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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METALLIC COMMUNICATION CABLE TEST METHODS -

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

blication(s)”). Their preparation is entrusted to technical committees; ar iQ il inte

tween any |IEC Publicatio jional O
e |atter.

panding

users should 2 st edition of this publication.

liability shall atta

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

main.task of IE
nicah.committee may propose the publication of a technical report when it has collg

example "state of the art".

of.d different kind from that which is normally published as an International Standard,

e International Electrotechnical Commission (IEC) is a worldwide organization for sandardlat|on comgrising

national electrotechnical committees (IEC National Committees). The objecH of bmote
ernational co-operation on all questions concerning standardization in the eleg{n s. To
s end and in addition to other activities, IEC publishes International Standards\Techxica tions,
chnical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides 3 “IEC

the subject dealt with may participate in this preparatory work non-
vernmental organizations liaising with the IEC also participate in osely
th the International Organization for Standardization (ISO) in @ccorda ed by
reement between the two organizations.

e formal decisions or agreements of IEC on technical mat dtional
nsensus of opinion on the relevant subjects since eac m all
erested IEC National Committees.

C Publications have the form of recompiendatio dtional
mmittees in that sense. While all reasonable f IEC
blications is accurate, IEC cannot be h r any

sittees undertake to apply IEC Publications
and regional publications. Any divergence
regional publication shall be clearly indicated in

r any

mployees, servants or agents including individual experts and

bmbers of its techmis ! € National Committees for any personal injury, property damage or
her damage of(an a S whether direct or indirect, or for costs (including legal fees) and
penses arising “Qut ‘of icationr; use of, or reliance upon, this IEC Publication or any other IEC
blications

tentiopai ¢ ive references cited in this publication. Use of the referenced publicatipns is
Hispehsable J

tention e\possibility that some of the elements of this IEC Publication may be the subject of

technical committees is to prepare International Standards. However, a

cted
for

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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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
mairltenance result date indicated on the IEC web site under "http://web
related to the specific publication. At this date, the publication will be

* rgeconfirmed,

+ withdrawn,

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

A billngual version of this publication may be issued &

©

hanged unt
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data
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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 basic concepty and
termp that reveal the common features of various test methods.

2 Normative references

The following referenced documents are |nd|spensable for the ap I|ca or o\ thissdo . For
date j latest editipn of
the

IEC B hbles
- Se

IEC b and
mea$ ning
effedtiveness

IEC $1196-1:2005, Coaxia icatj Part 1: Generic specification — General,

definitions and requirens

IEC

IEC
com

IEC
com

IEC
com

IEC

51726: Cab
Screlening attenus

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

netic

hetic

netic

4 7

FaYa W W o W, B J WS TH H b ol & L y) / D & fd | &
UL T9o0™5%~ 1, WVICLalniv CUITImariieativri - vadvico 1ol TTICrious — IHdrt F=7. LICUUUITIdy

1etic

compatibility (EMC) — Test method for measuring the transfer impedance and the screening —

orth

e 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

iring

far end transfer function

ag screening attenuation

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

¢ velocity of light

Ct through capacitance of the braided cable

CuUT cable or component under test

E Bt

f frequency

f far end

A cut-off frequency

Jor far end cut-off frequency

Jen near end cut-off frequency

D, the total flux of the magnetic field induced by the

Dy the direct leaking magnetic flux

"2 complete magnetic flux in the braid

1y, U current and voltage in the primary

I current coupled by the feed through cape
system)

& relative permittivi

& relative permittivity

/ cable length

Ly (extern 5

L, i

M43

M”43

n near end

P, sending power

Po¢ far end measured power

Py, near end measured power

T coupling transfer function
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near end transfer function

Tn,f =T,
f

the disturbing voltage induced by @74,

the disturbing voltage induced by 2 @ 74, of the right hand lay contribution
the disturbing voltage induced by 2 @ ”;, of the left hand lay contribution
is equal to U”y, and U, (= the disturbing voltage induced by 2 @7, )

phase velocity

= Z1 and Zzn = sz = Zz)

phase velocity of the "primary" system (feeding system)

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

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

Zy,= 2,2,

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

Zten

offectivetrancsfar imnaedance{(=maxl|
H tH-e—tHahRste—HhRpeaah —HRax

Z Z L)
F=TEn, “TET T/

nerunit lanath
pe—HH—reRgth

effective transfer impedance (= max | Z; + Z; | )

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.

x\ﬁ{im (Es, :s)f/
Ey

2152/07

Key
n unfit vector normal to surface

Figure 1 — Incident (i), scattered (s} and resul

with induced surface current- ar@ir s

As the field at the surface of t sodirectlyTelated to density of surface current and
surfgce charge, the coupling ' ither to the total field (£, H,) or to the sufface

otal electromagnetic fields (E;, H;)

currgnt- and charge- densiti o)Consequently, the coupling can be simulated intp the
cable¢ by reprod t 5 e surface currents and charges on the screen.
Becguse a cable “of 9 i higher modes can be neglected and an

addifional coaxial as the injection structure, as shown in Figure 2.

Concept of a triaxial set-up

- i - ]
1) Outer circuit, formed by injgection
+ cylinder and screen, characteristic
Eq impedance Zj,

2) Inner circuit, formed by a s¢reen,
and centre conductor, charactegristic

Zon | |
"L M impedance Z; screening at the| ends
5 ] (2) D1 ||Ui. thW”.
Z \L@

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):

ZT =U2/11'1) (Q/m)

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.

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

5.2 | Capacitive coupling admittance, ¥,

As spown in Figure 2 and Figure 3b (where Z; a

The [through capacitance (Cy) is a real ¢
1 GHz and higher (with apgeft '

O

While Z7 is independent

charpcteristics. Tzre 3
a) The normalized/t

duter coaxial cir,

uing this dependence:

Qi its permittivity:

ainst
ction

(®)

has usually a constant value yp to

e coaxial circuits, Ct is dependent on those

derived from Ct is independent of the size of the

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

size of the ou
ifs permittivity:

Ze = Z41ZoYe = Z4Z5j0Cr (QIm)  Zp ~fley - &) /g1 + &)

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

($) (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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Injection cylinder

+
En
U4 (1)
Z1£=0
i shield Zr-l
-4 | S
--—
O) or @
*Uz o
Zot =
2n = Center conductor
I<<2 IEC 214

Figure 3a — Equivalent circuit for the definition and possibl

Injection cylinder

Eq
Uq

Shield with apertures /(\

Al
Z;n=0 — & @
Q Zpf =0
or 5

Ih
(\Qem
Ny

Uy (x) Z4, 1 | Uns zy (1)
| RERCY:
-¢
A
22 Uz (x) Z, B | U Z, (2)
1«
— /
Uopnnnn [ : arbitrary A Uos
IEC 2156/07

NOTE Z; and Cqg are distributed (not correctly shown here). The loads Z, at the ends may represent matched
receivers.

Figure 3c — Definition of electrical quantities in a set-up that is matched at all ends

Figure 3 — Defining and measuring screen parameters — Equivalent circuits
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5.3 Injecting with arbitrary cross-sections

A coaxial outer circuit has been assumed so far in this report, but it is not essential because of
the invariance of Z; and Zg. Using a wire in place of the outer cylinder, the injection circuit
becomes two-wire with the return via the screen of the cable under test. Obviously the charge
and current distribution become non-uniform, but the results are equivalent to coaxial injection,
especially if two injection lines are used opposite to each other, and may be justified for worst-
case testing. Note that the IEC line injection test uses a wire.

5.4 Reciprocity and symmetry

Assyming finear shield matertals, the measured Zt and Zg values will_ not change_yhen
interchanging injection (1) and measuring (2) circuits. Each of the two copductors ofcthe|two-
line [circuit can be interchanged, but in practice the set-up will have,t e\into)acgount
posslible ground loops and coupling to the environment.

5.5 | Arbitrary load conditions

Wheh the circuit ends of Figure 3a and Figure 3b are not id cuit, Zq and
Zg Will act simultaneously. The superposition is noticeable S freguengy coupling of the
matdhed circuits (Figure 3¢ and Table 1).

6 Long cables — Coupled transmission lj

The |coupling over the whole length of\the ©a the
infinitesimal coupling contributions alo v The
analysis utilizes the following assumptig

|

normalized wave amplitudes U/x/E[\/ﬁE],
instead of j.B c ing transfer function, in the following denotegd by

|
-

. _Un/NZ
YU N

(10) (11)

NOTH

linear
meas

power waves travelling in circuits (2) and (1). Due to reciprocity and asstiming
. T is reciprocal, i.e. invariant with respect to the interchange of injection and

NOTH 2 TFhe.quantity ‘ 1/ T‘z, or in logarithmic quantities

A—=26-tog T (12)
may be considered as the "screening attenuation" of the cable, specific to the set-up.

Performing the straight-forward calculations of coupled transmission line theory, the coupling
function, T, given in Table 1, is obtained. The term S{lf} is the "summing function” S being

dependent on / and f. (The wavy bracket just indicates that the product /- f is the argument

of the function S and not a factor to S). S represents the phase effect, when summing up the
infinitesimal couplings along the line, and is:

+
sin B+

_ 2 Pt
Snllsh=—prs exp{f 2} (13)
2
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with

subs

Bix =B+ By)-1 =271 {1/ vy £1/ vy}
227Z'lf( &2 * €r1)/C

cript % refers to near/far end respectively
+ refers to both near/far ends

(14a) (14b) (14c)

Note that weak coupling, i.e. T << 1, has been assumed. This case, including losses, is given
in [20 Halme, Szentkuti]2.

NOTH
coupl

Note

a) T

—

negligible. (But Zg is usually negligible except wit

3 Equation (15) and representation in Table 1 visualizes the contributions of the dj
ng function T:

especially the following points:

here may be a directional effect (7, = T7 ) i

or low frequencies, i.e. for shortx
nat is directly proportional to / :

parameters

to the

(15)

not

ined

2 Fi

16b)
(17)
(18)
1 (l'f)fn
| f

gures in square brackets refer to the bibliography.
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Table 1 — The coupling transfer function 7 (coupling function)@

Set-up parameters b

(Z).l¢,

Intrinsic

/
T,=(Z,22,) ———=—=-S,{l- f.&,.€,,}

\/
Cable parameters b s
screen parameters (22 , l), &

«\/LI'LZ P f

\/

"Low-frequency coupling”,
short cables °

Leqgdth * frequency effect

stacked operation symbols + in

operation, lower subscript — lower

g) The first mirimum\(zero) of S{/- f} occurs at

(0 iy =7l £ (19)

h) As Seen from Equations (13) and (18], below the cut-off points (l-j)cn S S{7F=T and

f

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

(07

(- f)

Env (20)

Sn{z~f}‘=
f
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i)

S is symmetrical in / and f, i.e. [ and f are interchangeable. For a fixed length a cut-off
frequency f. and vice versa, for a fixed frequency a cut-off length /. may be defined.

Substituting ¢/4, for f, we obtain the cut-off length as

4o

! = —T = (21)
r 75‘ €r1 ivng‘

i) The effect of S in the frequency range (! = constant) is illustrated in Figure 5. The coupling
function is proportional to Z1, only if f'< f.. Note also the typical values indicated for f.

k) The minima and maxima of S are not resonances but are due to cancelling and additive
gffects of the coupling along the line.

I) The far end cut-off frequency is significantly influenced by the per buter
system (). In selecting &1 — &, we obtain (/- f)o; — =, i.e. n end.
Due to practical aspects (tolerances, homogeneity, etc.), hing
(sm = €r2) is not feasible.

m) The total effect of / on the coupling is not contained in S alone, but A f} .
The product /xS is presented in Figure 7 for f = constant. hich
dan be measured in a set-up, is proportional to / long
dables (/< I.), the maximum coupling is indepg¢nde dent
ghielding attenuation is obtained above the mber
that (/- f)c as well as 4, are still dgpende

s
Log scale
1
(7 Nen (7 Nmin, n (7 et log(/ - flen
IEC 2157/07

NOT S>-S—abeve-rear-ond-cut-of—yelding-a-direstive-oHest

Key

(Ixf)e cut-off point

Figure 4 — Summing function S{l . f} for near (n) and far (f) end coupling
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A
log |z
20 dB/dec.
| &
I
EC Y
Z1(fy =10MHz) = 2
Figure 5a — Transfer impedance braid screen
A
log | z11
Env (77)
< Env (7,)
| — -
K Jen Jet g/
IEC 2159/07
Figure'5b — Coupling transfer function for the same cable with negligible Z(Z¢ << 45):
frequency responses of Figure 4 and Figure 5a added on log scale

NOTE The cut-off effect for /> /..

EXAMPLE: &1 =1 (set-up), &9 = 2.2 (cable),
I=1m - fc,=40MHz, fcf =200MHz

Figure 5 — The effect of the summing function
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-40 I I I T
T [dB] 7
-60 TztdBk -
Figure 6a — Calculated coupling transfer
functions 7, and T, for a single braided when
Zg=0
80 _ — In calculations the used parameters are:
ThztdBk
Z. (d.c.) =15 mQ/m and Z. (10 MHz) = 20 mQ/m
= — — ! s o increasing 20 dB/decade (see Figure 5a),.cdble
110 1-10 110 11 110 1-10 length 1 m, and velocities ofthe outer and\inner
Jk f [Hz] line: v, =200 Mm/s and Mm(s

IEC| 2160/07

+#0

T [dp]

80

TtatdBk

TtdBk

ThztdBK
|

1.10°

1.10"

1105

1.10°

1.107

1010

corresponding a velogitidifferencelof 40 %.

6a but Im(Z;) is popitive

B”higher and 7; 6 dB lower than in

Figure 6c — As Figure 6a but Im(Z;) is negative
and Z; = -0,5"Im(Z;) at high frequencies:

- I is 3,5 dB higher and T, 6 dB lower than in
reference Figure 6a because

Tf~|ZF—ZT |=1,5* |ZT | and

z

IEC 2162/07

S

S [HZ]

lenox |7 |
=70 —17%

|z o 7
R T ZF Z

NOTE 1 T, for near-end, T; for far-end and dB means that 7| ; are calculated in dB (201g | 7, ¢ | ).

NOTE 2 T, dB: near-end whenZ_ = (1/ 2)»ZT and T, dB: near-end when Z_ = 0.

NOTE 3 7,dB: far-end when z_ = (1/2)- z_ and

T fzt

dB: far-end when Z_ = 0.

Figure 6 — The effects of the Z; and Z_ to the coupling transfer functions 7, and T;

In Figure 6a, Z. = 0.
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- In Figure 6b and Figure 6c, Z, is significant (ZIE = (1/ 2)-ZT ).

- In Figure 6b Z; is positive and Figure 6¢c negative at high frequencies.

A

log [7-5]

AN

NOTH 4 For ! >/, the maximum value of T is dttai
not d¢pendent on / .

NOTH 5 [ strongly depends on ¢,.

Figure 7 — I xS: co

7

Typi e 8.
The , the
20d bugh
the 3 ct of
the cade
rise using an extrapolation of 20 dB/decade, this remains in most cases
on th his extrapolation can be used up to several GHz.

An dlectrically)shoxt piece of braided coaxial cable (2) is considered to be placed in a triaxial
arrapgement as in Figure 2.
It is lassumed-that-the—outereireuit{H-isthe—disturbinrg-one—As—statedabraided—eableHas a

transfer impedance Z; that increases proportionally to frequency at high frequencies, because
of the leakage of the magnetic field through holes in the braid.

The total flux of the magnetic field induced by the disturbing current 7, is @,. A part of it, @,
leaks directly through the holes and includes a disturbing voltage U% in the inner circuit.
However, a part @7, of @, flows in the braid and complicates the mechanism of the total
magnetic 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 (1) and outer (2) circuit of Figure 9a.
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Key

sb
sbo
sbha
db

A

| 77|

Log scale

20 dsy

N N

‘ —
Jr lo
I 169007
typically 1 .... 10 MHz
single braid
single braid optimized
single braid ‘anomalous’

double braid
superscreen

zdl cables

Flux lines

oooooo‘o/

Braid

@) T .
2

) S

Centre conductor

IEC 2165/07
M
T "th
IEC 2166/07
Figure 9b — Left-hand lay contribution
7%2D" 2 (1)
e o o e o o [ J
@) T
] YU
IEC 2167/07

Figure 9c — Right-hand lay contribution

Figure 9 — Magnetic coupling in the braid
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Therefore it is necessary and unavoidable that @7, is partly also in the inner circuit,
Figure 9b. Both the right hand (rh) and left hand (lh) lay of the braiding wires bring into the
inner circuit (2) an equal disturbing voltage U”, induced by @”,, / 2. The voltages are in

parallel:

This phenomenon is similar to the "magnetic part" of the coupling through a homogeneous

—-22 - TR 62153-4-1 © IEC:2007(E)

U//rh = U//Ih - U//2 = 1/2](0¢”12

screen.

The

WO mduced GiSIUFDing vOItldages O0PPOse €acll olher.

Im Z1
+30 T mq

-30 -20
Optimized

701
IEC 2168/07

Figure 10a — Complex plane, Z;. = Re Z + j Im Z_. frequency f as parameter
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1000

Overbraided

// Underbraided

100

| z7|

\// Optimized
|
I
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N

! I !
2170/07
Figure 11a — Overbraided cable (§
\ T

X
O\

|
IEC 2171/07

Q igurex11b— Uniderbraided cable
Key

Top tface: Injection s
Time pase: 50 ns/div

Amplifi ne) = 12,5 mQ/m/div
Lowe S to:

- Figu : ThS —4,7 %12,5 mQ/m = -59 mQ/m
- Figure 11b 4 12,5 mQ/m = +50 mQ/m

Braid-epti atio s n be
described by mutual inductances:

D1p

Mio = 22

2=5,0 (22)
1 P4y

M{s =— 2

2= 5500, (2)

Clearly it is possible to make braided-wire screens where either M", or M”, are dominant or
where they cancel each other, Therefore, underbraided, overbraided or optimized braids may
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be considered. Figure 10a 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 10b
where the transfer impedance amplitudes are shown as a function of frequency, but from
Figure 10b it cannot be seen directly if the screen is underbraided or overbraided. Figure 11
gives the typical time domain characteristics of under- and over-braided, single braid coaxial
cable.

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

a) A with
6 n for
Y, wire
d
b) T
c) T
By adding these components, a good approximation is obtained fo ; e Zt
of a
(24)
and

IOy
Q Uz}ﬁ\x U U T Up

\_/?2 =Uxth + U2 -U"
IEC 2172/07

ure 12a — Contributions to the transfer impedance

It L= (M"12-M"12) Zat—Zth
| S |
U1I L T M- M ZTh (1)

| Y Y YL — 1
| I |

CTTC2=1=L2—(M'12—M"12) Zap—2mn () TUz
Y Y Y\ | — |
I —

IEC 2173/07

Figure 12b - Significant elements of circuits (1) and (2)
Figure 12 — Z equivalent circuits of a braided-wire screen

A more complete equivalent circuit where the through capacitance Ct and surface impedances
Zg of the braided cable are incorporated is shown in Figure 12b. Ly and L, are the (external)
inductances of the outer and inner circuit.
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Many attempts have been made to calculate the transfer impedance of a braided coaxial cable.
Most of the literature [15 lkrath], [2 Kaden], [14 Vance] have concentrated on models of
braided screens and calculation of direct leakage of the magnetic field induced by /4, and of
M’,,. Satisfactory results have been achieved.

There exists very little literature [1 Fowler], [3 Tyni] 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”,, 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 covegrage
of the braid.

Aftel understanding the magnetic coupling mechanisms it is not s nsfer
impgdances of braided-wire screens vary considerably and are u and
cabl¢ constructions whether or not they are optimized. It is also tube
canr

It is ding,
twist over
norn M7
coup rison
with the
scre

The pters
such

- b

— number of strand i

- wire diamete@

— plating:

— pressure on the kra

IEC n an
optimi ce.
A gdide pniscreening optimization of braids will help the IEC family to talk the same langpage
whevr setting limits for electromagnetic screening parameters (Zt; Zg; ag) of braided cables

8 Test possibilities

A number of test procedures are used to test cables for their screening properties, some of
which will be found in IEC standards. Each procedure has benefits for some users which for
historical reasons may not be widely appreciated. Table 2 summarizes the test procedures
available, some of which will be discussed here, with special reference to their applicability to
cables, cable assemblies and connectors.

8.1 Measuring 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 cover
frequencies above and below 100 MHz, tests 1, 4, 7, 9 and 10 can be dismissed. Of the others,
those with 's' under 'grouping’ (column 3) have better intrinsic isolation between measuring and
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injection circuits, whilethose with 'o' under grouping the injection circuit is unscreened. The
difference is the line interchange referred to in 5.4 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 3 and 8. The latter, with its wide frequency coverage is recommended for
future testing.

8.2 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 ifrequencies, while test 10 is sull imjigd to
freqyencies above 100 MHz. Tests with screened injection wires (2 and 5) are-difficult te set up

due fo the varying cross-section of the assembly, a difficulty which also applies t¢ . puch
objegtions leave tests 7, 8 and 9. To set against its low (effective) up =Ze 1l imit,| with
test |7 it is easy to distinguish between connector and cable contrjb i is Tc in a
diagnostic role. Test 9 works only above 30 MHz, which may be restricti il)’require

several measurements on each sample, as it is unreasonable tQ mbly
has gircular symmetry.

It is pnly fair to state that in any frequency domain test ornrcable mbi i hase
is ngt recorded, a test is only valid if the sample lerigth _is 3 on a
sample of one length cannot be used to assess a| sa ey length, whether |t be
longer or shorter). Of the transfer impedance te e only test 7 can be usgd in
this yay.

Multi-conductor cable assemblies are 3 Decause the 'core' cannot be considered
to bg coaxial. A test for such cable ass

8.3 | Measuring the tra

In principle, all the test

h an
have
f the

As with tests on
unsdreened injectio
becdme accepted-
attaghed cable, thi

Multi-pin genn 2 non-
circylar €onne le 2,
though by “suyitak il m is

undgr study.

NOTH These methods give only an outline for measurement of symmetrical multicore cables, multipin conngctors
and cpble’assemblies made with these components.

The problems to address come from:

a) the fact that a connector is electrically short, while the parameters of a cable are distributed, and it may be
electrically long;

b) multi-core cables rarely have circular symmetry. This applies both physically and to the signal paths on their
conductors;

c) most multi-pin connectors have no circular symmetry; nor are they equally spaced from other conductors, which
might couple to them;

d) economics will dictate that a cable assembly test should apply to other assemblies using the same components,
even though of differing overall length.

8.4 Calculated maximum screening level

It is important to know the exact theoretical limitation of the test equipment. By knowing the
limitations it is possible to calculate the maximum measurable screening effectiveness. This
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should be calculated to check the strengths and weaknesses of the test set-up or even to

optimize the test set-up.

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—3—gives—a—visualization—efthedifferent sigraltevels—ir—a—generietestsetup The
maximum screening is the difference between the maximum obtainable inp ignal to the [DUT
and [the minimum detectable signal from the DUT, in this case 131 dB. ise floer |evel
(NL)| of the measuring system must be low enough to allow the mea this [case
lowef than 122 dBm. Measurements at the noise floor result in a maxi dB. When
meagured 6 db above the noise floor the error is only about 1 dB.
The [triaxial tube column is divided in two to show both th d the artual
maximum screening.
Analyzer . 50 Q-75Q Triaxial tube . Analyzer
output Splitter converter Amipitier input
+30dBm
N (@ N
+25 dBm 6dB < < < ) )\/
, +10|dBm
3 m
0dBm
N —-10/dBm
[ Q\ \/ —20|dBm
ORULEIN
< b —40{dBm
\ —50dBm
\\ \> Maximum screening = 131 dB
—60 |[dBm
& ‘\ B —70{dBm
\ \ —80/dBm
\ —90dBm
= dBm
+30 dB —100 dBm
-110dBm
—-120 dBm
—122 dBm
—130 dBm
—140 dBm

IEC 2174/07

Figure 13 — Example of visualization of the maximum measurable screening level


https://iecnorm.com/api/?name=bf15e6e4f71046bea59f00b788c60781

TR 62153-4-1 © IEC:2007(E) - 29 -

Taking into consideration the noise level of 1 Hz bandwidth at room temperature being

-173 dBm, (increase 10 x log (bandwidth) dB), and adding the noise figure of the amplifier, the
theoretical noise level of the test set-up is obtained. Assuming that the amplifier in the
Figure 13 example has a noise figure of 11 dB, the bandwidth (4f) of the network analyser can
be calculated to be smaller than 10 kHz.

This can be expressed as a general formula:

NL = (-173 + F +10 log 4f) (25)

where

NL | is the noise floor level of the receiving side of the measuring system i

F is the noise figure of the pre-amplifier in dB;
Af is the bandwidth of the receiver in Hz;
dBm| is dB(mW).

&
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9 Comparison of frequency response of different triaxial test set-ups to
measure transfer impedance of cable screens

9.1 Introductory remark

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 use 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 following investigation

analyses the frequency response of the different set-ups and their influence on theclit-off

freqyency up to which the transfer impedance can be measured.

9.2 | Physical basics
9.2.1 Triaxial set-up

9.2.1.1 General

The friaxial set-up is of the “triple coaxial” form, see Figure 3 A short length of
the screen under test forms both the inner conduc ; tem and, at the game
time] the outer conductor of the inner system. The caupling between thetwo coaxial systems is
caused by the transfer impedance and the cap ¢ adnittance of the screen| The
matdhing circuit, load resistor and serj€s : gé the load conditions gf the
set-yp. Also the generator and receive d between the different methodss.

Cable sheath Cable $creen
Cabi der test Terml Inner circuit
able under 1es C up glengt 7l & ﬂ
S|stor U, » &1, P11
Signal \ ()7%8& Calibrated réceivér J K Rat
generator ] A} Zrle
\ [d 1 s
o = s = creen
~ Y U2
HI 7 i Irle Rot U2f
\Y\/ Seri uter circuit
i eries )
le:tﬁir:mg resistor 1oz iz
IEC 2175/07 EC 2176/07
wherg
Zy, is th a¢ impgdance of the inner circuit (cable) respectively outer circuit (tube)
442 is the thiglectric p ivity of the inner circuit (cable) respectively outer circuit (tube);
Bi2 is the pha gnt of the inner circuit (cable) respectively outer circuit (tube);
L is the\couplingength;
Zy is the transfer impedance;
T is/the capacitive coupling admittance;
R ie—tha load racicstanca at thg ngaar and of thg inngr circnit (coblg) Faual o thg oudnit imngdancg fth
1.n Y 7" Nl g g €
generator respectively input impedance of the receiver, including an eventually used feeding resistor;
Ryt is the load resistance at the far end of the inner circuit (cable). Depending on the method used, either
equal to the characteristic impedance of the cable or a short-circuit;
Ryt is the load resistance at the far end of the outer circuit (cable). Equal to the output impedance of the
generator respectively input impedance of the receiver, including an eventually used feeding resistor;
Uq is the EMK of the generator;
Uyt is the voltage at the far end of the outer circuit.
Figure 14 — Triaxial set-up for the measure- Figure 15 — Equivalent circuit

ment of the transfer impedance Z; of the triaxial set-up
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9.2.1.2 Load conditions of the different set-ups

EN 50289-1-6 uses 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.

The first edition of IEC 61196-1(1995) described 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 (0
disturbing voltage is measured at the far end of the cable under test.

With| the revision of IEC 61196-1, one has introduced IEC 6215334
several methods:

Method A “matched-short” is equal to EN 50289-1-6.

MethHod B “Short-short” is the double short-circuited
cable¢ is replaced by a short-circuit. Thus havm
near|end of the outer circuit (between
of thle cable. The advantage of that
shor}-circuit is easier to make than to

e set-up. One a4

ircuithandg the

ribes

pad resistance of the

t the

>e), the other at the farif end
f'the sample preparatign. A
ially if the sample is a multi-

conductor cable. Furthermore the measure itivi s improved. Compared tg the

“matched short” method, the dynamic(range is d by about 16 dB. In the “milke
braid” method one puts an i
of uping the measuring
howegver, the preparatign is

d on

ing braid, over the cable sheath indtead

test;

The Joad conditiops, of ¥ iffe i i . i f the
outef circuit Z, < i of the screen under test. Using the measuring tube Z,
is in|general highe i ilked f the

recejver.
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Table 3 — Load conditions of the different set-ups

Generator | Receiver R1,nIZ1 R”/Z1 Zz/Rz,f
EN 50289-1-6
Standard Ica ocP 1 0,71
1...5
Simp|ified IC ocC 1
depending on thetybe diameter
N
IEC 6{1196-1 /\Q Q\
Method 1: \)
ocC IC 1 )71
Feeding through a resistance
Methbd 2: VvV \1..5
Direct feeding oc Ic endihg on the tube diameter
IEC 6R153-4-3: Double short circuit methods ( (7 \\\>
] /( \ \ 1.5
Bl (s oc Ic L 0 epending on tube diameter
\’/ 0,1...0,4
With milked on braid IC C 1 0 depending on screen and shegth
diameter of the cable
a8 IC| inner circuit (cable under test). Q \/
b 0@ outer circuit (tube).
¢ On impedance. For other cable impedances the value may

ly if the cable impeda ise
£.g. 0,67 for cables with ahu

9.2.2
The b are
desg rcuit
(bety the
distu rther
varig
Uq
1 1 o .
g=— —— >{r-[cos x—cos nx|— j-n-sin nx+ j-sin x} (27)
N 1_n2 X
1 1 b A . .
h=— —— “{nr[cos x—cos nx]- j-sin nx+ j-n-sin x} (28)
N 1— }12 X
N:{003x+]'i¢[1+r-w]}-{cos nx+ j-v-sin nx} (29)
r w
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L A £
x=p-L=21—- n=l2_ 2 _ &2 (30)
A4 B A &1
R Z R
_ y= 22 W= n (31)
Z4 Raf Z4
where
Zy2 is the characteristic impedance of the inner circuit (cable) respectively outer circuit (tube);
€12 is the dielectric permittivity of the inner circuit (cable) respectively outer circuit (tube);
B‘I,Z IS The prniase constart Oor the Inner CIrCuit (Cdblie) respectively outer CITCUIl (TUbDe),
7‘1,2 is the wavelength in the inner circuit (cable) respectively outer circuit (tube);
L is the coupling length;
Zt is the transfer impedance;
I is the capacitive coupling admittance;
Rin is the load resistance at the near end of the inner circuit (cable). bf the
generator respectively input impedance of the receiver, including an eventtally \used-feedingxesi ;
Ryt is the load resistance at the far end of the inner circuit (cable). either
equal to the characteristic impedance of the cable or a short-circuit;
Ry is the load resistance at the far end of the outer circuit (cabl&) bf the
generator respectively input impedance of the receiver, includifg an eyeqtua
Ug is the EMK of the generator;
Uy g is the voltage at the far end of the outer circuit.
Factprs g and h describe the frequengy . At low frequencies Wwhen
A>>]}, factors g and h are equal to 1. start
to oscillate and thus also the measurement ‘xest aximum frequency to which the
trangfer impedance can be measured Wi ) Nz 5, caused by the set-up, is defingd as
the 3 dB deviation from the linear interp asurement results. Or, in other words,
if fagtor g, respectively h
9.3 | Simulations
9.3.1 GeneraQ
Forjhe following i igati S s rather than a pure mathematical solution have peen
chogen because<they ¢ S y to grasp and clearly illustrate the differences ir] the
set-yps. The se \ are given in Table 4. In general, one can neglect the capacitive
cougling corfpare paghetic coupling (Zg<<Zg), i.e. the cut-off frequency is miainly
detefmingthby\the\fregquency behaviour of factor g. Thus the following simulations are limited to
factqr g.
Due [to the récip of the materials one can interchange the generator and receiver without
changing-the results. Thus the standard EN 50289-1-6 method gives the same resulfs as
IEC $1196-1, method 1: “feeding through a resistance” and the simplified EN 50289-1-6
method'give the same results as IEC 61196-1, method 2: “direct feeding”.
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Table 4 — Parameters of the different set-ups

Method _ R:’:/ 2, |7 v=Z,IR, n=ve e,y
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
Méthod 1
Fe[eding through a 1 1 0,71
repistance
Method 2: 1...5
Direct feeding 1 1 depending on the tube diametear
IEC 62153-4-3 Double short circuit methods NN

W|

th tube 18 0 66 (0,45)...0,9
depend}g—o{

W|

th milked on braid 12 0 ng n SMM th 1,02...2,0
i e ca

o

m

In the tube methods, facts

the ¢

Only if the cable impedance is equal to t ra r |mp danc For other cable impedances the value
hy vary, e.g. 0,67 for cables with an |mped

ielectric permittivi | i is nearly independent on the sheath materia

t) as
and

can pe assumed to beg on braid method” factor n is dependent on
both|the dielectric/perrs S ¢ lation and the sheath, as the “measuring braid”
is directly put n@ & 3 The values for factor n are given for typical
insullation materials” (P 08 E, P E .). The values in brackets are glven for an insulption
matgrial of PVC, whis 3 i’ multipair/conductor cables. For the “milked on braid”
method ,one has nto account typical combinations of insulation and sheath
matgrials (PE ) resulting in a value n > 1
9.3.2 of the standard and simplified methods according to EN 50289-1-6,
method 1 and 2) and IEC 62153-4-3 (method A)
In EN 50289-1-6;NEC61196-1, method 1: “feeding through a resistance” and IEC 62153-4-3,
method A:<matched-short” the factor v=Z,/R, is specified to 1/V2. The simulations below $how
that [this ‘factor is a good compromise with respect to the maximum frequency to which the
trangférimpedance can be measured.
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EN 50289-1-6 respectively IEC 61196-1 method 1 "feeding through a resistance"

1.4
[ 1L
0,50
"2 —0,66[77|
—0,71
1 — 1,007
— :
T ™ —1,50
08 3,00
2 | \\ T [~ 3dB |
0,6
N ﬂ\
04 i X
N
[ |
\/b 4
0,2 N
0
0,01 01 1 10
LIA
77/07
Figure 16 — Simulation of frequency response for di rs\of VN"Z,/R, ¢

EN 50289-1-6 respectively IEC 61196-1 method 1 'Wﬂ
1,4 N\ A

) 2N A WESINES
’1 N NP s
~] 1,007

y H RN —is|
= N

o N f\\ \M’ﬁ %\&

‘ > \ / W VI

0,2 ~ 9 \/

00,0 \—'0/1 p 1 10

IEC 2178/07

Figure Siwaufation of'the frequency response for different factors of v = Z,/R,
wjth €4 = 1,6 (foam PE), ¢,, = 1,0, n = 0,791
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EN 50289-1-6 respectively IEC 61196-1 method 1 "feeding through a resistance”

" [ 1]
0.50
"2 —0.71 (7|
—0.88
1 — =] 1,007
*-.-.,\\\ \\ — 1,50
0,8 e 3,00 HH
N R SRR RRE B B SV R AR SN ----3dB
T 06 \\ /N AW
&
A PN
0,4 = Y 1y It
BV IY Y
/1
0,2
0
0,01 0,1 1 10
LIA
179/0
Figure 18 — Simulation of frequency response for di ors of v = Z,/Ry¢

with ¢4 = 1,3 (foam PE), g, 5

RN —0,71

gl
o
©
2
}
.
B
gw
L=

1 10
LIZ
IEC 2180/07

Figure 19~ Simulation of frequency response for different factors of v = Z,/R;
with ¢4 =5 (PVC), g, =1,0, n = 0,447

The highest frequencies (respectively shortest wavelengths) are obtained if the factor v =|1/v2
respectively v = n, whichever is smaller. In Figure 16 and Figure 19 the highest frequency is
obtained for v = n (= 0,659 respectively 0,447). But in Figure 17 and Figure 18 the highest
frequency is obtained for v = 1/42 = 0,71. If one falls below that value, than factor g
overshoots, i.e. becomes higher than one. If one oversteps that value, than the cut-off
frequency decreases.

In Figure 20 the 3 dB cut-off wavelength (L/A;) is calculated by iteration at which factor |g|
becomes 1/V2. The graph is given as a function of the factor n = Ve.,/\Ne, and for different
factors v = Z,/Ry;. The curves show a linear behaviour and can be interpolated by a straight
line.

This has been done in Figure 21 forv=1A2,v=1,v = 1,8 and v = 3,6. The factor v = 1/7/2
corresponds to the set-up according to EN 50289-1-6, IEC 61196-1 method 1 “feeding through
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a resistance” and IEC 62153-4-3 method A “matched-short”. The other values of factor v
correspond to the simplified set-up, i.e. direct feeding. For common diameters of the measuring
tube (around 40 mm) and common cable screen diameter (2 mm to 9 mm) one obtains an
impedance in the outer circuit of 90 Q to 180 Q, thus for direct feeding resulting in v =1,8...3,6.

y (3dB) as a function of n and v
0,7

—0,50
™~ — 0,66
—0,71

0,79

— ] =088

I S —1,00
g 1,80
I — I

L —— | 2,00
[an] —_— '\_\_

° £l

[s2)

>

<

803 ——— E— :g S:{>
, \Qé_\ 2,00
(N
\}
X

The
othe

puse

\ v=071 y¥=0,4042x + 06741
4

TR
, L\ — e

—
‘"“‘%‘%%& y = 0,2646x + 04542
v=1,00 R? =0,9947

y = 0,186x + 0,2669
R?=0,9781

u/ /47//

01 T v=1,80 y=0,1192x + 0,1634
) T ——— 2 =
%—%Eb_ﬁ_._,_?‘tvﬂloo RT=08713
G005+ 365
. v=3,60 R =007
04 0,5 0,6 0,7 0.8 0,9 1
n=M/i2 IEC 2182/07

Figure 21 — Interpolation of the simulated 3 dB cut off wavelength (L/A; )
as a function of factorn = jg.5 / Jam given for different factors v = Z,/R,¢

From the found linear interpolation, one can derive an equation to calculate the cut-off
frequency length product from which the transfer impedance can be measured in a given
triaxial test set-up. The equations are given in Table 5.
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Table 5 — Cut-off frequency length product

EN 50289-1-6
IEC 61196-1 method 1 “feeding through a _ . _|200 120 '
resistance v=1n2 | (f L)3dB [—\/; o MHz-m (32)
.
IEC 62153-4-3 method A “matched-short”
135 80
| Vér1 &

V=18 | (f L)y =

Simplified EN 50289-1-6

w (34)

IEC 6[1196-1 method 2 “direct feeding”
v=3 (f - L)agg =

ﬁHz-m 36)

W if a cable with 4 PE

The

insul S of 3,5 mm, is measurgd in
a trfmal set- up accordlng to EN 50289x\1-6 or IEC hod 1 “feeding throuph a
resi - ngth /product is about 80 MHz-m.
Ther , i quency to which the transfer
impe i flaxial
set-U rding
to E z'm.
For can

be m

< \ %L o071
A \ \ —1,00
70 1,80 |
AN \ — 3,00
60, X< 3,60
—_
— |
500
bR \ R
£ io
30
20
10
0
0 1 2 3 4 5 6

dielectric contant of the inner circuit {cable)
IEC 2183/07

Figure 22 — 3 dB cut-off frequency length product as a function of dielectric permittivity
of the inner circuit (cable) given for different factors v = Z,/R, ¢

Figure 23 and Figure 24 show the measurement results of the normalized voltage drop, i.e. the
attenuation caused by the series resistor has been taken into account, in the triaxial set-up for
different factors of v. Both figures show the results of the same screen design; however, once
with a solid PE insulation (g4 = 2,3), the other with a foam PE insulation (¢, =1,6). The
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measurement results confirm the simulations. From the equations given above one gets cut-off
frequency length products for v = 3 of about 18 MHz-m and for v =1 of about 55 MHz:m for
both the solid PE and the foam PE. This is also found from the measurement results.

40
? Joddl
—45: e
§ v= 0,695
-50
I V=4 /§’\
_ s TN
o A
S AL
©
9_5 -85 /v/\\/"\__q
3 y o V=g
(]
5 -79 //
c |
8 _.751: e, Y . \
2 z
-80
_B
‘9”% i b,
8RN s
Frequency (MHz) O IEC 2184/07
Figure 23 — Measurement result ef th aljized\voltage drop of a single braid
screen in the triaxial set-up f ent factors of v = Z,/R, ¢

,=130Q,L=1m

ay
~

NS— V0,695

\ VA0 828

L7

N ya? 26 1

e
e = Har),
7 [ dcacle
— ;
T T L & e & T e e —
J =
Frequency (MHz) IEC 2185/07

Figure 24 — Measurement result of the normalized voltage drop of a single braid
screen in the triaxial set-up for different factors of v = Z,/Ry;
with ¢4 =1,6 (foam PE), ¢,,=1,0,n=0,791,7Z,=130Q,L=1m
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9.3.3 Simulation of the double short-circuited methods
9.3.3.1 General

For the double short-circuited methods, one has either a measuring tube or a “milked on braid”.
When using a measuring tube, the dielectric permittivity of the outer circuit (tube) is nearly
independent on the sheath material and could be assumed to be 1. However, in the “milked on
braid” method, the dielectric permittivity is given by the sheath material. Thus, factor n is
different for both methods. Also the impedance of the outer circuit is different for both methods;
first, due to the different dimensions and, second, due to the different permittivities.

9.3.3- =
The |[double short-circuited method, using a measuring tube, is shown in Fi . buter
circdit is fed over a fixed i.e. the same value for all cable types — feedjrigyesis e of
which is equal to the output impedance of the generator (e.g. 50 Q) e l0oad im ance
of the outer circuit at the far end is equal to 2 times the output impedans S nerator.

Factpr v is then only dependent on the diameters of the screen g

Cable sheath

Cable under test Coupling length

NmwwiteiSyyg
Uz ; ?\ %

==y

ANEERNPRN\
\\) Series resistor (50 Q)

-circud IEC 2186/07

Calibrated recsjver
or network analyser

Figure 25 = > ring tube), double short-circuited method

scien - Ve
mm Q ZylRy ¢

9 89 0,89

8 97 0,97

5 125 1,25

3.5 146 1,46

2 180 1,80

These values have been used in the following simulations. The graphs in Figure 26 to Figure
29 show the simulated frequency response for different dielectric permittivities of the cable and
for the different factors of v given in Table 6 above.

In Figure 30 the 3 dB cut-off wavelength (L/A,) has been calculated by iteration at which factor
|g| becomes 1/72. The curves have then been interpolated by straight lines.
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