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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 3-3: Limits — Limitation of voltage changes, voltage fluctuations

—and-flicker-inpublictow=voltage supply systems,forequipment
with rated current <16 A per phase and not subject
to conditional connection

FOREWORD

entrusted to technical committees; any IEC National Committee™
participate in this preparatory work. International, governmenja
with the IEC also participate in this preparation. The

two organizations.

2) The formal decisions or agreements of
international consensus of opinion on the
from all interested National Committees.

indicated in the latter.

5) The IEC provides no i
equipment declared 16 be

This consolida
77A(BC)38..and
77A/328/R\D].

It bears the edition number 1.1.

A vertical line in the margin shows where the base publication has been modified by

amendment 1.

This first edition of IEC 61000-3-3 cancels and replaces IEC 60555-3, published in 1982, and
amendment 1 (1990).

Annexes A and B form an integral part of this standard.
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The committee has decided that the contents of the base publication and its amendments will
remain unchanged until 2005. At this date, the publication will be

* reconfirmed;
* withdrawn;
» replaced by a revised edition, or

amandad
o eHae

@C@
S
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INTRODUCTION

IEC 61000 is published in separate parts according to the following structure:

Part 1: General
General considerations (introduction, fundamental principles)

rroataala oy

D
I
b
+
b

-

TOT IS, CTTmToToOy

Part 2: Environment
Description of the environment
Classification of the environment
Compatibility levels

Part 3: Limits
Emission limits

Immunity limits (in so far as they do not fall under the #esponsipi duct committees)

Part 4: Testing and measurement techniques
Measurement techniques
Testing techniques

Part 5: Installation and mitigation guide
Installation guidelines

Part 9: Miscellaneous

Each part is furt
Standards or as Te

ions  which are to be published either as International

These stand be published in chronological order and numbered

accordingly.

at the interface between the public supply low-voltage network and the equipment user’s
installation: Consequently, if the actual impedance of the supply at the supply terminals of
equipment connected within the equipment user’s installation exceeds the test impedance,
it is\possible that supply disturbance exceeding the limits may occur.
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 3-3: Limits — Limitation of voltage changes, voltage fluctuations
and flicker in public low-voltage supply systems, for equipment
with rated current <16 A per phase and not subject
to conditional connection

1 Scope

This part of IEC 61000-3 is concerned with the limitation of voltaged and flicker

impressed on the public low-voltage system.

distribution systems of between 220 V and 250
conditional connection.

Equipment which does not comply with
the reference impedance Zf of 6.4,

appllcable to equipment
connection.

The tests accordi
and the test circ@

The following hormatjve documents contain provisions which, through reference in this text,
constitute ‘provisions” of this International Standard. At the time of publication, the editions
indicated\*were valid. All normative documents are subject to revision, and parties to
agreements based on this International Standard are encouraged to investigate the possibility
of applying the most recent editions of the normative documents indicated below. Members of
the [EC and the ISO maintain registers of currently valid International Standards.

— EC 60050(1T6 1) 1990, International _Efectrotechnical—_Vvocabutary (1EV)—— Chapter 161:

Electromagnetic compatibility
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IEC 60335-2-11:1993, Safety of household and similar electrical appliances — Part 2:
Particular requirements for tumbler dryers

IEC 60725:1981, Considerations on reference impedances for use in determining the
disturbance characteristics of household appliances and similar electrical equipment

IEC 60868:1986 _Flickermeter — Functional and rlncign Q‘npnifir'nfinnq 1)

Amendment No. 1 (1990)

IEC 60974-1: Arc welding equipment — Part 1: Welding power sources

IEC 61000-3-2: Electromagnetic compatibility (EMC) — Part 3-2: Limits for harmonic

current emissions (equipment input current <16 A per phase)

IEC 61000-3-5:1994, Electromagnetic compatibility (EMC) — Pa

equipment with rated current greater than 16 A

IEC 61000-3-11: Electromagnetic compatibility (EM NLir
voltage changes, voltage fluctuations and flicker j : ge supply systems —

3 Definitions

For the purpose of this part of IEC 6100 Fall definitions apply.

3.1
r.m.s. voltage shape,
the time function of r.

between zero-crgssings

3.2

voltage change €haras tic)\4

the time functjo 8 N oltage change evaluated as a single value for each successive
half period b ngs of the source voltage between time intervals in which the
voltage i tate cordition for at least 1 s (see figure 2)

istic is only used for assessments using calculations, the voltage in the steady-state

NOTE Sinte_this characte
gtant within the measurement accuracy (see 6.2).

condition is asswpned to bg co

3.3
maximum-voltage change characteristic, AU ax

the -difference between maximum and minimum r.m.s. values of a voltage change
characteristic (see figure 2)

1) IEC 60868 will be withdrawn and replaced by IEC 61000-4-15 in 2003. Flickermeters complying with IEC 61000-4-15
may also be used for flicker measurements associated with this part of IEC 61000-3.
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3.4

steady-state voltage change, AU,

the difference between two adjacent steady-state voltages separated by at least one voltage
change characteristic (see figure 2)

NOTE Definitions 3.2 to 3.4 relate to absolute phase-to-neutral voltages. The ratios of these magnitudes to the
phase-to-neutral value of the nominal voltage (U,)) of the reference network in figure 1 are called:

— relative voltage change characteristic: d(t) (definition 3.2);
— maximum relative voltage change: d;ax (definition 3.3);
— relative steady-state voltage change: d, (definition 3.4).

These definitions are explained by the example in figure 3.

3.5
voltage fluctuation

series of changes of r.m.s. voltage evaluated as a single value
period between zero-crossings of the source voltage

3.6

flicker
impression of unsteadiness of visual sensation induced by aligh
or spectral distribution fluctuates with time. [IEV 161-08413]

Mlus whose luminance

3.7
short-term flicker indicator, Pg

threshold of irritability

3.8
long-term flicker indiga
the flicker severity eva

59 &

flickermeter:

value with
characteristic

3.1

conditional connection

connection of equipment requiring the user’s supply at the interface point to have an
impedance lower than the reference impedance Zf in order that the equipment emissions
comply with the limits in this part.

NOTE WMeefing the voltage change limits may not be the only condition for connection; emission limits for other
phenomena such as harmonics, may also have to be satisfied.

3.12
interface point
interface between a public supply network and a user’s installation
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4 Assessment of voltage changes, voltage fluctuations and flicker

4.1 Assessment of a relative voltage change, "d"

The basis for flicker evaluation is the voltage change characteristic at the terminals of
the equipment under test, that is the difference AU of any two successive values of the phase-

ta noriteal alta~~e J £\ oA £\

oo otrarr vormaoag o o Ot oot~

AU = U(ty) — U(ty) ()

The r.m.s. values U(t1), U(ty) of the voltage shall be measured or calculated. When déduting

respectively of the current change, Al

ML= DIy —j - Alg= I(tr) - | (2)
NOTE 1 I, is positive for lagging currents and negative for leadiffg currents.
NOTE 2 If the harmonic distortion of the currents /(t;) and I(t hé total r.m.s. value may be

NOTE 3 For single-phase and symmetrical t
(inductive), be approximated to:

(3)
where
AIp and Nq are the active and reaCti i rreht change Al

R and X are the elements of the comple i Z(see figure 1).

4)

4.2

The short-term{li is defined in amendment 1 to IEC 60868.

Table 1 e, methods for evaluating Pgt, due to voltage fluctuations of different
types:

Table 1 — Assessment method

Types of voltage fluctuations Methods of evaluation Pg;

Allyvoltage fluctuataions

; . Direct measurement
(on-line evaluation)

All voltage fluctuations where U(t) is defined Simulation

Direct measurement
Voltage change characteristics according Analytical method
to figures 5 to 7 with an occurrence rate Simulation
less than 1 per second Direct measurement

Rectangular voltage change at equal intervals Use of the Pg; = 1 curve of figure 4
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4.2.1 Flickermeter
All types of voltage fluctuations may be assessed by direct measurement using a flickermeter

which complies with the specification given in IEC 60868, and is connected as described in
clause 6 of this part. This is the reference method for application of the limits.

4.2.2 Simulation method

In the case where the relative voltage change characteristic d(f) is known, Pg can be
evaluated using a computer simulation.

4.2.3 Analytical method

For voltage change characteristics of the types shown in figures 5, 6 an® Reivalue can
be evaluated by an analytical method using equations (5) and (6).

start of the next is less than 1 s.

4.2.3.1 Description of the analytical method

Each relative voltage change characterisiti
ts, in seconds:

— the maximum relative
voltage;

— the shape factor,
(see 4.2.3.2).

The sum of the @ '

the length T, in se:
chosen according

Pst = (Zti/ Tp)1/3:2 (6)

4.2.3.2

The shape facto
equivalent(relative s

converts a relative voltage change characteristic d(t) into a flicker
p voltage change (F - dmax)-

NOTE A)_The shape factor, F, is equal to 1,0 for step voltage changes.

NOTE 2 The relative voltage change characteristic may be measured directly (see figure 1) or calculated from the
r.m=s. current of the equipment under test (see equations (1) to (4)).

The relative voltage change characteristic shall be obtained from a histogram of U(f)

(See figure 3).

The shape factor may be deduced from figures 5, 6 and 7, provided that the relative voltage
change characteristic matches a characteristic shown in the figures. If the characteristics
match, proceed as follows:
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— find the maximum relative voltage change dpax (@according to figure 3); and

— find the time T(ms) appropriate to the voltage change characteristic as shown in figures 5,
6 and 7 and, using this value, obtain the required shape factor, F.

NOTE 3 Extrapolation outside the range of the figures may lead to unacceptable errors.

4.2.4 Use of Pgt = 1 curve

In the case of rectangular voltage changes of the same amplitude "d" separated by equal time
intervals, the curve of figure 4 may be used to deduce the amplitude corresponding to Pg; =-1
for a particular rate of repetition; this amplitude is called djj,. The Pgt value corresponding te
the voltage change "d" is then given by Py = d/d|im-

4.3 Assessment of long-term flicker value, Py

The long-term flicker value Py is defined in IEC 60868, appendix
with the value of N = 12 (see 6.5).

It is generally necessary to assess the value of Pj; for equi
for more than 30 min at a time.

5 Limits

The limits shall be applicable to voltag
equipment under test, measured or ca
described in clause 6 and annex A.
considered to be type tests.

The following limits apply:

switchedh\attomatically more frequently than twice per day, and also has either a
delayed restart (the delay being not less than a few tens of seconds), or manual
restart, after a power supply interruption.

NOTE ) The cycling frequency will be further limited by the Pst and Pyt limit. For example: a dmax of 6 % producing a
rectangular voltage change characteristic twice per hour will give a Pjt of about 0,65.
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c) 7 % for equipment which is

— attended whilst in use (for example: hair dryers, vacuum cleaners, kitchen
equipment such as mixers, garden equipment such as lawn mowers, portable tools
such as electric drills), or

— switched on automatically, or is intended to be switched on manually, no more than
twice per day, and also has either a delayed restart (the delay being not less than a
few tens of seconds) or manual restart, after a power supply interruption.

In the case of equipment having several separately controlled circuits in accordance with 6.6
limits b) and c) shall apply only if there is delayed or manual restart after a power supply
interruption; for all equipment with automatic switching which is energised immediatel{~ on
restoration of supply after a power supply interruption, limits a) shall apply;_for all equipment

emergency interruptions.

6 Test conditions

6.1 General

Tests need not be made on equip
fluctuations or flicker.

o produce significant voltage

It may be necessary to de
the equipment and by a s!
to be produced.

circuit diagram and specification of
significant voltage fluctuations are likely

For voltage cha s
further testing i

each 10 ms half-périd
after inrush is withi

If measure
manual swj

circuit in figure™

The test.circuit consists of:

— the test supply voltage (see 6.3);
— ,*the reference impedance (see 6.4);
— the equipment under test (see annex A);

— if necessary, a flickermeter (see IEC 60868).
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The relative voltage change d(t) may be measured directly or derived from the r.m.s. current
as described in 4.1. To determine the Pg; value of the equipment under test, one of the
methods described in 4.2 shall be used. In case of doubt, the Pg; shall be measured using
the reference method with a flickermeter.

NOTE If balanced multiphase equipment is tested, it is acceptable to measure only one of the three line-to-neutral
voltages.

6.2 Measurement accuracy

The magnitude of the current shall be measured with an accuracy of +1 % or better. If instead
of active and reactive current the phase angle is used, its error shall not exceed £2°.

The relative voltage change "d" shall be determined with a total accufa y ette than 8 %

with reference to the maximum value dpax. The total impedance of ding the
appliance under test, but including the internal impedance of the sufpl equal
to the reference impedance. The stability and tolerance of ;

adequate to ensure that the overall accuracy of 8 % it Pri i the whole

The test supply vgltage
voltage range i @
400 V three-phase«

The frequency shallg

6.4 Reference impédance

For equipment under test the reference impedance, Z+ according to IEC 60725, is a con-
ventiehal impedance used in the calculation and measurement of the relative voltage change
"d"wand the Pg; and Py values.

The impedance values of the various elements are given in figure 1.
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6.5 Observation period

The observation period, T,, for the assessment of flicker values by flicker measurement,
flicker simulation, or analytical method shall be:

— for Pg, Tp =10 min;
— for Py, Tp=2h.

The observation period shall include that part of the whole operation cycle in which the
equipment under test produces the most unfavourable sequence of voltage changes.

For the assessment of Pg, the cycle of operation shall be repeated continuously,Cunless
stated otherwise in annex A. The minimum time to restart the equipment/shalNye included in
this observation period when testing equipment that stops automatically at the ehd ‘of a cycle
of operation which lasts for less than the observation period.

will be deemed to be zero.

6.6 General test conditions

easurements may be used to determine the largest r.m.s. voltage
ing motor starting.

— each.circuit shall be considered as a single item of equipment if it is intended to be used
independently, provided that the controls are not designed to switch at the same instant;

——if“the control of separate circuits are designed to switch simultaneously, the group of
circuits so controlled are considered as a single item of equipment.

Forcontrotsystemsregutating partof atoadonty,the—vottageftuctuationsproduced—byeach
variable part of the load alone shall be considered.

Detailed type test conditions for some equipment are given in annex A.
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IEC 103514

EUT equipment under test
M measuring equipment
S supply source consisting of\the st ¢ ¢ and reference impedance Z with the elements:

Rp =0,24 Q;

Ry =0,16 Q;
The elements includ
When the source imped

G voltage source {

NOTE In genera hase\leads\are balanced, and Ry and Xy can be neglected, as there is no current in the
neutral wire.

derived from a three-phase, four-wire supply
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Figure 3 — Relative voltage change characteristic
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Annex A
(normative)

Application of limits and type test conditions
for specific equipment

A.1 Test conditions for cookers

For cookers designed for use in domestic premises, the evaluation of Pj; shall not be required.

The tests of Pgt shall be performed at steady-state temperature coridi ess stated
otherwise.

Each heater shall be tested separately as follows.

A11 Hotplates

Hotplates shall be tested using standard saucepans
as follows:

ght and water quantity

ai:r;;t;;?é Quantity of water
(mm) (9)
145 1000 £ 50
180 1500 + 50
220 2 000 = 50
Possible losses sompensated for during the time of measurement.
In all of the follo shall comply with the limits given in clause 5.
a) Boiling te set the control to the position where the water just boils. The
test is magqe fiv e mean value of the test results calculated.
b) Fryirfg tem e range: fill the pot, without a lid, with silicone oil to 1,5 times the
quantit in the table. Set the control to a temperature of 180 °C measured

by a thermosguple\in the geometric centre of the oil.

c) Total range of power settings: the total power range shall be checked continuously during
a 10.min observation period. If control switches have discrete stages, test all stages up to
a‘maximum of 20 stages. If there are no discrete stages, divide the total range into 10
equally spaced steps. The measurements shall then be made starting at the highest power
stage.
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A.1.2 Baking ovens
The oven shall be tested empty with the door closed. Adjust the control so that a

thermocouple fixed in the geometric centre measures a mean temperature of 220 °C for con-
ventional ovens and 200 °C for hot air oven.

A.1.3  Grills

The grill shall be tested empty with the door closed, if not otherwise stated by the
manufacturer. If a control is available it shall be set to the lowest, the medium and the highest
setting for grilling operation; and the worst result recorded.

A.1.4  Baking oven/grill combinations

The oven/grill combination shall be tested empty with the door closed
that a thermocouple fixed in the geometric centre measures a me
or that available temperature closest to this value.

Adjuyst\he™control so

A.1.5 Microwave ovens

The microwave oven or the microwave function of a £omb g1l be tested at the
lowest, the medium and a third stage which is the highesg 0§ € ver less than or equal
to 90 % of the maximum power. Load the oven wi 1F: containing 1 000 + 50 g of
water.

A.2

The following test conditigns ) i ith a primary function of generating
and/or regulating and/or distri iQn/by means of incandescent or discharge

lamps or LEDs.

Such equipmen | ; ith<s of that power for which the equipment is rated.
If lighting equipm inchy

luminaires with ratings’less than or equal to 600 W, are deemed to comply with the dp,ax limits
in this standard and are not required to be tested. Luminaires with higher ratings, which
cannot.'comply with this part of IEC 61000, shall be subject to conditional connection in
accerdance with IEC 61000-3-11.

Ballasts are deemed to be part of luminaires and are not required to be tested.
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A.3 Test conditions for washing machines

The washing machine shall be tested during a complete laundry programme incorporating the
normal wash-cycle filled with the rated load of double hemmed, pre-washed cotton cloths,
size approximately

70 70 - cm—driaas
O L4 O

om o
T T

The temperature of the fill water shall be

— 65 °C £ 5 °C for washing machines without heater elements;
— 15 °C £ 5 °C for other washing machines.

For washing machines with a programmer, the 60 °C cotton progra
shall be used.

If the washing machine does not incorporate a programmer, the
lower if steady conditions are established, before starting the fi

IEC 60335-2-11.

If a control of the dryi

minimum settings:

Pst and Pj; shall be“ex

ment shall bexmade after’a steady state has been reached. Pgt and Py shall not be evaluated.

A.6 Test conditions for copying machines, laser printers and similar appliances

Theappliance shall be tested for Pg; at the maximum rate of copying. The original to be
copied/printed is white blank paper and the copy paper shall have a weight of 80 g/m2 if not
otherwise stated by the manufacturer.

Obtain the Pj; value in the stand-by mode.
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A7 Test conditions for vacuum cleaners

For vacuum cleaners, Pg; and Pj; shall not be evaluated.

A.8 Test conditions for food mixers

For food mixers, Pgt and Pj; shall not be evaluated.

A.9 Test conditions for portable tools

follows.

Switch on the tool and allow to operate continuously for 1
automatically, in which case 6.5 applies.

A.10 Test conditions for hairdryers

8 st, switch on the hairdryer
and allow to operate continuously for 10 Wi il ¢S off automatically, in which

up to a maximum of 20 s N isisréte stages, divide the total range into 10
equally spaced steps. fra gn be made, starting with the highest power
stage.

A.11 Test con;i i ner electronics products

For direct watercheateys without electronic controls, evaluate d; only by switching the heater
on and off (sequente’0 — Ppax — 0).

For direct water heaters with electronic controls, the output temperature of the water has
to be chosen so that by means of the variation of water flow-rate all electric power
consumption rates between Ppin, and Ppax may be produced. Py is defined as the maximum
power which can be chosen, and Py, > 0 is defined as the minimum power which can be
chosen

NOTE For some appliances, the maximum power P, Which can be chosen may be less than the rated power.

The set temperature value shall be kept unchanged during the total test.

Starting from the water flow-rate demand for maximum power consumption, Pnyax, reduce the
rate of flow in 20 approximately equal steps to minimum power consumption, Ppin-
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Then, in another 20 approximately equal steps, increase the water flow-rate again to power
consumption Ppax. For each of these 40 stages the Pgt; value shall be evaluated; the
measurements start when the steady state is reached, that is about 30 s after changing
the water flow-rate.

NOTE It may be sufficient to calculate Py ; value on the base of a measurement period of only 1 min.

Additionally, the flicker PM - caused by switching the heater on and off has to be measured within

a 10 min interval. In this mterval the power consumpt|on has to be changed twice in the quickest
possible way between the stages P = 0 and P = P3¢ (sequence 0 — Pagx— 0 — Pmax — 0).

The duty cycle of the heater shall be 50 % that is Pyax during 5 min.

Evaluate the resultant Pgt values by:

and compare against the limit value in clause 5.

Pyt shall not be evaluated.

dmax shall be evaluated in one of the following ways:

a) by'direct measurement:
= turn the motor of the compressor off using the thermostat;
— turn the motor of the compressor on again using the thermostat after the minimum off-

' H N ol 4l L Ll ol o 4+l 4 i 4 1
TS plcbbllucu T Urc UusScTrl TTralfual Ul dalifuUwtTu Uy urc auwluiriratlv CUTInrut,
— repeat the off/on sequence 24 times and evaluate the results in accordance with Annex B.

However, if the first test result is not within +/-10 % of the limit, the equipment may be
assessed for compliance on the basis of this single result and the test may be terminated.
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b) by the analytical method:

— using as starting current, the locked rotor current and power factor of the motor of the
compressor and of any other loads (such as a fan motor) which are turned on less than
2 s before or after the motor of the compressor starts; this procedure separates
the voltage changes.

Pst and Py shall be analytically evaluated using the number of cycles per hour declared by the

£ 4
Mmrarmuracviurct.

A.15 Test conditions for arc welding equipment and allied processes

For arc-welding equipment, attended whilst in use, and allied procesSes,\dmax (8hall be

Additionally, equipment designed to be used for the Manual Metal
d. values shall be evaluated according to the procedures given j

Although the scope of this standard is limited to equi ithei rrent equal to or less

than 16 A, these test conditions shall also be ¢ with input current greater
than 16 A.

The following test conditions shall be 3 elding equipment designed according to
IEC 60974-1. Test conditions for other(types-of eguip are under consideration.

A.15.1 Evaluation of Pg

simulating weld i Wk If the EUT is not suitable for these
electrodes (/I2ma

— Electrode parameters

_ Basic data
In¥m Unom Drops tdrop Rshort circuit
QX A \Y I/min ms mQ
2,5\ 90 23,6 920 5,6 18
38 130 25,2 350 7.5 13

The value of the voltage change at the input terminals of the EUT, AU, which is crucial to
the determination of Pgt, shall be measured or calculated from input current measurements at

UT usina one-of the folowina test nrocedures
oS g-ohRe-6++tHe1+ooWHRgtesS+P

LUA=A-A~A- s~ -2~
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In all cases the arc-force dial, if existing, shall be set to the medium position, the connection
to the dummy load should be made with two 3 m welding cables of 50 mm2 Cu.

A.15.1.1 Test procedure A

This simple test procedure can give pessimistically high test results and may therefore also
be used for preliminary testing.

The r.m.s. input current is measured firstly with the EUT loaded with a resistive load
equivalent to the nominal output current and voltage and secondly loaded with the specified
short-circuit resistance, Rghort circuit given in table A.1. The difference of the measured r.m.s.

input current values, Aljypyt, is used to derive AU values in the evaluation

A.15.1.2 Test procedure B

This test procedure is more complicated than Test A but it gives 1

The parameters given in table A.1 shall be simulated by 3 QNi itehed resistive
load capable of changing from “nominal load” values

input voltage.

The input current changes (10 ms rr
output shall be measured with dropsta
8 ms. The average arithmetical value ¢
evaluation process.
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