1.0

Introduction

132kV cable

Trials Report 132kV cable April 2003

The monitor was installed on the extrusion line prior to the
manufacture of the 132kV cable.

The first approximately 200m of the cable was not cross linked due
to sealing of the cooling tube. As this part of the cable went though
the monitor, it was set up to recognise it.

Unfortunately as the cross linked section of the cable began to
pass through the monitor, the extrusion was stopped due to a
production problem with moisture on the conductor.

The extrusion and monitoring was restarted the following day.

2.0 Display of

Information

Sixteen transducers are distributed evenly around the annulus with
transducer 1 at the top. The geometry of the cable is represented
on graphs showing the position of the cable layer interfaces as
detected by two diametrically opposite transducers.

2.1 Cross Section
Graphs

The cable can therefore be viewed in the following transducer
pairs;
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2.2
Inhomogenities
in the insulation

As the cable moves through the system, variation in the signal
reflected from the insulation is monitored. This variation is then
plotted with a colour scale used to represent the variation as
shown in Figure 1.
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Figure 1: Colour scale

The signal variation due to an inclusion depends on the size of the
feature, the type of feature or acoustic characteristics, its shape
and its depth in the insulation.

2.3 Movement of
cable in the
system

As the cable runs through the monitor, variation in line tension
causes movement of the cable centre relative to the transducers.

Figure 2 shows a cross section of the cable with the absolute
interface positions relative to the transducers. The movement of
the cable can clearly be seen.
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Figure 2: Absolute interface positions

In order to pick out actual variation in layer thicknesses, an
algorithm is applied to the data to smooth out this movement
where it is detected on all interfaces. With this algorithm applied,
the cable section shown in figure 2, is shown in figure 3.
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Figure 2: Stabilised interface positions

2.4 Variation of
signal at inner
screen

It can be seen from figure 4 that the ultrasonic beam width often
covers at least one strand of the core. Acoustic energy from the
inner screen/conductor interface will therefore be reflected from
different depths, R1 and R2. As the ultrasonic beam is focussed,
the beam width at the inner screen is dependent upon the size of
the cable.
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Figure 4: Ultrasonic beam at inner screen.

As a single thickness must be determined for the inner screen, the
monitor may alternately detect reflections R1 and R2 as their
relative magnitudes vary.

Figure 5 shows how this variation in measure inner screen
thickness may appear over a long section of cable and figure 6
shows an expanded view of the same cable.




Figure 5: Variation at inner screen 1.

Figure 6: Variation at inner screen 2.

3.0 Results
of 132kV

cable trials

When the extrusion of the 132kV cable was restarted, the monitor
was set to monitor it. Figures13 and 14 show data for the first
seven hours of extrusion. Figure 13 shows the geometry measured
by transducer pairs 1 & 9 to 4 & 12 and figure 14, transducer pairs
5&13t08 & 16.

After this period, the data collected by the monitor indicates highly
disturbed signals. The nature of the disturbances is such that it is
unlikely to have been caused by inhomogeneities within the cable.

The precise cause of these signals shall be further investigated
when the monitor is available for inspection.

As with the 11kV cable there was no rotary encoder input to the
monitor to allow cable position monitoring, however if the extrusion
speed was 1.2m/min then over the seven hours approximately
500m would have passed through the monitor.

A number of interesting features can be seen from the data.




Figure 13: Transducer pairs 1& 9to 4 & 12




Figure 14: Transducer pairs 5 & 13to 8 & 16




3.1 Feature 1 on
inner screen /
conductor

Approximately 26m into the run there is a clear feature at the inner
screen, possibly originating from tape wrapped around the
conductor. Figure 15 shows the feature as detected by transducers
7 & 15. The feature is similarly apparent on all 16 transducers.

Figure 15: Feature at inner screen.

The feature is approximately 15cm long and causes the inner
screen to extend into the insulation by up to 2.0mm.

3.2 Feature 2 on
inner screen /
conductor

Approximately 7.3m from the beginning of the run there is a similar
defect on the conductor that causes a minor protrusion of inner
screen into the insulation.

This feature only appears around half the cable (channels 1-8) and
can be seen to vary in length up to 72mm. It can be seen in figure
16




Figure 16: Feature on conductor




3.3 Features | All 16 transducers detected a number of areas where there was
near the outer | inhomogeneous insulation just inside the outer screen. These

screen | variations in density variously appear in isolation or as part of a
repetitive sequence.

Figure 16 shows an isolated area of density variation as detected
by transducers 8 & 16.

Figure 16: Density variation near outer screen.




3.4 Repetitive
effect at outer

The variation in density near the inner screen clearly has a
repetitive nature on most of the transducer orientations. Figures 17

screen | and 18 show two areas where this is the case as detected by
transducers 1 and 13.
Figure 17: Repetitive flaw
Figure 17: Repetitive flaw
The repetition rate of the inhomogeneities is between about 3m
and 8m and in all cases they are about 1m long.
3.5 Small | Approximately one third of the way along the inspected length,
features | there is an area of the cable where spurious inhomogeneities can
detected on all | be seen at all depths within the insulation.
transducers

Graphs 13 ad 14 show that this effect was detected on all 16
transducers and lasted for approximately 30m. Close inspection of
the features shows that they were rarely detected over more than
one measurement and therefore very small.
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3.6 First forty | There is a higher density of features in the first 40 meters than the
meters of cable | rest of the cable. It will be possible to cut some of these out and
verify their position.

Using the start and finish times of the run and accurate extrusion
line speeds, a scale has been put to the data to help locate the
flaws.

Figures 18, 19 & 20 show data from transducer pairs 5 &13, 6 & 14
and 7 &15.

Figure 18: First 40m on transducers 5 & 13

Figure 19: First 40m on transducers 6 & 14
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4.0

Conclusions

132kV cable

Figure 20: First 40m on transducers 7 & 15

In the 500m of 132kV cable inspected, a number of features were
detected.

A bulge in the inner screen detected by all 16 transducers was
seen about 40m into the run. The bulge was about 1 m long and
extended 2.0mm into the insulation.

As this disruption appeared on all 16 transducers it is likely to be
related to a feature on the conductor.

A series of areas of varying density were detected near the outer
screen, again on all transducers. They appeared at very regularly
spaced intervals along the cable up to 8m apart and were about
1m long.

The monitoring of thel32kV cable appears to have been
interrupted by spurious results. An investigation into this will be
carried out when the monitor is available.
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