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1This paper is not a working group document: the final results and conclusions may deviate from the contents of this paper. 

Summary 
This paper presents the status of the work, by April 2008, in C4.110, 

a joint working group by CIGRE, CIRED and UIE. Cont ributions of the 
working group are: a summary of voltage dip characteristics; a 

methodology to assess the performance of a complete installation and; 
recommendations for testing and immunity of equipment. 

 
I. I. INTRODUCTION  

 
A joint working group on voltage dip immunity of 

equipment is supported by CIGRE, CIRED, and UIE. The 
scope of the working group is to gather technical knowledge 
on the immunity of equipment and processes against voltage 
dips and to use this knowledge in the further development of 
methods and standards.  

The working group was formed during the autumn of 2005 
and started its activities early 2006. Two meetings were held 
in 2006, three in 2007 and one in 2008. Two further meetings 
are scheduled for 2008 and one for early 2009. Starting from 
a core of about 10 people, the group has been growing 
steadily and currently consists of 40 persons: 22 regular 
members and 18 corresponding members. The members have 
the following background: 13 network operators; 10 
academics and consultants; 6 industrial customers; 5 
equipment manufacturers; 3 regulators and 3 persons with 
extensive experience on immunity testing of equipment. For 
more information, the reader is referred to the working-group 
website [1]. The scope and status of the working group were 
presented earlier in [2][3][4]. This paper presents the status of 
the working group activities and preliminary results after 6 
meetings, by April 2008.  

 
II. SCOPE OF THE WORKING GROUP 

 
The results of the work will be delivered in the form of a 

technical report, in January 2009. This report will provide 
guidelines for power companies dealing with customers, 
equipment manufacturers and other interested parties, and 
give recommendations for future IEC standardization. The 
report will also give recommendations to equipment 
manufacturers and to operators of industrial installations 
sensitive to voltage dips. To organize the work on this 
difficult but interesting subject, the activities have been split 
into a number of “chapters” that will correspond to the 
chapters in the working-group report. 

1. Introduction.  
2. Voltage dip characteristics. 
3. Equipment and processes. 
4. Immunity testing. 

5. Statistics and Economics. 
6. Immunity objectives. 
7. Conclusions. 
These chapters, with the exception of “Introduction” and 

“Conclusion” are shown in a systematic and chronological 
way in Fig. 1. 
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Fig. 1.  Activities within the working group organised in the form of 

chapters. 

 
Chapter 2 gives a general description of voltage dips as 

they appear at the terminals of sensitive equipment. Chapter 3 
describes the performance of equipment and processes during 
voltage dips. This chapter also includes recommendations on 
the design of processes. In Chapter 4 the results from Chapter 
2 and Chapter 3 are combined to set requirements for the dip 
characteristics that should be included in immunity testing. 
Chapter 5 is the data gathering chapter, covering data on 
voltage-dip statistics at different locations, but also data on 
the economics of equipment immunity and testing. Finally, in 
Chapter 6, recommendations for immunity objectives will be 
given. The contents of these chapters will be discussed in 
more detail in the remained of this paper. 

 
III. CHAPTER 2 – VOLTAGE DIP CHARACTERISTICS 

 

A. Description of Voltage Dips 

 
An appropriate description of voltage dips should provide 

more information about the dip events than a simplified 
description based on the use of only one voltage magnitude 
value and one duration value. An example of such a simplified 
dip description is the one based on residual voltage and 
duration in IEC 61000-4-30, which is generally suitable as a 
first step in quantifying, benchmarking and exchanging 
information on dip performance of power supply systems, but 



does not allow a clear distinction between a wide variety of 
voltage dip events and, more importantly, possible differences 
in their effects on operation of different types of equipment. It 
is, therefore, concluded within the working group that a more 
detailed description of voltage dips is necessary for a better 
understanding and improved assessment of all relevant factors 
and parameters (i.e. dip characteristics) that may have an 
influence on the dip sensitivity of different types of 
equipment. 

The description of the voltage dip in this chapter introduces 
a number of “segments”, i.e. periods of time during which the 
voltage magnitudes (and possibly other characteristics of the 
voltage waveforms) are more or less constant: 

a) One pre-event segment. 
b) Zero, one or more during-event segments. 
c) One voltage recovery segment. 
It is further emphasized in the proposed dip description that 

the transition between two segments does not occur 
instantaneously. Therefore, so-called “transition segments” 
are introduced next to the above mentioned “event segments”. 
For example, in case of dips caused by switching events, 
usually there will be no during-event segments. The 
corresponding dip description will consist of a pre-event 
segment, a voltage recovery segment and one transition 
segment between them. An example of this type of event is a 
dip due to motor starting, Fig. 3. A voltage dip with two 
transition segments, due to a fault, is shown in Fig. 2. The 
transition segments correspond to fault initiation and fault 
clearing. 
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Fig. 2.  Example of a voltage dip with two transition segments. 

 
Besides the characteristics of pre-event and voltage-

recovery segments, the proposed dip description consists of: 
· Number of transition segments 
· Duration of event segments. 
· Characteristics of the transition segments. 
· Characteristics of the event segments. 
As the voltage magnitude (and other voltage waveform 

characteristics) do not show large or fast changes during an 
event segment, practically all of the commonly used analytical 
tools and calculation methods (such as root-mean-square, rms, 
discrete Fourier transform, DFT, symmetrical components, 
etc.) may be used for the analysis of during event dip 
characteristics and give a trustworthy dip description. 

 

 
Fig. 3.  Example of a voltage dip with one transition segment. 

 
Characteristics of the during-event segments have been 

extensively discussed in existing literature and include:  
· Voltage magnitude; 
· Voltage phase angle; 
· Duration of the segment; 
· Waveform distortion; 
· Unbalance. 
During a transition segment, however, the voltage 

magnitudes and other voltage waveform characteristics exhibit 
fast changes. The standard methods for the analysis of power 
systems can no longer be used. Possible characteristics of 
transition segments include: 

· Points on wave, e.g. of dip initiation and ending; 
· Rate of change of voltage; 
· Oscillation frequency and damping; 
· Difference in switching or in fault initiation instants 

in different phases. 
The characteristics of the pre-event segment are related to 

voltage magnitude, voltage waveform distortion and three-
phase unbalance, present immediately before the occurrence 
of a voltage dip. In most of the practical cases, the voltage 
before the dip event is in a steady state, so that characteristics 
over relatively long periods may be used.  

Characteristics of the voltage recovery segment are strongly 
influenced by the system ability to recover from the event(s) 
that originally caused the voltage dip and by the actual 
amount and type of load that is still connected to the system 
after the cause of the dip is cleared. Examples of relevant 
phenomena that may occur during the voltage recovery 
segment at different time scales include: high current taken by 
induction-motors due to re-acceleration, high in-rush current 
for power electronic load, recharging of capacitor banks and 
transformer saturation. 

Besides the simple dip events (with one or two transition 
segments), this chapter also discusses more complex dip 
events: dips with three or more transition segments, multistage 
dips caused by developing faults, dip sequences due to 
automatic reclosing operations, and simultaneous occurrence 
of combinations of dips, interruptions and swells. 

 



B. Summary of Voltage Dip Characteristics 

 
An important result from Chapter 2 is the “summary of 

relevant voltage dip characteristics”,: a check-list which 
equipment manufacturers and developers should consider 
during the equipment design stage. The earlier this check-list 
is considered, the cheaper and easier will be to avoid the 
future dip immunity concerns and problems. The aim of the 
list is not to impose additional tests, but to prevent unexpected 
equipment malfunctions due to the dips at a later stage. The 
current version of the check-list contains the following 
relevant voltage dip characteristics: 
� Dip magnitude 
� Dip duration 
� Dip shape 
� During-dip voltage magnitude unbalance 
� During-dip voltage phase angle unbalance 
� During-dip phase shift (phase-angle jump) 
� During-dip voltage waveform distortion 
� During-dip transients 
� Dip initiation (transition from pre-dip to during-dip 

voltages) 
� Point on wave of dip initiation 
� Phase shift at the dip initiation 
� Multistage dip initiation 
� Dip ending (transition from during-dip to post-dip 

voltages) 
� Point on wave of dip ending 
� Phase shift at the dip ending 
� Multistage dip ending 
� High inrush current at the dip ending 
� Post-fault dip (prolonged voltage recovery) 
� Post-dip phase shift 
� Dip sequences (multiple dip events) 
� Composite dip events (combination of dips, swells and 

interruptions in different phases) 
 

C. Description and Classification of Voltage Dips as 
Three-phase Events 

 
In the case of polyphase dips, the three corresponding 

phase-to-neutral or phase-to-phase voltages often have 
different magnitudes. Among the various methods that have 
been proposed in the literature to classify voltage dips in 
three-phase systems, the dip classification method used by the 
working group is illustrated in Fig. 4 and Fig. 5. 

Both figures show the three phase-to-ground voltage 
phasors before (dashed line) and during (solid line) the dip. 
These three dip examples correspond to three general types of 
dip events from the proposed classification: Type I voltage 
dips show the main drop in one of the three voltages; voltage 
dips of Type II in two of the three voltages, and Type III dips 
in all three voltages. The difference between the two figures is 
in the presence of phase-angle jump (phase shift) in the so-
called “characteristic voltage”. The characteristic voltage is 
the voltage with the lowest magnitude for Type I dips, the 
difference between the two voltages with the lowest 

magnitude for Type II dips, and any of the voltages for Type 
III dips. 

For a Type III dip, a non-zero characteristic phase-angle 
jump does not impact the voltage magnitudes. For Type I and 
Type II, a non-zero phase-angle jump results in three different 
voltage magnitudes. 

 

 
Fig. 4, Voltage dips of Type I (left), Type II (center) and Type III (right), 

without phase-angle jump in the characteristic voltage. 

 

 
Fig. 5.  Voltage dips of Type I (left), Type II (center) and Type III (right), with 

phase-angle jump in the characteristic voltage. 

 
IV. CHAPTER 3 – EQUIPMENT AND PROCESSES 

 
In the first part of chapter 3, individual equipment 

behaviour under dip conditions is considered. In the second 
part, process performance is analyzed. 

 

A. Equipment Performance 

 
The chapter starts with a review of equipment behaviour as 

obtained from different sources. The impact of a voltage dip 
on direct on-line induction motors, synchronous generators, 
transformers, adjustable-speed drives, contactors, ice-cube 
relays, PLC’s, PC’s, large rectifier units and lighting systems 
is discussed.  

For each type of equipment, different hardware 
components, different topologies and control algorithms are 
implemented by different manufacturers. The discussion of 
equipment performance is therefore kept rather generic. For 
direct on-line induction motors and synchronous generators, 
their behaviour and impact on the supply system during and 
after a dip is discussed. For contactors and equipment 
containing power electronics, best-case and worst-case 



rectangular voltage tolerance curves are presented, based on 
the current technology of tested pieces of equipment.  

The equipment parameters and tripping mechanisms 
responsible for the high sensitivity of the equipment are also 
discussed. Knowledge of these parameters often indicates 
what type of mitigation technique is best suited to immunize 
the equipment. Finally, the summary of voltage dip 
characteristics introduced in Chapter 2 will be used here for 
different types of equipment and will serve as input to Chapter 
4 on testing of equipment (See Table I). 

 
TABLE I  

SUMMARY OF VOLTAGE DIP CHARACTERISTICS RELATED TO IMPACT ON 

EQUIPMENT PERFORMANCE 

 
 

B. Process Performance 

 
In order to evaluate or improve process performance during 

a voltage dip, good understanding of the process itself is 
essential. Due to the high variety of processes and production 
facilities, the working group has decided to set up a general 
framework to analyze processes. 

The proposed methodology uses a top down approach in 
which the process is broken down into subprocesses or 
functions. The number of levels required depends on the 
complexity of the process. The lowest level contains all 
individual pieces of equipment within the process. Table II 
gives an example of the top down approach for a simplified 
chemical reactor process (level 1). Level 2 describes the 
different functions within the reactor process such as reactor 
cooling, reactor flow and the control. Level 3 lists up the 
pieces of equipment for each function. Finally for the 
individual pieces of equipment, the affected function 
parameter involved is mentioned.  

 

TABLE II 
ANALYSIS OF A PROCESS TO DETERMINE THE ESSENTIAL FUNCTIONS AND 

EQUIPMENT 

LEVEL 1 LEVEL 2 LEVEL 3 Function
parameter 
involved

PIT Priority Action

Reactor

Cooling
DOL IM  1 
(water)

Reactor cooling
water temp

5s 4 Restart 1 

Oil pump Oil pressure 1,5s 2 Crucial

DOL IM 2 – fan Cooling of the water 
circuit

3min 7 Restart 3

Reaction
DOL  IM 3 
(feed)

Flow rate 30s 6 Restart 2

ASD 1 (mixer) Reaction time 6s 5 Restart

ASD 2  (air) O2 2s 3 Mitigate

Control
Oxigen
measurement

% O2 1s 1 Mitigate

PLC with UPS 1 h 8

 
 
In the second part of the methodology, the impact of a 

voltage dip on each piece of equipment is analyzed by means 
of the Process Immunity Time. The Process Immunity Time 
(PIT) is defined as the time that a process function or single 
piece of equipment can be subjected to a voltage dip without 
causing the process or process function to which it belongs to 
operate out of specification, including the restart time of the 
function or equipment, see Fig. 6. 

 

 
Fig. 6.  Process Immunity Time (PIT) for a function parameter affected by a 

piece of equipment 

 
The definition of PIT does not specify the remaining 

voltage of the dip considered in the process analysis. If 
voltage dip information is missing, a voltage interruption can 
be selected as a worst-case scenario. If a desired immunity 
level is decided on within the company or statistical 
information of dip characteristics at the point of common 
coupling is available, a more realistic voltage dip level can be 
selected. 

The PIT also includes the restart time of the equipment. For 
long PIT, voltage dip sensitive equipment may be stopped in a 
controlled manner at voltage dip detection and restarted as 
soon as the voltage has recovered without any noticeable 
impact on the process. Another example is the coordinated 



restart of direct on-line induction motors after a voltage dip in 
order to avoid a voltage collapse due to the high currents 
during reacceleration. If the impact of each motor on the 
process is known, the most critical ones can be started first. 

Finding correct values for PIT requires good understanding 
of both the equipment and the process. Therefore, it is 
suggested to bring electrical engineers, instrumentation 
engineers and process engineers together when setting up the 
top down approach.  

From the analysis, processes and functions can be divided 
into two groups. Some processes are perfectly capable to 
operate without supply voltage for a small period of time (e.g. 
chemical plants). They have high PIT values. Good 
coordination of restart mechanisms can increase the process 
reliability. The second group contains processes with very 
small PIT. They are interrupted quickly after the occurrence 
of a voltage interruption or a voltage dip (e.g. extrusion, steel 
and paper mills). For these processes, the knowledge of the 
individual equipment behaviour under dip conditions is 
required to take the correct measures to harden the process. 

 
V. CHAPTER 4 – IMMUNITY TESTING  

 
Chapter 4 of the report will give recommendation on the 

immunity testing of equipment. A distinction will be made 
between “characterization testing” and “compliance testing”.  

 

A. Characterization Testing 

 
Characterization tests are usually performed by equipment 

manufacturers as part of the design and production of the 
equipment. These tests are aimed among others at providing 
customers with information on the performance of the 
equipment during dips. Such tests may be performed by the 
equipment manufacturer or by the equipment user under any 
circumstances deemed appropriate. The test results may for 
example be part of the technical specification of the 
equipment. 

This chapter will give recommendations to equipment 
manufacturers on how to provide information to customers 
concerning the voltage-dip immunity of the equipment. Only 
results from compliance tests are not sufficient for the 
customer to determine the compatibility between the supply 
and the equipment or process. A method for determining this 
compatibility is described in detail in IEEE Std.1346 and in 
IEEE Std.493. This method uses the contour chart to quantify 
the supply performance and the voltage-tolerance curve to 
quantify the equipment or process performance. 

The working group recommends the “voltage tolerance 
curve” for quantifying the sensitivity of equipment to voltage 
dips. Determining the process performance is based on the 
voltage-tolerance curve of individual equipment and on the 
process immunity time as discussed in Chapter 3 of the 
working-group report. 

The voltage-tolerance curve is a continuous curve of 
voltage magnitude (or, residual voltage) against dip duration. 
The curve separates the magnitdue-duration plane into two 

parts: one part (above and to the left of the curve) 
representing dips for which the equipment will operate as 
intended and the other part representing dips which will result 
in mal-operation of the equipment. An example of a voltage-
tolerance curve is shown in Fig. 7. Giving the complete curve 
could be very expensive and time consuming in case physical 
tests are performed. Therefore it is recommended that the 
manufacturer provides at least a minimum set of points: 

• The longest zero-voltage that the equipment can 
tolerate. 

• The lowest voltage magnitude the equipment can 
tolerate for dip durations of 1 cycle, 100 ms, 200 ms, 
500 ms, 1 second and 5 seconds. 

Note that obtaining these 7 points will typically require 
significantly more than 7 tests. 
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Fig. 7.  Example of a voltage tolerance curve with the minumum set of points 

to be provided by the manufacturer. 

 
When it is possible, without excessive costs, to provide 

more than the minimum seven points, this is strongly 
recommended. In that way not only the 7 red points in Fig. 7 
will be known but more points of the blue curve. In some 
cases, performing many tests is easy, for instance with low-
power equipment having a short restart time and not prone to 
damaging. In other cases, simulations will give an accurate 
estimation of the immunity; also in those cases more than 7 
points should be given.  

When presenting the voltage-tolerance curve it is very 
important that the performance criterion is clearly defined and 
explained. For example “restart by operator intervention” will 
usually result in a different curve as “motor speed does not 
deviate from its intended value”. 

For single-phase equipment two curves should be 
presented, one for dips starting at voltage zero and one for 
dips starting at voltage maximum. When only one curve is 
provided, the corresponding point-on-wave value should be 
indicated. 

For three-phase equipment it is recommended that three 
curves are presented, one for each of the types I, II and III. 
When only one or two curves are presented these should be 
for Type I and/or Type II. 



No recommendations are given by the working group for 
other characteristics, beyond voltage magnitude, dip duration, 
point-on-wave and three-phase type, to be included in the 
information provided to the customer. When the manufacturer 
is aware of a specific dip characteristic strongly impacting the 
equipment performance, voltage-tolerance curves for different 
values of that characteristics should be provided. 

 

B. Compliance Testing 

 
Compliance testing is based on international standards or 

national regulations and is to be performed by an accredited 
test laboratory. Such tests are by nature expensive as the 
results shall be both accurate and reproducible. The definition 
of such tests is the realm of IEC 61000-4-11, IEC 61000-4-
34, and the various product standards. The number of tests 
and the complexity of the tests should not be higher than 
absolutely necessary; however the results of the tests should 
give a reasonable prediction of the performance of the 
equipment in practical situations. 

 
VI. CHAPTER 5 – STATISTICS AND ECONOMICS 

 
Whereas Chapter 2 and 3 address individual dips and 

individual installations; chapter 5 takes a more global look at 
dips and installations. A number of issues are addressed to 
support the setting of immunity requirements in standards 
such as IEC 61000-4-11 and IEC 61000-4-34. 

 

A. Economics of Immunity Requirements 

 
If constraints on cost did not exist, all products could be 

made completely immune to voltage dips. So selecting voltage 
dip immunity levels is mostly an economic decision, being a 
trade-off between how much more should purchasers pay 
against how much more immune the equipment should be.  To 
make this trade-off successful, one needs to know accurate 
statistics about voltage dips at the equipment terminals, and 
one needs to know precise economic data about the costs 
caused by voltage dips and the costs incurred to increase 
voltage dip immunity. 

The working group has noted a lack of good data about all 
three above-mentioned aspects: we lack data about dips at the 
equipment terminals.  We lack data about the economic costs 
of those dips. We lack data about the economic costs of 
increasing equipment immunity to dips. However, as a 
practical matter, voltage dip immunity standards are being 
written and enforced.  The writers of these standards are 
implicitly making estimates about the missing data; so it is 
concluded that the working group should help them make 
better estimates. 

The costs associated with voltage dips are large, but 
difficult to quantify.  These costs include direct costs, re-start 
costs, and indirect costs such as effects on downstream 
processes. The reader may wish to turn to the valuable work 
being performed in JWG C4.107 for more information. 
Information about equipment susceptibility to voltage dips is 

discussed in Chapter 3. Information on the number of dips at 
the equipment terminals is being collected in this chapter. 

 

B. Voltage Dip Statistics 

 
The working group has collected measurement data on the 

number of voltage dips occurring at various locations in the 
power system. Data has been received from over 1000 sites in 
Canada, Scotland, Portugal, South Africa, Spain, USA, New 
Zealand, Australia and Japan, with voltage levels from 120 V 
to 230 kV. The results will be presented in a number of ways 
to allow the user to draw conclusions on different issues. 
Some examples are presented in Fig. 8, Fig. 9, and Fig. 10. 
The three figures apply to the same data set: all dip types at all 
measurement sites at all voltage levels. The difference 
between the curves is in the percentile value, ranging from 
50% through 95%. 

 

 
Fig. 8.  Voltage-dip contour chart for 50% of the sites. 

 

 
Fig. 9.  Voltage-dip contour chart for 75% of the sites. 

 



 
Fig. 10.  Voltage-dip contour chart for 95% of the sites. 

 
The contour chart gives the number of dips per year more 

severe than a given voltage magnitude and duration. For 
example in Fig. 8, there are 8 dips per year with residual 
voltage below 70% and duration longer than 100 ms. As the 
contour chart in this figure corresponds to the median value 
(50-percentile) the conclusion can be drawn that half of the 
sites have more than 8 dips per year with residual voltage 
below 70% and duration longer than 100 ms. Including 
information from the next two figures: 25% of the sites have 
more than 20 such dips; and 5% of the sites more than 60. 

The contour charts for different percentiles of sites have 
been used to calculate the expected number of equipment trips 
for three classes of equipment performance. The three classes 
are shown in Fig. 11: Class A corresponds to the very strict 
requirements set in the “Samsung Power Vaccine” 
requirements. Class B corresponds to the environment class 3 
in IEC 61000-4-11 and 4-34; Class C corresponds to 
environment class 2 in the latter two documents. 

 

V
ol

ta
ge

Duration

100%

200 ms 500 ms 1 s

80%

70%

40%

90%

 
Fig. 11.  Three classes of performance: class A (blue solid curve) ; class B 

(red dashed) and class C (green dotted). 

 
The number of equipment mal-functions per year can next 

be calculated from the contour chart for the different classes 
of performance. The results are shown in Table III, where the 
methodology described in IEEE 493 and IEEE 1346 has been 
used. There are significant differences between Class B and 

Class C equipment, but even more severe between a 75-
percentile and a 95-percentile site. 

 
TABLE III 

NUMBER OF MAL-OPERATIONS PER YEAR 

percentile Class A Class B Class C 
25 0 1 5 
50 2 7.5 14 
75 5 16 31 
95 20 61 78  

 
 

VII. CHAPTER 6 - IMMUNITY OBJECTIVES 

 
The final main chapter of the report, Chapter 6, will give 

recommendations on immunity of equipment and installations 
against voltage dips. The material gathered in the other 
chapters will form the basis for the discussions within this 
chapter. The discussion on setting of immunity objectives is 
still in its early state and no conclusions can be drawn yet. 

 
VIII. L IAISON WITH OTHER GROUPS 

 
Activities on voltage-dip immunity of equipment are 

ongoing in a number of other groups as well. In order to make 
use of the resources as efficient as possible, liaison between 
such groups is of utmost importance and an important part of 
the activities of this working group. 

Through our parent organizations, CIGRE, CIRED and 
UIE, liaison with other groups within those organizations 
takes place. The most important liaison at the moment is the 
one with CIGRE/CIRED JWG C4.107. Joined working group 
C4.107 will develop a framework for evaluating the economic 
impact of adverse power quality. Costs due to voltage dips 
will be an important part of that work. A number of key 
persons are member of both groups. 

Outside of our parent organizations, liaisons have been set 
up with CEER, IEEE and IEC.  

Our working group expressed its opinion on a public-
consultancy paper on voltage-quality regulation published by 
the council of European Energy Regulators (CEER) [5], 
especially concerning the concept of “responsibility sharing 
curve” as introduced by CEER. It was emphasized in the reply 
that the choice of responsibility sharing curve should be 
coordinated with equipment immunity requirements [6][7]. 
The cooperation with CEER is continued through common 
membership of working groups and exchange of material. 

 
The Liaison with IEC especially concerns Subcommittee 

TC 77A, working group WG6 (immunity of equipment 
against low-frequency conducted disturbances). Working 
group C4.110 officially replied on a call for maintenance of 
standard document IEC 61000-4-34. Working group C4-110 
has also provided IEC TC77A WG6 with its technical opinion 
on the duration of the transition periods at beginning and end 
of synthetic dips for equipment immunity testing. 

 
Liaison is further taking place with IEEE, especially where 



it concerns two important activities: IEEE P1668 and P1346. 
The newly formed working group P1668 will review existing 
standards on equipment immunity against voltage dips and is 
expected to result in a guide or recommended practice for 
immunity levels of equipment and for testing of equipment 
against voltage dips. Working group C4.110 and working 
group P1668 are exchanging draft versions of their documents 
and have common membership. IEEE Std.1346, which was 
published in 1998, played an important role in making 
network operators and their customers aware of voltage dips 
and, even more important, of the possibility of addressing 
voltage-dip issues in a systematic way. Currently an update of 
the document is planned. 

 
IX. CONCLUSIONS 

 
The long-term aim of the work done by joint working group 
C4.110 is to improve the compatibility between equipment 
and supply where it concerns voltage dips. The results of the 
working group will contribute to this is a number of ways: 
� Improving equipment performance through a better 
understanding of the characteristics of voltage dips. The 
summary of voltage-dip characteristics is intended to be 
used during the early stages of equipment design. 
� Enhance the communication between equipment 
manufacturers and their customers through 
recommendations for equipment characterization testing 
and presentation of the results of these tests. 
� Recommendations to standard-setting bodies on 
procedures for certified testing and on immunity 
objectives. 
� A methodology for determining and improving the 
immunity of a process against voltage dips. This 
methodology is based on the new concept of “process 
immunity time”. 
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