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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY

MEASURING APPARATUS ANDMETHODS =

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

FOREWORD
1) The International Electrotechnical Commission (IEC) is a worldwide organizatio
all national electrotechnical committees (IEC National e s to>promote
international co-operation on all questions concerning standardization in t stri i fields. To
this end and in addition to other activities, IEC publishes Internationak Stantards, i specifications,
Technical Reports, Publicly Available Specifications (PAS) and i > & “IEC
Publication(s)”). Their preparation is entrusted to technical committges; a NationalN\Committee interested
in the subject dealt with may participate in this preparatory _wo governmental and non-
governmental organizations liaising with the IEC also participate i i ian. collaborates closely

with the International Organization for Standardization (I
agreement between the two organizations.

onditions determined by

Publications is accurate, IEC cannot be
misinterpretation by any end

4) In order to promote intern
transparently to the maxi
between any IEC Publica
the latter.

5) IEC provides n' g
equipment declared Ao be

indispensableNor/'the cqrrect application of this publication.

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

The myain task of IEC technical committees is to prepare International Standards. However, a
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, for
example "state of the art".

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

This consolidated version of CISPR 16-4-1 consists of the first edition (2003) [documents
CISPR/A/450/DTR and CISPR/A/466/RVC] and its amendment1 (2004) [documents
CISPR/A/496/DTR and CISPR/A/516/RVC].

The technical content is therefore identical to the base edition and its amendment and has
been prepared for user convenience.
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It bears the edition number 1.1.

A vertical line in the margin shows where the base publication has been modified by
amendment 1.

This 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 the base publication and its amendments ‘will
remain unchanged until the maintenance result date indicated on the IEC web site_ under
"http://webstore.iec.ch" in the data related to the specific publicatio his date, the

publication will be
* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or

*+ amended.

R
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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

CISPR 16-1-1 Measuring apparatus

Radio disturbance CISPR 16-1-2 Ancillary equipment — Conducted disturbances

and immunity é
CISPR 16-1 measuring

apparatus

CISPR 16-1-3 Ancillary equipment — Disturbance power

. CISPR 16-1-4 Ancillary equipment — Radiﬁed Mbances

Antenna calibration te si@s f 0 MPz'to
1 000 MHz

CISPR 16-2-1 Conducted dist rbab\ie &}N@r}a{tw
CISPR 16-2-2 Measuremen&ofd%&Qan po}vq >

CISPR 16-2-3 Radiat%d/m%gn me\ésurh{nents

CISPR 16-2-4 IWM%Q\/
| CISPR 16-3 ﬁlsggtewwrtsx

CISPR 16-4, \Ur@ryéin}@s NanMsed EMC tests

CISPR 18- Mea{ure@e}ti stpdmentation uncertainty

StatisWderations in the
termination”of EMC compliance of mass-

produced products

CISPR 16-1-5

Methods of

CISPR 16-2 | measurement of <
disturbances and
immunity

Reports and
CISPR 16-3 | recommendations
of CISPR

NNVZINEIZ/ON

¥4

- Uncertainty in EMC \ Wcs of complaints and a model for the
CISPR 16-4 measurements/\\(\ Qs@i 4 \C€| lation of limits

More specific informnatio
CISPR 16-4-1 in !
REFERENCES)

the methods @ t overed now in four new parts of CISPR 16-2. Various
reports with i and background on CISPR and radio disturbances in general

CISPR 16-4 s0Qnsists
disturbance ana
limit modelling:

ofthe following parts, under the general title Specification for radio
framuinity measuring apparatus and methods - Uncertainties, statistics and

 Part4-1: Uncertainties in standardised EMC tests,
e OPart 4-2: Uncertainty in EMC measurements,

«( 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 praciical reasons, standardised EMC tesis are drasfic 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 limited and specific category of uncertainties (i.e. the measurement
instrumentation uncertainties). In Part 4-2, examples of measurement instrumentation
uncertainty budgets are given for most of the CISPR test methods. In this partjalso
requirements are given on how to incorporate the measurement instrumentation uncertainty in
the compliance criterion.

standardized test methodg/ tk >f defi quality control procedures; participation
in proficiency testing schemes;\accreditafic WA7025; and establishing traceability of the
results of the tests.

As a conseque 0 g FMC test laboratories are, for their part, coming
under increasing pfres < trate the quality of their test results. This includes the
degree to which 3 i be expected to agree with other test results
(reproducibility same,_test/ method), normally irrespective of the methods used

for many yes vas the publication of the ‘Guide to the Expression of Uncertainty in
Measurement’ JM) by ISO in 1993, and the publication of the EMC specific NAMAS
publication NIS 81 &n ‘The treatment of Uncertainty in EMC measurements’ in 1994, which
established general and EMC specific rules for evaluating and expressing uncertainty of EMC
measurements.

In~contrast to classical metrology problems, in EMC 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.



https://standardsiso.com/api/?name=930bdc15b8cbae1cfd88183023a3ff0e

CISPR 16-4-1/TR O IEC:2003+A1:2004(E) -7 —

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
evaluation and application of uncertainties in EMC tests.

@%
&
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TABLE RECAPITULATING CROSS-REFERENCES

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

ol ol
wUiIdUOT O widUoTo

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

Reserved

Reserved

= O 00 N O O » WO DN -

0 Reserved

Annexes
A PR/A/450/DTR)
B 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 imstandardized EMCtests

1 General

1.1 Scope

involved in the development or modification of CISPR electroma
standards. In addition, this part provides useful background info
the standards and the uncertainty aspects in practice.

The objectives of this part are:

a) to identify the parameters or sources govern ng (th associated with the
statement that a given product ’ irefment specified in a
CISPR recommendation. This uncertai { ed\{standards compliance uncertainty’
(abbreviated as SCU, see 3.16);

incorporate and harmo
This part also
engineers to judge

CISPR standardiseq

test to the occurrence of EMI in practice is not considered within the scope of this part.

The scepe of this part is limited to all the relevant uncertainty considerations of a
standardized 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

nepnnfe of those CISPR standards. Such 'r_\rnlr_\ncnle will alsao be Ir_\llhliel’\c\r‘l as a rnlr_\nrf 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 d’immunity tests
Clause 7 Absorbing clamp measurements Cla \ Hy tests
Clause 8 Radiated emission measurements a

2 Normative references

IEC 60050-161:1990, — Chapter 161:
Electromagnetic
Amendment 1 (199

Amendment 2 (19984

IEC 60050-3Q00: vationat” Electrotechnical Vocabulary (IEV) — Electrical and
electronic mgastwerents a weasuring instruments — Part 311: General terms relating to
measureme eheral terms relating to electrical measurements — Part 313:
Types of eles neasu ing instruments — Part 314: Specific terms according to the type of
instrumen

IEC 60359:2001,
performance

Efectrical and electronic measurement equipment — Expression of

CISRR 16-1 (all parts), Specification for radio disturbance and immunity measuring apparatus
and methods — Radio disturbance and immunity measuring 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

clepD 10 4 _4-200N0°2 Onnnifinatingy fopr padin Aicfiiphaman opal fpapmarimifl, panaogipim oy s oy fia
TTOT TO— T,

LAY ZOOU OpPpC e atroOrT— 107 FaeHo—eHSttHoahRce—ana THTTaity T CcaouritTyg  apparatas

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
laboratories

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

1ISO:1993, International vocabulary of basic and general terms in me ) e VIM)

3 Terms and definitions

NOTE 1 Wherever possible, existing terminology, from the nofrmati d s ause 2 is used. Additional

31
electromagnetic (EM) disturbance
any electromagnetic phenomenon
equipment or system, or

de the performance of a device,
atter

[IEV 161-01-05]

3.2 Q
emission level

the level of a give
measured in a spé

itted from a particular device, equipment or system,

emission Iim

the specified ma ission level of a source of EM disturbance

NOTE InAE€-this limit has been defined as ‘the maximum permissible emission level’

[IEV 164:03-12]

34
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

nfluon auantiticocnrafarably includao talaranecea doto
et t P+ Ory—HFETH torefah ot

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 satisfactorily
(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
theory, the intrinsic uncertainty of the measurand would be obtained if the measurand was
measured using a measurement system having a negligible measurement instrumentation
uncertainty

NOTE 1 No quantity can be measured with continually lower uncertainty, inasmuch 3 v giveneguantity is
defined or identified at a given level of detail. If one tries to measure a given quantity at an uncertaintyJower than

another quantity. See also GUM D.1.1.

NOTE 2 The result of a measurement carried out with the intrinsic uncertainty of t anbe galled the

best measurement of the quantity in question.

[IEC 60359, definition 3.1.11]

3.7

uncertainty of a measurement instrumentation

reference conditions. In
theory, the intrinsic uncertainty of the '

would be obtained if the

3.8

level
value of a quar’iﬂb
specified manner ddri

NOTE The level may
[IEV 161-03-Q

orn\g/field quantity, measured and/or evaluated in a
nterval

ic units, for example in decibels with respect to a reference value.

3.9
measura

particular quas hject to measurement

EXAMPLE —Electric field;Ymeasured at a distance of 3 m, of a given sample.

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

[1ISQVIM 2.6]

310

measurement instrumentation uncertainty

MIU

parameter, associated with the result of a measurement which characterises the dispersion of

—the—vatuesthat—coutd—Treasomably be—=attributed—tothemeasurand;,—nduced—byattretevant———

influence quantities that are related to the measurement instrumentation

[ISO VIM 3.9 and IEC 60359, definition 3.1.4, modified]
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3.1

measuring chain

series of elements of a measuring instrument or system that constitutes the path of the
measuring signal from input to the output

[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]

3.13

reference conditions
set of specified values and/or ranges of values of influencg
uncertainties, or limits of error, admissible for the measuremen

[IEV 311-06-02]

3.14
reproducibility of results of EMC measureme
closeness of the agreement between AR
measurand carried out under chang
influence quantities.

3.15

sensitivity coe
coefficient used tofeta
specified or non-spes

NOTE 1 In mathematical\forr

quantity with reg ence quantity.

standards comphiance uncertainty — SCU

parameter, associated with the result of a compliance measurement as described in a
standard -that characterises the dispersion of the values that could reasonably be attributed
to the.measurand

[based on the ISO GUM B.2.18 and ISO VIM 3.9]

3.17
tolerance
maximum variation of a value permitted by specifications. regulations, etc. for a given

specified influence quantity

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

1) Figures in brackets refer to the bibliography.
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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]

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, iacluding examples such
as test personnel, sampling, environmental conditions, measurement instrumentation,( measurement standard,
approximations and assumptions incorporated in the measurement method and procegdire. Relevant uncertainty
sources are ‘translated’ into one or more influence quantities.

[see 4.2.2 and K3 of [9]]

3.20

variability of results of EMC measurements
closeness of the agreement between the results of suc
measurand carried out under changed conditions
specified influence quantities

gnts of the same
ofle or more non-

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

electronic product is
determined. The a
uncertainties in

influence quantitie

gntities’ (3.4). In classical metrology, all relevant
e uncertainty arises mainly from the classical
ortainty’ because the ‘intrinsic uncertainty of the
measurand’ (3.6)\is general all. In EMC compliance testing however, major relevant
influence quanhtiti d toNthe EUT happen to be non-specified [1] and no quantitative
information heir values. Hence, for EMC measurements, the intrinsic
e quantity to be measured may be significant compared to the
uncertainty easurement instrumentation. Therefore, the term ‘standards
(SCU) has been introduced to distinguish all uncertainties
encountered \during gn actual EMC compliance test from the measurement instrumentation
uncertainty (MIU), which is a subpart of the SCU. For classical metrology problems it is
generally_sufficient to consider only the MIU. Definition of standards compliance uncertainty
(SCU)<and other related EMC and uncertainty specific terms are given in Clause 3. Figure 1
illystrates the relation between overall uncertainty of the measurand and the measurement
instrumentation uncertainty and the intrinsic uncertainty of the measurand for the different
situations explained above. It should be noted that the summation operator in Figure 1 (X ) is
a symbolic operator. The method to ‘sum’ these uncertainties depends on the probability
distributions and on the correlation of the two uncertainty sources involved.

NOTE Tt is possible that in the future, classical metrology and EMC disciplines will merge to such an extent that
different terminology and approaches will no longer be needed. For example, the results of the CISPR studies on
measurement instrumentation uncertainty [3] and standards compliance uncertainty shall merge directly, wherever
possible.
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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 6f
uncertainties in pass/fail criteria is under consideration.

intrinsic

uncertainty of the

measurand overall

uncertainty
of the measurand
measurement

instrumentation

uncertainty

Figure 1a — Typical emi

intrinsic
uncertainty of the
measurand
negligible

instrumentation
uncertainty

MIU

Figure 1b - A sufement with a negligible intrinsic uncertainty of the
measurand
intrinsic
ncertainty of the overall uncertainty =
measurand —3 intrinsic
uncertainty of the
measurand
negligible
measurement
instrumentation E—

uncertainty

Figure 1c — An emission 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
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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.

4.21 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:

a) qualification of the technical measurement capabilities of a test a
b) judgement of compliance of a measurement result with respg

c) comparison of the measurement results obtained from differe

d) comparison of different emission measurement methods;

e) sampled testing of the emission performance of

The type of uncertainties to be considered diffe
following.

In case b), the r
resulting uncertai
measurement prg
the operation af ed to a classical metrology measurement, the intrinsic

measurement may have relatively large values. It is a matter

on the specification ve’measurand, and the class of products, but also on the specification
jncluding the layout and termination of the cables. In first order
approximation, the~Nwtrinsic uncertainty is independent of the measurement instrumentation
uncertaiaty” It is the responsibility of the authors of standards to reduce the intrinsic
uncertainty to an acceptable low level. The magnitude of the intrinsic uncertainty is beyond
the <control of the test laboratory and also beyond control of the manufacturer of the product.
Cofisequently, a manufacturer of a product should not be punished by requiring that the value
of the intrinsic uncertainty shall be taken into account in the pass/fail criterion, i.e. subtracted
from the limit.

NOTE 1 The first edition of CISPR 16-4-2 specifies only MIU for the determination of compliance. However, it was
noted during the development of CISPR 16-4-2 that other uncertainty categories besides MIU affect compliance

determination to some extent. That was the reason to use the more specific title Measurement Instrumentation
Uncertainty in CISPR 16-4-2. Because CISPR 16-4-2 includes CISPR 16-3, per reference, this discrepancy must
be resolved (although CISPR 16-4-2 is a normative document, CISPR16-3 is an informative document). Therefore,
for reasons of consistency, a future amendment of CISPR 16-4-2 may be considered.



https://standardsiso.com/api/?name=930bdc15b8cbae1cfd88183023a3ff0e

CISPR 16-4-1/TR O IEC:2003+A1:2004(E) — 17 —

An example of case c), is market control by an authority of a certain product. In this case both
test laboratories (manufacturer and authority) judge compliance of the measurement result
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 g
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.

NOTE 2 CISPR emission measurements require measurement of an emission level, defined a the level of a
given EM disturbance emitted from a particular device, equipment or system, ‘measu e ified way’. As a

of the measurement set-up during the actual measurement. The uncertainty co
purposes of compliance measurements. For instance in CISPR 16-4-2 and
considerations are limited to the measurement instrumentation uncertaintieg’
variations are not included.

)surements using
G AR. To compare
these 3 m and 10 m measurement results, additiona intieseed Mo be considered due
to the differences of the measurement methods.
be easily converted into 3 m results.
large, table top, floor standing) and t

In case e) manufacturing tolerance

have a spread due to
goods, from an uncerfaj
CISPR methods (see (

1) testing of 0 ativeNsample™df the product, then subsequent periodic quality
assurance tests
2) testing of a A inite number of samples, then applying statistical

The compliatce criteri e two cases is different. In the first method (periodic testing
of one sample s mplies as Iong as the Iimit is not exceeded In the second

and a nume of sa
(binominaldistributiop).

ples may be rejected depending on the total number of samples

NOTE 3.\Jhe compliance determination for production has to be determined by applying the 80 %/80 % rule as
describedin 4 of CISPR 16-4-3. Because of the publication of CISPR 16-4-2, the MIU compliance criterion (Clause
4 of \CISPR 16-4-2) shall be applied as well. It has yet to be determined how the 80 %/80 % rule compliance
critéfion, given in CISPR 16-4-3), and the MIU compliance criterion of CISPR 16-4-2 are to be combined (order of
precedence) in case both criteria are applicable. The combination of these two compliance criteria is subject of
further studies in CISPR/A.

NOTE 4 It should be noted that sampling and production uncertainties do not contribute to the uncertainty of a
single EUT measurement. However, in a type approval scenario (as described in 4 of CISPR 16-4-3), where
compliance determination of a whole series of products is based on the measurement of one or more samples,

nese 1acClors do Inaeed COntripute 1o tne compliance uncertainty. 1ne additonal uncertalnty Is aue 1o vdriatlions Imn
the manufacturing process and also due to the fact that the number of samples is limited. In the GUM (E.4.3) it is
also recognized that an additional uncertainty occurs due to limited sampling of an ensemble of products. E4.3 of
the GUM states: This ‘uncertainty of the uncertainty’, which arises from the purely statistical reason of limited
sampling, can be surprisingly large. Examples are given in Table E.1 of the GUM.

EXAMPLE - The compliance decision may be different for a group of samples, selected from an early batch in the
production process, compared to a group of samples selected from a batch produced in a more mature
manufacturing process having improved tolerances and therefore yielding a reduced standard deviation of the
product properties under consideration.
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From the discussion of the cases a) through e) explained above, it is clear that the categories
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).

Table 2 lists possible categories of uncertainty sources tha
general emission compliance measurement process given ipKj

total population of
manufactured products

measured
—> value of the
emission level

test procedure

—~—"

standard
induced uncertainties

Figure The process of emission compliance measurements and the associated
(categories of) uncertainty sources (see also Table 2)

Table 2.~ Categories of uncertainty sources in standardised emission measurements.

Test laboratory Standard Production and sampling
induced induced induced
= QOperator skills = Specification of the measurand = Production tolerance
= Analysis and calculations = Measurement instrumentation = Sampling
) including calibrations and ) .
= Reporting verifications = Non-representative sampling

= Implementation of the standard .
in measurement procedure and
software

Measurement procedure
description

= Environmental conditions
= Set up of the EUT

= Operation of the EUT

= Type of EUT

= Quality system
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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 1S 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 Aot
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
negligible and need not be incorporated in the compliance criterion. (The pxoduction and
sampling induced uncertainty sources are presently taken

érned mainly by the
ows that consideration of

Table 3 lists the typicaNqua 'tatlv ources that may contribute to the overall

uncertainty of the §d| ent result.

In general, the start i ah unceprtainty assessment of any new measurement method

ncertainty source’. Of course, when an uncertainty assessment is
done for a new>standardized measurement method, the aim is to assemble all relevant
uncertainty sources.

EXAMPLE "~ Examples of uncertainty sources that have been previously overlooked are the common-mode
termination of EUT cables and the mast structure of the receive antenna. The impact of the material and
construction of an EUT positioning table was an identified uncertainty source. However, recently it became
apparent that this uncertainty source is not adequately implemented in the CISPR standards by just specifying that
the table shall be non-conductive and non-reflective e.g. like wood.
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Table 3 — Example of detailed standard induced uncertainty sources
for a radiated emission measurement

Measurement Measurement Environmental EUT set-up & Type of EUT
instrumentation procedure conditions operation
= Site performance = Height scanning = Radiated ambient = Tolerances = Table top or floor
. . . measurement standing
= Receive antenna = EUT table rotation |= Conducted ambient distance and height
performance . ) = Dimension
= Receiver settings = Temperature, . _ ;
. . L Set-up units
= Receiver (proper signal humidity
performance interception) » Routing cables
= Cable performance = Termination cables

» Modes of operatipﬁ_

4.2.3 Summary of types of uncertainties

Previously, different types of uncertainties have been defined an ithin C\SPR. These
different types are summarised in Table 4.

Table 4 — Different types of uncertaintiesM

resent

Type of uncertainty Associated (cat ies of \/ Application
uncertainty

Measurement instrumentation Measur€meny_ins¢runten atlon ity assessment of a
uncertainty (MIU) easurement facility
(like U_ given CISPR 16-4-2)

Standards compliance uncertainty = Standard induted (m lu ng Compliance measurements

(SCU) ume ta n; see
[\ * Predyctiona

sampling induced

Measurement method orre atlo Standard induged (including the Comparison of alternative
uncertainty (ref cas eas ement jnstrumentation; see | measurement methods
le 2

a mass-produced produ produced products (quality
assurance, 80 %/80 % rule in
CISPR 16-4-3)

Emission performan ertaiqty @s@/and sampling induced Compliance measurements of mass

In practice the“uncertainty in the result of a standardized measurement may arise from many
possible ‘uncertai ources’. In a measurement standard each uncertainty source should be
specified-in’ a quantitative way by using one or more influence quantities. An ‘influence
quantity\can be specified in different ways. For instance, the ‘electromagnetic ambient’ is one
uncertainty source. This uncertainty source can be quantified for example by bounding the
absolute value of ambient signals in terms of electric field strength as a function of the
frequency, as measured by the measurement system. Another more indirect ‘influence
quantity’ is the specification of the shielding performance of a test site.

It may not always be easy to translate a qualitative uncertainty source into one or more

qualltitativc illﬂucllbc qualltitica. ill }Jlabt;bc It llldy IIUt IUU pUbDiIUiU tU fu“y qudlltify dall
uncertainty source. The portion of the uncertainty source that is specified by an influence
quantity will be called a specified influence quantity. Influence quantities that are difficult to
quantify, but that are identified as relevant, will be called ‘non-specified influence quantities.
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EXAMPLES

1. The ‘height scanning of the receive antenna’ is an uncertainty source (part of the category ‘measurement
procedure’ in Table 3). This uncertainty source can be made quantitative by two influence quantities, the ‘scan
window’ and the ‘maximum scan step size’. In 7.2.4 of CISPR 16-2-3, only the scan window (upper and lower
bound as a function of the measurement distance is given. The ‘scan window’ is a ‘specified influence
qguantity’. However, in CISPR 16-2-3, the step size of the height scan is not explicitly given although it should

be clear that the maximum step size (in relation to the scanning speed of the mast) influences the field
maximisation. The influence quantity ‘maximum step size of height scan’ is in this case a ‘non-specified
influence quantity’. This uncertainty source only applies when a height scan in certain steps is performed. A
continuous scan will eliminate this uncertainty source altogether.

2. In CISPR 16-2 the uncertainty source ‘environmental conditions’ is an identified uncertainty source (see the
‘measurement environment’ 7.2.5.1 of CISPR 16-2-3 and 4.3.1 of CISPR 16-2-4). This uncertainty source can
easily be translated into influence quantities like ‘temperature range’, ‘humidity range’, and ‘atmospheric
pressure range’. In the CISPR 16-2 clauses mentioned, the ‘temperature’ and ‘humidity’ are identified as
relevant influence quantities for the product under test. The ‘atmospheric pressure’—js not considered a
relevant uncertainty source. However, the above mentioned environmental conditiofis are™ot specified and
even not mentioned in relation to proper operation of the measurement equipmen ~such as the measurement
receiver. Consequently, the temperature range’ and ‘humidity range are ‘non- ec:| ied influence quantltles

a disturbance measurement. The impact is incorporated in the uncertainty contributjon ing\from repeated
measurements (repeatability contribution).

Specified influence quantities are ‘the position of the cable’ ) . However, it is
questionable whether the present description of these cable routing_i o antities As sufficiently strict to

adequately cover a certain
uncertainty source. We also see that 'ies are not specified or not
sufficiently specified. For example, the (NSA) is a figure of merit
for performance of a site for radiated e ents. The NSA characteristic is often

evaluated using a broadba it a a typical receive antenna (often the same

. Therefore the evaluated NSA may not be
all types of EUTs (size, table top, floor
used in the actual emission test.

ission measurement on an OATS per CISPR 22

Uncertalnty(o}&{ \Qfltégce quantity Specified in CISPR 227 Tolerance given

Site perfor ce ormdlised site "= Yes = Yes
tenuation

Radiated ambie ) \ =~Ambient noise level * No = No
Conducted ambient\/ = Filter performance of a * Yes = No
LISN
Receive-antenna = Antenna factor = Indirectly, through 5.5.1 = Yes
performance of CISPR 16-1
= Unbalance
s * Yes
= Cross polarisation = Yes
= Yes
= Yes
Set up EUT units and » Position and orientation = Yes, partially = No
routing of cables of units and geometrical
position of cables
Termination of EUT * CM impedance = No = No

cables

Modes of operation EUT * Modes of operation EUT | = Partially (qualitative) = No
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For each respective identified uncertainty source, one or more adequate influence quantities
shall be determined. From Table 5 and previous examples it can be observed that the
uncertainty sources listed are not always covered by adequate ‘influence quantities’ and the
influence quantities are not always specified by a quantity including a tolerance. This may
lead to discrepancies between the actual uncertainty and the estimated expanded uncertainty

based on the uncertainty contributions from the list of specified influence quantities.

4.2.5 The measurand and the intrinsic uncertainty

Previous paragraphs have discussed that the uncertainty in the measurand is determined by various
uncertainty sources that may be described quantitatively by influence quantities. During ‘the
development of a measurement standard, it is generally the goal to define the specificationsin the

comparison. If a discrepancy appears between the uncertainty actuall
uncertainty, this demonstrates that one or more relevant uncertainty
that the influence quantities do not describe the associated uncert
that the EUT mduced uncertainties are eliminated. However, the

As discussed previously, the intrinsi
measurements. This is due for exampl
limitations on the precise descr|pt|
operation modes. Conversgly, i
uncertainty that is obtain
the specified influence
mént procedure specifications. This subset of
and is briefly denoted as the ‘measurement

uncertainties is sid
instrumentation A e_noted that the lack of specification of EUT-related
influence quantitie¥ j s g is an important reason that the intrinsic uncertainty

of the measurand

1) The maXiurq electric¥ield\ strendgth emitted by the EUT located at 0,8 m above a conducting ground plane and

2) The maximtni<electrio, field strength of the EUT located at 0,8 m above a conducting ground plane and

a. _the,antenna is scanned in height between 1 m and 4 m with minimum step of 0.1 m height
b.“the antenna is positioned in horizontal and vertical polarisation

¢/ the EUT is positioned on a table that does not disturb the result of the measurement

d. the EUT is rotated in azimuth with angular steps of at least 15 degrees

e. thereceive antenna is a tuned dipole at each frequency

Although a measurand should be defined with sufficient detail such that any uncertainty
caused by its incomplete definition is negligible in comparison with the required accuracy of

the measurement, it must be recognized that this may not always be practical. The definition
may have been assumed, unjustifiably, to have negligible effects, or it may imply conditions
that can never be fully met and whose imperfect realization is difficult to take into account.
Inadequate specification of the measurand can lead to discrepancies between results of
measurements of ostensibly the same quantity carried out by different test laboratories (see
GUM Annex D).
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EXAMPLE - For instance, in general it is difficult in a standard to specify the required operational states of the
EUT. Specifying, that the highest emission shall be found as a function of frequency, all operational states of the
EUT, and all possible cable routings will give rise to impractical long measurement times, but also will give rise to a
significant intrinsic uncertainty.

Figure 3 illustrates the relationship between the uncertainty sources, the corresponding

Influence quantities and the resulling uncertainties. This figureé emphasises that the Inirinsic
uncertainty of an emission measurement is the absolute minimum uncertainty with which a
measurand can be determined, due to the fact some influence quantities are not identified
and due to the fact there are limitations in the specification of influence quantities.

all uncertainty sources
associated with the measurand

4 pN

identified unidentj
uncertainty sources uncertain

4 N

specified non-specifie
influence quantities influence qu

)R
uncertainty du \inrinsic-dngertainty
the specified influenc ofkthe \Yneasyrand
quantities (= Ml
STANDARDS O&QL &%%}ERTAINTY
LR

Figure 3 — Rel be n urcertainty sources, influence quantities
dtipcertainty categories

methods are prepared to ensure that the probability of
interference problem, caused by a given product or class of

figure of mefityof the\interference potential. Therefore, the term ‘interference probability’ is
introduced and is™defined as the probability that a product complying with the EMC
requirements will function satisfactorily (from an EMC point of view) in its normal use
electromagnetic environment. In general, determination of the interference probability is quite
complicated. This subclause describes how the interference probability is affected by the
choice of the emission quantity to be measured, its limit level and the standards compliance
uncertainty of this measured quantity.
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4.3.1 The measurand and the associated limit

In contrast to classical metrology problems, in the field of EMC there has always been great
emphasis on performing measurements using a specified and standardized method, rather
than ensuring traceability to a defined standard or S| unit. This has led to the use of

standardized measurement methods, like the CISPR standards, to meet legislative and trade
requirements. Consequently, results of EMC tests depend very much on the methods used.
Such methods are often referred to as empirical methods (see [13]). Furthermore, the
measurand is defined by the measurement method used.

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 resdlt)is not
traceable to a defined disturbance power reference standard.

voltages,
and is a

In EMC compliance tests, it is not the goal to measure physical guantities
currents, field strengths, etc. as direct quantities of interest. Instéad

The measurand, its uncertainty and the level of the dssociafe
interference probability. In Annex A, 8 e
uncertainty and interference probability

it from a practical EMC point of view.
it level). A low emission limit will result
e uncertainty of a measurand may affect
a“certain measurand, its uncertainty and the
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4.3.2 Process of determination and application of uncertainties

A summary of the major steps in the determination and application of uncertainties and the
involvement of both CISPR/A and CISPR/H in this process are depicted in Figure 4.

CISPR H (development of limits)

. Define a relevant measurand, its limit level and its maximum allowed
uncertainty (see NOTE below)

. Describe the rationale

1L A

methods)

« Define a detailed specification of the measurand i iomto’the test
method and test equipment

¢ of a discrepancy
ncertainty sources

NOTE Ideally, the
At present, this may be am™a

the limits and related mak

in the future, CISPR/H should be responsible for determining
inties.

Figure 4 — : g SPR subcommittees H and A in the determination

b) All categories uncertainties contributing to the SCU shall be considered when
perférming an ‘interference probability assessment’.

c) M\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 equipment specifications for a certain measurand, such that the limit levels
can be determined in a reproducible way and actual uncertainties comply with the
uncertainty tolerance set forth by CISPR/H.
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4.4 Assessment of uncertainties in a standardized emission measurement

4.41 The process of uncertainty estimation

In principle, uncertainty estimation is simple. The following subclauses summarise the tasks

that need to be performed in order to obtain an estimate of the uncertainty associated with a
measurement result. The steps to be considered are as follows.

Step 1. Define the purpose of the uncertainty consideration.

Step 2. Identify the measurand, its uncertainty sources and influence quantities.

Step 3. Evaluate the standard uncertainty of each relevant influence quantity.

Step 4. Calculate the combined uncertainty and expanded uncertainty.

Figure 5 summarizes these steps.

Define the purpose of the urice

Step 1 conS|derat|

Step 2 Identify the m W ertai

ep s?nss az(%}l ence ant ies

Evaluate st d ncertainty of

Step 3 gk nt i I ence quantity

@ Cc cu t combined uncertainty and
R xpanded uncertainty

gure\5’~ The uncertainty estimation process

of the purpose of the uncertainty consideration

As explained.in 4.2.3/ 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 subglause 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
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.
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443 Step 2: Identifying the measurand, its uncertainty sources
and influence quantities

The definition of the measurand requires both a clear and unambiguous statement of the
quantity to be measured and a quantitative expression relating the value of the measurand to

the parameters on which it depends (influence quantities). These parameters may be other
measurands, quantities that are not directly measured, or constants.

EXAMPLE - Suppose the measurand for a radiated emissions measurement is specified as follows:

‘The maximum electric field emitted by the EUT located at 0,8 m above a conducting ground plane and measured
at 3 m distance from the receive antenna, while the measuring antenna is scanned in height between 1 and 4 m’.

This definition is still ambiguous, because several relevant parameters like scanning step size of the~receive
antenna, polarization of the receive antenna, set-up of the EUT and cables, type of receive entenna, environmental
conditions, test site requirements etc are not provided.

It must be clearly stated whether sampling is included in the process: [ e case, an
estimation of uncertainties associated with the sampling proce
(application of the 80 %/80 % rule, see CISPR 16-4-3).

influence quantity. Also each step in
possible source of uncertainty.

Although the list of ungertai S an-be prepared in other ways, the cause and effect
diagram is preferred. A fishbone~diagram is given in Figure 6. This figure shows the
various uncertain < the absorbing clamp measurement method.
The uncertainty i egories, similar to the categories given in Table 3.

certainty sources that are typical for emissions

Other examples ©
‘ {s 2 and 3 of 4.2.2.

measurements are heNab

SET UP
MEASUREMENT
wire PROCEDURE
clamp receiver settings

reproducibility | .
m nnin
measurement cable clamp sca 9

>

OVERALL

receiver performance climatic UNCERTAINTY

ambient

test site performance .
electromagnetic

clamp performance ambient
/ operator
influence
MEASUREMENT
INSTRUMENTATION ENVIRONMENT

Figure 6 — Example of a fishbone diagram indicating the various uncertainty sources for
an absorbing clamp compliance measurement in accordance with CISPR 16-2
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The next step is to convert each uncertainty source into one or more influence quantities. In
4.2.4 a method is provided to relate uncertainty sources to influence quantities. In 4.2.4 and in
Table 5 some examples were given, a further example is given below.

EXAMPLE — An EUT support and positioning table is an ‘uncertainty source’ for the results of a radiated emissions

measurement. 'nis uncertainty source can be related 1o one or more influence quantities, In diifrerent ways:

1. Precise specification of the type of material and construction, e.g. the table material shall be dry oak plywood,
the maximum thickness of the table top shall be 10 mm and no metallic construction components shall be
used.

2. Precise specification of the electrical properties of the table material, e.g. by specifying the maximum values
for relative dielectric permittivity and the loss tangent.

3. Requiring that the positioning table shall be integral part of the site validation process for the radiated
emission measurement facility, i.e. the table shall be put in its normal position during_the site attenuation
measurements.

The first approach is limited. Dry oak plywood may not be the same in each part of th a ‘needs to be
specified. The moisture content could be an ‘influence quantity’ for this source i

instance, the uncertainty source ‘routing
specify. Experimental statistical variatio

tolerances, the uncertaj S sult must be determined. This can be done
by modelling of the standardi \ hod or by experiments.

detail in the GUM . For convenience, the major aspects of these methods
are repeated b

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
cahtributions.

In general, the measured emission level L, (the output quantity) will depend on a number of
specified influence quantities xg; (i = 1,2,...,n) and a number of non-specified influence
quantities x,, ; (j= 1,2,...,k).

Lm :f(xs,ivxu,j) (1)

For each influence quantity x the standard uncertainty u(x) shall be determined. All standard
uncertainties can then be combined into the ‘combined uncertainty’ (see Step 4 in 4.4.5).
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As a consequence, the overall uncertainty u(L,) of the measured level L, is a combined
uncertainty that can formally be written as a total differential

n K
Z—u(a.)@%u(xu,j) = o) + Y00 ln) @)

In equation 2, cs; and ¢, ; are the sensitivity coefficients, given by the partial derivatives of
the level with respect to the influence quantity x, while u(x) represents the uncertainty
associated with that influence quantity.

Sensitivity coefficients are usually unknown because the coefficients depend on specified as
well as non-specified (unknown) influence quantities. A model describjag~the relationship
between the measurand and all influence quantities is required in qrder to\estimate the
magnitude of the sensitivity coefficient (see also the GUM).

Type A standard uncertainties are calculated from 4
statistical methods. The Type A standard unceftai

Uncertainty estimates ca
relationship between th
quantities. Only whe

associated with nto the overall uncertainty contribution u(L,,) to

the measurand Ly \athewrpatipally, u;(L,,)=c;.u(x;) must be known. The quantity
c; is called ‘se Among other parameters, c¢; may be frequency

dependent. Seg a 4.4\ od€l required may be an analytical or a numerical model. It
should be ngted™Nho (\for EMC measurements in general accurate models are not
available. Jhe ‘ convenient to apply repeated measurements and statistical
methods(in order ¥ imate the magnitude of the standard uncertainty associated with the

: itieg. The existing uncertainty guides like LAB 34, M3003 and the GUM
give detailed gui g on th|s matter [9][11]. Note that for statistical experimental uncertainty
investigations; it s 0 a good practice to use specific EUTs, such as reference EUTs, or
EUTs that'ean be numerically modelled, i.e. ‘calculable EUTs’ (see also 4.5.3).

445 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
below.



https://standardsiso.com/api/?name=930bdc15b8cbae1cfd88183023a3ff0e

— 30 - CISPR 16-4-1/TR O IEC:2003+A1:2004(E)

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

equation 2, and the sign of each contribution is generally unknown (only the interval around a
quantity x, is known), then the ‘combined standard uncertainty’ u,(L,) can be written as:

[m
Us(Ly(F)) = \/Z{Cp(f)-U(xp(f))}‘ (3)
p=1

where m = n+k. To emphasise that u.(L,) is actually a function of the frequency f, the
frequency dependence has explicitly been indicated in equation 3.

NOTE 1 In CISPR 16-4-2 it has been assumed that UC(Lm) is frequency independent without stating a rationale

for this assumption. In addition, in CISPR 16-4-2 it has been assumed that equation 3 is ajways_applicablesThis is
generally not the case as is demonstrated, for example, in 6.4.4.

The expanded uncertainty U(L,,) shall be determined from the combi nsertaigty using
equation 3 and the equation 4 below:

U(Lp) = k(L)

degrees of freedom is large. This expanded uncertai ithLa ével of confidence, will
be used for all further discussions of upgertainties. =@ that if the term ‘measurement
instrumentation uncertainty ample( the{“expanited uncertainty’, due to the

As discussed in 4.3, the maX|mu v agnitude of the combined uncertainty
U(L,,)may be found after Copsi - probability. This consideration should

result in the specification™of thg limit T - compliance determination, reflecting the
agreed level of interfere ity Tt 7,) shall be defined in a way that makes its

influence on the interf \ ity lew. I this is not possible, L;;,, has to be adjusted to a
level which will p i nce probability.

4.5 Verificatio

4.5.1

The validity~Q inty estimates, obtained through the steps given in 4.4, shall be
verified andard or an amendment is developed. A verlflcatlon of the
‘measuremen ompalblllty (see 3.12) can be done by the following experimental means:

a) compadrison of mieasurement results and uncertainty budget obtained from two different
test\laboratories, or by

b) €xetution of an Inter-Laboratory Comparison and statistical evaluation of the results.
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.
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4.5.2 Test laboratory comparison & the measurement compatibility requirement

The uncertainty of a measurement result can be expressed by an interval AL, containing the
true value of the emission level L;. In the metrology field, this interval is normally stated

4 4l HE N - £: ol l 1 LE_L + +lo lo, <l £ 4l H y l al L +lo 1
lUHUlIIUI wWillh 1Tto LUTITIUTTIVT TCVTIT. 11 l_u 1o UIT U|J|JCI uuunualy Ul uaic mrncrvdarl dairid I_I IS TUWCTIT
boundary, with L, — L, = AL,,, the interval AL, only has a relevant meaning if the following
simple relation is satisfied

L<L <L, (5)

with a certain level of confidence. Similarly, if L, is the measured emission level, the

(6)

verify the validity of the uncertainty estimate b CKi g rement compatibility:
when two independent measurements, i ¢ he same product and both
measurements being completely in ac€ordancgé 9 ield measurand levels L4<

Lg S Ly With ALy =Lyy-Ljyand Lo < - L5, while AL,y and AL 5
both have the same confidence level, th e g relatlonshlps must be satisfied:

(7)
As an illustration, Figure i ion~in_which these two relationships are satisfied,
when using {L4, Lyq} @ sre is an overlap of the intervals AL, and AL,
the intervals as y easurements have a realistic meaning as, with
the assocnated confid ue ¥alue of the emission level is within both intervals at

determined by th b istfumentation uncertainty Uy, as derived in [3], including

only measure on uncertainty. Since the latter uncertainties form a subset of
the total ainties in a compliance test, it is to be expected that the interval
interval AL, associated with the standards compliance uncertainty.

In the exampleg of Figure”7 there is no overlap of the intervals determined by ALy,,. Hence,
the true value/of“theemission level cannot be in both intervals AL, at the same time. In
other words, these ALy, intervals do not satisfy the minimum requirement to be set to a
realistieyuncertainty interval.
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AL,..e L result
test laboratory 2

ml

In regard to th
provide the procedur

requires the inclusit

is given by equatign 6, i.e\ ALy = 2Uqspr -

Correlation‘ofiresults

The uncertainty of a valid measurement result shall be such that compatibility with all other
valid measurements of the same measurand and the same EUT is ensured. The compatibility
is‘indicated by the overlap of the intervals. This compatibility criterion results from application
of the criteria for the combination of uncertainties to the uncertainty of the difference between
fwo results. Two results of measurements are deemed to be compatible with each other when
they are expressed by intervals such that

I ko) 2 LO.
Ui =AU U =210 Uy ) ©)

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
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overlapping of the two intervals may be reduced to one common element for compatibility.
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

From a statistics standpoint it is advantageous to perform verificafiq rements at
several sites, and analyse the results using statistical methods instg g results
from two test laboratories (as described in 4.5.2). Such a seriesof ents\is often
referred to as Inter-laboratory Comparison, Site Reproducibil d Robin
Test. The expression ‘Round Robin Test (RRT) will be i e ainder of this

subclause. A RRT is a statistical and experimental means to budget of a
standardised emission measurement. This subclause provides guidan the organization

General information on the organisation of a RR in BAL publication EAL-P7
(see [12]). This document provides infg ion~qn basi the planning, preparation,
execution and reporting of a RRT. RRT is included in [3]: the
document provides results of a RRT and the to_inwestigate the uncertainty sources of
the radiated emission measurements ags in the frequency range of 30 —
300 MHz.

For the purposes of emission qieasure ihty budget verification it is important to
carefully define the gpals of the RRT 3

1) A reference@r:
uncertainty. Opt

generator poytig 1gi eproducible radiating portion are frequently used for
this purpose\Usk < UT basically allows information to be gained about the
measurenient ion uncertainty of the (draft) standard under consideration

2) Arres very stable, but that is real in a sense that it resembles, for
exafuplextypisal floorstanding equipment or typical table top equipment. When using a
real , Aformatiop”is collected about the standards compliance uncertainty for the

class of spreducts
standing, table~top

covered by the type of the EUT that is selected (large, small, floor
, single unit, multiple units, battery fed etc.).

The test.plan circulated with the EUT shall be the same as the (draft or amended) standard
thatds, subject to verification.

J0 ensure proper analysis of the results it is important to establish a standard data format for
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 of
the submitted results.

In addition to the measurement data, it is also important to request the uncertainty budget
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
calibration site (described in 4 of CISPR 16-1-5). In this case, so-called calculable dipale
antennas are used to validate a calibration test site (CALTS).

Similarly, the application of a calculable EUT also would allow a quantitative assessment of a
test laboratory’s ability to carry out CISPR-standardised compliance€ weasurements. This
method is also applied in a part of the CISPR/A radiated emission i
in [3].

4.5.5
A ‘reference EUT’ e With-“specified and stable emission properties.
Reference EUTs ate c inter-laboratory comparisons (see 4.5.3). It can
also be used fo' K i : rification of test facility characteristics. Integral verification
means that the chafa ISt inai 2

facility, the mea

the receiver/sg PR specifications apply for these parts of the measuring

chain and mfich effort-ig ired for periodic verification of these specifications. Therefore, a
reference™k sed”as a transfer standard to verify complete sections of the
measurementchain yeasurement results can be used to establish an internal reference

for a specifie m ment. The validity of this approach depends on the stability of the
0 ‘erence EUT and on the reproducibility of the reference set-up and

configuratijon in the measurement facility.

The reference result obtained from a careful reference EUT measurement shall be recorded.
The ‘measurement with the reference EUT can be repeated from time to time. The periodically
gbtained data can be compared with the reference results; and, since the intrinsic uncertainty
related to these measurements is low, it can provide information about the measurement
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).
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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, for
example to meet the requirements for accreditation in accordance with ISO/IEC 17025;

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 analysi
intended use. The guiding principle is to present sufficient informatiori\t
re-evaluated if new information or data becomes available.

A complete report on the determination of the unc
to the steps described in 4.4 and 4.5 and address th
1) statement, declaration of the purp6s

2) identification of the measurand, its bpncertain

3) determination of the uncertainty

4) calculation of the gombi
5) verification of the
6) listing of refé

« a list of aJPupcertainty components, along with a detailed description of their evaluation.

The data.and analysis should be presented in a way that the major steps in the process can
be easily-identified and the calculation repeated if necessary.

4.6:2 Uncertainty statements in routine compliance measurement results

When a test laboratory is to report the results of emissions measurements, it may be sufficient
to only state the value of the expanded uncertainty and the value of k, along with a reference
to the applicable internal uncertainty assessment report.
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4.6.3 Reporting of the expanded uncertainty

Unless otherwise required, the result L, of an emissions measurement should be stated
together with the expanded uncertainty U(L,,), calculated using a coverage factor k = 2 (as

daescribed In equation (4) ol 4.4.0). The TollowIng Torm or reporting IS recoimmended.

<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 %.

The coverage factor should, of course, be adjusted to show the value
for EMC testing, it is a general practice to apply a coverage factor
level of confidence of approximately 95 %.

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

*The reported uncertainty is an expanded uncertainty calculated using &
confidence of approximately 95 %.

em|SS|ons measurements, it is not necge
uncertainty expressed in dB. Results
given.

4.7 Application of uncertainties in\the

plln ctiterion

4.7.1 Introduction

EUT, to be belo
an impact on the

1) the uncertain

2) the limit§ ma

1 above), theAour scenarios can occur when determining compliance with an emission limit:

a) The result exceeds the limit value plus the expanded uncertainty.

b) Theyresult exceeds the limiting value by less than the expanded uncertainty.
c) ) The result is below the limiting value by less than the expanded uncertainty.
d) " The result is less than the limiting value minus the expanded uncertainty.

Case a) is usually interpreted as a situation of non-compliance. Case d) is interpreted as
demonstrating clear compliance. Cases b) and c¢) will require individual consideration, for
example based on any agreements with the user of the data, the manufacturer of the EUT or

the auditing regulatory authority. Boih pariies may apply diiferent compliance criieria,
depending on the purpose of the assessment and the risks involved. Similar compliance
considerations for emission measurements are given in LAB34 [11].
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Case a.
Case b.
Case c. . . level
* T ase d.  emission limit
4 <+— expanded uncertainty
<« Mmeasured value
Figure 8 — Graphical representation of four cases in the cg i > ation
process.

Another compliance approach (case 2 above) can be uséd_i at the emissions
limits have been defined to allow for some degree-© My \Ther a judgement of
compliance can reasonably be made only with e awyount of uncertainty
included in the limit level. As discussed earlier in \4. odld determine such an
uncertainty allowance. If the expanded uncertaj i ment, as determined by the
laboratory, exceeds this allowance,then t hetaken into account when

determining product compliance.

More detailed considerations on complian espect to emissions measurements
are under development in © i e different compliance approaches that
a manufacturer and an &uditing auth i 2 are a subject of further work since this
interpretation of manu fs (e.g. regulatory authorities) is different
A further subject of in ex < iration of different uncertainty categories that
are to be incorp i criferion. In 4.2 the different types of uncertainties
and their relatl@ i és are outlined. Consequently, these different
purposes may also’rg i

4.7.2 Manufacturers compliance criterion for compliance measurements

In CISPR 16-4-2 the following compliance criterion is used: the measured level is in
campliance with the limit if

Lm < Llim and Lm +U(Lm) SLlim +Ucispr = Leff (8)

This criterion is shown in a graphical form in Figure 9, where Ucisp,.is an agreed (default)

quantity, specified in Table 1 of CISPR 16-4-2, for different types of disturbance
measurements.

This compliance criterion means that if the uncertainty of a test laboratory exceeds an agreed

value Ugsp,, the excess U(Ly,) - U, shall be taken into account when determining pass/fail

against the limit L., .
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The magnitude of the agreed value Ucisprquantity shall reflect that a test laboratory, using

state of the art equipment, facilities and procedures, may typically comply without having to
take into account the ‘penalty factor’ U(L,)-Us, - It should be noted that the value of

U is based on measurement instrumentation influence quantities only.

cispr

Leff

U(I_m) Ucispr L

lim

addressed, from an uncertainty paqi
CISPR 16-4-3):

1) testing of one rep
assurance tests, o

The compliange ckitenNo wo cases is different. In the first case (i.e., periodically
testing on passes as long as the limit is not exceeded. In the second
case, a pe is\incoxporated in the compliance criterion that depends on the number
of samptes ( -t distribution), or the results are compared directly with the limit and a

number of s ; ybe rejected depending on the total number of samples (binominal
distribution).

Both 80.%/80 % compliance criteria are based on a direct comparison of the measured value
of the‘measurand against the limit, and the MIU is not taken into account.

NOTE It has not been determined yet how the 80 %/80 % rule compliance criterion, called out in CISPR 16-4-3,
and the MIU-compliance criterion of CISPR 16-4-2 are to be combined in cases were both criteria are applicable.
This combination of the two compliance criteria is the subject of further investigations within CISPR/A.

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
particular points, for example, the measurand is often a functional attribute of the EUT and
not a quantity.

6 Voltage measurements

6.1 Introduction

This report deals with modelling of CISPR standardized voltage
identify the possible contributions to the standards compliance unc
of

voltage measurements, for example,
appliances with more than one conne
equipment are under consideration.

6.2 Voltage measureme
6.2.1 Introduction

Subclause 6.2.2 pre
some remarks

commonly used Mo

Syurements’using a voltage probe (6.3). After that, the most
ission > measurement is discussed, i.e. the emission
i ains network (6.4). Throughout the discussion, it is

A voltagelis always measured between two specified terminals. Figure 10 illustrates such a
meastrement. Uy 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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Lot . hd

Ls

EUT Measurement leads Receiver

IEC 1527/02

measured 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 maxj

6.2.2.2 Measurement loop constraint

of the measurement loop,
loop is small compared to

ects will occur, creating large and undefined
uncertainty contributiohs. s may be reduced to an acceptable level placing
the load imped@ Al here the voltage has to be measured and to
transport the me rene i evreceiver via a transmission line, such as a coaxial
cable. The charactg i that line should match the input impedance of the
receiver. The posSi n expressed as a voltage standing wave ratio (VSWR).
See also 6.4.6-2.

G_efle small’ is satisfied, the use of a lumped element equivalent
e avoltage measurement is allowed. Unless indicated otherwise, it is
assumed thatthis*conditign has been satisfied.

6.2.2.3 The measured voltage

Faraday’s law is always applicable to a voltage measurement loop. For the loop given in
figure/10 this means that

jBEW:_i Bs (6-1)

where the electric field E and the magnetic flux Bare 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.
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From equation (6-1) it follows that the voltage U,,is given by

4 3 2
v =femri-y (rar-[emri-9 ffam: (6-2)
34 J 12 J J 6tJ'J
3 1 4 S

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 (@
sufficiently accurate description of the layout of the measuring leads.

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

number of.terminals of the n-port equals N + 1, where N is the actual number of terminals.
The additional terminal represents the surroundings of the source to which coupling via
electric/ and magnetic fields is possible and to which the source may have a galvanic
cafnection. It is the task of the standard drafter to define the surroundings in such a way that
this additional terminal is a relevant reference point in the voltage measurement.

In this section N = 2 is assumed, so that a three-terminal network results and the equivalent
circuit of figure 11 applies. An example of an EUT presenting an N = 2 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.



https://standardsiso.com/api/?name=930bdc15b8cbae1cfd88183023a3ff0e

— 42 — CISPR 16-4-1/TR O IEC:2003+A1:2004(E)

1
U17VUdm\

Ucm

2
Uas
3
In figure 11, all elements are - in principle - frequency-depend N1 &8 dm2 represent
the internal impedance of the equivalent DM source with d ireui Ugm- In general,

across Z43 and Zo3 by Uq3 and U»g, the
given in figure 12.

The DM- and the CM-conducted isslx evel are, in general, a figure of merit for
the interference potential of a i whe main coupling mechanism to the victim is

crosstalk. In addition, ission voltage level is generally also a figure of
merit when the @
the CM current Ng" g

The parasitic properties, for example, parasitic capacitance and stray inductance, of a voltage
measuring device may cause an unwanted conversion of DM disturbances into CM
disturbances, and vice versa. Therefore, the DM/CM or CM/DM conversion properties of a
valtage-measuring device may play a part in uncertainty studies, in particular those of artificial
orimpedance simulation networks. The conversion properties may also be desired in the case
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.
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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
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 thatis
‘grounded’ is only allowed in electrostatics, i.e. at d.c. (zero frequency). In the case of antwo-
terminal disturbance source, the circuit of figure 11 applies, where Z13, Z12 and Z»3 represent the
generally unknown and unequal load impedances of the source, for examp hQse_formed by
the mains network. If, for example, the voltage between terminals 1 3z gasured, the
input impedance of the voltage probe is in parallel with Z43 and in parg )

In addition, the layout of the measurement loop has to be ified sure'that the

measurement loop constraint is met (6.2.2.2), pute to the
uncertainty in the voltage to be measured. That layout icati such that it
minimizes the voltage that may be induced by the magnet the EUT itself
The latter voltage contributes to the uncertainty of th€ voltage easured. A numerical

In the CISPR specifications [3] the vol a large input impedance
(for example, 1 500 Q). As a consequénce pdid to the possible effect of the
stray capamtance between the hot mut pe and its surroundings. That

uncertainty contribution. ition, i i edance is not very much larger than the
source impedance (a prioti i gst), an additional uncertainty may be
introduced as a result of the uncé rtam ; age’division factor. Moreover, the loading by
the voltage probe havjng i arge input impedance may cause an unbalanced
loading of the disturbanpce gererally Zgm1 # Zgm2, this unbalance may differ

when measuring@m een'the termphals 2 and 3, compared to that between 1 and 3.

Finally, the unsym
interference potenti

probability so the\stan ed use of'the probe should be kept to an absolute minimum
In summary, ndard both EUT terminals in the voltage-probe measurement
shall be d, as well as the layout of the leads between these two terminals

probe relative to the actual load impedance of the EUT disturbance
attention is paid to possible improvements of CISPR standards.
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6.4 Voltage measurement using a V-terminal Artificial Mains Network

Interface filter and
' isolation
& 74'7 7777777
1N Phase
Zdm’ 1
: Z13
Y Udm 4 i %
cm i Reference\ 3
N X Ny oY
[ —— —- 5
~ : | — @
Y2 Ugm Ucm ! %
1
=
: Z23
1

6.4.1

the two unsymmetrical impe Q AN inctuding the tolerance of the absolute value
of these impedances. 4. he shunt-impedance Z45 is a non-specified
influence quantit{'t> ) AR agsumes that Zq, is always ‘infinitely’ large.

The basic circuit ¢4 in figure 13. The filter and isolation between the
measurement cirCui terminals is, to some extent, also specified in
CISPR 16-1-1 [3]\The trical voltages across Z43 and Z3 have to be measured (see

5.3.1 of CISR ' ents with regard to interference probability).

6.4.2 Basic circuit diagram of the voltage measurement

When'reading the level Uy, at the CISPR receiver, the circuit of figure 13 ‘reduces’ to that of
figure’ 14. In figure 14 Uy and Zy4, being non-specified influence quantities, represent the
effective disturbance source at the interface formed by the subject unsymmetrical input
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 measurement

set-up as experienced by the disturbance source. Zj, is a specified influence quantity that can

be influenced hy non epor\ifimr‘l or hy not euffir\ionfly cpmr\ifinr{ quanfifine (cnn 8.4 R) The

factor a = Un/Uin, Wwhere Ui, 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, for
example, equal to 50 Q in parallel with 50 uH, and a = 1.
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Figure 14 — Basic circuit of the V-AN measurement during the
of the received voltage U, (the numbers refer to figuxe

IEC 1531/02

6.4.3 Voltage measurement and standards compliance u

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

ituation, Umnt

(6-3)

(6-4)

ZdO [AZI'I’I _AZdJ (6-5)
ZatZin 213 Zgo

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 Z13 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), AU, 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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Zg0* %13 _ %0t

1= =1 (6-6)
ZytZp,  Zgotiy
_ Zg0 _ Zgqo  _ 1 7
2Tz vz Tz _+z. j# (6-7)
d " “in do T 413 1+ pe
The latter coefficient clearly depends on the non-specified influence quantity Zy.
15 / \ )
o N
5 AR
: AR
©
_ 0
§
S ’ ﬂ% S
270 360
S
IEC 1532/02
Figure 15 — The absolute value of ensitivity coefficient c2 as a function
< : impedances Z43 and Zyg
ratio |Z13/Zyol-
In equation (6-7 : @13\ P40, which follow after writing Z13 = p13exp(j@13)
and Zqo = Pgoexp(igge)\Fi ‘ sents the absolute value of ¢, for several values of p as
a function of ¢. It w additional information about Zy is needed to estimate c,.
However, that in \ not available in a standardized compliance test. Hence,
the standard ake an estimate when drafting a standard for a certain class of
equipment, for exa ying out a statistical investigation during the development of a
standard

It should-'be noted that in equation (6-5) all quantities are in linear units. Therefore, the
combined-/uncertainty can be written as the root of the sum of the partial uncertainties
squared (RSS). In standardized EMC compliance testing, logarithmic units are commonly
useéd+for the quantities and their uncertainty margin. Converting to logarithmic units, it follows
ftom equations (6-3) and (6-4) that

U a Z. U VAR A
—M (dB)="-(dB)+—"(dB)+—9(dB)-—4 " (4B) (6-8)

Ut a, Z Usgo Zyo 25

so that

AU, (dB)=Aa(dB)+AZ, (dB)+AU,(dB)-A(Zy +Z, )(dB) (6-9)
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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 Zy and one for Z;,. So, in this case, there is no linear

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 Z13 is needed to circumvent this problem.

Ll thaot iof +i i Ll + Hall H % A P~ H =i |H % - |
TTUWGOVET, U1du 1mmimurTtimratavltr 1o IIUIIIIGIIy nmult avdirduvitv 1T a oudiudarui~Tu CUTTITyIiarnictc 1t ot. TITTIvT,

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 U, but for Uj,, the voltage across. Zj,.
The true value Uiyt is then given by Ujpt = Uni/ag. If the compliance u ainty margin is
indicated by AUjp, the ratio AU;,/Ujnt can be calculated from Uiyt + AUjn= mag+Aa).

6.4.6 Influence quantities
6.4.6.1 Introduction

In this subclause, the influence quantities playing a pa
measurement discussed in 6.4.3 to 6.4.5 will be consid

terminal voltage

particularly in view

measurement. Note

that the influence quantltles may not be independe t ( e e, 6.4.6.4d) and e)), so
i \ ence quantities.

The final standards compliance uncertain S gasurements on a two-terminal
EUT using a V-terminal artificial mainsg start from the final model (the circuit
description) depicted in figure 17.

6.4.6.2 The input impeda

In the ideal case, the
impedance of t

the practical re
influenced by

13 (or Z»3), where Z43 is the specified input
0 Q in parallel with an inductor L13 = 50 pH. In
however, the actual input impedance may be

a) the actual yval \ pedance of the measuring receiver which in practice is
assumed(’to plus the influence of the length of the transmission line

between tk N g he receiver. This effect can be characterized as a VSWR (see
6.2. isndh ed in detail in [7]. A procedure on how to characterize the VSWR is
needed for this VSWR (in particular, in situ) has to be specified).

b) The influen¢e~af the unknown impedance of the mains network, which is in parallel with the
specified input imMpedance (see figure 12). The isolation needed to avoid this influence is
to be-Specified.

c) The’influence of the circuit parallel to Z;3 as formed by Z»3 in series with the non-specified
impedance Z4, (see figure 11). The latter impedance should be ‘infinitely’ large but will
have a finite value in practice, so a specification is needed.

From this list of examples it will be clear that Z, is not a completely specified influence
quantity. (See also 6.4.6.4d)).

In 5.1.3 of [3] it is stated that for Z13 and Zy3 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 a

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 Aa 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!
Consequently, a specified procedure to determine a (in particular, in situ) is needed.

6.4.6.4 The effective disturbance source impedance Z4

quantity.

From a comparison between the circuits of figures 13
measured, Zq is given by

(6-10)
as easily follows when applying Theveni [ : i ation, Zgm1, Zdm2 and Z.y, are
non-specified influence quantities. An/important tion is that Zy depends also on the
CM-impedance Z.n,. Hence, the coupl ndings of the EUT plays a part in the
measurement result. In fi S is indicated by the parasitic capacitance Cp4
between the relevant ( he EUT \(%o0, as an example, not the plastic housing
of that EUT) and the pre ; 3 In figure 17 also magnetic field coupling is

g of that EUT) it may be needed to include other
here (electric field coupling characterized by Cpq

included, where g~mu
example, the di
parasitic effects. The

the EUT and/the keference plane. However, the standard does not specify which side of
the EUT housing ias to face that plane. In figure 16 the dashed line represents the anther
allowed-position of the reference plane at the correct distance from the EUT housing.
However, the resulting parasitic capacitance is now Cpo # Cpq. Hence, the (allowed)
variation of the parasitic capacitance contributes to the standards compliance uncertainty.
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A Vertical metal plane
Electronic == Cot B
parts |
EUT \6—) VaisTable Z | | CISPR
D C <§( receiver
"'g::.'CPZ

Vertical metal plane
IEC 1533/02

ment impedances. To
pp has to be considered
and AMN is specified, for

seer as an LC series circuit. Major contributions

to the induct \ cable and the specified ground nding strap
between V-@ e . In figure 16 the capacitance is represented by
Cp1, and, morevge > n fighre 17. This circuit plays a part in the CM impedance
(see equation AsN\a~cohsegudence, Z4 is sensitive to the total loop inductance as

V-AMN. articulg meandering of the mains cable is needed, variations in the

d) LC parallelcirCui

In prattice, also the parasitic capacitance between the V-AMN and the reference plane
(s€e Camn in figure 17) may play a part. Then the parallel resonance of the inductance of
the ground bonding strap and this parasitic capacitance may be resonant within the
measurement frequency range, thus influencing in an unknown 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 Zj, (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 17).
This coupling that also influences the effective CM impedance, will be discussed in

4 [N aA o -
conmetuaon witln Uq 1Mro.5.9.9.

Disturbance
source

6.4.6.5 The effective gpe

A marked differe
is that in the latter
influence quantity.

under testand is described by Faraday's law (see 6.2.2.3 and annex 6-A);

a contribution Uz Which may arise via the transfer-impedance Z; of the cable between the
product under test and the V-AMN and that of the circuitry inside the V-AMN, i.e. contributions
relatedto CM/DM and DM/CM conversion.

Since Uy and Ugp, 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 unlenonan wwavy thio avina rica 0 tinaartainty cantriliitinne On tha athar hand thic |Ana
oW H— ey tHuaS— v g5 —to—uroerahty— oot S—or—te—omer—rara,—thoS—ong

term stability may be sufficient, but the measurement time may be short compared to the
possible variations of Uy, and Uy, due to the various modes of operation of the EUT resulting

in mode-related values of Uy, and Ugny,. 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
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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 AUym and AU.m. 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.

b) Uing

In particular since the CM-loop illustrated by the ABCDA in figure 16 plays a part in the
voltage measurement, it is important to consider contributions of the unwanted induced
voltage (6.2.2.3) as the loop has a relatively large area. That area, and hence the induced
voltage, depends on the layout of the set-up, and thus on the layou e mains.cable
and its possible meandering. See also annex 6-A.

c) Uzt

and is determined by the properties of the mains cable Ve dyct and the
V-AMN and by the circuitry inside the V-AMN. The Jlatter contfibutjon™can be made
negligibly small by setting proper DM/CM and CM/D i imits\for the V-AMN in
CISPR 16-1.

The mains cable influence can be expressed in ter ‘ ansgfer impedance that in
the case of a two-wire mains cable can be writte

(6-11)

plane and part of the
wide separation
cable between t
quantity, the contrib

When the layoit of the cable between EUT and V-AMN contains meanders, the way these
meanderszare put i ence L, and M. Moreover, at the higher frequencies, a capacitive cross-
talk ovef-the meander part of the mains cable (in figure 17 schematically represented by Cy,)

may_play a part. As already mentioned, a non-specified meander layout may create relevant
unecertainty contributions [10].
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Annex 6-A

Numerical example of the consequence of Faraday’s law

To demonstrate the importance of the physics described by Faraday’s law, discussed in
6.2.2.3 and in particular when a voltage probe is used, it is assumed that the EUT has to
comply simultaneously with

a) the voltage limits at load and control terminals as given in table 2b of CISPR 15 [5-A1},"to
be verified by means of a voltage probe measurement, and

b) the radiated EM-disturbance limits as given in table 3 of CISPR 15 [5
means of the large-loop antenna (LLA) system.

verified by

4

To keep the calculations very simple, it is assumed that the Ig poot' EUT

, (see equation (6-2)),
stems from the near f|eId of a small mas ] » assumed to be located at

1 € area, while the vector of the
this dipole moment, my, is

(6-A1)

(6-A2)
U;j canbe written as
QORZ
H, wm wD_ L I_@
U =20 " HIILd¢dr:—a a‘m%) 1 _1 (6-A3)
! 41 73 41 R R,
0R

Note that due to the assumed orientation of the dipole moment with respect to the segment
area, only Hg contributes to U;.
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Figure 6-A1 — Voltage and current limits as given in CISPR 15, tables and 3, and the
ratio U /I

A~ o

Assume that I, has the

just equals the I@
K representing the/Seg

_ 2 U, 1oeno’ Y,
DaLaf IL f [L

(6-Ad)

From eduation (6-A4) or figure 6-A2 it follows, for example, that at 10 MHz K¢= 1,34.
Assuming ¢ = 30°= 1/6 rad and R4= 10 cm, it follows that R, = 13 cm. Then the resulting

segment area, giving rise to an unwanted induced voltage equal to the voltage limit, amounts
to-only 21 cm?. This clearly illustrates the need to specify the measurement loop in detail.

References annex 6-A

[6-A1] Limits and methods of measurement of radio disturbance characteristics of
electrical lighting and similar equipment, CISPR 15, 1996

[6-A2] A large loop antenna for magnetic field measurements, J.R. Bergervoet, H. van
Veen, Proc. Intern. Symp. on EMC, Zurich, March 1989, pp. 29-34. (The antenna
proposed in this paper has been standardized by CISPR — see CISPR 16-1, Ed.2,
1999, annex P)
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Annex 6-B

Possible amendments to CISPR publications
with regard to voltage measurements

6-B1 Introduction

Compliance uncertainty studies form an excellent tool to discover ambiguities and weak
specifications in the existing CISPR standards. In addition, these studies can be of-great
assistance when drafting standards. Without going into detail, this annex give~some examples
indicating where some of the standards existing in the year 2001 may bg& amendgedras a first
step in reducing uncertainty contributions, without limiting the applicati \ ndard. In
some cases it will be indicated that it might be relevant to '
amendment.

6-B2 Voltage measurement basics

provement of 2.4.1 in [6-B2] is
or assumptions the unsymmetrical

e voltage-probe measurements are ill defined, in particular the
ground terminal’ in the voltage measurement. With regard to the
interference\probability, it should be mentioned, at least in [6-B2], that it is better to give up
voltage-probe measurements.

The discussion given in 6.3 should lead to improved formulation of 6.2.2 [6-B1] that should
also lead to an improved figure 10 [6-B1]. In particular, this figure has to indicate the area in
which the magnetic field may induce a too large voltage. Also 2.4.3.2 [6-B2] has to be
reconsidered, in particular the relevant aspects of the layout of the set-up have to be
addressed.

Subclause 5.2.2 in [6-B1] should also reconsider the statement ‘...such that the total
resistance between line and earth is 1 500 Q.” This value may not be sufficiently large in the
case of devices like a.c.-d.c. converters. So at least a warning has to be given. Requiring a
higher value than 1 500 Q may lead to unwanted effects of parasitic capacitances (6.3).
Moreover, the asymmetric loading of the source should be mentioned.
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In addition to the CISPR 16 standards [6-B1, 6-B2], there is a similar need to improve, for

example,

a) CISPR 11 (1997), 6.2.3 and figure 4;
Bh_CIlCSDD 14 /1002 E 2 A ond fin - B aond Eo
I.II TUT LIAY T \I\J\JU}, V. T ATTU IIsUI\J\J\JUII\.‘ \Ju,
c) CISPR 15 (1996), 8.1.2 and figure 5

6-B4 Voltage measurements using a V-terminal artificial mains network

In particular 6.4.6 about the influence quantities may lead to improved formulations in [6-B1,

6-B2].

To give some examples:

b)

d)

e)

9)

h)

(Z23) is needed, i.e. not only the tole
the phase angle of that impedance.

As mentione

capacitance b
B2] that the refe

(6.4.6 2 beéen discussed. The measurement loop constraint becomes
increasingdy\i hen not a single EUT is considered, but an EUT having auxiliary
apparatu ithain'2.4.4.2.6 of [6-B2].

The uncertaintj Zq as a result of the LC parallel circuit. As mentioned in 6.4.6.4-d,
these.uncertaintiés can be avoided by drafting a procedure, for example, in [6-B4], for the
verification of all V-AMN properties in situ. This procedure could be combined with that
mentioned in the previous example d). It might be necessary to specify a special
disturbance source (for example, a comb generator with special properties [B5]) for this
purpose.

The uncertainties as a result of the DM/CM and CM/DM conversion (6.4.6.5d)). The
contributions stemming from the V-AMN can be made negligibly small by specifying
maximum values for these types of conversion. See also the last paragraph of this

subclause

The uncertainties as a result of meandering part of the mains cable (6.4.6.5d)). Existing
studies [6-B6] form a good basis for an improved formulation of the layout of meanders.
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6-B5 Replacing voltage measurements by current measurements

As in the case of voltage measurements using a voltage probe, [6-B2] should indicate that in
view of the interference probability, the V-terminal voltages (the unsymmetrical mode

voltages) are not a figure of merit for the interference potential of an emitting device without
additional information or assumptions.

An improved figure of merit can be obtained in a rather easy way. Instead of measuring two
unsymmetrical voltages now two currents are measured, without changing the measurement
impedance specifications. This is schematically shown in figure 6-B.1 where, in one position
of the switch, the receiver measures twice the DM current and, in the other position, it
measures the CM current. See also 6.2.3 and 6.2.3.1.

To receiver <\
®

;
L / o
0 0N

>
>

h
Ny

Y

To EUT

[2)

C

— G| it §
]

o

|_
Icm

—"V-AMN

IEC 1537/02

of a\V-AMV yielding an improved figure of merit about
probability via two current probes

frequencies, for example, 80 MHz instead of 30 MHz as in
easurements. Then the measurement impedances can be

to 80 MHz andj)radiated emission measurements starting at 80 MHz would also solve some of
the uncentainty problems in radiated emission and in absorbing clamp measurements.
Moreover;) the choice of 80 MHz would bring the ‘switch-frequency’ for conducted/radiated
measlrements in emission and immunity testing (IEC/SC77B) in line.

6-B6 References

[6-B1] Specification for radio disturbance and immunity measuring apparatus and
methods, Part 1: Radio disturbance and immunity measuring apparatus,

CISFR To-1, Ed.Z, T99Y9.

[6-B2] Specification for radio disturbance and immunity measuring apparatus and
methods, Part 2: Methods of measurement of disturbances and immunity,
CISPR 16-2, 1993.
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[6-B3] Mains simulation network (LISN or AMN) Uncertainty — How good are your
conducted emission measurements?, E. Bronaugh, Zurich Intern. Symp. on EMC,
February 1999, pp. 521-526.

[6-B4] Calibration and measurement of the voltage division factor of an artificial mains

V-network, Clause 11.10, Annex F8, CISPR 16-1, 2nd edition, 1999-10.

[6-B5] Calibration and use of artificial mains networks and absorbing clamps,
T. Williams, G. Orford, Report DTI-NMSPU Project FF2.6, 1999, Published by
Schaffner-Chase EMC-Ltd and the National Physical Laboratory, UK.

[6-B6] The effect of cable geometry on the reproducibility of EMC measurementsy\L). van
Wershoven, Proc. IEEE EMC Symp., Seattle, August 1999, pp

7 Absorbing clamp measurements

7.1 General

7.1.1 Objective

The prlmary goal of thls clause is to prowde information and gk |da the determination of

CISPR 16-1-3);.
e 7 of CISPR 16-2-2).

these parts. In additi

absorbing clamp feast
uncertainty esti .

aseful information for those who apply the
method and who have to establish their own

with the CISBRJspegification given in CISPR 16-2-2. The reason is that this uncertainty
budget is limited te_the measurement instrumentation uncertainties (MIUs). Uncertainties due
to the set'up of the equipment under test (EUT) including the lead under test (LUT), and due
to the-measurement procedure are not taken into account. In this clause however, for the
unceriainty considerations of the absorbing clamp measurement method, all the uncertainty
sqlrces that are relevant for the compliance test in accordance with the standard (the
Stahdards compliance uncertainty (SCU)) are considered. For these uncertainty calculations it
is assumed that the EUT is the same. In other words, we consider the uncertainty of an ACTM
using the same EUT that is measured by different test laboratories, using different
measurement instrumentation, a different test site, different measurement procedures and
different operators. Consequently, the reproducibility of this ‘same’ EUT may become a

significant uncertainty source. Also the length of the LUT and the type of the cable can be
slightly different if a test laboratory has to extend the lead by a cable of the ‘same’ type.

The uncertainty assessment described in this clause is performed in accordance with the
basic considerations on uncertainties in emission measurements given in Clause 4.
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Subclause 7.2 gives the uncertainty considerations related to the calibration of the absorbing
clamp, while 7.3 gives the uncertainty considerations related to the absorbing clamp
measurement method.

CISPR 16-1-3 specifies three different calibration methods for the absorbing clamp, i.e., the
original method, the jig method and the reference device method.

This section describes the determination of the uncertainty budgets for the original clamp
calibration method. The budgets for the jig and reference calibration methods will be included
at a later stage.

For convenience a schematic overview of the original clamp calibra
Figure 18.

7.2.1 The measurand
For a clamp calibration using the original (org) method, 4
CForgin dB(pW/ V).

The original clamp calibration method is in fact
of CISPR 16-1-3,):

neasurement (see Clause 4

CForg = Aorg —17 indB(pW/ V)

where
Aorg = the measuregrinsertior id&

7.2.2 Uncertainty so

This subclause

(20)

The uncertai
measurémen X
(=clamp under is case), the measurement instrumentation, the set-up, the
measurement” procedyre and the environmental conditions. Figure 19 gives a schematic
overview of\all'relewant uncertainty sources using a fish-bone diagram. The fish-bone diagram
indicates_the categories of uncertainty sources that contribute to the overall uncertainty of the
clampfactor.

7-2.3 Influence quantities

For most of the qualitative uncertainty sources given in Figure 19, one or more influence
quantities can be used ‘to translate’ the uncertainty source in question. Table 7 gives the
relation between the uncertainty source and the influence quantity. If no influence quantity

1 : 4l .ol hcmyigemr ) (DR N hcmyiegr s T !
Cadll VT JIvelr, T e urieeridairity DUUyTL, UIc UTTyIndl UTtiveriairity sUuUrtT Wil oS UscuU.

For each of the uncertainty sources/influence quantities some explanation is now given.
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7.2.3.1 EUT-related
- Stability clamp

The absorbing clamp is a mechanically rigid device that typically is quite stable over time.

Nonetheless, aging effects may lead to poor contact between the ferrite cores which degrades
the functions of the current probe and the decoupling. This may result in a ‘degradation’ of the
clamp factor and may also cause a degradation of the decoupling factor. This is especially
important if the test laboratory for quality assurance reasons repeats the clamp calibration. If
the manufacturer calibrates new clamps, aging is not an issue. If the manufacturer performsc
type test, then the manufacturer may repeat the calibration using different samples of.the
same type of clamp. Depending on the number of samples used, this Type-A uncertainty,must
be entered in the uncertainty budget. If the manufacturer performs a uni ecific calipration,
then the calibration result is valid for that specific unit only, and conseg Q Uncertainty
due to type testing shall be incorporated.

7.2.3.2 Set-up related
a) Cross section lead under test

For calibration of the clamp, a 4 mm diameter wire shaflbe U ad.\The toldrance of the wire
diameter is not specified. The resulting uncertainty is ohsidered negligible.

b) Length of lead under test

The length of the lead under test sh ich B\m runs over the clamp slide and
¢ - -@ DOe to the application of the

d) Displacement :
For the calib bering guide shall be used to control the position of the
LUT within £1 ry G snfre\position at the location of the clamp reference point
(CRP). The u

e) Start and
The start'positiogofithe is 100 mm from the vertical reference plane (= equal to the
SRP he ‘stop.position of the CRP is 5,1 m from the vertical reference plane (SRP). The
tolerance © art)position determines the uncertainty. A tolerance of +5 mm is
assumed Itirfg uncertainty is considered to be minor.

The.glidance and routing of the measurement cable to the receiver is specified. Still some
degree of freedom remains which contributes to uncertainty.

7:2.3.3 Measurement procedure related

Clamp scanning step size

The-scannina-snead and thg froauenecv-sten sizais snacified —Still 2 rasidual tincartainty ic
+He—ScaRHRgG—SP a—aha—He—1Hegquehicy—Stop—St£e—15—SPeciHaa- tHH—a—e8Stata—uhR ety S

expected due to the limited scanning step size.
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7.2.3.4 Environment related

a)

Temperature and humidity tolerances

These environmental influence quantities are considered to have a negligible impact on
the result of the measurement if the calibration is performed using an indoor test site. For

b)

outdoor test sites, the influence of temperature and humidity on the uncertainty shall be
incorporated.

Signal to ambient ratio

For calibration, the measured signal levels shall be 40 dB above ambient levels. In this
situation, the resulting uncertainty may be neglected. For lower signal to noise ratios,‘an
additional uncertainty shall be taken into account.

Distance between operator and set-up
It is assumed that the scanning of the clamp is automated by som ¢ .0s,' by a rope
and pulley arrangement), and that the operator is not in thé\ Wcini y set-up.

be repeated for a number of positions of the NTh variation due to
presence of the operator and touching the clampg S i

uncertainti€s are takenh from [16].
Attenuator{optiepal)

If a.s€parate generator is used for the clamp factor measurement, then during the direct
méasurement of the generator output, an additional attenuator may be used to avoid
overload and consequent non-linear effects in the receiver. In this case, the absolute
value of the attenuator and its uncertainty shall be taken into account in Equation 20 and
in the uncertainty budget respectively.

f) Measuring system reading
Receiver reading uncertainties depend on receiver noise, meter scale interpolation errors.
Thetatter shoutdbearetativety mrsignificantcontributionmrtotheuncertainmty for measuring
systems with electronic displays (least significant digit fluctuation). For classical analogue
meter displays this uncertainty contribution needs to be considered.

g) Signal to noise ratio

For clamp calibrations, the noise floor is usually sufficiently below the measured signal
levels for calibration. The impact of the noise depends on the type of measuring system
used (network analyzer versus spectrum analyzer).
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h) Absorbing clamp test site deviation

The clamp calibration result is sensitive to the surrounding environment. The test site
performance depends on the floor material and nearby obstacles.

The test site that is used for the calibration shall be validated in accordance with the

specifred—vatidatiomprocedure—Comsequentty,—thepasstHait—criteriom—for—the—deviation
between the test site attenuation and the reference site attenuation given in CISPR 16-1-3
can be used in the uncertainty budget.

i) Clamp slide material

Typically the same clamp slide is used for clamp site validation and for clamp calibration
procedure. If the clamp slide material is not RF-transparent, then the possible perturbing
effects of the clamp slide material shall be taken into account.

j) SAD decoupling factor

The decoupling performance of the SAD specifies the decoupling
from the near end of the LUT. A minimum requirement for the SAD

k) CDN impedance tolerance

For the clamp calibration, a CDN is specified to termjn
plane. In the lower frequency range (30 MHz — 230
termination impedance of approximately 150 Q.
termination impedance of CDNs is not specifig

and the SAD. Quantitative informati i ainty is not ava|IabIe. It is
( impgdance tolerance is minor.

uncertainty budgets.

The repeatability6i\th i iORi ined by deriving the standard deviation of a series
of repeated calib ' S

this way statistical ir SURENCEY bout a number of mfluence quantities together i.e.,

g. Consequently, |f ‘repeatability of measurement is
he uncertainty budget, then it is important to be sure that
"are part of this ‘repeatability of measurement’ category, are

In general,-the expanded uncertainty figure of the clamp factor is used by a test laboratory as
an input\to derive the expanded uncertainty of its clamp measurement method. Note that for
this¢qpurpose, the standard uncertainty has to be derived from the expanded uncertainty. If we
assume that the uncertainty of the clamp factor has a normal distribution, then the expanded
uncertainty value of the clamp factor has to be divided by a factor k = 2. Consequently, the
clamp manufacturer may also directly provide the standard uncertainty instead of the
expanded uncertainty.

Aa a:lcady d;auuaccd ;II thc plcv;uua acut;un, thc Ullbclta;llty f;9UIc Uf thc b:alllp fautxu iay
be a unit-specific figure or it may be a figure that is applicable to that type of clamp. The
uncertainty that is related to a type calibration is generally larger than the unit specific
uncertainty. The reason is that for type testing a limited number of samples of the same type
of clamp is used and the average of the individual clamp sources is taken as clamp factor of
that particular type. Consequently the uncertainty due to the spread of this average clamp
factor will result in an increased uncertainty.
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7.2.5 Typical examples of an uncertainty budget

Tables C.1 and C.2 of Annex C give a typical uncertainty budget for the original clamp
calibration method in the two frequency bands 30 MHz — 300 MHz and 300 MHz — 1 000 MHz
respectively. The uncertainty budgets for the jig calibration method and the reference device

calibration method are still under consideration.

The uncertainty budgets are calculated in accordance with the procedure given in Clause 4.
Each budget contribution can be determined by using the Type A and Type B methods of
evaluation. Type A evaluations of uncertainty are done by using statistical analysisof
repeated measurement, and Type B evaluations of uncertainty are done by other thanh
statistical analysis.

In practice, EMC compliance measurements are typically executed onceNfor-a cextain type of

evaluation.

This is also the case for the budgets presented in
contributions are Type B evaluations and use

t of the budget
on certificates,

instrumentation manuals, manufacturers’ specifications asurements or from
models or generic understanding of the measurement probability distributions
and uncertainty values for the various uncertai lue e quantities that are given
in Annex C are derived from various sg

Unfortunately no model is available for the re e measurand and the various
influence quantities. All that can be sdid is that asurand is a function of the influence

quantities given in Table 7. Most standard i alues of each influence quantity must
be derived from specifications data. Further, it is assumed that all
sensitivity coefficients NHewever, tide to the absence of a realistic model, the

true value of the sensiti

From the clamp i kudgéts given in Annex C it can be concluded that the
expanded uncertainty - i dB for the frequency band of 30 MHz — 1 000 MHz.
The latter value is als iedHi a. tdbles of Annex D. Note that this value is also used in

laboratories ‘contributed to this RRT. The standard deviation was less than approximately
1 dB over(the frequency band of 30 MHz to 1 000 MHz, resulting in an expanded uncertainty
of appreximately 2 dB.

7.3~Uncertainties related to the absorbing clamp measurement method

This section describes the determination of the uncertainty budgets for the absorbing clamp
test method (ACTM) described in Clause 7 of CISPR 16-2-2.

Eor convenience a schematic overview of the clampn measurement method is aiven in
g )

Figure 20.
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7.3.1 The measurand

For a clamp measurement, the measurand is the disturbance power. The disturbance power
P corresponding to the measured voltage V at each measurement frequency is calculated by
using the clamp factor CF obtained from the absorbing clamp calibration procedure described

in CISPR 16-1-3.

P=V+CF

where

P = the disturbance power in dB(pW) (29
V' = the measured voltage in dB(uB()

CF = the clamp factor in dB(pW/uB)

7.3.2 Uncertainty sources

This section gives the uncertainty sources associated with_the astwément. From
equation 21 we see that the uncertainty is determined<p G of the voltage

The uncertainty of the voltage measurement is determi S ainties induced by the
EUT, the set-up, the measurement p z z b instrumentation and the

diagram indicates the categories o i sourses that contribute to the overall
uncertainty of the disturban NEr. is diagram we see that most set-up related

of the set up of the EUT. \ mstrumentation uncertainty, now the absolute
uncertainty of th i d ncextainty of the clamp factor are important uncertainty
sources that we i i

For each of\thie unsertainty sources or influence quantities that are new or that deviate from
the calibration situation (see 7.2.3) some explanation is given in the following subclauses.

7.3.3.1 EUT-related
ay~'Size of EUT

Various influence quantities depend on the type of the EUT, i.e., large EUTs, small EUTs,
EUTs with just one, or with many cables. The electromagnetic behavior of these different
types may cause different magnitudes of uncertainty.

b) Signature of disturbance

The signature of the disturbance (wide band, narrow band) may affect the magnitude of
uncertainties induced by the receiver.
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c)

Product sampling (optional)

This is especially important if the measurement is repeated by the manufacturer for quality
assurance reasons or if the 80 %/80 % rule is to be applied. If the manufacturer performs
a type test, then the manufacturer may repeat the measurement using different samples of
the same type of EUT, In case of market control by an authority using different samples of

d)

b)

the same type of EUT, then also the 80 %/80 % rule may be applied.
Set up unit(s) and cables

Despite the specification of the EUT set-up in product standards, this influence quantity,
may give rise to significant uncertainties if the same EUT is prepared and set up hy
different operators and test laboratories. Especially if the EUT consists of different units
and several interconnecting cables, the uncertainty due to the many degrees of freedom of
setting up the EUT may be significant. Also EUT cables have to A€ xtended using
representatlve cables, to make cIamp measurements i

results.

Modes of operation EUT

Due to the fackth
disturbance @

Mains voltage

Mains voltage\dewatiQ e’nominal mains voltage may give rise to uncertainties, as
the level i er depends on the mains voltage level.

App gcoupling devices

Differen Qoratdries may apply different mains decoupling devices like CDNs
decoupling ytransformers, variacs, LISNs or combinations thereof. These different

decoupling devic€s may give rise to different disturbance levels, also depending on the
category of EUTs (mains connection with or without protective earth).

731374 Measurement instrumentation-related

Q)

Accuracy receiver

The accuracy can be taken from the specification and calibration certificate of the
receiver. If necessary, the uncertainty for different types of signals/responses may be
considered, i.e., CW accuracy, pulse amplitude response accuracy, pulse repetition

b)

response accuracy.
Clamp factor uncertainty

The clamp factor uncertainty shall be taken from the clamp calibration uncertainty budget
provided by the clamp supplier or derived by the test laboratory itself (see 7.2.4 and
Annex C).
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c) Decoupling factor clamp

A minimum requirement is specified for the decoupling factor of the absorbing clamp. The
decoupling factor specifies the amount of decoupling of the far end of the EUT LUT from
the near end of the EUT LUT. Although different clamps all will comply with the minimum
requirement, the decoupling performance may be different and may give rise to different

measurement results.
d) Decoupling to receiver

Also a minimum requirement for the common mode decoupling of the LUT to the
measuring system is given. It is expected that the residual uncertainty is small.

7.3.4 Application of the uncertainty budget

In general, the knowledge of the expanded uncertainty of the clamp
serves two purposes, i.e., determination of the measurement insire
and/or the standards compliance uncertainty.

measurement procedure. The resulting MIU ca
values stated in CISPR 16-4-2.

compliance against a certai
laboratories where the\!sam

performed using the ‘same’ EUT, also the
included in the budget. Also for market

ve_d typical uncertainty budget for the clamp measurement
one for each of the two frequency ranges of 30 MHz -
Hz respectively.

Also for the ‘budgets presented in Annex D, most of the budget contributions are Type B
evaluations,) and use data from calibration certificates, instrumentation manuals, manu-
facturers-specifications, previous measurements or from models or generic understanding of
the measurement method. The probability distributions and uncertainty values for the various
uncertainty sources/influence quantities that are given in Annex F are derived from various
Sources of information [16][17][20].

Unfortunately no model is available for the relation between the measurand (disturbance
power) and the various influence quantities. All that can be said is that the measurand is a
function of the influence quantities given in Table 8 Maost standard uncertainty values of each

influence quantity must be derived using Type B methods of evaluations. Further, it is
assumed that all sensitivity coefficients are equal to one. However, due to the absence of a
realistic model, the true value of the sensitivity coefficients is unknown.

Each table also provides the result of both the MIU and SCU calculations. The typical values
of the MIU and SCU from these tables are summarized in Table 9. The MIU is typically 5 dB
to 6 dB whereas the SCU may amount to approximately 8 dB.
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