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ABSTRACT

The paper deals with the problems associated Wwételectric appliances immunity to vol-
tage dips and short interruptions. The immunityelswof electric appliances are not the
same because there are many types of applianced@ndnmunity levels depend on the
appliances functions and design. Although the appk immunity level is the main para-
meter for appliances classification into corregictiomagnetic environment for its usage,
in the meanwhile no specific information about #&opdes immunity is available. The pa-
per describes a proposal to sign all electric appks by immunity labels which nearly
specify a range of theirs applicability.

1. INTRODUCTION

The electric power system is a complicated systdmnctwcontains all electric components
connected to power grid — power sources, comporientdectric energy transmission and
distribution (lines, transformers, substations,)ednd loads. Loads consist of many types
of electric appliances (computers, lights, TV, waghmachines and other domestic ones,
medical appliances, industrial machines, etc). ueery complicated structure of supply
system and weather conditions, many types of @ezgnetic disturbances occur in the
power system. The quality of electric power systam its reliability is assessed by several
voltage quality parameters (in accordance with, [d)ereas each voltage quality parame-
ter has determined specific limits in which theleane can be. Of course that it is not
possible to hold all voltage parameters in thdovedd limits for all the time. The voltage
dips and short interruptions are ones of the vergortant voltage quality parameters to
correct working of all electric appliances becaappliances have one common property:
no one can run without electric energy for a longet The ability to run without energy is
possible only for a short time and it depends endiasign of each appliance.

As well as the most of domestic electric applianaessigned by power efficiency labels
which specify the operating behavior about eachiapge and, among other things, the ef-
ficiency of electric energy transform to other tygleenergy, each appliance could have a
label containing correct information about applammmunity to electromagnetic distur-
bances which occur in electric power supply syséemh which are not totally eliminable.
This paper proposes only appliances labels whidhexpress their immunity to voltage
dips and short interruptions.



2. CLASSES OF ELECTROMAGNETIC ENVIRONMENTS

The Electromagnetic compatibility (EMC) is a brarsthdying the electric appliances abil-
ity to correct run in the environment where eleatagnetic disturbances occur. Along the
expected disturbance level the power system idédiinto several classes whereas the
level of voltage dips and short interruptions ie ffower system is one of the main factors
to determine the appliances applicability. In ademce with [2] three following classes of
electromagnetic environments are defined:

» Class 1 - is typical for very sensitive appliances whiagked a continual supply.
The supply use to be mostly protected by UPS. firimeunity of appliances belong-
ing to this class has lower level than immunitysta#ndard used appliances is.

» Class 2 — is typical for points of common coupling (PCQG)dasome of supply
points in factories. In this class there are thestnod domestic and office electric
appliances. These appliances have no special sppptiction.

» Class 3 — is typical only for internal points of couplif¢gPC) in industries. The
electromagnetic disturbance level is much gredtan tin public supply networks
and that is why the immunity levels of connectegliamces have to be higher than
appliances immunity levels in the Class 2.

As it results from dividing of electromagnetic emriments the each class is characterized
by level of electromagnetic disturbance. In [3]rthevas published a proposal of compati-
bility levels for voltage dips and short interrugts which express the recommended max-
imum levels of disturbances in the each class eftedmagnetic environments (shown on
Figure 1).
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Figure 1: Compatibility levels for voltage dips and shorteimtiptions for

known three classes of electromagnetic environn{8&hts

The proposed compatibility levels are depicted bidhbines — the bottom line belongs to
class 3, the middle line belongs to class 2 anddpdine belongs to class 1. All the lines
border the zones under the lines and to appliamsertion to correct class of electromag-
netic environment, the immunity level of applian¢lee appliance immunity to voltage
dips and short interruptions is mostly expressedntmunity curve [3][4][5]) should fall
into one of these zones. In other words if the iappk should run properly its immunity
level to electromagnetic disturbances has to batgrehan disturbance level is. For exam-
ple the appliance can be used in class 3 of el@egoetic environments only if its immun-
ity curve falls into the zone bordered by bottoniddme — this zone is signedl. In class 2



there is possible to use appliances whose immugaityes fall into zone signdsl, but also
all appliances from class 3 (zoAg. Similarly in class 1 there is possible to uspliamces
whose immunity curves fall into zor@, but also into zon8 and zoneA. Only in com-
pliance with above mentioned conditions the relighbof electric appliances will be higher
and much less failures of appliances running dueottage dips and short interruptions
will occur in the supply system.

. IMMUNITY LABELS

The appliances immunity to voltage dips and shudrruptions is the basic request to cor-
rect operation of all electric appliances. In tlwavpr supply system there are many types
of connected appliances and the levels of their umtres are typical for each appliance
type. Along the appliances immunity levels theinhity could be determined (the ap-
pliance usability means the determination of cdrodass of electromagnetic environment
in which the appliance should be used). Curremlynfiormation about appliances immun-
ity levels are presented by producers. Producersaily do not distribute the information
about appliance immunity together with each apgkatior example via immunity labels
on the box of appliances) because this informatwdhnot be useful for laic users. The
problem is that most of the laic population hasne or only basic information about elec-
trical engineering and too many information abdatgic appliances behaviour cause that
the users would be confused and they would nobleeta choose the one with the best pa-
rameters.

Nevertheless the information about appliances imiyua voltage dips and short interrup-
tions should be available for professional usele ®ne of possibilities is the creation of
the special database in which the information fadhproducers should be. As well as the
information about immunity to voltage dips and shoterruptions, the information about
appliance immunity to other types of electromagndisturbances should be available in
the created database.

3.1. CONDITIONS FOR DETAILED DETERMINATION OF IMMUNITY LEVELS CLASSIFICA-
TION

The detailed determination of immunity levels cifasation is conditioned by compliance
of several presumptions:

- A concept of compatibility level for voltage dipadashort interruptions in LV power
supply systems (for example proposal in [3]) hasd@ccepted.

- The proposed immunity levels have to be consistdgtit compatibility levels. No
crossing with compatibility level lines is allowabl

- The immunity levels should appear from parametérotiage dips and short interrup-
tions which are expected and occur in the eacls dislectromagnetic environment.

- An adequate number of immunity levels should bgpsed. Too many immunity le-
vels would be unnoticed and useless.

In agreement with all presumptions 9 immunity lewskre proposed. The immunity levels
(expressed by dotted lines) as well as the origioahpatibility levels [3] (expressed by
bold lines) and voltage dips and short interrugioccurred in real power supply system
(expressed by crosses) are shown on Figure 2.
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Figure 2: The proposal of detailed immunity classificationdks

As Figure 2 shows the each class of electromageatictonment is divided into the sever-

al immunity levels. The each immunity level is ®grby a specific sign which consists of

two symbols — the first letter represents the ctafsslectromagnetic environment (in ac-

cordance with [2]) and the second letter represérsappliance immunity level whereas

numeration is done from the best immunity leveg (tiest level has number 1 and each fol-
lowed number presents worse immunity level tharmptiegious one).

3.2. THE PROCESS OF APPLIANCES IMMUNITY LEVELS CLASSIFICATION

Electric appliances should be tested to immunityditage dips and short interruptions be-
fore they leave the factory. Of course that it @ necessary to test all made electric ap-
pliances, it is relevant to test only the certaimber of made appliances in the same se-
ries. The testing should be done according to &etlal EMC standard [6] or its accepted
improvements and testing result is the immunityeuwf each tested appliance. This im-
munity curve will be compared with the proposed mity classification levels shown on
Figure 2 and than the concrete immunity classificaievel, into which the immunity
curve is, will be chosen. In the case the immuniiye crosses more than one immunity
classification levels the worst one must be choSemilarly if the immunity curve apper-
tains to more than one classes of electromagneticacament the class with lower distur-
bance level must be preferred.

3.3. THE FINAL DESIGN OF IMMUNITY LABEL

Design of immunity label can be based on well knamergy efficiency label which be-

longs to chosen electric appliances. The immumibel must contain appliance identifica-
tion specifications such as type, serial numbegenial code which will guarantee the con-
nection between label and product. Designed immdabel is for washing machine is

shown on Figure 3.



Manufacturer Washing
Model machine

Immunity

The best level
Al >

A3 >
B1 >
B3 >
B4 >
C1 >
C2
C3 >

The worst level

Ax class 3 - specified for industry ussage

Bx class 2 - spec. for domestic appliances

Cx class 1 - laboratory devices, needs the
supply protection by UPS

Figure 3: Designed immunity label

4. CONCLUSION

The paper brings a proposal of immunity labels Wwhsbould be available for users who
interest about appliances immunity to voltage dipd short interruptions. The proposed
immunity label indicates the level of appliance iomity to voltage dips and short inter-
ruptions and also specifies the possibilities tagasof each appliance.
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