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EHV cable projects and their challenges
Peter Herpertz - Product manager
- power,SebaKMT

to allow them to interface with the AC
distribution network.

At the annual UK cable test seminar held at
the end of last year, papers were presented
by some of the most experienced engineers
working in the cable and cable test technology
fields. This article is based on the paper that
was presented by Chris Jones of Sinclair
Knight Merz, with additional material from the
paper presented by Peter Herpertz of Megger.

When all of these factors are taken into
account, a general rule of thumb emerges:
for transmission over distances of less than 60
km, HVAC is usually preferable, whereas for
distances over 120 km, HVDC is likely to be
the better option. For intermediate distances
between 60 and 120 km, the optimum
solution can usually only be determined by
carrying out a detailed and careful assessment
of the project.

Today, the need for dependable and efficient
methods of transmitting large amounts of
power over long distances is more pressing
than ever before. In many cases, the optimum
solution is to transmit the power via Extra
High Voltage (EHV) cables but, as we shall
see, there are many challenges that must be
overcome if solutions of this type are to be
implemented successfully.

This will need to take into account capital cost,
operating cost, the cost of electrical losses,
and the potential cost of lost generation due
to non-availability of the connection should
faults or failures occur. It is interesting to note
that the decision has come down in favour of
HVAC technology for almost all offshore wind
farms to date.

As would be expected, market forces are
behind the growth in cable-connected
projects in general and in High Voltage Direct
Current (HVDC) transmission in particular.
The expansion of renewable generation,
particularly offshore wind, means that new
connections and system reinforcement are
essential. There is also an increased interest
in interconnectors between regions and
countries, and in the bulk transfer of power
over long distances.
Other factors that tend to favour cablebased solutions are environmental concerns
and stakeholder opposition. These have to
be taken into account, of course, in every
project, but they are usually bigger issues
with overhead line connections than with
cable connections.
When implementing cable-connected
projects to satisfy these market needs, one
of the first and most fundamental decisions
that has to be made is whether to use
High Voltage Alternating Current (HVAC)
or HVDC transmission. In some cases, this
decision is straightforward, as it is in the case
of international links, for example, where
synchronising the power grids of the countries
involved to allow AC transmission would be
problematic. In other cases, however, the
decision is much more complex.
There are pros and cons for both transmission
technologies. HVAC cable links generally
operate at between 132 kV and 550 kV,
whereas present-day HVDC cable links can
operate at up to 600 kV. HVAC cables suffer
from charging current effects that limit the
amount of power that can be transferred over
long distances, whereas HVDC cables only
suffer I2R losses. HVDC systems, however,
need expensive AC/DC and DC/AC converters
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For land-based projects, there is still significant
global discussion on the relative merits of
overhead lines and cables. Cables are however
being adopted on many projects as they are
seen as a “pragmatic solution”, and it is
reasonable to expect that the use of cables on
transmission projects will continue to increase
in the future.
Considerations for offshore transmission are,
as would be expected, rather different. Here
the use of overhead lines, except for very
short distances, is not feasible. There are also
numerous technical, environmental and cost
factors that are unique to offshore work.
These include complicated logistics, which
are much influenced by weather and the
availability of vessels; costs, which can be five
to six times higher than onshore costs; and
the large amount of personnel training that is
needed for all offshore activities.
Transmission distances offshore can be up
to 200 km, and the investment needed for
many of the schemes that are currently being
proposed is on a scale that has not been seen
in our industry since the 1960s. In addition,
today’s planning and consenting requirements
are very different from those that applied
in the past and, adding another layer of
complexity, the regulatory regime chosen for
the UK is very different from the regimes in
many other parts of the world.
In this connection, it may be of interest to
note that a recent UK government document
available on the National Archives website
gives an example of the development timeline
and key decision gates for an offshore wind
project. This shows the shortest possible
timescale for project completion to be six
years and, in practice, many projects can be
expected to take much longer.

Another key challenge that designers of cable
systems face is choosing the most suitable
cable technology. HVDC XLPE (Cross Linked
Polyethylene) cables are, at present, limited
to operation at voltages up to 320 kV, which
means, in practice, that they can transmit up
to around 500 MW per cable. There is a need
for HVDC XLPE cables that will operate at
400/500 kV and these are, at the present time,
under development but are not yet available.
HVCD MIND (mass impregnated non-draining)
cables are usually considered as having an
operating voltage limit of 550 kV, although
600 kV cables are currently being delivered for

use on the Western Link project, which will
transfer power between Scotland and Wales.
In the HVAC arena, three-core submarine cables
typically operate at up to 245 kV and have a
power transmission limit of around 330 MW,
but very recently a 420 kV three-core submarine
cable with a capacity of 550 MW has been
delivered. For underground applications, 550 kV
single-core XLPE cables are available, and could
potentially be used to transmit up to 2,000
MW per circuit, but to date the demand for
these has been small.
..turn page

ELECTRICAL TESTER - January 2015

1

ELECTRICAL
TESTER

The industry’s recognised information tool

Contents
EHV cable projects and their challenges..........p1-2
Peter Herpertz - Product manager- power,
SebaKMT
Getting ready for Baltic 2 ...................................p2
Mark Turvey, Territory Sales Manager (Power
Products)
Seven tips for insulation resistance testing........p3
Paul Swinerd - Product portfolio manager - Power
Flying leaps drive chinese demand for instruments!
..............................................................................p3
Graham Margery, production director
Reliable offshore power connections..............p4-5
Peter Herpertz - Product manager power,SebaKMT
Serbian ambassador recognizes help for the
Western Balkans...................................................p5
Stina Flogell Östlundh, Managing Director of
Megger Sweden AB,
Reflections at Richborough.................................p6
Tony Walker, technical support group
A fault well found!..............................................p7
Casey Henry, marketing program manager
Distributed generation is changing the face of
relay testing..........................................................p7
Damon Mount - power sales manager
Q and A.................................................................p8
Aeolian art for a more beautiful landscape.......p8
Isobel Fraser-Underhill - graphic designer

..continued from page 1

After the type of cable has been decided, the
next set of challenges relate to installation.
With onshore installations, the first of these
is securing cable easements, which can be
a complicated and time-consuming process.
Once this process is complete and cable
installation is underway, the issues become
ensuring that the cable is handled carefully
and that joints are correctly made.
As might be expected, there are even
more challenges associated with subsea
cable installation, not the least of which is
chartering suitable cable-laying vessels with
the capability, in larger projects, of handling
sections of up to 150 km of cable. The
handling and laying risks are, for the most
part, comparable with those encountered
in onshore installations, but there is a vital
additional requirement to provide protection
for the cable after installation.
Options for this include ploughing or jetting
to bury the cable with the use of additional
protection in the form of rocks, concrete
mattresses, gabion bags and even concrete

bridges to protect the cable against damage
by anchors and similar hazards at particular
locations along the cable route.
One final challenge is deciding whether to
test the cable as part of the commissioning
process and, if so, what test methods to
use. While it might seem self-evident that
cables should be comprehensively tested
before being put into service, finding test
methods that will prove adequate for this
task, especially in the case of subsea cables,
is difficult. On some projects this can leave
no option but to energise the newly installed
cable and monitor its performance while it is
in service.
The key challenges associated with cable
installations include evaluation of costs and
project viability, addressing procurement
issues such as finding cable suppliers with
sufficient manufacturing capacity and the
ability to meet delivery requirements, and
availability of suitable installation vessels.
Once the cable is in service, issues such as
cable failure, fault location and repair times
come to the fore.

If we are to continue to meet the growing
need for cable-connected projects, there are a
number of future requirements that are highly
desirable if not essential. Among these are
the needs to reduce costs and project risks
thereby making projects more financeable.
It will also be necessary to speed up the
project delivery process, particularly in the
areas of planning and consent, and to
achieve better co-ordination to avoid route
sterilisation where an existing cable blocks the
desired route for a new cable. More certainty
will be needed on projects and also more
supplier capability and capacity.
In conclusion, the demand for cable projects
is increasing and will continue to increase for
the foreseeable future with offshore wind and
interconnectors being key areas of growth.
Both HVAC and HVDC technologies will
have a role to play in meeting this demand.
Growing route lengths, tighter project
programmes and the need for risk mitigation
will undoubtedly lead to new approaches
to cable testing, fault location and repair. In
short, market demand will drive supply chain
development and innovation.

Getting
ready for
Baltic 2
Mark Turvey, Territory Sales Manager
(Power Products)
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The Baltic 2 wind farm, formerly known as
Kriegers Flak, is the second German offshore
wind farm to be built in the Baltic Sea. It
will ultimately incorporate 80 wind turbines
with a total generating capacity of 288 MW.
Baltic 2 is, at the time of writing still under
construction but when it is complete, there
will be around 85 km of 33 kV cables linking
the individual turbines to a transformer
platform where the voltage will be stepped
up to 150 kV for transmission to an onshore
substation at Bentwisch in the Rostock district
of Germany.
To prepare themselves for working on
submarine cables associated with the Baltic 2
project, a team of six jointer technicians from
Balfour Beatty’s cabling division recently came
to Megger’s UK site in Dover for training on
offshore HV cable testing. Their specific aim was
to gain initial experience of the test equipment
that they would be using on the project.
Most of the cable testing for the Baltic 2
project will be carried out offshore; the
jointers and the test equipment will be taken
by crew on a boat to the turbine pillars and
other test locations where access to the
installed submarine cable is possible.
The Balfour Beatty team had requested
intensive training on the use of the test
equipment, and during their time in Dover
they were taken from basic understanding
to full competence with the equipment, and
were also given an insight into European
and UK cable test standards. The training
included methods and practical work using
high-voltage VLF (very low frequency) test
equipment, high-performance TDRs (timedomain reflectometers), sheath testers, and
DC insulation resistance test sets.
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All of the instruments used feature on-board
storage of results and the ability to download
and save data permanently on computer.
This is an important benefit, as it allows
the contractors to provide their clients with
a complete and permanent record of the
work carried out. The clients will therefore
have reliable reference data available for
the lifetime of the cable system. Should any

damage or failure occur, this will help with
the speedy location of the problem. The TDR
“fingerprint” results for each cable will be
particularly useful in this respect.
Their training completed, the Balfour Beatty
jointers were well equipped to perform their
crucial role in the Baltic 2 project, and were
eager to get to grips with its challenges.
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Seven tips for insulation resistance
testing
Paul Swinerd - Product portfolio
manager - Power

Insulation testing at voltages above 1 kV can
be a quick and convenient way of gathering a
lot of useful information about the condition
of electrical equipment. To stay safe and to
get the best results, however, it is important
that the testing is carried out correctly. These
tips should help, but remember that it’s
always essential to follow the manufacturer’s
instructions for the test set that’s being used,
to abide by the relevant standards and to
follow good working practices.

1

Use the right test leads.
Manufacturers of insulation resistance
testers go to a lot of trouble to produce test
lead sets that will help make their instruments
safe and convenient to use. Always use a
lead set that’s designed for the instrument,
appropriate for the test voltage you’re
planning to use and suitable for the test
object you’re working on. If the connections
can’t be made securely, the test lead may
become accidentally disconnected, leaving
the test object charged to a dangerously high
voltage. Never ever use test leads that show
any sign of damage and never attempt to
repair damaged or worn leads – replacing
them is the only safe option.

2

Choose the best test voltage. Test
sets are now available that will allow
testing to be carried out at voltages up to
15 kV. Testing at higher voltages can yield
additional and more useful information
about the condition of the test object’s
insulation, but using a voltage that’s too
high for a particular test object to withstand
can seriously damage it. Always refer to the
supplier’s data for the object under test and
follow the guidance it contains on testing.
If this isn’t possible, seek help from the
manufacturer of your insulation tester.

3

Choose the right test. A quick one-off
insulation resistance measurement can
sometimes provide useful data, but modern

insulation resistance test sets have much
more to offer. Typically, they offer facilities for
polarisation index (PI), dielectric absorption
ratio (DAR), dielectric displacement (DD), step
voltage (SV) and ramp tests. Full information
on these tests and how to carry them out
should be in your instrument’s handbook – if
it isn’t consult the manufacturer. Some of
these more advanced tests take a little longer
to perform but, with many kinds of test
object, they can provide much more reliable
information about insulation condition.

4

Use an instrument with a high
measuring range. If your instrument
shows all results above, say, 1 TΩ as infinity,
you’ve got no way of knowing that the
insulation resistance of your test object has
fallen from 30 TΩ to 2 TΩ since the last time
you tested it. This latest result might still fall
within the range that’s considered acceptable
for the test object, but a big fall in resistance
value like this is often a valuable early warning
that a problem is developing. An instrument
with a high measuring range will alert you to
this situation.

5

Complete the test before
disconnecting the test set. Test
objects can hold a lot of charge and,
particularly when they’re being tested at high
voltages, the stored charge can be lethal.
Modern testers guard against this problem
by safely discharging the test object when
the test has run to completion or when it
is terminated by the user. If the test leads
are disconnected prematurely, however, the
discharge function can’t operate, and the test
object will remain charged – and dangerous.

6

Use the guard terminal. Surface
leakage over test objects like bushings
can greatly reduce their apparent insulation
resistance and, as a result, there have been
many cases of insulators being scrapped
when all that was really necessary was to
clean them. Using the test set’s guard terminal
– which is usually connected to a bare wire
wrapped around the surface of the object
under test – eliminates or at least greatly
reduces the effect of surface leakage on the

Flying leaps drive chinese
demand for instruments!
Graham Margery, production director

The Cambridge Instrument Company (CIC),
which became part of Megger as recently as
2002, has a long and distinguished history
stretching back to 1881 when it was founded
as the Cambridge Scientific Instrument
Company by instrument maker Albert George
Dew-Smith and Horace Darwin, the youngest
son of world-famous naturalist Charles Darwin.
The original aim of the company was to
supply instruments to the laboratories at
Cambridge University but over the years its
ambitions and its capabilities grew and, by the
middle of the 20th century, it was supplying
precision instruments to users in almost every
country of the world. And, despite the difficult
trading relations with communist countries at
that time, one of those countries was China,
where Mao Tse-tung’s cultural revolution was
at its height.
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A fascinating letter to CIC from this period
has recently been discovered in the Megger
archive and a copy is reproduced alongside
this article. It’s easy to see that the letter is
from the China National Instruments Import &
Export Corporation and that it was received by
CIC on 2nd January 1967. Unfortunately, the
letter survives only as a relatively poor quality
photocopy, so the content may be less easy
to read. A few quotes will, however, give a
flavour of its contents.
Apparently, CIC had written to the Chinese
corporation asking if it had a requirement
for instruments. The reply wasn’t exactly a
straightforward yes or no! In fact, the letter’s
authors were pleased to inform CIC that:
“… the unprecedented great proletarian
cultural revolution personally inspired and
led by our most respected and beloved great
leader Chairman Mao, the great teacher of
the people of the world and the red sun that
shines most brightly in our heart, is the strong

test results. And don’t forget that making two
measurements, one with the guard terminal
connected and one without, can provide a
very good indication of whether or not the
insulator needs cleaning.

7

Record and trend your results. A
single insulation resistance measurement
can give you a quick indication of insulation
condition, but a series of measurements over
a period of time, with the results recorded
and trended, will tell you a lot more. If the
insulation resistance of your test object is
declining over time, for example, it’s probably

a good idea to find out why, well before
it declines to the point of failure. Accurate
records will also quickly show up any sudden
deviation from the usual insulation resistance
values, which is always a strong indication
that further investigation is necessary.
For additional information that will help you
to get the best from the time and money
you invest in high-voltage insulation testing,
simply visit www.megger.com and download
the free application guide to insulation testing
above 1 kV.

motive force of the development of the social
productive forces in our country. Following the
victories gained one after another in the great
proletarian cultural revolution, the various
branches of the national economy of our
country are developing in flying leaps. … We
believe you can well imagine this situation.”
Actually, I find it rather difficult to imagine the
situation and I suspect that it was probably
no easier for the CIC export team. However,
they would no doubt have been heartened
by the rest of the letter. This explains, almost
apologetically, that the demand for instruments
in China – which was, after all, developing in
flying leaps – had outstripped the country’s
capacity for manufacturing them.
As a result, the corporation was able to
tell CIC that as soon as it had a specific
requirement it would “revert to you” and
“If your quotation is attractive and terms
favourable, we shall place an order with your
preferentially.” Unfortunately, no records have
yet been discovered to show whether any
orders were actually received.
Today, export sales make up a greater
proportion of Megger’s turnover than ever

before and China is still a very important
market for the company. It’s fair to
say, however, that the style of business
correspondence with the company’s Chinese
customers has changed rather a lot over the
last 50 years with flying leaps, for the most
part at least, relegated to history!
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Reliable offshore powe
Peter Herpertz - Product manager
- power,SebaKMT

Good progress is being made in developing
the equipment and techniques needed for
testing and faultfinding on the latest undersea
power cables. Nevertheless, in the future,
the operators of these cables, if they are
to consistently achieve high reliability and
minimise the potentially crippling costs that
result from downtime, will need to make a
much larger investment in test technology.
Renewable energy sources and decentralised
power generation are two of the most
discussed topics in the power business.
Unfortunately, however, the development of
test, diagnostic and fault location techniques
that will be needed to support decentralised
generation is receiving far too little attention.
And the first problems associated with the new
energy sources are already starting to appear.
The existence of a supply bottleneck in the
form of a transmission network that is poorly
adapted to working with these new energy
sources is universally acknowledged, but no
conclusions have yet been reached about how
this challenge will be addressed. Let’s look in a
little more detail at the financial and technical
issues implicit in this challenge particularly, but
not exclusively, in the offshore sector.
First let’s be assured that the problems are
by no means trivial. Over the next few years,
there are plans for the UK to be deriving
18 GW of power from offshore installations
and Germany is quite active with 40 GW
planned. These are future figures, but offshore
wind parks are already starting to come on
line. Germany’s first is the Alpha Vertus wind
park which, in 2011 contributed 267 GWh
of electricity to the country’s national grid
and followed this up with a very similar
contribution in 2012.
The nominal installed power of the Alpha
Vertus wind park is 60 MW, which is
equivalent to a maximum power harvest of
1.44 GWh/day. In practice, this figure can
never be reached but it is interesting to note
that a calculated feed-in tariff of € 0.15 per
kWh, the annual revenue from the 267 GWh
that is actually generated is over € 40 million
or, in very round terms, € 100,000 per day.
Consider the implications if a cable fault puts
the wind park out of commission. For every
day that the fault remains unrepaired, that
€ 100,000 in revenue will be completely lost. If
the fault takes a month to find and repair, this
amounts to a revenue loss in excess of
€ 3 million! Now remember that Alpha Vertus
is only a small “test” wind park. Full scale
wind parks planned and under construction
typically have a capacity 400 MW compared
with the 60 MW of Alpha Vertus, which
means that downtime can be expected to cost
more than € 500,000 per day!
Time really is money in these situations and,
after a cable fault, the highest priority is to
locate and repair the fault so that the cable
can be brought back into reliable operating
condition as quickly as possible, while all the
time remembering that each extra hour of
delay is costing more than € 20,000. This
means that it’s essential to have accurate
trustworthy data about the cable to hand, and
to be able to quickly obtain and make use of
information about the fault.
These are excellent aspirations but we are,
unfortunately, a long way from achieving
them. In reality it can take days or even weeks

4

Picture 1a/1b: Compact 60 kV VLF equipment used to test 35 kV connections between wind turbines
and substations.

to obtain the services of a vessel suitable for
investigating a cable fault. Further delays are
likely if no suitable fault location technology is
available locally, if no technician with offshore
approval is available, or if bad weather
intervenes. In short, the bald truth is that, in
the North Sea and the Baltic at least, there
are no systems in place to fulfil the need for
speedy location and rectification of faults on
undersea power cables.
So what is possible at the present time and
what should we be aiming to make possible
in the future? To answer these questions, let’s
start by looking at the most important criteria
that need to be considered in relation to
testing and faultfinding on undersea cables.
The first is the position of the cable. Before
any work can be done, it is of course essential
to know its exact location and, ultimately, the
location of the fault. The operating voltage
of the cable must also be considered and, for
present-day cables, is likely to range from
230 kV AC up to 450 kV DC. The capacitance
of the cable, and its consequent ability to store
energy, are further important considerations.
Cables that are 200 to 700 km long, several
of which are planned – for example the link
between Norway and UK – can store up to
10 MJoule of energy, which must be handled
and discharged safely. Finally, there’s cable
length – long cables are a real challenge for
existing test technology, which is primarily
designed to work with cables up to 50 km in
length rather than 500 km.
Turning now to likely fault scenarios, with
HVDC cables faults can be expected to
become resistive, because of the likelihood of
high-energy discharges at the fault location.
With HVAC cables, the breakdown voltage
can easily be comparable to the operating
voltage. Sheath faults will be relatively
common. Drifting anchors have already
damaged cables, with the largest recent event
being the damage to the 60 kV cable linking
Bornholm Island in the Baltic with Denmark,
which occurred on December 26th, 2012.
Movement and motion of the cable can
also cause problems even though there are
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regulations governing cable installation that
have been formulated specifically to minimise
the risk of damage from this source.
As we have already noted, before any testing
or measurements can be carried out on a
cable, it is necessary to know its precise
location. Despite the regulations that require
subsea cables to be laid in such a way that
they will not move from their original site of
installation, issues such as strong currents,
tidal effects and disturbances by ship anchors
mean that even carefully installed cables may
end up being moved or damaged.
It is essential, therefore, to have reliable
and effective means of localising the cable,
verifying its actual route in relation to its
expected position and evaluating any changes
that have occurred. It is also important to
be able to determine the installation depth
of the cable in the seabed. In on-shore
applications involving underground cables,
these requirements are addressed using wellestablished line tracing techniques, which
typically involve injecting an audio-frequency
test signal into the cable. This signal is
radiated by the cable along its length, and a
sensitive detector can be used to determine
and follow the cable route.
While the same idea is applicable to subsea
cables, there are additional challenges. The
first is that the seawater strongly attenuates
the frequencies that are most used for the
test signal in onshore applications. The second
is that many types of subsea power cable,
especially HVDC cables, produce high levels
of electrical interference at the typical test
signal frequencies. The final challenge is that,
whatever cable tracing technique is adopted, it
must be suitable for use on energised cables so
that routine confirmation of cable position can
be carried out while the cable remains in service.
Electromagnetic signals – in this case the test
signals used for cable tracing – propagate
very poorly in salt water. In comparison
with ordinary soil, which has an average
conductivity of around 0.001 S/m (siemens per
metre), seawater typically has a conductivity

in the region of 4.0 S/m. This means that
electromagnetic signals are attenuated by
up to 3 dB per metre. This attenuation is
frequency dependent; higher frequencies are
attenuated more than lower frequencies.
A subsea cable tracing system that takes
these factors into account has already been
successfully developed. Essentially, this
comprises an audio-frequency test signal
generator that operates at lower frequencies
than those used for land-based cable tracing,
complemented by an inductive coupling
system for injecting the test signal into the
cable sheath without the need for a direct
electrical connection. This arrangement
meets the requirement for route tracing to be
possible while the cable remains in service.
The signal generator and inductive coupler
are used in conjunction with a submersible
detector that can be mounted on either a
remote operated vehicle (ROV) or a remote
operated crawler (ROC) to follow the route
of the cable. Features of this system include
its ability to provide cable location and depth
data, vehicle skew angle data, look-ahead
information and, in some cases, information
about the location of cable faults.
The challenges involved in route tracing
for subsea cables are significant, but the
challenges involved in testing these cables are
even greater and, at the present time, they
have only been partially addressed. VLF test
systems for 220 kV AC cables with capacitance
up to 25 µF (corresponding to a length of
somewhere between 80 and 100 km) are
technically feasible but have not yet been
developed. Safe discharge of these long high
voltage cables is, once again, possible but is
by no means a standard solution.
Even where testing is possible with
present-day equipment, it is often difficult
and costly. When testing was recently carried
out on a “only” 20 km long 400 kV cable,
three resonance test sets, each mounted
on an articulated lorry trailer, had to be
connected in parallel to energise the cable.
The cost of performing this test was more
than € 200,000.
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Currently available test equipment is able to
address some of the requirements associated
with subsea power cables. Compact and
readily transportable VLF (very low frequency)
test sets have, for example, been successfully
used to test 35 kV connections between wind
turbines and substations at 3U0 with cable
lengths up to 33 km and cable capacitance
up to 2 µF.
Even when test equipment is available or at
least technically feasible, there still remains
the question of the most appropriate type of
testing to use and this issue generates much
discussion. Partial discharge (PD) diagnostic
testing cannot be used on cables longer than
about 10 km, for example, and even for cables
where PD testing is possible, the question
is frequently asked whether this should be
combined with tan delta testing.
To answer this question, it is worth
remembering that tan delta testing is most
useful for detected deterioration related
to ageing in cables, whereas PD testing is
particularly good at detecting incipient faults of
the type that are often related to damage that
has occurred during the installation of the cable.
It is also important to remember that the
cables that link turbines and substations in
offshore wind parks are designed to last
between 20 to 30 years. This is logical because
after this time the wind turbines themselves
will have reached the end of their lives. When
new turbines are installed these are almost
certain to have larger generating capacity and
they will, therefore, require the installation of
new and larger cables.
When these factors are considered it’s easy to
see that tan delta testing makes little sense.
PD testing is, however, potentially invaluable.
As the cables usually have no joints, the
problems are likely to be located in the
terminations and PD testing is very effective in
detecting faults of this kind. It has also been
found to be useful in detecting other types of
installation problem including delamination
and damage caused by excessive bending of
the cable.
A future problem about which little is
currently known is the effect of salt fog on
cable terminations, but field experience is
already starting to show that some types of
elbow connector are susceptible to surface
discharge when exposed to salt-laden air.
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Stina Flogell Östlundh, Managing
Director of Megger Sweden AB,

Picture 2: A world record! Cable end clearly visible at 580 km. (Full display at the top of picture, zoom
display at the bottom.)

Since the turbines are usually serviced once
or twice a year, it is a good idea to use these
opportunities to check the terminations
for this phenomenon using a handheld
PD scanner or, where the terminations are
accessible, by carrying out a visual inspection.
When working on faulty cables, rather than
simply assessing the condition of a cable
during commissioning, fault pre-location
becomes the primary issue. It has proved
possible to energise cables up to 400 kV using
damped AC techniques, and reflection (TDR)
measurements have been performed on very
long cables. ARM (arc reflection method)
measurements at distances up to 25 km have
been successfully achieved.
HV measuring bridges offer an alternative and
complementary approach to fault pre-location
and, with suitable adaption to cope with the
high discharge energies, can presently be
used on cables up to 30 km in length. It is
worth noting that, while bridges are primarily
intended for the pre-location of core-to-core
and core-to-screen faults, they can in theory
also be used for pre-location of sheath faults
and external cable damage.
As an indication of what is possible at the
present time in the field of subsea cable
testing, it is interesting to examine the trials
carried out jointly by Megger and Statnett, the
operator of the Norwegian energy system, in
September 2013. These involved the 580 km
long NorNed HVDC cable that runs between
Feda in Norway and Eemshavan in the
Netherlands. The cable operates at ±
450 kV, giving it a terminal-to-terminal voltage
of 900 kV, which means that the system
includes HVDC converters with the highest
voltage rating of any in the world.

The NorNed cable has been in commercial
use since 2008 and advantage was taken of
a scheduled out-of-service period to carry
out trials with a Teleflex VX time domain
reflectometer from Seba KMT, a Megger
company. The results were impressive as the
instrument was able to clearly “see” the end
of the cable, 579.8 km from the point of
connection. At the time of writing, this is a
world record.
As we have seen, countries in Europe and
further afield are becoming more and more
dependent on power transferred via subsea
cable connections, yet all too little thought has
been given to maintaining and fault finding on
these connections. Cable test technology has
already risen to many of the challenges involved
but much more could and should be done.
Progress will require commitment and
investment by the cable operators.
Understandably the operators find the
prospect of spending money without an
apparent immediate need unattractive, but
they would do well to bear in mind that their
investment in test equipment development
will be recovered many times over if the new
equipment eliminates only a comparatively
short period of cable downtime. They should
also take into account that, even when the
test technology is feasible – and in most
cases it is – it is still impossible to develop and
deliver innovative test equipment overnight to
address an urgent requirement.
In short, cable operators with the foresight
to make modest investment in cable test
equipment development today will see big
dividends tomorrow!

In May 2014, Serbia, Bosnia and Herzegovina
and Croatia were hit by the worst flooding in
120 years. The floods and the earth slides that
followed had devastating consequences and
there was a widespread need for help.
In particular, there was a need for equipment
that would make it easier for critical power
plant components to be properly tested, thereby
helping to restore normal functioning of the
region’s power supply systems. Mindful of this
situation, Megger employee Zoran Stanisic had
an idea about how the company could help by
donating used electric test equipment.
“It’s amazing and very pleasing to know that
someone is thinking about us and our current
situation,” said Jovan Jovic, Technical Director
of JP Elektromreža Srbije (EMS), when he heard
about this offer.
EMS has overall responsibility for large parts
of the power supply system in the Western
Balkans. The company operates and maintains
generating plant, including the Nikola
Tesla power plant, which produces enough
electricity to supply half of Serbia.
Conditions after the floods were chaotic;
several power plants and systems had been
under water and, as a result, there was an
urgent need for equipment testing and repairs.
To help meet this need, six used test
instruments, which had been fully checked
and calibrated, were sent to EMS in Serbia at
the beginning of June. Zoran Stanisic went to
the city of Obrenovac provide assistance and
training in using the equipment.
When the story of the donation reached the
Serbian ambassador Dr Dušan Crnogorcevic,
he immediately called to personally thank
Zoran Stanisic and Megger. He expressed his
gratitude that someone had thought about
peoples’ needs beyond necessities, and
emphasized the importance of technical help
after a disaster. A few days later, the company
received an official Certificate of Appreciation,
recognising the great input the company has
demonstrated during the flood crises.
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Reflections at Richborough

Tony Walker, technical support group

Few would deny that the Richborough power
station site has had an interesting history.
Located on the mouth of the River Stour near
Sandwich in Kent, it was originally home
to a 342 MW coal-fired power station that
entered service in 1962. The station was
converted to burn oil in 1971 and then again
in 1989 to burn Orimulsion, a proprietary
oil and water emulsion imported from
Venezuela. Environmental concerns finally led
to the power station closing in 1996.
Final clearance of the site took many
years, with the long-redundant cooling
towers demolished as recently as 2012.
This is, however, far from the end for the
Richborough site. It retains its national grid
interconnector from its days as a power
station and, after the construction of new
substation on the site, this interconnector
is now being used as the grid link for the
offshore Thanet Wind Farm.
There are also ambitious plans for the future,
which involve turning the site into a green
energy park with the potential to provide
up to 1.4 GW of power to the grid, all from
renewable resources. In addition, National
Grid intends to use part of the Richborough
site as the UK shore station for the NEMO
project, a proposed 1 GW bi-directional
HVDC link with Belgium.
Returning to the present, however, as might
be expected from a site with such a rich
history in the electrical power sector, it is still
home to many underground power cables.
Some of these are no longer in service and
they therefore provide an ideal test bed for
evaluating and demonstrating cable test
equipment.
This is exactly what happened when John
Harrison of HV3, a leading specialist supplier
of testing services to the power industry,
contacted Megger to find out about the
latest developments in power cable testing
using time-domain reflectometry techniques.
John was already using a SebaKMT SPG32
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surge generator and Teleflex SX time-domain
reflectometer (TDR), which he had had for
some time, but he wanted to confirm that his
instruments were performing as well as the
latest versions.
Arrangements were made, therefore, for
Megger engineer Tony Walker to meet John at
the Richborough site so that they could carry
out tests on a redundant cable using a brand
new TDR alongside John’s older instrument.
The photographs accompanying this article
show the tests in progress. The measurements
made were conclusive – both instruments
showed the same cable features at exactly the
same distances from the point of connection.
This confirmed that John’s instrument was
working well and that he can have total
confidence in the results it provides when
he is depending on it as one of his most
important aids for finding cable faults in
operational installations. It also reinforced the
message that investing in high quality test
equipment is money well spent, as it will give
many years of useful and reliable service.
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A fault
well
found!

Distributed generation is
changing the face of relay testing
Damon Mount - power sales manager

Distributed generation, which is also known
as embedded generation, is a hot topic at the
moment. With more and more generation
being connected to the network, those
concerned with its stability have to deal with
increasing electrical power generation and
distribution challenges.
The UK electricity supply network was
originally designed to supply electricity in a
one-way system. Electricity was generated
by a number of large power stations and
delivered to the transmission grid for
transportation over long distances to the
distribution network, where the electricity
was supplied to consumers locally.

Casey Henry, marketing program manager

Shortly after he had purchased a compact
dual-channel time domain reflectometer,
Antonio Torres, the owner of Mr T Spooling
and Banding, a company that specialises
in the installation and maintenance of
electrical cables in oil wells, had a convincing
demonstration of the instrument’s usefulness
and accuracy.
To gain experience in using his new instrument
and in interpreting the results, Antonio Torres
took Megger engineer, Mike Palmer, to a
working well site in Long Beach California,
with the objective of carrying out tests on a
cable that was being installed in the well. The
cable is used to control an oil pump some
10,000 feet into the well.
“The operators stopped the well so that I
could capture some TDR traces,” said Mike
Palmer, “and, as soon as I saw the first trace,
I noticed that there was an event at around
2,200 feet. I commented that this looked like
a tear in the outer sheath of the cable, but
the lead superintendent dismissed this, saying
that it was a coupling in the cable and was,
therefore, of no concern.”
This confident assertion proved to be wrong,
however, when pressure tests were carried
out on a 3/8” compressed air line that was
pulled into the well at the same time as the
cable. The air line could not be pressurised
and, to determine the cause of the problem,
it was pulled out of the well along with the
cable. Visual inspection then showed that, as
the TDR had indicated, the cable sheath was
damaged 2,200 feet from the cable end.
So impressed was Antonio Torres with this
result that he now believes that the TDR – a
Megger CFL535G – will revolutionise his
business and give him a valuable competitive
advantage over his peers in the maintenance
and repair sector of the oil and gas industry.
Key features of the CFL535G include
comprehensive dual-channel capability with
a dual-aspect display, an auto set-up mode
to aid speedy operation, an ultra fast pulse
option for near-end fault location, and
integrated expert guidance. The instrument
also has a 100-trace on-board memory with
facilities for downloading results to a PC for
further analysis and for inclusion in reports.
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While this is still the most common way of
delivering electrical power, the increased
use of distributed generation has changed
the face of the distribution network. With
encouragement from government policies,
feed-in tariffs and the increase in renewable
generation systems such as wind and
solar, the electrical distribution network is
increasingly becoming both a generation and
distribution system.
While great financial and environmental
benefits can be seen by generating power
locally, it can also cause problems for the
network. With multiple generation plants
being connected to the network, power is
being fed back into it, reversing the usual
power flows. This can cause problems with
the components of the system, and can
result in contributions to the electrical fault
level; thermal ratings of equipment can be
exceeded as can the capacity of the system.

Some single-phase test sets are extremely
versatile, having the capability to test
protection relay operation using variable
voltage, current, and frequency outputs to
determine the relay tripping times and levels.
These single-phase sets tend to be relatively
easy to use and have high power capabilities
allowing them to test the older high-burden
overcurrent relays; they cannot however test
three phases simultaneously.
The sophisticated three-phase test sets, in
contrast, are easily capable of testing the latest
relays but they are necessarily expensive and
many users do not need the extensive range
of options they offer. In addition, because of
their sophistication, these high-end test sets
have a relatively steep learning curve. Most
G59 protection schemes do, however, require
a test set with three-phase capability.

Other issues relating to power quality can
also occur. Generation can contribute to the
harmonic content of the supply, cause voltage
unbalance and voltage fluctuation, resulting
in load problems and flicker. Then there is the
impact of the connection and synchronisation
with the frequency of the network.

It’s clear that there’s a need for an affordable
three-phase relay test set that combines
safety and versatility with ease of use. The
best hardware in the world is of little value if
it’s difficult to use, and this has been an all-tocommon problem in the past with protection
relay test systems.

So if you want to connect anything but
the smallest source of power to the supply
network, you have to put suitable protection
in place to ensure that, in the event of a fault,
your connection won’t compromise the security
of supplies to other consumers on the network.

To address this need, a relay test set conceived
as an engineer’s “multifunction testbox” for
protection testing has been developed. A
key feature is an intuitive user interface that
makes it unnecessary to use a PC to operate
the instrument.

The measures required when connecting
generating installations rated at greater than
16 A to the supply network in the UK are
detailed in two Engineering Recommendation
documents issued by the Energy Networks
Association: G59/2-1 and G59/3. G59/2-1
has, however, recently become obsolete and
from 1st December 2014 all new connections
have to comply with G59/3.
G59/3 stipulates the network protection
and tests that need to be carried out on the
protection relays, particularly under- and overvoltage, under- and over-frequency, stability
tests and protection from loss of mains supply
by step change of phase or rate of change of
frequency (ROCOF).
Protection relay test sets are readily available
to do some or all of these tests but they
typically split into two categories: very simple
instruments capable of performing limited
tests with only single-phase testing, and very
sophisticated three-phase instruments, with
provision for automatic testing of almost any
type of relay.

This new and innovative test set – the Megger
SVERKER 900 – centres around a touchscreen
that provides access to a wide range of preconfigured virtual test instruments, allowing
the required test function to be selected
quickly and easily. Full manual control and
configuration are also supported and, in
addition to the touchscreen, the instrument is
provided with a large rotary knob that can be
configured as required to control the current
and voltage generators.
To make the instrument into a truly versatile
testbox, additional tools are provided.
These include an analogue ammeter and an
analogue voltmeter, together with facilities for
measuring a wide range of parameters such
as phase angle; active, reactive and apparent
power; power factor; resistance; reactance
and frequency.
Other virtual instruments provided by the new
instrument include a prefault-fault instrument,
a ramping instrument and a sequence
instrument. An impedance instrument is also
provided, which allows relays to be tested
directly from the impedance plane with

conversion from impedance to voltages and
currents carried out automatically by the test
set. A CT magnetisation instrument is also
available. Test configurations and test results
are stored in internal non-volatile memory
and can be readily transferred to and from a
PC via the instrument’s USB port.
In developing this innovative solution, key
factors the designers took into account
were the need for modern distribution relay
protection schemes to be tested by three-phase
secondary injection and also the requirement
for test sets to provide high-power, highamplitude outputs for use on high burden
relays or when carrying out single-phase tests
on current and voltage transformers.
The requirement for high-power single-phase
test capabilities is addressed by making
provision for connecting the three-phase
current and voltage generators in series or
parallel, as appropriate. This is by no means an
unusual arrangement, but it is can involve a
tangle of flexible connecting leads with plenty
of scope for making wrong connections.
In contrast, the new instrument uses rigid
links to make the necessary connections and
the sockets for the links are positioned in
such a way that it is physically impossible to
make the wrong connections. These simple
yet novel ideas allow convenience to be
combined with safety and speed.
For the larger, more sophisticated protection
schemes, instruments with facilities for
automatic testing are often preferred. Once
these instruments have been set up, they
can speed up the testing time, increasing
efficiency and reducing outage time.
To meet these needs, Megger offers test sets
like the SMRT36, which is probably the smallest
and lightest instrument of its type, even though
it delivers the high output power needed to
test older electromechanical relays and, when
used in conjunction with the STVI Smart Touch
View Interface, it offers preset built-in test
routines for most popular types of relay. If it is
used with a computer, fully automatic testing
to G59/3 is supported. All SMRT test sets can
optionally be equipped for testing in IEC61850
networked substation environments.
There is little doubt that protection relay
testing to G59/3 in the distribution network is
increasingly becoming a mainstream activity
for electrical engineers. Fortunately, the
latest test sets are doing much to make relay
testing more accessible both technically and
financially, with a variety of specification and
testing capabilities.
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Q&A
Q:
Modern protection relays are
becoming increasingly complicated
and intelligent, which means that it’s
often very difficult or even
impossible to test them with singlephase voltage and current. Threephase test sets are, however, usually
complicated to use and typically
offer features that are only needed
by the most advanced users. Is there
a better solution?

A: Indeed there is! A new type of threephase test set has recently become available
which has been designed specifically to
address this problem. These instruments
have essentially been designed as an
engineer’s “multifunction test box”, and
they combine a straightforward and intuitive
user interface with extensive facilities for
three-phase testing. They provide a wide
range of pre-configured virtual

We’ve discussed the testing of protection relays many times in Electrical Tester. There is, however, never
any shortage of questions on this interesting and sometimes challenging topic, and the technology
adopted in both the relays themselves and in the equipment used to test them is developing rapidly.
We make no apology, therefore, for taking another look at questions our technical support team has
recently been asked about relay test.

test instruments so that all of the most
commonly used protection relay tests can be
set up and performed quickly and easily. Full
manual control and configuration options
are also provided to cater for special testing
requirements. In addition, the instruments
offer other useful functions, which include
an analogue ammeter and an analogue
voltmeter together with facilities for
measuring a wide range of parameters such
as phase angle; active, reactive and apparent
power; power factor; resistance; reactance
and frequency.
Q:
What are the functions needed
to test protection systems that
are used in distributed generation
applications?

A: When connecting generating
installations with a capacity greater than
16 A to the supply network in the UK, they
should now comply with Engineering

Recommendation G59/3 issued by the
Energy Networks Association. Requirements
in most other countries are likely to be
broadly similar but it is, of course, important
to check local regulations. G59/3 dictates the
type of network protection to be provided
and the tests that need to be carried out on
the protection relays. These include underand over-voltage, under- and over-frequency,
stability tests, and protection from the loss
of mains supply by step change of phase or
rate of change of frequency (ROCOF).
Q: Sometimes it’s necessary to
test single-phase relays with higher
currents or higher voltages than are
directly available from a single
channel of a three-phase test set.
How can this be done?

A: The most convenient and cost-effective
solution is to choose a three-phase test set
that allows output channels to be connected

in parallel to provide higher currents or
in series to provide higher voltages. This
isn’t a particularly new idea and there are
several test sets on the market that offer
this option. In most cases, however, the
series and parallel connections have to
be made using cables. This is fiddly and
time consuming and it’s very easy to make
mistakes. Megger’s new easy-to-use threephase Sverker 900 test set provides a better
solution. Series and parallel connections are
set up using rigid plug-in links rather than
flexible cables. The links and the sockets
they plug into have a patented configuration
that has been specially designed so that it is
physically impossible to make an incorrect
connection. As a result, swapping from
three-phase testing to high-current or highvoltage single-phase testing takes only a
couple of minutes and the risk of errors is
completely eliminated.

Aeolian art for a more beautiful landscape
Isobel Fraser-Underhill - graphic designer

Regular readers of Electrical Tester may recall
a piece we included a while back on the
way in which transmission towers are being
transformed into veritable works of art. This
piece explained how environmental and
installation artist Elena Paroucheva, who lives
and works in France, was using transmission
towers as the starting point for a series
of sculptures celebrating the connection
between energy and the environment.
Elena is now working on a new project
aimed at aeolian (wind-operated) devices,
such as wind turbines, which are now
appearing across the landscape. Although
the aesthetics of these installations has
been a source of endless debate for many
communities, Elena proposes a novel
approach to modifying their appearance.
She believes that wind turbines could benefit
from a makeover whereby their look is
humanized and seamlessly integrated into
the natural background. Elena plans to apply
her artistic skills to the support pillars of wind
turbines, so that they end up resembling
things like female silhouettes, birds, flowers,
people, animals and abstract forms.
In addition to rural landscapes, Elena plans to
introduce these installations in urban areas
where entire neighbourhoods could benefit
from their energy and, of course, their beauty.
The wind sculptures were inspired by the
construction of Elena’s pylon module lattice.
For the French artist, the construction of
these modules is an ode to human progress
and creativity.

As with her previous projects, the choice of
turbines is determined in harmony with the
landscape and sculpture. Turbines can be used
in existing vertical or horizontal axis, so that
they complement urban and rural scenery.

We will most definitely follow up Elena’s
work and keep our readers updated on
development of her projects.

If you would like to learn more about Elena
Paroucheva’s exciting new project have a look
at her website, which you’ll find at www.artelena.com and her blog at http://paroucheva.
wordpress.com/landscape-wind-towers/ .

In terms of materials used, the structure of
the new sculptures is galvanised steel, which
is bolted and welded into shape. This ensures
the robustness and safety of the installations.
All images shown are Copyright of Elena Paroucheva sculpture. From top left : Saskia-Paris, Ondine, Kalina, Menine and Saskia-La-Defens
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