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Abstract:The problem of determining the currents induced in termination networks at the ends of a coaxial 

cable by an incident electromagnetic field is quite important in determining the electromagnetic compatibility of 

electronic systems.Radio frequency interference, either radiated or conducted can seriously disrupt the proper 

operation of the equipment’s. The most common way to reduce a device’s sensitivity to external EMI is to shield 

it with a conducting material which is electrically grounded. Equipment’s may be shielded by manufacturers but 

external cables that connect these devices should also be shielded to reduce their sensitivity to interference.In 

the case of shielded cables, the coupling can be considered in two stages: coupling to the external circuit and 

coupling to the internal circuit.A sudden change in the electrical conditions of any circuit will cause a transient 

voltage to be generated from the energy stored in circuit inductance and capacitance. A coupling model based 

on Transmission Line Theory is developed for determining the transient currents and voltages induced within 

braided shielded cables by an impinging transient pulse generated by lightning event.The transmission-line (TL) 

approach is one of the most commonly used methods for the analysis of the radiated susceptibility of complex 

cable bundle networks.The Transmission Line theory is applied to establish the differential equations describing 

the behavior of the cables in the presence of a uniform plane travelling wave.The coupling of EM field to 

unshielded wire over a ground plane has been analyzedfor vertically and horizontally polarized incident E 

rays.The calculation of the induced voltage in the center conductor of the coaxial cable requires thedetails of 

the lightning waveform, the induced sheath current and the surface transfer impedance. The modeling of the 

shielded cable exposed to lightning current waveform is carried out to compute the surface transfer impedance, 

sheath current, induced voltage and current in the center conductor. 

 

Index words:Radio frequency interference, Transmission Line theory,shielded cables. 

 

I:      INTRODUCTION 

 

In electrical or electronic system, cables can be 

used to transmit information in order to control the 

devices. The digital devices and very large scale 

integration circuits are very sensitive to the 

electromagnetic field due to lightning and 

switching transient; one of the most important 

coupling path is by the cable. Therefore, it is of 

importance to analyze the coupling between the 

external electromagnetic fields and cables. 

Generally the cable can be modeled as transmission 

line and the induced current along the shield can be 

calculated. Then the transient on the inner 

conductor can be known after the transfer 

impedance of the cable can be calculated or tested. 

Therefore, the field-to-line coupling is a basic 

problem in the scope of electromagnetic 

compatibility. In order to ensure reliable operation 

in a world where electrical devices are everywhere, 

the circuits of sensitive devices must be shielded 

against outside electromagnetic interference (EMI). 

Radio frequency interference, either radiated or 

conducted can seriously disrupt the proper 

operation of the equipment’s. The most common 

way to reduce a device’s sensitivity to external 

EMI is to shield it with a conducting material 

which is electrically grounded. Equipment’s may 

be shielded by manufacturers but external cables 

that connect these devices should also be shielded 

to reduce their sensitivity to interference. Shielded 

cable assemblies feature shielding, is a layer of 

insulation (containing electrical energy) that is 

wrapped around an electrical cable to prevent the 

cable from emitting or absorbing EMI/RFI.Braided 

shielding is a type of shielded cable that uses a 

tightly woven lattice of thin tin or copper wires to 

encapsulate a shielded cable assembly. The 

formation looks like a braid and provides a low-

resistance path to ground.It is known that metallic 

enclosures are widely used to protect most 
electronic and electrical systems from non-
intentional and intentional electromagnetic 
interferences (EMI and IEMI). The shielding 
performance of these enclosures is usually 
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described by their shielding effectiveness.Lightning 

can be defined as a disruptive electrical discharge 

due to the dielectric breakdown of the air between 

the clouds or between the clouds and the ground. 

Certain clouds (cumulo-nimbus) create 

meteorological conditions that are favorable to the 

accumulation of electrostatic charges. Breakdown, 

which is visible in the form of the lightning flash, 

itself has a very complex phenomenology 

(precursor, leader stroke, return discharge, etc.)The 

description and evaluation of the direct local effects 

of a lightning strike to the surface of the aircraft 

can be obtained by complex physical simulations.  

 

II. INDUCED TRANSIENT COUPLING:The 

transmission line coupling models are frequently 

used to calculate lightning-induced voltages on 

overhead lines.The transient electromagnetic field 

components are evaluated using a new method 

based on the concept of the hertzian dipoles and the 

asymptotic expansion of a single dipole. Evaluation 

of electromagnetic field due to lightning channel is 

an important topic for considering indirect effects 

of lightning on the power systems. Lightning flash 

between cloud and ground generates transient 

electromagnetic fields, which can result in 

extremely high voltages induced in the vicinity of 

lightning strike. The key highlights of the proposed 

method are that the induced voltage and current at 

each iteration are considered as the virtual 

distributed exciting sources for next iteration. 

Physically, the voltage and current of the conductor 
produce electric and magnetic fields that interact 
with the other adjacent conductors and induce 
voltages and currents in those conductors. These 
induced voltages and currents, in turn, should 
produce electricand magnetic fields that provide a 

back interaction or second order effect.The 

transmission-line theory provides a suitable 

approximation for studying the coupling of incident 

electromagnetic waves to long lines parallel to the 

ground surface.The coupling through cable shields 

occurs by two mechanisms:1) the surface transfer 

impedance, 2) the surface transfer admittance.The 

surface transfer impedance is defined as 

Zt=(Ea/Ib)Ia=Owhere Ea = the axial electric field at 

the inner surface of the shield; Ib = the part of the 

total sheath current which returns outside the 

shield; Ia = the part of the total sheath current 

which returns inside the shield. 

 

III.MODEL OF SHIELDED CABLES:In many 

practical cases of interconnecting cable systems, 

the whole problem of field coupling is very 

difficult to handle due to the immense variety of 

possible cable configurations. In particular, the 

contribution of terminal equipment’s to the total 

collected energy depends on their geometry. 

Therefore, it is necessary to define a simplified 

model which corresponds to the most practical case 

of cable configurations.Such a consideration 

implies that a worst-case philosophy must be 

adopted in defining the model. In other words, a 

model which is most likely to collect the maximum 

induced energy must be chosen.The model of 

shielded cables is shown in Fig.1.  

 
 
 

 
 

Fig:3.1 Model of shielded cable. 

 

The cable is coaxial and composed of a central 

conductor, a dielectric insulation, and a return 

conductor. The central conductor is characterized 

by its conductivity and permeability. The insulating 

medium is assumed to be lossless and characterized 

by its permittivity. Its permeability is that of free 

space. The return conductor, which plays the role 

ofcable shield, is composed of coaxial layers of 

different substances. All layers are assumed to be 

homogeneous. They can fit tightly one over the 

other, or can be separated by an insulating medium, 

provided that the coaxial layers are short circuited 

at intervals, short compared to the minimum 

wavelength of perturbing signals. 

  

IV: SIMULATION OF LIGHTNING 

WAVEFORM 

4.1: Current component 1 - First return stroke: 

 

This waveform combines the severe 

parameters of both the negative and the positive 

first return strokes. It occurs most frequently to 

aircraft flying at lower altitudes. For analysis 
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purposes and indirect effect considerations the 

double exponential waveform shown in Fig:2 shall 

be applied.This waveform is defined 

mathematically by the double exponential 

expression as below: 

  (1) 

Damped sinusoidal form:            

                                        (2) 

Constraints for first return stroke are I0 = 218,810 

A, α = 11,354 s
-|
β = 647,265 s

-|
, t = time in seconds 

For direct effects testing purposes component 1 can 

be simulated by an oscillatory or unidirectional 

waveform like those presented in the Fig 4.1.  

 

Fig:4.1 

 

The current must have an amplitude of 

200kA (± 10%) with a rise time of up to 50μs (the 

time between 10% and 90% of peak amplitude). 

The action integral has to be 2 X 10
6
A

2
s (± 20%), 

and the total time to 1 % of peak value shall not 

exceed 500μs.The action integral, ∫  d, is a critical 

factor in the extent of damage. It relates to the 

energy deposited or absorbed in a system. 

However, the actual energy deposited cannot be 

defined without knowledge of the resistance of the 

system.  

 

4.2: Current component 2: Transition zone 

first return stroke 

The amplitude and Waveform of the first return 

strokes, which might hit an aircraft, depend on 

the flight altitude. In general, lower amplitudes 

and action integrals can be expected at higher 

altitudes. For analysis purposes a double 

exponential shall be applied. This waveform is 

applicable in the transition zone 1 C and 

represents the estimated shape of the first return 

stroke (Component 1) at higher altitudes. This 

waveform is defined mathematically by the 

following double exponential function: 

i(t ) = ( − ) (3) 

Where I0= 164,903 A,α = 16,065 s-|                     β 

= 858,888s-| ,t=time in seconds. 

For direct effects testing, component all can be 
simulated by an oscillatory or unidirectional 

waveform as shown in Fig:4.2. The current must 
have an amplitude of 150kA (± 10%) with a rise 

time of up to 37.5μs (the time between 10% and 

90% peak amplitude). The action integral has to 

be 0.8 x 106 A2s (± 20%), and the total time for 

the current to decay to 1 % of peak value shall 

not exceed 500μS. 

 

 

 

 

 

 

 

Fig:4.2 

 

4.3 Current component 2 

intermediate current 

This component represents mainly the 

intermediate currents following some of 

the negative initial return strokes and/or 

restrikes. For analysis purposes a double 

exponential current waveform could be 

used. This waveform is described 

mathematically by the following 

expression: 

  
i(t ) = ( − )    (4)                 

whereI0= 11,300 A, α = 700 S-|,  

β = 2,000 S-|, t is time (s) 

The average amplitude must be 2kA (± 

20%) flowing for a duration of 5 

milliseconds (± 10%) with a charge 
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transfer of 10 coulombs (± 10%). 
 

 

 

 

 

 

 

 

Fig 4.3 

V: CABLE SHEATH CURRENTS INDUCED 

BY INCIDENT EM FIELD 

 

In the case of aerial cables, the total field above the 

ground is the sum of the incident wave and the 

wave reflected from the ground surface 

E
i
=Einc+Eref, (5) 

H
i
=Hinc +Href(6) 

The differential equations for the voltage and 

current along the transmission linein the presence 

of distributed excitations are  

(dU/dx) + ZI = Ex1(x) + jw0∫
h 

 By
i
(x, z) dz(7)         

(dI/dx) + YU=-Y 0∫
h 
hEz

i
(x, z) dz(8) 

where Z = impedance per unit length; Y = 

admittance per unit length; E.1(x) = tangential 

electric field at the surface of theground and in the 

absence of the cable; By'(x, z) = the y -component 

of the magnetic field in the absence of the cable; 

Ez'(x, z) = the z - component of the electric field in 

the absence of the cable. 

(dU/dx) + ZI = Us(x) (9)  (dI/dx) + YU = Is(x) (10) 

where Us(x) the series-voltage-source distribution, 

Is(x) the shunt-current-source distribution. The 

couple of differential equations  is solved using 

Green's functions for the voltage GV1, GV2 and the 

current GI1, GI2 

VI: RESULTS AND DISCUSSION. 

A computer program has been developed to 

calculate the induced voltage and current in the 

inner conductor ofthe shielded cable due to 

Lightning strikes. In all the calculations it has been 

considered that the shielded cableis terminated at 

both ends by its characteristic impedance (Z0), 

which implies Z1 = Z2 = Z0. The groundimpedances 

ZA and ZB  are considered as 1.0 × 10
7
 ohms and 2 

ohms respectively. The entire analysis hasbeen 

carried for braided and non-braided shielded cable. 

 

 

 

 

 

 

 

Fig: 6.1 

length of the cable in Meter 15 

Cable height above the ground in 

Meter 

2 

Angle of incidence in Degrees 15 

Braided  

 

 

 

 

 

 

 

Fig: 6.2 

length of the cable in Meter 1 

Cable height above the ground in 

Meter 

0.5 

Angle of incidence in Degrees 45 

Braided  
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Fig:6.3 

length of the cable in Meter 1 

Cable height above the ground in 

Meter 

2 

Angle of incidence in Degrees 15 

 Non-braided 
 

 

 

 

 

 

 

Fig: 6.4 

length of the cable in Meter 15 

Cable height above the ground in 

Meter 

1 

Angle of incidence in Degrees 15 

 Non-braided 
 

The induced voltage depends upon the sheath 

current and surface transfer impedance of the cable. 

The peak value of the induced voltage for a braided 

cable decreases with an increase in height of the 

cable. The sheath current is calculated for different 

angles of incidence. The peak amplitude of the 

cable sheath current correspondingly decreases 

with an increase in the angle of incidence. 

 

VII: CONCLUSION. 
 

The cable shielding and its termination must 

provide a low-impedance path to ground. Any 

disruptions in the path can raise the impedance and 

lower the shielding effectiveness. Shielding 

effectiveness is determined primarily by the 

conductive quality of the shielding material and the 

level of coverage the shield provides. Two 

materials commonly used as shields are braided 

copper and non-braided aluminum foil. Copper is a 

better conductor but the level of   coverage is 

lacking due to the gaps inherent in the braided 

copper construction. The aluminum  foil 

configuration provides more complete coverage but 

is not a good conductor. 

Finally, factors influencing the transfer impedance, 

including simulation length of cable, material of 

the shielding layer, inner diameter of the shield and 

diameter of the braided and non-braided wire, were 

investigated. 
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