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Abstract. This paper presents the messages to the
stakeholders on voltage-dip immunity as extracted by UIE
WG2 from CIGRE TB412 [1]. The paper summarizes the
main recommendations from this technical brochure in the
form of messages towards regulators, standard-setting-
organizations, network operators, industrial customers,
equipment manufacturers, and power quality monitor
manufacturers, resear chers.
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|.INTRODUCTION

Voltage dips (also known as “voltage sags”) aratsho
duration reductions in voltage magnitude. Theiration
is typically between a few cycles of the power-syst
frequency and a few seconds. The interest in veltigs
is mainly due to their impact on end-user equipment
Industrial processes may malfunction or shut dowa i
a voltage dip resulting in significant financiattes.

Voltage dips are due to short-duration increases in
current magnitude, whereas voltage dips due totshor
circuits and earth faults are of most concern for
customers.

International Joint Working Group (JWG) C4.1110
sponsored by CIGRE, CIRED and UIE has addressed a
number of aspects of the immunity of equipment and
installations against voltage dips and also idiextiireas
were additional work is required. The work took qaa
between 2006 and 2009 and resulted in a technical
brochure distributed via CIGRE and UIE [1].

This paper summarizes the main conclusions from the
technical brochure resulting in recommendationsatols
the main stakeholders involved in voltage dip imityun
Each of the following sections represents one efrtime
identified stakeholders. The individual messages loa
obtained from the website of the Union of Electyici
Applications (UIE) [2]
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[I.M ESSAGE TO REGULATORS

The occurrence of voltage dipsis part of the normal
operation of any power system

Voltage dips occur at almost all locations in tlosvpr
system and avoiding them is only practically pdssiip
to a certain extent. Avoiding dips altogether ist no
possible. Reducing the number and severity of gelta
dips experienced by a customer, beyond what is aibym
considered as good engineering practice, can bg ver
expensive. The global voltage-dip database builttHzy
working group has shown among others that there is
large variation among individual sites in number of
voltage dips per year. This is due to differences i
network topology but also for example due to défares
in weather conditions.

Monitoring and recording of voltage dips is heeded

Voltage dips exceeding a certain severity will fesu
large economic losses for industrial customersfebaht
mitigation methods are available to limit the cadte to
process interruptions. The economic optimum is thet
same for different customers, among others depgratin
the number of voltage dips. This is one of theaaasvhy
data on number and severity of voltage dips is eged
Such data will also allow network operators to méie
right investments to limit number and severity @)
where practically possible. The data needed can be
obtained by using voltage-dip monitoring at differe
locations in the network. The recording of voltadips,
using automatic monitoring equipment, is the only
widely-accepted method for obtaining this data.
Measurement at each connection point is typicatty n
practical, but multiple measurement locations witthie
area of one network operator are in most casesedeed
The number of measurement locations needed depends
strongly on the local properties.

Regulators should provide the incentives to facilitate
voltage-dip monitoring by network operators

Next to price of electricity and continuity of supp
voltage dips are the issue that most affects cuemtam
Although the number of customers severely affedied



voltage dips is limited, the economic impacts make
voltage-dip performance of the network an important
property that should be monitored. The costs of
monitoring include: the costs of the monitoring
equipment; the costs the processing of the dataatait
can be used by the customers; and the costs o&dtitey
with the customer. The network operator shouldtide
recover these costs.

The network operator should provide the data in a
suitable format to its customers, when requestedhby
customer. A possible format is proposed in the vk
group report. This data will allow the customerntake
investment decisions based on facts. The reguihiould
facilitate the availability of this data for thestamer.

I11.M ESSAGE TO STANDARBSETTING-ORGANIZATIONS
Characteristics of voltage dips

The main items that describe voltage dips have been
listed in the report. Apart from minimum voltagedan
duration, which are already defined in several daads,
some other variables and concepts should be defined
future standards, such as transition and event esgigm
phase-angle jump, three-phase unbalance, waveform
distortion, point-on-wave, rate-of-change of vod#agtc.
These added characteristics will make voltage dgyasis
more systematic. The most important characteristiit
undefined is the unbalance of the dip.

The classification proposed by the working group
distinguishes between three types of dips, whengeTy
and Type Il are unbalanced and Type Il is balanced

v' Type | is a drop in voltage that takes place mainly
one of the phase-to-ground voltages.

v Type Il is a drop in voltage magnitude that takes
place mainly in two phase-to-ground voltages.

v" Type lll is a drop in voltage magnitude that is &qu
for the three phase-to-ground voltages.
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Figure 1. Phasor diagrams for the proposed dipstype

Detailed algorithms for making such discrimination
have been proposed and will be forwarded to thevaeit
standard-setting groups. Measurement standards are
needed to include the three channels in the meaasmte
and to record more than just one residual voltagkame
duration.

Global satistics show a non-negligible number of Type
11 dips

A global database of voltage-dip statistics hasnbee
created. This database includes statistics froneraév
countries on several continents, counting 1175 .sit&e
results of the database analysis are presentedsas Gt
contour charts for Type |, Type Il and Type Il diprhe
number of voltage dips varies significantly forfdient
sites, so a percentile method is used to descristvgase

sites (95-percentile), median sites (50-percentdel so
on.

Based on the results of that database it was cdedlu
that Type Ill dips are not negligible: they make2@®6 of
the dips at MV and HV sites in the database. Typs bf
dips is not covered by existing standards, evenghats
effect on end-user's equipment is typically moreese.
Therefore a recommendation is raised for studyind a
including Type Il dips in the standards.

Dip Immunity Labels

The global voltage dip database shows a large
variation in number of dips between locations. The
economic losses due to a process interruption aaiot
between different processes. The economically-gdtim
equipment immunity is different at different locats,
whereas the market at the moment does not offeoee
in voltage-dip immunity of equipment. Five diffeten
immunity classes are proposed by the working grmup
offer this choice.

The Working Group further introduced a useful new
concept, "process-immunity time", making a disimat
between equipment failure and process failure. This
distinction allows better economic assessment @& th
impact of dips on industrial installations. Thisl o the
need for an equipment performance criterion togethe
with the immunity class.

Combining the immunity class and the performance
criterion, results in the proposed “voltage-dip iomity
label”, as shown in the table in Figure 2 below.

Voltage dip Equipment performance criteria

immunity label | Full operation | Self-recovery | Assisted-recovery
A
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Figure 2. Proposed voltage dip immunity label.

These labels will simplify communication between
equipment manufacturers and equipment end-userg abo
dip immunity, while at the same time allowing equignt
end-users a sufficient level of choice in selecting
equipment. Test levels (combinations of duratiord an
voltage magnitude; for each of the three typesijs)dor
five different immunity classes are proposed. As an
example Class B is shown in Figure 3 below.

Class B specification of equipment dip imrmun ity
againsttype | +11 dips

Class B specification of equipment dip immunity
against type Il dips

Ducatign lwa) ° Daration (ms]

Figure 3. Proposed immunity against voltage dipstybe I+Il and
Type Il respectively (example for Class B).



IV. MESSAGE TO NETWORK OPERATORS

Voltage dips are a main concern for industrial customers
after reliability

Knowing that network operators can not avoid all
faults on the grid and that voltage depth and damedre
set by the network itself, the number of fault dwit
network part is the only one factor that networler@pors
can handle at a certain amount. There is no normal
numbers of voltage dips in a grid, thus networkrafms
are ask to keep them as low as possible. To lihagt t
number of fault, network operators can deploy good
engineering practices from standards of their $trguat
economical cost to save losses to all end-usensected
to their grid.

Voltage dips may result in serious economic loss for
many industrial customers

A large fraction of the voltage dips that result in
process interruptions are due to faults in the.dfidis
includes the grid on the customer premises,
distribution grid and the transmission grid. Sirtbese
faults are not directly on the line of the affectestomers
it results in a voltage dips instead of an intetiarg but
their impact on processes still cause economicabdas.
Processes are not limited to industrial processgstd
everything that could lead to economical losses for
industrial, commercial, services and building
management.

the

Mutual understanding

Mutual understanding of origin and consequences of
voltage dips is an essential basis for jointly adding the
compatibility between the network and the induktria
installation. Since voltage dips are largely dependf
many factors (voltage level, weather, overheadsline
network configuration, etc), recording should takece
in different part of the network and as close assiiile of
the customers. Even if network operator can notdaath
faults in the grid, the recording of voltage dipessential
for mutual understanding.

Customer s need data

Customers need data on number and severity of
voltage dips to improve immunity. From a customeinp
of view, voltage dips happen more often then
interruptions and consequences on their processes a
immunity dependent. To solve voltage dips customer
complaints, cooperation between the stakeholders is
essential. Customers need that network operatonrsdar
records of voltage dips. Characterisation of vatalps
are the first step to improve the immunity of amgqess.
The report of the working group has shown the ndéeds
two kind of data presentation, one to address tiseomer
complaints and where the data is plot in a scattgraph
and a second need for global grid survey whereotmnt
chart and percentile are more useful.

V. MESSAGE TO INDUSTRIAL CUSTOMERS

The occurrence of voltage dips is part of the normal
operation of a power system

Voltage dips are the result of large currents exghd due
to faults, lightning or starting of large motorsher
duration and depth of the dip experienced by anstrél

customer depends on the network topology, the miista
to the fault location and the settings of the faldtaring
devices in the grid. As a result, voltage dips care
eliminated from the normal operation of the grid.
However, as the number of dips can vary strongly
between locations this information can impact theice

of the location for new installations. In most case
network operators can provide indicative data oe th
number of voltage dips and their severity to becetgd.

Improving the immunity of installations against voltage
dips should be based on economic considerations

Every industrial installation is exposed to voltatjes.
A voltage dip may or may not result in a process
interruption, depending on the type and designhaf t
installation. Whether a process interruption can be
tolerated or not, highly depends on its economipaiat:
loss of revenue, additional working hours, lost enat;
damage to the installation; etc.. The costs of any
mitigating measure have to be balanced against the
economic impact of the dips.

It should be emphasized that not always the reduire
investments are high. For example, supplying lowero
control devices by means of an UPS can drastically
improve dip immunity at fairly reasonable costs asslilt
in substantial financial savings.

Dips should be considered during the design of an
installation

Considering the impact of voltage dips during the
design stage of a new process is recommended. The
working group document proposes a methodology to se
up the required analysis to improve process behavio
The methodology also holds to analyse and immunize
existing processes.

Each piece of equipment in the installation is didko
the process parameter it is governing. For eaclpegnt
and related process parameter, the Process Immunity
Time is determined as the time before the process
parameter goes out of specifications. The shotter t
Process Immunity Time the more critical the equipme
is. By setting up this analysis, the amount of pmént to
be improved can be limited to the strict minimuniist
methodology results in a list of specifications for
electrical equipment. This can next be communicated
the equipment manufacturer. The Process ImmunityeTi
methodology is described in detail in the above-
mentioned final report.

Cooperation between process and electrical engineersis
essential to solve voltage-dip problems

The concept of Process Immunity Time to detect the
most critical equipment within a process is basedhe
knowledge of process parameter behaviour as wedinas
knowledge of the electrical installation. Setting this
analysis requires cooperation between electrical
engineers, process engineers, and instrumentation
engineers to obtain reliable information. This cempion
also results in a better mutual understanding antbag
different engineering disciplines within a company,
allowing further process improvements.



VI. MESSAGE TO EQUIPMENT MANUFACTURERS
Development of new equipment

Manufacturers should consider voltage-dip immunity
of their equipment at an early stage in the proadss
development of new equipment. Voltage dips are dexnp
disturbances that should be characterized not obgly
magnitude and duration. To assist the manufactimrer
assessing the potential impact of voltage dips tmir t
equipment behaviour, a check-list of voltage-dip
characteristics is provided in the above-mentiofiedl
report.

Knowledge the immunity of equipment against voltage
dips

Customers need to know the immunity of equipment
against voltage dips to choose equipment for udbdin
installations. Voltage tolerance curves are a Bbldta
method for this. Selection of equipment in an indak
process requires your customer to balance between t
costs associated with process interruptions anccolsés
of equipment. To make the trade-off it is importémat
your customer has information available on the imityu
of different equipment against voltage dips. Vodtag
tolerance curves are a suitable method to quattify
equipment immunity against voltage dips. Analysing
these curves, the customer can easily determine the
performance of the equipment he has selected for hi
installation and make an economic trade-off. Thevab
mentioned final report gives a systematic method fo
obtaining these voltage-tolerance curves.

The voltage-dip immunity label simplifies
communication between equipment manufacturers and
their customers. The voltage-dip immunity label as
method based on the voltage tolerance curve and the
performance criterion, and it allows customers to
communicate, in an easier way, their requirementhe
manufacturer. The label consists of the immuniigssl
and the performance criterion. Based on their égpee
and knowledge, manufacturers are strongly encodréme
provide feedback on the proposed classes, and &®ven
propose adjustments. Manufacturers of equipmentigho
be aware that there is a demand for highly-immune
equipment as well as for cheap low-immunity equiptne

Further development of voltage-dip immunity labels

Equipment manufacturers should get involved in the
further development of voltage-dip immunity labels.
Besides satisfying the basic standard requiremants|I-
developed voltage-dip immunity label is the besywé
addressing new market segments of customers with
different immunity requirements. It is therefore mfme
interest for equipment manufacturers to be invoivethe
development of such a label. The experience ofpsoet
manufacturers in voltage dip compatibility of the
equipment they are manufacturing and as well the
effectiveness of the “labelling” concept will brimgal-
world value to the process of labelling. It is #fere
important that equipment manufacturers get actively
involved in the development of voltage-dip labels.

VII. MESSAGE TO MANUFACTURERS OF POWERUALITY
MONITORING EQUIPMENT

In a three-phase system, distinguish between Type |, Type
Il and Type Il voltage dips

Next to residual voltage and duration accordintE©
61000-4-30, additional information should be predd
about the dip. The most important additional infation
concerns the type of dip with respect to the thukease
unbalance of the voltages during the dip. The above
mentioned working group proposes the use of a
classification into three types, Type |, Type IhdaType
. A memo written by UIE Working Group “Power
Quality” further defines the method for extractitig dip
type and characteristics from measured voltage. dips
These methods should be implemented in power-gualit
monitors and in analysis software because infoomatin
the dip type is required by both network operatansl
industrial customers sensitive to voltage dips.

Contribute to the development of suitable additional
voltage-dip characteristics

In the above-mentioned final report it is shownttha
voltage dips require more characteristics thanrgsitiual
voltage and duration. The type of voltage dip is sach
additional characteristic but more such charadtesisare
needed. Examples of such characteristics are @rage-
jump and point-on-wave. Statistical information these
characteristics is lacking which in turn makesifficllt
to assess their full impact on the performance of
equipment and installations. Manufacturers of pewer
quality monitoring equipment and analysis software
encouraged to develop suitable methods for extvgcti
these additional characteristics from recorded agat
waveforms. Sharing of the experience gained byahib
cooperation with universities is highly encouraged.

Present statistical results in the form of contour charts
and percentiles

When information from voltage dips over a longer
period is available, this should be presented énféihm of
a voltage-dip contour chart or a similar method.islt
thereby essential that the number of dips is giasna
function of residual voltage as well as duratia, Type
I, Type Il and Type lll separately. Giving the nuenlof
dips only as a function of the residual voltage is
insufficient.

When information from multiple locations is
available, the number of dips as in the previousgraph
should be given for a number of percentiles, faneple
the 50, 75 and 95 percentiles. Giving only the ager
over all sites is insufficient.

The above-mentioned final report describes the
methods for presenting voltage-dip statistics itaitle

VIII.C ONCLUSIONS

Voltage-dip immunity is an important issue for
improving the compatibility between industrial
installations on the electricity supply. This inve$
several aspects including immunity testing and of
individual devices, improving the immunity of corapg
installations, and presenting the results from measent
campaigns in an appropriate way.



Voltage-dip immunity involves several stakeholders,
nine of which have been addressed by UIE WG2.
Individual messages to these nine stakeholders lhaee
formulated. This paper summarized the messageketo t
six main stakeholders indentified by the workingups.

In total there are nine stakeholders. The stakensld
researchers, educators, and small and medium-sized
enterprises have not been covered in this papé¢ail®en
those can be found on the webpage of the Union of
Electricity Applications (UIE) [2].

IX. ACKNOWLEDGEMENT

The material presented in this paper is the rdsuit
CIGRE/CIRED/UIE Joint Working Group C4.110 and
UIE Working Group 2. The following persons contttibdi
to these working groups, beyond the authors: Bill
Brumsickle, David Chapman, Felipe Cércoles Lépez,
Snezana Cundeva, Alastair Ferguson, Philipe Gosssen
Roberto Chouhy Leborgne, Pierre Ligot, Andreia iegir
Patrick Marteyn, Alex McEachern, John Mentzer, lan
McMichael, Jan Meyer, Ulrich Minnaar, Mohammed
Redha, Koen Van Reusel, Mark Stephens, S.C. Vegunta
Francisc Zavoda, and Jin Zhong.

X. REFERENCES

[1] CIGRE/CIRED/UIE JWG C4.110, Voltage dip immunity
of equipment and installations, CIGRE Technical
Brochure 412, published in 2010.

[2] UIE, http://www.uie.org/powerquality




