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Detected Features Case Study

Highlighting UltraScreen’s unique capabilities in the ‘whole cable assessment’
of HV/EHV cables; detecting significant features that can ultimately lead to early
cable failure.

Test and Trial Activity

A major part of the structured engineering development of UltraScreen has been an extensive ‘test
and trial’ activity, during which UltraScreen has been sited on production lines at the majority of the
major European cable manufacturers for the last two years and more. During this time, UltraScreen
has been used to successfully scan several tens of kilometres of HV/EHV cable.

This activity has proven practically the specification quoted for UltraScreen, with cables tested with
outside diameters ranging from 80 — 120mm, with outer layer depths up to 40mm, with different
core materials and configurations, and with insulation & semiconductor materials produced by both
of the main polyethylene suppliers to the industry. To date, UltraScreen has successfully analysed all
of the combinations of cable dimensions and materials that it has encountered.

During this trial activity, UltraScreen has also successfully detected the presence of numerous cable
features including fall-ins, protrusions, tape ruckles, insulation inclusions, etc. thus highlighting the
benefits of ultrasonically scanning the whole length of the cable during the manufacturing
process.

Exemplars of some of the features detected during production line analysis are included in the
following sections.

Layer thickness variation

UltraScreen detects very small variations in the acoustic impedances of various extruded
materials used in the production of HV/EHV cables in order to determine the position of
layer boundaries or interfaces within the cable.

This information is collected at sixteen positions around the diameter of the cable, and is
used to automatically calculate cable geometry on a continuous basis, which is also
automatically recorded for post production analysis..



This analysis is carried out every scan, which for a line speed of 1m/min equates to a single
line scan every 250 microns along the cable length or 4000 scans per metre of cable. The
high resolution data can be observed at a detailed single scan level for the smallest feature
determination, or averaged over user definable periods to show overall trends in layer

thicknesses.

23
218
Ez.as%W“w*wmmmW\W\mle" *
I 1w
=
1.82
17
11:54:43 13712:35 14:30:26 15:48:13 17-06:00

Time

Variation of Inner Semiconductor Thickness

222 I fi
. MM,HMMMMMMWWW WWW

L Y

A
2.0 s

Thickness [mm|

1.54
18
11:54:42 13:12:36 14:30:26 15:48:12 17:06:00
Time
Variation of Outer Semiconductor Thickness
3.3
30.04
E
E 2878
5 2782
26.26
25
11:54:43 13:12:35 14:30:26 15:48:13 17:06:00

Time

Variation of Insulation Thickness

The plots show that whilst the variation in thickness of the insulation layer is fairly minimal
throughout the length of the cable, there is a noticeable relative change in semiconductor
thicknesses at about two thirds of the way along the cable, with the inner semiconductor
becoming thinner whilst the outer semiconductor becomes proportionately thicker.



Inner Screen Asymmetry

As stated previously, UltraScreen gathers ultrasonic return data from sixteen transducers
equally spaced around the circumference of the cable. The data from each channel can
either be viewed separately, or combined to provide measures of layer average thicknesses
and concentricity. The following two figures present inner screen data captured during two
distinct time windows;

For the purpose of this note in the following plots; Channel number 1 is the transducer at the very top of the
cable with Channel number 9 at the very bottom; channels 5 and 13 at either side of the cable.
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Both figures present data measured every 0.125mm (for 0.5m/min line speed) and trended over several hours.
The black line represents the average thickness of the inner screen, automatically calculated from all 16
channel returns. The green line on the display presents the output of Channel 2 — towards the very top of the
cable, whereas the blue line on the display presents the output of Channel 8 — towards the very bottom of the
cable. These channels have been chosen to be of interest as they are almost diametrically opposite in the line
of draw.



What these outputs clearly show is that, whilst the average thickness of the inner screen has
remained fairly consistent over these time windows (which can be expected from good
extrusion control and constant line speed), the inner screen thicknesses at the top and
bottom of the cable are characterised by a much more dramatic variation. The inner screen
/ cable core geometry is generally asymmetric with the cable core either running high or low
within the inner screen (as expected from a horizontal CV process, where line operators try
to keep the core centralised as much as possible against the effect of gravity in the CV line).

Contaminants in the Insulation Layer

As well as detecting Stress Enhancing Features at the inner and outer semiconductors
layers, UltraScreen also automatically detects contaminants in the bulk insulation layer.

These are detected by ultrasonic returns from various contaminants above the background
level in the surrounding XLPE insulation material. The detect ability of these contaminants is
directly related to the difference in their acoustic impedance when compared to XLPE.
UltraScreen therefore has very robust automatic detection capabilities against air bubbles
and metal fragments down to 100 microns. Air and metal particles can be determined
separately as they have opposite phase change results.

Example of an air bubble in
the insulation layer

System performance against
scorches and other types of
material contaminants is the
subject of ongoing research, as
these materials often have
acoustic properties similar to
normal XLPE.

Inner Screen Fall-in Detection

During one monitored run, the question was raised as to whether UltraScreen had the
capability to auto-detect Inner Screen Fall-ins with depths as small as 100 microns. It was
accepted that the question raised by the manufacturer was as much a question to do with
UltraScreen’s overall detection capabilities, rather than any thoughts that Fall-ins of such
size would have serious ramifications on the quality of the cable or its service life.



Therefore it was not a surprise that whilst
processing the captured data, the system
flagged up several such alerts. An example
of such a feature is presented in the figure
opposite, in which because of the subtle
nature of the features being detected, a
red box has been placed to highlight the
actual position of the alarm.

The feature highlighted is subtle — after all it is
a depth change of only 100 micron — and it
should be borne in mind that the nominal width
of the Inner Screen for this run was 1.8mm — so
the feature is deflecting inwards by less than
10% of the nominal screen width. Nevertheless,
the auto-detection has identified a valid feature
in that a rapid inwards deflection can be seen.

Rotated & enlarged image
of the Fall in

To see this feature in perhaps
a more natural view for the
QA team, this section of the
image has been enlarged,
rotated through 90 degrees,
and the detection track
overlay removed to clarify the

Al ' underlying imagery. The

- N opposite.

resultant image is shown

i

In this figure, the cable core now runs horizontally along the bottom of the picture, with the
insulation/inner screen boundary appearing as a separate horizontal profile running above, and
roughly parallel to, the inner screen/cable core boundary. The vertical distance between them
denotes the width of the inner screen layer. The normal structure of the ultrasonic return from the
insulation/inner screen boundary can be seen at the left and right edges of the figure, where they
can be seen to produce a ‘triple line’ structure. Against this background, the Fall-in can clearly be
seen by the appearance of a separate boundary structure that falls away from the insulation/inner
screen boundary ‘triple line’ structure, towards the cable core, with this separate boundary structure
identifying the position of the inner extent of the Fall-in.

This Fall-in can also be seen to have distorted the surrounding inner screen surface, depressing it
down towards the cable core, in addition to which a small depression in this surface can also be seen
just preceding the main Fall-in.



Fall-in Detail, with Measurement
Cursor Overlays

In order to measure the dimensions of
this Fall-in the ‘cursor’ tools that form
part of the Feature Analysis application
software package have been used to
produce cursor overlays.

Pre and Post Fall-in Detail with
Measurement Cursor Overlays

The figure opposite shows actual
screen dimensions measured via
cursors before and after the fall-in.

These results have been obtained by
re-processing raw run data acquired
on-line with the Real Time Alarm (RTA)
thresholds changed to auto-detect and
alarm on Fall-in features with depths
greater than or equal to 100 microns.

The results presented show clearly that
UltraScreen can consistently and
correctly, automatically identify such
features, including an exemplar of a
Fall-in feature that was literally 100
microns in depth and 300 microns in

length.

Further Exemplars

Some features are severe enough to actually trigger a Real Time Alarm (RTA) against a user
configurable threshold. However, other exemplars of feature types that may result in less serious
Feature Detect (FD) Alerts are also regularly recorded. Screen shots of the B Scans associated with
such FD Alerts are included in the following figures:



Tape ‘Ruckle’

The figure opposite shows a feature
detected across four data channels
at almost the same time. This is
believed to be a problem with the
over wrapping of the conductor with
protective tape.

It has been seen on a number of
occasions with a highly periodic
frequency which probably represents
the actual tape width.

Lump in outer surface

The figure opposite shows a feature detected in
the outer surface of the cable during the run.

Automatic Detection of Core

Joints
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- 4| Core joints occur at a few pre-
determined points within a
cable production run. The

guestion that was raised by the

manufacturer was whether
UltraScreen had ever been
monitoring a cable at a time

when a cable joint actually

(L KA el | BEIEEES  passed through the machine?
This was one such major event detected within the cable affecting all extruded layers simultaneously
across all channels which raised a Real Time Alarm. This joint position could then be automatically
marked for accurate removal.



