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1 Introduction

This Code of Practice specifies testing procedures for both plant and cables, together with the required voltage
test levels and durations.

The Electricity Safety, Quality and Continuity Regulations (ESQCR) 2002 make no specific reference to voltage
testing of plant or equipment. However, Regulation 3.(1) requires that “Generators, distributors and meter
operators shall ensure that their equipment is......used and maintained as to prevent danger, interference with
or interruption of supply, so far as is reasonably practicable.” Electricity North West Limited (hereafter referred
to as Electricity North West) will discharge this obligation by testing high voltage plant and cables when first
put into commission or at a later date, if the insulation has been worked upon or altered in any way.

1.1 Technical background to testing

It should be appreciated that high voltage testing of new plant and cables on-site supplements high voltage
testing at the manufacturer’s works. Works testing will include both witnessed type testing of new designs
and routine testing of all production, in accordance with the IEC or British Standard to which the plant or cable
is manufactured. In the case of cables or plant not specified in this document, the manufacturing standard
should be consulted.

On-site testing of new equipment is mainly concerned with proving that the plant assembly and the high
voltage cable jointing and termination have been carried out satisfactorily and that no damage has occurred
whilst the plant was in transit, or in the case of cables, whilst laying. For 132 kV cables having insulated
oversheaths, the commissioning voltage tests should also include an oversheath voltage test, to ensure that
the oversheath is in good condition.

System earthing conditions affect voltage testing. The Electricity North West 132 kV system is classified as
effectively earthed because the neutral points are solidly connected to earth, hence the maximum conductor
to earth voltage cannot exceed 80% of the system voltage. Most of Electricity North West 6.6/11 kV systems
are not effectively earthed, because the neutral points are connected to earth through impedances. These
factors have been taken into account in formulating the tables.

For cables, limits are imposed for impulse voltage testing during fault location procedures and these limits are
specified in the relevant section of this document.

The voltage levels and durations of on-site tests specified in this document are mainly based upon the relevant
IEC or BS specifications (where the standard specifies an on-site test). For 6.6, 11 and 33 kV cables previously
in service, where the condition of the insulation may have deteriorated, reduced voltage levels are applicable.

In AC testing, the applied voltage shall normally be 50 Hz, though in specific circumstances a different
frequency, or other waveform may be applied. In general, AC 50 Hz testing is preferred because it stresses the
plant or cable insulation in the same manner as it will be stressed whilst in service. Unfortunately, the
capacitance of power cables of any length makes the reactive kVA required much too great to be supplied by
equipment of reasonable size and cost, hence DC, VLF or resonance testing must be used instead.

Special cable diagnostic tests may also be carried out at the same time as AC voltage testing for example:
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(a) Measurement of partial discharge (PD), including partial discharge mapping. PD mapping can be used to
assess the quality of individual cable joints and the general condition of sections of paper insulated cable. A
partial discharge free AC source is required for this technique.

(b) Measurement of the dielectric loss angle. This measures the quality of the entire cable circuit including the
cable joints and terminations but provides no specific information about any particular cable section or cable
joint.

High voltage testing is dangerous, and it must be carried out strictly in accordance with Electricity North West
Distribution Safety Rules, policy and procedures. In all cases, records of testing must be made at the time of

test and stored for future reference. The purpose of these records is to provide traceability should problems
occur in the future.

2 Scope

This Code specifies the type of test, voltage levels and time durations for the testing of plant and cables from
400/230V to 132 kV. Guidance is also given on safe procedures and precautions for carrying out testing work.

3 Definitions

ESQCR Electricity Safety, Quality and Continuity Regulations
AC Alternating Current

DC Direct Current

VLF Very Low Frequency

PD Partial Discharge

BS British Standard

IEC International Electrotechnical Commission

ENATS Energy Networks Association Technical Specification
CNE Combined Neutral Earth

MIND Mass Impregnated Non-Draining

BEBS British Electricity Board Specification

4 \Voltage Testing of Cables

4.1 Voltage testing of 400/230 V (low voltage) cables

Low voltage paper insulated cables owned and operated by Electricity North West Electricity were mainly
purchased to BS 480 Specification for impregnated paper insulated Lead or Lead alloy sheathed electric cables
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of rated voltages up to and including 33 000 V, first published in the 1930’s and since superseded by BS
6480:1988 (now declared obsolete but still available to be used).

Modern polymericinsulated low voltage mains cables are purchased to BS7870 Polymeric insulated, combined
neutral/earth (CNE) cables, which does not specify an on-site test.

Low voltage cables both paper and polymericinsulated shall be tested after laying using a 500 V Megger (phase
to phase and phase to earth), ensuring that the remote ends of cables are safely screened and have danger
notices prominently displayed.

CABLE TYPE VOLTAGE AND DURATION

400/230 V cables both 500 V Megger, 1 minute, phase to phase
new and previously in  and all phases to earth
service

Table 1 —400/230 V cable DC voltage test

Testing should be carried out on non-commissioned 400/230 V cables before any customers are connected.
There is normally no requirement to voltage test a commissioned 400/230 V cable, unless that cable has
remained de-energised for a lengthy period of time and hence may have developed a fault or have been
damaged. When a commissioned 400/230 V cable is tested, great care must be taken to avoid subjecting the
customer’s installations and appliances to cable test voltages. Shorting kits applied to the cables should be
removed before testing.

In the case of a new or recovered length of cable which is to be jointed into a commissioned live 400/230 V
system (for example for a repair) it should be voltage and continuity tested after laying and immediately before
jointing. This is to avoid danger to the cable jointer from earth or short circuit currents when connecting the
new cable.

4.2 Voltage testing of three core cables - sequence of testing

The sequence of voltage testing for all three-core cables is as shown in Diagram 1 and is described as follows:

(a) First connect all phases to the negative pole of the test set (cable sheaths earthed). For safety, leave the
safety screw cap on the positive pole of the test set.

(b) Next connect phases 1 and 2 together and connect them to the positive pole, with remaining phase 3
connected to the negative pole. Apply equal and opposite polarity voltages to the phases.

(c) Finally connect phases 2 and 3 together and connect to the negative pole, with phase 1 connected to the
positive pole. Apply equal and opposite voltages to the two phases.

During all voltage tests the earth terminal of the test set must remain firmly connected to a substation or
switchgear earth conductor (not a painted panel). Cable cores must always be safely discharged to earth using
the approved discharge stick before the test arrangement is changed and on completion of testing.
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Diagram 1 -Test arrangements and sequences for belted cables (left), single core (right upper) and screened cables
(right lower)

4.3 Voltage testing of single core and screened cables

Single core and screened cables are tested (negative) phase to earth as shown in Diagram 1. Where three
single core cables form a three-phase circuit it is customary and time saving to test all three cores
simultaneously (providing that the combined leakage current is within the rating of the test set). If the leakage
current is excessive, test each core in sequence to determine if one or more cores are defective.

4.4 Test voltage values and durations - 6.6, 11 and 33 kV cables

As in the case of 400/230 V cables, most of the 6.6 and 11 kV paper insulated cables now owned and operated
by Electricity North West were originally purchased to BS 480, which later became BS 6480.

This lead sheathed type of cable was superseded in the early 1980’s by a paper insulated corrugated
Aluminium sheathed design to EATS 09-12 Impregnated paper insulated corrugated Aluminium sheath cable,
commonly referred to as PICAS cable. BS 6480:1988 specifies commissioning voltage tests for new cables but
EATS 09-12 does not. EATS 09-17 and EATS 09-20 previously specified single core polymeric insulated cables
but these documents have now been superseded by BS7870.

33 kV cables are also specified by BS 480/BS 6480, which covers single, and three core mass impregnated non
draining (MIND) and HSL types. Qil pressure assisted 33 kV cables are specified by BEBS C4:1966, later
superseded by EATS 09-3. Polymeric cables for 33kV are specified by BS7870. These types of cable may be
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fitted with insulated oversheaths. If so, they will require commissioning and periodic oversheath voltage
testing (see section 4.7 in this Code of Practice).

Table 2 specifies the DC test voltages and duration for 6.6, 11 and 33 kV cables. For the present, these values
also apply to polymeric insulated cables. It is preferable for polymeric cables to be tested with VLF or AC test
voltages as the application of DC voltage to XLPE/EPR insulation can lead to premature failure by injecting
space charge into degraded areas of the insulation. The trapped charge, if not discharged from the cable, leads
to enhanced stress within the cable once energised. However, this document does allow for DC testing of
polymeric cables up to and including 33kV where VLF or AC testing is not practicable.

The values in the table below are suitable for cables terminated in non-withdrawable switchgear (oil switches,
switch fuses and most ring main units) when the busbars remain live during the DC voltage test.

When testing cables through switchgear after installation, circuit breakers should be withdrawn or the switch
otherwise isolated, so that the test voltage is only applied to those parts of the switch which cannot readily
be disconnected. Switchgear mounted cts may normally remain connected, but vts will need to be isolated.

Voltage DC Voltage test values and durations
designation of
cable ( and vif at 33kV)
Between Between phase Duration
conductors (kV) and earthed (mins)
sheath (kV)
6.6 kV 10 6 1
11 kV 17 10 1
33 kV 30 or 30 vif 1

Table 2 - DC voltage tests for single and three core, 6.6, 11 kV and 33kV cables

4.5 Test voltage values and duration - 132 kV cables

132 kV oil filled cables both single and three core were designed in accordance with EATS 09-4, Issue 3, 1991
(no longer maintained). Type approval tests for these cables were specified in Engineering Recommendation
C28/4 1975 (now obsolete). Polymeric cables are specified by IEC60840:2020+A1:2023. Table 3 specifies the
test voltages and duration for these cables.

DC tests shall not be applied to 132kV polymeric cables since there is a possibility that high levels of space
charge can be built up and retained in the cable. This could be damaging to both the cable and accessories
when the cable is made live.
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132 kVCable type Voltage level, duration and type of test

Between phase and Duration (mins)
earthed sheath (kV)
132 kV oil filled 80 (dc) or 132 (ac or 5
vif)
132 kV polymeric 132 (ac or vif) 5

Table 3 - DC voltage tests for single and three core 132 kV cables - newly laid and jointed, previously in service, after

alteration or repair

4.6 Impulse voltage testing of cables

The voltages specified in this section refer to the maximum impulse voltages, which may be applied to cables
during shock discharging for fault location. They are based upon the maximum permissible voltage withstand
across the open contacts of a switch disconnector as defined in ENATS 41-40 Switchgear for Service up to 36kV
(Cable and Overhead Connected). Ct secondaries must be shorted out and vts isolated.

Issue 3
July 2025

Voltage designation of cable Maximum impulse voltage from
(kV) capacitor discharge equipment (kV)

11 12
33 32
132 32 (test van maximum)

Table 4 - Maximum impulse voltages for cables during fault location
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4.7 Tests on insulated cable oversheaths

Most 132 kV and some 33 kV single core cable circuits have specially bonded sheaths in order to limit the
sheath losses and thereby maintain the conductor current rating. All specially bonded cables have insulation
over the metal sheath or screen wires of the cable; insulated servings also serve to protect against corrosion
of the pressure-retaining sheath. The integrity of this insulation will need to be tested periodically. In addition,
sheath voltage limiters (SVL’s), that are non-linear Zinc Oxide or Silicon Carbide resistors may be fitted to
control sheath voltages during short circuit. The correct operation of these units will also need to be checked.
Engineering Recommendation C55/6 2022 provides details of cable bonding systems.

Cables having an insulated oversheath shall be tested to ensure it has an adequate level of insulation

resistance before and after installation.

a) Each drum length shall be tested before installation

b) Each new section of cable shall be tested after installation and blinding of the cable, prior to jointing to
other new cable sections and/or being connected to the network.

c¢) Where the new cable circuit comprises one or more new cable sections, the new circuit shall additionally
be tested after jointing of all the new cables sections but prior to being connected to the existing network.

d) Forsingle core cables, all cores shall be tested in turn.

Generally, the removable earth links providing test access to the cable sheath(s) and SVL’s will be located in
link boxes close to the cable ends, however in multiple cross bonded systems additional link boxes and SVL’s
may be located along the cable route.

A circuit outage will be required under Electricity North West Distribution Safety Rules, policy and procedures
to test both oversheath(s) and SVL’s; under no circumstances must any attempt be made to test oversheaths
or voltage limiters whilst the circuit is live. Engineering Recommendation C55/6 2022 specifies the following
tests:

Insulated oversheath DC test on 33kV and 132kV cables

Test voltage DC (kV) Duration (minutes)
10 1
(when new)
5 1

(at maintenance)

Table 5 - Insulated cable oversheath voltage tests from Engineering Recommendation C55/6

4.7.1 Ssilicon Carbide SVLs

In order to carry out these tests the sheath voltage limiters (SVL’s) will need to be disconnected, and they
should be tested at the same time. The requirements for the tests on Silicon Carbide SVL's are specified in
Table 5A. In each case the voltage for the type of disc is applied and the measured current recorded. If the
temperature is below 20°C the recorded current must be increased by 1% for every °C below and decreased
by 1% for every °C above 20°C. The corrected current values must be in the range shown in the table 5A.
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Type of Disc Test Voltage DC Current limits at 20°C* mA

Site commissioning test Maintenance test

SVL8 70 0.5-16 0.5-50
SVL16 140 0.5-16 0.5-50
SVL 28 210 0.5-16 0.5-50

Table 5A- Voltage tests on SVL’s from Engineering Recommendation C55/6 - Silicon Carbide units

4.7.2 Zinc Oxide SVLs

The test voltage shall be adjusted to give a 10 mA test current in each direction and an average shall be taken
of the voltages in the two directions. If the ambient temperature is different from 20°C, the recorded voltage
must be decreased or increased by 0.1% for every °C above or below 20°C respectively. The corrected voltage
values at 20°C must be within the limits in Table 5B.

Insulated oversheath DC test on 33kV and 132kV cables

Site Commissioning test Rated Voltage +20% to +45%

Maintenance test Rated Voltage +17% to +45%

Table 5B - Voltage tests on SVL’'s from Engineering Recommendation C55/4 - Zinc Oxide units
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4.8 Procedures for cable voltage testing

Cable voltage testing must always be carried out strictly under Electricity North West Distribution Safety Rules,
policy and procedures.

HV test sets are heavy, bulky items needing to be treated with care. The HV test leads are especially vulnerable
to damage and must not be trapped beneath heavy objects or bent around very small diameters. All test leads
must be checked for cleanliness and freedom from damage immediately prior to each occasion of use. Always
transport the set with the lid closed (if this is provided), the voltage output socket safety caps in place and
with both the set and leads inside the carrying case. Store the unit and all ancillaries in a dry, warm area, free
from condensation.

Strict precautions must be observed to ensure safety when voltage testing, and this includes wearing approved
HV grade rubber gloves at all times. The best practice is to create a temporary safety enclosure as shown in
the sketch with a single defined access point and then use the test set’s earthing rod to close the access.

Diagram 2 shows a suitable enclosure for a circuit breaker and similar arrangements can be made for oil
switches, fuse switches and ring main units. In the case of vertical isolation, horizontal withdrawal circuit
breakers, contact with the cable cores may be made through the spouts using test bushings. In the case of
other types of switchgear, test prods should be used. Only approved test bushings/prods are to be used in
accordance with EPD306 and they must be inspected for condition prior to each occasion of use. Interlocks
allow the test prods to be inserted only when the switch is in the circuit earth position; after insertion the
switch earth may be removed.

Tape can be used to define the safety enclosure, but rigid safety barriers of the type used to guard road and
footway excavations are much better. DANGER - HIGH VOLTAGE signs should be posted.

Using the earthing rod to close off the safety enclosure ensures that it is the last item to be touched on leaving
the area and the first item to be touched on entering it, thereby acting as a permanent reminder of the need
to use it.

Position the test set just outside the safety enclosure. Ensure that the set is earthed at all times to a proper
earth conductor, not to a painted metal panel. The earth lead must be the first item to connect on setting up
and the last item to disconnect on completion of testing.

If the switchgear is sited outdoors, then temporary protection against adverse weather conditions will be
required.

For 33 kV and especially 132 kV cables, the very high-test voltages used require special precautions to avoid
flashover. Sharp edged metalwork will require shielding by temporary additional insulation. Adhesive backed
Butyl Rubber sheet is useful for this purpose.
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When the safety enclosure is in place, testing may proceed. The test set output voltage should be built up
from zero smoothly and progressively to avoid surges and high input currents. DC test sets provide equal and
opposite positive and negative outputs and should be connected as described in section X.X. Hold the required
voltage for the prescribed period of time then reduce it to zero in a similar manner. In the case of very long
cables the charging current may limit the rate at which the voltage can be raised. Some test sets are fitted
with an automatic feature to control the rate of voltage rise. The test period begins only when the correct
voltage is applied, and the voltage must be fully maintained until the end of the test period. To meet the
requirements of BS EN 60060-1:2010 Guide on high voltage test techniques, the applied voltage must be
maintained within £ 1% for tests up to 1 minute duration and within £ 3% for tests lasting longer than 1 minute.

When testing cables using DC, the phase to phase and phase to earth capacitances can store considerable and
very dangerous amounts of energy. The energised phases must be discharged to earth through the earth
(resistor) rod, never directly. Polymeric insulated cables require special care, because the dielectric is an
almost perfect insulator and can rebuild a significant voltage over time, even after the conductor has been
fully discharged to earth. A polymeric insulated cable conductor must always be earthed immediately before
touching it. It should be noted that DC testing must never be used on 132kV polymeric cables.

When testing older cables, some leakage current can be expected. It is difficult to give guidance on a tolerable
level of leakage because this will vary with cable length, however excessive leakage is a sure indication of a
cable and/or cable joints nearing the end of their service life. Outdoor (pole) terminations can have a
significant leakage current, especially if the insulation surfaces are polluted and/or the weather is damp. Do
not attempt to voltage test cables which remain connected to significant lengths of overhead line, because
the leakage current over the insulators will mask the leakage current through the cable insulation.

o0
—d

Diagram 2 -Temporary enclosure for voltage testing
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When testing older paper insulated cables and/or cables ending in outdoor terminations, ensure that the
leakage current is compatible with the continuous or short-term rating of the test set. These ratings will be
specified in the set’s user manual and may be marked on the control panel as well. It should not be possible
to exceed the short-term current rating as the set should trip out; however, if the leakage current is greater
than the continuous rating but within the short term rating, it will be necessary to allow cooling down periods
between tests.

Where a full voltage test is impractical, or the required dc pressure test or vIf equipment is not available, it is
acceptable to carry out the tests required with a 5kV megger. If the results from the 5kV megger test are | juy2s
suspicious, taking into account the type of circuit, then a full voltage test should be completed.

5 Voltage Testing of Switchgear
Depending upon the form of construction, test voltages should be applied as follows:

(a) Between phases and between phases and earth (on non-phase segregated switchgear). The sequence of
testing should be the same as that specified for three core cables in section 4.2 of this CP.

(b) Between phases and earth only (on phase segregated switchgear).

The tables in this section specify both AC 50 Hz and DC test voltages. In general AC testing is preferred, because
AC stresses the insulation in the same manner as it is stressed in service. However, DC testing may be used if
an AC test set is not available. Whether AC or DC testing is employed, the leakage current for switchgear should
be extremely small, less than 1 mA and the cause of any significant leakage must be investigated and rectified.
All the internal parts of the switchgear, especially the support and through bushings and the densified wood
linkages, must be completely free from moisture (including condensation) before testing starts and oil
switchgear must be filled to the correct level with clean and tested oil.

In addition to an overall test of the equipment with the contacts closed, the equipment shall also be tested
with the main contacts open and each side earthed alternately. This is to test the voltage withstand of the
contact insulation gap.

It is also necessary to voltage test the wiring, secondary contacts and other auxiliary components of
switchgear.

Take care however not to subject the secondary wiring of current transformers and other protection wiring to
test voltages, particularly if the protection relays are of the electronic type.

Where the switchgear includes current transformers, it is appropriate to include them in the voltage tests
including DC tests (unless the manufacturer’s manual prohibits the application of DC). However, it is necessary
to disconnect voltage transformers during phase-to-phase testing. This should be done by removing the
voltage transformer fuses on the high voltage side in sequence, so that all the voltage transformer fuse carriers
are subjected to the test voltage in turn.

5.1 New switchgear

New switchgear will be subjected to routine testing at the manufacturer’s works in accordance with the
relevant specification, which is BS EN IEC 62271-200:2021+A1:2024 Specification for metal enclosed
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switchgear and control gear for rated voltages above 1 kV up to and including 72 kV. This standard also
specifies the after-erection voltage test values, which have been used to construct Table 6.

Voltage Level Test Voltages

AC Test Voltage DC Test Voltage
(kv) (kv)
6.6 kV 16 10
11 kV 22 17
33 kV 56 51
132 kv 220 80
Duration 1 min

Table 6 - Test voltages for new switchgear after erection

5.2 Previously in service switchgear

Table 7 gives the appropriate voltage test values and durations for switchgear previously in service in which
any part of the insulation has been altered, modified, refurbished or repaired. These are not based upon BS
EN IEC 62271, but nevertheless they have been found to give satisfactory results over a long period of time.

In a similar manner to the testing of cables, reduced test voltages are applicable to previously in service
switchgear to which live HV cables are connected, or where another part of the switchgear, for example the
busbars, remains live during testing. In these cases, DC testing should be used.

Note that it is unnecessary to perform a full voltage test on switchgear that has been subjected only to normal
planned routine maintenance; in these circumstances a 5 kV MEGGER test is sufficient. Where switchgear
remains connected to cable/overhead line sections the principles of cable testing detailed in section 4.8 will

apply.

In the case that a full voltage test is impractical, the following procedure shall be followed, either locally or at
a remote point to the equipment under test:

(a) Megger test 5 kV between all phases and earth.
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(b) Operate switchgear or plant into the closed or service position and repeat (a) to confirm that unearthed
transformers are connected.

Voltage Level Test Voltages
The above
procedure
is intended
to AC Test Voltage DC Test Voltage DC Test Voltage
(kV) (Ph-Ph) (kV) (Ph-E) (kV)
6.6 kV 8 10 6
11 kV 12 17 10
33 kV 36 51 30
132 kv 145 80
Duration 1 min

demonstrate to engineers that test voltage is being applied and that there is no intervening open switch.
However, a full voltage test should be carried out if a major insulation component, for example a through
bushing or a phase barrier, has been replaced.

Table 7 Test voltages for previously in service switchgear after alteration or repair (ph-e values quoted where other
equipment remain connected)
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5.3 Procedures for switchgear voltage testing

If the equipment is to be tested on-site, then the procedures should be the same as those described for cable
testing in section 4.2 of this Code of Practice. The procedures should include the erection of a temporary safety
enclosure, temporary weather protection if required, extra insulation and the issue of a Sanction for Test. In
general, new switchgear is best tested after erection and before cabling up. In the case of existing vts tested
on-site, including those mounted externally on switchgear, special precautions will need to be taken. This will
include the construction of a safety zone with barriers and strict observance of safety clearances.

Vertical isolation, horizontal withdrawal circuit breakers should be tested with the circuit breaker in the service
position, if possible, although if this is operationally inconvenient the breaker and the housing may be tested
separately. If the breaker is withdrawn, connections for voltage testing can usually be made through the
bushing spouts, using insulated test connectors. For switch fuses, circuit (fault making/load breaking) switches
and ring main units, voltage testing should also be carried out before the connection of main cables, thereby
allowing test voltages to be applied via the cable box bushing end connections.

Extreme care needs to be taken when testing 33 kV and 132 kV plant on-site, due to the very high voltages
employed and the consequent possibility of flashover over long distances, especially in damp weather.

Previously in service switchgear that is already cabled presents more of a problem, because the test prods
connect only to the cable ends, not the internal busbars. In these cases consideration will need to be given to
testing from an adjacent substation via the cable connection. Alternatively, it may be possible to remove a
distribution transformer lid, temporarily remove the HV winding leads and test via the transformer cable or
busbar connection. This work will need to be carried out under Electricity North West Distribution Safety Rules,
policy and procedures.

In the case of switchgear which is voltage tested in workshops, a proper metal mesh enclosed test cell
equipped with flashing red warning lamps, automatically controlled earthing and an access door or doors fully
interlocked with the test set must always be used. The person carrying out this work must be accompanied.

6 Voltage testing of voltage and current transformers

6.1 Current transformers

CT primary windings are to be tested after installation, as per switchgear tests detailed in . The
secondary winding shall be short circuited and earthed unless the secondary circuits are complete.

6.2 Voltage transformers

A one minute test with a 5 kV insulation tester shall be applied between the high voltage terminals of the
voltage transformer (connected together) and earth; the frame, tank and low voltage winding terminals shall
also be connected to earth. If the high voltage winding is star connected with the star point normally earthed,
it is to be disconnected from earth. Whilst disconnected from earth the high voltage winding to earth
resistance shall be measured at 1 kV DC.

In voltage transformers where the high voltage winding is divided into sections, each section should be tested
to be capable of withstanding 2 kV AC between itself and all other windings connected together and to frame
and earth. If the voltage transformer is suspected of being faulty it will be necessary to carry out injection
testing from the low voltage side as described in section 6.3 of this Code of Practice.
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6.3 Testing of voltage transformers by induced voltage

This type of testing is employed as a diagnostic tool for suspect voltage transformers. Two procedures are
described, the first applies if the low voltage winding star point is available and the second if it is not. In both
tests the high voltage winding star point, if available, must be earthed.

6.3.1 Voltage transformer testing by induced voltage — low voltage star point
available

With the test arrangement as shown below, proceed as follows:

(a) Using a Variac and series resistor, inject the first phase to neutral connection.

3AATH TH & T39M MAITO
SEQV AD . THIVTTAUN AT &
AVA LA B

VT TAUA

MW Kna MOZ\ HVW a noe

QAo 34
—oH®H
VO ITAD 3

\?}??‘F)

Diagram 3 - Test connections for voltage transformer testing if the low
voltage winding star point is available

(b) Steadily increase the applied voltage from zero but do not exceed a maximum of 63.5 V. When 63.5 V is
attained, measure and record the injected current then switch off.

(c) Repeat the procedure for phases 2 and 3. If the injected current on any phase exceeds the lowest current
on either of the other phases by more than 50%, or exceeds 300mA, the voltage transformer is faulty and must
be repaired.
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6.3.2 Voltage transformer testing by induced voltage — low voltage star point not
available

3AATH TH 8 T33M MAITO
SEV AD . THIVITAUN A T 8
AVA 1AG B

VT TAUA

l MW Ka mae\ HVW a o2
—O
QA 3A

o] oHDH
VO ITAD3

1

3 S

Diagram 4 -Test connections for voltage transformer if the low voltage
winding star point is not available

With the test arrangement as shown, proceed as follows:
(a) Using a Variac and series resistor, inject the first phase to phase connection.

(b) Steadily increase the voltage from zero but do not exceed a maximum of 110 V. When 110 V is attained,
measure and record the injected current then switch off.

(c) Repeat the procedure for phases 2 and 3. If the injected current on any phase exceeds the lowest current
on either of the other phases by more than 50%, or exceeds 200mA, the voltage transformer is faulty and must
be repaired.

7 Voltage Testing of Transformers

Voltage tests at the manufacturer’s works on new or repaired transformers are normally to BS EN 60076 Power
Transformers or ENA TS 35-1 Distribution transformers (from 16 kVA to 1 000 kVA).

New transformers are tested by the manufacturer at the factory and will have a full set of test results. Due to
this it is generally unnecessary to complete further high voltage insulation testing. Therefore, the only testing
required for transformers is insulation resistance testing using the voltages specified by Table 8 for new and
refurbished or previously in service transformers. Test voltage shall be applied between the HV windings
connected together and the secondary windings and tank, which shall be connected together and to earth. In
the case of autotransformers, the test voltage should be based upon the system highest voltage to which any
of the windings of the transformer will be connected.

Where it is not reasonably practical to apply the specified test voltage, a 1 kV Megger test applied for one
minute may be substituted. This concession will generally apply to pole transformers.
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Voltage Level Test Voltages and Duration

DC Test Voltage Test Duration

(kV) (min)
6.6 kV 6 1
11 kv 10 1
33 kV 30 1
132 kv 30 1
Table 8 - Test Voltages for

Transformers Voltage Level Test Voltages and Duration

other equipment, it
DC Test Voltage Test Duration apply a higher test

(kV) (min) windings, then the
Table 9 should not

If, in order to test
is necessary to
voltage to the
voltages given in

be exceeded. 0.433 kv 1 1
6.6 kV 5 1
11 kv 5 1
33 kv 5 1
132 kV 5 1

Table 9 - Maximum Test Voltages for Transformers (where other equipment connected)
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8 Documents Referenced

DOCUMENTS REFERENCED

ESQCR Electricity Safety Quality & Continuity Regulations (ESQCR) 2002
BS EN 60060 High Voltage test techniques.
BS 6480:1988 Specification for impregnated paper insulated lead or lead alloy

sheathed electric cables of rated voltages up to and including 33
000 V (Obsolete but still useable)

BS EN IEC 62271-200:2021+A1:2024 Specification for metal enclosed switchgear and control gear for
rated voltages above 1 kV up to and including 72 kV.

BS EN IEC 60076 Power Transformers

ENA TS 09-3 33 kV impregnated paper insulated oil filled and gas pressure type
power cable systems, Issue 2, 1982 (No Longer Maintained).

ENA TS 09-4 66 kV and 132 kV impregnated paper insulated oil-filled and gas-
pressure type power cable systems, Issue 3, 1991 (No Longer
Maintained).

ENA TS 41-40 Ground mounted major substation 12 to 36kV Rated Indoor Fixed

pattern distribution switchgear.
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ENA TS 35-1 Distribution transformers (from 16 kVA to 1 000 kVA).

BS7870 LV and MV polymeric insulated cables

CP410 Mains practice up to and including 132kV. Underground Cable
Systems
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