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FOREWORD

This amendment has been prepared by CISPR subcommittee A: Radio interference measure-
ments and statistical methods.

The text of this amendment is based on the following documents:

CDhV Report on voting
CISPR/A/297/CDV CISPR/A/329/RVC

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

Rd in the report

The committee has decided that the contents of the base publicatid snts will
remain unchanged until 2004. At this date, the publication will bg

* reconfirmed;
* withdrawn;

« replaced by a revised edition, or

« amended. Q
A bilingual version of this publication thay\be {§sued at allat -

Page 2

CONTENTS

Page 239

Add the following new clause:

6 Reports on uncertainties in standardized emission compliance testing

6.1 Introductory note

Clause 6 of CISPR 16-3 is a collection of documents (reports) dealing with the issue of
uncertainties in standardized emission compliance tests.

The primary goal of this clause is to give guidance to those who are involved in the develop-
ment or modification of CISPR emission standards. In addition, this clause is useful
background information for those who apply the standards in practice.
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Subclause 6.2 is still under consideration. Subclause 6.2 will contain details on the scope of
clause 6 and will present the general aspects of standards compliance uncertainty in emission
testing. To compensate for the absence of 6.2, this introductory note on uncertainties in
standardized compliance testing is given. This note can be deleted after subclause 6.2 is
included in clause 6.

The term Standards Compliance Uncertainty (SCU) is used to distinguish the associated
uncertainty contributions from those arising from the measurement instrumentation only.

In a standardized emission compliance test, the emission level of an electrical or electronic
product is measured, after which compliance with the associated limit is determined. The
measured level only approximates the true level to be measured, due to uncertainties in the
influence quantities. However, in classical metrology, all relevant influénce quantities are
specified and the classical Measurement Instrumentation Uncertainty

while no quantitative information is available about their values.
associated uncertainty will, in general, differ significantly from
classical measurement uncertainty considerations. Therefore, {l
Uncertainty (SCU) has been introduced to distinguish bet
during an EMC compliance test, and the classical Measurs
(MIU) used in metrology.

c) Description of the ¢
purpose. In 4@
compliance crit€rj

The res

recommendatigns. Stchproposals will also be published as a report within this clause 6.

The structure of documents related to the CISPR SCU work is depicted in the figure below.
Report 6.2 (under consideration) is the first part dealing with the basic and general aspects of
the SCUs in EMC emission measurements. Subclause 6.3 contains the uncertainty
considerations related to voltage measurements. Subclause 6.4 is reserved for SCU-
consideration of radiated emission measurements.

Also for immunity tests, uncertainty work is projected. The SCU considerations of immunity
tests differ from the emission SCU considerations at particular points. For instance, for an
immunity test, the measurand is often a functional attribute of the EUT and not a quantity.
This may cause additional specific problems. The SCU documents related to immunity tests
will be published in a separate clause within CISPR 16-3.
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STANDARDS COMPLIANCE UNCERTAINTY

g I

Clause 6 Clause 7
EMISSION IMMUNITY
6.2 General and basic considerations 7.1 General and basic considerations
6.3  Voltage measurements 7.2  Conducted immunity tests
6.4 Radiated emission measurements 7.3 Radiated immunity tests
74
/\(r\
w IEC 1526/02
Figure 6.1-1 — Standards compliance un \

6.2 General and basic considerations

Under consideration.

6.3 Voltage measurements

6.3.1 Introduction

of

a) product variability {

b) test house in@

mains networ 5s |[Tappliances with only a mains cable are discussed in 6.3.4.

Additional nts, for example, those on appliances equipped with a
protective more than one connected cable and appliances connected to
ancillar ger consideration.

6.3.2 Voltage measurements (general)

6.3.2.1 Introduction

Subclause 6.3.2.2 presents a consideration of the voltage measurements basics, followed by
some remarks about voltage measurements using a voltage probe (6.3.3). After that, the most
commonly used conducted emission measurement is discussed, i.e. the emission
measurement using a V-type artificial mains network (6.3.4). Throughout the discussion, it is
assumed that the EUT is a two-terminal device: only one two-wire mains cable is connected to
the EUT. N-terminal devices (N > 2) with or without connections to ancillary equipment are
under consideration.

6.3.2.2 Voltage measurements basics
6.3.2.2.1 Specification of the measurement loop

A voltage is always measured between two specified terminals. Figure 6.3 -1 illustrates such
a measurement. U,, 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
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voltmeter, and Uz, 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.

NOTE 1 Specifying only one terminal, the *

ference of the measure

of the loop is small co
measured. {>

gnce effects will occur, creating large and undefined
tainties may be reduced to an acceptable level placing

If the condition ‘C électrically small’ is satisfied, the use of a lumped element equivalent
circuit to describe a voltage measurement is allowed. Unless indicated otherwise, it is
assumed that this condition has been satisfied.

6.3.2.2.3 The measured voltage

Faraday’s law is always applicable to a voltage measurement loop. For the loop given in
figure 6.3-1 this means that

fE@i :—%BTB @5 (6.3-1)

where the electric field E and the magnetic flux B are generated by the disturbance source
inside the EUT, or by some ambient disturbance source. Unless specified otherwise, the latter
source is assumed to be negligibly small; for example, the measurement set-up is sufficiently
screened.
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From equation (6.3-1) it follows that the voltage U,,is given by

4 3 2

U= [E@I =U,, - [E@I - [E @i -2 gfpmas (6:32)
1 4 at

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

term to U, often dominates. Therefore, the voltage measuring method shall include a
sufficiently accurate description of the layout of the measuring leads.

A numerical example illustrating the importance of the influence of the physics described by
Faraday’s law on the measurand is given in annex 6.3-A.

Since differential-mode (DM) and common-mode (CM) phenomena are of importance, the
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
connection. 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 6.3-2 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.
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In general,

symmetrical. Z

voltage U,,. The load is represented by the impe s Z43 between the actual
terminals 1 and 2 and the reference 3 een the actual terminals.
Denoting the voltages across Zy3 andZ,; ation between these voltages

and Uy, and U, is given in figure 6.

the mterference poten ial okana emain coupling mechanism to the victim is
crosstalk. In addition, fthe ‘ | BMNIssic voItage IeveI is generally also a figure of
merit when the main i (
the CM currenl@}a 4 ect f|gure of merit (see 6.3-B5). The so-called
unsymmetrical co s Uy3 or Uyz give, in general, no information about

between U3 and U2 eded\to cohvert these voltages into the relevant voltages Uy, and
Ucm. So in compli bility Studies, both the DM and CM properties of the disturbance

The parasitic propertie’s, for example, parasitic capacitance and stray inductance, of a voltage
measuring device Yhay cause an unwanted conversion of DM disturbances into CM
disturbances, and vice versa. Therefore, the DM/CM or CM/DM conversion properties of a
voltage-measuring device may play a part in uncertainty studies, in particular those of artificial
or impedance 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.

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.
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6.3.3 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 6.3.2.2, specifying only one
terminal, the ‘hot’ terminal, and assuming that the other terminal can be any point that is
‘grounded’ is only allowed in electrostatics, i.e. at d.c. (zero frequency). In the case of a two-
terminal disturbance source, the circuit of figure 6.3-2 applies, where Z,5, Z;5, and Z,,
represent the generally unknown and unequal load impedances of the source, for example,
those formed by the mains network. If, for example, the voltage between terminals 1 and 3 is
measured, the input impedance of the voltage probe is in parallel with Z,5 and in parallel with

(Z1 + Zy3).

In addition, the layout of the measurement loop has to be specified assure that the
measurement loop constraint is met (6.3.2.2.2), as resonance effegls contxibute to the
uncertainty in the voltage to be measured. That layout specificationd{shoufdh\be such that it
minimizes the voltage that may be induced by the magnetic field i 9 T itself.

capacitance reduces the effective input impeda 13), thus creating an
i 5d ery much larger than the

introduced as a result of the uncertainty int S ivision/factor. Moreover, the loading
by the voltage probe having an insuffici >
loading of the disturbance source, and(since.gengra
when measuring the voltage between thein
and 3.

Finally, the unsymmetrica s 6 e probe is not a direct figure of merit for the
interference poteti . N i gives no information about the interference
probability so th@ﬂ ardi F 6be should be kept to an absolute minimum.

In summary, in a both EUT terminals in the voltage-probe measurement
shall be carefully\sp as the layout of the leads between these two terminals
and the two er oke. Moreover, attention should be paid to the magnitude of the

relative to the actual load impedance of the EUT disturbance
ntion is paid to possible improvements of CISPR standards.

source. {n annex e\3-B, at
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6.3.4 Voltage measurement using a V-terminal Artificial Mains Network

Interface filter and
' isolation
1 - [Prase
ase
Zdm1 |
:
Y2 Udm i >
~ L g
% — | —-------- =]
e =S
Y Ugm Uem ! %
' =
Z 1
dm2 2 i Neutral
s S
Disturbance :V-type AMN L
ecei\&
IE 0/02
Figure 6.3-4 — Basic circuit of the V-AMN volta urement (V= 2)

6.3.4.1 Introduction

The V-terminal artificial network (V-AM sen network or t-network loading
of the disturbance source. Throughout6:3.4,\¢ 1s umed that the EUT is a two-terminal

figure 6.3-4. The filter and isolation between the
inals is, to some extent, also specified in CISPR 16-1.
Z43 and Z,3 have to be measured (see 2.2.3.1 for

n\\ abou¥ uncertainties associated with this type of measurement, that also
may influence tha c i

6.3.4.2 Basic circuit diagram of the voltage measurement

When reading the level U, at the CISPR receiver, the circuit of figure 6.3-4 ‘reduces’ to that
of figure 6.3-5. In figure 6.3-5 Uy and Z,, 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. Z;, is a specified influence quantity that can
be influenced by non-specified or by not sufficiently specified quantities (see 6.3.4.6). The
factor a = U,,/U;,, where U;, is the voltage across Z;,. This factor is, to a large extent,
deterministic. In the absence of uncertainties, that is in the ideal situation, Z;, = Z,3 = Z,3, for

example, equal to 50 Q in parallel with 50 pH, and a = 1.
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Zq 1or2

Uy C) Zin Uin a @ Um

IEC 1531/02

Figure 6.3-5 — Basic circuit of the V-AN measurement during the reading e received

voltage U,, (the numbers refer to figure 6.3-4

6.3.4.3 Voltage measurement and standards compliance u

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

gituation, U,

(6.3-3)

where ag is the true value of a. Zy,
parameters when the source is loaded Wi i impedance Z,3. However, in the actual
set-up, the actual parameters are a, Z; so the voltage reading U,, is given by

(6.3-4)

Aa, Zin= Z13 + AZin’ Zd = Zdo + AZd and Ud: Udo
ation (6.3-4) that

After substitutio
+ AUy it follows fron

E‘f Z, HAZ, AZ, E (6.3-5)

Zd +Zin HZB ZdO

deviations it m be )possible to apply corrections [6]. For example, if from independent
measurements it cai’be concluded that the actual value of Z,; shows a systematic difference
with its ideal value and the difference is within the allowed tolerance of Z,5, the actual value
may be inserted in equation (6.3-5).

In equation (6.3-5), 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 Z,, (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:

c. = Zowt 2y ~ Zy* 2y =1 (6.3-6)
1 Zyr2Z, ZytZy

Zy ~ Zy - 1
Z,+Z, Z,+tZ; 1+pej¢

¢, =

(6.3-7)
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