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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METALLIC COMMUNICATION CABLE TEST METHODS -

Part 4-1: Electromagnetic compatibility (EMC) —
Introduction to electromagnetic (EMC) screening measurements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for sandardlat|on comprising
all national electrotechnical committees (IEC National Committees). The obj&ct of to promote
international co-operation on all questions concerning standardization in the elegth ctronjc fields. To
this end and in addition to other activities, IEC publishes International Standards)\Techwicak Spesifications
Technical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides 8 to/as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; an iQ il interested
in the subject dealt with may participate in this preparatory work goveraomental and non-
governmental organizations liaising with the IEC also participate in N borates closely
with the International Organization for Standardization (ISO) in @ccordange Wi itions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mat s arIy as possible, an international
consensus of opinion on the relevant subjects since eac i s representation from all
interested IEC National Committees.

4) In order to promote international uniformit i sittees undertake to apply IEC Publications

transparently to the maximum_extent possjble a and regional publications. Any divergence
between any IEC Publicatio y 2Spa regional publication shall be clearly indicated in
the latter.

5) IEC provides no markihg\proc apgroval and cannot be rendered responsible for any

6) All users should 2 st edition of this publication.

7) No liability shall atta
members of its tech t € National Committees for any personal injury, property damage or
other damage of(an a S whether direct or indirect, or for costs (including legal fees) and
expenses arising “Qut ‘of icationr; use of, or reliance upon, this IEC Publication or any other IEC

patent rights. C shalNnot be held responsible for identifying any or all such patent rights.

The main task of IET 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".

IEC/TR 62153-4-1, which is a technical report, has been prepared by IEC technical committee
46: Cables, wires, waveguides, R.F. connectors, R.F. and microwave passive components and
accessories.

This publication cancels and replaces IEC/TR 61917, published in 1998.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
46/199/DTR 46/253/RVC

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

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

The committee has decided that the contents of this publication will remai
maintenance result date indicated on the IEC web site under "http://web
related to the specific publication. At this date, the publication will be

hanged until the
" in the data

* reconfirmed,

+ withdrawn,

* replaced by a revised edition, or
*+ amended.

A bilingual version of this publication may be issued &

O
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INTRODUCTION

Screening is one basic way of achieving electromagnetic compatibility (EMC). However, a
confusingly large number of methods and concepts is available to test for the screening quality
of cables and related components, and for defining their quality.

IEC/TR 62153-4-1 provides a brief introduction to basic concepts and terms trying to reveal the
common features of apparently different test methods. It should assist in correct interpretation
of test data, and in the better understanding of screening (or shielding) and related
specifications and standards.

@%
S
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METALLIC COMMUNICATION CABLE TEST METHODS -

Part 4-1: Electromagnetic compatibility (EMC) —
Introduction to electromagnetic (EMC) screening measurements

1 Scope

IEC/TR 62153-4-1, which is a technical report, gives a brief introduction to ba
terms that reveal the common features of various test methods.

ic concepts and

2 Normative references

The following referenced documents are |nd|spensable for the ap I|ca o of\thissxdeCument. For

effectiveness

IEC 61196-1:2005, Coaxia
definitions and requirens

IEC 61726: Cab
Screening attenus

compatibility (EMC) — Coupling or screening attenuation — Absorbing clamp method

IEC 62153-4-7, Metallic communication cables test methods — Part 4-7: Electromagnetic
compatibility (EMC) — Test method for measuring the transfer impedance and the screening —
or the coupling attenuation — Tube in tube method

IEC 62153-4-9, Metallic communication cable test methods — Part 4-9: Electromagnetic
Compatibility (EMC) — Coupling attenuation of screened balanced cables, triaxial method?

EN 50289-1-6, Communication cables — Specification for test methods — Electrical test
methods — Electromagnetic performance

1 To be published.
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3 List of symbols

dg

Asn

-~

Je
/. cf
/. cn

7

M7

screening attenuation

normalized screening attenuation with phase velocity difference not greater than 10 %
and 150 Q characteristic impedance of the injection line

velocity of light

through capacitance of the braided cable
cable or component under test

EMF

frequency

far end

cut-off frequency

far end cut-off frequency
near end cut-off frequency
the total flux of the magnetic field induced by the
the direct leaking magnetic flux

complete magnetic flux in the braid

system)

relative permittivi

cable length
(externa dk

near end

sending power

far end measured power
near end measured power
coupling transfer function

far end transfer function
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near end transfer function

Tn,f =T,
f

U’y the disturbing voltage induced by @74,
U’ the disturbing voltage induced by 2 @ 74, of the right hand lay contribution
U the disturbing voltage induced by %2 @ ”;, of the left hand lay contribution

U’y is equal to U”y, and U, (= the disturbing voltage induced by 2 @7, )
v phase velocity
vy phase velocity of the "primary" system (feeding system)

Vo phase velocity of the "secondary" system (measuring system)

Vi relative phase velocity of the "primary" system (feeding syste

Z1f = Z1 and Zzn = sz = Zz)

Zy,= 2,2,

effective transfer impedance (= | Zg £ Z7 | ) per unit length in the near end or in the far

end
ZTE effective transfer impedance (= max | Zrg,,, Ztgs | ) per unit length
Zie effective transfer impedance (= max | Z; + Z; | )
Zien normalized effective transfer impedance of a cable (Z; =150 Q and | vy — vy |/ vy <

10 % velocity difference in relation to velocity of CUT
4 Electromagnetic phenomena

It is assumed that if an electromagnetic field is incident on a screened cable, there is only weak
coupling between the external field and that inside, and that the cable diameter is very small
compared with both the cable length and the wavelength of the incident field. The superposition
of the external incident field and the field scattered by the cable yields the total electromagnetic
field (E;, H; in Figure 1). The total field at the screen's surface may be considered as the
source of the coupling: the electric field penetrates through apertures by electric or capacitive
coupling; also magnetic fields penetrate through apertures by inductive or magnetic coupling.
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Additionally, the induced current in the screen results in conductive or resistive coupling.

(Ei, Hl) (Es, Hs)

2152/07

Key
n unit vector normal to surface

,.

As the field at the surface of t s_directly-related to density of surface current and
surface charge, the coupling ither to the total field (£, H,) or to the surface
current- and charge- densiti and\g)\Consequently, the coupling can be simulated into the
cable by reprod t 5 e surface currents and charges on the screen.
Because a cable “of \ i higher modes can be neglected and an

additional coaxial - as the injection structure, as shown in Figure 2.

Concept of a triaxial set-up

1) Outer circuit, formed by injection
cylinder and screen, characteristic
impedance Z1,

2) Inner circuit, formed by a screen,
and centre conductor, characteristic
impedance Z;; screening at the ends
not shown.

Zon

IEC 2153/07

Conditions Zigs Zops Zog and A are observed in Figure 3a and Figure 3b.
NOTE 1 Dq <</l

NOTE 2 Both ends of circuit (2) must be well screened.

Figure 2 — Defining and measuring screening parameters — Triaxial set-up
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5 Intrinsic screening parameters of short cables

The intrinsic parameters refer to an infinitesimal length of cable, like the inductance or
capacitance per unit length of transmission lines. Assuming electrically short cables, with [ << 4
which will always apply at low frequencies, the intrinsic screening parameters are defined and
can be measured as follows:

5.1  Surface transfer impedance, Z;

As shown in Figure 2 and Figure 3a (where Z;; and Z,; are zero):

Z1 =Uy/I4-1) (Q/m) (4)

The dependence of Z; on frequency is not simple and is often show
log frequency. Note that the phase of Z; may have any value, depef
and frequency range.

NOTE In circuit 2 of Figure 3a the voltmeter and short-circuit can be inje

5.2 Capacitive coupling admittance, ¥,

As shown in Figure 2 and Figure 3b (where Z; a
%)

The through capacitance (Cy) is a real ¢ has usually a constant value up to

characteristics. Tzre 3
a) The normalized/t

outer coaxial cir,

SR

e coaxial circuits, Ct is dependent on those
uing this dependence:

derived from Ct is independent of the size of the
Qi its permittivity:

(M/F) Kt ~1/(en+&2) (6) (7)
where A e capgacitance per unit length of the two coaxial circuits.
b) The cap QUPHMG impedance Zg again derived from Cy is also independent of the

size of the ou
its permittivity:

oaxial circuit and, for practical values of £, is only slightly dependent on

Zp = ZiZo¥o = Z1ZpjwCr (@) Zg ~ (e &) /(1 + &) (8) (9)

Compared with Z, Zg is usually negligible, except for open weave braids. It may, however, be
significant when Z,, and Z,; >> Z, (audio circuits).
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