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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 st q rising
all national electrotechnical committees (IEC National Committees). The obj&ctN of {o prpmote
infernational co-operation on all questions concerning standardization in the elegfis 3 i f|e|(s. To
thjs end and in addition to other activities, IEC publishes International Sta «00 R tions,
Te¢chnical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guide “IEC
Pdiblication(s)”). Their preparation is entrusted to technical committees; an ested
in| the subject dealt with may participate in this preparatory work. non-
gqvernmental organizations liaising with the IEC also participate in thi osely
with the International Organization for Standardization (ISO) in &agcorda ed by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mat dtional
cqnsensus of opinion on the relevant subjects since eac m all
inferested IEC National Committees.

3) IHC Publications have the form of recommen dtional
Committees in that sense. While all reasonable f IEC
Piiblications is accurate, IEC cannot be h r any
m|sinterpretation by any end user

4) In| order to promote international uniformity, IEE i € ittees undertake to apply IEC Publications
transparently to the maximym extent possjble eir’ nati and regional publications. Any divergence
bgtween any IEC Publicatiq sspanding |onal oy regional publication shall be clearly indicated in
the latter.

5) IE Independent certification bodies provide confprmity
agsessment services af  @8&CessNo IEC marks of conformity. IEC is not responsible fqr any
sqrvices carried

6) All users should Q latest edition of this publication.

and
ge or
) and
r IEC
ions is
ject of

The Imain_task of IEC technical committees is to prepare International Standards. Howevgr, a

techpical’ committee may propose the publication of a technical report when it has collgcted

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 second edition cancels and replaces the first edition published in 2007. The significant
change is a new clause on the background of the shielded screening attenuation test method.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
46/331/DTR 46/350/RVC

Full information on the voting for the approval of this technical report can be found in the report

on voting indicated in the above table.

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

A lisf of all parts of the IEC 62153 series, under the general title: Metallic communicatiot¢able

test [nethods, can be found on the IEC website.

The committee has decided that the contents of this publication will
stability date indicated on the IEC web site under "http://webstore.ie
the dpecific publication. At this date, the publication will be

* rgeconfirmed,

+ withdrawn,

* replaced by a revised edition, or
* gmended.

A billngual version of this publication rday ke igsued @t a,l

nt|l the
ated to

IMPORTANT - The ‘col insi 0go O t co Mage of this publication indicates

that|it contains colours
of its contents. Users[\{o

ng

9,
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METALLIC COMMUNICATION CABLE TEST METHODS -

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

1 Scope

Screlening (or shielding) is one basic way of achieving electromagnetic gemyatibility (EMC).
Howgver, a confusingly large number of methods and concepts is ava bo_ test fof the
screening quality of cables and related components, and for defig ity. | This
techpical report gives a brief introduction to basic concepts and | the
common features of apparently different test methods. It should ass ation
of test data, and in the better understanding of screening ated
spedifications and standards.

2 Normative references

The following referenced documents are indispe . For
datefl references, only the edition cit ces, the latest edition of
the referenced document (including any am

IEC $0096-1:1986, Radio-frequency c Liring
methods

Amehdment 2 (1993)

IEC $0096-4-1, Radio es —
Sectfon 1: Gener q

IEC Liring
meth d measuring procedures — Screening effectiveness

IEC — Part 1: Generic specification — General,
definiti

IEC $1726, mblies, cables, connectors and passive microwave componernts —
Screeni easurement by the reverberation chamber method

IEC $215324-3, Metallic communication cables test methods — Part 4-3: Electromaghetic
compalibility (EMC) — Surface transfer impedance — Triaxial method

IEC 62153-4-4, Metallic communication cable test methods — Part 4-4: Electromagnetic
compatibility (EMC) — Shielded screening attenuation, test method for measuring of the
screening attenuation ag up to and above 3 GHz

IEC 62153-4-5, Metallic communication cable test methods - Part 4-5: Electromagnetic
compatibility (EMC) — Coupling or screening attenuation — Absorbing clamp method

EN 50289-1-6, Communication cables — Specification for test methods — Electrical test
methods — Electromagnetic performance
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3 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 (Et,Flt) in Figure 1. The total field at the screen's surface may be considered as the

source of the coupling: electric field penetrates through apertures by electric or capacitive
coupling; also magnetic fields penetrate through apertures by inductive or magnetic coupling.

Addifionally, the induced current in the screen results in conductive or resistive coupling,

IEC 893/10

Key

(", H ) e field J induced surface current density- (A/m)
P

(~ H ) scattered elestromagnetic field o induced surface charge density- (C/m?)
s’ |s

(—t,I:l ) total electromagnetic field n unit vector normal to the surface

X positive axial cable direction &y &, permittivity, free space and relative

(EvH)=(E i)+ EA) (1)
J=n-H, (2)

0 =n-Eie,& (3)
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As the field at the surface of the screen is directly related to density of surface current and
surface charge, the coupling may be assigned either to the total field (Et,Flt) or to the surface

current- and charge- densities (J and c). Consequently, the coupling into the cable may be
simulated by reproducing, through any suitable means, the surface currents and charges on
the screen. Because the cable diameter is assumed to be small, the higher modes may be
neglected and it is possible to use an additional coaxial conductor as the injection structure, as
shown in Figure 2.

IEC 894/10

Key (for Figures 2,3,4,5)
M. @

Zi

812

Bra

/1112 Wave length o

L Coupling/tengtk

D, Diame j

\

A

Z 4y ear end, respectively far end of the outer circuit(1), tube
Zy., Ay istan ngar end, respectively far end of the inner circuit(2), cable
Ey

1, 1 ér circuit(1), tube, respectively inner circuit(2), cable

Ui Uy Voltage atthe'near end, respectively far end of the outer circuit(1), tube

Uy, U, Voltage at the near end, respectively far end of the inner circuit(2), cable

Conc xr\f of a triaxial :nf-ulr\

(1) outer circuit (1), formed by an injection cylinder-tube and the screen under test, with characteristic impedance
11

(2) inner circuit (2), formed by the screen under test, and centre conductor, with characteristic impedance Z,;
screening at the ends of circuit (2) is not shown.

Observe the conditions Z,;, Z,, Z,. and 4 in Figure 3 and Figure 4.
NOTE1 D, <<L

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

Figure 2 — Defining and measuring screening parameters — A triaxial set-up
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4 The intrinsic screening parameters of short cables

4.1

General

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
L << A which will always apply at low frequencies, the intrinsic screening parameters are
defined and can be measured as indicated in the following subclauses.

4.2

Surface transfer impedance, Z;

As s
is gi

The
log f
and

NOTEH

4.3

(Yc

The
1 GH

Whil

As srown in Figure 4, where Z;; and Z

hown in Figure 3, where Z,; and Z,; are zero, the surface transfer impedance (Z1 in
en:

dependence of Z; on frequency is not simple and is of,
requency. Note that the phase of Z; may have any
requency range.

plotting log Zt ag
g~Qn braid constru

In circuit (2) of Figure 3, the voltmeter and short cirg

Capacitive coupling admittance

n mho/m) is given by:

e 7§ Jis independent of the characteristics of the coaxial circuits (1) and (2), (

depg

(2/m)

(4)

ainst
ction

pnce

(5)

p to

T is

ndéent on those characteristics. There are two ways of overcoming this dependence:

a) The normalized through elastance K (with units of m/F) derived from Cy is independent of
the size of the outer coaxial circuit (2), but it depends on its permittivity:

Kt =Cr/(Cq-Cy)

Ky ~ 1/(8r1 +5r2)

where C; and C, are the capacitance per unit length of the two coaxial circuits.

(6)

(7)

b) The capacitive coupling impedance Zg (with units of Q/m) again derived from Cg is also
independent of the size of the outer coaxial circuit (2) and, for practical values of ¢4, is only

S

lightly dependent on its permittivity:


https://iecnorm.com/api/?name=6211e5a55d29c556d39b8255cb6ad0a6

TR 62153-4-1 © IEC:2010(E) -11-

Zp = 24Z3Yc = 241Z3jo Cr (8)

Zg ~ (&1 £2) e + £12) (9)

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

Injection cylinder-tube

+
=1
"V | circuit (1)
[] 1n
\J
li shield Zreb
1
| S |
-
circuit (2) Ur
© pu,
Zn=° Centre conductor
L<< 2
Key
See Higure 2.
circuit (2)
2 —_— C;-L
2n ~ T
sz: oo}
Centre conductor Yo L F5aCqr-L
L<< A IEC 896/10
Key
See Figure 2.

Figure 4 — Equivalent circuit for the testing of Y, = j oCy
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+
E, Ui, U, (x) Z,, By Uit Z, circuit (1)
A
[ T x
c, 1 (%)
22 U2n ........... ) (X) Zz, ﬂz sz 22 CirCUit (2)
|
|—YB L
U, tnnn L: arbitrary A U
Key
See Higure 2.

NOTH Z; and C; are distributed (not correctly shown here). The loads Z; , tched

receijers.

Figure 5 — Electrical quantities in a set-up

4.4 | Injecting with arbitrary cross-sections

A copxial outer circuit (2) has been a L\:}t, but it is not essential bechuse
of the invariance of Z; and Zg. Using ire i ¢ outer cylinder, the injeftion
circdit (2) becomes two-wire with the re a_the(scfeen of the cable under test. Obvipusly
the gharge and current distribution b W, but the results are equivalept to
coaxjial injection, espe0|ally if two |nje ti opposite to each other, and mgy be

justifi

4.5

AssU vhen
interp ctors
of th into
acco

4.6

Whe d Zg

ir superposition is noticeable in the low frequency coupling of the

will .
circuit (2), (Figure 5 and Table 1).

matdhed CII’CUIt

5 Long cables — coupled transmission lines

The coupling over the whole length of the cable is obtained by summing up (integrating) the
infinitesimal coupling contributions along the cable while observing the correct phase. The
analysis utilizes the following assumptions and conventions:

— matched circuits considered with the voltage waves U4, U,,,, U, see Figure 5,

— representation of the coupling, using the normalized wave amplitudes U/ﬁ[\/Watt],

instead of voltage waves. i.e. the coupling transfer function, in the following denoted by
"coupling function", will be defined as

_Upn 125

T =
" Uz,

(10)
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Tf:M (11)
Uqi/zZy

NOTE 1 |T|2 is the ratio of the power waves travelling in circuits (2) and (1). Due to reciprocity and assuming

linear screen (shield) materials, T is reciprocal, i.e. invariant with respect to the interchange of injection and
measuring circuits (1) and (2).

NOTE 2 The quantity |1/T|2 , or in logarithmic quantities

ag, = —20 %1000 |T] (12)

may he considered as the "screening attenuation" of the cable, specific to the set-up.

Performing the straight forward calculations of coupled transmissio

funcfion T, given in Table 1, is obtained. The term S{L-f} is the~ eing
depgndent on L and f. (The wavy bracket just indicates that the N nt of
the 1llu 3 hel summing up the
infin

(13)
with
(14)
Lf-(1/vy+1/vy) (15)
= 2nLf-(fery £fen Jic (16)
subscri spectively;
Note] ! i)e. T << 1, has been assumed. This case, including losses, is given

in [1

Equation«(17) and the representation in Table 1 illustrate the contributions of the diffgrent
parameters to the coupling function T:

1 L
Th=(Zr+Z1) ———="="SnlL - .01, 612} (17)

‘ VZi-2Zy 2 ;
Note especially the following points.

a) There may be a directional effect (T,, # T;) in the whole frequency range if Zg is not
negligible. (But Z¢ is usually negligible except with loose, single braid shields.)

b) Up to a constant factor, T is the quantity directly measured in a set-up.

1 Figures in square brackets refer to the bibliography.
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c) For low frequencies, i.e. for short cables (L << A), the ftrivial coupling formula is obtained
(18)

that is directly proportional to L:

1 L
T.=Zrx2Zy) — —
n (F T) 212 2

f

where

Zip =442y

d) The summing function S{L-f} is presented in Figure 6.

q

e) $iL-f; has a sin(x)/x behaviour. A cut-off point may be defined as (L-f),:

Lf)y, =—="
T aen e

f) The exact envelope of S{L-f}is

TR 62153-4-1 © IEC:2010(E)

(19)

(20)
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Table 1 — The coupling transfer function T (coupling function)?®

Set-up parameters b

(Z1 )‘ L‘ €r

N

he fir

Intrinsic Cable parameters b
screen parameters (Zz’l‘)’ £o

\/

"Low-frequency coupling”,
short cables °

stacked operation symbols * in

operation, lower subscript — lower

AR ) of S{L-f} occurs at

(L : f)min = T':(L : f)c

above them it starts to oscillate and its envelope drops asymptotically 20 dB/decade,

s seen from Eauations (13) and (20) below the cut-off noints (L .£) is Si| £l 1
G % + \y YAl g A\ 7cn T 7

f

(8 f)cn
f

Env|S,{L-f} A

f

(21)

and

(22)

i) S is symmetrical in L and f, i.e. L and f are interchangeable. For a fixed length a cut-off
frequency f, and vice versa, for a fixed frequency a cut-off length L, may be defined.
Substituting ¢/4, for f, we obtain the cut-off length as
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L, = Ao
" en e

(23)

j) The effect of S in the frequency range (L = constant) is illustrated in Figure 8. The coupling

function is proportional to Z+, only if f < f.. Note also the typical values indicated for f..

k) The minima and maxima of S are not resonances, they are due to cancelling and additive

effects of the coupling along the line.

I) The far end cut-off frequency is significantly influenced by the permittivity of the outer
system (&.4). Selecting &4 — &, we obtain (L-f)y — =, i.e. no cut-off at the far end. Due to

practical aspects (tolerances, homogeneity, etc.), an ideal phase matching (gm =
feasible.

m) The effects of Z; and Zg on the coupling transfer functions T, and

n) The total effect of L on the coupling is not contained in S'a
L-S{L-f}. The product L-S is presented in Figure 12 fo
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smember that (L-f), as well as A are still depe

S
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N M .

L) (LF) i (L-F)y log,, (L-F),,

IEC 898/10

NOTH S;>Sprabove ngar end cut-off, yielding a directive effect.
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re 8.

duct
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).

Figure 6 — The summing function S{L-f} for near and far end coupling
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Iog10 ‘ZT‘

(slope is 20 dB per decade)

Figufe 8 gives the result of adding (on alog scale)

Figure 7 — Transfer impedance of a

Figufe 7. It is assumed the cable has Regligibl& Zg (Zp<<Z

[

A

log,, [T|

Exampleg;, =1

(set-up), €., = 2.2 (cable)

Env (T)
QAT
Q qﬂ W Env (Tn)
= — -
\fr\/ f, Ty log,, (f)
IEC 900/10

L=1m; f, =40MHz f =200 MHz

and

Figure 8 — The effect of the summing function-coupling transfer function of a typical

single braid screen cable


https://iecnorm.com/api/?name=6211e5a55d29c556d39b8255cb6ad0a6

- 18 — TR 62153-4-1 © IEC:2010(E)

Ts

TiztdBk
Th

T =

TnztdBk
|

\V

1.10° 1.10°

In calpulations the following parameters are used:

Z1 (d
veloc
40 %.

1.107 1.10°
fk

IEC\ 901/10

ThztdBk
| |

1.10°  1.10°

1107 1107

IEC 902/10

T, is 3,5 dB higher and T; is 6 dB lower than in reference Figure 9 because

T,~1Z.+ 21 | =1,5x Z; and

T~1Z.-2, | =05%x2Z;

Figure 10 — Calculated coupling transfer functions T, and T; for a single braid -
Im(Zy) is positive and Zg = +0,5 x Im (Z;) at high frequencies
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ThztdBk

-80|—

| |
1.10° 1.10° 1.107

N

In Fi
In Fi

In Fi

The following-notes gpply to Figures 9, 10, and 11.

NOTH 4.7, for near-end, T, for far-end and dB means that T ; are calculated in dB (20 x logo | T, ¢ |)

NOTE 2 T, dB: near-end when Z_=(1/2)xZ_ and T, dB: near-end when Z = 0.

NOTE 3 T, ds: far-end when Z_=(1/2)xZ_ and Ty, dB: far-end when Z. = 0.
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NOTH 1 ForL > Lc, the maximum value of T is attained, i.e. the maxi

NOTH 2 L strongly depends on € ;.

NOTH 3 See also Table 1 and list item n)
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~
~—
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n

cn

(or the screening attenuation) is not dependent on L.

end is due to the inductive coupling thr

cies is caused by eddy currents or skin effe

b 13.
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T sb
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Key

sb:
sbo:
sba:
db:

Ss!

An €

It is
trang
of th

The

leak
How

N -

905/10

ypically 1....10 MHz
single braid
single braid optimized

single braid 'anomalous’

Houble braid

puperscreen

pedance of typical cables

eases proportionally to frequency at high frequencies, bec
tic field through holes in the braid.

b direGtly through the holes and includes a disturbing voltage U% in the inner ci
pver,-a part @7, of @, flows in the braid and complicates the mechanism of the

mag

axial

as a
puse

7’

12
Fcuit.
total

hetic leakage by the following additional phenomenon:

The braiding wires alternate between the outer and inner layer. It means that the inner and
outer braid wires are likewise ingredients of both the inner (2) and outer (1) circuit of Figure 14.
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Flux lines
oooooooooooooooooooo‘o/

l...........1..........
1

P GO (O @O (K

@) by
2

. .

Braid
[ ]

—4

Centre conductor

IEC 906/10
Eiaure 14 — Maanetic couplina in the braid
~J ~J Lol ~J

Complete flux

b,

IEC 908/10
aghetic coupling in the braid

Thern
Figuf
braigi
2. TH

unavoidable that @7, is partly also in the inner cifcuit,
rh) (see Figure 16) and left hand (Ih) lay (see Figure 15) of the
¢ inner circuit (2) an equal disturbing voltage U 7, induced by @&|”;, /

U =U", = U7 = Yojod”, (24)

Thislphenomenon-is—similar-to -the "magneticpart" of the coupnling-throuagh a - homogen
1 T 1 LaALRES ) )

screen.

ous

The two induced disturbing voltages oppose each other.
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Im Z.
+30 1 mQ
m
4
204 UNDERBRAIDED
2 1 1 MHz
+10+ .
0 04 Re Z;
1 1 1 02 1 | mQ
30 20 10 4 ouf ¥20  +30
0,1
OPTIMIZED 14?‘2\{
A0~
fIMHz
20+ 0,4

OVERBRAIDED

Figure 17— C

9,

0 OVERBRAIDED

//UNDERBRAIDED

10

\/ OPTIMIZED
|
[

MHz
0,1 1 £ 10 100

IEC 910/10

Figure 18 — Magnitude (amplitude), | Z; (f) |

In Figure 17 and Figure 18 the d.c., resistance Zy (d.c.), is set to the value of 10 mQ/m.
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IEC 9111
Figure 19a — Overbraided cable

N

O

IEC 912/10
derbraided cable

gr gain: 30 dB, therefore Z; (time) = 12,5 mQ/m/div
Lower trace: The height of the spike corresponds to
a) — Z; (3 MHz) = -4,7 x 12,5 mQ/m = -59 mQ/m;

b) = Z; (3 MHz) = +4 x 12,5 mQ/m = +50 mQ/m.

Figure 19 — Typical Z; (time) step response of an overbraided and underbraided

lal
singte-braided-outerconductorof-a—coaxial-cable

Braid optimization is based on these important physical facts. Both leakage phenomena can be
described by mutual inductances:

’ 1,2

M, =2 25
12 ja)l1 ( )
M7, 1 %2 (26)

2" jol
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Clearly it is possible to make braided-wire screens where either M”, or M7, are dominant or
where they cancel each other, Therefore, underbraided, overbraided or optimized braids may
be considered. Figure 17 shows measured transfer impedances in the complex plane of such
screens and the main transfer impedance components of a braided screen can be observed.
From the optimized case it can be concluded that at low frequencies the braid behaves
approximately as a homogeneous tubular screen. The same can be concluded from Figure 18
where the transfer impedance amplitudes are shown as a function of frequency, but from
Figure 18 it cannot be seen directly if the screen is underbraided or overbraided.

The transfer impedance of a braided wire screen consists of the following three main
components (mentioned above).

a) At low and medium frequencies the tubular screen coupling behaviour ies| with
eddy currents and decreasing Z1. In [2] it is stated that a good apppQxi i is a
fubular homogeneous screen [3] with the thickness of one wire dig d.c.

c) [The mutual inductance M7, (negative) is related to the magn

By adding these components a good approximation is obtai 3 e Z1

(27)

and

Q IEC 913/10

tions to the transfer impedance

L1 - (M’12 - M”12) Za1 - ZTh

| — |
I —
{ Cy (1)
I1

| M’12 - M"12 ZTh
Y'Y Y | —

| I
C , "
TTC2T Ly- (M- M"5) Zgp-Zyy, 2) YU2
| I
l

IEC 914/10

Figure 20b - Significant elements of circuits (1) and (2)
Figure 20 — Z; equivalent circuits of a braided wire screen

A more complete equivalent circuit where the through capacitance C; and surface impedances
Zg of the braided cable are incorporated is shown in b) Figure 20. L, and L, are the (external)
inductances of the outer and inner circuit.

Many attempts have been made to calculate the transfer impedance of a braided coaxial cable.
Most of the literature [2, 4, 5] have concentrated on models of braided screens and calculation
of direct leakage of the magnetic field induced by /1, and of M “y,. Satisfactory results have
been achieved.


https://iecnorm.com/api/?name=6211e5a55d29c556d39b8255cb6ad0a6

- 26 — TR 62153-4-1 © IEC:2010(E)

There exists very little literature [6], [7] on M ”{, but the matter has been studied by IEC SC
46A/WG 1 and its successor TC 46/WG 5. Especially the calculation and stability of M 7, have
been shown to be very problematic because of so many uncertain and unstable parameters,
e.g. the resistance of the crossover points of the wires, which have an effect on the magnetic
field distribution in the braid. Also the pressure of the jacket has an effect on the small space
between the right hand lay and left-hand lay of the braided wires. Not to mention the number of
wire ends per carrier and the braid angle and the tightness and optical coverage of the braid.

After understanding the magnetic coupling mechanisms it is not surprising that the transfer
impedances of braided wire screens vary considerably and are unstable for many braid and
cable constructions whether or not they are optimized. It is also clear that a perforated tube
cannot be used as a model for a braided screen.

It is ding,
twist over
norn a |arge
M7 1b coupllng through the mutual "space" between the left af ) id in
com rove

the dcreening performance by diminishing the mutual "space

The [manufacture of a good stable optimized cable require i bters
such as:

— Bbraid angle, tension (and lubricant) ¢

|
-

umber of strand in a spindle;
ire diameter;
lating:

|
o Ml o B~

ressure of the jacket he P

7 Test possibilitie

7.1

A nJ d to test cables for their screening properties, sone of
whic xdg. Each procedure has benefits for some users which for
histqri idely appreciated. Table 2 summarizes the test procedures
avail ¢ discussed here, with special reference to their applicabil|ty to
cables nd connectors

7.2 ng the\transfer impedance of coaxial cables

All tests (listed in Table 2 can be used on coaxial cables, but if a single test is needed to gover
frequ encies above and below 100 MHz, tests 1, 4, 7, 9 and 10 can be dismissed. Of the otwers,

th ath 1ot - | Ara-aiaa L 2\ hao batt P~ 17 Lot babmaaonmaaoaaiiein, d
OSE—WHtH o HHEreT 3|uup|||u \U\Jlulllll T Aav-eDettertHhRsStetSoratoi—Detweehr o aSUTtiTy an

injection circuits, while in those with '0' under grouping the injection circuit is unscreened. The
difference is the line interchange referred to in 4.5 above. One benefit of an unscreened
injection line is that better access may be obtained for inspection of the cable under test, which
may be useful if the sample is in any way flawed. The two test methods with unscreened
injection lines are test3 and test8. The latter, with its wide frequency coverage is
recommended for future testing.

7.3 Measuring the transfer impedance of cable assemblies

Even with a restricted frequency range, many of the tests listed in Table 2 are not suited to
tests on cable assemblies. Tests 1,4, and 6 are unsuitable because an electrically short
sample may be needed to achieve the upper frequencies, while test 10 is still limited to
frequencies above 100 MHz Tests with screened injection wires (test 2 and test 5) are difficult
to set up due to the varying cross section of the assembly, a difficulty which also applies to
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test 3. Such objections leave tests 7, 8 and 9. To set against its low (effective) upper frequency
limit, with test 7 it is easy to distinguish between connector and cable contributions, so it is
ideal in a diagnostic role. Test 9 works only above 30 MHz, which may be restrictive. Test 8 will
require several measurements on each sample, as it is unreasonable to assume that a cable
assembly has circular symmetry.

It is only fair to state that in any frequency domain test on cable assemblies where signal phase
is not recorded, a test is only valid if the sample length is not varied (tests carried out on a
sample of one length, cannot be used to assess a sample of another length — whether it be
longer or shorter). Of the transfer impedance tests being discussed, only test 7 can be used in
this way.
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-conductor cable assemblies are more complex, because the 'core' c# be consid

coaxial. A test for such cable assemblies has not yet been addressed

Measuring the transfer impedance of connectors

nciple, all the tests in Table 2 can be used on coaxial conne

-pin connectors are far more num
lar connectors cannot be tested by
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their
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hents,

important to know the exact theoretical limitation of the test equipment. By knowing the

This

optimize the test setup.

The following test equipment specifications are required for the calculation:

e minimum input (noise floor);

e maximum input;

e amplification/attenuation;

e maximum output.

Figure 21 gives a comparison of the different signal levels in a generic test setup. The
maximum screening is the difference between the maximum obtainable input signal to the DUT
and the minimum detectable signal from the DUT, in this case 131 dB. The noise floor level
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(NL) of the measuring system must be low enough to allow the measurement. In this case
lower than 122 dBm. Measurements at the noise floor result in a maximum error of 3 dB. When
measured 6 dB above the noise floor the error is only about 1 dB.

The triaxial tube column is divided in two to show both the loss in the tube and the actual
maximum screening.

Analyzer Splitter 50-75Q Triaxial Amplifier A|.1alyzer
output converter tube input
+30dBm
+25dB _6dB
-6dB
s £ hodBm
+9dB N N\
' 0dBm
-10dBm

< \\ > -20dBm
NN e

va

} -40dBm
O A -50dBm
SO U G TN I e
> _70dBm

"2) ‘\> -80dBm
Q -90dBm
J +30d-y -100dBm )

KON N :
& \ N4 4dBm

NN '

IEC 915/10
igure 21 — Comparison of signal levels in a generic test setup

Takipg, into consideration the noise level of 1 Hz bandwidth at room temperature heing
-173|dBm, (increase 10 x log(bandwidth)dB) and adding the noise figure of the amplifief, we
get the theoretical noise level of the test setup. Assuming that the amplifier in the Figure 21
example has a noise figure of 11 dB, we can then calculate, that the bandwidth (Af) of the
network analyzer shall be smaller than 10 kHz.

This can be expressed as a general formula:

NL = (=173 + F +10 x log;o Af) (28)
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where

NL is the noise floor level of receiving side of the measuring system in dBm;
F is the noise figure of the pre amplifier in dB;

Af is the bandwidth of the receiver in Hz.

@C‘@
S
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8 Comparison of the frequency response of different triaxial test set-ups to

8.1

measure the transfer impedance of cable screens

General

0(E)

Different triaxial test set-ups for the measurement of the transfer impedance exist. One set-up
is according to EN 50289-1-6 another according to IEC 61196-1. All of them are based on the
same principle but are using different load conditions. In one method for example the cable
under test is matched, while in the other the cable is short circuited at the far end.
Furthermore, generator and receiver may be interchanged in the different set-ups. The

folloying investigation analyses the frequency response of the different set-ups and
influgnce on the cut-off frequency up to which the transfer impedance couldb

8.2
8.2.1 Triaxial set-up
8.2.11 General
The ftriaxial set-up is of the “triple coaxial” form, see Figure

the dcreen under test forms both, the inner conductor/of the outer

the

matdhing circuit, load resistor and serjiés
set-yp. Also the generator and receive

Key

-

a b WODN

neasured:

Physical basics

N\
| ~

quszz

/ ¥ \ 4

<R
N\

their

th of
time
NS is
The
f the

Cable screen

Tube

Signal generator
Calibrated receiver or network analyzer

Matching circuit Terminating resistor

© o0 N J

Cable under test Series resistor

Cable sheath

Figure 22 — Triaxial set-up for the measurement of the transfer impedance Z;
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IEC 9\7/10
Key
1 Inner circuit, cable
2 Outer circuit, tube
3 Screen
Z, ter circuit, tube
£ 5 espectively outer circuit, tube
ﬁ1 2 r circuit, tube
L Coupling length
Z; Transfer impeds
Yr Capacitive coypling
Rin Load r cesat the rear eqdyofthe neft circuit, cable. Equal to the output impedance of the
generatog péspectively input impedanse of the receiver including an eventually used feeding resisgor
Ry einner circuit, cable. Depending on the used method either edqual
ance of/the cable or a short circuit.
Ry end of the outer circuit, tube. Equal to the output impedance of the
it impedance of the receiver including an eventually used feeding resisjor
Uq
Ups
igure 23 — Equivalent circuit of the triaxial set-up
8.2.1.2-___Load conditions of the different set-ups

EN 50289-1-6 is using a method, where the cable under test and the far end of the secondary
circuit are matched. The signal is fed to the cable under test and the disturbing voltage is
measured at the far end of the outer circuit. A simplified method is to neglect the matching
resistor at the far end of the outer circuit, which results in a higher dynamic range.

IEC 61196-1 (1995) describes two methods:

Method 1: Feeding through a resistance, where the signal is fed via a resistance into the outer
circuit and the disturbing voltage is measured at the far end of the cable under test.

Method 2: Direct feeding, where the signal power is fed directly into the outer circuit and the
disturbing voltage is measured at the far end of the cable under test.
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With the revision of IEC 61196-1 (1995), the standard IEC 62153-4-3 has been published which

also describes several methods:

Method A “Matched-Short” is equal to EN 50289-1-6.

Method B “Short-Short” is the double short circuited method, where the load resistance of the
cable is replaced by a short circuit; thus having two short circuits in the set-up. One is at the
near end of the outer circuit, (between the cable screen and the tube) and the other is at the far
end of the cable. The advantage of this method is the simplification of the sample preparation.
A short circuit is easier to make than to solder a resistor, especially if the sample is a multi-
conductor cable. Furthermore the measurement sensitivity is improved. Compared to the

“matched-short” method the dynamic range is improved by about 16 dB.
braid” method an additional braid, the measuring braid, is pulled over the

In the “milked on

¢able~sheath ingtead

of using the measuring tube. The advantage is, that the sample couJd\be bend(under [test,

however the preparation is more laborious than with the measuring tupe

The Joad conditions of the different methods are given in Table 3.
circdit, Z, is varying with the diameter of the screen under test.

in ggneral higher, and in the “milked on braid” method Z, i

the receiver.

Table 3 — Load conditions of the

iffere

se

e puter

Yeaswring tube |7, is
the input Tmpedancge of

\ A
Method ‘ Genel?{N Rgéé\ver> [{ Ré‘lszvg? | Z,IR,;
EN 5(0289-1-6 \ \ /
Standard Ic o¢ 1 1 0,71
\) 1.5
simplffied Q(’S\ 1 1 depending on the tupe
N \\/ diameter
IEC 6[1196-1 [ x >~
Methdd 1: 4
) \ C IC 1 1 0,71
feeding through a resi ag@ N
Methqd 2: 1...5
IC 1 1 depending on the tube
direct| feeding diameter
IEC 6[2153- 3Bv\uble s t\S\rthhods
/\ AN
\ 1..5
Bl e \) oc IC 1 0 depending on tube diarheter
0,1...0,4
With milked-on braid IC ocC 1* 0 depending on screen pnd
sheath diameter of the fable
IC: inner circuit (cable under test)
OC: outer circuit (tube)
* only if the cable impedance is equal to the generator impedance. For other cable impedances

the value may vary, e.g. 0,67 for cables with an impedance of 75 Q.
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8.2.2 Coupling equations

The equations for the coupling between the inner circuit and outer circuit for any load
conditions are described in [21] and [22]. By taking into account the short circuit at the near
end of the outer circuit (between the cable screen and the measuring tube), neglecting the
attenuation of the disturbing and disturbed line, assuming non ferromagnetic materials and
introducing further variables, the following equations are defined.

Uop¢ L [Z
=2 - = [z g+Z-h] 29
Uq R1f+R1n ( )
1 1
g = —-—-—-{r [cos x —cos nx]—j-n-sinnx +j-sin x } (30)
N 1-n? x
h =1.L'_.{n r-lcos x —cos nx|-j-sinnx+j-n-sin (31)
N 1-n? x
N = {cosx+J'S'nx'[1+r'w]}-{cosnx+j~v~ i (32)
r+w

(33)

(34)

(3%5)

(36)

(37)

The factors g and set-
up. At low freg 4 e factors g and h are equal to 1. However with increasing
freqyency the fa art to oscillate and thus also the measurement results.| The
maximum D ich\the transfer impedance could be measured without oscillatjons,
caused <y the , is \defined as the 3 dB deviation from the linear interpolation of the
meaguremen Sults, Orih other words if the factor g respectively h become >V2 respeclively

8.3 Simulations

8.3.1 General

For the following investigations simulations have been chosen rather than a pure mathematical
solution because they are easier to grasp and clearly illustrate the differences in the set-ups
given in Table 4. In general the capacitive coupling can be neglected compared to the magnetic
coupling (Zg<<Z7). i.e. the cut-off frequency is mainly determined by the frequency behaviour
of the factor g. Thus the following simulations are limited to the factor g.

Due to the reciprocity of the materials it is possible to interchange the generator and receiver
without changing the results. Thus the standard EN 50289-1-6 method gives the same results
as IEC 61196-1 method 1: “feeding through a resistance” and the simplified EN 50289-1-6
method gives the same results as IEC 61196-1 method 2: “direct feeding”.
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Table 4 — Parameters of the different set-ups

Method |w=R, 2, | =R, 2, | v=Z,IR,, n=Ve e,
EN 50289-1-6, IEC 62153-4-3 method A
Standard 1 1 0,71
1...5 0,66 (0,45)...0,91
Simplified 1 1
depending on the tube diameter

IEC 61196-1
Method 1:

t t 0,71
fegding through a resistance
Method 2: ] 1 1...5
direct feeding depending on the tube dialpe\<\

IE|C 62153-4-3 Double short circuit methods

Wjth tube 1* 0 \
depending OW amq\er

0.1.3
Wjth milked on braid 1* 0 dependirg on scr shea

d ame([’?;of thé\cabl

* | only if the cable impedance is equal to th generato im M otheicable impedances the valueg
may vary, e.g. 0,67 for cables with an i pe ance Of X5

In the tube methods the factor n is giveh by he
as the dielectric permittivit

and |[can be assumed tq . : W(the “milked on braid method”

depgndent on both th
“measuring braid” e

“milded on braid
PE/USZH, PTFE/FER 2 2 intQraecount, resulting in a value n > 1.

8.3.2 imutati e standard and simplified methods according to EN 50289-1-

In EN

the transfer-impedande could be measured.

tric ermltt|V|ty of the cable (inner cir
independent on the sheath ma

the factor

J6-1 method 1: “feeding through a resistance” and IEC 6215
method A: ™\ " the factor v=Z,/R, is specified at 1/Yy2. The simulations b
show that this)fa s a good compromise with respect to the maximum frequency to v

Cuit )
erial
nis

$ the
of the sample. The values for the factor g are

given for typical insulati atexi PE, PTFE...). The values in brackets are ¢
for gn insulatior@ : ’ nay be used in multi-pair/conductor cables. Fo

jiven
r the
PVC,

>

B-4-3
elow
hich
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EN 50289-1-6 respectively IEC 61196-1 method 1 "feeding through a resistance”

14
[ [ 1]
0,50
12 —0.,66[T]
—0,71
1 = 1,007
T ™ —— 1,50
08 3,00 HH
LI R \\ ------ - -3dB
0,6 £
\/
NN
0,4 < \
™ \/\g‘ m
02 N N <\
0 A\
0,01 0,1 1 1
LiLamhda

Key

Coloyred lines correspond to indicated factors of v=Z,/R,,

Simulation paranze{a\s\ /\\ }

AN
(O

IEC

/10

i1 7 \n \ /
D 3 (solid PE) 1,0 — 0,569
Figure 24 x Simurlati c% frequency response for g
EN 50289-1-6 respedtivel T196-1 methotK? "feeding through a resistance"
1,
L[]
NI 0,50
1. N —0, 71T
> —079
—x m 1,00
\Y‘\\\\ &Ek —1,50
0 ™~ s 3,00 HH
. \ N ;
o RN N WD AN ™ OCAR R - ----3dB
= NN
| < N kyf\‘ /\
0! ‘ \ s
S EAINAY
0,
o]
0,01 0.1 1 10
LiLambda
IEC 919/10
Key

Coloured lines correspond to indicated factors of v=Z,/R,;

Simulation parameters

gr1

£r2

n

1,6 (foam PE)

1,0

0,791

Figure 25 — Simulation of the frequency response for g
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EN 50289-1-6 respectively IEC 61196-1 method 1 "feeding through a resistance”

1,4
[ [ 1]
0,50
12 —0,71[T]
—0,88
1 T H-H
——— 1,00
N§j \\ ~ e
1) \\ 3,00 -
R B SN TR A --3dB
0,6 N
NZNYAYS
0.4 \\ ‘ A0 I
NI TN AN
0,2 Ny
<\
0 A\
0,01 0,1 1 1
LiLamhda
IEC N\920/10
Key
Coloyred lines correspond to indicated factors of v=Z,/R,; m
Simulation parameters /\\)/ N
Er1 o) /\A>"(Q)t\
1,3 (foam PE) 1,0 \o
engy response for g
6-1 methodl 1 "feeding through a resistance”
[ [[]
—0,45
NA 0,507
—\ oot
N e '
N \\ —150
3,00
\> ------- \ e ----3dB
(17
A\
W
0
.07 O 1 T TO
LiLambda
IEC 921/10

Key

Coloured lines correspond to indicated factors of v=Z,/R,,

Simulation parameters

& £r2 n

r1
5 (PVC) 1,0 0,447

Figure 27 — Simulation of the frequency response for g
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The highest frequencies (respectively shortest wavelengths) are obtained if the factor v=1/1/2
respectively v=n whichever is smaller. In Figure 24 and Figure 27 the highest frequency is
obtained for v=n (=0,659 respectively 0,447). But in Figure 25 and Figure 26 the highest
frequency is obtained for v=1/V2=0,71. Below that value, the factor g is overshoots, i.e.
becomes higher than one. Above that value, the cut-off frequency is decreasing.

Figure 28 gives the calculated, by iteration, 3 dB cut-off wavelength (L/4,) at which the factor
lg| becomes 1/42. The graph is given as a function of the factor n=Ve., /e and for different
factors v=Z,/R,;. The curves show a linear behaviour and could be interpolated by straight line.

ThIS hao bGUII dUIIU ;II r;SUIG 23 fUI V_1IIVL, V_1, V_1,8 alld V_G,C. Thc faut\n \4 1/—\/2
corrgsponds to the set-up according to EN 50289-1-6, IEC 61196-1 method eeding, thrpugh
a registance” and |IEC 62153-4-3 method A “Matched-Short”. The other v the, factor v
corrgspond to the simplified set-up, i.e. direct feeding. For common diagie measfring
tube| (around 40 mm) and common cable screen diameter (2 mm t dange in
the quter circuit is 90 Q to 180 Q. Thus, for direct feeding resulting i

Key

Coloy

The
othe

L/ Lambda 1

¥ (3dB)

red lipes co

graphs=for v=04%

¥ (3dB) as a function of n and v <\

0,7
’ X 1,50
0,6 T~ /\ —0,66| |
’ _\\) / — 0,71
0o | == ONCIAN =l
— OV Y |
04 -] X —1,80 |
— C 2,00
03 —_— | '&l‘ T |_ 300 |
: T\W@“——\% — 3,60
o2 — | 4,00
J \ &)
S oA
0!1 YN S —
|
@ 0,5 0, 0,7 0,8 0,9 1
¢ lambda 1/ lambda 2
IEC 922/10

factors of v=Z,/R,

Simulation of the 3 dB cut off wavelength (L/1,)

and v=0,66 are only given for n up to 0,5 respectively 0,66 bec
'wise_the factor g overshoots as described above.

pguse
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y (3dB) as a function of h and v

0,5
\_\
o \\
3 v=0,71 y = 0,4042x + 0,6741
o , “
R°=0,9982
E 0,3 %ﬁ\ \: :
S “‘\_*__ y= '0,2546)( . 0!4542
: Eh%a-____ v=1 ,00 RZ = 09047
n “'—-..__ﬁ::
m 0.2 .
3 . ¥=0,186x + 0,2669
> R2=049781
> | —
0,1 :'—-—‘_______
I e
0
04 0,5 0,6 0.7

n = lambda 1/ lambda 2

Key

Coloyred lines correspond to indicated factors of v=Z,/R,;

Figure 29 — Interpolation of the simula

The |inear interpolation equation is use ; alculate the cut-off frequency
length product up to which the transferi € bld be measured in a given triaxial test
set-yp.

ength product

Triaxipl Test Set-up l \ \ Cut-off equation
EN 5¢289-1-6 <\> AV
IEC 6{1196-1 method M fe&d oug >_ _ _| 200 120 .
resisthnce v=1/2 (f-L)3 48 ~[ Y MHz - m
1 r
IEC 6R153-4-3 methéA\({n chedshortl
\> v=1 (FL)ygg =| 22 -8 | MHz m
Ve T
v=1,8 (FL)y g = | 22 —%5 MHz - m
£
Simpljfied EN*60289-1-6 LV ]
IEC 6119641 method 2 “direct feeding” r 7]
v=3 (fL)yyg =| 7=—-—|-MHz-m
£ &
VTt
v=3,6 (FL)yg ~| 2 30| MHz m
e &

The equations given in Table 5 are drawn in the graphs of Figure 30.

For example if a cable with a PE insulation — dielectric permittivity of, 4 = 2,3, and a screen
diameter of 3,5 mm is measured in a triaxial set-up according to EN 50289-1-6 or IEC 61196-1
method 1 “feeding through a resistance” with v=0,71, than the cut-off frequency length product
is about 80 MHz m. Therefore for a coupling length of 0,5 m the maximum frequency to which
the transfer impedance could be measured is around 160 MHz
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If the same cable is measured in a triaxial set-up according to IEC 61196-1 method 2 “direct
feeding” or the simplified set-up according to EN 50289-1-6 where v=3, then the cut-off
frequency length product is about 18 MHz m. For a coupling length of 0,5 m the maximum
frequency to which the transfer impedance could be measured is around 36 MHz

cut-off frequency length product as a function of epsr and v

—_— ] —0,71
80 —1,00] |
70 1,80 | |
a,nn
60 3,60 |

g so /
3 — Vg
I\

il
e

\\\
AN

o B
4

IEC 924/10

Key

Colodred lines correspond to indicated factors ofv=

2
as a function of the dielectric

Figure 30 — 3 dB cut-g % :
thednner circuit (cable)

Figufe 31 and Figure | 32 ! S results of the normalised voltage drop | i.e.
the gttenuation c ' esi as been taken into account - in the triaxial s¢t-up
for different fact@( . ' aw e results of the same screen design, however one
with[a solid PE ing ] ¢ other with a foam PE insulation (g4=1,6).| The
mea J ions. From the equations given above one gets cyit-off

frequ bout 18 MHz m and for v=1 of about 55 MHz m for|both
the anothe Yhis is also found from the measurement results.
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id” method) the

~—"
t xesult of the normalised voltage drop
raitl scfeen in the triaxial set-up

bendent ofi'the sheath material and could be assumed to be 1. However in the “milkg
dietectric permittivity is given by the sheath material. Thus the factor|
rent for.both methods. Also the impedance of the outer circuit is different for both meth
dde to the different dimensions second due to the different permittivities.

aid”.
early
d on
nis
ods.

8.3.3.2 Simulation of the double short circuited method using a measuring tube

The double short circuited method using a measuring tube is shown in Figure 33. The outer
circuit is fed over a fixed — i.e. the same value for all cable types — feeding resistor, the value
of which is equal to the output impedance of the generator (e.g. 50 Q). Thus the load
impedance of the outer circuit at the far end is equal to 2 times the output impedance of the
generator. The factor v is than only dependent on the diameters of the screen and of the
measuring tube.
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Key

ghal generator

allbrated receiver or network analyzer

alile under test

AW N =

aljle sheath

Figure 33 — Triaxial set-up (m

Tlable 6 — Typical values for the fac
generator/output i

(@N
creen digmeter @ v=1Z,IR,
. W N
BN 89 0,89
Q (8 7 0,97
3 125 1,25
5 146 1,46
2 180 1,80
Thode values\have bgern used ih the following simulations. The graphs in Figure 34 to Figure
37 show(thesimulated frequency response for different dielectric permittivities of the cablg and
for the differentNactors<of v’ given in Table 6.
Figure 38 plots th sults of calculation by iteration for the 3 dB cut-off wavelength (L/4,) at

whic

h thé factor |g| becomes 1/72. The curves have then been interpolated by straight lineg.
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double short circuit method with a measuring tube
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1,2 —0,89 ||
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Coloyred lines correspond to indicated factors of v=Z,/R,; ~
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Figure 34 — Simulation %e egquengy response for g
[\ double short | method with“a measuring tube
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Coloured lines correspond to indicated factors of v=2,/R,,
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Figure 35 — Simulation of the frequency response for g
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double short circuit method with a measuring tube
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Figure 36 — Simulation %e egquengy response for g
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Figure 37 — Simulation of the frequency response for g
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y (3dB) as a function of n and v
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frequency length product, to which th uble

shorf circuit” triaxial set-up using a me

Tahle K- Cut-

N o\

Q%/\\ wl)3dB = 220 Mz m
/\ £

70 25

= f-L =| ——— |'MHz-m
& 97 > (fL)3 48 ol
\/ 68 32

1,25 (fL)y g =| 7=—>" |MHzm
£r1 g"1

=146 (fl)3d8~ MHz.m
L £r1 g"1
60 35

v=1,80 (f-L)y yg =| == [MHz:m

The equations given in Table 7 are plotted in the graphs of Figure 39. For example if a cable
with a PE insulation — dielectric permittivity of £4=2,3 — is measured in a triaxial set-up with
v=1,46 (screen diameter=3,5 mm, tube diameter =40 mm), then the cut-off frequency length
product is about 27 MHz m.: i.e. for a coupling length of 0,5 m the maximum frequency to
which the transfer impedance could be measured is around 60 MHz. If the same cable is
measured in a triaxial set-up according to IEC 61196-1 method 2 “direct feeding” or the
simplified set-up according to EN 50289-1-6 where v=3, then the cut-off frequency length
product is about 18 MHz m: i.e. for a coupling length of 0,5 m the maximum frequency to which
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the transfer impedance could be measured is around 36 MHz. That is to say, that the double
short circuit method (using a measuring tube) facilitates the sample preparation, has a 6 dB
higher dynamic range and also allows to measure the transfer impedance up to higher
frequencies, compared to the simplified EN 50289-1-6 or IEC 61196-1 method 2 “direct
feeding”.

cut-off frequency length product as a function of epsr and v

45 —0,89
—0,97

7y 15257
—A1

35 80
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0 1 2

IEC 933/10

Key

Coloy

8.3.3.3 Simt@n y t circuited method using a “milked on braid”

In the “milked on Bra The
mea ty of
the the
impe r the
sheg

In trJ ding
resi of a
feed

For ¢able screen diameters between 1 mm...10 mm, sheath thickness between 0,2 mm...1 mm
and ) . R ]
0,1...0,4.

A closer look on the coupling equations (Equations 29 to Equation 37) shows, that for small
values of the factor v and at low frequencies the frequency response of the test set-up (factor
g) becomes nearly independent of it. The worst case with respect to the 3 dB cut-off is reached
if v=0. This is drawn out in the equations below and in Figure 40. Thus in the following the
simulations are done for v=0.

j-sinx
N = cosx+J
r+w

-[1+r-W]}-{cosnx+j-v-sinnx}

for small values of v, i.e. v<<1 and low frequencies, i.e. x<<1 one gets
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j-sinx
N = cosx+J
r+w
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double short circuit method with a milked on braid

j .

sin x
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Figure 42 — 3 dB cut-off frequency length product as a function of the dielectric
permittivity of the inner circuit (cable)
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For example a cable with PE insulation and PVC sheath (n=1,47) with the dimensions of a
RG 58 (screen diameter around 3,5 mm) measured with the “milked on braid” method results in
a cut-off frequency length product of 20 MHz m. The same cable measured in the double short
circuit method with a measuring tube results in a cut-off length product of 27 MHz m. If
measured in the simplified EN 50289-1-6 method respectively one gets a cut-off frequency
length product of 18 MHz m. Thus the major advantage of the “milked on braid” method is, that
it allows for bending of the sample under test.

8.4

Conclusion

The best compromise between a simple test set-up and the cut-off frequency is given for the

“dou
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9 Background of the shielded screening attenuation test method
(IEC 62153-4-4)

9.1 General

In many cases, above all in the lower frequency range, the screening effectiveness of cables is
described by the transfer impedance Zy. It is, for an electrically short length of cable, defined
(see Figure 43) as the quotient of the longitudinal voltage measured on the secondary side of
the screen to the current in the screen, caused by a primary inducing circuit, related to unit
length [23]. Although the transfer impedance Z; covers only the galvanic and magnetic
couplings it is common practice to use it also as a gquantity which includes the effect of the
coupling capacitance C; through the cable screen [24]. In this case it is_ named equivalent
trangfer impedance Zyg which includes the effects of galvanic, magnetic ~and capagitive
cougling.

For g ¢ , the
cap%citance coupling admittance Y;. The coupling admittgr 8, Rgure o an
elec i used
by the capacitive coupling in the secondary circuit to the voltage_in | bd to
unit length [23].

With| electrically short cables, where wave propagatign) cam\be ning
quarftities related to unit length can directly be used age.
In tHe higher frequency range the i icati [ T 5Sion
charpcteristics of a simple line, depend h as

well ps on the terminating resistors.

8/10

Figy Figure 44 - Defi_nition of coupling
admittance

9.2

It is |desirable to measure and evaluate the screening efficiency of cable screens also in the
waveg ‘prepagation frequency range such that its characteristics can be directly applied.|This
requ mm‘mmmﬁé—rlx inati it ] ications.

In general, a system of electromagnetic induction consists of a transmission circuit in the
cable, which is assumed to be fully defined, and of a surrounding transmission system, which is
assumed to be universal with respect to the definition of cable screening. The screening
effectiveness may be universally described by the maximum power output into the
surroundings of the cable related to the power propagating in the cable. The power ratio is best
expressed logarithmically as screening attenuation.

An often used procedure to determine the screening attenuation is the well known “absorbing
clamp method“ given in IEC 62153-4-5. The drawback of this method is, that the set-up
requires relatively much space, does not exclude environmental effects - unless the measuring
area is enclosed in a shielded cabin -, and that the available absorbing clamp transformers
considerably limit the measurement sensitivity.
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It suggests itself to limit the free space such that the said problems don’t occur but wave
propagation near the cable surface is not significantly changed. A triaxial measuring set-up is
the solution. It has a one-sided short circuit between the metal tube and the cable screen.
Power is fed into the terminated inner circuit of the cable and the disturbing power is measured
at the opposite end of the outer circuit.

9.3

Theory of the triaxial measuring method

On the basis of the known reversibility of primary and secondary measuring circuits, the
proposed measuring set-up, presented in Figure 45, is similar to the triaxial set-up for
measuring the transfer impedance. The benefits of feeding the inner system, which is

term
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The
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ble sheath
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Wwave propagation over the cable length.

characteristic impedance of the outer circuit depends on the di
and the cable design. The effect of the mismatch in the outer ci

equivalent circuit using lumped circuit elements (showhk
rstanding of the theoretical relationships.
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Figure 45 — Triaxial measuring set-up for screening attenuation
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éctive mutual inductance per unit length M; at high frequencies a
apprpximated constant quantity as it is usually done with the through capacitance Cs.

hsfer
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pfore
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in the

(38)

pect
it is

(39)

It is common practice to describe the capacitive coupling in the form of the capacitive coupling
impedance Zg, which is nearly invariant with respect to the geometry of the outer circuit (tube).

124, 27]

Zg = Z4ZyY1 =242y - j- 0Cr

(40)

Furthermore, the attenuation constants a4 and o, of the circuits may generally be neglected as,
for example, the value of nearly 1 dB/m of the common cable type RG 58 at 3 GHz is relatively

small compared to the usual measuring uncertainty.

In the relevant literature it is common practice to describe wave propagation in the form of
phase constant [24, 25]. If the ratio between effective length and wave length is used instead of
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the phase constant, the periodic phenomena become clearer. With wave length 4, in free
space or A4, 4, in the circuits 1 and 2, the following relation exists:

L L
Pro L =2m- e .%:2”_ (41)

According to the theory of wave propagation [25] and line crosstalk [26], a wave propagates in
the matched inner circuit towards the matched end. In the outer circuit a part of the induced
wave propagates forwards to the measuring receiver and the other part is moving backwards to
the short circuit. The total reflection at the short circuit reverses this backward wave and
supdgrposes it to the original forward wave, i.e. the sum can be obtained as measured valug.

If the¢ second circuit is matched at both ends the backward wave wo
gengrator end (near end) and the forward wave at the opposite end (fa

t the

Henge equations for the near end are derived from [24]

U2n _ ZT +Z|: Co (42)
Uy 2Zy - w(V & TVEr2 )
and for the far end
U2f — ZF _ZT (43)
U1 2 i
0 ’\v\ TTT T T
2 1 UZn, A
-lo i
JRED
11 )

y

A farend ||
N Lt - = - ENERY

L g AA ¥

) R et V
E\ - near end ‘ ,"
N
L[]
10KHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz
IEC 941/10

Calculation parameters
C; = 002 pF/m M, = 04 nH/m
R = 50 Q L = 2 m
Z, = 50 Q £ = 2,3
V4 = 120 Q € = 1,1

N

r2

Figure 47 — Calculated voltage ratio for a typical braided cable screen

With a short circuit and an unmatched measuring receiver these original voltage waves cause
additional voltage portions. The sum of all voltage portions is zero at the shorted end (near
end) and U, at the receiver end (far end). By use of the wave parameter and reflection factors
or terminating resistors it is possible to calculate all voltage portions and the voltage U, from
the primary induced voltage waves, Equations (42) and Equation (43) as follows:
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Up| | Zr-2 [ iel. Zr+Ze [ cie| |1 ] ¢ |
Ui @—@[1 ° 1]+ﬁ+@[1 ° |wZ1||2+(22/R—1)-(1_e—1%)(44)

or in consideration of Equations (39) and Equation (40)

M M
Yol _ ) Z4 G122 [»]_e—j'(/’1 ]+ %1 terZ2 []_e—J'¢z | %o _ | (45)
| ooz oo PR

whelie

o =[x e —ea ) 02 =2 e+ Jeiz =

Calclulated results for a typical braided cable screen are givef
obta|n the related induced voltage is given in [21].

The functional equation (Figure 48)

(46)

shows, that the equation of the voltage ratio ¢ i e ratio
effeqtive length L to wave length A:

2

<

AN
70\

IEC 942/10

For |ow,frequencies, when L<<, and, consequently, sin(¢) = ¢, Equation (44) changes| into
Equation (38). the result of the common measuring method for the transfer impedance

An example of the theoretical curve of the voltage ratio is shown in Figure 49 in two diagrams.
The left one, a) with a logarithmic scale to extend the lower frequency range and the right one
b) with a linear scale up to very high frequencies.
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Figure 49 — Calculated voltage ratio-typic
It is hot useful to specify the induced po ) ble at a single frequgncy,
anywhere between a minimum and fpaxix \ on.| ¢ iodi imum
voltage is important for the evaluation j i d , the
wave propagation shall be nearly the ristic
impgdance Z, is higher than the com , i.e.
50 () or sometimes 75 Q.
Cons (44)
and d of
effeqti
(47)
consideration of Equation (39)and Equation (40)
‘ / CTZZ M/ +CTZZ
(48)

At first sight Ct, Z,, &, and Zg appear as random quantities, which depend on freely chosen
dimensions of the measuring tube. In reality, however, the voltage ratio is independent of the
characteristic impedance of the outer circuit since Cy-Z, and Z are practically invariant with
respect to the dimensions of the measuring tube [24, 27]. Furthermore, the influence of the
cable sheath on the resulting relative permittivity &, is negligible if the design of the measuring
tube takes into account the requirement for a wave propagation which is approximately the
same as in the free space, in consequence &, = 1,0.

The periodic maximum value is independent of the effective length L and frequency f or wave
length 4. A measured frequency response would hint at a frequency related quantity rather than
the pure mutual inductance M.
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As it is seen from Figures 48 and Figure 49 the envelope rise is reached with the first

maximum of the wide period at:

Co
>
2-L-|er — e

(49)

In this frequency range Z can be calculated if Zg is negligible:
0)'21 ‘1€ — &2 (U
2 vt ~ o) U2 (50)
2-Cg /&1 1lmax

9.4 | Screening attenuation
The [screening attenuation is defined as the logarithmical ratio in the
secdndary (outer) circuit to the power propagating in the primar

(51)
The ge is
inde rcuit
ZS
In thle standardised "absorbing clamp of IEC 61196-1), the outer circpit is
matdhed with Z,, and the the near end and far end crosstalk.
Fronp the comparison of that ithnth€é measuring circuit of the triaxial mgthod
resu|t the relation of th
The pquivalent @2 fo grt of the length AL and for a negligible capagitive
cougling illustrate

IEC 945/10

Figure 50 — Equivalent circuit for an electrical short part
of the length 4/ and negligible capacitive coupling

The power in the primary circuit is:
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