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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part-d4=t—t cimties—statisti it R

Uncertainties in standardized EMC tests

FOREWORD
1) The International Electrotechnical Commission (IEC) is a worldwide organizatiop )]
all national electrotechnical committees (IEC National Committees). The{ objgct\ of to promote
international co-operation on all questions concerning standardization in t g 8 e D
this end and in addition to other activities, IEC publishes Internationak’Standards, Qi pecificationy,
Technical Reports, Publicly Available Specifications (PAS) and i erred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committgés; a atlona Committee interestef
in the subject dealt with may participate in this preparatory wo grnmental and nor-
governmental organizations liaising with the IEC also participate i s coIIaborates closely
with the International Organization for Standardization (ISQ) in_ accbo y
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d) IEC Publications have the form of recommendations ional_uge and are accepted by IEC Nationd
Committees in that sense. While all reaso de to ensure that the technical content of IE
Publications is accurate, IEC cannot be e way in which they are used or for an
misinterpretation by any end

< C) =

4) In order to promote intern i
transparently to the m
between any IEC Publicatt
the latter.

IEC provides n ing
equipment declar ’

g) All users should en

= )

(n
~—

1) No liability shall )|
members of i r
other damae o) )
expense C

indispensablegor)the correct application of this publication.

0
~

Attention is_drawn e possibility that some of the elements of this IEC Publication may be the subject df
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. However,
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard_ f

example "state of the art".

o

CISPR 16-4-1, which is a technical report, has been prepared by CISPR subcommittee A:
Radio interference measurements and statistical methods.

This first edition of CISPR 16-4-1, together with CISPR 16-4-3, CISPR 16-4-4 and the second
edition of CISPR 16-3, cancels and replaces the first edition of CISPR 16-3, published in
2000, and its amendment 1 (2002). It contains the relevant clauses of CISPR 16-3 without
technical changes.
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The text of this technical report is based on the first edition of CISPR 16-3 and on the
following documents:

Enquiry draft Report on voting
CISPR/A/450/DTR CISPR/A/466/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A bilingual version of this publication may be issued at a later date.

The committee has decided that the contents of this publication
2004. At this date, the publication will be

4 reconfirmed;
4 withdrawn;

4 replaced by a revised edition, or

W

4 amended.
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INTRODUCTION

CISPR 16-1, CISPR 16-2, CISPR 16-3 and CISPR 16-4 have been reorganised into 14 parts,
to accommodate growth and easier maintenance. The new parts have also been renumbered.
See the list given below.

Old CISPR 16 publications New CISPR 16 publications

ﬂ CISPR 16-1-1 Measuring apparatus
Radio disturbance /V CISPR 16-1-2 Ancillary equipment — Conducted disturbances
CISPR 16-1 éranneda;mup;nugnlty é\.} CISPR 16-1-3 | Ancillary equipment — Disturbance power
apparatus \A CISPR 16-1-4 Ancillary equipment — Radi ted dis rbances
CISPR 16-1-5 ?rgggrﬁHc;hbrahon test/sitds fv\ﬁz\
/ CISPR 16-2-1 | Conducted dis};r\b\ A\\N{en\a&\/
Methods of i > )
CISPR 16.2 | measurement of </y CISPR 16-2-2 Measuremen(\of d@ru%nc po}o&q >
disturbances and N CISPR 16-2-3 Radiatm}aenc*me\asu%@ents
immunity
CISPR 1624 | Impunity measursqients ™./
CISPR 16-3 | CISPR technicalreports \
CISPR 16-4,4 | \Unckrtéinties-instandardised EMC tests
Reports and % \ /\e}é }k
CISPR 16-3 | recommendations CISPR 18-~ Mea{ureﬁbtl sttdmentation uncertainty
of CISPR < '
StahsWderahons in the
CISPR 1§- termination’of EMC compliance of mass-
i produced products
CISPR 16-4 | Uncertainty in EMC CISER 1544 \S(iti?}c_s of co_mplaints and a model for the
measurements \(\ \c€I lation of limits

More specific infg at 0
CISPR 16-4-1 |
REFERENCES).

overed now in four new parts of CISPR 16-2. Variou
and background on CISPR and radio disturbances in genera

0

CISPR 16-4 sQnsists
dJisturbance_ana
lfmit modeHing:

of“the following parts, under the general title Specification for radi
ramunity measuring apparatus and methods - Uncertainties, statistics ang¢/

J

4 Part'4-1: Uncertainties in standardised EMC tests,

4 CPart 4-2: Uncertainty in EMC measurements,

e Part 4-3: Statistical considerations in the determination of EMC compliance of mass-
produced products,

e Part 4-4: Statistics of complaints and a model for the calculation of limits.

For practical reasons, standardised EMC tests are drastic simplifications of all possible EMI
scenarios that a product may encounter in practice. Consequently, in an EMC standard the
measurand, the limit, measurement instruments, set-up, measurement procedure and
measurement conditions shall be simplified but still meaningful. Meaningful means that there
is a statistical correlation between compliance of the product with a standardized EMC test
and a high probability of actual EMC of the same product during its life cycle. Part 4-4
provides statistical based methods to derive meaningful disturbance limits to protect the radio
services.
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In general, a standardized EMC test must be developed such that reproducible results are
obtained if different parties perform the same test with the same product. However, various
uncertainty sources and influence quantities cause that the reproducibility of a standardized
EMC test is limited. Part 4-1 consists of a collection of informative reports that deal with all
relevant uncertainty sources that may be encountered during EMC compliance tests. Typical
examples of uncertainty sources are the product itself, the measurement instrumentation, the
set-up of the product, the test procedures and the environmental conditions.

Part 4-2, deals with a I|m|ted and specific category of uncertainties (i.e. the measurement

$ uiat: rtaoint: [P Dot 4.0 £ PoE 3 $ aiaot
IOlIUIIIUIILaLIUII UII\JUI LGIIILIUO} LILILI T dait Ty UI\GIIIPIUO Ul IIIUGOUIUIIIUIIL IIIOlIUIIIUIILaLIU]

i

Uncertainty budgets are given for most of the CISPR test methods. In this part .alsp
nequirements are given on how to incorporate the measurement instrumentation uncertainty in
the compliance criterion.

If a compliance test is performed using different samples of the g b
4pread of the EMC performance of the product samples shall b p
gompliance criterion. Part 4-3 deals with the statistical trea b
gompliance test are performed using samples of mass-produé 5
well known as the 80 %-80 % rule

Many important decisions are based on the results g r
g¢xample, to judge compliance against specificatiohs g Ir
decisions are based on EMC tests, it is importa 33
results, that is, the extent to which they 6 3
ih test results obtained outside the is
gbjective. In the sector of EMC it is of t
for test laboratories to introduce qualityassuranc 3
g¢f and are providing results of the reg f
gtandardized test methods N
n proficiency testing sché b

esults of the tests.

As a consequence \Qf
ynder increasing\py€ss
degree to which 4

reproducibility
reproducibility usi

—_

—

Althoug 5
for many ye e publication of the ‘Guide to the Expression of Uncertainty in
Measurement’ M) by ISO in 1993, and the publication of the EMC specific NAMA$
publication \NIS 8 ‘The treatment of Uncertainty in EMC measurements’ in 1994, which
gstablished general and EMC specific rules for evaluating and expressing uncertainty of EM(
measurements.

In_contrast to classical metrology praoblems in FMC there has been great emphasis on
precision of results obtained using a specified and standardized method, rather than on their
traceability to a defined standard or Sl unit. This has led to the use of standardized test
methods, such as the CISPR standards, to fulfil legislative and trading requirements.
Furthermore, in EMC tests the magnitude of the intrinsic uncertainty (mainly due to
reproducibility problems of the set-up of products and their cabling) is large compared to the
uncertainties induced by the measurement instrumentation and test procedure. These two
important differences between EMC test methods and classical metrology tests, makes it
necessary to give specific guidance for evaluating uncertainties of EMC tests, in addition to
the generic uncertainty guides like the aforementioned ISO Guide (GUM) on measurement
uncertainties.
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CISPR 16-4-1 consists of a collection of informative reports that deal with all relevant
uncertainty sources that may be encountered during EMC compliance tests. Typical examples
of uncertainty sources are the product itself, the measurement instrumentation, the product
set-up, the test procedures and the environmental conditions. This CISPR document shows
how the concepts given in the ISO Guide may be applied in standardised EMC tests. The
EMC-specific basic uncertainty aspects of both emission and immunity tests are outlined in
Clauses 4 and 5 respectively. These basic concepts include the introduction of the different
types of uncertainties relevant in EMC tests and also the various typical categories of
uncertainty sources encountered. This is followed by a description of the steps involved in the
valuation and application of uncertainties in EMC tests

@%
S
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TABLE RECAPITULATING CROSS-REFERENCES

First edition of CISPR 16-4-1 First edition of CISPR 16-3
Clauses Clauses

1 1 (of document CISPR/A/450/DTR)
2 2 (of document CISPR/A/450/DTR)

3 (of document CISPR/A/450/DTR)
4 (of document CISPR/A/450/DTR)
Reserved

6.3

Reserved

D

L (O

Reserved

Q0.

L0

Reserved
10 Reserved

Annexes
PR/A/450/DTR)
nent ZISPR/A/450/DTR)
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 4-1: Uncertainties, statistics and limit modelling —
Uncertainties in standardized EMC tests

1 General

1.1 Scope
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he standards and the uncertainty aspects in practice.

The objectives of this part are:

3d) to identify the parameters or sources govern ng associated with the
statement that a given product irement specified in a
CISPR recommendation. This uncertqj | £ ndarfds compliance uncertainty

¢) to give guidance for thed fatiok_of ards compliance uncertainty into th
compliance criterion of a G|SF andardise! pliance test.

14

\s such, this part can b s~a Xandhook that can be used by standards writers to
ihcorporate and harmoise’u inty censiderations in existing and future CISPR standardg.
[his part also @ ' egulatory authorities, accreditation bodies and tejt

quality of an EMC test-laboratory carrying out

LISPR standardised pliah be'sts M he uncertainty considerations given in this part ca
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The uncértain pliance test also relates to the probability of occurrence of an
¢lectroma erence (EMI) problem in practice. This aspect is recognized and
ihtroduced bri i is part. However, the problem of relating uncertainties of a compliancg
test to the oceurre of EMI in practice is not considered within the scope of this part.

The scope of this part is limited to all the relevant uncertainty considerations of &
gtandardized EMC compliance test.

1.2  Structure of clauses related to standards compliance uncertainties

The result of the application of basic considerations (Clauses 4 and 5) in this part to existing
or new CISPR standards will lead to proposals to improve and harmonise the uncertainty
aspects of those CISPR standards. Such proposals will also be published as a report within
this part and will give the background and rationale for improvement of certain
CISPR standards. Clause 6 is an example of such a report.

The structure of clauses related to the CISPR standards compliance uncertainty work is
depicted in Table 1. Clause 3 deals with the basic considerations of standards compliance
uncertainties in emission measurements. Clause 6 contains the uncertainty considerations
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related to voltage measurements. Clauses 7 and 8 are reserved for SCU considerations of
absorbing clamp and radiated emission measurements, respectively.

Uncertainty work is also considered for immunity compliance tests in the future. Clauses 5, 9
and 10 are reserved for this material. SCU considerations of immunity tests differ from the
emission SCU considerations in particular points. For instance, in an immunity test, the
measurand is often a functional attribute of the EUT and not an isolated quantity. This may
cause additional specific SCU considerations. Priority is given to the uncertainty evaluations
for emission measurements at this stage of the work.

Table 1 — Structure of clauses related to the subject of standards compliance
uncertainty

STANDARDS COMPLIANCE UNCERTAINTY /\\ .

Clause 1, 2 and 3: General

EMISSION
Clause 4 Basic considerations Clause 5
Clause 6 Voltage measurements Clause 9
Clause 7 Absorbing clamp measurements Cla
Clause 8 Radiated emission measurements a

2 Normative references

The following referenced documents are i or the application of this document{.
\ or undated references, the latest editiop
gf the referenced document (includi vehts) applies.

IEC 60050-161:1990, Electrqtechnical Vocabulary (IEV) — Chapter 161
Electromagnetic

Amendment 1 (199

/ Q

IEC 60050-300: wationat” Electrotechnical Vocabulary (IEV) — Electrical anyg
glectronic mgasu s )a weasuring instruments — Part 311: General terms relating tp
measureme eheral terms relating to electrical measurements — Part 313:
ypes o L easu ing instruments — Part 314: Specific terms according to the type df
instrument

IEC 60359:2001, “Efectrical and electronic measurement equipment — Expression df

performance

"2

CISPR 16-1 (all parts), Specification for radio disturbance and immunity measuring apparatu
and‘methods — Radio disturbance and. immlmify mpneuring apparatus

CISPR 16-2 (all parts), Specification for radio disturbance and immunity measuring apparatus
and methods — Methods of measurement of disturbances and immunity

CISPR 16-3:2003, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 3: CISPR technical reports

CISPR 16-4-2:2003, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 4-2: Uncertainties, statistics and limit modelling — Measurement
instrumentation uncertainties
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CISPR 16-4-3:2003, Specification for radio disturbance and immunity measuring apparatus
and methods - Part 4-3: Uncertainties, statistics and limit modelling — Statistical

considerations in the determination of EMC compliance of mass-produced products

CISPR 16-4-4:2003, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 4-4: Uncertainties, statistics and limit modelling — Statistics of complaints

and a model for the calculation of limits

ISO/IEC 17025:1999, General requirements for the competence of testing and calibration

Iaboratories

ISO Guide:1995, Guide to the expression of uncertainty in measurement (

I80:1993, International vocabulary of basic and general terms in metra

3 Terms and definitions

For the purposes of this document, the following terms and

NOTE 1 Wherever possible, existing terminology, from the noy
terms and definitions not included in those standards are listed |

NOTE 2 Terms shown in bold are defined in thjg

31
¢lectromagnetic (EM) disturbance
gny electromagnetic phenomenon
gquipment or system, or agx

EV 161-01-05]

3.2

émission level
the level of a givenh
measured in a spefi

EV 161-03-

3.3
emission

the specified ma emission level of a source of EM disturbance

NOTE In IEC\this limit
EV 164-03-12]

as been defined as ‘the maximum permissible emission level’

3.4

influence quantity
quantity that is not the measurand but that affects the result of the measurement

NOTE 1 In a standardised compliance test an influence quantity may be specified or non-specified. Specified

influence quantities preferably include tolerance data.

NOTE 2 An example of a specified influence quantity is the measurement impedance of an artificial mains

network. An example of a non-specified influence quantity is the internal impedance of an EM disturbance source.

[ISO GUM, B.2.10]
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3.5

interference probability

the probability that a product complying with the EMC requirements will function satisfactoril
(from an EMC point of view) in its normal use electromagnetic environment

3.6
intrinsic uncertainty of the measurand
minimum uncertainty that can be assigned in the description of a measured quantity. In

ncertainty

NOTE 1 No quantity can be measured with continually lower uncertainty, inasmuch as
defined or identified at a given level of detail. If one tries to measure a given quantity at &

ifs own intrinsic uncertainty one is compelled to redefine it with higher detail, so that™ape is acttally measurin
gnother quantity. See also GUM D.1.1.

OTE 2 The result of a measurement carried out with the intrinsic uncertainty of tQ S be salled th
est measurement of the quantity in question.

[IEC 60359, definition 3.1.11]

3.7

grence conditions. |
would be obtained if th

3.8

level

Jalue of a qua field quantity, measured and/or evaluated in @
gpecified manne i ifi i

particular qua j 0 measurement

BEXAMPLE —Efectric fietd

NOTE Thespecification of a measurand may require statements about influence quantities (see GUM, B.2.9)

[1SO. UM 2.6]

measured at a distance of 3 m, of a given sample.

y

o

114

D

T

9.1V
measurement instrumentation uncertainty
MIU

parameter, associated with the result of a measurement which characterises the dispersion of
the values that could reasonably be attributed to the measurand, induced by all relevant

influence quantities that are related to the measurement instrumentation

[ISO VIM 3.9 and IEC 60359, definition 3.1.4, modified]

3.11
measuring chain

series of elements of a measuring instrument or system that constitutes the path of the

measuring signal from input to the output
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[ISO VIM 4.4, IEV 311-03-07]

3.12

measurement compatibility

property satisfied by all the results of measurement of the same measurand, characterized by
an adequate overlap of their intervals

[IEV 311-01-14]

313

eference conditions
qet of specified values and/or ranges of values of influence quantities under whi¢hy“th
Uncertainties, or limits of error, admissible for the measurement system ar,

14

[IEV 311-06-02]

3.14
eproducibility of results of EMC measurements

¢loseness of the agreement between the results of succe
easurand carried out under changed conditions as de
influence quantities.

1%

14

NOTE In general, this reproducibility is also determined b
dloseness of the agreement can only be stated in terms of pgfot

[ISO VIM 3.7, ISO GUM B.2.16]

3.15

gensitivity coefficient
goefficient used to relate
gpecified or non-specified\

1”4

OTE 1 In mathematical for

N
duantity with respect to\the warying i
NOTE 2 This term ifition i
g

escription given in [5]

~

3.16

3.17

lerance
aximum variation of a value permitted by specifications, regulations, etc. for a give
e s e
III.II.y

[this definition deviates from that given in ISO VIM 5.21]

3.18
true value (of a quantity)
value consistent with the definition of a particular quantity

[ISO GUM B.2.3, ISO VIM 1.19]

1) Figures in brackets refer to the bibliography.
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3.19

uncertainty source

a source (descriptive, not quantitative) that contributes to the uncertainty of the value of a
measurand, and that shall be divided into one or more relevant influence quantities

NOTE An uncertainty source can be defined also as a qualitative description of a source of uncertainty. In
practice the uncertainty of a result may arise from many possible categories of sources, including examples such
as test personnel, sampling, environmental conditions, measurement instrumentation, measurement standard,
approximations and assumptions incorporated in the measurement method and procedure. Relevant uncertainty
sources are ‘translated’ into one or more influence quantities.

["nn 422 and K3 of [Q]]

3.20

yariability of results of EMC measurements
¢loseness of the agreement between the results of successive measurg
measurand carried out under changed conditions as determined
gpecified influence quantities

of 'the sam

1”2

3
o
9
o
S
o
3

NOTE 1 This term and definition is based on ISO VIM 3.7.

NOTE 2 The closeness of the agreement can only be stated in terms of proba

4 Basic considerations on uncertainties in e

4.1 Introduction

In a standardised emission compliange h & ission level of an electrical of
g¢lectronic product is measured c i ith the associated limit ig
determined. The measured level only ap ima level to be measured, due tp
yncertainties induced by the ‘influen itre In classical metrology, all relevant
ihfluence quantities are known and arises mainly from the classicdl
‘measurement instrumentation se the ‘intrinsic uncertainty of the
measurand’ (3.6) is genera vompliance testing however, major relevant
ihfluence quantities r g 0 be non-specified [1] and no quantitative
ipformation is available > Hence, for EMC measurements, the intrinsi¢
yncertainty rela ' i S measured may be significant compared to the
yncertainty due instrumentation. Therefore, the term ‘standard$
gompliance uncerfg been introduced to distinguish all uncertaintie$
géncountered durifng\e E gompliance test from the measurement instrumentatiof
Uncertainty ( hich subpart of the SCU. For classical metrology problems it i§
denerally sufficien{ t only the MIU. Definition of standards compliance uncertainty
(SCU) a 3 and uncertainty specific terms are given in Clause 3. Figure
i|lustrate s be een overall uncertainty of the measurand and the measurement
instrumentati and the intrinsic uncertainty of the measurand for the different
gituations explained above. It should be noted that the summation operator in Figure 1 (£ ) i
3 symbolicloperator.” The method to ‘sum’ these uncertainties depends on the probability
distributions and on the correlation of the two uncertainty sources involved.

NOTE \tis possible that in the future, classical metrology and EMC disciplines will merge to such an extent thdt
mfferent termlnology and approaches WI|| no longer be needed. For example the results of the CISPR studies op

pOSS|bIe

The various categories of uncertainties that can be encountered during EMC testing and the
distinction between ‘standards compliance uncertainty’, ‘intrinsic uncertainty of the
measurand’ and ‘measurement instrumentation uncertainty’ is addressed in more detail in 4.2.
Subclause 4.3 discusses briefly the relation between uncertainties of a compliance test and
the risk of interference in practice. Subclause 4.4 describes the steps to be taken to perform
an uncertainty analysis for a standardised emission measurement. Subclause 4.5 gives
methods to verify the validity of the uncertainty budget. Subclause 4.6 gives information on
how to report uncertainty estimates and on how to express the result of a measurement and
its uncertainty. Subclause 4.7 provides some general guidance on the application of the
uncertainties in the compliance criterion. More specific guidance on the application of
uncertainties in pass/fail criteria is under consideration.
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intrinsic
uncertainty of the
measurand CE— overall
uncertainty
of the measurand
E SCuU
measurement
instrumentation
uncertainty

Figure 1a — Typical emission measurement

intrinsic
uncertainty of the
measurand
negligible
(e.g. using a Reference EUT)

measurement
instrumentatiop

Figure 1b — An emission measurepretl gligible intrinsic uncertainty of the

overall uncertainty =
intrinsic
uncertainty of the
measurand

measurement with negligible measurement instrumentation
uncertainty

Figure 1/— lllustration of the relation between the overall uncertainty of a measurand
due-to contributions from the measurement instrumentation uncertainty and the
intrinsic uncertainty of the measurand

4.2 Types of uncertainties in emission measurements

In this clause, the different purposes of uncertainty considerations in emission measurements
are discussed first. Depending on the purpose, a different type of uncertainty analysis is
required, and the compliance criterion may be incorporated in different ways depending on
this purpose. Further, the uncertainty sources associated with an emission measurement and
also the corresponding influence quantities are introduced. Finally, different categories of

uncertainties in emission measurements are defined and discussed in more detail as well.
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4.2.1 Purpose of uncertainty considerations

)

The measurement result of an EMC emission measurement is subject to uncertainties, and
there may be different reasons to consider the uncertainties in a quantitative way. The

following cases can be considered:

Y

qualification of the technical measurement capabilities of a test laboratory;

T

judgement of compliance of a measurement result with respect to the limit;

O

o

)
)
) comparison of the measurement results obtained from different test laboratories;
) comparison of different emission measurement methods;

)

Ve

sampled testing of the emission performance of mass-produced products.

The type of uncertainties to be considered differ in each of these cases sussed in th

following.

) 311) an
he uncertainties due to the implementation of the measurement procedures. For in

instrumentation (see Figure 1b).

|

1 stanceg,
gne can consider the technical performance of the measurgment eq ¢h as the test
gite, the measurement receiver and receive antenna. The m edures as carriedl
qut by the personnel and/or by the software can also b€ lication of a calculablg
EUT or a reference EUT is a means to evaluate tainty._dueyto the measurement
i

1%

h case b), the result of an emission
esulting uncertainty will include the
heasurement procedure, but also the j inties due to the set up of the EUT

he operation of the EUT. Compared to iCa ptrology measurement, the intrinsi
ncertainty of an EMC emjssion have relatively large values. It is a matt

ass of products, but also on the specificatio

n the specification of ,
and termination of the cables. In first ord

I

M

1

t

U

q

(

q

gf the EUT setAp,
gdpproximation, tk
yncertainty.

U

t

(

q

fl

Consequentl
f the intrins
rom the A1mi
NOTE 1 The fi

rloted during the)development of CISPR 16-4-2 that other uncertainty categories besides MIU affect complianc
determinationgtonsome~extent. That was the reason to use the more specific title Measurement Instrumentatio
Uncertainty”in \CISPR 16-4-2. Because CISPR 16-4-2 includes CISPR 16-3, per reference, this discrepancy mug
H
f

br reasens of consistency, a future amendment of CISPR 16-4-2 may be considered.

AnZexample of case c), is market control by an authority of a certain product. In this case bot

4

e resolved (although CISPR 16-4-2 is a normative document, CISPR16-3 is an informative document). Thereforq,

r

f EMI risk assessment Kow thig inty As incorporated in the pass/fail criterion.

r

o=

o=

— = D

N

test laboratories (manufacturer and authority) judge compliance of the measurement resu

t

against the applicable limit. Also, the two results can be compared with each other directly.
Different samples of the same product may be used by the auditing authority and by the
manufacturer of the product. In this case, the emission performance of the same type of
product may be subject to spread due to tolerances in production and performance of
components. This means that the product itself is a source of uncertainty. Again in this case
an intrinsic uncertainty is present, i.e. differences in set up of the EUT and layout and
termination of the EUT cables may cause significant differences in the outcome of a
measurement. The EUT operational states and internal measurement procedures may be
different for the two test laboratories. Different procedures (e.g. an operator-controlled versus

a software-controlled measurement procedure) may lead to different results as well.
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NOTE 2 CISPR emission measurements require measurement of an emission level, defined as the level of a
given EM disturbance emitted from a particular device, equipment or system, ‘measured in a specified way’. As a
consequence, the value of the measurand is influenced by this ‘in a specified way’, e.g. the influence of the layout
of the measurement set-up during the actual measurement. The uncertainty considerations shall reflect this for
purposes of compliance measurements. For instance in CISPR 16-4-2 and in LAB34 [11], the uncertainty
considerations are limited to the measurement instrumentation uncertainties. Uncertainties arising from the EUT
variations are not included.

Case d) may be, for instance, a comparison of the results obtained from measurements using
a classical radiated emission measurement on a 10 m OATS or in a 3 m SAR. To compare
these 3 m and 10 m measurement results, additional uncertainties need to be considered due

t
b
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PV e B S e W | OO0 5 — 0y —
T 7

Qo Q)+~ (g — =73 0 NO —

thedifferencesof the measurement methods T generat, tO T measurement Tesuits canmnat
e easily converted into 3 m results. The conversion depends on the type of EUT (small,
brge, table top, floor standing) and the associated uncertainties.

h case e), manufacturing tolerances are an uncertainty source t taken int
ccount in the compliance criterion. Thls has already been includegn f PR\ 6-4-3 a
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ampling, can be shirprisingdy large. Examples are given in Table E.1 of the GUM.

XAMPLE ~The compliahce decision may be different for a group of samples, selected from an early batch in th
roduction\‘process, compared to a group of samples selected from a batch produced in a more matur
hanufacturing process having improved tolerances and therefore yielding a reduced standard deviation of th
rodyct\properties under consideration.
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of uncertainties to be considered depend very much on the specific application purpose. The
uncertainty and its inclusion in the compliance criterion usually depend strongly on these
purposes. In the following paragraphs, the various categories and types of uncertainties will
be distinguished in a more systematic way.

4.2.2 Categories of uncertainty sources

Figure 2 shows the flow of the general process of emission compliance measurements. First,
one or more EUTs are sampled from the total population of a specific product. As discussed
in the previous clause, due to the production spread and due to the sampling, an uncertainty
in the measured result can be expected (production and sampling induced uncertainties).
Further, the standard specifies the measurand and the method, means, and conditions under
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which to measure the measurand. In this process of standardized measurements additional
uncertainties can arise, due to different uncertainty sources. In general, an uncertainty source
is a factor that contributes to the uncertainty of a measurement result (see 3.17). An
uncertainty source can be defined also as a qualitative description of a source of uncertainty.
Table 2 lists possible categories of uncertainty sources that can be distinguished in the
general emission compliance measurement process given in Figure 2.

total population of
manufactured products

environmental
parameters

product samples l

measurement<

standardised emission measurements.

Table 2 - Categorief\m{g\
Test laboratory \§)2ndard Production and sampling
indu induced induced

=8p \l‘ﬁc/ation of the measurand = Production tolerance

= Operator skills

= Analysis and calgulation Medsurement instrumentation = Sampling

including calibrations and

= Reporting verifications = Non-representative sampling
* Implepxentation of thestandard ™| . \easurement procedure

in m&asurement procedure |nd description

softwa

= Environmental conditions
= Set up of the EUT

= Operation of the EUT
Type of EUT

As explained in the previous clause, there may be differing reasons for the consideration of
the uncertainty of measurement results. Depending on the purpose of the uncertainty
evaluation, the various categories of uncertainty sources shall be taken into account. For a
compliance measurement of an arbitrary EUT in accordance with the standard, all the
categories of uncertainty sources given in Table 2 are of importance. The resulting
uncertainty associated with this situation is called the ‘standards compliance uncertainty’. In
practice, the test laboratory induced uncertainties should be minor, and are controlled and
sustained by the quality system of a test laboratory. It should be noted that the test laboratory
has to use the available standard and has to interpret it in some way to actually implement it
in a measurement process. The quality system only ensures that the established process is
evaluated in some form and applied consistently. The quality system however does not
minimize the kind of error, due to incomplete or ambiguous standards. In the remainder of this
clause it will be assumed that the (additional) test laboratory induced uncertainties are
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negligible and need not be incorporated in the compliance criterion. The production and
sampling induced uncertainty sources are presently taken into account by the

CISPR 80 %/80 % rule that is described in 4 of CISPR 16-4-3. Therefore, this category o

f

uncertainties will not be treated further in this subclause. However, this source of uncertainty
is listed in Table 2 to present the full picture of all candidate uncertainty sources that may be

involved in a CISPR disturbance compliance measurement.

The standard induced uncertainty sources are of importance, when different test laboratories
measure the same physical EUT. If the same physical EUT is measured at different test sites

ystrg-different-measurementeqtipment—butthe—same-operatorand-the-sameprocedures—andg
gxactly the same set up are used, then the uncertainty is governed mainly by-‘the
measurement instrumentation including the test site. This case shows that consideration’ of
‘measurement instrumentation uncertainties’ alone (as in CISPR 16-4-2 ¢ AB34.[14]), i
valid only for specific cases. The latter situation may be appropriate e, technicdl
¢apabilities (the measuring chain) of a specific emission measure ¢ are being
gssessed.
The category of ‘standard induced uncertainty sources’ in T er split intp
qub-categories. Example uncertainty sources sub-categorje in Table 3.
T i gontribige to the overall
U
I new measurement method
i convenient to cluster these
U uncertainty sources can bg
f ed the ‘identified uncertainty
q ncertainty budget, a discrepancy may
g e of the reasons may be that one of
M ertobked. Such an uncertainty source i$
q C se, when an uncertainty assessment i§
done for a new standardi - , the aim is to assemble all relevant
yncertainty sources.
BXAMPLE - Exaf 4 i S at /have been previously overlooked are the common-modg
termination of EUT btable re of the receive antenna. The impact of the material anf
donstruction of an EUTK positionin an identified uncertainty source. However, recently it becamp
gdpparent that this un quately implemented in the CISPR standards by just specifying thdt
the table shall be noncco .
e of detailed standard induced uncertainty sources
forva radiated emission measurement
Measureﬁe{th\\ \ surement Environmental EUT set-up & Type of EUT

instrumentatio procedure conditions operation

= Site performance \'/Helght scanning = Radiated ambient = Tolerances = Table top or floor]
) . ) measurement standing

=% Receive-antenna = EUT table rotation |= Conducted ambient distance and height _ _

performance ) . = Dimension

‘ = Receiver settings . Tempgrature, * Set-up units

=% Receiver (proper S|gnal humidity

pUIfUIIIIGIIbU IIIlD‘I\;U'JlIUII’ Ruutilly bdb:UD
= Cable performance = Termination cables

= Modes of operation

4.2.3 Summary of types of uncertainties

Previously, different types of uncertainties have been defined and used within CISPR. These

different types are summarised in Table 4.
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Table 4 — Different types of uncertainties used within CISPR at present

CISPR 16-4-1/TR © IEC:2003(E)

Type of uncertainty

Associated (categories of)
uncertainty sources

Application

Measurement instrumentation
uncertainty (MIU)

Measurement instrumentation

Quality assessment of a
measurement facility

(like U, given CISPR 16-4-2)

Standards compliance uncertainty
(SCU)

= Standard induced (including the
measurement instrumentation; see

Compliance measurements

Iabie Z)

= Production and sampling induced

Neasurement method correlation
Uncertainty (ref case d, 4.2.1)

= Standard induced (including the
measurement instrumentation; see

Table 2)

Bmission performance uncertainty of
d mass-produced product

Production and sampling induced

4.2.4

In practice the uncertainty in the result of a standard Y
possible ‘uncertainty sources’. In a measureme D
gpecified in a quantitative way by uys P
quantity’ can be specified in different ways , P
yncertainty source. This uncertainty sou ified’for example by bounding the
gdbsolute value of ambient signals in/ferms o field strength as a function of th¢
frequency, as measured by the me Another more indirect ‘influencg
quantity’ is the specificatig ¢ of a test site

D)

Influence quantities

it may not be possible to fully quantify a
ainty source that is specified by an influenc

Oo—0—=®

XAMPLES

The ‘heig
procedure sert
scan step size’. In 7.2.4 of CISPR 16-2-3, only the scan window (upper and lowg
& measurement distance is given. The ‘scan window’ is a ‘specified influenc

maximisation. TF ence quantity ‘maximum step size of height scan’ is in this case a ‘non-specifie
influenee, 'quantity’. This uncertainty source only applies when a height scan in certain steps is performed.
contindeus scan will eliminate this uncertainty source altogether.
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In 'CISPR 16-2 the uncertainty source ‘environmental conditions’ is an identified uncertainty source (see thg
‘measurement environment’ 7.2.5.1 of CISPR 16-2-3 and 4.3.1 of CISPR 16-2-4). This uncertainty source cah

easily be translated into influence quantities like ‘temperature range’, ‘humidity range’, and ‘atmospheri

pressure range’. In the CISPR 16-Z clauses mentioned, the temperature’ and humidity’ are ideniifiied as
relevant influence quantities for the product under test. The ‘atmospheric pressure’ is not considered a
relevant uncertainty source. However, the above mentioned environmental conditions are not specified and
even not mentioned in relation to proper operation of the measurement equipment, such as the measurement
receiver. Consequently, the ‘temperature range’ and ‘humidity range’ are ‘non-specified influence quantities’.
In general it is expected that these environmental influence quantities will have a minor effect on the result of
a disturbance measurement. The impact is incorporated in the uncertainty contribution resulting from repeated
measurements (repeatability contribution).

‘Routing of cables’ is a well known and identified ‘uncertainty source’ (part of ‘EUT set up & operation’
category in Table 3). In 7.2.5.2 of CISPR 16-2-3 some requirements are given about the routing of the cables.
Specified influence quantities are ‘the position of the cable’ and ‘length of the cable’. However, it is
questionable whether the present description of these cable routing influence quantities is sufficiently strict to
reduce the resulting ‘reproducibility’ uncertainty to a certain value.
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More examples showing the translation of ‘uncertainty sources’ into ‘influence quantities’ in a
radiated emission measurement are listed in Table 5. These examples show that it is
sometimes difficult to determine an influence quantity to adequately cover a certain
uncertainty source. We also see that some influence quantities are not specified or not
sufficiently specified. For example, the normalised site attenuation (NSA) is a figure of merit
for performance of a site for radiated emission measurements. The NSA characteristic is often
evaluated using a broadband transmit antenna and a typical receive antenna (often the same
type of broadband antenna as used for transmit) that may not be the same as the receive
antenna used in the actual emission measurement. Therefore the evaluated NSA may not be
a_representative figure of merit that applies to all types of EUTs (size, table top, floo
gtanding) and for all types of receive antennas used in the actual emission test.

Table 5 — Examples (not exhaustive) of the translation of ‘uncertainty sqQurces’ into
‘influence quantities’ for an emission measurement on an OATS per CISPR"22

(@AN
Uncertainty source Influence quantity Specified in CISPR 2%{ %b@}aqce\g'wen

Site performance = Normalised site "= Yes Y
attenuation
u NB\

Radiated ambient = Ambient noise level = No /\\

CGonducted ambient = Filter performance of a "= Yes \ =~No
LISN /\

Receive antenna = Antenna factor / Yes
gerformance

= Unbalance

= Cross polarisatign = Yes

= Yes
Set up EUT units and = Position and origntati =\Yes, partially = No
rputing of cables of units and geometrical
ositjon m

Termination of EUT = C im}s&dance . = No

dables

Miodes of operation EUT  |\» Modé}f\opéf{i}r\wé « Partially (qualitative) . No

<"

Rrevious\paragraphs have discussed that the uncertainty in the measurand is determined by
yarious~uncertainty sources that may be described quantitatively by influence quantities.
During the development of a measurement standard, it is generally the goal to define th¢
<pnr‘ifir‘:\finnq in the standard such that the rpcnlting ||nr~nrfninfy hm’lgpf r‘nmplinq with thé
actual uncertainty. For a new proposed standard, the actual uncertainty is usually not yet
known. The actual uncertainty in a compliance measurement can be verified for instance by a
Round Robin Test or inter-laboratory comparison. If a discrepancy appears between the
uncertainty actually achieved and the budgeted uncertainty, this demonstrates that one or
more relevant uncertainty sources are not identified, or that the influence quantities do not
describe the associated uncertainty source sufficiently, provided that the EUT-induced
uncertainties are eliminated. However, there is also a fundamental limitation due to the
principle that a measurand cannot be completely described without an infinite amount of
information (see the GUM D.1.1). In other words, if the uncertainty of the measurement
system were negligible, then the measured quantity would still be affected by a minimum
uncertainty that can be assigned to an incomplete description of the measurand. This
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minimum uncertainty was defined as the ‘intrinsic uncertainty’ of the measurand (see

definition 3.6).

As discussed previously, the intrinsic uncertainty may be quite significant in emission
measurements. This is due for example to the fact that for an arbitrary EUT there are practical
limitations on the precise description of the component set-up, its cable layouts, and
operation modes. Conversely, if the intrinsic uncertainty of the measurand was negligible, the
uncertainty that is obtained for a standardised measurement can be attributed completely to
the speC|f|ed mquence quantltles such as the measurement system specmcatlons the

ncerta|nt|es is considered |n CISPR 16-4- 2 and is brlefly denoted as the measureme
ihstrumentation uncertainty’. It must be noted that the lack of specification of EUT-rélate

isic uncertaint

U
i

ipfluence quantities in emission standards is an important reason that the/i
gf the measurand is significant.

result of the measurements:

1) The maximum eIectric field strength emitted by the EUT Iocated at0,8 m
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BEXAMPLE - For i i A i difficult in a standard to specify the required operational states of th
BUT. Specifying Ssion shall be found as a function of frequency, all operational states of th
B UT and aII pos ible cak i give rise to impractical long measurement times, but also will give rise to

A elationship between the uncertainty sources, the correspondin
ipfluence qudntities ald the resulting uncertainties. This figure emphasises that the intrinsi
yncertainty\of an €

measurand’ can be determined, due to the fact some influence quantities are not identifie

nd due\to the fact there are limitations in the specification of influence quantities.

Although a measurand shequld be de ine sufficjé i i
gaused by its incompleteddefiition is\pegligihle) in comparison with the required accuracy df
the measurement, it myst be reogmze Yat this fvay not always be practical. The definitiop
may have been assu e _pegligible effects, or it may imply conditiong
that can never b fect realization is difficult to take into account.
Inadequate spef b can lead to discrepancies between results of
measurements of - jantity carried out by different test laboratories (se¢
GUM Annex D)

wission measurement is the absolute minimum uncertainty with which a

-0 D

LA~

i
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all uncertainty sources
associated with the measurand

4 N

identified unidentified
uncertainty sources uncertainty sources

4 pN

specified non-specified |
influence quantities influence quantities

l l

uncertainty due to intrinsic uncertai (
the specified influence of the measur.
quantities (= MIU)

STANDARDS COMPLIANCE UNC@Q

Figure 3 — Relationship between uncertainty sources, influgnce quantities

%:‘
roducts, is reasonably ih ehse, the measured level only represents
gure of merit of/the | s ial.\Therefore, the term ‘interference probability’ i
ihtroduced and 4

I

equirements  wil

o007

EXAMPLE - The disturbance power measurement method is described in 7 of CISPR 16-2-2. The result of this
measurement (in fact a voltage measurement) depends amongst others, on the set-up of the EUT, the scanning
method of the absorbing clamp and on the settings of the measurement receiver. The measurement result is not
traceable to a defined disturbance power reference standard.

In EMC compliance tests, it is not the goal to measure physical quantities like voltages,
currents, field strengths, etc. as direct quantities of interest. Instead, the measurand is a
derived or indirect quantity, i.e., a quantity that is assumed to provide a figure of merit for the
degree of a product’s EMC at the intended locations.
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The measurand, its uncertainty and the level of the associated limit are related to the
interference probability. In Annex A, the relationship between standards compliance
uncertainty and interference probability is addressed in more detail. Because actual
quantitative data is available, the annex is descriptive and qualitative in nature. Apart from the
description in Annex A, the subject of relating SCU and ‘interference probability’ will not be
described further because CISPR/H is responsible for this subject. This subcommittee is

tasked with the derivation of adequate measurands, limit levels and uncertainty constraints fo
the limit levels.

[he same is true for the aIIowed emission level (the limit level). A Iow emission limit will resu
N low interference probability and vice versa. Also the uncertainty of a measurand mayaffed

he interference probability. Consequently, for a certain measurand,

its ancertainty .and th

n\-—h—-_l_l
D

4.3.2 Process of determination and application of ay

A summary of the major steps in the
involvement of both CISPR/A and Cl

A
(\\\>]E

(de eWof test equipment specifications and test
methods)

efine/a \detailéd specification of the measurand in relation to the test
d any test equipment

e categories of uncertainty and the uncertainty sources

ity and quantify influence quantities for each relevant uncertainty
source

e Set up of the uncertainty budget

e Validate the uncertainty budget in practice. In case of a discrepancy

—
= D

r

D

between actual and hllrlnnfnrl ||nr\or+g|n+|nc the ||nr\or+9infy sources

and influence quantities shaII be reconS|dered

e Check the actual uncertainty against the uncertainty requirement
imposed by CISPR H

Apply the uncertainty in the compliance criterion

NOTE Ideally, the establishment of a limit should be accompanied by specifying a maximum allowable uncertainty.
At present, this may be an academic approach but in the future, CISPR/H should be responsible for determining

the limits and related maximum permissible uncertainties.

Figure 4 — Involvement of the CISPR subcommittees H and A in the determination
of the measurands and application of uncertainties
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In summary, it is important to recognise that:

a) The uncertainty of a measurand affects the interference probability.

b) All categories of uncertainties contributing to the SCU shall be considered when

performing an ‘interference probability assessment’.

c) It is considered the task of CISPR/H to provide CISPR/A with requirements on

measurands, limit levels and maximum uncertainties.

d) It is considered the task of CISPR/A to develop adequate measurement methods and

measurement nqllipmanf cpnr\ifir\gfinne for a2 certainmeasurand such that thg limit lgvel
measUfement HpehRt HeaHOoRAS+o+—3a faHeasuiaRa—SsudeAatHhe—H 16 V6l

can be determined in a reproducible way and actual uncertainties comply with_th
uncertainty tolerance set forth by CISPR/H.

4.4 Assessment of uncertainties in a standardized emission measy

4.41 The process of uncertainty estimation

$tep 4. Calculate the combined uncertai

Figure 5 summarizes these steps.

\(Defm the“purp of the uncertainty
Step Q \h\r\_pj?dzeratlon
Identify the measurand, its uncertainty
urces and influence quantities

1§

Evaluate the standard uncertainty of
each relevant influence quantity

—1

.

Calculate the combined uncertainty and

Step 4

1%

inty
4

Figure 5 — The uncertainty estimation process

4.4.2 Step 1: Definition of the purpose of the uncertainty consideration

As explained in 4.2.1, there may be different reasons for performing an uncertainty analysis.
Some examples of different types of uncertainties are given in Table 4. In the remainder of
this subclause it is assumed that the uncertainty analysis is performed in order to determine
the ‘standards compliance uncertainty’. In principle, however, steps 1 through 4 of Figure 5
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are also applicable if the ‘measurement instrumentation uncertainty’ is to be determined. In
this case the ‘uncertainty sources’ and the ‘influence quantities’ to be considered will be a
subset of the ‘uncertainty sources’ and the ‘influence quantities’ that are applicable for
‘standards compliance uncertainty’ considerations.

4.4.3 Step 2: Identifying the measurand, its uncertainty sources and influence
quantities

The definition of the measurand requires both a cIear and unambiguous statement of the

the parameters on whlch |t depends (mfluence quantltles). These parameters may be other
measurands, quantities that are not directly measured, or constants.

\ cause and effect dia
st the uncertai
he measuremen

ources. Although

gure showsthe  vario ainty sources associated with the absorbing clam
heasuremery thod. ertainty sources are grouped into categories, similar to th

oo 0= —= O

(Other exam égories of uncertainty sources that are typical for emissiong
measuremenis-are shown in the Tables 2 and 3 of 4.2.2.
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SET UP
EUT MEASUREMENT
wire PROCEDURE
'”ﬂugpéiflype clamp receiver settings
reproducibility clamp scanning

measurement cable

7 S

n rf | OVERALL
receiver performance climatic &N
ambient UNCERTAINTY

test site performance .
electromagnetic

clamp performance ambient

operator
influence

MEASUREMENT
INSTRUMENTATION

Figure 6 — Example of a fishbone diagram indicating the

The next step is to convert each uncertainty sourc
4.2.4 a method is provided to relate uncertainty se
Table 5 some examples were given, a

ence quantities. In 4.2.4 and i

BXAMPLE — An EUT support and positioning tab
measurement. This uncertainty source can be rel

1 Precise specification of the type of materi o\ the table material shall be dry oak plywood
the maximum thickness of the table top shall b 6 metallic construction components shall b
used.

2 Precise specification of the f the taplé material, e.g. by specifying the maximum value

)

Requiring that the positioning\tak gral part of the site validation process for the radiate
emission measnt ili f.e. the table ‘shalf be put in its normal position during the site attenuatio

measurements.

The first approach is li \ not be the same in each part of the world and ‘dry’ needs to b
gpecified. The moistyre » ‘influence quantity’ for this source of uncertainty. The secon
tfanslation into influence \quagtities ha tions because construction constraints need to be provided as we
gdnd it is difficult to~dirextly xelate-the electrical properties into a specific effect on radiated emissions measuremer
results. The thifkd spe ny possible implementations for a positioning table. The influence quantit
i$ specifiedAin on to the NSA degradation of the test site. Compared to the first twi
dpproache ofspecification is integral and the resulting figure is more closely related to the uncertainty d
gn actual

hfluence quantities that are difficult to specify or which cannot be specified at all (non
pecified jinfluence gdantities) shall be included in the uncertainty budget as well, despite thi

onsideration or by considering a range of possibtihlities for the uncertainty source. Fo
ihstance, the uncertainty source ‘routing of cables’ (4 column of Table 3) may be difficult t

=

=

= T X o+ = D

I
difficulty:»"This can be done by assuming a range of values for the influence quantity unde
q
i

Im:r‘ify prprimpntal statistical variation studies can he pprfnrmpd neing different classes

- O 5 5 O

EUTs in order to derive the uncertainty associated with this uncertainty source.

After the identification of specified and non-specified influence quantities and the associated
tolerances, the uncertainty of the measurement result must be determined. This can be done

by modelling of the standardised measurement method or by experiments.

4.4.4 Step 3: Evaluate the standard uncertainty of each relevant influence quantity

The methods to derive the uncertainties associated with influence quantities are described in
detail in the GUM and in [9] or in [11]. For convenience, the major aspects of these methods

are repeated below.
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The effects of uncertainty sources and influence quantities on the measurand should, in
principle be represented by a formal measurement model. This model will include each effect
as a parameter or variable. Such an equation represents a complete model of the

measurement process in terms of the individual factors affecting the measurement result. Fo

r

EMC measurements this function can be very complicated and it may not be possible to
formulate it explicitly at all. Where possible, this should be done, as the form of the
expression will generally determine the method of combining individual uncertainty

contributions.

I

I gGIIUId:, thG |||cacmcd UIII;DB;UII :UVG: Lm(tIIG uutput qualltity) VVi“ dU}JUIId Ull a IIUIIIbUI
pecified influence quantities xg; (i = 1,2,...,n) and a number of non-specified influene
uantities Xy,j (j=1,2,...,k).

o —

Lm = f(xs,ilxu,j)

fFor each influence quantity x the standard uncertainty u(x) shg
yncertainties can then be combined into the ‘combined uncertain

As a consequence, the overall uncertainty u(L,,)
Uncertainty that can formally be written as a total dif

n aLm k
u(ly)= Z T(Xs,i)"'z

In equation 2, ¢ ; and ¢ ; are the sensitivity\coeffici given by the partial derivatives o
the level with respect to the influen by ile u(x) represents the uncertaint
gssociated with that influe

bensitivity coefficientsa ' becayse the coefficients depend on specified a
vell as non-specified O™ e\ quantities. A model describing the relationshi

S

\

between the mea 9 i

magnitude of thensemsjtivi efficie also the GUM).

The influence qudnti ) jorised in Type A and Type B categories. The Type 4
gnd Type B dijstingcti éd and is for convenience of the discussion only. Bot
types of evaltat s ncertainties of influence quantities are based on knowledg
gf the prob ociated with the influence quantity.

ainties are calculated from a series of repeated measurements usin
tatistical methods. The Type A standard uncertainty applies the standard deviation of th
nean of the' repeated measurements. The standard uncertainties of Type B influenc
uantities\,are evaluated using available knowledge. For example, data from calibratio
ertificates, previous measurement data, manufacturers specifications or other relevant data.

o W o W, S ¢ W |
T

D~ > LY "2~ —~

= (D D&

formally expressed by an interval centred on the actual measured value of the measurand

| r-nmplinnr\n emission mnnenrnmnnfc, the ||nr~nrfninfy in-the result of ameasurement canbé

Uncertainty estimates can only be determined based on a model that describes the
relationship between the measurand and all relevant specified and non-specified influence

quantities. Only when a model is available, the propagation of an uncertainty u(x;)

associated with the i-th influence quantity x; into the overall uncertainty contribution u(L,,) to
the measurand L, is known. Mathematically, u;(L,,)=c;.u(x;) must be known. The quantity

Ci

dependent. See also 4.4.5. The model required may be an analytical or a numerical model. |

is called ‘sensitivity coefficient’. Among other parameters, c¢; may be frequency

t

should be noted however, that for EMC measurements in general accurate models are not
available. Therefore it is more convenient to apply repeated measurements and statistical
methods in order to estimate the magnitude of the standard uncertainty associated with the
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Type A influence quantities. The existing uncertainty guides like LAB 34, M3003 and the GUM
give detailed guidance on this matter [9][11]. Note that for statistical experimental uncertainty
investigations, it is also a good practice to use specific EUTs, such as reference EUTs, or
EUTs that can be numerically modelled, i.e. ‘calculable EUTs’ (see also 4.5.3).

4.4.5 Step 4: Calculation of the combined and expanded uncertainty

The steps to be taken to derive the combined and expanded uncertainty of the measurand are
described in detail in the GUM and in [9] or in [11]. For convenience, these steps are repeated

elow

f u(L,,) can be written as a linear sum of uncertainty contributions +c,u(x,), as assumed in

quation 2, and the sign of each contribution is generally unknown (only

ervalharound a

uantity x, is known), then the ‘combined standard uncertainty’ u,(L,) ca én as:
L 2
Us(Ln(F)) = | D 4o (F)-u(x, (F))} 3)
p=1
vhere m = n+k. To emphasise that u.(L,) is actually ; e\ frequency f, the
requency dependence has explicitly been indicated in e
OTE 1 In CISPR 16-4-2 it has been assumed that U, (L, ) without stating a rationalp
br this assumption. In addition, in CISPR 16-4-2 it has be on 3 is always applicable. This i
enerally not the case as is demonstrated, for gxa
'he expanded uncertainty U(L,,) shal S s the combined uncertainty using
quation 3 and the equation 4 below:
(40)

astrements, it is general practice to apply &
95 % level of confidence when the number o
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hfluence on(the interference probability low. If this is not possible, L, has to be adjusted to &
bvel which will provide the same interference probability.

.57 \Verification of the uncertainty budget

4.5.1 Introduction

The validity of the uncertainty estimates, obtained through the steps given in 4.4, shall be
verified when a new standard or an amendment is developed. A verification of the
‘measurement compatibility’ (see 3.12) can be done by the following experimental means:

a) comparison of measurement results and uncertainty budget obtained from two different

test laboratories, or by

b) execution of an Inter-Laboratory Comparison and statistical evaluation of the results.
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Also the application of a ‘Calculable EUT’ or a ‘Reference EUT’ is useful to evaluate certain
aspects of the uncertainty budget. These verification methods, their purposes and application
are described in more detail in the next subclauses.

4.5.2 Test laboratory comparison & the measurement compatibility requirement

The uncertainty of a measurement result can be expressed by an interval ALy, containing the
true value of the emission level L;. In the metrology field, this interval is normally stated
together with its confidence level. If L is the upper boundary of the interval and L, the lower

t

q

b

F o e T, S~ < |

— o~~~ = N

q

I
t

oundary, with L, — L, = AL, the interval AL, only has a relevant meaning if the following
imple relation is satisfied

L=<Li <L, (5)
vith a certain level of confidence. Similarly, if L, is the meaSured yel, the
elationship L, < L, < L, has to be satisfied with a certain level g i exintérval AL L
hcludes the (welghted) contributions of the uncertainties associatedxitf the pecified and
he non-specified influence quantities. This interval ca ¢ in terms of the
xpanded uncertainty:

AL, (6))

'he level of the measurand L, and interval AL, can be used tp
erify the validity of the uncertainty estimate b ' i e measurement compatibility:
vhen two independent measuremeyits, i on the same product and both
heasurements being completely in accord it landard, yield measurand levels L 4§
m1 < Lyg» With AL 4 = L4 m2 = Lyo — Ly, while ALy and ALb
oth have the same cog({i 2 ing relationships must be satisfied:

@

As an illustration, dation in which these two relationships are satisfied,
vhen using {L,, ¢ nce there is an overlap of the intervals AL, and AL 4,
he intervals 2 e assumed measurements have a realistic meaning as, wm
he assomat the true value of the emission level is within both intervals at
he samg n in"Figure 7 are intervals ALy, and ALy, (see also NOTE 2

etermined 3 2ment instrumentation uncertainty Uy, as derived in [3], including

nly measure instrumentation uncertainty. Since the latter uncertainties form a subset gf
he total set-of reI rit uncertainties in a compliance test, it is to be expected that the intervg|
\Lu issmaller than an interval AL, associated with the standards compliance uncertainty|.

h therexample of Figure 7 there is no overlap of the intervals determined by ALy, . Hencsg,
he true value of the emission level cannot be in both intervals ALy,at the same time. Ip

other words, these ALy, Intervals do not salisty the minimum requirement {0 be set 10 a

realistic uncertainty interval.
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AL, ALy, 9 L, result
test laboratory 2
------------ T .-
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—

h regard to the antities, it is the task of the standards authors tp
provide the pro€edy ivg/determination of AL, in each standard whic
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Porrelation of résu

alid measurements of the same measurand and the same EUT is ensured. The compatibilit
5 indicated by the overlap of the intervals. This compatibility criterion results from applicatio
gfthe criteria for the combination of uncertainties to the uncertainty of the difference betwee
two results. Two results of measurements are deemed to be compatible with each other when
they are expressed by intervals such that

(
The uncértainty of a valid measurement result shall be such that compatibility with all othe
\
i

5=

U = (U2 + U2 =2U iUy ) (8)

where U,, is the uncertainty of the difference of the two measurements and r is the

correlation coefficient of the two measurements. If the two measurements are completely
uncorrelated, then r = 0 and the two intervals must be partially overlapping for compatibility. If
they are totally positively correlated, then r=1 and U,, =U,-U,, and compatibility requires

complete overlapping. If they are anti-correlated with r=-1, then U;, =U,+U,and the
overlapping of the two intervals may be reduced to one common element for compatibility.
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The assessment of compatibility is therefore related to a determination of the correlation
between the several measurements, which may be difficult and will require much care in the

statistical analysis of the data.

The minimum requirement for the uncertainty interval derived by two different test laboratories
and applied to the measurement result of these test laboratories, is their overlap. If no overlap
exists, it may be concluded that not all uncertainty sources and influence quantities are taken
into account, which means that the specifications of the influence quantities are not adequate.

In this case the standard must be revised to avoid these reproducibility problems.

4.5.3 Inter-laboratory comparison & statistical evaluation

‘'rom a statistics standpoint it is advantageous to perform verificatioy

i

d4everal sites, and analyse the results using statistical methods insteaghof comparing result
from two test laboratories (as described in 4.5.2). Such a series o sments is ofte
neferred to as Inter-laboratory Comparison, Site Reproducibility Robi
Test. The expression ‘Round Robin Test (RRT) will be use of thi
jubclause. A RRT is a statistical and experimental means to ve bai budget of
Q

gxecution and reporting of a RRT. T is included in [3]: th
document provides results of a RRT & g the uncertainty sources ¢
the radiated emission measurements as\spewsifie in the frequency range of 30 -
300 MHz.

For the purposes of emis budget verification it is important t
garefully define the goal s to be used. Basically, there are tw

1) A reference ENT

uncertainty.*c S

generator portiqQ da_rigid) and reproducible radiating portion are frequently used fo
: EUT basically allows information to be gained about th
measurement,in i ertainty of the (draft) standard under consideration.
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reaKEUR N i is collected about the standards compliance uncertainty for th

standingstable tog, single unit, multiple units, battery fed etc.).

The testPlan circulated with the EUT shall be the same as the (draft or amended) standar
that is_subject to verification.

sasurements g

===

tandardised emission measurement. This subclause provjd S organization

anding equipment or typical table top equipment. When using a

—

~t

——h (¥ =

A4

== D CJ

b

7

r

L=

ToZensure proper analysis of the results it is important to establish a standard data format fo

r

the participants to use when reporting the results. Furthermore, additional information is to be

requested (e.g., about equipment and automation software), in order to verify the validity o
the submitted results.

In addition to the measurement data, it is also important to request the uncertainty budge

f

t

from the participants. Annex B provides an example showing how the RRT-data can be
analysed and compared to the result of the uncertainty assessment (which was derived

following the steps given in 4.4).
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4.5.4 Application of a ‘calculable EUT’

This subclause provides some guidance on the use of a calculable EUT for the verification of
an uncertainty estimate. All relevant influence quantities of a ‘calculable EUT’ should be
specified and the associated uncertainties can be determined following the classical
metrology approach as given in the GUM. For that reason, a calculable EUT can be used to

verify an uncertainty budget.

The approach using calculable devices is applied successfully to the validation of the antenna

Gcalibration—site (dner\ribnd in—4of CISPR 16-1 R)_ In—this case—so called——calculable rhpr\ll

gntennas are used to validate a calibration test site (CALTS).

bimilarly, the application of a calculable EUT also would allow a quantita
est laboratory’s ability to carry out CISPR-standardised compliance

— S+ rn

e noted that such modelling generall
ertain parts of the measuring chain s

oo Cc o = oo
2
o
3
@
Q
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c
=
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4.5.5 Application of a

The*measurement with the reference EUT can be repeated from time to time. The periodicall
gbtained data can be compared with the reference results; and, since the intrinsic uncertaint

e assessment of @

>R =

The reference result obtained from a careful reference EUT measurement shall be recorded.

i

A ‘reference EUT’ .
Reference EUTs are inter-laboratory comparisons (see 4.5.3). It can
3lso be used for, . of test facility characteristics. Integral verificatiop
means that the ¢ isti individual ‘parts of the measurement chain (cables, antennag,
test site, etc.) are « S ./For example, in a radiated emission measurement
facility, the measyring cha' 30Si of the site, the receive antenna, the antenna cable angd
the receiver/anal \ Ve specifications apply for these parts of the measuring
¢hain and much ired for periodic verification of these specifications. Therefore, a
neference .EUJ can as a transfer standard to verify complete sections of tha
measur The neasurement results can be used to establish an internal referencg
for a spe t. The validity of this approach depends on the stability of the
qource withinsthe reference EUT and on the reproducibility of the reference set-up ang
gonfigurationlin theumeasurement facility.

y
y

related to these measurements is low, it can provide information about the measuremen

t

instrumentation uncertainty (see Figure 1b). Therefore, a pass/fail criterion shall be applied,
that is related to the magnitude of the measurement instrumentation uncertainty of the

measurand (see 4.7.4).

4.6 Reporting of the uncertainty

This clause provides guidance for the reporting of uncertainty considering the following two

cases:

1) reporting of results of uncertainty assessments as part of the development process of a

new standard or in case a test laboratory has to determine its own uncertainty budget, fo
example to meet the requirements for accreditation in accordance with ISO/IEC 17025;

r
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2) reporting of uncertainties related to routine emissions compliance measurements,

performed by a test laboratory.

4.6.1 Reporting results of uncertainty assessments

The information necessary to report the result of an uncertainty analysis is dependent on its
intended use. The guiding principle is to present sufficient information to allow the result to be

r

e-evaluated if new information or data becomes available.

—

— N

P .Y

La

F o i |

— o~

{

D

hen details or the uncertainty analysis, including the method of determination, depend_of
ublished documentation, it is imperative that this documentation is clearly referenced.

A complete report on the determination of the uncertainty should include mation related

p the steps described in 4.4 and 4.5 and address the following:

ity, either by
h as frequency,

p the applicable<interfhal uncertainty assessment report.

.6.3 Reporting of the expanded uncertainty

Untess otherwise required, the result L,, of an emissions measurement should be stated

t

gether with the expandeduncertainty tKt,,J, calcutated using a coverage factor k = 2 (as

described in equation (4) of 4.4.5). The following form of reporting is recommended:

<Result>: <L, +U(L,)> <unit>

where the reported uncertainty is an expanded uncertainty, as defined in the GUM and
calculated using a coverage factor of 2 which gives a level of confidence of approximately
95 %.
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The coverage factor should, of course, be adjusted to show the value actually used. However,
for EMC testing, it is a general practice to apply a coverage factor kK =2 that corresponds to a

level of confidence of approximately 95 %.

EXAMPLE - Maximum disturbance power: ((39,5 + 4,3) dBpW). *

*The reported uncertainty is an expanded uncertainty calculated using a coverage factor of 2 which gives a level of

confidence of approximately 95 %.

The numerical values of the result and its uncertainty should be stated with appropriate
resolution; a large number of digits should be avoided. For the expanded uncertainty of

g¢missions measurements, it is not necessary to provide more than one significant digit for th
yncertainty expressed in dB. Results should be rounded to be consistent with the uncertaint
given.

4.7 Application of uncertainties in the compliance criterion

4.7.1 Introduction

1) the uncertainty of the measured emission level
determining compliance, or

1

Q)

¢) The result is belo
d) The result is@

ifdation of non-compliance. Case d) is interpreted a
es b) and c) will require individual consideration, fo
ith the user of the data, the manufacturer of the EUT o

= = o

1”4

C g level
¢ - ased.  emission limit

<+— expanded uncertainty

<« Mmeasured value

Figure 8 — Graphical representation of four cases in the compliance determination
process.
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Another compliance approach (case 2 above) can be used if it is known that the emissions
limits have been defined to allow for some degree of uncertainty. Then a judgement of
compliance can reasonably be made only with knowledge of the amount of uncertainty
included in the limit level. As discussed earlier in 4.3, CISPR/H should determine such an
uncertainty allowance. If the expanded uncertainty of the measurement, as determined by the
laboratory, exceeds this allowance, then the excess shall be taken into account when
determining product compliance.

More detailed considerations on compliance criteria with respect to emissions measurements

,
q
)
q
i
/
:
3
{

1

P

[«

K
d

re under development in CISPR/A. In this context, the different compliance approaches th

manufacturer and an auditing authority can apply are a subject of further work since thi
hterpretation of manufacturers and market observers (e.g. regulatory authorities) is different.
\ further subject of investigation is the determination of different uncertainty sategori€s th
re to be incorporated into the compliance criterion. In 4.2 the differe pes of Mpcertaintie
differeny

O

—

gasurements

the measured level is if

b < (8)
[his criterion is shownR Figure 9, where Ugg,,is an agreed (default)
uantity, speciin ’R 16-4-2, for different types of disturbance
neasurements.

Vif the uncertainty of a test laboratory exceeds an agreed
alue U Usisor shall be taken into account when determining pass/fall
gainst theN|
[he magnitude\of the _agreed value Ucisprquantity shall reflect that a test laboratory, using
tate of thejart equipfment, facilities and procedures, may typically comply without having tp
pke intoraccount the ‘penalty factor’ U(L,)—Ugsy - It should be noted that the value dof
cispr 1S-based on measurement instrumentation influence quantities only.
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U(Lm) Ucispr

lim

®
r~+

4.7.3 Compliance criteria for mass produced pro

for type testing of mass-produced arti
ddressed, from an uncertainty
CISPR 16-4-3):

o0 T

1) testing of one representative sampl

B
~

testing of a representative and
measurement res inN\acgords

The compliance

testing one sampl

dase, a penalty din the compliance criterion that depends on the numbe
gf samples (Student’sxt d Puti or the results are compared directly with the limit and
number of s e e scted depending on the total number of samples (binoming
distributio

Both 80 %/80~% comyliarice criteria are based on a direct comparison of the measured valu
gf the measurand\agajnst the limit, and the MIU is not taken into account.

= Q =

his ,ombination of the two compliance criteria is the subject of further investigations within CISPR/A.

OTE Ithas' not been determined yet how the 80 %/80 % rule compliance criterion, called out in CISPR 16-4-3,
nd the MIU-compliance criterion of CISPR 16-4-2 are to be combined in cases were both criteria are applicablq.

O—or

1%

D

4.7.4 Compliance criteria for quality assurance tests using a reference EUT

The data obtained from the periodic quality assurance tests or ad-hoc checks can be

compared directly with the reference results (see 4.5.5). Pass/fail criteria shall be applied

that are related to the magnitude of the measurement instrumentation uncertainty of the
measurand, because when using a reference EUT, the intrinsic uncertainty is generally small

and therefore not incorporated in the quality assurance test. A maximum deviation of 20 %
with respect to the MIU, is considered an acceptable pass/fail criterion.
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5 Basic considerations on uncertainties in immunity testing
Under consideration.

The SCU considerations of immunity tests differ from the emission SCU considerations at
garticutar points; for exampte;, the measurand—softemrafunctiomat—attributeof the £ T—amng
not a quantity.

6 Voltage measurements

6.1 Introduction

This report deals with modelling of CISPR standardized volt
identify the possible contributions to the standards compliap
of

=

) test house induced uncertainties (see clause 4,

After a discussion of the voltage mea age measurements using a
yoltage probe are discussed in 6.3. Voltagenme < i - i ifici ing
network applied to Class Il appliances with I
Joltage measurements, for example, those ,
gdppliances with more thap one conRectg Y
g¢quipment are under congide

.2 Voltage measu

2.1 Introd

O c
3T
o O
)
e
3

2cb
2 o
» N
QO N
%

°O\O
CD
</
S
=4
—

DO~ 0r—=

ssumed s 1Y terminal device: only one two-wire mains cable is connected t
ing (N > 2) with or without connections to ancillary equipment ar

2.2 Voltage measurements basics

.2.2.1 Specification of the measurement loop

122

voltage is always measured between two specified terminals. Figure 6-1 illustrates such
measurement. Uq2 is the voltage of interest. The measurement leads transport the signal to

the terminals 3 and 4 of the load impedance Z formed by the input impedance of the
voltmeter, and Us4 is the actual measured voltage. The EUT, leads and voltmeter load
impedance form a loop of which the contour is denoted by C, and the loop area by S.
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n particular when the internal impedance of the disturbance source i
he case in compliance testing) care shall be taken that Z >
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neasured values of Zy of the class of subject EUTs.

—

NOTE 1 Specifying only one terminal, the ‘hot’ terminal, and
that is ‘grounded’ is only allowed in electrostatics, i.e. at d.c

NOTE 2 Stray capacitances may limit the maxi

.2.2.2 Measurement loop constraint

he result of the voltage measurement
f the measurement loop,

oD

this condition is not satisfi & ects will occur, creating large and undefine

)

ncertainty contri s may be reduced to an acceptable level placing
the load imped 3\ here the voltage has to be measured and tp
transport the me TERE i 3 _thexreceiver via a transmission line, such as a coaxidl

that line should match the input impedance of th
ceiver. The posSible™ \atek n expressed as a voltage standing wave ratio (VSWRY).

ircuit to age measurement is allowed. Unless indicated otherwise, it i
ssumed thatthis*condifion has been satisfied.

.2.2.3 The measured voltage

araday's law is always applicable to a voltage measurement loop. For the loop given in

gure 6-1 this means that
. 0 =
&E-d! :——ﬁBds (6-1)
ot
S

c

where the electric field E and the magnetic flux B are generated by the disturbance source
inside the EUT, or by some ambient disturbance source. Unless specified otherwise, the latter
source is assumed to be negligibly small; for example, the measurement set-up is sufficiently
screened.

From equation (6-1) it follows that the voltage U,,is given by
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0

34 12

ot
N

)

4 3 2
U =jE-dZ=U —IE-dT—IE-di—— B-ds (6-2)
3 1 4

where U, is the voltage to be measured. In this equation the contribution of the magnetic field

term to U, often dominates. Therefore, the voltage measuring method shall include a

sufficiently accurate description of the layout of the measuring leads.

A numerical example illustrating the importance of the influence of the physics describedb
Faraday’s law on the measurand is given in annex 6-A.

Z13

2.3 The disturka

ince diffe wode (L and common-mode (CM) phenomena are of importance, the¢
umber ofRtermig n-port equals N + 1, where N is the actual number of terminals.

lectric andMmnagnetie fields is possible and to which the source may have a galvani
onnectiomylt is the task of the standard drafter to define the surroundings in such a way tha
this additional terminal is a relevant reference point in the voltage measurement.

N

Intthis section N = 2 is assumed, so that a three-terminal network results and the equivaler]

t

circult of tfigure b-Z applies. An example of an EUT presenting an N = Z disturbance source Is

a) an appliance with only a two-wire mains lead, and

b) the voltage is to be measured at the mains connector terminals.
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far-field) radiation. However, in the latter case
direct figure of merit (see 6-B5). The so-calle
ive, in general, no information aboy
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he parasitic properties, for example, parasitic capacitance and stray inductance, of a voltag
easuring” device may cause an unwanted conversion of DM disturbances into CN
isturbances, and vice versa. Therefore, the DM/CM or CM/DM conversion properties of

aoltage-measuring device may play a part in uncertainty studies, in particular those of artificia

/=D

where these properties dominate the compliance probability in actual situations. To give some
examples:

a) If the device is used to simulate a telephone-subscriber line, the conversion properties
should be related to the actual conversion properties of those lines.

b) If the device is used to investigate the conversion properties of telephone-subscriber lines,
the conversion properties of the device shall not influence the results of that investigation.

c) If the device is used to characterize the CM-disturbance signal emitted by a given EUT via
the telephone-subscriber line port, the DM/CM conversion properties of the device shall
not influence the measurement results. In addition, the DM/CM conversion properties of
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the ancillary equipment, connected to that port during the emission test, shall not influence

the measurement results.

6.3 Voltage measurements using a voltage probe

When using a voltage probe it is very important to specify the two terminals between which
the voltage is to be measured. As already mentioned in note 1 of 6.2.2.1, specifying only one
terminal, the ‘hot’ terminal, and assuming that the other terminal can be any point that is
‘grounded’ is only allowed in electrostatics, i.e. at d.c. (zero frequency). In the case of a two-
terminal disturbance source, the circuit of figure 6-2 applies, where Z13, Z1o and Z3 represent the

d

enerally unknown and unequal load impedances of the source, for example, those formed-b

hput impedance of the voltage probe is in parallel with Z13 and in parallel with(Z12 + Zo3))

apamtance reduces the effectlve input |mp e (Z13), thus creating a
very much larger than th

htroduced as a result of the uncertaint

he voltage probe having an insuffici pedance may cause an unbalance
pbading of the disturbance : dm1 # Zdm2, this unbalance may diffe
vhen measuring the voltage S ' R ahd 3, compared to that between 1 and 3.
Finally, the unsymmetrica 8 he probe is not a direct figure of merit for th

gives no information about the interferenc

h summary, in a we both EUT terminals in the voltage-probe measuremen
hall be carefull &Cl Y 4s the layout of the leads between these two terminal

he mains network. If, for example, the voltage between terminals 1 and 3 is measured, the

andvits surroundings. Thqg

wW— W

—

= T =

DD

O—— 0=
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6.4 Voltage measurement using a V-terminal Artificial Mains Network

Interface filter and
! isolation

Reference \3

Mains [supply

Zdm2 ﬂ 9

Disturbance

V-type AMN

may influence th calbration of the V-AMN, can be found in [9] and [12].

4.2 Basic circuit diagram of the voltage measurement

hen\reading the level Uy, at the CISPR receiver, the circuit of figure 6-4 ‘reduces’ to that g
gure' 6-5. In figure 6-5 Uq and Z4, being non-specified influence quantities, represent th

6.4.1 Introduction
The V-terminal artificial network (V-AM S i ing
gf the disturbance source. Throughout 6 4 i gl
device: only one two-wire mains caly
Ipading, the basic circuit with the imp 5
gt the interface of the mea : 5
the two unsymmetrical impe | ang inctuding the tolerance of the absolute valug
gf these impedances. 4. the shunt-impedance Z4, is a non-specified
influence quantit{; 2 R agsumyes that Z45 is always ‘infinitely’ large.
The basic circuit ¢4 e de sed as/in figure 6-4. The filter and isolation between th¢
measurement cip€ui terminals is, to some extent, also specified in
CISPR 16-1-1 [3].\Th& rical voltages across Z13 and Zo3 have to be measured (seg¢
5.3.1 of CISR ' f ents with regard to interference probability).

aluable bouty uncertainties associated with this type of measurement, that als¢

terminal of the V-AMN and the reference of the voltage measurement set-up. The latter is

normally the metal enclosure of the V-AMN. Z;, is the input impedance of the measuremen

t

set-up as experienced by the disturbance source. Zj, is a specified influence quantity that can
be influenced by non-specified or by not sufficiently specified quantities (see 6.4.6). The
factor a = Un/Uin, where Uj, is the voltage across Z;,. This factor is, to a large extent,

deterministic. In the absence of uncertainties, that is in the ideal situation, Zj, = Z13 = Z»3, fo
example, equal to 50 Q in parallel with 50 uH, and o = 1.

r
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Zq 1or
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Uy () Zin %l Uin a @ Un
3

IEC 1531/02

6.4.3 Voltage measurement and standards compliance u

If Ut is the true level of the voltage reading at the CISPR
i given by

ituation, Uplt

(6-3)

if higher order terms in A are neglected. If knowledge is available about the actual value and
deviations it may be possible to apply corrections [6]. For example, if from independent
measurements it can be concluded that the actual value of Z{3 shows a systematic difference

with its ideal value and the difference is within the allowed tolerance of Z43, the actual value
may be inserted in equation (6-5).

In equation (6-5), AUy, can be identified as the compliance uncertainty margin, which depends
on the non-specified influence quantities Zy and Uy, and the specified influence quantities a
and Zj, (i.e. the influence quantities that can be determined from independent measurements

and do not depend on the EUT properties). Moreover, two sensitivity coefficients can be
identified:
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Zyo*t 213 _Zgot4s

= ~ =1 (6-6)
Zy+lpy  ZgotZy
_“Zdo0 N Zgo _ 1 (6-7)
5 -
24t Zin Zgo T4z 1+ pel?
The latter coefficient clearly depends on the non-specified influence quantity Zg.
15
10
5
m
©
_ 0 0.1
S Vper—
S fe
_5 °-4/ ' 06
0 90 360
IEC 1532/02
Figure 6-6 — The absolute value of th il coefficient ¢ as a function of the
phase angle difference ¢ of theimp Z4o for several values of the ratio
In equation (6-7 = )
and Zgo = pdoeXPgdo 3
g function of ¢. It wi
However, that inf¢ )
the standard drafte f
g¢quipment, fQ h
gtandard

It should be~nhoted~that in equation (6-5) all quantities are in linear units. Therefore, th
ombinediuncertainty can be written as the root of the sum of the partial uncertaintie
quared: (RSS). In standardized EMC compliance testing, logarithmic units are commonl
segd\for the quantities and their uncertainty margin. Converting to logarithmic units, it follow
om equations (6-3) and (6-4) that

o

oY

U “ z U, Z,+2,
—m(dB)=—(dB)+—m(dB)+—(dB)——m(dB) (6-8)
Ut %y Z; Usgo Zgo T 25
so that
AU_(dB)=Aa(dB)+AZ,_(dB)+AU,(dB)~A(Zy+Z, )(dB) (6-9)

The problem is the last term on the right-hand side of these two equations, since it is not
possible to split up this term in one for Zy4 and one for Z;,. So, in this case, there is no linear
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relationship between the various As and it is not correct to use the RSS as with equation

(6-5). Additional information about Zyq in relation to Z¢3 is needed to circumvent this problem
However, that information is normally not available in a standardized compliance test. Hence

’

the standard drafters have to give a procedure for solving this problem for a certain class of

equipment.

6.4.5 The compliance criterion

The compliance criterion is normally not formulated for Uy, but for Uj,, the voltage across Z;,

he true value Uit 1S then given by Uint = Umt/Og. 1T thE compliance uncertainty margin. i
indicated by AUj,, the ratio AUj,/Uint can be calculated from Ujpt + AUin= (Umt + AU )/ (0p¥Ax)

1.4.6 Influence quantities
.4.6.1 Introduction

h this subclause, the influence quantities playing a part in
heasurement discussed in 6.4.3 to 6.4.5 will be considered in

I

i parallel with an inductor L13 = 50 pH. |
the practical realizatio , the actual input impedance may b
i

hfluenced by @
3) the actual val P\t impedance of the measuring receiver which in practice i

assumed to repre : e influence of the length of the transmission lin
efver. This effect can be characterized as a VSWR (se
6.2.2.2 detail in [7]. A procedure on how to characterize the VSWR i

is VSWR (in particular, in situ) has to be specified).
k e unknown impedance of the mains network, which is in parallel with th
specifi darnice (see figure 6-3). The isolation needed to avoid this influence i

to be specified.

¢) The influénce of*the circuit parallel to Z;3 as formed by Z53 in series with the non-specifie
impedance Z» (see figure 6-2). The latter impedance should be ‘infinitely’ large but wi
have a finite value in practice, so a specification is needed.

Z»3), where Z43 is the specified input

J

O—0—=—

s
P

D~

oD

Erom-this list of nynmplnc itwill be clear that Zin is not a r‘nmplnfnly cpnnifind influenc

quantity. (See also 6.4.6.4d)).

In 5.1.3 of [3] it is stated that for Zq3 and Z,3 a tolerance of 20 % is permitted around the
absolute value of those impedances. In view of uncertainty contribution estimates, it is
necessary to specify that tolerance in more detail, for example, as a tolerance of the absolute
value of the impedance and a tolerance of the phase angle of that impedance (or that of its
real and imaginary part), as was the case in CISPR 16 (1977) in the case of a V-AMN having

150 Q input impedances.
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6.4.6.3 The attenuation factor o

The attenuation factor a is a non-specified influence quantity. However, it is — in general — a
deterministic quantity that can be derived from independent measurements. Therefore, for a
given and fixed V-terminal voltage measurement set-up in which o has been determined, it
can be considered as a specified influence quantity.

Contributions to Ao may stem from losses in the V-AMN (also determined by some of the
aspects mentioned in section 6.4.6.2) and in the signal cable between V-AMN and receiver.

.4.6.4 The effective disturbance source impedance Z4

D~ o7

if that in the latter measurements the source impedance, Zy, is 2
quantity.

o7

fFrom a comparison between the circuits of figures 6-4
measured, Z4 is given by

(6-10
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of that EUT) it may be needed to include othe
ere (electric field coupling characterized by Cp

d by M) are assumed to be relevant in all cases.
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xample, the dim io
arasitic effects.\Thé

nd magnetic field ¢

Five possible uncextainty. ibutions will be considered
3d) Paras
The emijssio dard)specifies a distance, for example, 40 cm, between the housing of

=)

the EUT axd)the\trefefence plane. However, the standard does not specify which side g
the EUT “housi as to face that plane. In figure 6-7 the dashed line represents th
anther~allowed position of the reference plane at the correct distance from the EU
housing. However, the resulting parasitic capacitance is now Cpy # Cpq. Hence, th
(allowed) variation of the parasitic capacitance contributes to the standards complianc
yncertainty.

1
o— 0 1
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A Vertical metal plane
Electronic —I—CID1 B
parts T
EUT Mains cable z | | cisPrR
¢ |D C <§,: receiver
I Cho
Vertical metal plane
IEC 1533/02
Figure 6-7 — Variation of the parasitic capacitance, and hence 6 dance,
by changing the position of the reference plane (non-cond g)
The Cp variation can be reduced by replacing the vertical r he specified
distance by a horizontal reference plane at that distapCeNhe he set-up and requiring

Measurement loop constraint

Figure 6-4 is applicable at the interface of ment impedances. T
identify relevant uncertamty contrib t|ons the e pp has to be considere
and AMN is specified, fo
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EUTs, for example, a fluorescent tub
in its luminaire may be starting to ement loop constraint (6.2.2.2), thu

o

LC series circuit

In figure 6-7, thel Qog obe seen as an LC series circuit. Majof
contributions je the.i &N the mains cable and the specified ground nding
strap betwe@- egferghce plane. In figure 6-7 the capacitance i3
represented b 5 lly, by Cp in figure 6-8. This circuit plays a part ip
the CM impedance -10)). As a consequence, Zy is sensitive to the totd|
loop inductange ‘8 e it is sensitive to the actual layout of the mains cabl¢
between E n particular, when meandering of the mains cable is needed,
varlat|ons in thewe oOp properties may be large. Experimental results [10] show g
vari s when the method of meandering is varied. Hence, meandering i$
anothe ertainties and a detailed specification of the method of meandering

LC paratiet circwi

In practice, also the parasitic capacitance between the V-AMN and the reference plang
(s€e-Cpamn in figure 6-8) may play a part. Then the parallel resonance of the inductance gf

the ground bonding strap and this parasitic capacitance may be resonant within th

measurement-frequencyrange—thusinfluencinginanunkhrown-way-the-CM-impedance—in
other words, a contribution may be made to the variation of the results that can amount up
to several dB [9]. In addition, the voltage difference between the reference point of the
voltage measurements and the point on the reference plane where the strap is connected,
is no longer zero, as has been tacitly assumed in the CISPR standards. So the afore-
mentioned variation may also be interpreted as a variation in Z, (6.4.6.2). The latter is an
example of the statement made in 6.4.6.1 that the influence quantities are not always
independent.

The contribution of the variation to the standards compliance uncertainty can be avoided
by specifying an in situ measuring method, for example, one based on [9] to improve the
set-up in such a way that a possible resonance is outside the frequency band considered
in the compliance test.
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e) Magnetic field coupling of parallel current loops

Another example of the statement made in 6.4.6.1 that the influence quantities are not
always independent is the magnetic field coupling of loop-1 and loop-2 (see figure 6-8).
This coupling that also influences the effective CM impedance, will be discussed in
connection with Uy in 6.4.6.5.

6.4.6.5 The effective ope

Cm

Disturbance
source

A marked differe
5 that in the latter
hfluence quantity.

he open cir
) the nog
) a confni ! t
under test-and i
contribution” Uz Which may arise via the transfer-impedance Z; of the cable between th¢
roduct.under test and the V-AMN and that of the circuitry inside the V-AMN, i.e. contributiong
elatedto CM/DM and DM/CM conversion.

) Udeand U

Since Ugm and Ugy are non-specified influence quantities their long-term stability may be very
poor. In this case ‘long-term’ has to be compared with the measuring time of the emission
measurement. Effects like warming-up time and in-rush period may influence that stability in
an unknown way, thus giving rise to uncertainty contributions. On the other hand, this long-
term stability may be sufficient, but the measurement time may be short compared to the
possible variations of Ugy, and Ugy, due to the various modes of operation of the EUT resulting

in mode-related values of Uy, and Ugy. Again, uncertainty contributions may result.

When a source is loaded, a feedback mechanism may cause a change of the source
properties. This phenomenon is, for example, very well known in transistor circuits and, in
the h-parameter description of a transistor, is quantified by the reverse parameter 4. In
resonant circuits this effect is normally called 'pulling'. The effect may cause a change in


https://standardsiso.com/api/?name=40009c50f61dcfd6f44e70f01b6048fd

- 50 - CISPR 16-4-1/TR © IEC:2003(E)

the amplitude and/or the frequency characteristic of the disturbance signal. There are no
physical reasons to assume that this kind of a feedback mechanism is not present for the
DM and CM components of the disturbance source. Hence, the feedback effect gives rise
to the uncertainty contributions AUsy and AUqm. The effect can only be quantified when
performing dedicated measurements. In metrology, where the open-circuit voltage, the
source impedance and the load impedance are specified influence quantities, this effect is
normally negligible as long as the loading of the source is within the specified values.

voltage measurement it is important to consider contributions of the unwanted induce
voltage (6.2.2.3) as the loop has a relatively large area. That area, and hence the induce
voltage, depends on the layout of the set-up, and thus on the layou

oD

and its possible meandering. See also annex 6-A.
) Uzt

and is determined by the properties of the mains cable
V-AMN and by the circuitry inside the V-AMN. The 8 i

negligibly small by setting proper DM/CM and CM/D i |m|ts or the V-AMN i
CISPR 16-1.

=D~ D D

[he mains cable influence can be expressed in ter
he case of a two-wire mains cable can be writte

lane and part of the
vide separation
able between t
uantity, the contrib

3
o—<—0—Pr<<x—C— 00—

O
3
m
-
=
]
[V
- O
w

e cable between EUT and V-AMN contains meanders, the way thes
neanders_are'put i ence L. and M. Moreover, at the higher frequencies, a capacitive cross|

plk ovenrthe meander part of the mains cable (in figure 6-8 schematically represented by Cy,

hay play a part. As already mentioned, a non-specified meander layout may create relevan
neertainty contributions [10].
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