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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-4: Testing and measurement technigques —
Electrical fast transient/burst immunity test

FOREWORD

Theg irdarmplignel Eecirpleghnicsl Commigeian (IECT 15 & wordwida erganization lor slandardizadian camprising
all national efecirotechnical commitiees (IEC MWationab Sommilieess]. The obecs of FEC ia o pramoels
irernatione co-aperatsaon on Bl QUestong concamiiyg SLARDAIE Zaticn W (M #acifical and elecirarse Falds. To
thig and anrd in addiesh 1o seer activities, 1IEC publshes International Standards, Technical Specificatlons,
Techrmical Reports, Pubdcly Avadlable Fpeciiications (FAS: and Suides (hereafles referred o as “IEC
Fubhcaton(s]” ). Ther preparaticn is anrusied (o echnical commitlaes, any [EC Matioral Commattes irlerastsd
i the subjeci deall wih may parhoipate o this presaratory work. Intemational, governimental and nan-
governmantal prganizanens laising with the IED asa parbcipata in this preparation, IEC collaborates clasaly
with the Infemmalionsl Ceganizabion for Standardizabon (1500 in asccordance with conditions debarmined by
agresment babeeen e Two pnganizations,

Tne formal deoisions ar agragments af IEC on Eesnrstal matars SERFARA, A% ROGFY B Bodsible, Bn miematianal
congansus of oprion g0 the relevanl subjecis sance sach iechnecal commitise has representation frem @l
interasier IEC Kational Commeltees

IEC Pubkcalions have ihe form of recommandatans for international use and are accepled by IEC Natonal
Commillass ¢ thal senze Whils 8l regsonable efarts are made o ensure that the fechnicai comtent of IEC
Pubkcalions Is accurate, [EC cannol be held meeponsibla far thia way in whath they are used oF Rar any
meginlErprataian by any angd e

In order 1o premate bgmeticnal unefarmity, [EC Mational Comminess undenake to apply 1IEC Publscations
transparanily 16 the maomum exteat possible in their rational snd regonal publications. Any. civergence
beleren any IEC Publication and the corresponding natonal or regional pubication shall b clearly indicatad in
R laitar.

IEC pravides no marking procedure 1o hdicata s approval and canmal Be rendersd responsible for @y
equiprment deglared o be an condoemily with an IEC Bublicatan.

All users should ensure thad they have the latest editron of tis publication.

kg liabeiny snall sttach to [EC or s direciors, employees, servants ar agents including individeal expers and
mpmbers of ks iechnical committees and 1EC Matlangl Commitieas Tar any perschal itpury. propefy du.rnaw ar
olber damage of any nalure saalsoesver, whether dires! or indirect, ar lor sosts (inciuding legal {ees) and
expenses arising ouvi ol the publication, ase of, or relance upen, this IEC Fublicatieorn of any other IEC
Publicatisns

Altanbipn i drawn o e Mormative relerences cled o Thes publication Lse of (ke referenced publicatons is
inthagensable fof the carrect appbeatian of this pubhcabion.

Altgnbicn 8 driwn L e possibality that soma of the alemars of thes |[EC Publicatan moy be the subgect of
patent ngats. FEC shall nol be held responsdde far identifying any or all such patent righis,

International Standard IEC 61000-4-4 has been prepared by sub-committes T7B: High
frequency phenomeana, of IEC technical committea TT: Electromagnetic compatibility.

It forms Part 4-4 of IEC 1000, 11 has the status of a basic EMC publication n gecordance
with IEC Guide 107, Etecliromagnelic compalibilily - Guide fo the draffing of eleciromagrelic
compatibifity publications.

This second edition cancels and replaces the Tirs! edition published in 1995 and its amend-
ments 1 (2000} and 2 {2001) and constitutes a technical revision,

This secend edition improaves and clarifies simulator specifications, 1est criteria and test set-
ups, Only comman made injection is regquired,
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The text of this standard is based on the following documents:

Fus Rport an voding

TTEBM1BF S TTEMZ4TRYD

Full infarmation an the vating for {the approval of this standard can be found in fhe report on
viring ndicated in the ebove tabke.

This publication has been drafiad in accorgdance with the IS0NHEC Dhirectives, Part 2.

The committee nas decided that the contents of this publication will remain unchanged umntil
the maintenance resull dale (ndicated on Lthe IEC web site urder “hitp:/fwebsiore iec.ch™ in
the data related 1o the specific publication. At this date, ihe publication will be

« reconfirmed.

« withdrawn,

« replaced by a revised egition, or
« amended,
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INTRODUCTION

IEC 61000 is published in separate parts, according o the fallowing struciure:

Part 1; Genegral
General considerations {introduction, fundameantal principles)
Definitions, lerminglogy
Part 2: Envircnmeant
Description of the environmeant
Clagsification of the envirgnment
Compatibility levels
Part 3: Limits
Ermission limils

Irmwnily limils (in S0 far as fhey do oot fall under the responsikilily of the product
commiiiees)

Part 4: Vasting and measuramant techniques
Measurement techniques
Testing technigues
Part 5: Installation and mitigation guidelinas
Installaticn guidelines
Mitgation methods and devices
Part 6: Generic standards
Fart 9: Miscellaneous
Each part s further subdivided info several parts, published ¢ither as international standards
or as technical specifications or technical reports, some of which have already been published

as seclions. Others will be published with the part number followed by a dash and a second
numbar identifying the subdivision (exampbe: 81000-6-1}.

This part is an international standard which gives immunity reguiraments and 1esl procedures
related 1o elactrical fast transiams/bursts
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Fart 4-4: Testing and measurement technigues -
Electrical fast transient/burst immunity test

1 Scope

This part of IEC &1000-4 relates to lhe immunily of slecitical and electronic eguipment to
reipeditive electrical fast transients. it gives immunity requirements and tes! procedures relaied

lo glectrical fast transients/bursts, 1 additionaily defines ranges of lest levels and establishes
lesi procedures.

The object of this standard is fo establish a commen and reproducible reference for evaluating
the immuenily of electrical and eledironic eguipment when subjecied (o elecirical fasi
transient/burets on supply, sgnal, control and earth posts. The test methad decumentéd in
this part of EC 810004 describes a consistent mathod fo assess the immunity of an
equlpment or system against a defined phenomanaon,

HWOTE Ax described in IEC Guide 107, Hus is a basic EMS publicadion 1or wse by product comimilteas of (e IEC.
A5 pleo staled in Guide 107, the IET product cammilteas g reppansibia for d&lﬂfl'l"il"'iﬁg wiatresr s smmunity
el grandard should be appsied or nol, and i applied, they are responsible for determineng the appropriabe lesl

bewals and perormance oriberia. TS 77 and (s sub-commitiaas are prepared lo so-opatate with product committess
TR @valuation of he value of garticalar rnanly tests lor thals producis.

The standard defines:

- tesi voltage waveform;

— range of test levals;

— best eguioment;

— warification procedures of test equiprmeant
- test sel-up;

= lest procedure,

The standard gives specifications for laboratory and post-instatlation tests.

2 Normative references

The fallowing referenced documents are indispensable for the application of this document,
For dated references, only the edition cited applies. For undated references, 1he latast editicn
af the referenced document (including any ameandmanis) applies.

IEC 60050-161:1980, Intermational Electrofechnice! Vocabwlary (1EV) — Chapler 1681 Elecirg-
magnalic compatibility
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3 Terms and definitions

For ihe purposes of 1his document, {he foliowing terms and definitions, together with thase in
IEC G0050-161 apply

HOTE Sewveral of the mopet relevant farms and dedindions ram 1EC $0050-167 ame prasentad among the delAiticns
]l

3.1
burst

seguence of a limited number of distinct pulses ar an ascillatian of limiled duration

[IEV 161-02-07]

3.2
calibration

sl of operations which establishes. by reference 1o standards, the relationship which exisis,
under specified condilions. bebween an indication and a result of 2 measurament

HOTE 1 This term is based on 1he “uncenainty” sappraack

HUTE 2 The relationship hetween thie indstalichs &nd 1he resulls & medsuremeant can be ekpreassod. in princisla,
Oy B calibration diggram

[EV 311-01-09

33
coupling
interaction batween circulls, transferring energy Irom one cirguil to another

34
commoan mode (coupling]
simultanecus coupling to all lines versus the groumg reference planea

15

coupling clamp

device of defined dimensions and characieristics for common mode coupling of the
disturbance signal to the circuil under test withcul any galvanic conneslion to il

1B
coupling netwerk
elaclrcal circuil for the purpose of transferring energy from one circuit to anather

3.7

decoupling network

electrical circuil for the purpose of preventing EFT voltage applied 1o the EUT fram affecting
other devices, equipment or sysiems which are noil under tast

1.B

dagradation {of performance)

undesired depariure in the operational perormance of any device, equipmeni or sysiem from
i1z Intended performance

HNOTE The lenm *degradabior™ can apply to temporary o parmanend failure
[IEV 161-01-18]
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19
EFT/B
electrical fast transient/burs?

310

electramagnelic compatibility (EMC)

ability of an eguipment or system 1o function satisfactorly in its eleéciromagnetic envircnment
walliout intraducing intolerable electromagneiic disturbances 10 anything i thal environmant

[IEV 161.01-07]

311
EUT

equipmeant under test

312
ground reference plane
flat conductive surface whose potential is used as a commor reference

NEV 181-04-36]

313
immunity (to a disturbance)

ability of a device, equipmeni or system (o perform withowl degradation in the presence of an
electromagnetic disturbance

NEV 161-01-20]

3.14
port
particular interface of the EUT with the external electromagretic environment

3.15
rise time

interval of time between the instants at which the instantanecus value of a pulse first reéaches
10 % value and then (he 30 % value

[IEV 161-02-05, modified)

3.16
transient
pert@ining to or designating a phenomenon or 28 guantily which varies between two

consecutive steady states during a fime inlerval which 8 shorl compared with the time-scale
of interesti

[IEV 161-02-01]

i

verification

sel of operations which is used to check the test eguipmeant system (&.9. the lest generalar
and the interconnecting cables) and 19 demonsirate thal the lest system is functioning within

ihe spacihicalions given in Clause &
MNOTE 1 Tha malnods deed by vorfication may be different frem those used far calibratsan

MOTE 2 The pracedurs of §1.2 and §.2.2 & meant a8 8 guide to insure the correct apaerstion of ihe lest
genaralor, and athes itams makeng up e tesl setup sa 1hat ihe iIntended wavelonm is delwarad 16 the EUT.

MOTE 3 For the purpose of this basic EMC standard this dafirilion is differsnt Iresn the dafinition given . in
TEW 3140113



E1000-4-4 € IEC: 2004 =19 -

4 General

The repetilive fast fransient 1&st is a fesi with bursts cansisting of a number of fast transients,
coupled inta power supply, control, signal and earth ports of electrical amd elestronic
equipment. Significant Tor the lest are the high ampliluge, the sher rise time, the high
reepalifion rate, and the low anergy af the lransienis,

The test is inlended to demonstrale the immunity of elecirical and electronic equipment when
subjected fo types of transient disturbances such as those originating from swilching
transients {interruption of inductive loads, relay conlact bounce, alc ).

5 Test levels

The prefered lest levels ‘or the elacirical fast trangient 1esi, applicable to power, pround,
signal and control ports of the eguipment are given in Table 1.

Table 1 - Test leveis

Qpen circuil cutpul test voltage and repetition rate of the impieltes

On power port, FE On I "_“n“;”:':::f:‘:;::ﬂ"'* dats
bl Waoltage peak Repetitlon rale Valtage poak Repatition rate
kY kHz kv EHz
1 0.5 Sar 100 ) 0.5 S5ar 100
2 | 5 ar 100 0.5 &or 100
3 Sar 100 1 & ar 100
4 S or 100 2 Sar 100
x® Speoial Special Specal Spacial

HUGTE 1 Use ¢f 5 EHE rapetilion sates & Iradibonal; howeser, 100 kHr is cloper @@ repfiy. Producl comeniiteas
ghould delsrmine wheon reguencies are relevant far sgacilic products ar product fypes.

NOTE 2 ‘With some producis, thare may be no clasr distinslion beltwean power parts and 10 poets, an wiich cass
It Is Wp b procuct commillaes 10 make Thit determiraan lor 1851 purposes,

“K7 s an ppan davel The btevel hae 19 bs specifed in the dedicated equpmaent &pacilication

=

These open-circuil output voliages will be displaved o the EFT/E generator. For seletslion of
levels, see Annex B,

6 Test equipment

The verfication procedures of 6.1.2 and 6.2.2 are meant 8% 4 guide to insurs the corract
operation of the test generator, coupling/decoupling networks, and other items making up the
test set-up so thal the intended wavaeform iz delivered a the ELIT.
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£.1 Burst generator

The simplified circuit diagram of the generatar s given in Flgure 1. The circuit elemenis Ce.
Hey . and Ty are selecled so thal the generator delivers & fasl iransien: under open 1:.|r1:.1,.|;||;

I:I:II'IGI1||3I'|£ and with a 50 {2 resistive load. The effective outpul impadance of the generalor
ghall be 50 03

The major elements of the test generalor are:

high-valtage source;
-  charging reststor;
- anergy storage capaciton,
- high woltage switch:
- impulse duration shaping resisior;
—  impadance matching resisios
- d.c. Blockirg capacitar,

6.1.1 Characteristics of the fast transient/burst generator

The characteristics of the last fransientiburst generator are the following:

= Oulpyl vollage range with 1 000 Q2 load shall be &1 least 0,25 KV 1o & kY
-  Dutpul vallage rangée with 50 {3 load shall be at least 0,125 kW 1o 2 kW

Tha generator shall be capable of operating under snor-circuil conditions.

Characteristics:

- polarity: positive/negative

—  aulpul lype: coaxial, 50 0

- d.c. blocking capacilor 10 nF = 20 %

— repetition freguency: (see Table 2} + 20 %

— relation to power supply: aaymChronsus

— burst duraticn: 16 ms £ 20 % at 5 kHz
[see Figure Z) 0,75 ms 20 % ail 100 kkz

— burst peried: 00 ms * 20 %

[sea Flgure 3]
— wawve shape of the pulse
« into B0 0 load rige fime {o= 6 ng + 30 %
duration fy {10 50 %) = 50 ns 2 30 %
peak voltage = according to Table 2, £10 %
(see Figure 3 for the S0 0 waveshapse)
= into 1000 G load rise time { = 5ns = 30 %

duration iy {lo 50%) = S0 ns with a iclerance of
-15 ns to +100 ns

peak woltage = according to Table 2, #20%
(see Nowe 7 below Table 2)
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So0+2%

1000 3 £ 2% in parallel with £ 6 pF. The resistanca
measurgment 12 made al d.c. and the capacitance
measurement s mads WSNg a cormersially
available capacilance meler thal operates at low
fraguencias.

— fesi load impedance

6.1.2 Werification of the characteristics of the fast transient/burst generator

The iesi generator characterisiics shall be verifiad in arder to establish 8 commaon reference
for ali generaiors. For (Ris purpose, the following procedure shall be undertaken

The lest generatar culpul shall be conpected to a 50 0 and 7 000 {1 coaxial termination
respactively and the voltage monitored with an oscilloscope. The -3 48 bandwidih af ihe
measunng equipment and the test load impedance shall be al least 400 MHz. The tes! load
impedance al 1 000 £ iz liksly 10 become a complex nelwork, The rise time, impulse duration
and repatition rate of the impulses within one burst shall be monitored 2% well 4% the burst
duralion and burst penad,

For emach of the set vollages of Table 2, measure the ouwiput voltage a8t a 50 0 toad
[V {20 2]]. This measured voltage shall be [0,5 = V, {opan circuit]] £ 10%.

With the same generator setting {set woltage}, measwre the wvoilage at a 1 000 O load =
[y (1 000 £2)). This measured voltage shalt be W, (open circuit) = 20%.

MOTE 1 Measurgs should be taken bo ensure that stray capacitance s keat B 8 minEmnym.

Table 2 - Qutput voltage peak values and repetition rates

Sot voltage lr"F {open circuil) Vg [1 008 f) L"P 150 Repatition
freguency
kW kv kW kY
EHE
.25 025 {r.2a 0,125 & or 100
0.5 1.5 .48 .25 & or 100
1 1 £.05 0.5 5 or 100
1.9 L 5 or 100
4 R F S or 100

HOTE @ Use of a 1 000 £2 ioad resisior will autcmalizally result in a vollage reading that is 5 % owes than (ke gat
vodiage as shown in column W, {1 000 ). The roeding V. &l 1000 0 = V. (open circuill mulliples Limes
100010580 {ihe ralio of 1he tesi boad ta The tofal circull impedance of 1000 O ples 50 5.

HOTE 3 With the 50 [ Ioad, the mepidned outiel vollage i@ 0.5 1iMmes the vate of the unioaded woliage as
reflacled in the lable aboee

6.2 Coupling/decoupling network for a.c./d.c. mains supply port

The coupling/decouvpling netwark is required for acceplance fests of a.cid.c. powar ELIFI,FI-I}'
paorts.
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The circuil diagram {example for a three-phase power mains supply) is given @ Figure 4.

The wave'arm of the EFT/B generator shall be venfied at the cutput of the coupling network
according to §.2.2,

6.2.1 Characteristics of the coupling/decoupling natwork
Tre characteristics of the coupling/decoupling retwork are the foklowing:

- coupling capacilorg, 33 nF;
- coupling modé: COMTIGN made,

6.2.2 Verification of the charactieristics of the coupling/decoupling network

The requirements given in £.1.2 also apply to the measurament equipment that is used for the
verification of the characienstics of the cowpling/decoupling rnetwork,

The waveform shall be verified a1 the common mods output of the coupling/decoupling
natwork with a single 50 4 lermination.

The wefilication is performed wiln the generator culput vollage soi to a nominal voltage of
4 kY. The genermator is connecied 1o inpul of the coupling/decoupling netwark, The oulput of
the COM (normailly connecled io the EUT) is terminaled with & 50 {3 load. Tha peak valtage
and waveform are recorded.

The functicnality verification of sach single couplfing/decoupling path is recommended,
Rise tirme af the pulses (10 % 10 90 % value) shall be & ns £ 30 %,

Impulse duration (50 % value) shall ba 50 ns £ 30 % with the 50 O load.

Peak voltage =10 % according to Table 2.

The residual 1esi pulse vollage on the inputs of the coupling/decoupting network when the
EUT and the power natwork are disconnected shall not exceesd 10 % of applied 1esi vollage.

HMOTE Couwpling/decoupling netwyrks gesigred in actardares with Editier 1 ol 1EC §1000-4-6¢ {1905) may nesad
minar rodiications to meet ihe common mods regueremeants of Fhis documens.

6.3 Capacitive coupling clamp

The clamp provides ihe abilily of coupling the fast transients/bursis 1o the circuit under test
without any galvanic conngction to the terminals of the EUT s poris, shielding of the catles or
any other part of the ZUT.

The coupling capacitance of the clamp depends on the cable diameler, material of the cables,
and cable shielding (if any).

The device & composed of a clamp unit {made, for example, of galvanized steel, brass,
coppear or aluminium} for howsing the cables (al or round) of the circuits under fest and shall
be plaged on & ground reference plane of minimem area of 1 m2 The ground (reference)
plane shall extend Beyond the clamp by a least 0.1 m on all sides.
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The clamp shall be provided at both ends with 2 high-voltage coaxial connector for the
connection of the lest generator at either end, The generalar shall be connected 1o that end af
the clamp which is nearesi 1o the EUT.

The clamp ilself shall be closed as much &8s possible 10 provide maximum coupling
capacitance betweean the cabie and the clamp.

The mechanical arrangamonl of the coupling clamp is given in Flgure 5 and determines its
characieristics, such as frequency response, impaedance, ato,

Charsctaristics:

= typical coupling capacilance belween cable and clamp: 100 pF to 1 000 pF:

= usable giameter rangse of round cables: 4 mm o 40 mm:

— imsulation withstand capakbility 5 BV (test pulzea: 1.2/50 ps)

The coupling mathod using the clamp is required Tor acceplance tests on lines connected 1o

W2 and communization ports. 0 may also be used on acidc power supply porls only if the
coupling/decoupling netwark defined in 6.2 cannot be used.

7 Test set-up

Different types of 18513 are delired based an test environmenis. These are:

= type (conformance) fests perdformed im laboratories;
= posl-insialiation tests performead on equiprment in its final iInstalled conditions.

The preferred 1es: method s that of type tests performed in laboratories.

The EUT shall be arranged in accordance with the manufacturer's instructions for installation
{if any).

7.1 Test eguipment
The test set-up includes the following equipment {(See Figure 6);

graund reference plane;
—  coupling device {Retwark or alamp);
-  decoupling network:
-  tes! generator

T.2 Test aet-up for type tests performed in laboratories

T.2.1 Test conditions

The following reguiremeants apply 1o lests pedarmed i laboratories with the environmental
refefence conditions specified in 8.1,

EUTs, whether siationary floor-mounied or table top. and equipment designed 1o be mounted
in olhgr configurations. shalf be placed on a ground reference plang and shall be insulated
from il by aninsulating support 0,1 m £ 0,01 m thick {see Figure 7).
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im tme case of table-top eguipment, the EUT should be located 01 m 2 001 m above the
around reference plang (see Figure 7), Equipment normally mounted on ceilings or walls shall

be {ested as table-top equipment with the EUT located 0.1m + 007 m above the ground
reference plane.

The tesl generalor and the coupling'/decouplimg netwark shall be placed directly on, and
bonded 1o, the ground referance plane.

The ground reference plane shall be a melallic sheel {copper or aluminium} of 0,25 mm
minimum thickness: other metalic materials mey be used but they shall have 0,65 mm
minirmum thickness

The minimem arga of the ground reflerence planeg 15 1 m = 1 m. The actual size depends on
the dimensions of the EUT.

The ground reference plane shall project beyond the EUT by at least 0,1 moan all sides,
The ground reference plang shall be cannected to the protective earth.

The EUY shall be arranged and connected to satisfy its functionzl requirements, accerding 1o
the equipment installabon specifications

The mirimum distance betwsen the EUT and all other conductive structures (.9 the walls of
a shiglded roam), excepl the ground reference pdans shall be more than 0.6 m.

All cables 1o the EUT shall be placed on ke insulation suppoad 01 m abowe tha ground
refarence plane. Cables not subject fo electrical fast transients shall be routes as far as
possible from the cable under 1est 1 minimise the coupling batween the cablas

The EUT skall be connecsled {o the esarhing syslem in accordance with the manufacturer's
installation specifications; no additional earthing connections are allowed.

The connection impedance of the coupling/decaupling netwark earth gablés to the ground
reference plane and all bondings shall provide & low inductance.

Either a direct coupling matwork or & capacitive clamp shall be used for the application of the
tesl vollages, The lest vallages shall be coupled to all of the EUT ports including those
between two unils of eguipment invalved in the test, unless the length of the interconnecting
cable makes il impossible 1o test,

Decaupiing networks shall be used o prodect auxiliary squipment and public natworks.

When using the coupling clamp, the minimum distance between the coupling plates and all
ether conductive surfaces, excepl the ground reference plane bensath the coupling clamp,
shall ba 0.5 m.

Unless ptherwise specified in the product standard or the proguct family standard, the length

af the  signal and power lines betweesn the coupling device and the EUT shall be
0.5mz0.05m

If the manufaciurer provides a non-detachable supply cable more than 0.5 m = 0,05 m long
with the eguipmant. the excess length of this cable shall be folded to avoid a flal coil and
situated &t a distance of 0,1 m above the ground reference planea.
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Examptas of the test set-up for labaratory 1asls are given in Figures T and &
In Flgure &, an additicnal ground plana, connected (o the chassis of the EUT 18 used.

7.2.2 Methods of coupling the test valtage to the EUT

The method of coupling the 25t vollage 1@ the EUT is dependent on the Ty al EUT port (as
Indicates below).

7.2.2,1 Power supply ports

An example for the lesl sel-up for direct coupling of the EFT/E disturbance voltage via a
coupling/decoupling network is given in Figure 9 This iz the preferred method of coupling 1o
power supply ports.

If a switable coupler'decoupler cannot be obtaimed. e, for a.c. mains currents =100 A,
allernative methods can be employed. however, use of the capacilive clamp is discouraged
since its afficiency in coupling the bursts is consideratly less than direct ingectian using the
43 nF capacitors

T.2.2.2 WO and communication ports

The ezampies in Figures ¥ and 10 show now 1o use the capecitive coupling clamp for
application of the disturbance tes! vollage to Y0 and communication ports. When using the
capacilive coupling cilamp, non-tested o auxliary eguipment connected should be
appropriately decoupled.

T.2.2.3 Cabinet earth port

The tesi paint on the cabinel shall be the terminal for the protecilive sarth conductor.

The tes! woltage shall be applied to the protactive earth (FE) connecticn throwgh a 33 nF
coupling capacilor ageording 1o Figure 11,

7.3 Test set-up for post-installation tests

These tests are optional. They may be applied only when agreed between manufacturer and
cusiomer. It has to be considered thal the lest itselfl may be destructive to the EUT and olher
co-located equipment may be damaged or otherwise unacceplably affected,

The equipment or syslem shall be lesied in the final installed conditions. Post-installation
lests shall be performed without coupling/decoupling netwarks In erder to simulate the actual
electromagnetic environment as closely as possible.

If equipment or sysltem other than tne EUT are unduly affected during the test procedure,
decoupling networks shall be used by agreement betweean the user and the manufacturer.

T.3.1 Tesi on power supply ports and earth ports
T.2.11 Statlonary, floer-mounted eqguipment
The test voliage shall be applied simultanecusly between a ground reference plane and all of

the power supply terminats, a.c. or d.c., and the protective af functional earth port on the EUT
cabinet.
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For the test sel-up, see Figure 11,

A ground reference plane of minimum ares of 1 m’ {85 described in 7.2.1) shall be mounted
near the EUT and connecled to the protective earth conductod at the powsr supply mains
cutlet.

The EFT/B generator enall be located on the ground reference plane. The lengih of the "hol
wirg® from the coaxial outpul of the EFT/B-coupling device to the ports on the EUT shall be
0,.5m £ 0,05 m. This connection shall be unshielded but well insulated. If a.c./d.c. Blocking
capacilors are necessary, their capacilance shall be 33 nFE, All ather conreclions of the EUT
sheuld be in accordance with |s functlons! reguirements,

7.3.1.2 HNon-stationary mounted EUT, connected to the mains supply by flexible cord
and plugs

The test wvallage shall be applied sSimullaneously between each of the power supply
conduciors and the proteciive aarth at the power supply (see Figure 12},

T.3.2 Teston /O and communication ports

The capacitive coupling clamp is the preferred method for coupling the test vollage into 1S
and communication ports. However, if the clamp cannat be wsed duse 1o mechanical problams
[gize, cable routing) in the cabling, it shall be replaced by & lape o a conductive Foll
enveloping the lines under test. The capacitance of this coupling arrangameant with foil or tapa
shauld be eguivalent 1o that of the standard coupling Slamp,

An allermative meihod is 1o couple the EFT/BE generator 1o the terminals of the lines via
discrete 100 pF capacitors instead of the distributed capacitance of the clamp or of the foil or
lape arrangement.

If an EUT contains many simidar poris, the manofaciurer can elect o tesi a reprasaniative
number of cablas as long as those ara clearly identified.

Earthing of the coaxial cable from the test generafor shall be made in the vicinity of the
coupling poini. Application of the test wvoltage io the connectors (hot wires) of coexial ar
shielded communication lines 15 nol permetted.,

The test voltage should be applied in a way thal the shielding protection of the eguipment will
not be reduced. See Figure 13 for the test configuration

Tha test results obtained with the discrele capacilor coupling arrangement are likely to be
different fram thoze ocbiained with the coupling clamp or the fatbl coupling. Therelore, the lest
levels spacified in Clawse 5 may be amendad by a product committes in & product standard in
ofder 1o take significant installation characleristics inta consideration

In the posl installation test it can be agreed betwesn manufacturer ang user that external
cables can be tesied by routing all cables simultaneously in the coupling clamp,
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B Test procedura

The performance of the test aguipmeant shall be checked prior 1o the tesl. This check can
usually be limited to the exisience of the butst for the generalor &l the oulput of the coupting
e e

The lest procedure includes!

~  the verification of the laboratory reference condifions;

= the prelimimany verification of the cofreel operation of the egquipment;
— the execulion af the test)

—  the evaluation of the test resulis

B.1 Laboratory reference conditions

In arder ta minimize the effect of environmental parameters on test results, the tesi shall be
carriged out in climatic and electromagnetic reference condilions as specified in 8.1.1 and
#.9.2

8.1.1 Climatic conditions

Unless ofberaise spacified by the commitles responsible for the generic or product standard,
the climatic conditions in the laboratory shall be within any bimits spocified for the operalion af
the EUT and the lest eguipment by their respactive manufacturers.

Tesis shall ngd be performed il the relative humidity s 50 high as o cause condensation on
the EUT or the test eguipment.

HWOTE Whars if & consldergd thal there B sulficient evidenoe bo demonsirale thal the efects of the phenomendn

covered by this standard are nfluenced by climais condifiens. thia shouls be Broweght 1o the abemion of ine
cormumibles responsibie Tor this stardarc

§.1.2 Electromagnetic conditlons

The slectromagnetic conditions of the laboratory shall be such o guaraniee the correct
operation of the EUT in order not 1e influgnce the test resulis,

8.2 Execution of the test

The test shall be carried owl on the basis of a tesl plan thal shall inciude the verification of the
performances af the EUT as defined in the technical specificalion.

The EUT shall be in the normal operating conditions,

The test plan shall spacify:

= iype of tes] that will bé carried oul]

—  test lavel;

—  polariiy of the lest vollage [bolh palarities are mandatory);
— internal of exiernal genafalor;

- duraticn of the test not less than 1 min (1 min has been chosen in order o speed wp the
test; however, to avoid synchronization, the test time may be broken down inte six 10 s
bursis separated by & 10 5 pause. In e real envirenment, bursts will occur randomly as
single events, 1f is not intended thai the burst be synchronized with EUT signals. Product
commitiees may choose ather tesl duralions )
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= number of applications of the test voltage;
EUT's porils [0 be lesied;
~  representalive operaling conditians of the EUT;

- seguence of applicalian of |he 1eal voltage Lo the EUT's ports, each one aftar the other or
1a cables belonging 1o more than ore circuit, etc;

= auxiliary equipment,

49 Evaluation of test results

The tesl results sha'l be classified in lerms of the lGss of funclion o degradation of
performance of the egquipment under fest, relalive to & performance level defined by ils
manulaciurer or the reguasior of the test, or agreed betweer the manufacturer and the
purchaser of the product. The recemmended classilication i3 as follows:

a) normal performance within imits specified by the manulacturer, requestor or purchaser;

bl femporary loss of funglior or degradation of performance which ceases after the
disternance ceased, and from which the eguipment under tes! racovers its normal
parformance, without operator interveniion:

¢} temporary loss of function or cegradation of parformance, the carrection of which regquires
oparalor intervantion,; '

d} loss of function or degradation of performance which is not recoverable, owing 1o damage
o hardware or softwars, or oss of daly

The manulaciurers specificabion may define effects on the EUT which may be considered
inzignificant, and therefore acceplable.

Tris classification may be used as a guise in formulating performance criteria, by commitieas
responsible for generic, product and product-family standards, or s a framework for the
agreemeni on performance criteria between the manufacturer and the purchaser. fof examphe
whera no suitable geraric, produc! or product-Tamily standarnd exists.

10 Test report

The test repoart shall contain all the information necessary o reproduce the test. In particular,
the following shall be recosdes:

- the items specified in the test plan required by Clause 8 of this standard,

= identification of the EUT and &ny associated eguipment, e.g. brand name, product type.
serial number;

- icentification of the 1est equipment, e.g. brand name, product type. serial number;

- any special ervironmental conditions in which the test was performed, e.g. shielded
encloaure;

= any specific conditions necessary 1o enable the 1est 1o be performed;
= performance level defined by the manufacturer, requasion or purchaser,
-  performance critérion specified in the genere, product or product-family standarad;

= any effects on the EUT ocbaerved during or after the applicatian of the lest disturbance,
and the duralion for which (hese eflecis parsisl:
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= the raticnale for the passfall decisior (based on the performance criterion specified in the
generic, product or produci-family standard, or agreed between the manufacturer and the
purchasear);

- any specific conditicns of use. for example cabie lenglh o Type, shielding or grounding, or
EUT aperating conditions, which are required o achieve compliance,

Concerning measurement uncertainty, it is sufficient 1o stale Ihal he 1851 equipment meets
the folerance requirements of IEC E1000-4-4; however, when checking for compliance with
the specified lolerances, the callbration uncariainly is 1o be taken into account
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Annex A
finformative)

Information on the elactrical fast transients

- | Introduction

The electrical fas1 transient burst (EFTY] is generated by the switching of induclive Ioads. This

swilching lransient is commaonly referced 10 as fast transient and may be described in terms
af:

—  the duration of the burst — which i predominately determinad by the snergy stored in the
inductance prior 1o switching;

= {he repelition rafe of the individual transisnis,

= ihe varying amplitude of the ransienls composing & burs! = determined mainly by the
mechanical and electncal chareclarnstlics of the switching contact (speed af the contacts In
the apening cperalion, vollage wilhstand capabilily of the contacts in their open condition ).

Generally, the EFT has na wnigque parameters thal depend wpon the characteristics of the
swilching contact or the swilched load.

B2 Splke amplitude

The levael of the spikes measured on the conductors of a line may have the same value as
galvan: connection of this ling with the Swilching contacl, In the case of |he power supply
and some controel circuits, this may elso be true in the proximity {distance of the order of 1 m})
of the conlacis. |n this case, the disturbance is transferred by induction (&.g. capacilive). The
amplitude s a fraction of the leval measured at the cortacts.

A3 Rise time

11 should e noted however thal 38 the distance from the source increases, the waveform is
miadifird due 1o propagaiion losses, dispersion, and reflections due 1o distiortions cavsed by
the connected loads. The rise fime of § ns assumed for the specifications of the test generator
iz a compromise that takes inle account the effect of the atlenvation ol Lhe high frequency
components in the spike propagation

A shorter rise time, 8.9. 1 ns, would give more consarvative test results, and its appropriate-
rness is malnly related 1o equipment having shor conneciions in the feld wilh reference io the
EFT source.

HOTE The achial nse fime of e EFT &l the spurge, Tor waltage range 500 W o 4 BV and mong, is vary dlose 1o
the nse Ume of ar siectrosialic discharge {m air} = tne dischange mechansm being the same

A4 Spike duration

The actual duration differs significantly from that specified in the first edition as well in this
second edifion of the standard. It is however consisteni with the duration of the spikes
measured as induced vollages in the victim circuits due 1o less relevance of the low frequency
components of the spikes.
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A5 Spike repetition rate

The repelition rate depends an many parameaters, For example
time constant of the charging circuit (resistance, inductance and distribuled capacity of the
swilched inductive load);

= time constanl of he swilching Circwil. including the impedance of the line connecting this
load to the switching coniact;

— epeead of the contact in the apening aclion;
- withslanding voltage of the swilching confact.

The repetilion rate iz therefore variable, and the range of one decade or more is guite
CEAMTIITIOnG.

MOTE In practice, the repetition rate of 100 &HZ couald have bean selecied fTor 1esticg as the compromiss
repatition rate pecavse of the need 1o anchide in ene teel the range of the most sigraficant parameters of the
EFT/B.

A6 Mumber of spikes/burst and burst duration

This {these) parameter{s) depands on the energy stored by the swilcked inductive load as
well as the wilhsland voltage of the switching contact

The number of spikes/burst is directly related to the spike repatition rate and burst duration,
Fram measured resulis, mosi of the duration of bursts are very near 9 2 ms, with the
exception of the mercury wetled relay, the use of which is not as common as for the oiher
types considarad heare,

MOTE The 075 ms duralion was chisan a8 he rglerence time fos tesling al 100 kHE. Accordingly, T2 is the
ragultEr number of apkesfbersl
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Annex B
{infarmative)

Selection of the test levels

The tesi levels should be selected in Bccorcance with the most realistic installation and
envircnmeantal conditions, These levels are cultined in Clause 5 of this slandard.

The immunity tests are correlated with these levels in oroer 1o estlablish & perfarmance level
for the ervironment in which the equipment is expecied 1o operate.

For lesting WO, cantrol, signal and data EUT ports, use balf the test voltage values applied on
powaer supply

Based on common installation practices, the recommended selection of test levels for EFT/B
testing according 19 the requirements of the eleciromagnetic environmant, is the following:

a) Level 1: Wellprotecied arwvironmeni
The installation is charactenzed by the following attributes:

- suppression of all EFT/B in the switched power supply and control circuits:

- separation betwean power supply lines (a.c. ang do} and control and measursement
girguits coming from cther envircnments belonging to higher severity levels:

ghialded pawer !Upph' cables with the screens earthed al bolh ends on the reference
arawnd al the installaticn, and power supply praotection by fillering.

The compuler room may be representative of this enviranment,

The applicability of this level to {esting of eguipment is limited to the power supply circuits for
iyme tests, and o the earthing circuils and equipment cabinets for post-insiallation 1esis,

ot Level 2: Protected environment

The inélﬂllﬂliﬂn is characterized by the Tfollowing aliribuies:
- partial suppression of EFT/E in the power supply and conirol circuits which are switehed
only by relays (no confaciors),

~  poor separation of the industrial ciecuits belonging to the indusiriat envirenment from other
circuwits associated with environments of higher severity lavels;

- physical separdlion of uvnshiglded power supply and control cables from signal and
communicalion cables.,

The control room or terminal room of industrial and elecirical plants may be representative of
this &nvironment,
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] Lewvel 3: Typical industrial environmant

The installation is characterized by the following atinbulas
— no suppression af EFT/E in the power Supply and contrel circuils which are switched anly
by relays (no contactors);

— poor separation of the indusinal circwits from other circuits associated with environmeants
ol higher severity invals;

- dedicaled cables for power supply, contral, signal and communicalion lines:

— poor separaton betwesan pawer supply, contial, signal and communication cables;

— availability of earthing sysiem represenied by conduclive pipes, earth conductors in the
cakle trays (connected to the protective earth system) and by & ground mesh

The erea of industrial process equipment may be representative of this environment.
dy Level &, Severe industrial enmaronmeant

Tha imstallation is charactenzed by the following attributes:

= e suppreéssion of EFT/E in the power supply and coniroi and power clrcuils which are
switched by relays and comlaciars,

- no separalion of the Indusirial circuits belonging to the severe industrial environment fram
ather circuits associated with enviconments of higher severity levels:

- no separation between power supply, control, signal and cammunication cables:
=~ use of multicore cables in common for control 2nd signal lines.

The ouldoor area of indusirial process equipment whare no specific installation practice has
been adopled, power plants, the relay rooms of open-air H.W. substations and gas nsulated
substations of up to 500 KV operaling voltage [with fypical installation practice] may be
reprasentative of this environmant.

&) Lewvel & Special situations to be analysad

The minor or major electromagnelic separation of disturbance sources from egquipment
circuits, cables, lines etc., and the guality of the instaliations may reqguire the use of a higher
orf lower environmental level than lhose described above, It should be noted that equipmemnt
lines of a higher @nvironmantal level can penetrale 8 lower severity environment.,
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