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Abstract— This paper presents a tool easily implemented for ~ measuring equipment are selected. Unlike of [1], where th&
relative location of voltage sags based on voltage measurementsproposed method is limited to be applied to measurements on
only. Voltage sags caused only by network faults are considered the transformer's primary and secondary sides, the met
in this work. The algorithm automatically operates for assessing proposed in this work allows the estimation of the relative
power quality, characterising and extracting information from location of the voltage sags using voltage measurements f

voltage records obtained from monitors in distribution systems. th it it located in the electrical—
It is required measurements of a minimum of three monitors ree or more power quaiity monitors focated in the elec ”C@/j

located on the electrical distribution system. The positive diStribution system. . . -
sequence voltages are the descriptors used to determine the Th? Valld_atlon of the algorlth_m proposed IS perfqrmed _bY;
relative location of the voltage events. Finally, the proposed the simulation of voltage sags in a test electrical distribution

method is applied to a simulation case and it is verified that the system [7]. This test system is known as IEEE 34 Node Test
method can be helpful to determine the relative location of the Feeder and it is modeled in ATP-EMTP for to generate

voltage sags. MATLAB was used for validating this methodology, yoltage sags with a relative location previously established.
receiving voltage records of simulated voltage sags in ATP- Thig set of voltage sags is used to validate the efficiency of
EMTP. algorithm proposed.

Cal

Index Terms— Power quality monitoring, relative location,

voltage sags, positive sequence voltage, network faults. Il BACKGROUND
There are some methods which are used for determining the

I. INTRODUCTION relative location of voltage sags and which primarily use

Voltage sags are a power quality problem that affects boffltage and current measurements. Below are presented some
power suppliers and customers. The most severe voltage sag1ese algorithms more representatives, emphasizing on the
are caused by network faults in the power system and thréfil,ture and the most relevant concepts related to the proposed

propagate through the electrical system affecting loadfé&thodologies.

connected away from an event source [1]. Consequently, to ) )

improve power quality, it is important to identify the source of A- Relative Location of Voltage Sags Source for PQ

disturbance and fault location becomes an important area of Diagnosis.

investigation [2][3][4]. The identification of the disturbance

source consists in locating and identification of event sourcBhe works [2] and [3] present a methodology for the relative

Distribution systems are usually configured in a radial pattetacation of voltage sags source. This methodology is based on

while in transmission systems, the buses form a connect&@ previous identification of the different causes of the

grid with monitoring instruments located at substations [4]. Vvoltage sags and their characteristics. Among the causes of
This paper is essentially concerned with electricaloltage sags are identified network faults, the induction motor

distribution systems. The proposed method assumes starting and transformer saturation. With this information, the

minimum of three voltage measurements available at electrigigscriptors and decision rules are formulated to determinate

distribution system. These measurements are obtained of thife@ relative location of a voltage sag source, as a shown in (1).

power quality monitors installed at strategic points of

electrical systems. The method determines the relatif®@r network faults:

. . . I 1
location (downstream or upstream of a monitor) of a voltage Downstreamif jag1 > Thryp

sag source. ss
Different methodologies for the relative location of voltage L @)

sags are usually based from the voltage and current Upstream  if 15“91 < Thryp

measurements. However in some cases, there are not avail?%e . Iss

current measurements and algorithms that depend only on the;

voltage measurements are required. In those works dreg Fundamental frequency component of the current
identified and listed the most relevant descriptors that can ~ Pefore network fault

determine the relative location of the voltage sags sourdes’ ~Fundamental frequency component of the current
Also, the appropriate thresholds for discriminating the relative ~ during nertwork fault

location of the voltage sags upstream or downstream of the Thry threshold of the ratidg, " /Iss"
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Where,
P,.. steady state active power before induction motor starting/here,
B,,s steady state active power after induction motor starting

Thryy threshold of the ratidP,os — Pyre)/ (Pyre) Ipownl, |Ilup| currents  downstream  and  upstream-
respectively measured at the PQM.

Respect to transformer saturation, initially it is formulated
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some descriptors for the identification and classification dfssl current of non-faulted steady state. |
voltage sags originated by transformer saturation, according to_ ] .
the following rules shown in (3). This method provides an optimum performance when

applied to records of real and synthetic voltage sags, maiRly_/

Al caused by network faults. The fundamental condition for g

Transformer saturationif The2Aln > Thry application is the existence of current meters in the electriba?)
(3) system. o
Other causes if 7“2 < Thry The purpose of this paper is to provide solutions for=
Lh=2ln electrical distribution systems in which only implement =

Where, voltage power quality monitors or else only collect records

h o;]der of hfarr]monlc content. o dd.i voltage electromagnetic events presented in the network.
Al,  change of harmonic current whose ordet.is Currently there are electrical distribution systems with a
Thry threshold of the ratidl, /3, Aly,. limited metering infrastructure, generally focus to voltage

records only. The proposal is striking for implementing of

Subsequently the rules for determining the .relative location gf it |ocalization systems through the installation of power
voltage sags caused by transformer saturation are formulateaua“ty monitors, measuring only voltage and distributed

Downstream if % > Thrrg strategically in the electrical distribution system.
SSs
4
[ @ lll.  PROPOSEDALGORITHM
H sag
Upstream  if Isst < Thrrg The positive sequence currents are important for the
Where analysis of asymmetric faults in power systems because it is
Isagl, L' are presented in (1). present in all types of network faults [5]. Therefore, this
Thryp threshold of the ratidsagl/lssl in transformer variable is important for a detailed analysis of the relative

location of voltage sags in the electrical distribution system.
Similar to the work presented in [5], for purposes of this

The implemented algorithm performs a previous classificatigdork, only the positive sequence voltage is chosen as a
of the causes of the voltage sags and using the decision ryjgdable that could determine the relative location of voltage
presented in (1), (2), (3) and (4), determines the relativ&9S: _ _ _ o
location of the voltage sags. Some limitations found in the Figure 1 illustrates onefllne diagram _of radial (_1|str|but|on
algorithm are the classification incorrect of some classes $¥Stéms. The network is parameterized by impedances
voltage sags, such as voltage sags caused by network fapfveen buses, three voltage power quality monitors (PQMs)
with fault impedance, network faults in isolated electricdiecording on the A and B buses, and finally a load. The
systems, transformer energization with load, network faul@2lysis begins with the study of the behavior of the recorded
which cause harmonic contents on the electrical systelPt2ges when a network fault occurs.

transformer saturation, among others. :

saturation event.

| PQM1

B. Relative Location of Voltage Sags Source Based on s,
the Sequence Current Magnitude ss AB BC

PQM2

The proposed methodology in this article focuses on the use ofE e

positive sequence current (RPSC), calculated before and Load

during the voltage sag [5]. The formulation consists in

establishing the expressions for the positive sequence currents —

and their respective decision rules for determining the relative Figure 1. One-line diagram of a radial distribution systems

location of the source of voltage sags. The rules are shown in

(5). Figure 2 shows the positive sequence network of the system
Ipown| > sl > |Iyp] presented in Figure 1. An upstream network fault of monitors

is presented. By analyzing the type of network faults,

according to [6], if it is symmetrical fault then the positive

sequence network is presented only. If an asymmetrical fault

occurs, the analysis contemplates the interconnecting of the

positive and negative sequence networks (line-to-line faultsy

Downstream if Rownl 4 (5)
I1ssl

. 1
Upstreamif gl <1
[Issl
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or the interconnecting of the positive, negative and zero
sequence networks (double line-to-ground and single line-to-
ground faults). In all cases the positive sequence current is
presented in the network.

According to (6), if the network fault is originated upstream
of PQM,, it is expected that the voltaykg' is reduced due to
the decrease of current flowing through the two monitors. In

this case it is expected that most of the current provided by the

| 1
S

9

1
Zgc

| fault l

C
Load
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voltage source is deviated with the fault current, so the voltageFigure 3. Electrical fault downstream of power quality monitors  y ,

drop of positive sequence in t#d branch during the fault

decreases in a large proportion. Furthermore, when theAnalyzing the behavior of the variables in the circuit showp/™)

network fault is caused downstream of PQahd PQM, it is
expected that the voltage drop of positive sequence ¥
increased. Figure 3 shows a network fault that it was
originated downstream of power quality monitors.

1 1
IABFault « IABPre—fault
(6)

1 1
VABFault « VABPTe—fault

in the Figure 3, the rules are presented in (7).

]

1 1
IABFault » IABPTe—fault
(7

1 1
VABFault > VABPre—fault

When the fault occurs between the two monitors as
illustrated in Figure 4, th¥x" voltage of positive sequence is

Where:
j;Fault magnitude of the positive sequence curre
flowing between node#\ and B, during the
voltage sag.
1
IABP—fault
flowing between node#A\ and B, before the
voltage sag.
1
VABFault i
between node& andB, during the voltage sag.
1
VABP—fault

between node& andB, before the voltage sag.

The recorded voltages differ greatly respecting to the stead
state, so that the voltage difference will be significant whe
compared to the steady state voltage of the system. Theref]

it is decided implement the methodology with a minimum

increased compared to the pre-fault voltage of positive
sequence due to the flow of the fault current of positive
sequencelfy’) by this branch. This generates an increase in

r}{oltage of positive sequencesd? during the network fault

compared with the prefault voltage\d?, although it is clear
that the ratio is lower compared to the case where the network
fault is present downstream PQM

magnitude of the positive sequence current |nitially using the proposed rule in (7), it is possible to

estimate that the network fault is located downstream of PQM
and PQM, correct result only for PQMAs a solution to this

magnitude of the positive sequence voltagamprecision is used a third power quality monitor PQA$ a

mechanism to estimate the correct relative location of the

magnitude of the positive sequence voltag8etwork fault. Applying the rule formulated in (6) to the

voltage between the monitors P@Mand PQM, it is
concluded that the network fault is located upstream of PQM

d downstream of PQMwhich is the same as between the

0 monitors.

The descriptors and rules presented in (6) and (7) are the
$5%ic formulation for determining the relative location of
oltage sags based on voltage measurements only. The

{

two voltage power quality monitors to determinate the relativr‘ﬁethodology consists of the strategic location of power

location of voltage sags.

1 PQM, PQM,,
S
’ 1 1
Zss z ABl ZBC
—>
E Algt B C
I fault ¢ Load

Figure 2. Electrical fault upstream of power quality monitors

1 The superscripts 1 represent magnitudes of the positive sequence.

quality monitors for to register voltage only. These monitors
should to make possible a coordinated monitoring of the
voltage sags present in the network and thus apply the algo-

| PQM2 | | PQM3|

=1

L

Load

Figure 4. Fault between two power quality monitors

C
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rithm proposed in this work, Figure 5. The level of accuracy is IV. TESTING
improved with the availability of a large number of voltage A  gimulation

power quality monitors in the distribution system. According IEEE 34 Node Test Feeder [7] is implemented in ATP-

o a8 e o o et o e e GiTP and volage sags are ablaned fom simulaon of
network faults (single line-to-ground SLG, line-to-line fault &
?_LF, double line-to-ground fault DLG and three-lines fault g}%
TLF, with and without fault impedance). The one-line diagrau
of test feeder is presented in the Figure 6. Five voltage power

guality monitors are installed and the synthetic voltage s%

Voltage Database i
PQM., POM .. POM | are simulated and recorded.

| A

os“o’\ntemuci/onolrsopre
d de la Energia Eléctrica

m
a

algorithm. N means the number of power quality monitor
installed.

@ ¥
Vrms Sequences H Segmentation ] '846 3
822 .

Positive sequence m
voltages

818
» N 860 836 840
802 806 808 812 814 824 826 ""‘"""'"
-t - :
. - -0 @362
888 890 .
| @338
810 '
! '
8280 o e = <@ = - @
Area between PQM: and PQM2 830 854 856
= = = Area between PQMzand PQMs
== o= Areabetween PQMs and PQM4
== = Areabetween PQMs and PQMs
sec) Figure 6. Distribution system for simulating voltage sags in ATP-
POM (41, i42) quit 51 EMPT

V sec@ )

POM(i+1,i+2)pre_fault
In the electrical system, some areas are defined according to
the strategic location of the power quality monitors. These
areas determine the relative location of voltage sags respect at
power quality monitors, as a shown in Figure 6. For example,
if network faults are presented in the nodes located in the area
bounded by the black solid line then these faults generate

Fault Between
PQM, and PQM,

Fault Downstream
of
PQM, andPQM

voltage sags that are located between P@M PQM. Table
| shows the summary of the simulated network faults
according to areas and the fault type.

Figure 5. Proposed Algorithm

The proposed algorithm has several steps:
Table I. Simulated Voltage Sags in ATP-EMPT

B3

» A step for loading the voltage records from the

database with the electromagnetic events recor A S Number of
These records are correlated, so that the same vol rea etwork Fault Type voltage sac
sag is recorded by all the monitors with their respective Zero fault impedance 8
tags. SGL
«» Step for calculatinfRMSsequences of the voltage sags Non-zero fault impedance 5
recorded. Area .
% Segmentation of the voltage sags, in order to determimem-PQM, LLF Zero fault 'mpedance 6
the segments of the signals corresponding to the fault Non-zero fault impedance >
and prefault states. DLG Zero fault impedance 6
% Calculation of the positive sequence voltages of the Non-zero fault impedance 5
signals recorded. TLF - 6
. . .. Zero fault impedance 8
< Feature extraction and evaluation of the decision ryles SGL Non-zero fault impedant 8
of the algorithm. Area m Zero fault impedanc 9
< Diagnosis of the relative location of the source of thgqw, pom, Nozne-rzoe;g Jﬁltilrlrt]i)n;gzgggce 88 i
voltage sags. DLG Non-zero fault impedance 8 :
TLF 9
B
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Number of | network fault as can corroborate the location previously
Area Network Fault Type voltage sags|  iqentified.
Zero fault impedanc 3
SGL -
Non-zero fault impedance 3 . .
A r Zero fault impedance 3 Table lIl. Results of Relative Location
PQNhliGI}:’a()M Non-zero fault impedance 2
DLG Zero fault impedance 3 Network Fault Relative Location
Non-zero fault impedance 2 Fault between PQ,and PQM,
TLF 3 Fault upstream PQ,and PQNM;
SGL Zero fault |mpedance 4 N808 SLG Fault upstream PQMand PQM
Non-zero fault impedance 3 Fault upstream PQjand PQM
Zero fault impedance 4
Area LLF N fault imped 3 Fault between PQMand PQM
PQMs-PQMs gn-zero ' Impecance Faull upstream PQI,and PQN
DLG Zero fault impedance 4 N820 SGL p 2 3
Non-zero fault impedance 3 Fault upstream PQpand PQM
TLF 4 Fault upstream PQMand PQM
Total 143 Fault downstream PQMind PQM
Fault between PQband POQM
N828 DLG Fault upstream PQsand PQMN,
B. Results of the algorithm Fault upstream PQMand POM
Fault downstream PQMind PQM
The algorithm is applied to all the 143 voltage sags. Table Il N844 TLF F?”“IdOW”Strea”;PQMQdPPQM
presents in detail some of the results of the applied descriptors qu rtllj)%?\t,;:?p Q%r?d PQM
for the purpose of analyzing the algorithm performance. TFhe J QbR QM
. . Fault downstream PQMnd PQM
values taken by the descriptors are presented and the degision Fault downstream POMand POM
rules are analyzed. N836LLF

Table II. Results of Descriptors for some Network Faults

Fault between PQ¥and PQM

Fault upstream PQMand PQM

ectrica

VIl Simposio Internacional Sobre
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The results presented in the Table Il are easily validated

Fault Node ~ N80§ N820 | N828 | N844 | N836 | ., qiqering the diagram of Figure 6 and the nodes on which
SLG SGL | DLG TLF LLF
performed the network faults.
@) i
;ch(l ] 99265 | 99265 09268 99380 992,74 Table IV presents t_he ovgrall performance (_Jf the algorithm.
~2pre_fault The confusion matrix validates the effectiveness of the
pon ()1 2 40165 | 2699,3| 83167 73578 41187 algorithm in identifying of the relative location of voltage sags
Vo) =aul caused by network faults. The results show that the algorithm
POM (2 3)re faut 823,04 | 823,04\ 82304 82402 82313 s efficient by 97, 9 % in the relative location of network faults
seck ) and an error percentage of 0,7 % in the estimation of the same
POM () g 670,31 | 741,18/ 1350,§ 75071 414614 fo ite
sec@ )
) i
PQM(L%re_faun 92754 | 92754 9,2754 9.27 9.5 Table IV.CONFUSION MATRIX WITH THE RESULTS OBTAINED OF
con ) 76054 | 837 | 3063| 0105 22533 TEST CASE
(3_4¥ault
sec@ ) Area Area Area Area
POM (3 Shre_fault 19,52 19,52 19,52 19,72 1969 | Relative between between between between TOTAL
sech ) ~ Location PQM; and PQMzand | PQMsand | PQMsand
POM 14,81 | 17.04| 7,424| 153,08 10,60 PQM, PQMs PQM, PQMs
(3_5Xault True
V;eQC;AF ) Positives 41 58 19 22 140
Ve 3 1 ZFaul 40462 | 2,71 | 83783 | 7,4031 | 4,1488 | | (TP)
False
PQM
L_2re_taul negatives 0 0 0 3 3
V,§g:§,|F ) (FN)
e T | 08144 | 09 | 1,6412 | 9,1103 | 50874 | [ False
VPQM positives 0 3 0 0 3
2_3pre_fault (Fp)
V;gﬁ&‘ ) True
Vsecef—“':a““ 0,8200 | 0,90 | 03302 0,0114 23,546 | | negatives 102 82 124 118 426
PQM3_4Pre_fauIt SI_TN)
sect ) rue
VPQMQ,_EFault Positive 1 1 1 0,88 0,979
=) 07586 | 0,87 | 0,3803 7,7604 | 0538 | | Rate (TPR)
POM3_&pre_fault False
Positive 0 0,0352 0 0 0,007
According the results of the Table Il and the decision r &ate (FPR)

of the algorithm, results in the relative location are shown in
Table Ill. The results estimate correctly the relative location of

not correct,

For cases in which the estimate of the relative location was

it is found that the reason is because network

C
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faults that occur at the boundaries of two consecutive arezculating the positive sequence voltage and RMS values.
generate positive sequence voltages not too high in the faulted’his new methodology for the relative location of voltage.
feeder. sags allows assuming responsibility for the occurrence o
Thus, the algorithm locates the fault in the area precedentdigturbances in electrical systems for electrical utilities of
failed area. Justly, the three voltage sags with incorreghnsmission and distribution. This is a starting point for
estimation correspond to faults on the node 842, where itdfctrical  utilities allowing implementation of new
estimated that the relative location of the faults is betwe@Rethodologies to reduce these disturbances on the netwo

PQM2 and PQM3. It is due to the overvoltage low of positivg, o ensuring a good power quality for the end user.
sequence between the 834 and 842 nodes, because being a

short length from PQM3, the positive sequence voltage is not
large enough to estimate the relative location between PQM3
and PQMS5. During the fault, the positive sequence voltage
between PQM3 and PQMS is less than the respective pre-faulfhe authors thank the Universidad Industrial de Santan eF[
voltage. According to the proposed algorithm, the networ@r their support of this research through the project DIEF-2

fault would not be located in the area bounded by these tW#E-5567: “Methodologies for the Characterization and
power quality monitors. Diagnosis of Voltage Sags in Electrical Distribution System

ional sobre
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Some important conclusions of this work:
; ; ; Leborgne R., Karlsson D. “Voltage Sag Source Location Based on
The main advantage of this method is based on VOItaBé Voltage Measurements Only”Electrical Power Quality and

measurements only for the relative location of voltage sags, yiilization, Journal Vol. XIV, N° 1, 2008.
considering that in many cases the current measurements [areKim K, Park J., Lee J., S. Ahn y S. Moon. “A Method to Determine the
not available in the electrical distribution systems. Relative Location of Voltage Sag Source for PQ DiagfioBiectrical
. . . . . . Machines and Systems, Proceedings of the Eighth International

The implementation of this method is innovative using the  cgnference orr005, pp. 2192-2197.
information recorded by monitoring equipment for morgs] Seon-Ju Ahn , Dong-Jun Won, D-Yop Chung y Seung-U Moon.
advanced analysis of the power quality. The decision “Determination of the Relative Location _of \_/oItage_Sag Source
algorithm is easv to understand and anal b According to Event Cau%elEEE, Power Engineering Society General

g y yze by a user. Meeting Vol.1, pp. 620-625, June 2004.

The algorithm proposed is useful for automatically locatingy] z. Galijasevic, and A. Abur. “Fault Location Using Voltage
electrical faults in distribution systems using it as a gfleasuﬁTizgs"iOW%&elivefy’ IEEE Transactions o¥ol. 17, Issue

; ; ; » Pp. 441-445, Apr .

compu_tatlonal tool. It h_as pOSSIble aummatlca”y analyzeq ] Barrera V. and Melendez F.,”A New Sag Source Relative Location
extensive database with records of voltage sags obtaining Algorithm Based On The Sequence Current Magnitude”. SICEL 2009 —
accurate results. V International Symposium on Power Quality, August 4-6, Bogota,

; ; ; Colombia.
S(_)me disadvantages _are that _thls methodology is Grainger, J. J. And Stevenson, W. D. Power System Analysis. Mc. Graw
applicable to systems which have single voltage measurement nj,
equipment. Also, data processing equipment with thi3] Radial Test Feeders- IEEE Distribution System Analysis Subcommittee.

methodology requires a representative memory capacity when http://fewh.ieee.org/soc/pes/dsacom/testfeeders.html. January 2010.
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