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Abstract: Graph sructure variations in the distribution
networks and power increase in the generating nodes lead
to the appearance of asymmetrical regimes which may be
accompanied by additional phenomena including varions
forms of short circuits (both monoplastic and triplastic). We
can conclude that, as a result of these phenomena, the
reliability of respective electrical equipement will change in
its turn.

This article is concerned with the analysis of
asymmetrical regimes influence on the functioining reability
of electrical equipement.
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equipments, short circuit, reliability of electro-energetic
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INTRODUCTION

One of the key problems in developing process
of power systems and especially in those of electrical
energy distribution is the problem of unbalanced
regimes which appear and the phenomena accompanying
these regimes and their influence on the functioning of
installed equipments. From the most common
phenomena which could appear in three phase systems,
which create the unbalanced regimes are short circuit
which joins the normal functioning regimes.

RESOLVING OF THE PROBLEM

From all the installed equipments the most often
are subjected to unbalanced phenomena and transitional
regimes which appear in distributional systems are the
switches. From this very reason the level of functioning
reliability and the functioning way of distributional
system are in direct dependence from the functioning
way of switches, that the most often are installed at
feeder beginning. At appearance of unbalanced regimes
and the phenomena of short circuit the switches must
trigger in a quick way (during 4 periods) the respective
electric circuit , for keeping the functioning hardness of
the respective system. From studied static materials can
be found, that with increasing of short circuit current
values in nodes of system power the most difficult
functioning conditions of switches appear then, when the
value of short circuit current constitutes the size which is
determined through equation (1).

=2 (1)

Ss.C. 3 §.C. max
where: L. max — the short circuit current at the beginning
of network;

It was established that from all unbalanced regimes
joined by transitional regimes , the most difficult at
connection by switcher are those created depending on
tension variation speed, (du/dt) and the electric current
variation (di/dt) instead of unbalanced regimes
appearance. The respective values variation in electric
circuit nodes, and the switching off hardness of these
regimes can be determined in an analytical way through
the value of hardness coefficient, that is calculated
according to this equation (2)

ky=1,,/1, 2)

scA

where: I . —is the expected short electric current in
the electrical node.

I n-is the nominal electric current switched off by
the respective switcher.

In the analyzed process of transitional influence
on three phase systems created by the unbalanced
regimes one of the basic elements in the function
reliability of electric equipments according to [2,3]. In
determination process of short electric current influence
and of unbalanced regimes on the functioning reliability
of switchers goes from the assumption that the described
in[2,3] conditions are fulfilled and in this case the
frequency of switching off is the function of switched
electric current values and it expressed by the equation
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If from this formula is established that the
switching off frequency will be a determined value, then
the function without rejection probability of respective
equipments will be determined from the expression (4)

p)y=e™” “)
The rejection probability of respective
equipments in functioning process will be determined by
following expression (5)

q)=1-p(t)=1-e™* 5)
If it is known the rejection probability of
respective equipments planned at the beginning of
exploitation (q;) and that real at the stage of doing the
respective, consecutive repairs (qy) for reestablished
technical properties then it can be analytical determined
the reliability reserve function of respective equipments
according to expression (6)

Ag=q,t)—q,(t) = (6)

where: 4q — represents the possible value of function
rejection increasing probability of respective equipments
by the next consecutive repair.

AA = (A, —A,) — is the frequency switch off

differences that is electric current values function
switched off at the beginning of exploitation cycle
[A1]and at the moment of doing the respective capital
reparations [A;].

The operations number of respective equipments
depending on frequency and probability of respective
rejection occurrence can be analytic determined through
the equation (7)

n=ne (7)

Where: n,-is the minimal operations number that
are possible established for respective equipments till the
next reviewing and capital reparation this comes from the
switched of current values.

Thus the unbalanced processes the most often
are joined by the emission of the warmth ,which has a
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negative influence on electric equipments function ,the
appears the necessity of verifying the respective
equipments and at thermal hardness. It comes from the
real functioning conditions. In this case if the 7 formula
inequality is fulfilled it can be established that the
respective equipment will respect thermal hardness.

T .nom

) ”
IO.n()m ' TO.HO”I 2 J. A (8)
0
Where: [ 7 nom ~ 18 the nominal value of the current with

thermal hardness of equipments.

T wom - 18 the nominal thermal hardness time.

B - Is the integral of Jull with integral limits
from 0.

Another index that characterizes the capacity
and probability of respective equipments in respective
node of electric system is the switched of capacity of
electric parameters in different possible situations, as in
normal functioning regime so in unbalanced regimes of
accident. According to [4] the switched off capacity of
respective equipments estimated from the nominal
switched off current value. Id.nom and the nominal
unbalance of switched of current in the moment (5,,,,) of
switched off, that may be determined according to
expression (9):

i .

— a.t 9
IBm)m I \/E ( )

o.nom

Where: i, - is the a periodic component value of
electric current of short circuit in the moment of
switching off the respective regime.

The functioning reliability of respective electric
equipments (including switches )in this case is the
function of electric current value of switching off and the
variation speed of the transitional and restored tension in
the respective moment, the probability of the functioning
without rejection and the respective operations number
that were done.

In analytical way the respective dependence can be
presented according to expression (10).

1 t t
R(t)=—— |12 t+y-t)dt. 10
0) nml,gc(){(w y-tydt.  (10)

The reliability functioning dependence of the
electric equipments as function of electric switched off
current values and the done cycles number for respective
equipments ( including switch ) installed in systems of
different tension level, for different exploration periods
(period 1980-2007) in various systems can be different,
but for concrete analyzed system is presented in chart 1

Chart 1

L.on(KA) ]20  [30 [40 ][50 [63

I/ Io wow 0,16 (0,25 10,50 (0,75 |1,0
N 30 25 20 12 10
R 0,996 10,998 {0,999 10,993 {0,991

From the numeric value analysis of functioning
reliability presented in (chart 1) is explained that the
reject frequency variation(intensity) of the electric
equipments and the reject probability in time, can be
presented in the respective graph by showed curves (1)
and (2) from figure 1, which point out that the respective
values correspond to the reestablished classic functions
of the elements that enjoin the processes of restoration in
time.

b e e

a 1 &2
Fig. 1

The probability of functioning without rejection
is a parameter that characterizes the electric equipment
working reliability (including switches ) that depends on
the exploitation time can be analytical determined by the
expression (11).

—jﬂ(t)dt
pt)=e’ (1)
The electric equipments frequency rejection
(including switches) q(t) is determined paying attention
to the intensity working without rejection p(t) and
analytical will be calculated according to (12):

—jﬂ.(t)dt

q@)=1-p)=l-e’ (12)

The analysis work process of electric
equipments in three phase systems at occurrence of
transitional ~ systems can be established that
approximately 25% from disconnection are spent in basis
of the unbalanced regimes that appear in respective
systems.

From this very conditions the equipments
function reliability systems of distribution can be
determined paying attention to the respective distribution
phenomena and it will be determined according to the
expression(13)

K

R(t):K ; “‘[WT—F}/ﬂ“T]dT/(ISC/IiANom) (13)
T

n

Conclusions.

From all that was presented we established that
transitional processes that accompany the unbalanced
regimes of the respective electric equipments functioning
that can be expressed through the functioning reliability
of respective equipments.

In our thesis it is proposed a mathematical
model and an algorithm that can modify the functioning
reliability of electric equipments that depends on the
unbalanced switched off current and of the variation
reestablished tension speed at the bases of respective
equipments.
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AHHOTAI[HA. Crarths TIOCBAIIEHA HCIOIL30BAHUIO
Metona 'ofyHOBa Ui aHAIM3a NEPEXOIHBIX MPOIECCOB
B PACOpECIUTENIbHBIX CUCTEMAaX U WX BIHMSHHE Ha
(YHKIIMOHAIBHYIO HaJISKHOCTh COCTABHBIX 3JIEMEHTOB U
0COOEHHO BEIKITIOUATeNeH

HepexoleLIe IMpOUECChl, BO3HUKAKOIHUEC B
QJICKTPOSHCPTECTUICCKUX CUCTEMaAX, UMCIOT
CYHIECTBEHHOC BIIMSHUC Ha (byHKHI/IOHaJ'IBHyIO

Ha/IOKHOCTb ~ OOJIBIIMHCTBA JJIEMEHTOB CHUCTEMBI M
0COOCHHO BBIKJIIOYATENIEH W ITO3TOMY HajaexkHas pabora
OONBIIEH YaCTH CHCTEMBI 3aBHCUT OT (DYHKIIMOHAIBHOMN
HAJEXKHOCTH BBIKJIIOYaTEIeH.

[Ipu BO3HMKHOBEHHMH NEPEXOJHBIX MPOLIECCOB B
SJIIEKTPUYECKUX CETSIX Pa3IMYHOrO YPOBHS HAIpPSLKEHUN
ANIEKTPOIHEPTETHUCCKUX ~ CHCTeM,  (DYHKIMOHAThHAS
HAJECKHOCTh BBIKITFOUATENCH SBISICTCS (QYHKIMEH psaa
OTIPE/ICIICHHBIX W HEONPEACTICHHBIX (JaKTOPOB.

BoszHukaromye mepexoaHbIe IPOoIeccsl B y3IIax
29C sBugroTcs QYHKIHEH HECKONBKAX COCTABJISIONIHX,
TaKUX KaK 3HAYEHHS OTKIIFOYAEMBIX TOKOB, 3HAYCHUS
IIEPEXOTHOW BOCCTAHABIIMBAIOIICHCS HATIPSIKCHUE MECTO
IJIc TPOUCXOMWUT TIEPEXOIHOM TMporecc, 3HAYCHUS
MMapaMeTPOB BO3HUKAIOMICH JJICKTPUYCCKOH Iyrd |
CKOPOCTH WX M3MCHEHUSI BO BPEMCHH.

B aHHOHI CTaTbhbu paccMaTpuBaeTcs
TIEPEXOHBIC  TIPOIIECCHI, BO3HHUKAIOIIUE TIIPU HE
YIaJCHHBIX KOPOTKUX 3aMBIKAaHUSIX, KOTOPBIC CUYMTAIOTCS
HauOoJICe TSKETBIMU M KOTOPEIC OMMHUCAHbI B /1/.

@®opMbI  KPUBBIX BO3HUKAIOIIUX B TaKHX
cllydasix TMEPEXOAHBIX IMPOLECCOB WM MPHHIMIBI KX
00pa3oBaHus MOIPOOHO OIHCAHBI /2/.

OnHoauHeHHas JJIeKTpUYecKas cxema
KOHKPETHOT'O0 PaccMaTpUBaEMOro JJIEKTPUYECKOTO Y3ja
CO BCEMM €ro JJIEKTPUUECKUMH CBSI3SIMU IPEICTaBIICHA
Ha puc. 1.

Puc. 1.

[lepeunicienHble SBIEHMS, COMPOBOXKAAIOIINE
MIEPEXOHBIC TPOIECCHl COTJIACHO /3-5/ aHATUTHYCCKH
MOT'YT OBITH OITMCaHBI CIIEAYIOIIUMHA
nmuddepeHIMANTBEHBIME YPaBHEHUSMH.

di ,

L= d(1,e 7" ) dr

(1)

du, _ ! diy

dr n—1dr

(2
dQ 1 di; 1 dU, QdUﬂ dU
_— = = _— [ ] e — _— | ——
dr 0 i; dr U, dr U, [

3)

B npuBeneHHBIX ypaBHEHHSX:

Zy — BOJIHOBOE COIPOTHUBIICHHWE KOHTYypa, TIe
HMeeT MECTO IIePEeXOJHOM MpoLecc.

N — KOJIMYECTBO JIMHWH, NMPUCOETMHEHHBIX K
IIMHAM, TJe YCTaHOBJIEH BBIKJIIOYATENh W MMEET MECTO
MIEPEXOAHON MpPOoIIeCe;

I,,. — aMIUINTYHOE 3HA4YCHHE OTKIIIOYaeMOro
TOKa;

® - YIJOBas 4acToTa MEPEeMEHHOTO TOKa.

[Nomyuennsie tuddepeHraIbabIe ypaBHEHUS

SIBIISTIOTCS] HETMHEHHBIMU | JUIS1 KX PELIEHHS MOXKET
ObITH MCHONB30BaH MeTo ['oryHOBa, KOTOPBIN
coraacHo /4/ TI03BOJSIET IONTYYUTH KOHKPETHbIE
3HAYECHUS TapaMETPOB, XapPAKTEPHU3YIOILUE
MIEPEXOAHBIE MIPOLIECCHI U DJIEKTPUUECKUE TYTU B

BBIKJTIOYATCIIAX.

[onyueHHble pe3ysabTaThl aHAIM3a U OIEHKU
MIEPEXOHBIX TIPOIECCOB W ONMUCAHUE DSJICKTPHUUCCKON
YT B BBICOKOBOJIbTHBIX BBIKJIIOUATENSAX Pa3IMUuHOTO
THIA, MOKA3bIBAET MX BBICOKYIO CTEMEHb TOYHOCTH U
COOTBETCTBHUEC OIBITY 3KCILTyaTallMA. JTO CIIOCOOCTBYET
YIPOIICHIIC MaTeMaTHYECKOMH MOJIENTH u
COOTBETCTBYIOIIETO OIUCAHUS JSJICKTPUICCKON IYTH IO
cpaBHEHUIO ¢ /1-3 /.

Bce 310 paer
HCIIONL30BAHHE  METOMA

OCHOBaHME
l'onyHoga,

CUUTATh, 4TO
croco0cTByeT
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TIOBBILIICHHIO TOYHOCTH pacuera apaMeTpoB
MEPEXOJHBIX MPOLECCOB B  DIIEKTPOIHEPTEeTHYECKUX
cucreMax W Oojee  JETAJbHOE  ONpE/CIICHHE
(YHKIIMOHANBHOH ~ HAJEKHOCTH  BBICOKOBOJIBTHBIX
BBIKJIFOUaTesel (0COOEHHO BO3MYIIHBIX M BaKyyMHBIX)
npu pacuere TIepeXOHBIX IIPOLIECCOB B
JJIEKTPOIHEPTETUIECKUX CUCTEMAX.

OcHoBOHM ansi  pa3paboTKe MaTEeMaTHYECKOTO
MOJIETTM  DJIEKTPUYECKOM  JIYyIM  MOXET  CIYXKHTb
YpaBHEHUs HETPEPHIBHOCTH, COXPAHEHUSI WMITYJIbCa |
SHepruu u 3akoH Oma.

HCCJ’IeﬂOBaHI/Ie HECUMMCTPHUYHBIX PCKUMOB,
KOTOpbIC MOryT HUMCTb Ppa3JInYHbIC (bOpMI)I u
IPOAOZKUTCIIBHOCTH u COITPOBOXKIAaCMbIC

QJICKTPUUCCKUMU OyraMH, KOTOPbIE€ MOT'YT BO3HHUKHYTb
npu OTKIIFOUCHHH Pa3JINYHBIX BUI0OB KOPOTKOT'O
3aMbIKaHUs, KOTOPBIC COMPOBOKAAIOT HCCUMMETPUIHBIC
NEPEXOAHbIC IpoHEeCChl B QJICKTPUUICCKUX CCTAX
PAa3JIMYHOr0 YpOBHSA HAIIPSIKCHUA IMPOBOJAUTCA COTJIACHO

/5-6/ ¢ y4eroMm ee CUMMETPUYHOCTH u
KITaCCH(UIUPYETCS CICAYIOMIM 00pasoM:

VYpaBHEHHE HEMPEPBIBHOCTH  AJICKTPUYCCKOI
JIyT' UMeeT GopMy:

0 p/ O't +(pvy,) 0 v,/ 0z +(rpvy) 0 v,/t Or=0

“4)
YpaBHEeHHE COXPAHEHUS aKCUAITLHOM MPOSKIIUH
UMITyJIbca UMeeT HOpMY:
pavz/at-i-pvzavz/az-i-pvravz/ar:—
0 p/ 0z+0 [(Mor 0 v,/ 0 r]/ra r )

[Tpu Taknx ycrnoBusX ypaBHEHHE COXPaHEHUS

SHEPTUHU UMITYJIbCa uMeeT popmy:

paho/at+pvzah0/az+pvraho/ar:GEZ—U
+0 [(k+kprOT/Or)r O (6)

Ecnu cobmromatorcst ycimoBus 4-6 , To 3axkoH Oma MOXeT
OBITH IIPEICTABJICH B BHJIC:

rl rl
I=E J.Zﬁardr =2 nE J.Grdr
0 0

(7

rae: p - IJIOTHOCTH CpenwLV, - oceBasd ,V, —
panuanbHas KOMIIOHEHTHI CKOPOCTH Cpemsl; p —
JIaBJICHUE; 1] — BSIBKOCTH CKpEIbl; Mt — TypOyJIeHTHas
Bsa3kocth; E  —  HampsHKEHHOCTS; c -
aseKTporpoBoaHOCTh; U — s ekt K03 dunneHT
nznydenns; hyg- monnast saranmums; k — MonexysspHas

TEIUIONPOBOAHOCTE; kr -
TEIUIONPOBOAHOCTb; ¥~ PauyC IyTH.

Ecnin  ypaBHeHus 4-6 HHTErpupoBatb IO
pamuycy r C y4eToM COONIOJEHHSI COOTBETCTBYIOIINX
npenenos a <r < b TO NpencTaBlIcHHBIE ypaBHEHs 4-6
MIPUMYT CIICAYIOIIYIO (POpPMY:

TypOyJeHTHas

ypaBHeHI/Ie HCIIPCPBIBHOCTU COCTOSAHUSA

b b
0 .[ 21rpvzrdr/at+ 0 I 2Trpvrrdr/az

+q (b) —q(a)- Mb) +A(a) = 0 ®)

VYpaBHEHHE COXpaHEHUs] aKCUAIbHON NPOEKUUU
AMITYJTbCca UMEET POpMY:

b b
0 '[ 2Trph0rdr/at+a J. 2npv2rrdr/az-

@ (b) + D(a) +q(b)v,(b) —q(a)v,(a) =
=O0pr’(b*-a’)/0z-
21[bS (b) — a S(a)] 9)

HpI/I OTUX YCJIIOBHUAX YPABHCHHUC COXPAHCHUSA

SHEPrHY UMITyNbca OyJeT uMeeTs Ghopmy:

b b
0 .[ 21pv, rdr /Ot + O J. ZTrpvrhordr/az-‘I‘(b)

+ ¥ (2) +q(b)ho(b) —q(a)he(a) =
b
= j 2t [6E? — Uldr -2 W(a) —

Wi(b) ] (10)

B MMPUBCACHHBIX YPABHCHUAX UCIIOJIB3YIHOTCA

cJIeayrommue 0003HAYCHMUS:

q(a),q(b)- moTrokm Maccel B
HAIPaBJICHUH Yepe3 TPaHHUIIbI a U b;

A, D, V- dhynkum nepemen Bpemenu, d, p,v,, ho
Ha 3TUX )K€ TPaHHLAX;

S(a),S(b) — ¢yHKIMM ~ XapaKTepH3YIOIUE
paauaNbHbIA OTOK MMITYJIbCa U DHEPTUH Yepe3 FPaHULlY
r = b, xoropoe onpenensiercs coorHomenusmu (11-14):

paanajibHOM

S(a)=[(n+ny) Ov,/0r] -4
(11)

S(b) =[(n +n,) O,/ Ot] -
(12)

W(a) =[ (k+k;) OT/ Or],-,
(13)

W(b) =[ (k+k;) OT/ Or] =y
(14)
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[TpuBenennsle nHTErpaNbHBIE YpaBHEHHUS (8-10)
MOT'YT XapaKTepU30BaTh NEPEXOIHON MPOLECC
COTIPOBOXKIAEMBIN MIEKTPUUECKON Tyron
BO3HUKAIOIIAsl HA KOHTAKTAX BBIKIIOYATEINEH B
3aBHCHMOCTH OT CKOPOCTHU MPOTEKAHUS MpoLecca U
MECTO €r0 HaXOXAECHUS OTHOCUTENBHO

paccMaTpruBacMOTr'0 BbIKIIFOYATECIIA.

I/ICHOJ'IB3yH METO rOZ[yHOBa MPUBCICHHBIC
HEJIMHEHHEIE YpaBHCHMA, IIPpU HNOMOIINW KOTOPBIX C
MOKHO JIMHCAPU3ZUPOBATH U B TAKOM CJIydac nepexoz[HOﬁ
mponecc M Ipouecc ramcHust SHGKT‘pI/IquKOﬁ AYTU B
BBIKITIOYATCIIAX Pa3/IMYHOrO MOXKXHO pacCMaTpuBaTh IIpU
IIOMOIIM JIMHEHHEIX SKBHBAJCHTHBIX ypaBHeHHﬁ.

BruiBoabl.

Ucnonb3oBanne wmeron I[ogyHoBa g aHanusa
[ePEX OJIHBIX MPOLIECCOB CONPOBOXKJIAEMbIE
BO3HUKHOBEHHUEM JJIEKTPUUECKON JYyrM Ha KOHTAKTax
BBIKJIIOUYATENICH TMO3BOJISIET HEJMHEHHbIE KPUBBIE U
COOTBETCTBYIONIHC TU(PPEepCHIMATBHBIC YPAaBHCHHUSA,
KOTOpBIE MOTYT H300paKaTh JaHHBIC ITPOIECCHI
JIMHEApU3UPOBATh IO OMpEAeIeHHbIM y4acTKaM U
MepexoauTh OT auddepeHInaTbHO-HHTETPATBHBIX
YpaBHEHHI, KOTOPbIE€ OMUCHIBAIOT JaHHBIN MPOLECC K
SKBUBAJICHTHBIM JIMHEUHBIM YpaBHEHUSIM.
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Abstract - The paper is structured in five parts. In the
first part is evoked the importance of the topic and
current concerns. In the second part are presented
the general pattern of reliability of the relay - the core
of the protection subsystems (SSP). In part three are
presented the models for evaluation of the proposed
development of the reliability of the SSP, based on the
general model, given the structure of the SSP and
their functions in urban medium voltage electrical
networks (UMVEN). In part four are given the results
of operational reliability evaluation for SSP as in the
last part of the analysis the conclusions are presented.

Keywords: modelling, reliability protection system,
electrical network.

1. INTRODUCTION

Reliability analysis and automatic protection system
(APS) of UMVEN structure are subordinated to the
objectives of maximizing the availability of energy and
UMVEN security. By maximizing the availability of
energy is obtained also the maximizing of economic
efficiency of UMVEN. Sometimes there is a tendency to
minimize the importance of APS of UMVEN
performance, because they are more reliable than the
primary equipment (RPE). In fact, as shown analytically
[1, 2, 3, 4, 5], APS and its elements are at a higher level
plan in which the RPE and equipment of the structure,
the position that "intended" and if necessary, "occur"
within the meaning of correct functioning of the RPE and
all UMVEN.

In a schematic form, UMVEN of APS integration
can be as in Fig. 1.
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Fig. 1. Schematic representation of UMVEN
and its components

Although APS and its components by its position in
UMVEN (tracking and intervention) involves certain
features and treatment of reliability approach to conduct
these tests should be considered the interference between
components of the RPE and APS (Fig. 1) and decisive
impact of the reality on the UMVEN performances.

The study of reliability requires a comprehensive
approach of the APS related issues. Reliability is treated,
from simple to complex as [6]:

e simple relay, as part of itself;

e relay complex consisting of several simple relays;

e protection subsystem (SSP) or subsystem automation
(SSA), composed from one or more relays in
connection with the complex measuring transformers,
current sources and elements of the actuator;

e SSP or SSA and the actuator plus switching device
(switch);

e protected element / automated and two cells, which is
connected to power system;

e protected element, including "n" cells whose switching
equipment, is controlled by APS.

The main specificities in reliability analysis of APS
from UMVEN structure result from the operation and
features of the failure:

e need to operation request (intermittent);

¢ byunexpected power failure or refusal of operation.

APS modelling in reliability study of UMVEN may
be made only by locating their correct line diagrams of
their schemes and correct analysis of the effects of their
operation or malfunction.

SSP notifies a failure occurring, fault localizing and
triggering control switches, which makes the connection
between the primary elements of integrity and failure.

Two categories of indicators recommended for APS
components [7, 8]

a) Classical indicators (mainstream);

o Probability of good service (safety time): R (t);

e Mean time between the failures: MTBF;

e The probability of rejection (risk of not responding to
the request):

q(r)=%+;/;réMTTR (1)

y — probability of failure upon request.
e Average number of unanswered requests during the
"T":

V(T)=vgpr(T)-q(7) )

Classical indices can’t fully characterize the
reliability of APS and its components, whereas only refer

to refusals (H?) and quantifies their effect unexpected
operation (INT = false).

b) Complementary indicators
These indicators are intended for  full
characterization, (along with the classical one) the
reliability of APS and its components.
e incorrect operation intensity (ER) of components /
subsystems of APS is expressed as:

Agr = Az + Ainr 3)
where,
Azc - intensity events "refusal response to commands"
(RC);

A - intensity of transmission of unexpected orders
(false).

e Appear risk of events (R’ , INT):

{(:,1, (t)dt

q;(t)=1-e i={RC,INT} (4)

e The statistics about of the reliability of APS and its
components, will refer to variables:

t; — operating time without the variables “j”

Vi) — number of events of “j” type during “T”, period,

where, j={ RC , INT, ER}
e intensity of failure of ensemble:

Aans = Agpr + Age + Anr (5)

The relay is the heart of the SSP, for which
modelling and reliability evaluation of the SSP, that APS
is necessary to start from opinions about the reliability of
the relay which are generally divided between two
different issues pertaining to safety and security [9]. To
improve both security and safety tests must be conducted
to ascertain appropriate and protection system [10].

Modern digital relays are normally equipped with
devices and monitoring of self. Impact on relay
performance and expected benefits from the use of these
devices are discussed in various papers [11, 12, 13].

There are many methods which can be used to
improve the reliability of relay. These include different
operating principles, redundancy in the relay, local safety
methods and distance. Redundancy method is generally
applied because too high costs and its complexity [14].
Reliability of a relay can also be improved by including
in the design, monitoring of embedded devices and of
self.

2. GENERAL MODEL OF RELIABILITY OF
RELAY FROM APS STRUCTURE OF UMVEN (R-
APS)

For R-APS is a general pattern of reliability suitable
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containing five states, presented in Fig. 2, taking into
account the two main modes of failure of protective

relay, i.e. lack of response ( RC ) operation when needed
and when not needed (INT).

R-APS is a major part of his life in an energized
state but static. In this state, the relay is "healthy"
(working properly), and monitor an RPE. This state (S;)
can be termed "unnecessary and functional relay. The
term "functional" refers on the fact that is willing and
able to perform its function.

In state S,, the "functionally necessary" R-APS
operates successfully when called upon. In this state, the
relay is operating normally and responds to any
anomalous condition associated with protected
components. Probability associated with this condition is
the reliability of the relay.

v -—
S1 S5
<
N | i
N
Ss
s
! !
; \
, v
Ss =5
e

Fig. 2. General model of reliability of reiay

In state S;, the "unnecessary and unworkable",
R-APS is neither requested nor prepared to work. Not
required because there has been no damage. Not ready
because the relay is either failed or it is subjected to a
routine test or inspection of self. This condition can be
called state of "unavailability of R-APS.

The S, state is called as "necessary and inoperative

relay, the relay does not fulfil the function of (RC ). In
this case, failure occurs when the relay is unavailable.

In state Ss, "operation necessary, when the relay
operates when doesn’t require to operate (INT). A high
probability of being in this state indicates a low safety
relay.

States S;, S; and Ss are considered undesirable and
failure states. The main objective is to minimize the
probabilities associated with these three states and
maximize the protection or operation of probabilities
associated with states S; and S,. It is noted that the
probabilities associated with S, state depend mainly on
the rate of failure and recovery time when the fault is
isolated RPE.

Typically, statistics on operational reliability of
R-APS refers on states that reflect its failure when it
would be necessary (S, Ss).

Reliability analysis in the context of R-APS
functions that have to refer to a UMVEN RPE leads to
the development of reliable detailed model of R-APS
operation involving 17 states [10].

3. RELIABILITY MODELING OF SSP OF UMVEN
STRUCTURE

The UMVEN uses mainly the following SSP:
e Maximum current protection delay;
e Protection by cutting power;
e Maximum protection from targeted and delayed current;
e Longitudinal and transversal differential protection;
e Distance protection.

In [15, 16] are described in detail SSP and relays
used for the various SSP. The general methods are
presented in [6, 7, 10], this framework will illustrate the
application of forecasting reliability analysis with
reference to two SSP.

3.1. Modelling the previsional reliability of the maximal 2
steps current protection (SPMC2)

This SSP is formed [15, 16] by a fast part dedicated to
current break (stage I) and a delay part (step II) - Fig. 3.

IC ?
L

Fig. 3. Scheme of the SPMC2

In table 1 are given the correlations between specific
states of general reliability model (Fig. 2) and structural
elements SPMC2 states.

Table 1. Impact of SPMC2 element states on general
states of SPMC2

General states of States of EPR
SPMC2 State structural elements
. N witch causing general state of]
Marking| Significance SPMC2
I, < Ipn
S Unnecessary |[Element is operacional: TC.
! and functionalThe other elements are
functional.
If: I, € [Tpn, Ipd]
'Work: TC, dz, d3, d4.
INot work (not action) d; but is
functional.
Necessary and
S, functional (in 1f: I, > Ip,y
bperation) Work: TC, d;, d,.
|Are working: d, and d;. relay
dwork (action) but d; does not
realize action time.
In both cases ds is functional.
Unnecessary |[Iy, < Ipy
S and |Any element failed
unfunctional |(unoperational
If: I, € [Tpn, Ipd]
S Necessary andlAny of elements TC, d,, d3, dg,
4 unfunctional |are unoperational (failed)
If: IL > IPI
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/Any of elements TC, d;, dg4, are
unoperational (faults).
IL < IPII and
failed TC (short-circuit in
[Unexpected |secondary winding)
operation or
Failure (unexpected action) one
ofrelays dl, dz, d3, d4.
Ip; — current of starting (activation) in step I;
Ipp - current of starting (activation) in step II.
SPMC?2 has the following functions:
e f} —short circuit current referral;
e f2 — data processing and activation of corresponding
step;
e f3— control of switcher (a).

Basing on the above mentioned functions (f}, f;, f3)
may be developed the previsional reliability analyses by
using the state graphs, similarly to analyze presented for
AAR. To evaluate the provisional reliability of SPMC,
basing on the events tree and failures, is suggestive and
expedient.

In this procedure will be presented on example referring

on the undesired event “unoperation SPMC2 in step I
(Quick) fig.4.

Nefunctionarea SPMC2 b (Tl
rapidi (I > Ty i

Ss

Defectare TC (inirerupere
secundar, dereglare)

|

Nefunctionarea
Fr grupului de relee

Defect releu intrerupere Defect relen
maximal treapia I bohini dy interme diar dy

%>$$

Fig. 4. Tree of events and failures for SPMC2
referring on undesired event “unoperation of fast
protection”

F

To evaluate indicator "Fy", referring on relays d; and
d4, are taken into account all modes of failures, as
referring on d, is taken only the failure mode, wire
“break” when is the current is also broken through the
coil of d, relay.

It is obtained:

F;=F, +F; +F, (6)
The probability of the undesired event;

P(fl):Prol{T_CYc_z’):Fd +Fypo—Fy - Frp (7)
3.2. Modelling the previsional reliability of PDLCC

The differential longitudinal protection is realized in
two variants [16, 17]:
e with currents of circulation (PDLCC), when it is

made a comparison of the currents sense against the
two ends of the line;

e with voltage balancing (PDLET), when the voltage
drops are compared at the terminals of some resistors,
mounted in the secondary of the TC of the two lines.
The diagram of PDLCC is given in fig. 5.

_’Ilmml — Lr B

Pava Pum
o el b
= BD
|:|, ED (o) ] Sewul -

(B

Fig. 5. Diagram of PDLCC

The functions PDLCC are similarly to other APS:
fi — referral of short circuit (1, > 1, );

f, — processing and transmitting of information;
f; — adequate control of switchers (as, ag).

In table 2 is presented the correspondence between the
specific states of the general reliability model (fig.1) and
the states of structural elements of PDLCC

Table 2. Impact of PDLCC elements state on general

states of PDLCC

General state of
PDLCC

State RPE
Structural elements
state that provoke the
general state of

Marking| Significance

PDLCC
I, <Ip
Necessary  |Operating elements:

S and TCA, TCB and d;.

unoperational (Other elements are
functional.
INecessary I > 1,

S, and functionallAll elements are in
(in operation) joperation.
INecessary I <I,

S and lAny element failed

unfunctional |(unfunctional).
INecessary I > 1,

Sy and IAny element is
unfunctional unfunctional (failed).
I, <Ip

Failed a current
transformer(short circuit
Intempestive |between the wires)
operation or

Failed (intempestive
action) of a relay from

(dla d2’ d3’ d4)

Ss

I; — current in the relay (d,);
— the adjusted current for driving of the relay (d;).

The previsional reliability analyze of PDLCC are made
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as in the other cases of APS, basing on the structure or by
reporting to its function. Will be exemplified the mode of
analyse basing on the tree of events and failure, referring on
the undesired event ,,PDLCC is in state S4” — fig. 6.

PDLCC se afli
in starea Sy \

Fig. 6 — Trees of events and failures of PDLCC
referring on the undesired events cu ,,PDLCC is in
state of S,”

The probability of undesired event apparition is:

P(S4)=Pf1)+Pf2)+P(73) (3)

where,
P(fl):FTCA +F; +Frep
P(fz)dez +F, +Fy )

P(f3)=FBDA + Fypp + Fepa + Fepp

4. ASSESSMENT OF
RELIABILITY OF SOME SSP

OPERATIONAL

By monitoring the operational behaviour of APS
serving Brasov SDEE for a period of six year, were
determined indicators of operational reliability. In this
framework are given a summary of the results,
emphasizing the specificities of the SSP. The obtained
results wich refere of the performance intensity for each
type of protection are sown in fig. 7+10.

0766 35.19 B Electromecanichal

3EP
O Mumerical B5F

6,25

&
2,3

< 1,00 <P
Correct -
operations Faut

aperations Maon
operations

Fig. 7. The performance intensity of the distance
protections

We observe a high percentage of performance
intensity for numerical protection systems, identified by
the study events that may be caused by human error on
setting the operation characteristic of numerical

protection. Relation to the electromechanically
protection systems, the errors results from the distance
protection type PD 3/2, which has low reliability, with
numerous fault operations, that leads to change this kind
of equipment.

o766 9375 O Electromecanichal
Sab
O Mumerical 35F
6,25
&
2,31
ap o
Correct ~
aperations Fault
oper ations Ian
oper ations

Fig. 8. The performance intensity of the maximal
current protections

The study of the maximal current protection
identifies a satisfactory functionality of the
electromechanically protection systems considering the
long functionality time. In case of numerical
protections, it considers that from the point of view of
advanced technology, the result of the study is not the
best. By identify the type of numerical protection with
the low reliability; it finds out that the EPAM relays has
more fault operations. The problem is solved by
sending this relay type to the manufacturer.

O Electromecarichal
=aP
O Mumerical 55P

87,27

92,82

1273

9,09
Ll
Mon

Correct
operations Fault
operations
oper ations
Fig. 9. The performance intensity of the differential
protections

In case of differential protections it finds out that in
most cases, the faults appears from the secondary
circuits fault, like the damage of the cable or contacts.



JOURNAL OF SUSTENABLE ENERGY, VOL. 1, NO. 2, JUNE, 2010

A Electromecanichal
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O Mutmerical 35P

12,73
9,00
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Correct
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Fig. 10. The performance intensity of the earth
protections

By study the functionality of the earth protections it
reveals that are more faults operation percentage in case
of numerical protections. In this case the errors appear,
by analyzing the events, from the incorrect settings
applied to the REF-ABB numerical earth protection for
resistance ~ compensation. In  case of the
electromechanically protections, the faults operating are
caused by the over aged.

To be estimate the functionality of the protection
systems is used to analyze the correct operations

intensity, of the fault operations intensity (A4;;) and

non operations intensity ( Az ). These parameters will
be determined using the values from the table 1, which
refers on the correct operations, the fault operations and

non operations for each type of protection, and the
followings relations [2]:

Correct operations

(10)

Total equipments

_ Fault operations
INT ~

(11)

Total equipments

A= Non operations (12)
RC " Total equipments

The results are presented in table 4.

Table 4. Comparative study between
electromechanically and numerical protection
Protection type  [Total A NA—=| A—
installed | | | €
protection|

Electro mechanic
Distance protection 57 ©.65/0.18|0.05
Max. current protection| 973  (1.80[0.04| 0.02
Differential protection| 55 (0.09/0.05| 0.00
Earth protection 121 |1.390.11]0.22

Numerical
Distance protection 5  2.40[0.40| 0.00
Max. current protection| 10  ©#.50[0.30(0.10
Differential protection| 101 [0.04/0.01|0.00
Earth protection 64 0.75/0.11]0.08

5. CONCLUSION

To modelling the previsional reliability of APS, we must

start from the fundamental structures of system - relays.

Referring on relays, two levels of analyses lends itself to

reliability forecast:

e general model, where are evidenced five states and the
transitions between them;

e detailed model, there are evidenced 17 states and the
transitions between them.

For APS, from UMVEN are possible three variants

(levels) of previsional reliability modelling:

e modelling basing on the structure, starting from the
diagram of equivalent reliability;

e modelling basing on the functions of UMVEN, based
on the state of the graphs;

e analysing the modes of failures, basing on the trees of
events and failures.

For each type of SA SSP (maximal of -current,

differential, distance, etc.) may be stabilized a

correspondence between the general states of

components and specific general states of any type of
relay, as well as between the states of components and

SSP function’s degree of satisfaction in UMVEN.

Regarding the operational reliability analyse of SSP in

the structure of electric networks managed by SDEE

Brasov reflects the followings:

e the electromechanical SSP are majors to all functional
kinds, against the numerical SSP;

e the electromechanical SSPs are more reliable as the
numerical one, for all functional types: protection on
distance, deferential, protection of grounding;

e the numerical SSP destined to maximal -current
protection are more reliable as the electromechanic
SSPs, with the same destination;

e it is necessary to deepen the operational reliability
analyses to evidence the failed elements and the failure
mode in SSP
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