Megger-.
MFM 10-M

Sheath Fault Location System

USER GUIDE

Issue: 05 (07/2016) - EN
Article number: 128313372






Megger-.

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 Seba Dynatronic

Mess- und Ortungstechnik GmbH

Archcliffe Road
Kent CT17 9EN

T: +44 1304 502100
F: +44 1304 207342
E: uksales@megger.com

Hagenuk KMT
Kabelmesstechnik GmbH
Roéderaue 41

D - 01471 Radeburg / Dresden

T: +49 35208 84 - 0
F: +49 35208 84 249
E: team.dach@megger.com

© Megger

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

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

1.1

Safety precautions

Labelling of safety
instructions

Working with products
from Megger

Operating staff

Repair and
maintenance

Safety Instructions

Basic Notes

This handbook contains basic instructions for the commissioning and operation of the
MFM 10-M. For this reason, it is important to ensure that the manual is always available
to authorised and trained personnel. Operating personnel should read the manual
thoroughly. The manufacturer will not be held liable for any injury or damage to
personnel or property through failure to observe the safety precautions contained in this
handbook.

The specific standards and regulations in each country must also be observed.

Important instructions concerning personnel, operational and technical safety are
marked in the text as follows:

Symbol |Description

Indicates a potential danger of an electric shock that may result in fatal or
serious injury.

>

WARNING

Indicates a potential danger that may lead to slight or moderate injury.

>

CAUTION
- The notes contain important information and useful tips for using the
1 system. Failure to observe them can render the measurement results
4 useless.

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.

This system and its peripheral equipment may only be operated by trained or instructed
personnel. Anyone else must be kept away.

The system may only be installed 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.

Repair and maintenance work may only be performed by Megger or authorised service
partners. Megger recommends having the system tested and maintained at a Megger
service centre once a year.

Megger also offers its customers on-site service. Please contact your service centre as
needed.
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Safety Instructions

Electromagnetic
radiation

1.2

Use only as intended

Procedure in the event
that the device
malfunctions

This device is designed for industrial use according to EN 55011. When used at home it
could cause interference to other equipment, such as the radio or television.

The interference level from the line complies with the limit curve B (living area), the
radiation level complies with the limit curve A (industrial area). Once the living area is
sufficiently far away from the planned area of operation (industrial area), equipment
there will not be impaired.

General Safety Instructions and Warnings

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

The MFM 10-M must only be operated while being properly installed in the test van.

The thresholds listed in the technical data may not be exceeded under any
circumstances. Condensation during the operation of Megger products may result in
danger to persons and devices through voltage arc-over. Prevent condensation before
and during the measuring mode by cooling the measuring systems sufficiently. The
operation of Megger products in direct contact with water, aggressive substances and
inflammatory gases and vapours is prohibited.

The MFM 10-M is built to be robust and can withstand the stresses it can expect to be
subjected to in demanding everyday use. Nevertheless, it is a precision measuring
device which needs to be treated with the appropriate care. This applies in particular to
the connection cable and the clamps, which play an important role in ensuring the
device remains safe while the results of measurements remain precise.

The system may only be operated whilst it is in perfect working condition. In the event of
damage, irregularities or malfunctions that cannot be resolved with the assistance of the
operating instructions, the system must be shut down immediately and labeled
accordingly. In such an event, the relevant management must be informed. Please
contact Megger Service immediately, to eliminate the malfunction. The system may only
be started up again once the malfunction has been eliminated.

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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Fire fighting in electrical installations

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

« 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.

« 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).

« Itis essential to observe the safety instruction on the extinguishing
agent.

« Applicable is DIN VDE 0132.

WARNING

Be careful 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.

o The System generates a dangerous voltage of up to 10 kV. This is
supplied via a HV connection cable to the test object.

e The test system may not be operated without supervision.
¢ Never fail to use safety equipment or put it out of operation.

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

¢ When high voltage is shut off, the cable under test is discharged by an
internal discharge device. This discharge device is designed for a
maximum test object capacity in compliance with the technical data.
This value must not be exceeded. The discharge device may otherwise
become damaged and charge may remain in the test object. The cable
must therefore always be discharged in accordance with the applicable
safety regulations, e.g. discharged using a discharge rod and then be
shorted before the danger zone is accessed.
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2

2.1

Intended use

Function

Technical Description

System Description

For power cables and particularly for cables in the field of telecommunication, an
undamaged cable sheath is an exceptionally important prerequisite to avoid serious
cable faults which would influence the quality of supply. The conservation of the value of
a cable is also determined by the attention paid to the condition of the sheath.
Irrespective of the tests and diagnoses of the core insulation, the early recognition and
elimination of sheath faults has a stabilising effect on the operational quality of a cable
system.

The sheath fault location system MFM 10-M was developed for this purpose. This
device is used for the general measurement of insulating cable sheaths and, due its
numerous applications, is regarded as the universal device for these measuring
requirements. Accordingly, the MFM 10-M permits in the easiest way the testing of cable
sheaths and prelocation and pinpointing of cable sheath faults.

To detect sheath faults, the MFM 10-M works in test mode with a voltage of up to 10 kV
kV (negative polarity), which also permits cables with a thicker outer sheath to be tested.

The prelocation of a detected fault takes place using the voltage drop method, in which
the current, voltage and resistance before and after the fault location are determined
and considered in relation to the cable length. The necessary measuring and calculation
steps take place automatically and, after a few seconds, the distance to the fault is
displayed. Due to the bipolar measurement, falsifying thermoelectric and galvanic
influences can be detected and mathematically eliminated.

The available current of up to 750 mA also enables the “burning” of difficult sheath
faults, if necessary.

For sheath fault pinpointing, the device provides several possibilities. One of these is a
pulsed DC output voltage, which is used in combination with an earth fault locator as the
ESG to locate the sheath fault by the step voltage method. A second method is to
pinpoint the fault with a so-called A-Frame while the MFM 10-M transmits a low
frequency (3 or 4.8 Hz) signal.

If the device is equipped with the “AF” option it simultaneously transmits a 8.44 kHz
audio frequency signal into the cable when working in pinpointing mode.

10
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Features The MFM 10-M combines the following features in a single device:

Easy and comfortable operation via rotary encoder (EasyGo) and touch screen
Bipolar measurement

Prelocation by means of the voltage drop method with a direct measurement of
resistance

Burning mode with manual control of the output voltage, selectable current limit
and up to 750 mA of continuous output current (max. 5 minutes)

Pinpointing with pulsed DC voltage

Fully automatic measurement

Independent from the resistance of supplementary wires and test leads
Detection of incorrect hook-up to cable under test

Fault locating of high resistive faults inside cables

Detection, storage and data recording of fast processes (wipers, breakdowns)
Logging and log data export to Easyprot software via USB

Integrated discharge with active overload protection

Wide range input for the voltage supply

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

MFM 10-M

2 x measuring leads (incl. aligator clips), 0.5 m
USB flash drive with Easyprot software
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
representative.

Optional accessories

The following optional accessories can also be ordered from Megger Sales:

Accessory Description Item number
Connection set for HV Connection set with 8 larger connection 118308004
cable terminations clamps (e.g. for HV cable terminations) and

connection cables 2 m in length (for the
wiring at the far end of the cable)

11
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2.2

Technical Data

The MFM 10-M has the following parameters:

Parameter

Value

Output voltage

0... 10 kV DC, bipolar

Output current

750 mA at 0.4 kV,
200mA at0.5... 1.5kV,

60 mA at 5 kV,
30 mA at 10 kV
Maximum permitted capacity of | 10 puF
the test object
Test voltage 0...-10kV

Prelocation
+ Method
« Measuring accuracy

Voltage drop method (fully automatic)
10,1%

Pinpointing
« Voltage
« Duty cycle
« Pulse rates

« Audio frequency (devices with
“AF” option only)

0...-10 kV DC, pulsed
selectable

0.5:11/1:2/1.5:0.5/1.5:3.5
4,8 Hz (,vLoc" A-frame of VivaxMetrotech)
3 Hz (,SFL2" A-frame of Metrotech)

f=28.44 kHz, Uo = 100 Vgus, P =7 Wpeak (at 500 Q)

Power supply (rated voltage)

88V ...264V, 50/60Hz

Power consumption max. 500 VA

Display 320 x 240 pixel LCD, LED backlight
Interfaces USB port

Memory 2 GB flash memory for system and user data
Data logging with a USB stick

Operating temperature -25°C ... +55°C

Storage temperature —40°C ...+70°C

Operating humidity

max. 93% relative humidity

Dimensions (W x H x D)

483 x 266 x 420 mm

Weight

17 kg

Protection class (according to
IEC 61140 (DIN VDE 0140-1))

| (protective earthing)

Protection rating (according to
IEC 60529 (DIN VDE 0470-1))

IP40

12
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23 Connections, Controls and Display

The MFM 10-M has the following connections, controls and display:

1 7
0

00

Element |Description

Touch-screen display

USB port

On/off push-button

HV “interlock” key switch

“HV ON” push-button

“HV OFF” push-button

0000000

Rotary encoder

13
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3 Commissioning

WARNING

Safety instructions for 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.

« While setting up the test van, the instructions and safety precautions
contained in the respective manual must be observed.

« Before connecting the test object, always follow the general safety
instructions and the five safety rules in particular (see page 8).

« When setting up and connecting the device, make sure that it does not
impair the function of any other systems or components. If other
systems and components have to be modified in order to set up and
operate the device, be sure to reverse these actions when the work is
finished. 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.

« All cables which are out of operation and not tested must be shorted
and earthed.

« The protective earth connection of the test van must always be
connected to a suitable earthing point (e.g. station earth).

« Since the voltage applied to the test object can assume values that
pose a risk of incidental contact, the cable ends must be shielded in
accordance with VDE 0104 to avoid this. When doing so, be sure to
take all cable branchings into account.

14
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3.1 Electrical Connection: Typical Procedure

Connection diagram The following figure shows the simplified connection diagram:

F| .

PE@ = =

i

i

(: :- Observe position / order

Although the illustrated complex connecting method is only required when
prelocating a fault, it works for all operating modes. Under certain conditions

also simplified / special connecting methods can be applied (see page 17).
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Procedure Connect the system in the following order:

Step

Description

1

Establish the protective earth connection and the auxilliary earth connection of
the test van.

For detailed instruction on how to establish the connections, please
refer to the test van’s operating manual.

Unwind the cable from the special MFM 10-M cable reel.

Connect the yellow connection lead to the earthing busbar of the cable system
that is to be tested.

Connect the black connection lead to the shield of the cable that is to be tested.

The prelocation using the voltage drop method requires two healthy auxiliary
conductors.

Connect the white connection lead to the phase conductor of the cable that is to
be tested.

Connect the green connection lead to the phase conductor (auxiliary conductor)
of an additional cable that is part of the system.

Instead of the phase conductor, an intact shield can also serve as the
auxiliary conductor.

At the far end of the cable, connect the auxiliary conductors with the shield of the
cable that is to be tested.

connection clamps to connect the auxiliary conductors to the shield.

Make sure the contact is of good quality (remove or clean any dirt or
corroded surfaces).

L/T_I To achieve optimal results during prelocation, you should use separate

As the output voltage is applied between shield and earth, the earthing of the
shields and the auxiliary conductors must be removed!

If there are any voltage transformers, they must be separated from the test
object. Make also sure that there is no indirect contact to earth, e.g. through
joints.

Connect power supply (power grid or generator system) to the test van.

For detailed instruction on how to establish power supply, please
refer to the test van’s operating manual.

16
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3.2

Simplified connection
methods

Electrical Connection: Special Applications

If the MFM 10-M is only to be used in testing, burning or pinpointing mode, an
auxiliary conductor is not necessarily needed. Accordingly, in these operating modes,
the wiring at the far cable end can be omitted while all connecting leads except of the
yellow one have to be connected to the conductor under test as shown in the picture
below:

When testing cable systems for which the probability of a fault is very low, all conductors
to be tested can be bridged and tested in a single step, without having to reconnect.

In this procedure, the capacity of the measured object is the sum of the capacities of all
the connected conductors and, of course, must not exceed the maximum capacity of 10
MF! If the test result indicates that one of the conductors is affected by leakage fault, the
electrical connection must be corrected and each conductor individually tested.

17
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Prelocation using one This method of prelocating a fault should only be used when absolutely unavoidable,
auxiliary conductor only e.g. when no second, fault-free auxiliary conductor is available.

The precision will be impaired in the same way as the simple Murray loop bridge is

impaired by the effects of the contact resistances, but should remain comparatively
higher.

Furthermore, the auxiliary conductor must be fault-free. It is connected as follows:

L/T_' For this type of prelocation, the double cable length must be entered!

If both conductors are not of the same type (cross section, conductor material,
length), they should be treated like a mixed cable with two sections (with the
faulty conductor being the first section) during prelocation.

18
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Prelocation of non- Using the MFM 10-M, it is possible to locate non-earthed faults in inner conductors. In
earthed inner MV cables with standard cross sections in particular, faults with a fault resistance of
conductor faults several MQ can be prelocated to within a few metres.

In these cases (especially on very high-impedance inner conductor faults) the correct
connection method has a significant effect on the accuracy of the measurement.

For a fault between the inner conductor and the shield, the faulty cable and the fault-free
auxiliary conductor (green / white) must be connected as follows:

(: :; Observe position / order

For a fault between two adjacent inner conductors of a multicore cable, the yellow
connection cable must be connected to the second, faulty inner conductor which must,
in turn, be connected to earth.

(: :. Observe position / order

19
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Prelocation when there
is direct access to both
ends of the cable

Prelocation for cables
with a conductive outer
layer installed in pipes

Under certain circumstances, prelocation can also be performed on a spooled cable
which allows the MFM 10-M to be connected directly to both end of the cables.

To prelocate an inner conductor fault, the cables only have to be connected to the two
faulty conductors as shown in the following illustration (shield/inner conductor or inner
conductor/inner conductor):

-

(: :. Observe position / order

Prelocating a sheath fault, in contrast, requires a conductive sheath with is used as a
return conductor for the fault current. The yellow connection cable must, in this case, be
connected to the earthed outer sheath. The contact for the conductive sheath must be
established very carefully (e.g. using copper mesh tape which is looped tightly around
the sheath several times and pressed securely in place using pipe clamps or cable ties).

The reference point for the measured fault distance is the end of the cable to
which the yellow line is connected.

For this application, the conductive outer sheath of the cable is used as a return path for
the fault current. Accordingly, the outer sheath must be earthed at as many places as
possible to ensure the fault current can flow out of the pipe and into the ground. An
earth point like this can e.g. be established with the aid of copper mesh tape (see
above).

20
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4 Operation
4.1 Switching On the System
In the first step, the test van has to be switched on and prepared for MFM 10-M
operation.
For detailed instructions on how to control the test van, please refer to the
respective operating manual.
The MFM 10-M is started by pressing the on/off push-button e After a few seconds,
the system is ready for use. The main menu appears in the display.
In this state, the high voltage source is still switched off and the high voltage output
earthed via a discharge resistor.
4.2 General Operation

Navigation within the Navigation within the menus is accomplished almost entirely via the circular selection
menus menu:

Currently selected
menu item

—1

||

Back to a higher menu
level

Description of the
L Current selected menu item

\|

21
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The operation of the system with the rotary encoder o is as follows:

8 e Selectamenu item
L Q e Increase or decrease the value of a variable parameter

i’vi e Call up the selected menu item

e Confirm the settings made

Alternatively, almost all the steps can be accomplished directly on the touch screen.

22
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Status bar The status bar at the bottom of the screen provides the following information:

System
information
(tap to view)

[7 |w1.a10] 03022012 081833

Firmware Date / Time
version

Adjusting the test or When setting a variable parameter, the following view appears:
measuring parameters

The value of the parameter can then be varied by turning the rotary encoder within the
permissible range of values and pressing it briefly to confirm.

As the output voltage settings can be bipolar (depending on the operation mode),
the voltage value always has a positive or negative prefix.

To change the polarity, the voltage must first be reset to 0. The polarity can then
be selected, by continuing to rotate the rotary encoder anticlockwise.

23
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4.3

Introduction

The safety circuit’s
conditions

Check of connections

Security Mechanisms

The safety circuit of the system permanently tests all security-related parameters and
switching operations on the system as soon as an operating mode is selected that
activates the HV output. Should the safety circuit detect a deviation from the monitored
conditions while in high voltage mode, high voltage is immediately switched off and the
HV output is discharged. The fault that occurred is shown in the display and must be
eliminated before operation can be resumed.

The following conditions must be fulfilled in order to perform tests under high voltage:

e The test van has been prepared for MFM 10-M operation and HV readiness has
been established.

e The HV ‘interlock” key switch o must be in the ¢ position.

e F-Ohm: The transfer resistance between protective earth and operational earth
must not exceed a certain threshold.

e The HV connection cable must be correctly connected (see below).

If activated in system settings (see page 25), an automatic connection check takes
place upon activation of the test and prelocation operating modes. In order to get the
mode started, the check must result in reasonable resistance values between the
individual connections.

In the case of any deviations, the wiring diagram corresponding to the selected
operating mode is displayed. The following figure shows the screen view after a failed
connection check:

™y
Check of Connections:
— 'E' 3 - black
5 - blue
LY -

In this case, the system should be turned off and the connections should be checked
and corrected.

corrected, this may be due to the characteristics of the cable under test (e.g. very
high capacity, low resistance faults or small cross section). In such a case, the
function should be turned off in the system settings (see page 25).

L/T_I If the check keeps failing even after the connections have been verified and

24
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4.4

System Settings

The setup menu which is divided into following categories can be accessed via the |L|
menu item from the main menu:

Category Setting Description
General Date / Time Correct date and time settings are required for the
logging function.
Sprache Selection of the interface language.
Test Current Limit Enables / disables the possibility to set a current limit
in test operating mode.
Test of Enables / disables the automatic connection check
connections (see previous page) in the test operating mode.
Flash over Enables / disables automatic flash-over detection with
detection abrupt termination of the test.
EasyProt report |Enables / disables the logging function.
If this function is active, a dialog box prompts you to
store the logged data right after the sheath test has
been finished. This requires a USB flash drive to be
plugged into the USB port e
Prelocation |Test of Enables / disables the automatic connection check
connections (see previous page) in the prelocation operating mode.
Service Access to this password protected area is restricted to

authorized service personnel only.

25
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4.5 Operating Modes

TEET

4.5.1 Testing the Insulation -

Introduction Testing the integrity of the insulation with a DC dielectric withstand test is useful for the
early detection of imminent sheath faults and inner conductor faults (especially in PILC
cables).

Such a test should be carried out for the first time within the scope of an acceptance test
and subsequently at regular intervals as well.

Test parameter In preparation of testing, the following test parameters must be set:

Menu item | Description

vl_T Voltage

The test voltage can be set within the range of 0 to —10 kV.

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

« PVC cable <3 kV
« PE medium voltage cable <5 kV
« PE high voltage cable <10 kV

When testing the inner insulation of PILC cables, the recommended test
voltage is specified between 4Uo to 8Uo.

I l_T Current

If enabled in the system settings (see page 25), the current can be limited
to a maximum value. The limitation can be removed by selecting 0 or the
maximum value.

@ Test duration

The duration of the test can be specified within a range of 0 to 60 minutes.
In the relevant standards (e.g. VDE 0276), the duration of a sheath test is
specified between 5 to 10 minutes depending on the cable type.

A test of the inner insulation of a PILC cable should last between 25 and
30 minutes.

At a setting of 0 minutes, the MFM 10-M runs in continuous operation
mode and must be stopped manually.
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Procedure Proceed as follows to perform insulation testing:

Step

Description

1

. . TE=ET
In the main menu, call up the menu item geyp.

2

Set voltage and test duration in accordance with the type of cable to be tested
(see previous page).

Start the test via the menu item Q)

Press the “HV ON" push-button o

Result: The test voltage is ramped up and the conductor under test charged.

Sudden changes or just one single fast increase of the current during the
voltage rise are a clear indication of an insulation fault and are logged by the
system. During the further course, brief current increases are also continuously
monitored.

After a voltage flash-over (if activated in system settings (see page 25)) or the
expiry of the test duration, the high voltage switches off automatically.

If the test is run in continuous operation mode, the high voltage must be
manually deactivated with the “HV OFF” push-button o

If this has been activated in the system settings (see page 25), a query will be
issued at the end of the test whether the log should be saved. To do so, a USB
flash drive must be inserted into the USB port o after which the Yes button
must be pressed.

Evaluation of the test Generally, the results of a insulation test can be divided into the following categories:

results

Test result Description / action

The insulation passed the voltage test | The insultaion is intact and within the scope of

without any irregularity. normal, regular cycles should continue being
tested.

During the test increased leakage If the determined leakage current values are

current values were detected 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.

There were one or more breakdowns | If possible, the fault should immeadiately be
in the insulation during the test. prelocated (see page 28) and subsequently

pinpointed.
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4.5.2

Introduction

Measuring
parameters

Prelocating a Fault - a3

In order to substantially reduce the time required for pinpointing, the pinpointing of the
location of the fault is preceded by a prelocation. This reduces the risk of the fault
location unintentionally “drying up” during the course of a lengthy pinpointing.

Due to thermo-electric or galvanic effects there can be offset voltages on top of the
actual measured voltage during the measurement. To elimate these effects, the
prelocation is performed with bipolar voltages, i.e., the system automatically performes
two measurements (one with positive and one with negative polarity).

The length of the cable must to be known for the fault prelocation!

In preparation of prelocation, the following parameters must be set:

Menu item | Description

vl_T Voltage

The device always carries out prelocation bipolar and fully automatically.
The amount of the voltage can be set within the range of 0 kV to 10 kV.
The voltage should be set to the value at which the fault occurred during
the previous test.

In the event that the prelocation is to be performed immediately after a

test, the device software suggests an appropriate voltage value for the
prelocation, which can be manually changed at any time.

Cable length
The length of the connected cable in metres.

4>/ 9)))r | Cable sections / No cable sections

Menu item to specify whether the cable under test has mixed sections (i.e.
sections with different cross sections and / or conductor material) or the
same cross section and conductor material along the entire cable length.

When set to Cable sections, the MFM 10-M will request the parameters
for the cable sections at the end of the prelocation measurement. In that
routine, only the section data that are needed for the calculation of the fault
distance need to be entered, If, for example, a cable consists of 6 sections
and the fault is located in section 3, only the data for section 1, 2 and 3
need to be entered before the MFM 10-M provides the correct fault
distance.
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Procedure Proceed as follows to perform fault prelocation:

Step

Description

1

. . —m
In the main menu, call up the menu item ggzp.

2

Set the voltage, the cable length and the type of cable (see previous page).

3

Start the fault location via the menu item (D

Press the “HV ON” push-button o

Result:

The device runs through the automatic fault location algorithm. Readings are
taken from the near and far ends of the cable, respectively, with both voltage
polarities and the fault distance determined, using the voltage drop method.

1

If the “HV OFF” push-button G is pressed during the automatic
prelocation, operation may not be stopped and high voltage may not be
turned off until the current sub-step is finished. Accordingly, in
emergencies the emergency off button must always be used, as the
high voltage is then immediately switched off and the cable discharged.

On completion of the measurement, the high voltage is switched off and the
cable discharged.

If the cable under test
has mixed sections...

If the cable under test
has no mixed sections...

Enter length (in m), cross section (in mm?) and
conductor material (Al or Cu) of the first
(nearest) section.

If the measured resistance values do indicate
that the fault position is beyond this section, the
following sections have to be specified the same
way one after another.

The <<< and >>> buttons can be used to
browse, check and correct the entered data.

As soon as the entered section has been
identified as the faulty section, the fault distance
can be read in the display.

The fault distance that has
been determined can be read
in the display.
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Multiple sheath faults

4.5.3

Introduction

“AF” option

Measuring parameters

Multiple sheath faults at the same cable can lead to measurement errors and false
distance data as the displayed distance is an average of the individual fault distances.

However, there are signs which indicate multiple faults and consequently should be
taken into consideration during pre-location. Highly scattered distance values at
changing test voltages can potentially indicate the presence of multiple faults, as the
faults probably have different ignition voltages.

At the same time, these different ignition voltages offer an approach which allows
prelocation to be carried out even on sheaths with multiple faults. The most ignitable
fault can be measured first by carefully increasing the test voltage. After it has been
located and repaired, a further prelocation can be carried out.

Pinpointing a Sheath Fault - (7

During sheath fault pinpointing, the MFM 10-M transmits direct current pulses at an
adjustable rate into the shield affected by the earth fault.

With each coupled pulse, the current flowing into the ground forms voltage gradients in
the area around the fault, the centre of which can be located precisely with the
assistance of a sheath fault locator and its earth rods (step voltage method).

For devices equipped with the "AF" option, a 8.44 kHz audio frequency signal is
transmitted in parallel to the pulsed DC voltage. This signal, which can be evaluated
using a suitable receiver, allows an exact line tracing to be carried out.

In preparation of sheath fault pinpointing, the following parameters must be set:

Menu item | Description

Vl_T Voltage

The voltage can be set within the range of 0 to —10 kV. The voltage should
be set to a value providing sufficient current to pinpoint the fault. If multiple
faults are likely, the voltage used during prolocation should be set to make
sure only to ignite the prelocated fault.

I l_T Current

To prevent further damage to the cable sheath during the time-consuming
pinpointing procedure or to limit the step voltage arising around the fault
position, the current can be limited.

Duty cycle

Relationship between the duration of the direct current pulse and the
interval between two pulses. You can choose from the following options:

X.XS—Yy.ys |x.xs| y.ys I |

o

A-vLoc Special pulse rate (3 Hz) for the “vLoc* A-frame of
VivaxMetrotech.
A-SFL2 / Dx Special pulse rate (4.8 Hz) for the “SFL2" A-frame

of Metrotech.
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Procedure Proceed as follows to perform sheath fault pinpointing:

Step

Description

1

In the main menu, call up the menu item [@1

2

Set the voltage, the current and the duty cycle.

3

Start the pinpointing via the menu item (!)

Press the “HV ON” push-button .

Result: The MFM 10-M with the set pulsing couples the DC pulse in the shield
affected by the earth fault. Devices equipped with the "AF" option transmit a
8.44 kHz audio frequency signal in parallel.

Locate the fault location or trace the line (devices with “AF” option only) with the
assistance of a suitable receiver (e.g. ESG, A-frame or FL 10).

For detailed instructions on how to use the receiver, please read the
respective manual.

« Do not leave the system in operation unattended and
accessible to the third parties. Lock the location securely or
instruct an authorised person to monitor the system.

WARNING | ° Due to the current emerging into the ground at the fault
location, a step potential is produced. Depending on the
current rating and the respective ground and weather
conditions, this voltage can exhibit different values near the
fault location. When pinpointing with the aid of a earth
leakage detector, close attention must be paid to the
respective voltages measured in order to detect dangerous
voltages in time. In such an event, the current rating on the
MFM 10-M must be reduced accordingly.

After completing the pinpointing of the sheath fault, press the “HV OFF” push-
button o to switch off the pulsed DC.
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4.5.4 Burning - S

Introduction The available current of up to 750 mA also enables a fault conversion by the so-called
“burning” of difficult sheath faults (e.g. high-impedance or intermittent faults).

In which the thermal reaction to the electric arc converts the hydrocarbons of the cable
insulation at the fault location into conductive carbon. The fault resistance is lowered
and accordingly prelocation and pinpointing is easier.

Due to the high thermal stress which goes along with the burning process, the burn
duration is limited to 5 minutes.

Measuring parameters In preparation of the burning process, the following parameters must be set:

Menu item | Description

v/

Voltage

The voltage can be set bipolar (see page 23) within the range of —10 kV to
+10 kV. The voltage value of the previous test should be used.

I/

Current
To prevent damage to the cable sheath, the current can be limited.

Procedure Proceed as follows to operate the device in burning mode:

Step |Description
1 In the main menu, call up the menu item 3
2 | Set the voltage and the current.
3 Start the test via the menu item (!)
4 |Press the “HV ON" push-button @).

Result:

The test voltage is ramped up and the cable shield charged.

The respective voltage applied and the current passing through are shown in
the display.

Via the VL‘T menu item, the output voltage can be changed during burning
which makes it possible to observe the response of the fault in real-time.

results in a range shift, which due to system constraints is associated
with a brief shutdown of the output voltage. Therefore, to avoid
interruption of the burning process, these thresholds should not be
crossed when changing the output voltage during burning.

L/T_I Exceeding or falling short the thresholds —400 V, 0 VV and +400 V
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Step |Description

5 Terminate the burning process by pressing the “HV OFF” push-button o

The burning process will stop automatically after 5 minutes, if by this time it
hasn’t been stopped manually.

Between two time-consuming burning operations the unit needs
to cool down for a few minutes!

CAUTION

6 Afterwards, try to prelocate (see page 28) the sheath fault again.
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4.6

Concluding the Test

Once the measurement has been completed, the system can be switched off with the
on/off push-button o

The test object is to be earthed and short-circuited as well as checked that it has been
completely discharged (e.g. using a properly sized discharge rod).

Afterwards, the MFM 10-M can be disconnected from the test object.

WARNING

« Follow the five safety rules (see page 8).

« Even if proper disconnection and automatic discharging via the internal
discharging device has taken place, system components that have
been under voltage should only be touched once they have been
discharged using an adequate discharging rod and visibly earthed and
shorted.

« Only undo the earthing and short circuiting measures when the test
object is to be operated again.
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Processing Log Data

When log data are exported after a test is complete, the files are written to the \Prot
directory on the USB flash drive.

The name of the file is comprised of the current date and a serial number. For larger test
series, making notes about the sequence of the tests is recommended to make classify
them easier later on.

The lean logging software Easyport which is stored on the supplied USB stick is suitable
for viewing, printing and archiving the logs.

Double-clicking on the file EasyProt.exe allows you to install the software in the
C:\EasyProt directory on your workplace computer. It can then be launched using the
desktop link.

For more detailed information on using the software, please read the
integrated Online help.
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6 Updating the Firmware

Proceed as follows to update the firmware:

Step |Description

1 Register as a user on the Megger homepage and download the latest firmware
version from the user area.

2 Save the MFM10_<Version>.exe file to the root directory of an empty USB flash
drive.

3 Execute the file and confirm the following message with OK.

Result: The directory structure of the USB flash drive should then look as
follows:

— USB drive
=~ DISPLAY
= FIRMWARE
= LOCAL

4 Plug the USB flash drive into the USB port of the MFM 10-M which has to be
switched off.

Turn the power of the MFM 10-M off and on again.

6 The boot process is interrupted by a message which has to be confirmed with
YES (by touching the button on the screen).

Result: The new firmware is installed.

automatic restarts. Do not unplug the flash drive or power off the system during
the whole installation process! After the installation is done, the MFM 10-M
performs one last automatic restart, whereupon the main menu is displayed.

L/T_I Installation of the new firmware may take a few minutes and requires several
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7 Maintenance and Care

It is not necessary to open the housing of the device to commission and operate the
system. Opening the housing causes the immediate termination of all warranty claims!

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.
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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 spotfebicti 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.

To3u 3HaK o3HayvaBa, 4Ye NpoAyKTLT, 0603HAYEH MO TO3W HaYMH, He TpsiGBa Aa ce M3XBBLPNS kaTo 6uToB oTnaabk. Tbi kaTo e B2B npoaykT, He 6vBa Aa ce U3xbpns u B
rpaacky NyHKTOBE 3a oTnadbLUy. AKO XenaeTe Aa U3BbLPNNUTE NPoayKTa, ro 3aHeceTe B NYHKT, CneumanusnpaH B U3XBbPIISIHETO Ha CTapo enekTpu4ecko obopyasaHe.

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

Sellise siimboliga téhistatud toodet ei tohi kaidelda 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 ettevéttesse.

Talla merkinnalla ilmoitetaan, etta kyseisella merkinnalla varustettua tuotetta ei saa havittaa tavallisen kotitalousjatteen Koska ky a on yritysten valisen kaupan
tuote, sitd ei saa mydskaan vieda kuluttajien kayttéon tarkoitettuihin kerdyspisteisiin. Jos haluatte havittdd tdman tuotteen, ottakaa yhteys lahimpaan vanhojen
sahkolaitteiden havittdmiseen 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 I'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 ata marcdilte sa tsli seo a dhiuscairt sa choras fuioll teaghlaigh. Os rud é gur tairgeadh ghné le gné (B2B) é, ni féidir
é a dhiuscairt ach oiread in ionaid dhitscartha phobail. Mas mian leat an tairgeadh seo a dhiuscairt, déan é a thégail ag eagraiocht gar duit a sainfheidhmionn i nditscairt
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 Wertstoffhdfen abgegeben werden. Wenn Sie dieses Gerat entsorgen mdchten, bringen Sie es bitte sachgemaR zu einem Entsorger fiir
Elektroaltgeréate in Ihrer Nahe.

Auté T0 0UPBOAO UTTOBEIKVUEI OTI TO TTPOIOV TTOU PEPEI TN TAPAVON QUTH deV TTPETTEI VA ATTOPPITITETAI Hadi JE Ta OIKIakd atroppipata. KaBwg Trpdkertal yia poiov B2B, dev
TIPETTEI VO ATTOPPITITETAI € dNUOTIKG onueia amoéppiypng. EGv BEAeTE va atmoppieTe To TTPOIGV AUTO, TTAPAKAAOUME OTTWG VA TO TTAPAdWOETE O€ pia UTTNPETia oUANOYAG
NAEKTPIKOU EOTTAIOHOU TNG TTEPIOXAG 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 hulladékgydijtékbe dobni.Ha a terméket ki szeretné dobni, akkor vigye azt el a lakéhelyéhez kozel mikods, elhasznalt elektromos berendezések
begytijtésével foglalkozé hulladékkezel6 k6zponthoz.

Questo simbolo indica che il prodotto non deve essere smaltito come un normale rifiuto domestico. In quanto prodotto B2B, puo 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.

S7 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 bis vajadzigs $o izstradajumu
izmest atkritumos, tad rikojieties péc noteikumiem un nogadajiet to tuvakaja vieta, kur Tpasi nodarbojas ar vecu elektrisku ieriéu savaksanu.

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 jisy 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 |i huwa prodott B2B , ma jistax jintrema wkoll
f'eentri ¢ivici ghar-rimi ta’ I-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’ |-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 @nsker a kaste dette produktet, er den riktige maten a gi det til en organisasjon i naerheten som spesialiserer seg pa kassering av
gammelt elektrisk utstyr.

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

Este simbolo indica que o produto com esta marcagéo nao deve ser deitado fora juntamente com o lixo doméstico normal. Como se trata de um produto B2B, também néo
pode ser deitado fora em centros civicos de recolha de lixo. Se quiser desfazer-se deste produto, faga-o correctamente entregando-o a uma organizagao especializada na
eliminagao de equipamento eléctrico antigo, proxima 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 obiCajne gospodinjske odpadke. Ker je to izdelek, namenjen za druge proizvajalce, ga ni dovoljeno
odlagati v centrih za civilno odlaganje odpadkov. Ce Zelite izdelek zavredi, 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 organizacion 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 ar forbrukad. Eftersom produkten ar en sa kallad B2B-produkt &r den inte
avsedd for privata konsumenter, den far saledes inte avfallshanteras pa allmé@nna miljé- eller atervinningsstationer da den ar férbrukad. Om ni vill avfallshantera den har
produkten pa réatt satt, ska ni Iamna den till myndighet eller foretag, specialiserad pa avfallshantering av forbrukad elektrisk utrustning i ert naromrade.
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