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Study on electromagnetic radiation calculation of

non-uniform transmission lines

Abstract

In modern industry, cables are responsible for connecting various electronic
devices in the system to make them function, and they are an indispensable part of the
system. However, a large number of studies have shown that most of the
electromagnetic interference or non-compliance with the radiation emission test
standards of the system equipment is caused by the cable. The cable will act as an
efficient transmitting antenna and radiate the interference of the electronic equipment
connected to the system. Other equipment in the system or in the adjacent system, the
sensitive equipment in the system cannot work normally or even be damaged after
being subjected to electromagnetic interference. Therefore, for the EMC design of
electronic and electrical systems, considering the signal integrity and anti-interference
of the system, the research on electromagnetic radiation of cables is essential.

For the electromagnetic radiation of the cable treatment methods, roughly
divided into two methods.The first method is the analytical calculation method based
on the traveling wave theory. The result is very accurate, but it takes a long time.
Compared with the Hertz dipole approximation method, the calculation efficiency is
greatly improved under the premise of ensuring the accuracy. The current research on
electromagnetic radiation of cables mainly focuses on uniform transmission lines,
while the research on non-uniform transmission lines in actual engineering is
relatively rare. Moreover, in different situations, such as acceleration and deceleration,
vibration, turbulence, etc., parameters such as height from the ground and distance
between cables will have certain randomness.To solve these problems, a new method
combining iterative adaptive perturbation method, Hertz dipole approximation method
and chaotic polynomial expansion method is proposed to calculate and analyze the
electromagnetic radiation of non-uniform transmission lines under different
conditions.

The main contents and contributions of the paper are listed as follows:

(1) Based on the theory of transmission line, a mathematical model of the
iterative adaptive perturbation of non-uniform transmission line is established. Based
on the lossless double conductor transmission line equation, the value of the mean



term and the perturbation term are solved by using the iterative technique and
boundary conditions. The mean term and the perturbation term are superimposed
together to form the current and voltage of the transmission line. Then, two typical
non-uniform cable models, tilt and bend, were designed. CST software simulation and
cascading method were used to calculate the near end current and the far end current
of the cable, respectively. The accuracy of the iterative adaptive perturbation method
was verified.

(2) A new method combining iterative adaptive perturbation method and Hertz
dipole approximation method is proposed for the electromagnetic radiation of
non-uniform transmission lines with fixed position.Using the theory of dipole antenna,
the radiation fields of each dipole in the three-dimensional space at the observation
point in three directions are calculated. The radiation fields in the three directions are
superimposed together to be the total radiation fields of the transmission line at the
observation point.In order to verify the accuracy and effectiveness of the proposed
method, two typical non-uniform cable models of arc cable and sinusoidal cable were
designed, and the effects of non-uniform transmission line bending degree, cable
radius, cable length and cable height on the electromagnetic radiation of the
transmission line were discussed.

(3) A new method, which combines chaotic polynomial expansion method,
iterative adaptive perturbation method and Hertz dipole approximation method, is
proposed to deal with the electromagnetic radiation of non-uniform transmission lines
with random parameters.According to the theory of polynomial chaos, the
non-uniform transmission lines to make use of orthogonal polynomial chaos
multinomial, and by using boundary conditions to solve the transmission line current,
and then can be divided into a number of electric dipole radiation field for solving
three directions, superimposed together is the non-uniform transmission lines total
chaos polynomial expansion expression of the radiation field.By calculating the mean
value, standard deviation and probability density function of two typical random
non-uniform transmission line models, which are inclined and curved, the accuracy
and effectiveness of the proposed method are verified by comparing with the
traditional Monte Carlo-cascade-Hertz dipole approximation method, and this method
is applied to practical engineering.

Key words:

Electromagnetic radiation, non-uniform transmission lines, iterative adaptive
perturbation techniques, Hertz dipole approximation, statistical analysis, chaotic
polynomial expansion
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e I(x) JoARHEE | BUE IR X Bl &, 6,2 94k OP 5 x Hili i)k
s xR NEL OP ££ yz P B S y iR, MRS EAIRERA

2 2
sing, - \/(yP Yi) r_+(ZP Z) cosf, = XP;Xi
' ! (3.13)
: Zp — Z; —Yi
Sing,; = PZ I 2 COS @, = sz Y >
\/(yP_yi) +(zp-12) \/(XP_Xi) +(Ye = ¥i)

| BB S A AR AR T y BT R AR LS 5 P A AR A 1 T LA A s AR
CIEZVS

I(yi)ay; e : ( : 3
Ef =—j 7 sin@,; cos 6, sing,; | 3jk —rk®+=
yi 47[Wg rl yl yi | rl

| jkr,
EY=j—~— "L (y,) ie jk—rk?+ 1 sin 0 —~ 2]k+E cos? (3.14)
yi

Arwe ri r; .

| jkr;
Eji=-] (4y,) Vie sin@,; cos 6 coswyi(3jk—rik2+§j

TWe rl i




i I(yy) NERIZER | BUE RN y B> &, 0,72 92k OP 5 y Hliff1k
fils @y /e NEL OP fE xz "B S z iRk ff, MRS EWRRN

2 2
sin Hyi _ \/(Xp Xi) :(ZP Zi) COSt9yi _ yP;yi
: : (3.15)
sing,; = COSQ,; =
’ \/(XP‘Xi)2+(ZP—Zi)2 ’ \/(XP‘Xi)2+(ZP‘Zi)2

RAES S BT T X, y, z =T AR E NSk, W]
RINN

n n n
E, =) Ex+Y Ey+> E;
i1 i1 i1

n n n
[ g 4 A A (3.16)
=1 =1

i=1 i i

n n n
E, = ZE;i +ZE)Z/i +ZEzzi
i-1 i-1 izl
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3.3 I EmLRE
BRI TR T RONE S A B X ), #5203 R 2 B R r
J7 AN S 2 FLR T TR S o B AR S SR A AR 1) B RN I W] s

ES=\/(Ex+E;()2+(Ey+E'y)2+(EZ+E'Z)2 ------------ (3.17)
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