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OVERVOLTAGES CAUSED BY LIGHTNING IN MULTICONDUcrOR TELECOMMUNICATION CABLES 

Andrzej W. Sowa 
DEHN+SOHNE representation in Poland 

In this paper the usual procedure for predicting the 

expected lightning overvoltages in multiconductor telecom

munication cables is presented. The method that appears 

useful is that of the surge current calculation in: 

- the shields of telecommunication cables, 

- the wires or conducting elements that are closed to the 

cables. 

In the case of direct lightning stroke to building the evalua

tion of these currents need the previous determination of the 
lightning current distribution in the conducting elements of 

building construction. Next the laboratory measurements of 

the longitudinal and transverse voltage surges in telecommu

nication cables have been carried out. These surges are 

caused by currents in the cable shields or in conducting ele

ments which amplitudes and shapes were obtained from cal

culation. 

1. INTRODUCTION 

Modem telecommunication subscriber equipment and 

switching systems with integrated circuits and semiconductor 

devices are susceptible to overvoltages surges in telecommu
nication cables. The effects of these surges on telecommuni

cation equipment range from loss or distortion of signals to 

complete destruction of service. There are a number of 

sources which can cause these disturbances in telecommuni

cation systems. A particularly hazardous is a direct stroke to 

buildings or its vicinity. In these cases the overvoltages lover-
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Information about the magnitude and time dependence of the 

induced surges are necessary for the efficient design of prote

ction circuits. Normally there is no chance to get this infor

mation by measurements during direct or nearby lightning 

stroke. It is possible to obtain this by calculation, model or 

simulation measurements. Taking this fact into account the 

authors presented the theoretical calculations and labomtory 

measurements of lightning overvoltages in multiconductor te

lecommunication cables. In investigation the theoretical me
thods were used to evaluate surge currents in the shields of 

cables or in the conducting elements (lightning protection in

stallation (Ips), reinforced concrete elements or steel constru

ction of building) near the unshielded cables. In the case of 

direct lightning stroke to building the evaluation of these 

currents need the previous determination of the lightning 

current distribution in the conducting elements of building 

construction. 
The cables were placed (fig. 1.): 

- over the perfectly conductive plane inside the building, 

- in the ground or in ducts outside the building. 

i L - lightning current 
is - current in the 

shield 

currents are induced in telecommunication line by surge Fig. 1. An example of lightning surge induction mechanism 

current. that flows directly in the cable shield or in conductive 

elements near the cable. This surge current is a part of Iight- Next the labomtory measurements of longitudinal voltage 

ning current, or is induced by electromagnetic field genemted between a particular wire and the shield (UL) and transverse 

during lightning stroke. voltage between two wires of a pair (Ur) were made. 
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The sources of disturbances were the surge currents flowing 

in: 

- the cables shields or in the shielding (grounding) wires in 

cable, 

- the conductive elements which were placed near the shiel-

ded and unshielded cables. 

Taking into account the results from calculation, two kinds 

of surge current shapes were used during tests. The first one 

represented the case when the part of lightning current flows 

directly in the shields or in the conducting elements. These 

currents were closed to exponential function with front time 

between I J.1S and 5 J.1S and time to half value from 10 to 50 

J.1S. The second one had the rise time between 1 J.1S and 3 J.1S 

and shorter time to half value - about 5 J.1S. and represented 

the currents induced by the electromagnetic fields generated 

by: 

- lightning currents in the channel (stroke in the building's 

vicinity), 

• lilihtning currents in the channel and in the conducting ele

ments of building's construction or in the lightning protec

tion system (strokes to the buildings). 

The spatial dimensions of the multi conductor cables are from 

dozen or so to tens meters. 

2. SURGE CURRENTS IN THE CABLE SHIELDS AND 

CONDUCTIVE ELEMENTS NEAR THE CABLES 

The analisis of lightning transients required the know

ledge about the function which exactly described the shapes 

of the lightning current In theoretical calculations the 

lightning current is descn'bed by equation: 

I{I) = ~An' IP" ·exp(-an ·t) 
n 

The values of coefficients in above equation were chosen in 

this matter which enable to obtained the currents shapes for 

first and succesive lightning current in the channel (Fig. 2.). 

During lightning stroke to building the surge current distri

bution in wires of Ips and/or in steel construction of building 

was calculated. For the computation the model of building 

with dimensions 48x24x6 metres was used. An example of 

computed lightning current distribution in Ips of this building 

was presented in fig. 3. 

The values of current in percentages were obtained by com

parison the peak values of currents in the wires with the 

amplitude of lightning current ip flowing to the Ips. Next, all 

elements with surge currents are considered to be like an

tennas radiating the electromagnetic field. This field gene

rates the surge currents in the shields of cables which are 

placed inside the building over, under or near the conductive 

planes (Fig. 4.). The study of this currents represents the 
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problem having enormous impotance with reference to the 

testing of the immunity of the electronic telecommunication 

equipment 
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Fig. 2. The shapes of lightning currents used in calculation 

24m 

Fig. 3. The values of currents in the wires of Ips during direct 
stroke to building 
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Fig. 4. Geometrical configuration of the shielded cable 

The cable lenght I varying from several metres to some tens 

metres and the distance shield-plane h from some milimetres 

to some tens centimetres. The spatial dimensions of cables 

inside the building are rather small and the induced currents 

in the shields were calculated on basis of the lumped

constants circuits theory. The currents is were calculated 

from equation: 

dis R d¢c 
LA-+ A'is=--

dt de 

where: !Pc - external magnetic flux penetrating the plane 
shield-ground 

RA , LA - resistance and inductance of loop shield
ground 
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In fig. 5. an example of numerical results of induced currents Fig. 6 shows cross-section views of shielded and unshielded 

is presented. telecommunication cables under test. 
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Fig. 5. Currents induced in cable shield by first lightning 
stroke (Fig. 2a.) 

On the basis of preliminary calculation we can state the 

following: 

- the currents induced in the shields reach the values from 

several or some tens ampers to a hundred ampers, 

- the current rise times were from 1 to 5 /!S, 

- the currents times to half value not exceeded a dozen or so 

/.ls. 

During a direct lightning stroke to building with water and 

gas pipes, electrical power lines and telecommunication lines 

the portion of lightning current flows to the telecommunica

tion cables shields which enter the building. These currents 

values reach up to 5 % oflightning current [3]. The shapes of 

these currents in the shields were sirniliar to the lightning 

current shapes. 

3. MEASUREMENT ARRANGEMENTS 

During laboratory testings shielded and unshielded 

cables of length ranging from several metres to some tens 

meters and number of conductors up to 200 are considered. 

L~oo_ 
polyethylene insulated conductor 

Fig. 6. Cross-section views of tested telephone subscriber 
cables: unshielded (left) and shielded (right) 

The test circuit for the lightning surge experiments consists 

of a low output impedance pulse generator, Ii cable under test 

and measuring circuits, as illustrated in fig. 7 and fig. 10. The 

applied c.urrent pulse amplitudes were from 50 A to 10 leA 

and its rise times in range from 1 to 3 j.1S. Surge current 

flowed through the certain length of the cable shield or in its 

aU distance. Pair-to-pair and pair-to-shield voltage surges 

were measured and recorded. Current surges in tested circuit 

were measured, depending on the current levels, by means of 

the Tektronix current probe P6022 or current shunt. The 

parameters of the current shunt are the following: !max= 300 

leA, R = 0.92 mO, and the response time T :::: 5 ns. 

a) 
short circuited or shorted 

through resistance pair ends 

Surge 
Current Generator 

transverse voltage 
measurements 

longitudinal. voltage 
measurements 

Fig. 7. The test circuit for the lightning ;!urge experiments in 
telecommunication multiconductor cables: a) trans
verse, b) longitudinal voltage measurements 

Figures 8 and 9 present the examples of conductor-to-con

ductor (transverse) and conductor-to-shield (longitudinal) in

duced voltages oscillograms respectively for 20- and 200-

conductor shielded telecommunication cable of 100 metre's 

length. Fig. a and c show current waveshapes in cable shield 

corresponding with induced current but fig. b, d - current re

presenting the case of direct lightning current flow in cable 

shield. In fig. a and b transverse voltage induced between two 

wires short circuited at the other ends (set-up like in fig. 7a) 

is presented and in fig. c,d - induced longitudinal voltages 

measured in test circuit like in fig. Th. 
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Fig. 8. Oscyllographic record of: current I in cable shield, 
voltages induced between a pair of wires UT (Fig. 9 
a, b), and between a wire and cable shield UL (Fig. 9 
c, d), for 20-conductor shielded cable of 100 metres 
length 

Fig. 10. The test circuit for the lightning surge experiments 
in telecommunication multiconductor cables: case 
of unshielded cable. 
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Fig. 9. Oscyllographic record of: current I in cable shield, 
transverse voltages induced between a pair of wires 
(Fig. 10 a, b), and longitudinal voltages between a 
wire and cable shield (Fig. 10 c, d), for 2oo·con
ductor shielded cable of 100 metres length 

Figure 10 i1ustrates the test circuit for the case of unshielded 

cables. In this case the current flows in a conductor situated 

alongside the cable under test and returns in metallic pipe 

enclosing both the cable under test and the additional 

conductor. Induced voltages generally did not exceeded a 

volt per 1 meter section with current of 100 ampers peak 

value and 1 J.lS rise time. The examples of induced voltages 

oscillograms for 6- and 20-conductor unshielded telecommu

nication cable of 100 metre's length are presented in fig. 11. 
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Fig. II. Oscyllographic records of: current I in nearby con
ductor (test setup according to Fig. 10) and voltages 
U induced between a pair of wires for 6-conductor 
(Fig. a, b) and 20-conductor (Fig. c, d) unshielded 
cable of 100 metres length 

5. CONCLUSIONS 

A theoretical method together with labomtory measure

ments were presented for estimation the lightning voltages 
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induced in multiconductor cables inside and outside the 

buildings during direct lightning stroke to this buildings or 

their vicinity. Theoretical part concerned the calculation of 

surge lightning current distribution in a bUilding and, on 

these basis, the surge currents in the cables shields. In 

labomtory the surge currents, which shapes are closely to 

these from calculations, were introduced into the shields of 

telecommunication cables and induced transverse and longi

tudinal voltages were recorded. A combination of these two 

kinds of work - theoretical and exquipmental - enable to 

evaluate the lightning danger to electronic equipment which 

is connected to the multiconductor signal cables. To get more 

knowledge about the problem of lightning surges in multi

conductor telecommunication cables more work is planned in 

the future. In this work the influence of overvoltages redu

ction by additional wires running parallel to the cables will 

be considered. 
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