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Abstract — Effects of the measuring cable on a lightning impulse
measured by high-voltage dividers have not been usually
considered in the common practice of high-voltage measurements.
An analysis of these effects for different types of high-voltage
dividers has been done, by comparing results obtained from lab
measurements and those obtained from simulations when accurate
models are used for measuring cables.

Index Terms— Measuring cables, high-voltage dividers, high-
voltage measurement techniques, modelling.

I. INTRODUCTION

Common practice for high-voltage lightning impulse (LI)
measurements is based on voltage dividers whose output is a
low voltage signal related to the high voltage impulse to be
measured. This output is connected to a measuring instrument
(e.g. a digital recorder) by a coaxial measuring cable [1]. The
selection of this coaxial measuring cable is usually done
according to their characteristic impedance, attenuation and
shielding effectiveness. To cover the distance between the
voltage divider and the control room, in which the digital
recorder is located, several meters or some tens of meters long
measuring cables could be used. As a general practice, little
attention is paid to the effect of cable length on the measured
signal at the output of the divider; however, cable
characteristics, such as attenuation or capacitance, can differ
significantly between different cables, even though they have
the same characteristic impedance. Consequently, the length of
the cable can affect the signal waveform depending on the
characteristics of the cable.

Effects caused by measuring cable in lightning impulse
measurements has been treated in the literature [2], in which
only cable unitary capacitance is considered, but attenuation is
neglected. In the last years new analysis based on
measurements were done about this matter [3], [4].

Attenuation and distortion caused by a coaxial measuring
cable can be determined accurately by modelling and by
software simulation. The coaxial measuring cable is a special
case of a transmission line, whose model is based essentially on
a series impedance and a parallel admittance that are frequency
dependent functions, being the series impedance the one that
has a strong variation with the frequency. These frequency
dependent functions for coaxial cables can be determined from
the equations proposed by Schelkunoff [5].

This paper presents the comparison between measured and
simulated results obtained for a capacitive damped divider,
when different measuring cable lengths are considered. The
comparison is focused on the front time parameter 7;, as
defined in [1].

II. THEORETICAL BASIS

Conventional ~ damped-capacitive  lightning  impulse
measuring systems, as the one shown in Fig. 1, are composed
by five different elements: a high-voltage arm Z;, a low-voltage
arm Z, a matching impedance Z; adjusted according to the
characteristic impedance Z. of the coaxial measuring cable, and
a measuring instrument with input impedance of Z.
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Fig. 1. Conventional lightning impulse measuring system

represented by its main circuit elements.

The frequency behaviour of this equivalent circuit can be
analysed as a two-port network or quadrupole. The frequency
domain output voltage and current in the digital recorder input,
Vour(s) and Iou(s), are related to the input voltage and current
Laplace functions at the high voltage side (Vuy(s) and Iuy(s))
through the ABCD transmission matrix, according to

{Vm(s)HA(s) B(s)HVHV(s)}

Ly(s)| [C(s) D(s)] [ L(s)] M)
where the transmission parameters A(s), B(s), C(s) and D(s) are
expressed using Laplace variable, s. To determine the A(s),
B(s), C(s) and D(s), individual quadrupoles of the five different
elements shown in Fig. 1 are considered. The ABCD matrix of
(1) can be obtained as it is described in [6]. For an applied high
voltage Vuy (s), the output voltage function Vou(s) can be

determined by the following equations, by considering the
boundary condition /,,,=0:



L(5)=0 Ly (0)== 50V, ()

Voul($)=A(S)Vyy(s)+B(s) -1y, (s) 4)

where Iuy(s) is the frequency function of the current at the high-
voltage side.

For obtaining the time function uou(?) corresponding to Vou(s)
a dedicated numerical inversion of Laplace transform has been
used [6].

III. EXAMPLE

The error on the front time parameter, 77, is analyzed by
varying the measuring cable length. This analysis is carried out
by measurements and by simulation. Fig. 2 shows the
schematics and the values of the different elements for a
considered capacitive damped divider, (see Fig.2).

Z =500
v =255m/us
78pF / m

Divider

G, =100pF Measuring cable
R =41Q :
C,=18.8nF C,=43pF

R,=0.25Q

Fig. 2. Schematics for the considered capacitive damped divider.

A reference scenario with no cable connected (cable
length = 0 m) has been considered, when a high voltage
lightning impulse is applied with time parameters of 0.84/60 us.

In the simulation the C; to Cs, R; to R4 and cable capacitance
and conductance were assumed to be frequency independent.
The frequency dependencies of cable resistance and inductance
were estimated using formulae from [5].

Comparative results for the measurements and for the
simulations are shown in Fig. 3. Simulation results achieve a
good fitting to the measurement. The obtained results show an
increasing error when the cable length is increased.

IV. CONCLUSION

The results of this work show that the cable length has clear
influence on measured lightning impulse voltage, especially on
its front time. Measurements with resistive divider and analysis
for other lightning impulse parameters are ongoing.
Additionally, an accurate model that can be used to estimate
measurement errors is available to simulate measuring coaxial
cables applied to high voltage measuring systems.
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Fig. 3. Comparative results for the measurements and for the
simulation.
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