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Generalised strategy for implementing the minimanrtfreactance based
fault location algorithm in real power distributisgstems

Estrategia generalizada para la implementaciomésbdo de localizacion de fallas basado
en la reactancia minima de falla en sistemas deldision reales

E. Correa-Tapasc¢pJ. Mora-FléreZ S. Pérez-Londofio

Abstract— The paper presented here is aimed at proposing a power service continuity indexes. The fault locatiork tess
generalised strategyfor easily implementing a faullocator in real - complex in the case of power distribution systems, maioly
power distribution systems. The strategy is based no the 4 gych systems’ characteristics like the presence of laterals,
definition qf afgult location method and |t§ succssive gppllcatlon t d load ltiol duct t d i
along section lines from a power substation to theection where gppe 0ads, mulliple conductor gauge, un ranspo;e , 1IN
the fault has been determined. According to the redts, the Single and three phase loads and measurements available only
proposed strategy seems to be applicable to realwer systems as at the power substation (Mora-Floe¢al, 2007).
an alternative for reducing fault location time and thuskeeping The methods usually used for determining fault location are
good continuity indexes. _ those that use voltage and current measurements at a power
disﬁmﬂtl%gséysf?eurgs location, implementation strategy, power g pgtation to estimate the reactance from the measurement

' point to the faulted node (Das,1998; Novesel

Resumen—En este articulo se propone una estrategia al-1998;Aggarwadt al, 1997, pp. 184-187; Morales and
generalizada para facilmente implementar un localiador de Mora-Florez, 2009). However, most methods work in seafn
fallas en sistemas reales de distribucién de eneagéléctrica. La fault location in a simplified line section.
estrategia se fundamenta en la definicion de un mado de Considering the differences in line sections presented in
localizacion de fallas y su sucesiva aplicacion a largo de las ,q\ar gistribution systems, this paper was aimed at piegent
secciones de linea desde la subestacion hasta dosédeletermine - .
la localizacion de la falla. De acuerdo con los reados, la a cqmplete mthOdo'Og'C‘?" approach to_ apP'y'”g a fault
estrategia propuesta es aplicable en sistemas detgnia reales location method in real environments, considering such power

como una alternativa para reducir el tiempo de lockizacién de Systems’ main characteristics described above.
fallas y en consecuencia para mantener buenos indi de

continuidad. o _ 2. GENERALISED STRATEGY FOR
Palabras claves.Localizacion de fallas, estrategia de |MPLEMENTING THE PROPOSED FAULT LOCATION
implementacion, sistemas de distribucion de energkléctrica. METHOD
1. INTRODUCTION A. Basic fault locator aspects

Power systems are usually exposed to faults caused by dhe model used to represent a power distribution system
variety of circumstances such as lightning, accidental contget!ld be based on the simplified circuit presented in Figure
with trees or conductive materials, storms and hurricandsigure 2 presents another model which considers laterals.
These faults affect power quality, reducing the two welpuch definition has been considered due to the prodaséd
known continuity indexes, the system availability intetiap location  technique’s low complexity and also the
frequency index (SAIFl) and the system availabilitjocator'sdesired precision. The more complex the modelused
interruption duration index (SAIDI) (Bollen,2000; Dugat then the better the results obtained in fault location. However
al., 1999, pp. 1164-1169). These indexes are an indir&tdetermine all adequate parameter values is not always an
measurement of maintenance staff response in the cas€asy task, due to power distribution system complexitytae
unpredictable power outages. lack of information, which unfortunately is relatively common

in power utilities. Considering the above, several metheds
Fault location is considered the first step ina expeditiogénplified models which give useful results for solvitige
recovery strategy which is necessary for maintaining goBtPposed fault location problem.
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Figure 2.Shunt and serial circuit model.

. . . . Figure 3. Equivalent faulted circuit
As previously explained, the proposed technique is an 9 a

improvement of that initially presented in (Moraled, al, From Figure 3 shows how fault distanoerom node X to
2007, pp. 49-54) and is implemented using the concepttigé faulted pointwasdetermined. Assuming that the line
minimum fault reactance because this method is very suitabdgtion is known, and line impedange is given in ohms,
due to low requirements. This method only requires the ptRen mwas obtained as a per unit value. The value obtained
fault and fault measurements of voltage and current at a pofeerwas then multiplied by total line section lengthto obtain
substation and serial line impedances. the distance from node X to the fault.

Using the simplified circuit and the measurements at a Methodologically, the initial assumption was to consider
power substation, two complex equations were obtainedti@ first line section as the faulted section. In the case of
relate voltage and current and the distance to the faulty nogetermining a value ah higher than 1, it would show that the
Considering fault impedance as purely resistive, the peabosaulted section was beyond the analysed section. The fault
method was aimed at determining the feeder node where [igition method would then be applied again in the next
absolute value of fault reactance had its minimum value. Thiswnstream section, considering the voltages and currents at
node was obtained by systematic variation of the assuniig new section’s initial node. This procedure was regeat
fault distance along the analysed feeder. The feeder load wasl the value ofrwas obtained in the interval [0, 1], meaning
lumped at the farthest node to reduce uncertainty associated it would be in the faulted section.
with this dynamic pattern. The methodology proposed hereTo determine the values of voltages at the initial node of
makes this method easily applied to any power distributithe new analysed line section, the voltage at the endnode of
feeder, considering variation of the overhead structuie actual section would only need to be estimated, as
configuration, conductor gauge, number of phases, tapggdsented in equations (4) and (5), considering pré-{asl

loads, amongst such systems’ other characteristics. and fault §f) situations, respectively.
B. Generalised methodology followed for Vixsnps = Voops = (Ze X Twps) — (4)
implementing the fault locator in real power
distribution systems Vixrnsy = Vass — (Zu X Iss)  (5)

Considering the simplified power system presented in
Figure 1,Vpsandps represented voltage and current in a pre- 2) Lumped load
fault situation,Z, represented line section impedance between Considering the power system represented inFigure 1, line
nodes X and X+1, anfk represented the lumped node at findmpedance is a well-known parameter. However the lumped
section node X+1. In real power distribution systeifis, load would vary in each time instant, so the value of
varies as a consequence of section length, thus other aspédgigesented in equation (6) would have to be determined.

such as line configuration and conductor gaugecould also Zac O 0
differ in each line section. Zc=|0 Zbc O (6)
The voltages, currents and impedances in pre-fault 0 0 Zc

conditions were represented as presented in equationg)1), ( From figure 1, the pre-fault voltage at the initial nofiehe

and (3). Subindex X represented the reference node. analysed section (X) would be given by equation (7).
[Va,s Viops = ([Z] + [Ze]) X [Ixps) (7)
Vixps = Vb, (1) From (7),Zc could be obtained as a function of section line
Veps impedance and pre-fault voltages and currents, as presented
:Iaps the set of equations given in (8).
Lops = Ib,, ?) Za, = Va,s 3 Zaa X lays + Zab X Ib,s + Zac X Icy
| Ic,s lay, la,
Zaa Zab Zac Zbo = Vb,,s_Zbaxlaps+be><IbpS+Zbc><Ic,,s
Zx_x+1L = |Zba Zbb Zbc ®) €7 Ib,, 1b,,
' ~ Zca Zceb Zcc . Ve,s  Zea X laps + Zcb X 1b,g + Zee X Icy
1) Equivalent circuit considering fault conditions Zcc = Te. Ic
The equivalent circuit considering a fault is presented in ps ps

Only the voltage was updated in each linesection, while the

figure 3. .
g current remained constant due the proposed lumped load
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located at the end of all of the analysed line sections. A. Programming structure

3) Analysis in pre-fault and fault conditions The generalised fault location algorithm proposed in this

voltage at faulted node F and the fault current were aainirycture presented in Figure 5.

as given in (9) and (10), respectively. The fault reactance was Taple 1. Voltages and currents used in each ofihietypes

then estimated as presented in (11). Fault type Voltage at the faulted node Fault current
Vim) =V +mxZy x Iy 9) Vi (m) If(m)
Ip(m) =I;— [(1—m) X Zy + Z] ™' x Vy(m) (10) g'g xf’* :”‘
V,(m) - B B
Zi(m) = (11) C-G Vic lic
Ir(m) BC (BC-G) Vie Vic e lic
Equations (9) and (10) are functions of the previoudlyag (aB-G) Via Vi Al
defined impedances, the valuerofand also of voltages and™ca (CA-G) Vic Via PSR
currents estimated at the initial node of the line sectiogbelRgc (ABC-G) Vs Vie PR
analysed.
4) Estimation of the fault distance 3 TESTS AND RESULTS
Considering completely resistive fault reactance, the fault
distance was then defined as being the value efhere the A. Analysed power system

absolute value of fault reactance reached its minimum valTée system analysed here is a 34.5 kV power distribution
as presented in equation (12). An extensive simulation wastem located in Colombia and operated by Codensa-Endesa
performed considering variation in the valuenofrom 0 to 1 E.S.P. The feeder analysed is 29 km long and its notoiza!

in 0.01steps but a simple algorithm for obtaining theimim is 95 A. Figure 6 presents a geographical referenced diagram

value could be used to avoid unnecessary calculations.  of the power systemso analysed.
V m _
X(m) = Imag( i )> (12) A. Defining the tests
Ir(m) The tests involved analysing single phase, phase to phase,

If the minimum value obtained along the line sectiofouble phase to ground and three phase faults alongaine m
corresponded to node X+, then the next line section woylkder (29 km length). Variations in fault resistance frota 0

have to be analysed. The absolute fault reactance vajge) were also tested to determine the proposed fault locator’s
decreased from the substation node to the faulted node gBfformance (Dagenhart, 2000, pp. 30-32.).

then increased from the faulted node to the last feeder node.

C. Analysis considering different fault types
The strategy presented in Figure 4 was proposed to

Measurements
Vpsilps: Vs @andl ¢

determine the fault type. It required measuring voltage and 2
current at the power substation and also defining a phase Determine the fault type
. . Section:i=1 yLaeym= 0
pickup current (It) to determine whether the system was v
faulty_ Determine the valug
of Z, andZc
Measurements ofi.
Definition of k | |$
my=0.01 |«
Yes Yes CalculeX; (mo)
> my=my+0.01
4
Yes

i=i+1
Update voltages i
new section.

=

- Yes
Minimum ~—

Xf(m)) =Xt (nb=l)?

I Lacum: L acunit L section I

Minimum X; (my)
m= my

v [ Updatez, andz; |
A\ 4 — L *
[Fault B-C-T| [Fault C-AT] Fault AB-q | Drata=L acun*L seccio l |
A\ 4
[Nofault]  [Fault B-C] [Fault c-A] [ Fault A-B-T] End

Figure 4. Block diagram used to determine the faypie. Figure 5. Block diagram used to describe the pregposethod’s

: : ing struct
Having determined the fault type, Table | presents the programming structure

different voltages and currents used in equation {ddljages
and currents at the faulted node were then obtained hg usi
equations (9) and (10).
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Figure 8. Absolute error in fault distance estimatiegarding phase to phase
faults
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Figure 6. 34.5 kV power distribution system usetetd the proposed fault
location method
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B. Obtained results
Figures 7 to 10 present the results of absolute erroro 5 10 15
Feeder length [km]

eSt'mat'(_)n for all analysed fault type,s conS|der|n_g Seveﬁ"dure 9. Absolute error in fault distance estimatiegarding double phase to
fault resistance values. The absolute er@ (vas estimated ground faults

as presented in (13) (Mora, Carrillo and Barrera, 2007). T=re=e | } } } T
Realt fault distance — Estimated fault distance 6| & RF=16 —= ~—— ~ ~ e S o f’:}*’* n
Ae [%] = (13) 4 RF=24 | I | /p" -
Total feeder length A TRFE32 I o I
—=—RF = 40| o S -~

C. Result analysis

According to the results, considering faults from 0 td%0
maximum estimated error was around 20%. Howevet,
considering the fault resistances given in (Dagenhart, 2007
pp. 30-32.), the average reported fault resistance in the case { L
single phase faults gave values from 8 toCd.6Considering Feeder length [km]
the latter, the errors were below 10%. In the case of ph gwre 10. Absolute error in fault distance estioratregarding three phase
faults, where reported average values for the fault resistances
:ﬁggiti/from 0.5 to ®, absolute estimated error was lower 4. CONCLUSIONS

0' . . .

As clearly shown in the Figures, the error in fault distanée9€neralised methodology has been proposed in this paper
estimation was proportional to the fault resistance valBPlement fault location methods in real power distriuti
According to the results, the proposed method would kieen systems, such as that based on minimising fault reactance. The
constrained to low impedance faults applications. results showed that this methodology was suitable forepow

Considering the evaluated power distribution feederlendfftribution systems, givingsatisfactory results inltftcation

it was noticed how estimated error increasedthe farther aWd)ere location errors were below 10%, considering the
the fault was. maximum for the most probable fault resistance values. It has

bsolute error [%]
N

o8

25 30

— 1 \ \ I —— also been demonstrated that proposed approach contributes
TRe8) l l l - towards improving power continuity indexes in disttibn
150 o RE o~ — = — — — N 1 L _ ,'4:',\1, ] .
| EEEQ | | | . LT e systems by opportune zone fault location.
— = | | | -, A
Q10 -—————-l—————— A - ——— — — — - A - — —
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