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Abstract. In this contribution, a new kind of coupling pa- 2 Theory of the transfer parameters

rameters for shielded multiconductor transmission lines is

presented. These parameters are easy to calculate and sifi- this section, the theory of the transfer parameters is
plify the vulnerability analysis of shielded cables with mul- briefly reviewed to the extent as it is applied in the
tiple inner conductors. In this paper, the underlying theory isProposed procedure.

derived in detail. The gained insight is demonstrated with a To describe the voltages and currents on shielded cables,
sample measurement. the well-known equivalent circuits from transmission line

theory are used. Because of the shield, which separates the
inner conductors from the outer world, one circuit is used for
each of these areas (Fi). The inner system consists of the
inner conductor and the inside of the shield (reference con-
If the susceptibility of complex structures in large volumes is ductor). The outer system is made up by the outside of the
analyzed, the attention has to be drawn to a smart integratiofinield and the remaining structure around the transmission
of the transmission lines into the entire model of the struc-lin€. The shield is assumed to be a good one, which allows
ture. A numerical field analysis can be accelerated by sepathe application of the “good shielding approximation” and
rating the analysis into two parts. The field analysis is carriedin® concept of electromagnetic topolo@alim 1980. This
out numerically and afterwards, the cables are added usin?ermns to consider the influence of external electromagnetic
multiconductor transmission line theory. This approach is/1€lds on the inner conductor primarily as an indirect cou-
particularly favourable for shielded transmission lines. pling via the cable shield. In this concept, the field couples
Cable shields can be integrated into transmission line thef© the shield and the resulting voltages and currents of the
ory by introducing the so-called transfer impedance angShield then cause interferences inside. _
transfer admittance. These quantities are well-defined for The outer and the inner systems are linked via the transfer
single conductor transmission lines. Transfer parameteréMPedance and the transfer admittance. They can be defined,
for multiconductor transmission lines are determined in sev-Using a short section of a cable (FB), as V/ance 1978:
eral ways in literature (e.glVeitze 1991, Kley, 1991, De- g 1 du; [ =0 (1)
gauque and Hameljirl993 Kasdepke 1997. In this pa- T Ed_z AT
per, a new definition of multiconductor coupling parameters dI
is introduced that uses some approximations to simplify theY't = —U—S : d_zl ;

description of the coupling process.
These two parameters can be found in the definitions of the
distributed sources of the inner system (Hig.

Usi=Z't-Is, 3)

1 Introduction

U;j=0. (2
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Fig. 1. Equivalent circuit of a shielded transmission line.
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I'sj=-Y'7-Us. (4)

Fig. 4. Coupling to the four inner conductors of a shielded LiYCY
This description of cable shields can be expanded to multitransmission line.

conductor transmission lines. While the equivalent circuit of

the outer system remains the same, the model of the inner

System is rep'aced by the equiva'ent Circuit Of a mu'ticon_the border of a bundle of conductors is rather small. The
ductor transmission line. In this model, each inner conduc-difference between the less important transfer admittances is

tor is stimulated by individual distributed voltage and current Slightly larger Kasdepke1997).

sources. They can be described as follows: These observations are of course only valid for cables

, , without mechanical defects. If shielded multiconductor ca-
Usi=ZT1-Is, () bples are bent by force, the coupling parameters of the indi-
I/s,iz_Y,T'US- (6) vidual wires can become different from each other. As it

is usually not known throughout a susceptibility analysis, if

These formulas use transfer parameter vectors of dimensiofhere are mechanically stressed cables, these differences be-
N to describe the coupling to a shieldadconductor trans-  yeen the various wires cannot be taken into consideration,

mission line. anyhow.
Therefore, in the following it is assumed that an external
3 Concept of simple equivalent coupling parameters electromagnetic field causes quite similar interferences on
for multiconductor transmission lines the inner conductors. In Fig, the shield of a four-wire-cable

is excited at one end of the cable by a volté@ge The result-

Previous work Jung 2003 analyzed industrial multiconduc-  ing voltagesl,; between each inner wire and the shield are
tor cables with stranded wires. It was shown that the couplingmeasured at the other end (setup analogous tdbig.
parameters of the wires within such a cable usually are quite This property of approximately identical voltages and cur-
similar, if the cable is not mechanically damaged. This isrents shall be used to simplify the calculation of the cou-
valid for the absolute values and the phases. Other invespling parameters of multiconductor transmission lines. That
tigations show that even the difference between the transfefor, the shielded multiconductor transmission line will be re-
impedances of a conductor in the centre and a conductor gilaced by an equivalent model, which is made up by only one

Adv. Radio Sci., 10, 221225, 2012 www.adv-radio-sci.net/10/221/2012/



B. Schetelig et al.: Simplified susceptibility analysis of shielded multiconductor transmission lines

cable under test
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Fig. 5. Simplified setup to determine the transfer parameters of a

shielded single conductor transmission line.

inner conductor and the shield (Fig). Nevertheless, that
does not mean that the inner conductors are simply short-©
circuited or that all wires except one are neglected. Instead,5
the observation of almost identical currents and voltages

from above is applied the following way:

Following (Andrieu, 2009, the differential equations of

the inner multiconductor system,

U1 I
d
_l Y _ryjer)-| 2|, )
dz | -
Un In
I U1
d
L1 =@ +jech-| P2 ], (®)
dz | -
Iy Uy
can be simplified. This is done by using the assumptions
N
> Ui
Ueq=U1=U2:...:UN:n:]i, , (9)
N
leq=) I,=N-1I. (10)
n=1

Then, the Egs.®) and @) reduce from dimensioW to the
dimension 1:

d ,
—aUeq=(R/eq+ij eq - leq (11)

d / . ’
—Eleq=(G eq+joC'eq-Ueq- (12)

Req Led, GegandCeq are the results of merging the rows

and columns:
N N

2 2 R

R'eq= % , (13)
N N ,

, i;jzlL Y

Leq=—F7— (14)
N N

Geq=)_ ) Gij. (15)
i=1j=1
N N

C/eq=ZZC/ij, (16)
im1j=1
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Fig. 6. Summary of the concept of alternative coupling parameters.

with ij: indexation of the matrix elements of the prevailing
original per unit length parameters.

Equations 11) and (12) describe a shielded equivalent
transmission line with only one inner conductor. This sub-
stitute system is solely defined by its equivalent per unit
length parameters. The corresponding and exact substitute
geometry is neither known nor of interest for this application.

This substitute cable can now be used to calculate the
equivalent transfer impedance and transfer admittance. They
are defined as:

/ Ue

Z'Teq= I_Sq ; a7
/ le

Y'Teq= U_g . (18)

This means that coupling to the inner system of a multi-
conductor transmission line can be described by scalar cou-
pling parameters. The consequence is that one can now
use the simple procedure for a coaxial line to describe the
multiconductor coupling process.

4 Measurement setup to determine the coupling
parameters

The application of the concept of equivalent coupling pa-
rameters is independent from the measurement procedure
used to determine the parameters. A well-known approach
is the “triaxial setup”. This measurement setup can be sim-
plified as shown in Figb. The measurement principle is,

to excite the shield via the sourdé® and to measure the
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Fig. 7. Absolute value of the equivalent transfer impedance for aFig. 9. Calculation of the induced voltage at an inner conductor of

LiYCY multiconductor transmission line (4 inner wires). a shielded LiYCY cable.
0
107 ¢ 5 Susceptibility analysis with equivalent coupling
& parameters
o N
The overview of the procedure (Fig) shows that the first
/\ A M three steps are completed so far. The fourth step is to do the
€ 10‘2H V,V.-l susceptibility analysis of the structure. This includes calcu-
% v lating the distributed sources of the inner system using the
S / \W quantities Z't ¢q and Yt o Common single conductor
10 1 transmission line theory can then be used to calculate the in-
M/ terferenced/eq, leq at the end of the linesTesche et a).
107 1997). After that, Egs. 9) and (L0O) can be used to derive the
interferenced/, I, of the original transmission line.
5 1

10 10 10 . . .
f/Hz 6 Conversion of the equivalent coupling parameters

to the conventional ones

Fig. 8. Absolute value of the equivalent transfer admittance for a e equivalent coupling parameters in combination with
LiYCY multiconductor transmission line (4 inner wires). the equivalent single conductor notation of the inner sys-
tem can be used to determine easily the interferences on

voltageU, between the inner conductor and the shield. Us-the mt?]er coqdulctotr?. N?verthelessi It 'i p;)hssmle to ttr.ans—l
ing transmission line theory, these quantities can be used tgrm € equivaient transter parameters 1o the conventiona

calculate the transfer impedance and the transfer admittanc escription. This mlgh_t t_)e ugeful_, if there 'S already a

(Tiedemann2007) multi conductor transmission line implementation for the
There is no difference between the calculation of the trans™ <" system. ) _

fer parameters of a physical coaxial line and of the substitute The relatlonsr_np can be drawq from the def_|n|t|ons 9f thg

transmission line from above. The equivalent cable is delParameters: Using the assumption of approximately identi-

scribed in the usual notation of a single conductor with thecal interferences on the inner conductors, the conventional

per unit length paramete®’eq, L'eqy G'eq, C'eqand the transfer impedance can be written as:

equivalent voltagé&/eq. If these equivalent substitute quanti- U

ties are used instead of physical ones, any measurement setup Ig Uy

can be used to determine the equivalent coupling parametei't=1| ... |=—"- A=t (29)
of Egs. (7) and (.8). l/_g Is
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Using the definition of the equivalent transfer impedance8 Conclusions

Zil- e (Egs.17and9), the demanded link can be established:
€ The procedure, which is presented here, is a considerable

Z1=Z"Te ANx1 (20) simplification when calculating the coupling parameters of
€ industrial multiconductor transmission lines with stranded
Under the same conditions, the conventional transfer admitwires. The deviations are quite acceptable. The application

tance is: to the susceptibility analysis of the cables under test results in
I a reduced complexity, since only a simple single conductor
Us I transmission line has to be considered. The total procedure
’ 1 .Nx1 . . -
Yr=|.. |=-—7-17"". (21)  is summarized in Figb.
In Us
Us

For the equivalent transfer admittance, the following is valid: References
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The second demanded link then becomes:
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