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ABSTRACT

The subject addressed is the assessment of thie @Hligh
Voltage HV / Medium Voltage MV / Low Voltage LV) of
voltage dips monitored on networks and its effecboth
voltage dip statistics and indices evaluation atthbo
national and macro area level from the point ofwief
regulation. The method applied to assess the Hyiroof
the events refers to both the signal coming from th
distance protection of HV lines and to the corrielabf the
occurrence time of those events which have beeitarexh
on MV bus bars belonging to different HV/MV Primary
Substations but underlying a common part of thegiH¥.
The MV bus bars monitored in this research are ¢hofs
the Italian MV network monitoring system QUEEN.sThi
method has been partially extended also to the teven
propagation from the MV to the LV networks thatkihe
late installation of a small number of Measuremeursts
(MU) at specific Secondary Substations in ordeetdize a
sort of “disturbed network tree”. The estimation thie
percentage of MV events with a probable HV origin a
macro area level, for the 2010+2011 period, hasvah@
range of variation of about 6%+15% in comparisorthwi
the 37% evaluated at national level. As to theag®tdips
performances, indices ,Nand N, their evaluation at
national level for 2011 is affected respectivelyiey18,6%
and 14,7% by voltage dips with a HV origin. As e t
events propagation from the MV to the LV networgeed
correspondence between the events monitored dtvihe
voltage levels has been observed.

INTRODUCTION

In the frame of a possible future voltage dips tatpon in
Medium Voltage (MV) network it is important to bbla to
assess their origin as the utilities in this caseukl be
responsible only for the events due to faults aexlin
their networks. In this contest any preliminaryitt
focused on the forecasting of the weight that défife
percentages of voltage dips of different originlddwave on
voltage dip performance indices becomes a priofitye
method applied in this paper to assess the evigit cgfers
to both the signal coming from the distance priatecof
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High Voltage (HV) lines and to the correlation diet
occurrence time of those events which have beeitoned

on MV bus bars belonging to different HV/MV Primary
Substations (PS) but underlying a common part @tk
grid. The MV bus bars monitored in this researehthose

of the Italian MV network monitoring system QUEEN.[

In this paper the percentage of the MV events with
probable HV origin has been evaluated at firstadiomal
level and then at macro area level in order tofydhie
validity of national results at local level. Besidbe statistic

of voltage dips of different origin has been conegkio the
immunity curves normally adopted in the internagibn
standard, in order to estimate the weight of tHeage dip
percentage with a HV origin on the evaluation @f thost
common voltage dip performance indices for the MV
network. The analysis has been partially extendsal ta
the propagation of these disturbs in the Italiaw Mvltage
(LV) networks thanks to the late installation ofsmnall
number of Measurements Units (MU) at specific Sdeon
Substations (SS) in order to realize a sort ofttoised
network tree” (Figure 1). The selected substatibage
been first of all chosen among those which arevddrirom
the PS monitored by the QUEEN system. Besides they
belong to 3 different Italian regions (Sicily, Lazand
Piemonte) and are representatives of 3 types ofsUse
(Domestic Users, Tertiary, Tertiary in presence of
photovoltaic generation) and of 2 types of linegiinead
lines and cables).
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Figure 1. Example of a “disturbed network tree”
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VOLTAGE DIPS ORIGIN

Voltage dips monitored on MV distribution networksy
have origin in faults occurring in MV networks, HV
networks or any Customer’ s plants connected to MV
networks or, in theory, in LV networks.

A method has been developed to estimate the vottgye
probable origin, which is based exclusively onahalysis

of the data monitored by the MV network monitoring
system QUEEN.

The method

The method [2] used to estimate, in percentage, téren
amount of voltage dips of HV origin, over a one ryea
period, is based on both:
the detection of events correlated to a signal nogmi
from HV line distance protections, which is provide
by the monitoring system;
the “detailed analysis” of those MV monitored ewent
characterized by correlated occurrence time and
relevant to MU belonging to PS underlying a common
HV grid (“coincident” instants of voltage dips ihe
MV network are a proof of the HV origin of the eten

Evaluations at national level

The percentages of voltage dips of probable HViyig
evaluated by applying the above mentioned method to
voltage dips data for the monitoring period 20041 are
summarized in Table 1.

#$ $
Table 1: Voltage dips of HV origin monitored in the
Italian MV network

On average at national level about the 34% of gel@ips
monitored in MV network are coming from the HV netl
and only the 10% of all the monitored events can
correlated to any starting signal from the HV lidéstance
protections, confirming the poor reliability of rsignal by
itself to assess the voltage dip orfgiiThis result is in
accordance with the 30% estimation obtained inpihst
(2008 - 2009 [3]) by applying a method essentladiged on
a “point by point” comparison among the recordiagthe
MV and HV bus bars in PS (the last ones suppliethby
MONIQUE? system of TERNA, the Italian TSO), and in the
national transmission network even if on a smathbar of
monitoring sites, surely not representative ofhéltalian
distribution network. Referring to the not negligibmount

be

Y In this contest it would be advisable to have meyeergies
among remote control systems and voltage qualitpitoong

system, provided that the synchronization probleors the

different systems could be resolved.

2 MONIQUE: System of “MONItoraggio della QUalita dell
tensione Elettrica” on HV networks.
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of voltage dips of probable HV origin a first issoeafford

is to verify their position against a commonly used
immunity curve. Figure 2 and Table 2 show and colat
position of HV origin events in relation to Clasard Class

3 immunity curves [4][5].
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Figure 2: Scatter plot of voltage dips of HV origin
monitored in the MV network
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Table 2: HV origin voltage dips against the immuniy
curves

Only the 6,6% of the HV origin events occurs undiass 3
immunity curve that corresponds to the 2,3% oftladl
events monitored during the year at MV level. Refigrto
class 2 immunity curve these value increase reisedcto
20,1% and 7,1%. The next step has been to verdy th
distribution along the national territory of thimmaunt of
events originated at HV level.

Evaluations at macro area level

Referring to the macro areas shown in Figure 3ydiiage
dips of a definite origin do not spread uniformlgray the
territory as shown in Table 3 and Figure 4.
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Figure 3: Macro areas

In particular, for 2011, macro area A4 shows (T&)lthe
worst performance because of both the highest ptrge
of dips usually monitored (46,7%) and the prevaldit
origin of these ones (32,8%). As to A2 only the?6 ,@f the
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voltage dips monitored are due to faults in the Mdttvork.
The percentages of HV and MV origin voltage dips at
macro area level have been evaluated also refdoiegch
macro area total number of voltage dips (Figurelb).
particular for 2011, A1 and A2 are more affectedHdy
origin events in comparison with the national refere; the
majority of events recorded at A3 and A4 have dabbte
MV origin.

Macro 2010 2011

Areas HV MV HV+MV HV MV HV+MV
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Table 3: Events origin evaluation at macro area les

Ersg @s mp

% & '

Figure 4: Distribution of voltage dips of different origin
along macro areas in 2011

Figure 5: HV and MV dips presence in each macro aie
in 2011

VOLTAGE DIPS ORIGIN AND INDICES

The “counting” indices B, and Ny, usually evaluated to
assess the Italian network voltage dips perform&ife],
have been computed for the first time taking intocant
the origin of the events. Referring in particular2011
statistics, Figure 6 and Figure 7 show the pergenta
contribution of voltage dips with a HV and a MV @iri
respectively to Bhand N, , at national level (left side).
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The N index, obtained exclusively on the base of the
events with a MV origin, is about the 81,3% of tradue
computed from the whole statistics. This percentagehes
the 85,3% value for thed\index. The contribution to §
and Ny, due to voltage dips with a HV origin reaches the
18,6% and 14,7% respectively.

Besides, restricting the analysis to voltage difik & MV
origin, the right side of the figures show the pertage
contribution of each macro area to the two indides.
particular the macro areas performances classditato
not vary even if HV origin events are neglected ¢hé
worst and A2 the best). ThesNndex evaluated at macro
area A4 is about the 65,8% of the index evaluated a
national level exclusively on the base of voltaips df MV

origin.
VR

Figure 6: Contributions to N,, of events with
respectively a HV and a MV origin at national level
(left) and macro area percentage contribution to B,
evaluated exclusively from MV events (right)

P

Figure 7: Contributions to Ns, of events with
respectively a HV and a MV origin at national level
(left) and macro area percentage contribution to R
evaluated exclusively from MV events (right)

EVENTS PROPAGATION FROM MV TO LV

As to the events propagation from MV to LV netwoeks
good correlation has been observed between the
measurements performed in CP at MV level and those
performed at LV bus bars level in the monitoredS§ure

8). The differences remarked are mainly due to:

interruptions involving a MV line that feeds a
monitored SS;

slightly deep voltage dips;

the alternative feeding of a monitored SS by a MY b
which is not monitored in a primary substation.
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Figure 8: Event monitored at the MV bus bar in PS ad
ata LV bus bar in a derived SS

As to the interruptions recorded at LV level, fi@ssible to
have two different conditions:
in case of poly phase faults regarding a MV liteyt
give origin to events at both MV and LV level,
in case of a single phase faults no voltage dijpiscc
As an example Table 4 refers to MV/LV events prepag
in Sicily and in particular:
- 2 of the 8 interruptions monitored at LV1 are prolya

due to HV origin events (as all the interruptions

monitored in MV);
the other 6 are probably generated by faults invtkie
line which feeds the SS1 where LV1 is installe@sth

disturbs are recognized as voltage dips at MV |evel
explaining for the differences between the number o

monitored events at MV and at LV1.

0
1()

Table 4: MV/LV events propagation in Sicily
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CONCLUSION

The application of a proposed two steps methodter
assessment of the origin of voltage dips monitaneldV/
networks has led to the following conclusions aiamal
and macro area level:

about the 34% of voltage dips monitored in MV
network are coming from the HV network at national

level; only the 10% of all the monitored events ban

correlated to any starting signal from the HV lines

distance protections;

the voltage dips performances indices &hd N, at
national level for 2011 are affected respectivelyie
18,6% and 14,7% by voltage dips with a HV origin;

a good correlation has been observed between the
events monitored at MV and LV level even if it waul

be advisable to have a higher numbers of monitoring
sites at LV level to get a more robust statistic.
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