Wgo T CdW)

b- Superposition failure of one circuit during maintenance plan of the second

circuit, it is necessary to determine the simple forced coefficient of first
circuit (K.,,), existing during the work, and simple plant coefficient (szz)

of second circuit, existing during the maintenance. The .simple forced coefficient
of first circuit for doubie-circuit lines (Km] is determined from the following
fariures:-

l- Failure of the first circuit {in transmission line}, in this case the simple
farced coefficient (Kfﬂ) will be determined from the following expression:

“tzr 7 Yo Ten =

2- Failure of the switches during instability, and also stable of the short-
circuit in lines. The f{ailure flow for this case (WSZI) is determined by
formula:-

W = W LW W W P

s21 7 W W e Wy W ()
The restoration time of electric power in the case of short circuit instability

will determine the active time of switching (Tsr)’ and in the case of short circuit

instability will determine the active time of switching (Tsr)‘ and in the case
ol short circuit instability-maintenance time of lines, i.e.

\\
K = KW

£21 2 Vs T v Wy W T Rt

21 21

In comparison of the varients of electric power, it is not neccessary to
take into account the simuitaneous failure of two transformers, and aiso the
superposition failure of other circuit elements in the maintenance plan of trans-
formers. From the previous, the summation of failure flow (WsZI) and simple
torced coefficient of first circuit (K,, ) will be :

£21
Y
W T Way t Wy :wzl(l "Ws*kws) e (8)
Y »
Kpoy = Kpgp # Kopgy 2wy Togp e w) e Rwy w T e )

Then, it is necessary to determine the simple plan coefiicient of [irst circuit
k 229 in quality which is more specific, from the simple plan coeificient of
sgngches or lines. For circuits of 110 KV and 220 KV agreement, in quality of

it 's simple pian coefficient of switches [KpSZ)’ i.e.
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Kp22 & KpSZ A )]

The failure flow of the first transmission circuit in the suitable time of
maintenance plan for second circuit is equal to:

K

\
Wplz = p22 - wSZ[ SRR ) 5

Taking into account that reduction time .of electric power during high instruc-
tion of failure is more lower than the simple plant coefficient of first-circuit.
The simple forced coefficient of first-circuit in the time: of - maintenance
plan of the second-circuit (K“ps} is determined by the following expression:-

Ketpz = Wap = Tagg (1 + W (K 55 =05 T ) « K Wy Wy
Koy - 03 T) T, . 12)

Following that, parameter of failure flow (W, .) and summation of the
simple forced coefficient in the suitable time of {Rg maintenance plan (KIpZ)

on the whole are equal to:-

Wip2 = 2Kopp Wy (L= Wo oKW ) cee (13

Kipz = 2 Kpip2 o 119

From the part of simultaneous f{ailure of two circuit (part a) and eq ns
(12 - 18) received the following equations for calculation of failure flow parameters
(Wzs.) and simple forced coefficient [KIZE) for the electric power with two

circuits of transmission lines:

W2£= £+2K922 WZI (1+WS+KW5); (|_5)

K[Zf WE. Tre « 2 Yoy TI21 (1« WS) ; {Kp22 -05 T

g2
ST Wy W T Ky =05 T ) AT

The analysis show that, the simple [orced coefficient in the maintenance
plan time {Kip2) is small compared with the simple forced coefficient that

arises from failure of two-circuits {Kf}, and in the following take into account
(Kpr = 1-2% from K[), i.e.
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K[Zz:Kf;KmigKf:WL T 2.« (ED

By receiving the values of W, and K, besides using Eqns (1) , {3) and

(2), it is possible to calculate the average time reduction {Tres_ ), the probability

of no-failure activity operation (Pmo} and the expectation value of economic
damage from the interval in electric power (Y).

Second varient: Single-Circuit of transmission lines

Figure (2) illustrates the block circuit state of the electric transmission
line, where the interval forced in electric power have values in the following
cases:-

a- During three-phase and double-phase to ground short-circuits

The failure flow parameter (W) and the mmple forced coefficient (K )
in this case can be determined by the l%l!owmg expression

WS=WL1.K H ] ...(13)

Keg= Wpy - K. T e (19

b- During the failure of the suitches at power-substation for single-phase (KIJ

and double-phase without ground {Kz) short-circuits. The failure flow (wi)

and the simple forced ceefficient (K”_} in this case can be determined by the
following expression [5]:-

Wsﬂ. Wo, - \vs(l - KS) ; o (20)

K Wf_l WS.Tsr(l -ws) L2

{2

C- During the failure of the balancing-device for the single-phase to ground

fauit K and double-phase without ground short circuit [2). In this case the failure
flow (WBD) and the simple {orced coefficient (KIBD) are limited by the formula:

WBD:wll (1 —Ks)(l - K (22)

BD) i

sC

Bo
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Recording that, in the absence of bajancing device reliability, while the
availability coefficient of the balancing device is assumed equal to 9.9

d- During the superposition failure to the phase-maintenance plan of the circuits.

Firstly, determine the simple forced coefficient of electric transmission lines,
which work in the unsymmetrical system. Interruption in the electric power
for this transmission will be take place in the following cases:-

I- During the damage working in the phase. Intially, {from this consideration,
that the damage of stability, which call intervai in the electric power to
consecutive time of maintenance line, and unstable to the time T . Con-
sequently, the simple forced coefficient of this case (K\f) is determined by

the following expression

N

o y .
Kf_j- WLI(TFEI + KT s .. (26)

Al
and the failure flow of this case (Wi) is equal to

N~ 7
Wl:j- (WLI+KW£|) .. {25

In equations (20) and (25) the multiplier 2/3 takes into account, that only
two from three lines is considered in the work.

2- During failure in the same balancing device, in spite of absence of the relia-
bility of balancing device (WBD) is accepted as 0.05, which acts as condensers).

The average reduction time of this device is proved to be important and
interval practice of electric power after the maintenance plan of one-phase
of electric transmission line. In this case the simple forced coefficient (K[BD)
possible limited by the expression:

W (26)

Kiep = Yap - Kpoi

It is necessary to calculate the maintenance plan coeificient of electric
transmissicn lines, which requires essential large time compared with planning
of the all three-phase simultanecusly. This time at the maintenance plan of
the all three-phase single-circuit of electric transmission lines is large compared
with the maintenance of si -pha i.e, "

e enanc single-phase, i.e Kpci>Kp¢bl[6]

Since the normal data of the simple plan coefficients of single-phase for
the electric transmission elements be absent, that in working data taking:-

Kooti = Hpcthi (27)
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At this assumption, as in the first

varient of electric ecui
of 110 and 220 KV in quality; ec power for circuits

which takes the simple plan coefficient:

Kqu}c = KPSI vo. (28)

Follows the underline, that the simple plan coefficient of simple and double-
circuit switches of electric transmission lines may be different. This stipulation,
that in double-circuit varient possible use three-phase switches (oiling), in this
time as in single circuit varient used switches with phasing control.

A} : .

By no means, failure flow parameter (wlplfb} and the simple forced coefficient

\
of electric transmission lines (K“ ) in the unsymmetrical system, in the time
of maintainance plan of single-phase will be limit hy the expression.,

) = 2 ce. (29)
Wioip T Korpe L3 (Vg K W)+ Wap s
K\mp-z- Wy, T K. a2 08T, Vo Wy o T
=3 YL Trele T Wptpe T Trete ' T T T2
3
- . . < == L300
(Kpl¢'c 0.5T)+ 035 Kpl KeBD

Summation of the failure flow {W“c) and the simple forced coefficient
(K“c) in time of the maintenance plan of electric transmission lines which
will be equal to:

~
W“c =) WH)H«D : P (31)

LY
Kpe =3 Xpg .. (D

Consequently, the [ailure [low parameter (wf_lc) and the simple forced

coefficient is limited by the expressions:-

W W e W + (33

Yeic = % 52 o ¢ Ve

= K

. (36)
Kete = Kis ¥ %12 * Kmp * Ksie

With calculation qus (18-23) and (29-32) the eguatins take the form

= - W 4 - . - K +
wzlc'w-ﬂl[KsJ'Ws“ ws} (1 ws) (! BD)

“Kepp L2 Wy (K v 1)+ 3W,0 ] ; .. (39)
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K K o+ T ws(l-kS)+TSr[l-kS)x(l~K Y] 2wy

sic = 0 Urere K5+ Tsr BD

i } 2
[T i (KpI(Dc - 0.5 Trelc} F KT (Kplqjc -0.5 T s L5 Wap Kp1¢c]
... {36)

By receiving the results of Wi. ‘! kz,lc and using Eq ns (1), (3) and (2), it is
possible to get average reduction time (Tr }, the probability of nofailure operation
of electric transmission lines (P o) and the expectation value of economic damage
(Y, ) from the interval in electfit power.

le : P

The reliabilities estimation of electric power systems along double-circuits
{varient 1) and single-circuit (varient II) of lines use the static data (6], in which
result in the reliability of electric transmission line elements.

The resuits of 220 kv circutts are as follow:

Varient [:
wz£= wp 0.064 Wy s L A7)
kF25_= W‘?. Tre - (38)
Varient 2 :
. . 5
Ve Vo - 0.75 K+ 0.61) + 3 x 167 ... (29)
) 01265 59 .
Kilc = \Vm. Treic' [ (0.9375 Ks 0.1263) - 1.03 Trelcl + 3 x 10 . {40)
Also, for 110 KV circuits , received :
Varient l:
W2£=\V8+ 0.0 28 WZI H C{al)
KFZS_ = Wp. Tre R ¥4
Varient 2 :
- . -3,
ngc E WPI . 0.8 K5 + 0.28) + [.5 x 107 ; Lo we3)
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} . - A0
K =Wy T [ (D.95 K+ 7.082) - 1.03 Tt’eSCJ v 075 x 10 .. (6

ilc reic

Equation (36) - (41) allow to produce the comparison analysis of reliability varients
for the circuits of 220 and 110 KVY. Taking into account, that for stable single-
phases to ground and double-phases Without earthing short-circuit from all stability
damage lines, which compose from 75 to 95% for single-circuit calculations to
produce at KS and the values 0.05, 0.15 and 0.25.

The results of calculations illustrate, that the parameter of failure flow for
first varient {double-circuit) at [.5-3 times lower, than for the second varient
(Figs. 3.a and 3.b). It follows that the reliability is higher than that firt varient
by 1.1-16 times and composes 0.3-95 (Figs. #.a and #.b). But the simple forced
coefficient for second varient composes only 253-75% from the simple forced
coefficient of double-circuit line (Figs. 5.a and 5b). Therefore, as the middle
time composing for second varient at 4-6 times is lower than for first varient.

Also, at decreasing the failure flow of lines, switches and protection relayes
at equal conditions of the second varient advantage (single-circuit line) increase,
and it's failure flow decreasing to large value, than for second varient in that
time, as the relation of the simple forced coefficient is small.

The failure flow parameter (W< , ) and simple forced coefficient for electric
transmission line (K ) for the tl‘r’e conductors and single-circuit line with
balancing device, are caﬁ:u!ated by the following formula:-

2

WZIC =3 Wﬁl' [Ks & Ws il ~ Ws) + (1 - Ks) (1 - KBD) + [ZWS x (K + 1)+

. BWBDJ. KP“DC , A US))

_ 2 } i

KZIC =3 Wy (T Ko# T W= KD e T {1 = Ky x (1 - K]

\ 3

2 Wy [T g0 X (KPKDC = 0.5 T ) e KT x (prc -05TH ]«

1.5 W k? (46)
 Vap - Cpige ™

Egs (45) and (86) can use in the case of phase-maintenance of the lines.

Results of calculation for 35 KY circuits are shown in Figs. (6) and (7),
where the relation of the failure flow parameter and the simple forced coefficient
depending on the line length for Ks' Figure (8) shows the relation between the
reliability of no failure operation and the line length. Also, results illustrate,
that in circuits with isolating solid neutral of transformer compared with earthing
netural circuits of single-circuit lines (varient 2), have better reliability. For
example, for 353 KV circuits, the failure flow parameter for second varient are
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bigger by 10-35% only (Fig. 6), than the first varient, instead of 50 - 30% in
circuits of 220 and |10 KY. In this time, the simple forced coefficient for second
varient, is less than the first varient by 2-4 times.

Therefore, in circuits with isolating solid neutral of transformers, as in circuits
with earthing neutral of single-circuit line possible fulfil all demands of electric
power supply.

Moreover, it is possible to underline that the electric power supply through single-

circuit line with phases contrel and balancing device shows large reliability,
than the electric power supply with double-circuit line in single tower circuit.

2. Reliability comparison between three-conductors of single-circuits line and single-

circuits with two-conductors-earth

Using two-conductors-earth method for realigation needs to small costs at
comparisen with 3-conductors transmission line. Moreover, allows decreasing the
active power lower in electric energy of lines to 25-30% [7].

For reliability comparison of electric power supply by these systems, arise
tow varients of electric power supply, the circuit is shown in Fig, 5 (9.a) and (9.b).

2.1-First varient : 3-conductors of transmission lines
The interval of electric power supply in this varient is possible in the following
cases:

. At all cases of short circuit, a time maintainance of line is used, but single-
phase to ground short circuit takes alone. In circuits with isolating solid neutral
of transformer at single-phase to ground short circuit, allows to work the lines
about 2 hours, after that, the circuit, must be disconnected for maintainance.

The simple forced coefficient for this case is limited by the equation:-

y K‘l +K\

Ke =Yg Trgle = Wgem T o+ L -m WgT o= Kgy # Kgg 000 87)

2. During failure of switches in sending end substation at all cases of short circuit
instability in overhead transmission iines. In this case the simple forced coeffi-
cient is equal to :-

¥
F

3. During the maintainance plan of overhead transmission lines. For the electric
transmission lines in systems with isolating solid neutral of transformers,
(6 - 35 KV) in the quality of the simple forced coefficient to take the simple
plan ceefficient of line, i.e.

Kg = K. Wg W ... (4g)

KPI = Kpl£ ... (69)
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Then, the summation of the simple forced coefhicient of the transmission
lines is equal to :

b
Kglc = KF + Kgp+ Kp|€= WP(Trelc + KTsr Ws) + Kpl{ .. (50

and the effect of damage at the interval of electric power supply can be limited
by the fellowing formula :

. " \
LY
Y= Kg £ P Ky ¢ Kg) E P

~
Lm WITrelé:‘(. v (L - m) Wax TreJc + K Wi Ws Tsr]“(+ Kplt B] .P

ax'&Kpl.E‘.B.Pmax:

max
.0

N
The given data of =4 equal to .25 times of specific damage plant (i.e o =
1.25 B) .

2.2- Second varient: Single - circuit with two - condutars - earth.

The complete interval in electric power supply for this varient arises in the
following cases :

I. During the all stability damage at overhead transmission line. It is necessary
te caiculate at double-conductor - earth methed [7], the simple forced coeffici-
ent for this case may be limited by the following equation :

2
Kpc * 3 V¢ Tne A 673
where: TDC - the mean time of double - conductors earth, which is alawys smaller

than T__, _ for three conductors line by the following :
relc

TDC = 0.8 Trelc . (59

2. During failure of balancing device, the simple forced coefficient for this case
can be limited by the equation:

KBDszD . TBD RN S 13

3. During failure of the Switches at sending substation in case of instability of
two - conductors - earth, the simple forced coefficient in this case equai:

1 2
KF=—3W£K Ws Tsr 5]
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4. During the maintenance plan of double - ronductors sarth. The simple plan of
transmission coefficient in this case, taies the small value than at three -
conductors lines, and is equal to

KPDC = {0.66 :—0.8} KP

The summation of the simple electric transmission coefficient can be limited
by the equation :-

2
Kspc =3 Y Tpe * K ¥ Ty » ¥ap Tap * Kppe - 08
and the expected value of econemic damage is determined by the formula:

2
Yoe =3 W (Tae ~ KW T )W BEP o (37}

8D B0l %t Kepe max

The analysis of calculations, show that, by increasing the line length, the
simple forced coefficient quickly increases for three-conductors line than with
wwo-conductors-earth, as shown in Figs, (10.a) and (10.b}

Conclusions:-

. Comparitavely, the reliability estimation of electric power supply aleng single-
circuit and double circuit of lines, illustrates that, the single-circuit lines,
phase control equipment and balancing device for working in unsymmetrical
systems give a new quality of several circuits.

2. Establishing that the electric power supply by these lines is more reliable,
than in double-circuit, i.e. the simple forced coefficient at the first case is
smaller by [.3-4 times, than the double-circuit lines. Also, it is illustrated
that, it is possible to use the single-circuit overhead transmission line for
electric power supply for all demands.

3. Discovering, that for estimating the cost is possible 10 calculate the costs
of varients of electric power, taking into account the values of ecanomic
damage not considered before at comparison these varienis with economic
expenditure.

4. 1t is shown, that from the values of economic damage follows the calculations
of the equal costs varients of electric power by three-conductors of single-
circuit transmission line and two-conductors earth of single circuit.

Nomenclature:-
w Failure - flowing / year
T Average restoration time, year / failure .

v
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Ke
Kp

¥

Yo, ¥

Al ML ML ALY

Simple forced coefficient, relatively the unity.
Simple plant coefficient, relatively the unity.
Expectation value of economic damage

Summation of expected damage in resulting of faults and load disconne-
ction plarning. .

Specific expected damage at faults and load disconnection planning.

o
Keg s KpSimpie forced and plant coefficients at electric transmission.

Degree of load limjtation {0 & &K 1)

Maximum transmitted power.

The probability of ne-failure operation.

Stream failure of two circuits.

Average reduction time.

Simple forced coefficient of first circuit.

Simple plant coefficient of second circuit during the maintenance.

Average restoration time during damage of first-circuit for double-
circuit transmission line.

The failure flow of first circuit for double-circuit.
Simple forced ccefficient ¢f first circuit for double-circuit.
Failure flow of switches.

Coefficient, indicates that the number of reliability of beginning short
circuit instabilities, which changing the stable reliability (for ex. K = 3).

Failure flow of first circuit switches for double-circutt.
Simple forced coefficient of first circuit during maintenance
The active time of switching

= Wa1 Vs

The simple plant coefficient of switches.

Failure flow of first circuit in the suitable time of maintenance plant
for second .

The simple forced ccefficient of lst. circuit in the time ol the maintena-
nce plant of 2nd. circuit.

The maintenance time ol the 2nd circuit.

The whele failure flow at maintenance time.

Failure flow parameters of double-circuit.

The simle forced coefficient of double-circuit

3-phase and double-phase to ground short circuit in hne

Failure flow of one-circuit line.
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Trel Average reduction time of one circuit line

FRD Availability coefficient of balancing device.

WBD The failure flow of balancing device.

KP{le Simple plan coefficient of single-phase circuit.

Kpey Simple plan coefficient of single-circuit.

KPSl Simple plan coefficient of single-circuit switches.

m Coefficient, taking into account the single-phaie to earth stability.

o The specific damage at discomection of loads for single-phase to ground
short-circuit.
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