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Increased Range of Ultrasonic Guided Wave Testing of Overhead Transmission
Line Cables using Dispersion Compensation
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Abstract

Overhead Transmission Line (OVTL) cables can experience structural defects and are, therefore, inspected using
Non-Destructive Testing (NDT) techniques. Ultrasonic Guided Waves (UGW) is one NDT technique that has been
investigated for inspection of these cables. For practical use, it is desirable to be able to inspect as long a section of
cable as possible from a single location. This paper investigates increasing the UGW inspection range on Aluminium
Conductor Steel Reinforced (ACSR) cables by compensating for dispersion using dispersion curve data. For ACSR
cables, it was considered to be difficult to obtain accurate dispersion curves using modelling due to the complex
geometry and unknown coupling between wire strands. Group velocity dispersion curves were, therefore, measured
experimentally on an untensioned, 26.5 meter long cable and a method of calculating theoretical dispersion curves
was obtained. Attenuation and dispersion compensation were then performed for a broadband Maximum Length
Sequence (MLS) excitation signal. An increase in the Signal to Noise Ratio (SNR) of about 4 to 8 dB compared to
that of the dispersed signal was obtained. However, the main benefit was the increased ability to resolve the individual
echoes from the end of the cable and an introduced defect in the form of a cut, which was 7 to at least 13 dB greater
than that of the dispersed signal. Five echoes were able to be clearly detected using MLS excitation signal, indicating
the potential for an inspection range of up to 130 meters in each direction. To the best of the authors’ knowledge, this
is the longest inspection range for ACSR cables reported in the literature, where typically cables, which were only
one or two meter long, have been investigated previously. Narrow band tone burst and Hann windowed tone burst
excitation signal also showed increased SNR and ability to resolve closely spaced echoes.

Keywords: Ultrasonic Guided Waves, Dispersion Compensation, Multi-Wire Cables, ACSR Cables, Overhead
Transmission Line Cables, Long Range Ultrasonic Testing, NDT

1. Introduction

Multi-wire cables are used in a wide range of engi-
neering applications to meet various demands; such as
load carrying in bridges and cranes, post-tensioning in
concrete structures, and electric transfer in power net-
works. Different types of OVTL cables are used in
power networks to transfer electricity over long dis-
tances. One of the most commonly used cables for
high voltage overhead transmission lines are ACSR ca-
bles. To maximise heat loss, these cables generally do
not have any coating covering them, but have their outer
wires exposed to the elements.
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Throughout their service lifetime, OVTL cables are
exposed to various operational stresses (voltage and
tensile) and environmental factors (wind-induced vi-
brations, icing, and lightning strikes). Those factors
might eventually lead to structural failures such as
broken insulators, corrosion, and mechanical defects
(twisted/broken wires) [5, 21]. Structural failures are
reported to start emerging in the aluminium layers first
[2]. In some cases, the steel core is reported to be in-
tact even though aluminium layers had structural fail-
ures [5]. A reliable and preferably automated technique
for the structural integrity analysis of OVTL cables is,
therefore, required.

Several NDT techniques have emerged to preemp-
tively detect the above mentioned structural integrity
problems. Airborne and on-ground visual inspection is
one of the most widely used techniques. However, its
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hazardous nature, which has led to loss of lives [15],
has raised the necessity of more reliable and automated
techniques. Automated visual inspection systems have
been developed, which apply image processing algo-
rithms on videos/images acquired by either aerial ve-
hicles or stationary camera systems. However, it is re-
ported that the efficiency of those methods relies on the
quality of the camera and the stability of the aerial ve-
hicle, which could introduce additional costs [16]. Sev-
eral other systems using temperature based inspection
[22], eddy current inspection [26], and radio/audible
noise monitoring [8] have also been reported. More re-
cent systems have utilised the developments in robotics
[16], though design complexity, maintenance require-
ments and high costs have also been reported as draw-
backs of such systems. In order to tackle the above
mentioned drawbacks, UGW based NDT methods have
been considered.

UGW, as a means of structural integrity analysis for
ACSR cables, have been studied in the last few decades.
Gaul et al. reported an overall feasibility analysis of the
use of UGW for damage detection in ACSR cables with
an emphasis on reflection of wave packets at structural
discontinuities with different geometry and size [10].
Branham et al. presented an understanding of attenu-
ation and dispersion in ACSR cables and also analysed
the feasibility of defect detection in ACSR cables with
two different transducer coupling schemes [4]. Haag et
al. investigated UGW propagation in ACSR cables with
the aim of understanding energy transfer between wires,
and formulated an efficient energy-based model to pre-
dict wave propagation in a two-rod system with friction
contact [12]. Baltazar et al. investigated the changes in
UGW propagation in ACSR cables in the presence of
a defect, and reported that the energy transfer between
longitudinal and flexural wave modes can be monitored
for defect detection [3].

The above mentioned studies have focused on the un-
derstanding of UGW propagation in short ACSR cables.
However, for practical implementation, it is desirable to
be able to inspect as long a section of cable as possible
from a single location. A factor that limits the practical
inspection range is dispersion. Dispersion is a phenom-
ena where different frequency components in a signal
propagate at different speeds. This causes a signal to
spread out in time as it propagates. It is undesirable
for UGW inspection since it reduces the SNR, reduces
the ability to accurately locate defects, and can mask
a defect that is close to another structure [24, 25, 27].
The torsional wave mode is often used since it is non-
dispersive. However, this often is not a viable option
and exciting only one wave mode can be difficult. Dis-

persion curves are, therefore, used to choose an exci-
tation frequency range where the desired wave mode
has low dispersion. Also, narrow band excitation sig-
nal, such as Hann windowed, tone bursts, are generally
used. However, these signal will always have a certain
bandwidth, which can lead to dispersion.

Techniques have been developed to compress re-
ceived wave packets by correcting for the dispersive
effects of propagation. Sicard et al. and Wilcox pre-
sented a method to compensate for the effect of disper-
sion from UGW signal in [20] and [24]. Yamasaki et
al. compared experimental and simulated time-reversed
square pulses for dispersion compensation [28]. Hall
and Michaels performed adaptive dispersion compen-
sation to improve imaging of defects on an aluminium
plate using a distributed transducer array [13]. De
Marchi et al. used a warped frequency transform to pro-
vide dispersion compensation for an irregular waveg-
uide [7]. Zeng and Lin proposed a chirp-based disper-
sion pre-compensation technique using a priori knowl-
edge of the propagation distance [30]. Xu et al. pro-
posed a wideband dispersion reversal technique to self-
compensate fundamental wave modes in a plate [27].

Dispersion compensation has been proposed here as
a way of increasing the UGW inspection range for
ACSR cables. In order to use dispersion compensa-
tion, one needs to know the dispersion curves for the
medium. These are usually obtained, for structures such
as pipes and plates, using commercial software such as
Disperser [14] or COMSOLr [6]. However, no soft-
ware existed for generating dispersion curves for ACSR
cables and it was considered to be difficult to achieve
accurate results using modelling due to the complex ge-
ometry and unknown coupling between wire strands.

The approach taken was, therefore, to characterise the
wave propagation using broadband Maximum Length
Sequence (MLS) excitation signal and spectrograms. It
was found that the signal propagated over long distances
on individual outer wires of the cable as a single wave
mode. These results were used to obtain a method of
generating theoretical dispersion curves for the cable
by correcting dispersion curves that were obtained us-
ing Disperser. The resulting dispersion curves were
used to compensate three different experimental signal,
which had different bandwidths. An increased SNR and
ability to resolve echoes from closely spaced structures
was able to be achieved for each of these signals. The
benefit of using this technique increased with inspection
range. The results indicate that an inspection range of
up to 130 meters can be achieved using this techniques.

In Section 2, the wave propagation model and a de-
scription of the dispersion and attenuation compensa-
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tion technique used in this work are presented. The ex-
perimental set up and procedure are outlined in Section
3. In Section 4, the wave propagation in the cable is
investigated and theoretical dispersion curves obtained
and compared to experimental results. These are used in
Section 5 to dispersion compensate the measured signal
to attempt to increase the inspection range for the cable.

2. Theory

In order to increase the UGW inspection range on the
ACSR cable, it was considered important to understand
the ultrasonic wave propagation in the cable. By under-
standing the propagation characteristics, which lead to a
reduction in the inspection range, signal processing al-
gorithms can be implemented to attempt to compensate
for these effects. In Section 2.1, a basic wave propaga-
tion model is presented, which was thought to provide
an approximate model of the wave propagation in the
cable. A dispersion compensation algorithm, based on
equations given in references [20] and [24], is then out-
lined in Section 2.2.

2.1. Wave propagation model
Consider a signal h(t) excited by a transducer, which

causes a single wave mode to be excited. After prop-
agating a distance d, the resulting signal g(t) may be
approximated in the frequency domain by

G(ω) = H(ω) exp
(
−

[
α + jk(ω)

]
d
)

+ E(ω), (1)

where ω is the angular frequency, H(ω) is the Fourier
transform of h(t), α is the propagation attenuation coef-
ficient, k is the wave number, and E(ω) is noise. The
wave number may be calculated using

k =
ω

vph
, (2)

where vph is the phase velocity. If multiple wave modes
are excited, then the signal will be the sum of all these
wave modes, each of which may be approximated by
Equation (5), where H, α, and k are different for each
wave mode.

The velocity that the wave packet propagates at is the
group velocity. For a narrow band signal, the time axis
t of the signal may be converted to distances d using

d(t) = vgr(ωp) t, (3)

where vgr(ωp) is the group velocity at a single angu-
lar frequency ωp corresponding to the highest ampli-
tude component of G(ω). For a dispersive wave mode,

the phase and group velocity are frequency dependant.
This means that different frequency components in the
signal propagate at different speeds causing the signal
to spread out in time as it propagates. This reduces the
SNR, which limits the inspection range and reduces the
spatial resolution. Dispersion compensation can be used
to correct for this effect.

2.2. Signal processing to compensate for effects of
propagation

Consider that an attenuated, dispersed signal ĝ(t) is
sampled. Compensation for the effects of attenuation
may be made using

g(t) = ĝ(t) exp(α t), (4)

[31]. For a single wave mode and the ith propagation
time (or distance), dispersion compensation can be per-
formed in the frequency domain using

Y(ω, ti) = G(ω) exp ( j [k(ω) d(ti) − ω ti]), (5)

where d is the propagation distance. Equation (5) is
calculated for each frequency component in the signal.
An inverse Fourier transform

ŷ(t) = ifft{Ym(ω, ti)} (6)

is then used to convert the dispersion compensated sig-
nal to the time domain. Note that without the term “ω ti”
in Equation (5), the signal originally at time ti would be
shifted back to the origin in the time axis for the disper-
sion compensated signal. This technique will theoreti-
cally provide the correct amount of dispersion compen-
sation of the signal g(t) at time ti but will under or over
correct for other times.

In this work, to correct all of the signal, Equations
(5) and (6) were run in a loop over all times, where the
ith iteration performed dispersion compensation for the
ith time in the signal ŷ(ti). This value was taken and
used to create the ith value of a new array y(ti). This
enabled a dispersion compensated version of g(t) to be
created for all times. This method is relatively slow.
Faster methods, such as that described in [24], could be
used instead.

2.3. Excitation signals
The amount of dispersion that a dispersive UGW

wave mode experiences during propagation along a
structure is related to the bandwidth of the signal. The
wider the bandwidth of the signal, the more dispersion
will occur. Therefore, to test the benefit of using disper-
sion compensation for improving the inspection range,
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three different types of signal have been used, which had
different frequency bandwidths. In order of decreasing
bandwidth, these signals were Maximum Length Se-
quences (MLS) white noise, tone burst, and Hann win-
dowed tone burst.

Maximum length sequences are composed of either
+1 or -1 values. They are generated using Linear Feed-
back Shift Registers (LFSR) with N-delay taps, result-
ing in a sequence of length L = 2N − 1 [11]. They
are wideband with a flat spectral density from DC to
half the analogue sampling frequency used to generate
the signal. These frequency components are evenly dis-
tributed through the signal giving it a time invariant fre-
quency response. This makes MLS more convenient for
imaging the dispersion in a signal using spectrograms
than signals, such as a chirp, which have a frequency
response that varies with time. Also, they have a δ-
function like autocorrelation function meaning that the
use of cross-correlation to improve spatial location of
defects is a potential option. More information about
m-sequences can be found in reference [19]. The MLS
signal used for this work was generated using code by
Wiens [23].

A tone burst consists of a number of cycles of a sine
wave. In order to increase the spatial resolution, only a
few cycles are generally used. However, the fewer the
number of cycles, the wider the bandwidth of the signal
will be. To reduce this bandwidth, Hann windowing of
the tone burst signal is generally applied. These narrow
bandwidth signals are the most commonly used excita-
tion signal for UGW inspection of structures, since their
narrow bandwidth minimises the amount of dispersion
that occurs. Tone burst and Hann windowed tone burst
excitation signals have, therefore, been utilised in this
work to provide signals with two different bandwidths
compared to MLS and also to see if dispersion compen-
sation can provide increased inspection range with these
narrow bandwidth signals.

3. Experimental setup

3.1. Cable

3.1.1. Cable characteristics
The cable used in this study was a 26.5 meter long,

Bear 325 ACSR cable. In order to simulate a defect in
the cable, a cut was introduced into the cable 1.5 meters
from the end of the cable, see Figure 1. The cut depth
was 6 mm deep at the time that the measurements were
made for this work. However, cut depths as small as 2.5
mm had been previously investigated and were able to
be detected using UGWs.

(a)

(b)

Figure 1: Photo (a) shows the 26.5 m long Bear ACSR cable used
in this study. It was laid out on the floor of the lab with foam pads
keeping it off the ground. Photo (b) shows a 6 mm deep cut made into
the cable 1.5 meters from one end of the cable to simulate a defect.

The Bear 325 cable is composed of steel and alu-
minium wire strands, which are 3.4 mm in diameter. At
the centre of the cable are seven steel wires, which are
coated in grease. Over this are two layers of aluminium
wires, which respectively have 12 and 18 strands in each
layer. The outer diameter of each layer of wires in the
cable are respectively 10.05, 16.65, and 23.24 mm.

The wires are twisted around the cable into a helical
shape, with each layer being twisted in the opposite di-
rection. This means that the length of a wire Lw is longer
than the length of the cable Lc by the ratio

Lw

Lc
=

√
(πD)2 + p2

p
, (7)

where D is the diameter of the layer in which the wire
is located and p is the pitch or distance along the cable
required for the wire to make a full rotation around the
cable. The pitch of the outer aluminium wire layer was
300 mm.

3.2. Hardware
3.2.1. Transducer collar

Shear transducers made by Plant Integrity [18] were
used in this work. They consisted of a PZT ceramic ele-
ment mounted into a stainless steel backing, see Figure
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2(a). The natural frequency of the PZT element is in
the MHz range. However, the use of the backing mass
makes the transducer broadband. They are reported to
have a relatively flat gain in the frequency range of in-
terest (20 to 500 kHz). Refer to reference [9] for more
information on these transducers.

Six of the shear transducers were mounted in a collar
so that they were evenly distributed around the circum-
ference of the cable, see Figure 2. No coupling agent
was used. Instead the transducers are pushed against
the cable using springs. This is referred to as dry cou-
pling. Adjacent pairs of transducers were wired in par-
allel. This gives three channels used for both transmis-
sion (TX) and reception (RX).

(a)

(b)

Figure 2: Photos of a shear transducer (a) and the transducer collar
used to generate and receive UGW signals on the cable.

3.2.2. Ultrasound pulser / receiver unit
The transducer channels were connected to three

channels of a Teletestr [17, 18], a commercial Long
Range Ultrasonic Testing (LRUT) system. This unit
was connected to a laptop and controlled using data
acquisition software. The transducer array was driven
with a user defined waveform with an analogue output
sampling rate of 1 MHz and an amplitude of 280 Vpp.
The resulting signal measured by the transducers was

amplified by a factor of 37 dB and filtered using an ana-
logue bandpass filter with corner frequencies of about
1 and 600 kHz. The filtered signal was then sampled
with an analogue input sampling rate of 1 MHz. This
was repeated a number of times and the resulting signal
averaged and saved to file.

3.3. Measurement procedure
The transducer collar was initially positioned at the

end of the cable, at the opposite end from the cut, and
used in a pulse echo configuration. Three types of exci-
tation signal were used; MLS, tone burst, and Hann win-
dowed tone burst. The MLS was generated in Matlab
and the first 50 samples of the resulting sequence were
used. Since the transmit sampling rate was 1 MHz, this
signal had a transmit period of 50 µs and had a flat fre-
quency response from 0 to 500 kHz. The tone burst and
Hann windowed tone burst excitation signals consisted
of five cycles of a sine wave with a central frequency
of 240 kHz. All three excitation signals were applied
to the transducers with an amplitude of 280 Vpp. The
resulting signal measured on the three transducer chan-
nels were recorded and saved to file.

4. Investigating wave propagation in the cable using
MLS signal

The recorded signals were processed using Matlab.
The three transducer channels were summed to give a
single time domain signal. Figure 3(a) shows an ex-
ample time domain signal measured on the cable using
MLS excitation. The first echoes at approximately 10
ms appear to be reflections from the cut and the end of
the cable. The first echo has an amplitude of approx-
imately 2.5 time that of the second echo. This might
be explained by the fact that a significant amount of the
signal is reflected from the cut. This would reduce the
energy reaching the end of the cable, potentially caus-
ing a smaller amplitude echo from the end of the cable
compared to that from the cut. There may also be some
reduction in amplitude of the second echo due to de-
structive interference of the cut and end echoes. A
second set of echoes can only just be seen at approxi-
mately 20 ms, while it is not clear if there is a third echo
set. In order to increase the range of inspection, the sig-
nal g(t) was scaled with time t using Equation (4). The
resulting scaled signal is plotted in Figure 3(b). As a
result of the scaling, three sets of dispersed echoes can
now be seen, though they are increasingly blurred with
time or propagation distance along the cable.

The attenuation coefficient α that was used to obtain
the scaled signals shown in Figure 3(b) was 265. This
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(a)

(b)

Figure 3: Plot (a) shows an example time domain signal obtained us-
ing MLS signal. An exponentially scaled version of this plot is shown
in plot (b). Peaks in the signal, which are assumed to be the first echo
from the cut and the end of the cable, are indicated on the plots.

was chosen using trial and error to give the echoes in
the scaled signal similar amplitudes. This trial and er-
ror method assumes that the losses due to reflections
and any potential mode conversions are small compared
to the attenuation losses during propagation along the
cable. This assumption appeared to be sufficient for
increasing the ability to detect defects. However, if a
more accurate attenuation coefficient was desired, these
losses should be measured and included in the propaga-
tion model.

4.1. Time-frequency analysis
A time-frequency representation of the signal can be

obtained using spectrograms. Spectrograms are a time-
frequency plot obtained using using Short-Time Fourier
Transforms (STFT). Figure 4 shows a spectrogram of
the exponentially scaled signal obtained using MLS ex-
citation. The time length that was used in the STFT to
generate this figure was 512 µs. The echoes from the
cut and the end of the cable can be seen as sets of curved
lines (peaks) in the spectrogram at about 10, 20, and 30
ms. Since these curves have roughly the same shape, it
appears that these are due to a single wave mode. The
fact that these curves are increasingly deflected from
the vertical with propagation distance means that this
wave mode is experiencing dispersion. However, with-
out modelling, it is unclear if the wave mode is a lon-
gitudinal, flexural, or torsional wave mode or indeed if
there is really only one wave mode present in the signal.

Figure 4: Spectrogram of the scaled time domain signal shown in
Figure 3(b). The echoes can be seen as near virticle lines which curve
slightly to the right with increased frequency. This curvature shows
the dispersion in the signal. Three sets of echoes can be seen in the
data. The first set are the first echoes from the cut and the end of the
cable.

4.1.1. Experimental measurement of dispersion curves

Dispersion causes the SNR of the signal to reduce
with propagation distance along the cable and repre-
sents a significant limitation to the inspection range that
can be achieved using UGW inspection. Dispersion
compensation is proposed as a means of increasing the
inspection range achievable from a single location. In
order to perform dispersion compensation, one needs to
know the dispersion curves for the cable. For struc-
tures with simple cross-sectional geometries, such as
plates, rods, and pipes, these would traditionally be ob-
tained analytically using software such as Disperser.
Alternatively, for structures with more complex geome-
tries, Finite Element Analysis (FEA) modelling soft-
ware, such as COMSOLr, are sometimes used with
eigenfrequency analysis to find phase velocity disper-
sion curves. However, these are not always accurate.
For the ACSR cables, the complex coupling between
multiple wire stands in the cable meant that accurately
modelling the cable as a whole was very difficult. This
meant that the dispersion curves needed to be measured
experimentally.

A group velocity dispersion curve for the cable was
measured by fitting peaks in the spectrogram data corre-
sponding to echoes from the cut in the cable. To reduce
the echo from the end of the cable, time domain data
was measured on one of the three transducer channels
that had a comparatively higher echo from the cut than
that from the end of the cable. A spectrogram was ob-
tained of this data for the time period around the first
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Figure 5: Spectrogram of a section of time domain signal measured
on one of the three transducer channels using MLS excitation. The
black dots show peaks obtained from this data for the first echo from
the cut near the end of the cable. Overlaid on this is a fitted dispersion
curve (green line).

echo. Peaks in the spectrogram data were then obtained
in the frequency range where strong echo frequency
components where present between approximately 115
and 450 kHz. A kth nearest neighbour search was used
to identify isolated peaks. These were regarded as noise
and were removed. Figure 5 shows the spectrogram
with the denoised points and a fitted curve overlaid.
This gives measurements of the arrival times τ(ω) of
the signal from the cut. Measured group velocities were
then obtained by

vgr(ω) = τ(ω)/L, (8)

where L was the propagation distance along the length
of the cable, which was twice the distance from the
transducer array to the cut.

4.1.2. Correspondence between measured and analyti-
cal dispersion curves

Spectrograms, with MLS excitation signal, provide a
useful method of investigating wave propagation char-
acteristics. However, without modelling, it can be diffi-
cult to explain what wave modes are present. Also, the
measured dispersion curves obtained using this method
would be expected to be different for different types of
cables. It is, therefore, desirable to have an analytical
way of obtaining the dispersion curves.

Laser scanning vibrometer experiments had been per-
formed to image the wave propagation on the surface
of the cable. This had shown that the ultrasonic waves
tend to propagate mainly along individual wires, see

(a)

(b)

Figure 6: Image (a) shows a laser scanning vibrometer scan of the sur-
face of a 2 meter long cable when transmitting a 250 kHz Hann win-
dowed tone burst excitation signal. It can be seen that the ultrasonic
waves appear to propagate along individual wires of the cable. Plot
(b) shows experimentally measured dispersion curves obtained using
a laser vibrometer scan of a single wire for a MLS excitation signal.
Overlaid are the theoretical dispersion curves for a single aluminium
wire.

Figure 6(a). Therefore, experimentally measured dis-
persion curves for a single wire were obtained. This
was performed by making a vibrometer scan at evenly
spaced points along the surface of the wire for a MLS
excitation signal. The resulting time domain data were
formed into a matrix, where the nth row was the signal
measured at the nth scan point. A 2D FFT was the ap-
plied and the resulting wave number - frequency domain
matrix was plotted, see Figure 6(b). Refer to reference
[1] for more details on this technique. Software called
Disperser was used to generate theoretical dispersion
curves for aluminium rods that were the same diameter
as the wires in the cables. These were overlaid over the
experimentally measured dispersion curves. The results
showed that the longitudinal mode was the dominant
wave mode, with the flexural mode able to be clearly
seen in the data. Although not shown in this plot, the
torsional wave mode could also be faintly observed in
some of the scan data. The theoretical group velocity
dispersion curves provided a good fit to the data for all
three wave modes.

These dispersion curves needed to be corrected for
the effect of the helical twist of the wires making up
the cable. The length of the cable was shorter than the
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Figure 7: Group velocity dispersion curve experimental measured
data points (blue dots) from Figure 5. Overlaid on this are the group
velocity dispersion curve data for the L(0,1) wave mode of aluminium
rods obtained using Disperser software which has been corrected for
the helical twist for three different diameters using Equation (9).

length of the wires. This means that the apparent ve-
locity along the cable would be slower than the velocity
in individual wires. To correct for this, the theoretical
dispersion curves were scaled by dividing them by the
length ratio given in Equation (7). The theoretical group
velocities for the cable were, therefore, calculated using

vgr =
v†gr p√

(πD)2 + p2
, (9)

where v†gr is the theoretical group velocity of the rod
obtained using Disperser, D is the diameter of the wire
layer, and p is the pitch of the cable.

Figure 8: Original (dashed lines) and helical corrected (solid lines)
theoretical group velocity dispersion curves for aluminum wires in
the cable showing longitudinal L(0,1), torsional T(0,1), and flexural
F(1,1) wave modes obtained using Disperser.

Figure 7 shows the measured group velocity data
points obtained from the spectrogram in Figure 5. Over-

laid on this are the theoretical group velocity dispersion
curves corresponding to the L(0,1) wave mode for alu-
minium rods which has been corrected for three differ-
ent helical twist diameters; inner and outer aluminium
wire layer diameters, and the mean of these two. It can
be seen that the experimental data lie mainly between
the lines corresponding to the inner and outer diame-
ters. The line corresponding to the centre of the two alu-
minium layers provides a good fit to the measured data.
This indicates that the dispersion curves for ACSR ca-
bles can be obtained analytically by calculating the dis-
persion curves for individual wires and then correcting
these for the effect of the helical twist. Figure 8 shows
the original and helical corrected theoretical group ve-
locity dispersion curves for the aluminium wires in the
cable obtained using Disperser.

4.1.3. Identification of wave modes in the spectrograms

Figure 9: Spectrogram of MLS excitation signal. Overlaid are theo-
retical arrival times obtained using the dispersion curves calculated in
Section 4.1.2 for the longitudinal L(0,1), torsional T(0,1), and flexural
F(1,1) wave modes.

The theoretical dispersion curves obtained in the pre-
vious section were used to identify what wave modes
were present in the signal measured on the cable. Fig-
ure 9 shows a spectrogram of this signal. Overlaid over
this are the expected arrival times, for the first echo from
the cut, which were calculated using the theoretical dis-
persion curves for the aluminium wires. As had been
found in the previous section, the longitudinal wave
mode arrival times show good agreement with peaks in
the spectrogram. However, the theoretical arrival times
of the flexural and torsional wave modes do not appear
to correspond to any significant peaks in the spectro-
gram. To check that summing the three receiver chan-
nels was not omitting the flexural wave mode, this pro-
cess was repeated using a single channel (two adjacent
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transducers wired in parallel). However, again only the
longitudinal wave mode was observed in the spectro-
gram. This is in contrast to measurements on shorter
lengths of cables (about 2 meters long), where the flex-
ural wave mode was able to be seen in the spectrogram
[29]. This indicates that the flexural wave mode experi-
enced high attenuation rates compared to the longitudi-
nal wave mode.

Figure 10: Spectrogram of the signal obtained using MLS excitation.
Overlaid on top are the arrival times (white lines) calculated using
the propagation distances shown in Table 1 and the theoretical group
velocity dispersion curve for the aluminium longitudinal wave mode.

The result shown in Figure 9 appears to indicate that
the peaks in the spectrogram corresponded to the longi-
tudinal wave modes. To test this, the theoretical arrival
times for the first three sets of echoes from the cut and
end of the cable were calculated using the theoretical
longitudinal wave mode group velocities and the propa-
gation distances given in Table 1. These were then plot-
ted over the spectrogram, see Figure 10. For the first
echo set, there are two reflections, one from the cut and
one from the end of the cable. For the second echo set,
there are three echoes. This corresponds to the three
possible propagation paths. The signal can be reflected
twice off the cut, once off the cut and once off the end
of the cable, or twice off the end of the cable. Using
the same principle, one can explain why the third echo
set has four echoes. It can be seen that the theoretical
arrival times are in good agreement with the data.

The lack of echoes corresponding to the steel wires
seems to indicate that there is poor coupling between
the steel and aluminium wires in the cable. This ap-
peared to be confirmed by a laser vibrometer scan of
the end surface of the cable next to the transducer col-
lar. This showed a significant decrease in amplitude of
signal in the steel core. The reason for this is not clear.

Table 1: Table of distances used to calculate the arrival times for the
three sets of echoes in Figure 10. The distances C and L are respec-
tively the distance from the array to the cut (25m) and to the end of
the cable (26.5 m).

Echo Set No. Line 1 Line 2 Line 3 Line 4
1 2C 2L
2 4C 2C + 2L 4L
3 6C 4C + 2L 2C + 4L 6L

The presence of the grease surrounding the steel wires
could provide poor transfer of shear motion from the
aluminium to steel wires. The wires in each layer are
twisted in opposite directions. This angle between lay-
ers may mean that the longitudinal motion of wires in
one layer will not be optimally passed on to wires in the
next layer. Also, the loose nature of the untensioned ca-
ble could mean that there is poor contact between wire
layers.

The results presented in this work show that a single
wave mode can propagate over large distances on indi-
vidual aluminium wires of the cable. It was found that
the wave propagation could be described by the longi-
tudinal wave mode of an aluminum wire when it was
correction for the helical twist of the cable. However,
it is not clear if this would still be the case if the cable
was in tension. Further work is needed to characterise
the wave propagation when the cable is under tension.
Studies should also investigate different types of ACSR
cables to see if similar wave propagation behaviour is
observed with these cables.

5. Dispersion compensation results

Figure 10 shows that, with time scaling, the echoes
from defects in the cable show up clearly in a spectro-
gram for at least the first three echoes from the end of
the cable. However, due to dispersion, these signals are
spread out in the time domain resulting in reduced sig-
nal to noise ratio with propagation distance, see Figure
3(b). In theory, dispersion compensation should be able
to correct for this. This section looks at the effect of
dispersion compensation of signal measured on the ca-
ble for MLS, tone burst, and Hann windowed tone burst
signal.

5.1. MLS white noise
The dispersion compensation algorithm described in

Section 2.2 was applied to the exponentially scaled sig-
nal obtained for MLS excitation, see Figure 3(b), us-
ing the theoretical dispersion curves obtained in Section
4.1.2. Figure 11 shows the resulting dispersion compen-
sated signal. Figure 12 shows the Hilbert transform of
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the dispersed and dispersion compensated signals. An
increase in SNR of between 4 and 8 dB is achieved.
However, the main benefit is the fact that the individual
echoes are able to be seen in the dispersion compensated
signal, which cannot be distinguished in the dispersed
signal. The gain in ability to resolve individual peaks is
from 7 to at least 13 dB. A spectrogram of this disper-
sion compensated data is shown in Figure 13. It can be
seen that the effect of the dispersion compensation was
to make the echo curves vertical in the spectrogram.

Figure 11: Plot showing the dispersion compensated signal measured
on the cable for MLS excitation signal.

Figure 12: Plot showing the normalised Hilbert transform of the dis-
persed and dispersion compensated signals measured on the cables for
MLS excitation signal.

An A-scan like time trace can be made from the spec-
trogram data. The spectrogram data, which have units
of dB, form a M × N matrix, where M is the number of
frequencies and N is the number of times. A time trace
signal in the form of a 1 × N vector can be achieved by
summing down the columns (frequency components) of
this matrix. Figure 14 shows the resulting time trace
for both the dispersed and dispersion compensated sig-
nal. Since the dispersion echo lines are not vertical in
the spectrogram data, this technique gives blurred (dis-
persed) A-scan peaks for these echoes and a reduction in
SNR with propagation distance. In contrast, the disper-
sion compensated signal are vertical in the spectrogram.

Figure 13: Spectrogram of this dispersion compensated signal ob-
tained using MLS excitation.

This results in sharp peaks occurring for each individual
echo and an increased SNR. It appears that dispersion
compensation has the potential to increase the inspec-
tion range possible from a single location.

Figure 14: Normalised time traces obtained by summing the columns
of the spectrograms for the dispersed and dispersion compensated sig-
nal for a MLS excitation signal.

5.1.1. Long range MLS recording
To test the potential range that could be achieved us-

ing this technique, a longer recording of 60 ms was
made for the MLS excitation signal. This was the
longest recording able to be made using the data ac-
quisition hardware. In an attempt to make the echoes
less complicated for the longer recording, efforts were
made to reduce the echoes from the cut. Guided waves
are reflected when they encounter a change in cross sec-
tional area in a structure. Therefore, a band of metal
(pipe clamp) was attached around the cable covering the
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cut to compensate for the change in cross-sectional area
caused by the cut and to acoustically link the wires on
each side of the cut.

The noise floor had a larger effect on the exponen-
tially scaled signal for the longer recordings. This
appeared as horizontal lines in the spectrogram, which
become exponentially scaled with increasing time. A
possible source of these spectral lines was thought to
be nearby switch mode power supplies. To reduce this,
these noise spectral lines were manually identified and
removed. Also, frequencies outside a frequency range
of 160 to 400 kHz were also removed. Figure 15 shows
the exponentially scaled and dispersion compensated
signal. The echoes are sharper and there is an increased
SNR for the dispersion compensated signal.

Figure 15: Plots of the time domain dispersed and dispersion com-
pensated filtered signal obtained for the long recording of the MLS
excitation signal.

Figure 16 shows the spectrogram of the dispersion
compensated signal. The A-scans obtained from the
spectrograms of the dispersed and undispersed signal is
shown in Figure 17. The dispersion compensation had
the effect of increasing the clarity of the echoes and in-
creases the SNR compared to the dispersed signal. It
can be seen that five echoes from the end of the cable
can be seen with some weaker echoes from the cov-
ered cut. This theoretically corresponds to an inspection
range of 130 meters. This shows that the combination
of exponentially scaling, dispersion compensation, and
filtering can effectively increase the inspection range for
a broad band signal.

5.2. Narrow bandwidth signal

Dispersion compensation was performed for narrow
band signal to see if a similar improvement in SNR

Figure 16: Spectrogram of the dispersion compensated signal ob-
tained for the longer recording using MLS excitation signal.

Figure 17: A-scan time trace of the dispersed and dispersion compen-
sated filtered signal for the longer recording of the MLS excitation
signal.

could be achieved, as was observed for the broadband
MLS signal. Recordings were made using five cycle
tone burst and Hann windowed tone burst excitation sig-
nal with a central frequency of 240 kHz. The same ex-
perimental set up as in Section 5.1.1 was used for these
recordings. Dispersion compensation was then per-
formed for these two types of signal. Figure 18 shows
the dispersed and dispersion compensated A-scans for
the tone burst and Hann windowed tone burst excita-
tion signal. It can be seen that an increase in SNR was
achieved for both signals.

6. Conclusion

LRUT has previously been proposed as a possible
NDT technique for the inspection of ACSR cables.
Studies have shown that UGWs can detect defects in

11



(a)

(b)

Figure 18: A-scan of the dispersed and dispersion compensated sig-
nal obtained using (a) tone burst and (b) Hann windowed tone burst
excitation signal with a central frequency of 240 kHz.

ACSR cables. However, to the best of the authors’
knowledge, this is the first study to investigate lengths
of cables longer than about two meters long. This work
investigated ultrasonic wave propagation on a 26.5 me-
ter long length of ACSR cable, which was not under
tension. Measurements showed that, with correction for
attenuation, several echoes could be detected from the
end of the cable and a cut, which was located 1.5 meters
from the end. However, due to dispersion, there was
a decreased SNR and decreased ability to resolve in-
dividual echoes as the propagation distance increased.
Dispersion compensation was proposed as a method for
correcting for these effects and thereby increasing the
effective UGW inspection range for these cables.

In order to implement dispersion compensation, one
needs dispersion curves for the structure being inves-
tigated. No software existed for obtaining the disper-
sion curves for ACSR cables and it was considered
to be difficult to achieve accurate results using mod-
elling due to the complex geometry and unknown cou-
pling between strands. Group velocity dispersion curve

data was, therefore, measured experimentally. A novel
method for obtaining theoretical dispersion curves for
the cable was then developed. For propagation distances
more than a few meters, it was found that the fundamen-
tal longitudinal mode L(0,1) for aluminium was the only
wave mode observed in the signal. The theoretical dis-
persion curve data was then used to perform dispersion
compensation. It was found that an increase in SNR of 4
to 8 dB was observed compared to the dispersed signal.
However, the main benefit was an increased ability to re-
solve echoes from closely spaced structures; the end of
the cable and an adjacent cut. Without dispersion com-
pensation, only the first set of echoes could be clearly
resolved. With dispersion compensation and some fil-
tering, individual echoes could be distinguished clearly
for at least five sets of echoes from the end of the ca-
ble. This would indicate an inspection range of up to
130 meters in each direction might be achievable. Dis-
persion compensation was also applied to narrow band
signal and increased SNR and ability to resolve closely
spaced echoes was obtained for these signals. While
this study used an ACSR cable, this technique could be
used for increasing the LRUT inspection range for other
structures, such as plates, pipes, and other types of ca-
bles.

More work is needed to investigate the wave propa-
gation on different types of ACSR cables in conditions
which are more representative of those that would be
experienced in testing of overhead transmission lines.
These cables are under tension, conduct high volt-
age electricity, have higher operating temperatures, and
would be expected to experience larger background
noise conditions. These factors, particularly tension,
need to be investigated further to see what effect they
have on wave propagation and the effective range, which
can be achieved in these conditions.
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