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Consultation with Megger

Consultation with Megger

The present system manual has been designed as an operating guide and for reference.
It is meant to answer your questions and solve your problems in as fast and easy a way
as possible. Please start with referring to this manual should any trouble occur.

In doing so, make use of the table of contents and read the relevant paragraph with great
attention. Furthermore, check all terminals and connections of the instruments involved.

Should any question remain unanswered or should you need the help of an authorized

service station, please contact:

Megger Limited

Archcliffe Road

Kent CT17 9EN

T: +44 1304 502100

F: +44 1304 207342

E: uksales@megger.com

Megger Germany GmbH (Radeburg)
Roéderaue 41
D - 01471 Radeburg / Dresden

T: +49 35208 84 -0
F: +49 35208 84 249

Megger Germany GmbH (Baunach)
Dr.-Herbert-lann-Str. 6

D - 96148 Baunach

T: +49 9544 68 - 0

F: +49 9544 22 73

E: team.dach@megger.com

Megger USA

Valley Forge Corporate Centre
2621 Van Buren Avenue
Norristown, PA 19403 USA

T:+1 610 676 8500
F:+1610 676 8610

E: team.dach@megger.com

© Megger

All rights reserved. No part of this handbook may be copied by photographic or other means unless Megger
have before-hand declared their consent in writing. The content of this handbook is subject to change without
notice. Megger cannot be made liable for technical or printing errors or shortcomings of this handbook. Megger
also disclaims all responsibility for damage resulting directly or indirectly from the delivery, supply, or use of this
matter.
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Terms of Warranty

Terms of Warranty

Megger accept responsibility for a claim under warranty brought forward by a customer
for a product sold by Megger under the terms stated below.

Megger warrant that at the time of delivery Megger products are free from manufacturing
or material defects which might considerably reduce their value or usability. This warranty
does not apply to faults in the software supplied. During the period of warranty, Megger
agree to repair faulty parts or replace them with new parts or parts as new (with the same
usability and life as new parts) according to their choice.

This warranty does not cover wear parts, lamps, fuses, batteries and accumulators.

Megger reject all further claims under warranty, in particular those from consequential
damage. Each component and product replaced in accordance with this warranty
becomes the property of Megger.

All warranty claims versus Megger are hereby limited to a period of 12 months from the
date of delivery. Each component supplied by Megger within the context of warranty will
also be covered by this warranty for the remaining period of time but for 90 days at least.

Each measure to remedy a claim under warranty shall exclusively be carried out by
Megger or an authorized service station.

This warranty does not apply to any fault or damage caused by exposing a product to
conditions not in accordance with this specification, by storing, transporting, or using it
improperly, or having it serviced or installed by a workshop not authorized by Megger. All
responsibility is disclaimed for damage due to wear, will of God, or connection to foreign
components.

For damage resulting from a violation of their duty to repair or re-supply items, Megger
can be made liable only in case of severe negligence or intention. Any liability for slight
negligence is disclaimed.

Since some states do not allow the exclusion or limitation of an implied warranty or of
consequential damage, the limitations of liability described above perhaps may not apply
to you.
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1.1

Safety precautions

Labelling of safety
instructions

Working with products
from Megger

Operating staff

Safety Instructions

General Notes

This manual contains basic instructions for the commissioning and operation of the device
/ system. For this reason, it is important to ensure that the manual is always available to
the authorised and trained operator. He needs to read the manual thoroughly. The
manufacturer is not liable for damage to material or humans due to non-observance of
the instructions and safety advices provided by this manual.

Locally applying regulations have to be observed!

The following signal words and symbols are used in this manual and on the product itself:

Signal word / Description

symbol
DANGER Indicates a potential hazard which will result in death or serious
injury if not avoided.
WARNING Indicates a potential hazard which may result in death or
serious injury if not avoided.
CAUTION Indicates a potential hazard which may result in moderate or
minor injury if not avoided.
NOTICE Indicates a potential hazard which may result in material

damage if not avoided.

Serves to highlight warnings and safety instructions.
As a warning label on the product it is used to draw attention to
potential hazards which have to be avoided by reading the

manual.

Serves to highlight warnings and safety instructions that
explicitly indicate the risk of an electric shock.

Serves to highlight important information and useful tips on the
operation of the device/system. Failure to observe may lead to
unusable measurement results.

It is important to observe the generally applicable electrical regulations of the country in
which the device will be installed and operated, as well as the current national accident
prevention regulations and internal company directives (work, operating and safety
regulations).

After working on the system, it must be voltage-free and secured against reconnection as
well as having been discharged, earthed and short-circuited.

Use genuine accessories to ensure system safety and reliable operation. The use of other
parts is not permitted and invalidates the warranty.

The system may only be installed and operated by an authorised electrician. DIN VDE
0104 (EN 50191), DIN VDE 0105 (EN 50110) and the German accident prevention
regulations (UVV) define an electrician as someone whose knowledge, experience and
familiarity with the applicable regulations enables him to recognise potential hazards.

Anyone else must be kept away!
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Safety Instructions

Declaration of
Conformity (CE)

Lifting and carrying

1.2

Intended application

Behaviour at
malfunction of normal
operation

The product meets the following security requirements of the European Council
Directives:

e EMC Directive (2004/108/EC)
e Low Voltage Directive (2006/95/EC)

The device must only be lifted and carried using the handles provided on the side. Other
parts of the device, such as the connecting cables, cannot withstand the forces caused
by lifting the device and could break or tear off as a result.

General Safety Instructions and Warnings

The operating safety is only guaranteed if the delivered system is used as intended (see
page 10). Incorrect use may result in danger to the operator, to the system and the
connected equipment.

The thresholds listed in the technical data may not be exceeded under any circumstances.

The equipment may only be used when working properly. When irregularities or
malfunctions appear that cannot be solved consulting this manual, the equipment must
immediately be put out of operation and marked as not functional. In this case inform the
person in charge who should inform the Megger service to resolve the problem. The
instrument may only be operated when the malfunction is resolved.

Five safety rules
The five safety rules must always be followed when working with HV (High Voltage):
1. De-energise

Protect against re-energising

Confirm absence of voltage

Earth and short-circuit

Cover up or bar-off neighbouring energised parts

Using cardiac pacemaker

| | Physical processes during operation of high voltage may endanger
persons wearing a cardiac pacemaker when near these high voltage
facilities.
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Wear ear protection

Operation with VLF Cosine Rectangular voltage can cause high and
sudden noise levels. It is strongly recommended to wear hearing
protection during surge operation. Keep in mind that this will limit the
operators awareness for ambient dangers.

Fire fighting in electrical installations

e According to regulations, carbon dioxide (CO3) is required to
be used as extinguishing agent for fighting fire in electrical
installations.

e Carbon dioxide is electrically non conductive and does not leave
residues. It is safe to be used in energized facilities as long as
the minimum distances are maintained. A CO: fire extinguisher
must be always available within electrical installations.

o If, contrary to the regulations, any other extinguishing agent is
used for fire fighting, this may lead to damage at the electrical
installation. Megger disclaims any liability for consequential
damage. Furthermore, when using a powder extinguisher near
high-voltage installations, there is a danger that the operator of
the fire extinguisher will get an electrical shock from a voltage
arc-over (due to the powder dust created).

e |tis essential to observe the safety instruction on the
extinguishing agent.

e Applicable is DIN VDE 0132.

WARNING

Dangers when working with high voltage

Working on high voltage systems and equipment — especially in non-
stationary operation — requires particular care and safety-conscious
action on the part of test personnel. VDE regulations 0104 on setting up
and operating electrical test systems, as well as EN 50191 and national
standards and regulations must be strictly adhered to.
« The TDM 45-P / TDM 4540-P test system generates a dangerous
voltage of up to 45 kVpeak.

« The test system may not be operated without supervision.

« Never fail to use safety equipment or put it out of operation.

« Operation requires minimum two people whereas the second person
must be able to activate the emergency switch in case of danger.

« To prevent dangerous charge accumulation, earth all metal parts in
the vicinity of the high voltage equipment.
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2

2.1

Description

Features

Technical Description

System Description

The TDM 45-P / TDM 4540-P test system enables the standard-compliant withstand
testing of medium voltage cables and other equipment with a genuine 0.1 Hz sine wave
test voltage of up to 45 kVpeak or 32 kVrus.

By means of this type of withstand test, operation-endangering faults, such as
workmanship related problems, as well as insulation faults (e.g. water tree damage in
PE/XLPE cables or local damage in PILC cables) can safely be brought to failure. The
integrated breakdown detection shuts down the test voltage in the event of an excessive
charge current and guarantees limited damage to the cable.

In addition, the system is also suitable for tests with...
e positive and negative DC voltages of up to 45 kV,
e 0.1 Hz VLF cosine rectangular voltage of up to 40 kV (Boost module required)

e trapezoidal AC voltage (rectangular voltage) of up to 45 kVeeak with a load-
dependent slew rate

In addition, the optional internal TanDelta measurement allows the operator, during a step
test with a sinusoidal test voltage, to determine the tand (TanDelta) dielectric loss factor
and accordingly get an idea about the degree of ageing of the cable.

In combination with a suitable partial discharge (PD) coupler and a notebook with the
required control software, the test system can also be used for standard-compliant partial
discharge diagnosis.

Detailed information on the features of such a PD diagnosis system can be
found in the operating manual of the used PD coupler.

The TDM 45-P / TDM 4540-P test system combines the following features and functions
in a single system:

e AC voltage test with up to three different voltage waveforms
e DC voltage test with positive and negative polarities
o Full-fledged TanDelta step test with automatic evaluation of the results

¢ Meaningful Voltage Withstand Diagnosis (VLF test and TanDelta diagnosis in
one step)

e Leakage current measurement in DC voltage, rectangular voltage and cosine
rectangular voltage test modes

e Sheath test and sheath fault pinpointing with up to 20 kV negative DC voltage
e Manual and automatic frequency adjustment

e Breakdown detection with automatic disconnection of test voltage and discharge
of the test object if the charging current is too high

e Switchable burning function for fault conversion after a voltage breakdown (one
minute maximum)

e Logging (Export in Easyprot logging software via USB interface)
e Firmware updates via USB interface
e Cable screen (earth loop) monitoring

10
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Technical Data

The TDM 45-P / TDM 4540-P test system is defined by the following technical parameters:

Parameter Value

Output voltage, sine wave 1.4 ... 32kVrus/ 2 ... 45 kKVpeak
Output voltage, DC wave 2...45kV

Output voltage, rectangular wave 12 ... +45kV

Sheath test and sheath fault pinpointing |0 ... -20 kV

Source output current 12 mArwms

Leakage current measurement
« Display area
« Resolution

(VLF-CR, DC and rectangular voltage)
0 to 40 mA
10 pA

Frequency

0.01 Hz to 0.1 Hz

Testable load capacitance
« Sine wave voltage
« Rectangular voltage

0.6 yF at45kV /0.1 Hz
0.6 yF at45kV /0.1 Hz

« DC voltage 5 yF at 45 kV
« Maximum load capacitance 10 uF at reduced voltages and
frequencies
Internal TanDelta (optional)
o Load range 2nF ... 10 yF
« Measuring range 103 ... 100

« Precision (requires load capacitance to
be >20 nF)

« Resolution

1x 103 or 1% resp.

1x104

Pulse rate in sheath pinpointing mode
(in seconds)

051 /12/ 13/ 14/ 1505

Power supply

110 V to 230 V, 50/60 Hz

Power consumption

600 VA

Display Transflective sunlight readable 5.7" colour
display with a resolution of 640 x 480
pixels

Memory At least 1000 records of test data

Interfaces USB 2.0, Ethernet, external safety device

Weight 50 kg

Dimensions (W x D x H)

544 x 416 x 520 mm

Operating temperature

-20°Cto55°C

Storage temperature

-20°Cto 70 °C

Relative humidity

93% at 30 °C (non-condensing)

11
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Technical Description

Parameter Value
Protection class (in accordance with I

IEC 61140 (DIN VDE 0140-1))

Ingress protection rating (in accordance |IP21
with IEC 60529 (DIN VDE 0470-1))

The optional Boost module is defined by the following technical parameters:

Parameter Value
Output voltage, 3...40kV
cosine rectangular wave

Output voltage, damped AC (DAC) 3...40kV
(only when used in combination with a PD

coupler / notebook)

Output current 12 mARrwms
Frequency 0.1 Hz
Testable load capacitance 5 uF at 40 kV
Weight 42 kg

Dimensions (W x D x H)

544 x 416 x 400 mm

Operating temperature

-20°Cto55°C

Storage temperature

-40°Cto 70 °C

Relative humidity

93% at 30 °C (non-condensing)

Protection class (in accordance with
IEC 61140 (DIN VDE 0140-1))

Ingress protection rating (in accordance
with IEC 60529 (DIN VDE 0470-1))

P21

The optional support capacitor is defined by the following technical parameters:

Parameter

Value

Capacity

150 nF

Voltage range

60 kV (peak value)

Dimensions (W x D x H)

400 x 400 x 850 mm

Weight 14 kg
Operating temperature -25°C...55°C
Storage temperature -25°C ... 70°C

12
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Technical Description

2.3 Load Diagram

The following diagram applies to tests with sine wave voltage only and illustrates the
dependency of the test frequency on the capacity of the load connected and the test
voltage set. If a test frequency cannot be used due to the limits of the test system’s
capacity, the frequency is automatically adapted and the user is informed of this.

10,0 ,\\ —

\
N

.
\

=, N
N

/|

s Ciaa/HF o

=)

2,0 - ——0.08Hz

0.07 Hz \
e 0.06 Hz \
—0.05Hz

——0.04 Hz

/

1,0 + =——0.03Hz

——0.02Hz %

0.01Hz

0,5

0 4 8 12 16 20 24 28 32
U/ kVims

For tests with cosine rectangular and damped AC (DAC) voltage, the following load
diagram applies™:
16,0
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" Applies only for temperatures between -25 and 45 °C. In the temperature range from
45 °C to 55 °C, the output power is reduced to 80%.
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24

Scope of Delivery and Accessories

Scope of delivery The scope of delivery of the system includes the following:

e Basic device
e Cover

e HV connection cable, 5 m
e Mains power cable, 3 m
e Earthing lead, 5m

e USB flash drive
e Accessory bag

e Operating manual

Check contents Check the contents of the package for completeness and visible damage right after
receipt. In the case of visible damage, the device must under no circumstances be taken
into operation. If something is missing or damaged, please contact your local sales

Optional accessories

representative.

If the following optional accessories do not form part of the scope of delivery, these can

be ordered from sales:

Accessory Description Item number
Boost module Expands the system to enable testing 128311042
with 0.1 Hz cosine rectangular voltage
Internal TanDelta Activation of optional internal TanDelta 138316309
measurement measurement
External safety device |External box with signal lights, high 108300322
with HV controls voltage controls, EMERGENCY OFF
switch and key switch
External safety device |External box with signal lights, 2010001
without HV controls EMERGENCY OFF switch and key switch
Megger Book Reporting software for Windows 2015875
TE PA-MC-UNI PD-free connection adapter 1013564 (460 mm)
1013563 (310 mm)
M12 and M16
310 mm or
460 mm
VLF CS-BB Set of adapters for 3-phase cable testing; |128311801
suitable for connection to busbar
External TanDelta cable | External TanDelta test attachment for 820020283

diagnosis system

very accurate TanDelta measurement
(incl. notebook, software and
accessories)

14
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Accessory Description Item number
PD diagnosis module PD coupler for partial discharge diagnosis | 1014865
PDS 60 with sine wave, cosine rectangular and
DAC voltage (incl. notebook, software,
calibrator and accessories)
PD diagnosis module PD coupler for partial discharge diagnosis | 1014867
PDS 62-SIN with sine wave voltage (incl. notebook,
software, calibrator and accessories)
Support capacitor Required to perform a PD diagnosis with | 2009309
VLF cosine rectangular and DAC voltage
in case of very low load capacitance
(<120 nF incl. connection lead)
Diagnostic connection |Accessory set for a partial-discharge free |[890017909

set

connection to the test object

15
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2.5 Display and Controls

The following control and display elements are on the front panel of the TDM 45-P / TDM
4540-P test system:

Element|Description

EMERGENCY OFF switch

ON/OFF button

HV interlock key switch

“HV On” button

“HV Off” button

USB port

Display

Q0000000

Rotary encoder with function keys on the side

16
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2.6 Connection Elements

The following connection components are located at the rear of the test system:

1)
®

®

Element

Description

Protective earthing connection

Network port for communication with the control notebook (only required in
combination with an external diagnosis module)

Power supply socket with fuses (2 x T6.3A)

Socket to connect the external safety device

Socket to connect the control cable to the Boost module

00006 60

HV output

17
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The following connection components are located at the rear of the optional Boost module:

(15 —®

16

® 06

Element|Description

HV connecting cable to connect to the test system

HV output

Control cable to connect to the test system

Protective earthing connection

0660606

Trigger output for triggering of a connected PD measuring system.

18
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3.1

Commissioning

WARNING

General safety instructions for set-up and commissioning

» The safety guidelines for the operation of mobile testing systems
often differ from one network operator to another and are frequently
subject to national regulations (such as the German BGI 5191).
Before the measurement session, find out what the applicable
guidelines are and follow the rules set out therein precisely, in
respect of the organisation of work and the commissioning of the
mobile test system.

» Select a location that is sufficient for the weight and size of the
system and which ensures that it stands securely.

« When setting up or connecting the device, make sure that it does not
impair the functional capability of any other systems or components.
If other systems and components have to be modified, be sure to
reverse these measures once the work has been completed. Always
take the special requirements of these systems and components into
account and only carry out work on them after consulting and
obtaining approval from whoever is in charge of them.

« In the event of large differences in temperature between the storage
and installation locations (cold to warm) condensation may form on
components carrying high voltage (condensation effect). To avoid
any risk of damage to people and devices caused by voltage flash-
overs, the system must not be operated when in this condition. It
should rather be left in the new environment to acclimatise for
approximately one hour before putting it into operation.

Electrical Connection

WARNING

Safety instructions for the electrical connection

o The system may only be connected to de-energized equipment. The
general safety instructions and, in particular, the five safety rules
(see page 8) must always be followed prior to connection to the test
object.

» Follow the specified connection sequence.

« All the cables at the measuring point that are out of operation and
are not to be tested must be shorted and earthed.

« Because the amount of voltage applied to the test object poses a
danger in the event of contact, the prohibition zone around live parts
as defined in DIN EN 50191 (VDE 0104) must be protected in a way
that it cannot be breached.

« The ends of the cables must be shielded to ensure that contact is not
possible. When doing so, be sure to take all branches of the cables
into account.

19
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Commissioning

3.1.1 Normal Connection (Testing with Sine Wave Voltage)

Connection diagram The following figure shows a simplified connection diagram of the test system:

110 Vto 230V, Connection method for cable testing and loss
50/60 Hz factor measurement

Station earth or other suitable
foundation earth electrode

Connection method for sheath testing and
sheath fault pinpointing

:
n

20
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Commissioning

Procedure Proceed as follows, to connect the test system to the test object:

Step | Action

1 Using the green/yellow earth cable make a connection between the protective
earth connection o of the device and a suitable point on the protective earth
system (station earth).

Make sure that the connecting points of the earth cable are not polluted /
corroded and that they provide good metallic contact.

2 |Insert the plug of the HV connecting cable, aligned as shown, into the HV
output @ of the system.
The connecting plug has a bayonet fitting. The plug must be pushed gently

against the HV output with some force, and noticeably slot into place. Then
tighten the plug by turning it in a clockwise direction.

3 If you want to carry out a cable test or a | If you want to carry out a sheath test
loss factor measurement: or a sheath fault location:
Connect the screen of the HV Connect the screen of the HV
connecting cable to the earthed screen |connecting cable to the earthing bar of
of the test object (system earth). the cable system (system earth).
Connect the internal conductor of the Connect the internal conductor of the
HV connecting cable to the phase HV connecting cable to the earth
conductor of the test object. screen of the test object.
The earth screens must be
disconnected at both cable ends.

4 | Connect the power cord included in the scope of the delivery to the system’s
power socket 0 and a power supply socket.

21
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3.1.2 Connection via Optional Test Module (Testing with Cosine
Rectangular Voltage)

Purpose If the test system is connected to the test object via the optional Boost module, tests with
cosine rectangular voltage can be carried out (all other operating modes are disabled).

By means of the Boost module the maximum testable load capacitance at 40 kV and
0.1 Hz is increased to 5 yF. This way, standard-compliant tests of loads with higher
capacitance and cables with a rated voltage >20 kV can be performed.

Connection diagram The following figure shows a simplified connection diagram of the test system with the
Boost module:

110V to 230V,
50/60 Hz

P [[] &
oD [[] W
= -JINR]

40'dnd

b

Station earth or other suitable
foundation earth electrode

Procedure Proceed as follows to connect the test system to the test object:

Step |Action

1 Place the test system on top of the Boost module, as shown in the figure.

2 Using the green/yellow earth cable, make a connection between the protective
earth connections (o und ) and a suitable point on the protective earth
system (station earth).

Make sure that the connecting points of the earth cable are not soiled and that
they provide good metallic contact.

3 | Connect the control cable m from the Boost module to the corresponding
socket @ of the test system.

22
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Step

Action

Connect the HV connection cable from the Boost module to the test system.

To do so, insert the plug of the HV connecting cable @ aligned as shown, into
the HV output @ of the system.
The connecting plug has a bayonet fitting. The plug must be pushed flush

against the HV output with some force, and noticeably slot into place. Then
tighten the plug by turning it in a clockwise direction.

Fasten the plug of the supplied HV connecting cable to the HV output @ of the
Boost module. Again, the correct alignment is important when inserting.

Connect the screen of the HV connecting cable to the earthed screen of the
test object (system earth).

Connect the internal conductor of the HV connecting cable to the phase
conductor of the test object.

Connect the power cord included in the scope of the delivery to the system’s

power socket 0 and a power supply socket.

23
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Commissioning

3.1.3

Connection to an External Diagnosis Module

In combination with a PD coupler (e.g. PDS 62-SIN) or the external TanDelta test
attachment, the test system can be expanded to a full-featured diagnosis system. For this
purpose, the test system must be connected not only to the diagnosis module itself, but
also to a control notebook (either directly or via a separate connection box).

Detailed information on how to connect to such a diagnosis module can be
found in the operating manual of the used module.

If during preparation of a diagnosis with VLF CR or DAC voltage the software reports that
the load capacitance is too low (<120 nF), the support capacitor which is available as an
accessory (see page 14) can be used to counteract this problem. To this end, the
capacitor needs to be interconnected into the HV path between test system and PD
coupler as follows:

from test system to PD coupler

24
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Commissioning

3.1.4 Use of an External Safety Device (Optional)

Purpose With the aid of an external safety device, the current status of the system can be made
clearly visible with coloured signal lamps and the generation of HV can be interrupted or
locked with an EMERGENCY OFF switch and key switch.

Connection The external safety device must be connected to the socket @ that has been provided
for this purpose.

In the event that no external safety device is used, the corresponding dummy plug must
be screwed on to the socket.

Description The following figure shows the optional external safety device:

Part |Description

Green signal light
Lights up when the system is switched on but is not in high voltage operation.

®

Red signal light
Lights up as soon as high voltage can be generated. All discharge and
earthing devices are open and the test object must be treated as live.

“HV interlock” key switch

g High voltage unlocked
n High voltage locked

In the locked state, the key can be removed and the system can thus be
protected against unauthorised high-voltage operation.

O,

EMERGENCY OFF switch

HV ON button (only if the box is equipped with HV controls; equal to
button o on the front panel)

@) @/

HV OFF button (only if the box is equipped with HV controls; equal to
button o on the front panel)

25
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3.2 Switching On

WARNING
Risk of electric shock!

Before switching on the test system, make sure that it has been properly
earthed and connected to the test object via the HV connection cable in
accordance with the instructions in section 3.1

The test system is switched on by pressing the ON/OFF button o The software starts
within a few seconds. If the test system was switched off whilst in an operating mode, this
operating mode is called up again immediately after restarting. Elsewise, the software
remains in the main menu shown below:

. 04/17/2013 5=
VLF Sinus 10:37:15 AM Uj
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4 Operation
4.1 Safety Circuit
Signalling Immediately after an operating mode has been selected, the TDM 45-P / TDM 4540-P

Possible error
messages

test system continuously checks the requirements of the safety circuit. In the event that
at least one requirement of the safety circuit is not fulfilled, the system disables HV
operational readiness. The operator is informed in the header about the existing
discrepancy:

System disabled by EMERGENCY OFF

To be able to generate high voltage, the cause of the fault must first be eliminated.

If the safety circuit trips during HV operation, the system will immediately interrupt the HV
test. Subsequently the test object will automatically be discharged.

The following causes can interrupt the safety circuit:

Message Cause

Cable shield not properly Resistance between operating earth and protective

connected earth too high (>9 £3 Q). Check whether the earth
cable as well as the cable screen of the
HV connection cable are correctly connected and that
the respective connection points are making a good
metallic contact.

HV cable not correctly The HV connection cable has not been properly

connected locked on to the HV output ).

System disabled by The EMERGENCY OFF switch @) has been

EMERGENCY OFF activated.

HV unit disabled by external | The EMERGENCY OFF switch on the external safety

EMERGENCY OFF device has been activated.

HV Unit disabled by Interlock | High voltage has been locked by using the key

Key switch e (see the next page).

Overtemperature in VLF The internal temperature monitor reports a raised

Sinus temperature of the HV components. The system can

only be started up again after a sufficiently long
cooling-down phase.

Make sure that the air inlets and outlets on the sides
of the housing are not covered.

VLF CR Test Boost is not The Boost module reports an error that is not defined
ready. with any greater precision or is not properly
connected.
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Message Cause
VLF CR Test Boost is not The Boost module reports that the resistance between
ready. Cable shield not operating earth and protective earth is too high
properly connected. (>9 £3 Q). Check whether the earth cable as well as

the cable screen of the HV connection cable are
correctly connected and that the respective
connection points are able to make good metallic

contact.
VLF CR Test Boost is not The HV connection cable was not properly locked on
ready. HV cable not correctly |to the HV output of the Boost module.

connected.

HV interlock The TDM 45-P / TDM 4540-P test system has a key switch €) that can prevent high
voltage being switched on. The switch can be set to the following positions:

O

High voltage unlocked

._ High voltage locked

In the locked state, the key can be removed and the system can thus be protected against
unauthorised high-voltage operation.

-0
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4.2

General Operation

Operating concept Navigation within the menus is entirely controlled from the circular selection menu:

Quick selection

Currently selected
menu item

Description of the
currently selected
menu item

Operating the system with the rotary encoder e is as follows:
- « Select the menu item
Laé « Increase or decrease the value of a variable parameter

» Select an option from a selection list

« Call up the selected menu item
« Confirm the setting or the selection made

Each menu (with the exception of the main menu) has a menu item K) with which one
can return to the next higher menu level.

By pressing the function button m located on the side next to the rotary encoder, the
quick selection menu can be accessed (as well as closed) at any time irrespective of the
position in the menu structure. The menu provides direct access to all the available
operating modes.

. 04/16/2013 ¢
J‘”—F Sinus 11:37:59 an 81|
Quick selection menu '
(am__Test )

DC

Sheath Test

VLF Rectangular
VLF Sinus
Pinpointing

=
>
b4
@ Sheath Pinpointing
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Phase selection Immediately after the activation of an operating mode (with the exception of the sheath
pinpointing mode), the phase selection menu opens automatically:

17.04.2013 7]
10:45:17

| VLF Sinus

Phase selection is used to select the phases of the test object on which the measurement
is to be carried out. In this manner, the test logs and the records of the history database
(see the next page) can also be easily assigned later.

The desired phase can be marked for selection by turning the rotary encoder o and then
selected or deselected by pressing it.

J Phase is active

x Phase is not active

The phase selection menu can only be closed once a valid selection has been made. By
closing the menu via the | = function button, the active selection is confirmed.

Until the actual start of the measurements, the selection menu can be called up again and
adjusted by pressing the function button | = once again.

The last phase selection made is separately saved for each operating mode (even after a
restart) and is preset when the operating mode is restarted.
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History database By pressing the function button

Online help

The data in respect of all measurements and tests carried out with the system are
contained in this database. The records are sorted by date and can furthermore also be

m located below the rotary encoder, the history
database can be called up at any time irrespective of the position in the menu structure.

distinguished according to operating mode, voltage or optional comments.

History -> 28.11.2012
.

01:

59:

41

PM

VLF Sinus

9.9 kv

nach Verlegung

01:
01:
01:
08:

57:
55:
45:
20:

25
53
37
28

PM
PM
PM
AM

TanDelta
TanDelta
TanDelta
TanDelta

(Step Test)
(Step Test)
(Step Test)
(Step Test)

10.
10.
1e.
10.

0
<]
<]
<]

kV
kV
kv
kv

4

Once the desired record has been selected by turning the rotary encoder, the selection
must be confirmed by pressing it briefly. Thereafter, the following functions are available:

o Export the selected record or all records to the inserted USB flash drive (for
further processing in MeggerBook Cable)

e Delete the selected record or all records

e Add or edit a comment in respect of the selected record

By pressing the function button I ? I located above the rotary encoder, a compact online
help function with basic operating instructions can be called up at any time irrespective of

the position in the menu structure.
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4.3 System Menu

Selecting the menu item EI takes you directly to the system menu, where the following
functions and submenus are available:

Menu

item Description

E Submenu with detailed system information

E Information on the current versions of the various software components

Hardware information (e.g. MAC address and serial number of the
system)

% The current system log file can be viewed (%) and exported (%) by
selecting this submenu.

When exporting the system log file, it is saved on the inserted USB flash
drive (in the directory: VLFSinus45/logfiles/).

LT |System settings

&a  Setting the interface language.
Select the desired language by turning the rotary encoder and activate
by pressing it. The language selection is immediately active.

@ In this submenu, the brightness and layout of the display can be
adjusted and the background lighting can be switched on or off.

Setting the date and time.

The value of each segment that has been marked for selection can be
adjusted by turning the rotary encoder. Pressing causes the mark to
move the next segment.

Once the input has been concluded, the changes can either be accepted
with OK or rejected by selecting Cancel.

Using this function resets all the saved test parameters (e.g. phase selection,
voltage, test duration) to the default values preset in the factory.

X

L

When this function is used, a search in respect of firmware and language files
is conducted in the directory VLF Sinus45/updates/ on the inserted USB flash
drive.

The files found are then listed and, using the rotary encoder, these can be
selected and imported. A distinction is made between the following file types:

o
;

VLFSinus45-Software- Updating all software components (including kernel,
X.xx.tar boot loader and database) to version x.xx

application-x.xx.img Updating solely the application to version x.xx
VLFSinus45-xxx.tar Importing the language xxx

VLFSinus45- Importing all the languages contained in the language
Languages.tar file

@ Access to the password-protected submenus that are reserved for service
technicians and developers.
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5

5.1

Selecting the operating
mode

Setting the test
parameters

Operating Modes

Cable Testing

If the TDM 45-P / TDM 4540-P is operated without the optional Boost module, the
following cable test operating modes have been combined in their own submenu, which

TEST

can be called up directly from the main menu by selecting the menu item ggyp.

Menu item

Operating mode

VLF VLE

o>

Cable test with VLF sine wave voltage of up to 45 kVpeak

VLF
VLF

[ == ]

L= k<4 -=+i

Cable test with trapezoidal AC voltage (rectangular voltage) of up to
45 kV

VWD
O

Cable test with VLF sine wave voltage and simultaneous tanDelta
diagnosis (optional)

DC
L=

Cable test with positive and negative DC voltages of up to 45 kV

With the optional Boost module connected, tests can only be performed with VLF

cosine rectangular voltage of up to 40 kV. This operating mode can be access directly
L

VLF
through the €® menu item when in the main menu. Due to the high testable cable
capacitance, this operating mode is also suitable for standard-compliant testing of very

long cables.

The phases and the test voltage are automatically queried when entering the operating
mode, however — like all other settings — they can be adjusted until the actual start of the

test.

The following test parameters can be set:

Button /
Menu item

Description

4
P

The phase selection (see page 30) must be carried out in accordance
with the actual type of connection.

If to save time several phases are to be tested at the same time, the
phase selection menu also makes it possible to select several phases.

Thereafter, the phase selection menu must be closed using the function
button| =~ .

Entering test voltage.

The manner of the entry may also be specified (see the description in the
bottom part of the table). If the voltage is shown as a multiple of the cable
nominal voltage Uo, then Uo and the factor must be entered
successively.

Suitable voltage values for a meaningful cable test are set out in the
table on the following page.

The test time is shown in minutes. After expiry of the test time, the high
voltage will be automatically switched off.

Suitable test times for a meaningful cable test are set out in the table on
the following page.

The setting OO activates the continuous operation mode.
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Button / Description
Menu item P
?\-’ Only adjustable for tests with sine wave or rectangular voltage

This menu item is used to change the frequency of the VLF test voltage
(0.01 Hz to 0.1 Hz). The HD 620 S1 und HD 621 S1 harmonisation
documents recommend the 0.1 Hz frequency for VLF tests.

As the maximum permitted test frequency depends on the determined
cable capacitance and the test voltage being applied (see page 13), it
may be necessary to adjust the test frequency set, whereof the user is
informed at the start of the test.

In the Auto setting, the system automatically selects the highest possible
test frequency at the start of the test and starts the voltage conditioning
without further inquiry.

‘V_ Only adjustable for DC voltage test

This menu item is used to specify the polarity of the DC test voltage.

In this submenu, the following additional parameters can be set:

UI The manner of entering the voltage. Depending on the voltage
form, the test voltage can be specified as peak value (PEAK), root
mean square value (RMS), absolute value (JU]) or as a multiple of
Uo (x-Uo).

& Activates and deactivates the burning function. If the burn function
BURN is activated and a voltage breakdown occurs, the test continues for
the purpose of fault conversion for a maximum one minute.

These settings are stored separately for each of the test modes and are
retained even if the unit is switched off.

Notes on selecting the The requirements for a meaningful cable test are found in the harmonisation documents
test voltage and test HD 620 S1:1996 and HD 621 S1:1996 and often in company-internal testing guidelines
time as well.

The following table provides a selection of proven test parameters for various applications:

Application Test voltage Test duration in
minutes

VLF test (new cables) 3 Uo 15 to 60

VLF test (on aged cables) 1.7t0 3 Uo 60

DC test (on PILC cables) 4to 8 Uo 1510 30
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Starting the test

Performing the test

Finishing the test

Once all the relevant parameters for the test as well as the phase(s) have been set, the
actual test can be started using the menu item (D After which 10 seconds remain to

enable high voltage with the “HV On” button o

At the start of a test with sine wave or rectangular voltage, load detection is performed. If
the load characteristics (capacitance and insulation resistance) do not permit a test with
the set parameters, this is indicated on the screen by a system message.

For tests with sine wave or rectangular voltage, testing using a lower frequency is offered
where required. The user can then either cancel the test or start it using a different
frequency. In the Auto frequency setting, the adjustment, if necessary, is carried out
without further inquiry.

Tests with DC voltage or cosine rectangular voltage must be stopped in any case and, if
possible, restarted using a lower test voltage.

During the test, the voltage curve (blue) and, if applicable, the leakage current (red) are
logged in the display area in real time. The display area of the diagram can be increased

or be reduced by means of the menu item .

In the .Vg% operating mode, the tand measured values (green dots) are shown in addition
to the voltage curve (blue curve) and it is possible to switch to numerical representation

of the measured values via the % menu item.

Depending on the operating mode, a few relevant parameters and measured values are
displayed next to the diagram:

Symbol |Description

C_a, / @ Remaining test time / current test duration (in continuous operation mode)

Leakage current (VLF-CR, DC and rectangular voltage)

Actual test frequency

The load capacitance determined at the start of the test

The insulation resistance determined at the start of the test

01[:]-"-_?@_

Last measured tand value

If a test time was defined, the high voltage is automatically switched off at the end of this
time. In continuous operation mode, it must be switched off manually using the “HV Off”

button e or the menu item gx

If a voltage breakdown occurs in the test object during the test time, the test is also
interrupted. In which event, the test does not qualify as having been passed.

Irrespective of whether the high voltage is switched off automatically or manually, the test
object is discharged by means of an internal discharge-resistor.

The test data logged up to the switch-off are recorded in the history database (see page
31) and, if necessary, on the inserted USB flash drive as well.
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Evaluation of the A dielectric strength test carried out to standard is generally deemed to have been
test results successfully passed if there were no breakdowns in the test object throughout the duration
of the test. In addition to this clear statement, further conclusions can be drawn on the

state of the test object using the trend over time of the leakage current or the tand
measured values.

E.g. a falling TanDelta can indicate wet cables / accessories, while a TanDelta increasing
over time can be a definite indication of an emerging cable fault.
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5.2

Introduction

Selecting the operating
mode

Setting the test
parameters

Sheath Test and Sheath Fault Pinpointing

To detect sheath faults, the TDM 45-P / TDM 4540-P test system operates in test mode
with a DC voltage of up to 20 kV (negative polarity), which also permits cables with a
thicker outer sheath (such as cables rated 230 kV) to be tested.

If a voltage breakdown occurs during the course of a sheath test or the measured leakage
current indicates that there is a sheath fault, fault pinpointing can be started directly after
the test.

During sheath fault pinpointing, DC pulses with an adjustable pulse rate are coupled into
the screen of the faulty cable.

With each coupled pulse, the current flowing into the earth forms a voltage gradient
around the point of escape (the fault position in the sheath), the centre of which can be
located precisely by means of an earth fault locator and earth spikes (step voltage
method).

To start a test, the submenu of the test operating modes must be opened using the menu

item qap and from this, the menu item % must be called up.

Sheath fault pinpointing can be started directly from the main menu using the menu
item .

The phases (sheath testing only) and the voltage range are automatically queried when
entering the operating mode, however — like all other settings — they can be adjusted until
the actual start of the test or pinpointing.

The following test parameters can be set:

Button /
Menu item

Description

\ Only adjustable for sheath tests

The phase selection (see page 30) must be carried out in accordance with
the actual type of connection.

If to save time several sheaths are to be tested at the same time, the
phase selection menu also makes it possible to select more than one
phase.

Thereafter, the phase selection menu must be closed using the function
button | = .

UI-T The set voltage range limits the maximum voltage that can be set during
the test or pinpointing.

In terms of the relevant standards (such as the VDE 0276), which may
however differ from the local regulations or standards, the following
guidelines are specified:

e PVC cable <3 kV
e PE medium voltage cable s5kV
e PE high voltage cable <10 kV
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Button /
Menu item

i Only adjustable for sheath fault pinpointing

Menu item to select the rate of the DC pulses in seconds.

Example: If a pulse rate of 1:3 produces is selected, every DC pulse with
a duration of 1 second is followed by a 3 second voltage dropout.

Description

T 0KV

1s 3s

@ The duration of the test can be specified within a range of 1 to 90 minutes.
In the relevant standards (e.g. VDE 0276), the test duration of a sheath
test is specified as being between 5 to 10 minutes depending on the cable
type.

The setting OO activates the continuous operation mode that should
particularly be used for the sheath fault pinpointing.

In this submenu, the following additional parameters can be set:

Rﬂ Switching between manual and automatic ramp voltage.

In automatic mode, as soon as high voltage is enabled, the test
system begins voltage conditioning and charges the test object
directly up to the upper limit that has been set.

In the manual mode, the voltage must be ramped up by using the
rotary encoder. This permits a gradual increase and therefore
makes it easier to assess sudden fluctuations in current, for
example.

Starting the test/ Once all the settings have been made, the test or pinpointing can be started with the menu
pinpointing jtem G) After which 10 seconds remain to enable high voltage with the “HV On” button

As soon as high voltage is enabled, the “HV Off” button ) lights up red signalling high
voltage at the HV output.

Depending on the setting (see above), the TDM 45-P / TDM 4540-P test system either
immediately starts with voltage conditioning or waits for the manual adjustment of the
voltage. During sheath testing or sheath fault pinpointing the applied voltage can be

manually adjusted by means of the menu item {J.
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5.2.1

Performing the test

Finishing the test

Evaluating the test
results

Sheath Test

During the test, the voltage curve (blue) and the current curve (red) are logged in the
display area in real time. The display area of the diagram can be increased or be reduced

by means of the menu item .

Depending on the operating mode, a few relevant parameters and measured values are
displayed next to the diagram:

Symbol |Description

C_9| / @ Remaining test time / current test duration (in continuous operation mode)

L Leakage current

If a test time was defined, the high voltage is automatically switched off at the end of this
time. In continuous operation mode, it must be switched off manually using the “HV Off”

button e or the menu item '(")}’,

Irrespective of whether the high voltage is switched off automatically or manually, the high
voltage output is earthed and the test object is discharged by means of an internal
discharge-resistor.

The test data logged up to the switch-off are recorded in the history database (see page
31) and, if necessary, on the inserted USB flash drive as well.

If the leakage current values measured during the test are above the limits specified by
the cable owner, the tested cable should be examined in more detail soon or at least a
shorter testing cycle should be introduced.
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5.2.2

Pinpointing sheath
faults

Completing the
measurement

Sheath Fault Pinpointing

After high voltage has been enabled and, if necessary, the desired voltage has been set,
the fault position can be accurately pinpointed by means of an earth fault locator (e.g.
ESG NT).

For more details about operating the earth fault locator, please read the
accompanying instructions.

Do not leave the system in operation unattended and accessible to the
third parties. Cordon off the location in a secure manner or instruct an
authorised person to monitor the system.

WARNING

If a test time was defined, the high voltage is automatically switched off at the end of this
time. In continuous operation mode, it must be switched off manually using the “HV Off”

button or the menu item g.
Irrespective of whether the high voltage is switched off automatically or manually, the high

voltage output is earthed and the test object is discharged by means of an internal
discharge-resistor.

The test data logged up to the switch-off are recorded in the history database (see page
31) and, if necessary, on the inserted USB flash drive as well.
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5.3 VLF TanDelta Loss Factor Measurement (Optional)

5.3.1 Preparing for Measurement

Introduction Underground medium and high voltage cables are continuously subject to thermal,
electrical and mechanical stresses over the course of their use.

This fact inevitably leads - despite the use of durable materials - to increasing damage or
ageing of the cable, which in turn leads to dielectric losses.

A measure of these dielectric losses is the so-called loss factor tand, which can be
determined within the scope of a TanDelta step test.

On the basis of the measurement results, integral ageing effects, such as the degree of
humidity, can be diagnosed and cables with critical ageing identified.

Selecting the operating To start a TanDelta step test, the submenu of the test operating modes must be opened
mode using the menu item qg3p and from this, the menu item g~ Must be called up.

Upon entering the operating mode, some parameters (phases, test standard, insulation
type and nominal voltage) are automatically queried, which however can still be adjusted
until the actual start of the measurement (see the following table).

Setting the test The following test parameters can be set (some of which are in the submenu ):

parameters
D Description
Menu item P

" During phase selection (see page 30), all the phases must be selected
on which a TanDelta step test is to be performed.
The test is carried out — starting with the lowest phase — successively on
all the selected phases.
The phase selection menu must be closed using the function button | =

UO Nominal voltage Uo of the connected cable type as RMS value.

Once the value is confirmed, a calculation of the respective voltage
values of the individual levels is carried out and displayed on the screen.

maximum output voltage of the test system as well as on the set
voltage levels (see the next page).

If the nominal voltage of the cable is above the maximum value
that can be set, the number of the voltage levels would have to
be reduced accordingly first.

L/T_' The maximum nominal voltage that can be set depends on the
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Button /
Menu item

f\’ Frequency of the VLF test voltage (0.01 Hz to 0.1 Hz).

A setting of 0.1 Hz is definitely recommended, since all the experience
documented in the relevant technical literature or in the corresponding
standards refer to this frequency as the diagnostic frequency.

By measuring at different frequencies, a tand spectrum can furthermore
be shown for the test object. This spectrum can provide further
information on the condition of the test object.

Description

(see page 13) a measurement using 0.1 Hz and an automatic
frequency adjustment is performed at the start of the
measurement, the evaluation criteria that are independent of
frequency should be looked more closely. These include,
amongst others, the deviation of the absolute tand values
between the phases of a cable system and the change of the
tand with increasing voltage (Atand).

L/T_' If the capacitance of the connected test object does not permit

Number of the voltage levels (1 to 6) that the test voltage runs through in
the course of a test. The first voltage level is 0.5Uo. The voltage is
increased by 0.5Uo with every additional voltage level. The sixth voltage
level would accordingly be 3Uo.

One requirement for the automatic evaluation (see page 45) of the test
results is that the measurements were taken in respect of at least 3
voltage levels.

Once the value is confirmed, a calculation of the respective voltage

values of the individual levels is carried out while taking the nominal
voltage into account and displayed on the screen.

=
[
=

heavily aged cables are not be measured at voltage levels

L/T_' To avoid possible breakdowns, it is recommended that already
greater than 2Uo (<1.5Uo is even safer).

Number of tand measured values (5 to 20) per voltage level.

At least 8 measured values per voltage level should be recorded in order
to obtain a calculated tand mean value that is statistically meaningful.
The higher the number of values, the more reliable the calculated mean
value. However, the stress placed on the test object also increases
accordingly. As the goal is a non-destructive diagnosis, the number of
measured values, especially in the case of high test voltages, should be
kept limited (recommended are 8 to 10 values).

==
3 -
I

> Insulation type of the cable under test.

o The chosen insulation type determines the criteria used for the automatic
evaluation of the measurement results. In case of a mixed cable system
(Mixed option), evaluation is performed according to the criteria defined
for PILC cables.

Standard according to which the recorded measurement results are to be
automatically evaluated.

Addd
AR
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5.3.2

Test start

Performing the
measurement

Course of the Measurement

Once all the settings have been made, the measurement can be started with the menu

item QI) An instruction is then given in respect of the first phase to be connected (the
smallest selected phase of the phase selection), which requires confirmation.

After which 10 seconds remain to enable high voltage with the “HV On” button o As
soon as high voltage is enabled, the “HV Off’ button @) lights up red signalling high

voltage at the HV output.

At the start of the measurement, load detection is performed. If the capacitance of the
cable requires a reduction in the test frequency that has been set, this is indicated on the
screen by a system message. The user can then either cancel the test or start it using a

different frequency.

Alternatively, the number of voltage levels could be reduced, resulting in an automatic
drop in the maximum necessary test voltage. However, care should be taken here to
ensure that, if possible, the 3 voltage levels required for meaningful measurement results

are retained.

The test voltage runs through the selected number of voltage levels during the course of
the measurement and remains at a voltage level for the selected number of measured

values.

The system requires a certain number of periods (approximately three) at the start of each
new voltage level in order to optimally adjust itself for the current and voltage values.

During this phase, no tand measured values are displayed.

Selecting the menu item % allows you to switch between two different views. In the curve
representation, the measured individual tand values (green dots) together with the
corresponding RMS voltage values (blue dots) are displayed in a diagram.

+10.0 Mo ||,

% 1.00 uF

S ttrrrrt

froe

A

£0.10 Hz |\

10

20

(D 03:02
S

The display area of the diagram can be increased or be reduced by means of the menu

item
the corresponding voltage level.

. In the tabular view, the last 4 individual tand values are numerically listed with
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Changing phases

If more than one phase was selected before the start of the measurement, the test is

during the course of interrupted after the measurement of a phase is completed and the user is prompted to

the test

Completing the test

connect the next phase.

The high voltage source is then automatically switched off and the HV output is
discharged.

Follow the five safety rules

To establish and ensure a voltage-free state when changing phases, the

five safety rules (see page 8) must be followed.
WARNING

After changing the phase, the message needs to be confirmed and the high voltage must

be enabled again with the “HV On” button . After doing so, the system automatically
continues with the measurement on the next phase.

request to change phases, the software automatically returns to this system
status after restarting. Due to this function, the phases can also be changed
while the system is switched off.

m If the test system is switched off (without leaving the operating mode) during the

After finishing a complete voltage run on all phases to be tested, the system automatically
switches off the high voltage and discharges the test object.

In respect of each phase involved in the test, a separate log file is created and saved in
the history database (see page 31).

In addition, an overall log is generated to facilitate a comparison of the individual phases.
This log, which also contains information in respect of the evaluation of the individual
phases (see page 45), is written to the history database as well as to the inserted USB
flash drive, if necessary.
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5.3.3 Evaluation of the Test Results

5.3.3.1 Automatic Evaluation

An automatic evaluation of the test results is only carried out if the following requirements
have been fulfilled:
o A standard for the evaluation of the test results has been selected.
e The selected standard contains criteria for the evaluation of the insulation type
of the connected cable.
e The test was conducted in respect of at least 3 voltage levels.
e The test was carried out on a test voltage with a frequency of 0.1 Hz.

The standard as well as the insulation type can be adjusted (see page 42) even
after completion of the test.

If an automatic evaluation can be performed, the results are shown in the centre of the
display:

| IEEE 460.2 2013 |

1|action required
2|action required

3|action required
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5.3.3.2 Manual Evaluation

Introduction An automatic evaluation of the measurement results made by the software should be
understood as a valuable tool, however by no means should it be used as a sole decision-
making criterion.

Criteria such as deviating measurement results within a cable system, the influence of
leakage currents as well as outside influencing parameters can only be analysed to a
limited extent by software. The technician performing the test is therefore urged to
scrutinize the evaluation critically and, if necessary, to conduct own analyses to avoid
incorrect conclusions.

Evaluation criteria After completing a test, an overview of the following evaluation criteria derived from the
individual tand values can be called up by selecting the menu item @ :

Criterion Description

tand at xUo | The mean of the measured tand values is calculated separately for
each voltage level.

It is not recommended to perform the evaluation by means of the
absolute values only, as they can be influenced by several factors:

« Number of joints in the cable stretch

« Type of joints

« Temperature of the cable

o Air humidity

» Leakage current along the terminations / isolators

Nevertheless, important information can be derived from the mean
value. For example, a comparison can be made of the values for all
three phases of a cable system under identical conditions. As a rule,
all three phases of a cable stretch are subjected to the same
conditions. They have the same number of accessories and are subject
to the same environmental influences. By taking the measurements
within a short time frame, an almost uniform cable temperature can
also be ensured.

Consequently, the mean values of the three phases should be almost
identical. Substantial deviations upwards indicate that the condition of
the affected phase is poor. In this case, further study (e.g. a PD
measurement) is advised.

o The standard deviation ¢ is specified separately for each voltage level
and is a measure of the distribution of the individual tand values
around the mean value of the respective level.

1.5Uo0 - 0.5Uo | The most important criteria for a meaningful evaluation of the
(Atand) insulation condition is the Atand, which reflects the voltage

dependency of the tan®d.

The Atand is calculated from the difference between the tan® mean

value of voltage levels 0.5Uo and 1.5Uo.

Atand = tand1.5u0 — tando.suo

The Atand can only be calculated for measurements with at least 3
voltage levels.
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Evaluation of XLPE For XLPE cables, an insulation in good condition is indicated by a low Atand, which
cables corresponds to a nearly constant tan® over increasing test voltages. For an aged

insulation, the tand value increases slightly with increasing voltage. For a critically aged
insulation, the tand value clearly increases with increasing voltage.

Using the relevant literature as an aid, the absolute tand values measured on a XLPE
cable (homopolymeric) can also be used to derive conclusions about the condition (with
the restrictions presented on the previous page). The IEEE 400.2 - 2013 differentiates
between different regions of the world. For countries outside of North America, the
following limit values apply:

Mean value o at Uo Atand Condition assessment
at 2Uo (2Uo - Uo)
[10-3] [10-3] [10-3]
<1.2 and <0.1 and <0.6 No action required
1.2 bis 2 or |0.1bis0.5| or 0.6 bis 1 Further study advised
>2 or >0.5 or >1 Action required

For the North American area, however, significantly higher limit values are defined due

to differences in the design of the cables:

Mean value o at Uo Atand Condition assessment
at Uo (1,5Uo0 - 0,5U0)
[10-3] [10-3] [10-3]
<4 and <0.1 and <5 No action required
410 50 or |01tc0.5]| or 510 80 Further study advised
>50 or >0.5 or >80 Action required

Evaluation of PILC The interpretation of the dielectric loss factor in evaluating the condition of PILC cables
cables has not yet been thoroughly investigated. An exact, qualitative evaluation can therefore

only be derived to a limited extent from the measurement results received, as compared
to XLPE cables.

In principle, it can be said that the dielectric loss factor of a PILC cable is always
considerably higher than that of a XLPE cable. Even a vulnerable XLPE cable will show
lower tand absolute values measured as compared to a healthy PILC cable.

The IEEE 400.2 - 2013 differentiates between different regions of the world. For countries
outside of North America, the following limit values apply:

Mean o at Uo Atand Condition assessment
value at (2Uo - Uo)

2Uo [10-3] [10-3]

[10-3]

<50 and <-0.5 and -20 to 20 No action required
50to 100 | or 0.5t01 or -20 to -50 or Further study advised
20 to 50
>100 or >1 or <-50 or >50 Action required
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For the North American area, however, significantly higher limit values are defined due

to differences in the design of the cables:

Mean o at Uo Atand Condition assessment
value at (1,5Uo0 - 0,5U0)
Uo [10-3] [10-3]
[10-3]
<85 and <0.1 and -35t0 10 No action required
85t0200 | or 01t00.4 or -35 to -50 or Further study advised
10 to 100
>200 or >0.4 or <-50 or >100 Action required

Evaluation of EPR
cables

EPR cables by their nature exhibit a higher dielectrical loss factor as compared to XLPE
cables. However, this still lies below the level of PILC cables.

The threshold values given in the following table are to be regarded merely as guiding

values:
Mean value o at Uo Atand Condition assessment
at Uo (1,5Uo0 - 0,5U0)
[10-3] [10-3] [10-3]
<35 and <0.1 and <5 No action required
3510 120 or 0.1t01.3 or 510 100 Further study advised
>120 or >1.3 or >100 Action required

You can find a detailed breakdown of EPR insulations by material composition in the IEEE

standard IEEE 400.2 - 2013.
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5.5

TanDelta Diagnosis in Combination with the External Test
Attachment

The test system can be used together with the external TanDelta test attachment (see
page 14) for a high-precision determination of a cable’s condition.

The test system and the data exchange with the test attachment are controlled using a
notebook on which the required software has been installed. Because this software also
allows the native operating modes to be run, a notebook like this is also suitable for
complete remote control of the test system.

Operation of the software is described in the “Notebook control of test and
diagnosis systems” manual.

Partial Discharge Diagnosis in Combination with a PD Coupler

In combination with a suitable PD coupler (see page 14), the test system can be used for
standard-compliant partial discharge diagnosis. A notebook with the required software is
used to control the system and evaluate the test results.

Detailed information about carrying out the partial discharge diagnosis, can
be found in the operating manual of the used PD coupler.
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6

Exporting the
measured data

Shutting down the test
system

Completing the Work

If there is a USB flash drive plugged in the USB port G on completion of the
measurement / test, a log file (.vIf) as well as a print-ready report (.pdf) are automatically
exported into the VLFSinus45/measurements/ directory. If this was not the case, the data
records can also be exported from the history database (see page 31) at a later stage.

Later in the office, the exported data can be compiled to a report and printed using the
Megger Book Lite software supplied on the enclosed USB stick.

After the measurements on a cable have been completed, the TDM 45-P / TDM 4540-P
test system can be switched off by pressing the ON/OFF button 0

When disconnecting the test system, proceed in reverse sequence to the manner in which
the connection (see page 20) was made. The following safety instructions must be strictly
adhered to.

« Follow the five safety rules (see page 8)

« Even if switched off properly and discharged using the discharge
device, the system components that were under voltage should only

WARNING be touched once they have been discharged using a suitable

discharge rod as well as having been earthed and shorted.

« Only undo the earthing and short circuiting measures when the test
object is to be operated again.
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Repair and
maintenance

Storage

Replacing fuses

Maintenance and Repair

Repair and maintenance work has to be carried out by Megger or authorised service
partners using original spare parts only. Megger recommends having the system tested
and maintained at a Megger service centre every two years.

Megger also offers its customers on-site service. Please contact your service centre if
needed.

The connections and connection leads of the system must be regularly tested to ensure
that they are free of defects and intact, in accordance with the applicable national and
company-specific arrangements.

If the device is not used for a lengthy period, it should be stored in a dust-free and dry
environment. Continuous moisture (humidity) especially when combined with dust can
reduce critical insulating clearances that are essential for safe high-voltage operation.

If the device cannot be switched on, even though it is connected to the mains power
supply, both fuses below the power supply socket m must be checked. The fuse holder
must be pulled out to do so.

If the fuses are defective, they must be replaced with suitable microfuses (5 x 20 mm) of
the type T6,3A.

If the fuses continue to trip, please get in touch with the Megger service department in
order to have the problem resolved.
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Tento symbol indikuje, Ze vyrobek nesouci takovéto oznaceni nelze likvidovat spole¢né s béZznym domovnim odpadem. JelikoZ se jedna o produkt obchodovany mezi
podnikatelskymi subjekty (B2B), nelze jej likvidovat ani ve vefejnych sbérnych dvorech. Pokud se potfebujete tohoto vyrobku zbavit, obratte se na organizaci specializujici se
na likvidaci starych elektrickych spotfebicl v blizkosti svého pusobisté.

Dit symbool duidt aan dat het product met dit symbool niet verwijderd mag worden als gewoon huishoudelijk afval. Dit is een product voor industrieel gebruik, wat betekent dat
het ook niet afgeleverd mag worden aan afvalcentra voor huishoudelijk afval. Als u dit product wilt verwijderen, gelieve dit op de juiste manier te doen en het naar een nabij
gelegen organisatie te brengen gespecialiseerd in de verwijdering van oud elektrisch materiaal.

This symbol indicates that the product which is marked in this way should not be disposed of as normal household waste. As it is a B2B product, it may also not be disposed
of at civic disposal centres. If you wish to dispose of this product, please do so properly by taking it to an organisation specialising in the disposal of old electrical equipment
near you.

Toan 3HaK 03Ha4aBa, Ye NpodyKTbT, 0603HA4YeH Mo TO3M Ha4uMH, He TpsibBa Ja ce M3XBBLPMA KaTto 6uToB OoTNaabk. Thit kaTo e B2B npoaykTt, He GmBa Aa ce Maxbpna u B
rpafckn NyHKTOBe 3a OTNaabLy. AKO XenaeTe a M3BLPNUTE NPOAYKTa, ro 3aHeceTe B NYHKT, CneLuaniavpaH B U3XBBLPIISHETO Ha CTapo enekTpuyiecko obopyasaHe.

Dette symbol viser, at det produkt, der er markeret pa denne made, ikke ma kasseres som almindeligt husholdningsaffald. Eftersom det er et B2B produkt, ma det heller ikke
bortskaffes pa offentlige genbrugsstationer. Skal dette produkt kasseres, skal det gares ordentligt ved at bringe det til en nzerliggende organisation, der er specialiseret i at
bortskaffe gammelt el-udstyr.

Sellise simboliga tahistatud toodet ei tohi kéidelda tavalise olmejaatmena. Kuna tegemist on B2B-klassi kuuluva tootega, siis ei tohi seda viia kohalikku jaatmekaitluspunkti.
Kui soovite selle toote ara visata, siis viige see lahimasse vanade elektriseadmete kaitlemisele spetsialiseerunud ettevottesse.

Talla merkinnalla ilmoitetaan, etté kyseisella merkinnalla varustettua tuotetta ei saa havittaa tavallisen kotitalousjatteen Koska ky a on yritysten valisen kaupan
tuote, sita ei saa myodskaan vieda kuluttajien kayttoon tarkoitettuihin kerdyspisteisiin. Jos haluatte havittaa taman tuotteen, ottakaa yhteys lahimpaan vanhojen sahkolaitteiden
havittamiseen erikoistuneeseen organisaatioon.

Ce symbole indique que le produit sur lequel il figure ne peut pas étre éliminé comme un déchet ménager ordinaire. Comme il s’agit d’'un produit B2B, il ne peut pas non plus
étre déposé dans une déchetterie municipale. Pour éliminer ce produit, amenez-le a l'organisation spécialisée dans I'élimination d’anciens équipements électriques la plus
proche de chez vous.

Cuireann an siombail seo in il nar cheart an tairgeadh atd marcailte sa tsli seo a dhiuscairt sa chéras fuioll teaghlaigh. Os rud é gur tairgeadh ghno le gné (B2B) é, ni féidir &
a dhiuscairt ach oiread in ionaid dhitscartha phobail. Mas mian leat an tairgeadh seo a dhiuscairt, déan é a thoégail ag eagraiocht gar duit a sainfheidhmionn i ndiuscairt sean-
fhearas leictrigh.

Dieses Symbol zeigt an, dass das damit gekennzeichnete Produkt nicht als normaler Haushaltsabfall entsorgt werden soll. Da es sich um ein B2B-Geréat handelt, darf es auch
nicht bei kommunalen Wertstoffh6fen abgegeben werden. Wenn Sie dieses Geréat entsorgen mochten, bringen Sie es bitte sachgeman zu einem Entsorger fir Elektroaltgerate
in lhrer Nahe.

Auté 10 0UPBOAO UTTODEIKVUEI OTI TO TTPOIOV TTOU QEPEI TN CAPAVOTN QUTH dev TTPETTEI VO ATTOPPITITETAI Padi Pe Ta OIKIOKG atroppipata. Kabwg TpdkeiTal yia Tpoiév B2B, dev
TIPETTEl VA QTTOPPITITETAI O€ dNUOTIKG onueia améppiyng. Edv BéAeTe va atmoppiyete To TTPOIdGV auTd, TTapakaAoUPE OTTWG va TO TTAPAdWOETE OE Wi UTINPETia GUANOYNG
NAeKTPIKOU EEOTTAIONOU TNG TIEPIOXAG OOG.

Ez a jelzés azt jelenti, hogy az ilyen jelzéssel ellatott terméket tilos a haztartasi hulladékokkal egyitt kidobni. Mivel ez vallalati felhasznalasu termék, tilos a lakossag szamara
fenntartott hulladékgyijtékbe dobni. Ha a terméket ki szeretné dobni, akkor vigye azt el a lakdhelyéhez kozel miikddd, elhasznalt elektromos berendezések begydijtésével
foglalkozé hulladékkezel6 kézponthoz.

Questo simbolo indica che il prodotto non deve essere smaltito come un normale rifiuto domestico. In quanto prodotto B2B, pud anche non essere smaltito in centri di
smaltimento cittadino. Se si desidera smaltire il prodotto, consegnarlo a un organismo specializzato in smaltimento di apparecchiature elettriche vecchie.

87 zZime norada, ka iztradajumu, uz kura ta atrodas, nedrikst izmest kopa ar parastiem majsaimniecibas atkritumiem. Ta ka tas ir izstradajums, ko cits citam pardod un lieto
tikai uznémumi, tad to nedrikst arT izmest atkritumos tadas izgaztuvés un atkritumu savaktuvés, kas paredzétas vietéjiem iedzivotajiem. Ja bls vajadzigs So izstradajumu
izmest atkritumos, tad rikojieties péc noteikumiem un nogadajiet to tuvakaja vieta, kur Tpasi nodarbojas ar vecu elektrisku ieri¢u savak$anu.

Sis simbolis rodo, kad juo pazenklinto gaminio negalima i§mesti kaip paprasty buitiniy atlieky. Kadangi tai B2B (verslas verslui) produktas, jo negalima atiduoti ir buitiniy atlieky
tvarkymo jmonéms. Jei norite iSmesti §j gaminj, atlikite tai tinkamai, atiduodami jj arti jasy esanciai specializuotai senos elektrinés jrangos utilizavimo organizacijai.

Dan is-simbolu jindika li I-prodott li huwa mmarkat b’dan il-mod m’ghandux jintrema bhal skart normali tad-djar. Minhabba li huwa prodott B2B , ma jistax jintrema wkoll f'¢entri
¢ivici ghar-rimi ta’ l-iskart. Jekk tkun tixtieq tarmi dan il-prodott, jekk joghgbok ghamel dan kif suppost billi tiehdu ghand organizzazzjoni fil-grib li tispecjalizza fir-rimi ta’ taghmir
gadim ta’ l-elettriku.

Dette symbolet indikerer at produktet som er merket pa denne maten ikke skal kastes som vanlig husholdningsavfall. Siden dette er et bedriftsprodukt, kan det heller ikke
kastes ved en vanlig miljgstasjon. Hvis du ensker & kaste dette produktet, er den riktige maten & gi det til en organisasjon i nzerheten som spesialiserer seg pa kassering av
gammelt elektrisk utstyr.

Ten symbol oznacza, ze produktu nim opatrzonego nie nalezy usuwac¢ z typowymi odpadami z gospodarstwa domowego. Jest to produkt typu B2B, nie nalezy go wiec
przekazywaé na komunalne sktadowiska odpadéw. Aby we wiasciwy sposéb usuna¢ ten produkt, nalezy przekaza¢ go do najblizszej placéwki specjalizujgcej sie w usuwaniu
starych urzadzen elektrycznych.

Este simbolo indica que o produto com esta marcagdo nao deve ser deitado fora juntamente com o lixo doméstico normal. Como se trata de um produto B2B, também nédo
pode ser deitado fora em centros civicos de recolha de lixo. Se quiser desfazer-se deste produto, faga-o correctamente entregando-o a uma organizagéo especializada na
eliminagdo de equipamento eléctrico antigo, préxima de si.

Acest simbol indica faptul ca produsul marcat in acest fel nu trebuie aruncat ca si un gunoi menajer obisnuit. Deoarece acesta este un produs B2B, el nu trebuie aruncat nici
la centrele de colectare urbane. Daca vreti sa aruncati acest produs, va rugam s-o faceti intr-un mod adecvat, ducand-ul la cea mai apropiata firma specializata in colectarea
echipamentelor electrice uzate.

Tento symbol znamend, Ze takto oznaceny vyrobok sa nesmie likvidovat ako bezny komunalny odpad.KedZe sa jedna o vyrobok triedy B2B, nesmie sa likvidovat ani na
mestskych skladkach odpadu. Ak chcete tento vyrobok likvidovat, odneste ho do najblizSej organizacie, ktora sa Specializuje na likvidaciu starych elektrickych zariadeni.

Ta simbol pomeni, da izdelka, ki je z njim oznacen, ne smete zavreci kot obic¢ajne gospodinjske odpadke. Ker je to izdelek, namenjen za druge proizvajalce, ga ni dovoljeno
odlagati v centrih za civilno odlaganje odpadkov. Ce Zelite izdelek zavreci, prosimo, da to storite v skladu s predpisi, tako da ga odpeljete v bliznjo organizacijo, ki je
specializirana za odlaganje stare elektricne opreme.

Este simbolo indica que el producto asi sefializado no debe desecharse como los residuos domésticos normales. Dado que es un producto de consumo profesional, tampoco
debe llevarse a centros de recogida selectiva municipales. Si desea desechar este producto, hagalo debidamente acudiendo a una organizacién de su zona que esté
especializada en el tratamiento de residuos de aparatos eléctricos usados.

Den har symbolen indikerar att produkten inte far blandas med normalt hushallsavfall da den &r forbrukad. Eftersom produkten ar en sa kallad B2B-produkt &r den inte avsedd
for privata konsumenter, den far saledes inte avfallshanteras pa allménna milj6- eller atervinningsstationer da den ar forbrukad. Om ni vill avfallshantera den har produkten pa
ratt satt, ska ni ldmna den till myndighet eller féretag, specialiserad pa avfallshantering av forbrukad elektrisk utrustning i ert nédromrade.



Megger.

53



	Consultation with Megger
	Terms of Warranty
	Contents
	1 Safety Instructions
	1.1 General Notes
	1.2 General Safety Instructions and Warnings

	2 Technical Description
	2.1 System Description
	2.2 Technical Data
	2.3 Load Diagram
	2.4 Scope of Delivery and Accessories
	2.5 Display and Controls
	2.6 Connection Elements

	3 Commissioning
	3.1 Electrical Connection
	3.1.1 Normal Connection (Testing with Sine Wave Voltage)
	3.1.2 Connection via Optional Test Module (Testing with Cosine Rectangular Voltage)
	3.1.3 Connection to an External Diagnosis Module
	3.1.4 Use of an External Safety Device (Optional)

	3.2 Switching On

	4 Operation
	4.1 Safety Circuit
	4.2 General Operation
	4.3 System Menu

	5 Operating Modes
	5.1 Cable Testing
	5.2 Sheath Test and Sheath Fault Pinpointing
	5.2.1 Sheath Test
	5.2.2 Sheath Fault Pinpointing

	5.3 VLF TanDelta Loss Factor Measurement (Optional)
	5.3.1 Preparing for Measurement
	5.3.2 Course of the Measurement
	5.3.3 Evaluation of the Test Results
	5.3.3.1 Automatic Evaluation
	5.3.3.2 Manual Evaluation


	5.4 TanDelta Diagnosis in Combination with the External Test Attachment
	5.5 Partial Discharge Diagnosis in Combination with a PD Coupler

	6 Completing the Work
	7 Maintenance and Repair


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 600

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 2.00000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 600

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 2.00000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages false

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /DEU <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



