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PROLOGUE

The user manual contains all the inforroatirequired to statip and maintain the
EDAIIl measurement system. The objective of the manual is to provide all the information
required for an adequate operation.

IMPORTANT: Read the manual completely before starting up
EDAIII untt.

The information contained in this manual is asuaate as it can be. UNITRONICS
shall accept no responsibility for direct or indirect damage caused by incorrect interpretation
thereof or by inaccuracies or omissions.
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SYSTEM OF SYMBOLS

WARNING: This symbol indicates a highly hazardous procedure
might cause serious damage to the equipment or to persons, an
death, if not performed properly.

ATTENTION: This symbol indicates a hazardous procedure
might cause serious damage to the equipment or to persons
appropriate precautions are not taken.

m’ UNITRONICS, S.A.U. is an 1ISO9001 certified company.
c € The equipment meets the requirements of the EU Directives
EDAIII Electronic Dielectric Analyzer
User manual
June 208 (Six Edition) EDA3 User Manual V3_0CE.doc

Copyright & 2008, UNITRONICS, S.A.U.
All rights reserved. No part of this manual may be reproduced withaborization.

The contents of this manual may be changed without previous notification.
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GUARANTEE

All equipment produced by UNITRONICS is covered by a standard guarantee of 12
months as from the date of delivery to the client.

The guarantee is formaterial and workmanship defects. The obligation
UNITRONICS shall be to repair or replace defective products throughout the guarantee
period. The guarantee covers the equipment but it is not applicable to accessories, cables,
etc.

In order to benefit sm this guarantee, the purchaser should notify UNITRONICS or
the nearest representative of any defects prior to expiry of the guarantee period.

This guarantee does not cover defects, faults or damage caused by incorrect use or
inadequate maintenance the purchaser, or unauthorized modifications or use outside the
specifications. Neither does the guarantee cover faults caused by natural disasters, including
fire, flooding, earthquakes, etc.

Any opening of the equipment, modification, repair or intentrepair performed
without authorization shall invalidate this guarantee, which shall automatically be cancelled
in such cases.

This guarantee shall be effective only for the original purchaser of the product, and is
nontransferable in the event adgale.

Guarantee extensions and maintenance contracts are available for both the hardware
and software. Please request information from the sales department of the nearest
representative (see section 8).
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1- INTRODUCTION

Gaining insight into thetatus of the windings of rotating electrical machinery is a

complex problem, due to the particular characteristics of such elements. These particular
characteristics may be grouped into two blocks:

il

The performance of the insulating materials is affetg@d number of parameters.
Some of these depend on the composition and structure of such materials, such as
their chemical composition, physical characteristics, homogeneity, etc., relating to
the manufacturing process. Others, linked to the actual condifi the insulation,
depend on its history, relating to phenomena such as surface contamination, absorbed
humidity, cracking, thermal cycleduced fatigue, etc.

Windings are extensive systems and have areas of different characteristics (slot area,
heads connections, etc.) with different demands made of them. The presence of a
localised defect in an otherwise perfect winding might be interpreted as a degradation
of the characteristics of the entire assembly, in view of the foreseen evolution of this
type of insulation. But such defects may give rise to failures. However, if the defect
would have been perfectly identified, there would still be the difficulty of issuing a
forecast of the probability of failure, since this would depend on the area in \which t
defect were located. It is not the same, for example, for the defect to be located in an
area close to the phase terminal as it is to have it close to the neutral.

A reflection on the particular characteristics indicated above is the fact thaighere

currently no single type of test available which is capable of exactly defining the status of a
winding. As a result, it is not possible to estimate the probability of a failure or exactly
forecast its remaining lifetime.

With a view to gaining great insight in this respect, various techniques have been

developed using different types of tests and analysing very different characteristics or
parameters. Almost all of them have a peculiarity: the absolute values of the parameters
measured are not uslyasufficiently indicative for evaluation of the results, providing their
evolution better information on winding status. Consequently, it is of great interest to
memorise the results and incorporate them into databases allowing for correlation.
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This leads to the definition of @redictive maintenance policy, consisting of
scheduling, with a suitable frequency, the performance of a series of routine and easily
performed tests which, through the analysis of certain parameters, provide sufficient
informaion on the evolution of the whole. When this analysis detects rapidly evolving
situations, or when values which might on average be considered hazardous are reached,
other more complex testing techniques are applied, these possibly implying the
unavailabiity of the machine over long time periods, or even the possible existence of
certain risks to winding inteqgrity.

Figure 1-1: Photograph of a winding.

The objective of this type of maintenance is to gain an accurate insight into the actual
status ofan item of equipment or a component and, depending on this status, to determine
the best course of action: continue with normal operation, impose certain limitations, carry
out an overhaul or repair or, finally, undertake replacement. In other wordspnthe ot
only to limit unnecessary actions but also to complete the level of information available on
the actual status of the equipment, such that a suitable decision may be taken.
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Predictive maintenance is applied with greatest success, and mosntigqto
major items of equipment subject to complex phenomena of ageing or degradation and
involving a large number of variables. In most of these cases there are no formulas allowing
the status of the equipment to be estimated, as a result of whichatessary to perform
tests to obtain the values of different significant parameters and, on the basis of these values,
make an interpretation.

Consequently, their staup is linked to the definition and performance of tests and to
the interpretation fatheir results. For the first of these tasks, it is essential for there te be in
depth knowledge of the equipment and the techniques involved, and for the second that
specialist technical personnel be available.
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1.1- Causes of winding ageing

In shudown situations, the winding may absorb humidity. During the nextigpart
this humidity may be converted into bubbles of steam, due to the heat generated, this
producing tearing of the layers of insulating material on certain occasions.

With the macime in service, the stresses experienced by the winding are of four
types:

1 Electrical. The stresses arising as a result of electrical gradients, when the internal
characteristics of the dielectric are unfavourable, will cause partial discharges.
The demads made by external overvoltage conditions may, in the most
unfavourable cases, cause direct perforation.

1 Thermal. Overheating due to excessive loads, insufficient cooling or the presence
of hot spots in the magnetic package are factors that have aveegtiéict on
insulations.

1 Vibrations. Demands potentially or actually causing displacement between
insulation layers.

1 Miscellaneous. Contamination due to oil leaks, overvoltage conditions arising
during transitory machine regimes, electrodynamic straesesting from direct
asynchronous staups in reversible groups, etc.

These negative agents that affect windings may have a double consideration: certain
of them are reversible in nature, for example external contamination, while others cause
permarent degradation of the dielectric. It should be pointed out that a reversible situation
might become irreversible if prompt action is not taken.
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2.- DESCRIPTION OF THE MEASUREMENT METHOD

2.1- Philosophy of the method

The EDAIII is an automatic syam designed for the performance of detailed analyses
of dielectric status in rotating machines. It is designed for use as a predictive maintenance
system, for which it meets the following requirements:

1 Automatic measuring systerior the prevention oérrors due to acquisition,
handling and correction times resulting from the environmental and machine
conditions at the time of measuring.

1 Repeatability of measuremenihis guarantees that the readings performed over
a period of time have been obtainedhe same way and with the same degree of
accuracy and tolerances. This allows the study of the evolution of such
measurements.

1 Automatic, organised storage of resulfis greatly simplifies the handling of
the large amount of information obtained.

1 Updateable systemDeveloped such that new software developments may be
implemented as they arise using the same items of hardware.

1 Acquisition of key parameterghis automatically calculates a list of parameters
and graphics for diagnosis of machine isat

1 Nondestructive testinglf handled properly, there is no risk of damage to the
insulation during testing.

-10-
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2.2- Winding response to a voltage step

When, in an alternator winding, one or several phases are kept isolated and the others
are shorircuited and grounded, the equivalent circuit is a capacitor with aVailgie
resistor in pararell. The capacitor is defined this way: one of the plates is the set -of short
circuited and groundsolated, the other one is formed by the magnetic packagethan
dielectric is the winding insulation.

If under these conditionsdirect current voltage step is applied between the isolated
phases and ground, a current step is established, which evolves as follows:

1 Initially, a high current is established thdecreases exponentially, disappearing
within approximately a thousandth of a second. This current is the charging
current of the aforementioned capacitor, and its value and evolution over a period
of time is of no outstanding significance.

1 Subsequentlythe circulating current may decompose to give a constant driving
current }y and an absorption curreptwhich decreases over a period of time.

Driving and absortion
currert

Driving current

T

current {nA)

Reabsartion
current

-
=
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Figure 21: Graphic showing the currents produced during a test.
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Absorption current. This arises fronthe migration of ionic impurities from the
material towards the electrodes. During this displacement, the ions encounter discontinuities
and accumulate thereon. The accumulated charge is proportional to the current established
and to the local variation irthe characteristics of the insulation. Consequently, the
absorption current is a measure of the total quantity of electbedying impurities inside
the dielectric, and gives an idea of the degree of microscopic heterogeneity of the insulating
material

This heterogeneity is a negative quality intrinsic to the binding material forming the
dielectric, and is aggravated by the electrical and thermal demands made to machine in
service. This fact is reflected in an increase in the absorption curreatjuar voltage steps,
during the different periods of machine lifetime.

Driving current. This arises as a result of ions open to recombination on the
electrodes. Its value is closely linked to the value of the step voltage applied. The driving
current caosists of the sum of two currents: one internal in origin, resulting from local or
generalised degradation of the insulation, and the other of external origin, due to stray
currents.

It is necessary to make a differentiation between the concepts optiusarurrent
and driving current. The absorption current reflects the current internal status of the
dielectric, a status that cannot be improved. The driving current is usually most the result of
external factors, such as dirt, humidity, etc. and isetbes, open to modification.

Reabsorption current. If DC voltage is held for a sufficient period of time, the
absorption current practically disappears. The ionic impurities in the material remain fixed to
the discontinuities of the insulation as autesf the effect of the electrical field. Under these
conditions, if the direct current power is eliminated and the plates of the capacitor (made up
of the isolated phase/s, the insulation and ground) arecharited, a current will appear in
the oppaite direction. This is known as the reabsorption current and its evolution and value
are identical to the absorption current. This current originates from the recombination of the
impurities displaced as a result of the action of the electrical fielshgricom the voltage
initially applied. This reabsorption current is easier to measure, since it is not masked by the
driving current, which under these conditions is zero.

-12-
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2.3- Test characteristics

The objective of the test is as follows:

1 It shodd be simple to perform and, to the extent possible, should allow for
performance by duly trained facility personnel, without the need for specialists to
be present.

1 It should not imply any risk for the equipment to be tested.
1 It should not imply excess downtime (none at all if possible).

1 The data and results obtained should provide at least some information which
may be immediately interpreted by the operator carrying out the test.

1 It should be possible to store the set of data obtained on conmpetka, such
that it may be easily sent and more detailed studied by specialists, who will obtain
the maximum information from the data acquired and take the appropriate
decisions through comparative studies against other cases.

In practice, the testsoasist of two equal tests, each one lasting 32 minutes and
performed one after the other. Both are made up of two work cyitiescharging or
absorption cycle and the discharging or reabsorption cycle

During thecharging cyclewhich lasts30 minutesan operator selected a step voltage
which is applied between the shertcuited phases and ground, and the current through the
insulation is measured.

On completion of the charging cycle, application of the voltage is interrupted and the
discharging cyle begins. In this cycle, the item being tested is sbiocuited and the
discharge current is measured 2ominutes

When these cycles have been completed, the current continues to be measured until
the machine is fully discharged, at which time aosecidentical test may be performed.
This second test differs from the first only as regards the voltage applied, which should be
equal to or greater than that used in the first test.

-13-
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3.- EDAIIl EQUIPMENT

3.1- Description of product

The EDAIII (Electronic Dielectric Analyzer) development is an integrated electronic
unit designed specifically for the performance of complete insulation tests on the stator and
rotor windings of low voltage (LV), medium voltage (MV) and high voltage (HV)
equipment. Itis based on the measurement of simple parameters by means of a
microprocessor and a computer application for calculations.

On completion of data acquisition, the information available is sufficient for the
diagnosis of the current status of the machiemd tested, as well as for evaluation of the
trend curves. The advantages characterising the EDAIIl method may be summarised as
follows:

1 minimum risk for the machine.
1 reduced unavailability times.

1 simple performance.

1 high degree of test automation.

Figure 3-1: Photograph of EDAIIl equipment.

-14-
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3.2- Elements of the system

The equipment can be supplied with the following elements and accessories:

NOTE: XX nomencl|l ature indicates di fferent ver si
Please refer t@ales department.

N° REF. DESCRIPCION

EDA3XX EDAIIl measuring/switching equipment with its serial number.

Figure 3-2: Photograph of the unit.

Rigid transport case with reinforced external protection and int

HbAIZIS cushioned with higidensity foanrubber.

Figure 3-3: Photograph of the transport case.

-15-
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Shielded serial cable with DB9 terminal connectors
CRS23200 communications between the PC and the unit.

Figure 3-4: Photograph of the serial cable (RS232).

8-meter shielded cablefor high voltage measurement, with wid
opening clips at one end and high voltage connectors at the othe
polarity is indicated by the colour of the clips: red for positive .
black for negative.

M8ATOL

Figure 3-5: Phaograph of the higtvoltage cables.

-16-
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M12ATOL

BAOO

RAFVDMOO

12-meter shielded high voltage measuring cables, with “@fmEing
clips at one end and high voltage connectors at the other. The pc
is indicated by the colour of the clips: red for positive and black
negative.

Red beacon type lamp with same serial number as the unit.

Figure 3-6: Photograph of the warning beacon.

Mains strip with four power sockets protected against trans
voltages, differential currents and overcurrent conditions.
incorporates a voltmeter for the direct verification of the power vol
and terminals for ground connections.

Figure 3-7: Photograph of the mains strip.

-17-
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SOFEDA3WXXX 1 CD with the equipment contrsbftware.

EDA3SMUENXX  The present user manual.

Cable for interconnection of the grounds of the power source an

ALY element being tested.

BELOO Transportation bag for the measuring equipment.
Figure 3-8: Photograph of transportation bag.

CROO Grounded powecable.

-18-
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3.3- Physical description of the equipment

Figure 3 includes a drawing of the EDAIII unit, the upper part being the front panel
and the lower the rear panel. The function of each of the unit elemeptitbeéd below.

UMIRONKS
mopeL: epas (€

High voltage
+ -

. @@
- R ° @ &

|
@ 5

Figure 3-9: Explanatory drawing of EDAIII unit.

Test voltage indicaterThis acts as a voltmeter, indicating 1
1 level of the test voltage by means of 10 LED diodes (fro
green, through 4 yellow, to 3 red).

5 Poweron light. This should light up when the connecti
switch (5) is activated.

-19-
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10

11

12

13

Communications LED. While this is Ilit, there
communication between the unit and the PC.

Test puskoutton. This activates the test to be performed.

internal blinking light will indiate when this pushutton is
pressed down.

Poweron switch. This is activated to connect the equipme
mains when the PC software indicates that this should be |

Unit nameplate.
Mains input socket.
Unit power fuse (7)

Fuse of the (10)

Power for warning lamp showing test being performed (sii
When the operator presses the test gugton (4) during the
test, this output will be activated, and a load of up to 1(
may be controlled.

Ambient temperature and humidity sendoos.

Female DB9 connector for serial communications with PC.

Connectors for high voltage cables.

There are various luminous indicators on the front panel of the EDAIIl measurement
and control unit, these being detailed below:

-20-
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1. Luminougtest voltage indicatol).

This is a logarithmic graphic bar with 10 LED diodes, which gives the operator an
idea of the approximate voltage being applied. It has a-ttoleeir code dividing the
voltage margin from 100V to 6000V, as shown in Table 3

It should be remembered that EVEN WITH THE INDICATOR

AN
, Y. TOTALLY OFF THERE MAY BE A VOLTAGE LOWER
) (/ THAN 268V, which is the lighting voltage for the first LED of

the bar.

Colour of LED Output LED Voltage

=
o

6000
4247
3007
2129
1507
1067
755
535
379
268

Red

Yellow

Green

P IN W M OO |N| 00| ©

Table 31: Voltage corresponding to each level of the LED bar.

2. Poweron light(2).

High luminosity red LED indicating that the EDAIIl measurement/switching unit is
connected to the power supply and turned on. In the event of high external
luminosity, look at the indicator head on to check lighting status.

-21-
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3. Communication ligh¢3).

High luminosity green LED indicating that the EDAIIl measurement/switching unit

is communicating with the PC. When communications are lost, this LED will go out.
In the event of high external luminosity, look at the indicator head on to check
communicabns status.

4. Luminous high voltage application pubhitton. TEST butto).

This is located below the luminous powaer indicator. It enables the connection of
the external high voltage wiring to the inside of the unit. In the event of problems
arisng during the test, this button should be turned off to prevent risk.

5. Red beacon type lamp

The warning lamp is connected to the rear panel of the EDAIII unit and activates and
deactivates automatically. It activates when voltage is applied antydlischarging
cycles, and is deactivated for the rest of the time. It is used as a-wafeing
device, to alert people nearby to the presence of high voltage.

Thi s beacon <carries fAdanger,
long time, it could come to burn. In such case, manipulate i
inferior surface or leave it until it cools.

The rest of the indicators/warnings appear on the computeerscand will be
described in detail in chapter Sdftware description

-22-
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4.- PREPARATIONS BEFORE USE

The EDAIIl is a high voltage evaluation system, as a result of whi
may provide high voltages during testingp (to 6000 volt9, constituting

; a serious threat for the operatorif the manipulation is camed out of
/e specifications

Consequently, IT IS ESSENTIAL THAT THE OPERATOR IN
. CHARGE OF HANDLING AND MAINTAINING THE
i EQUIPMENT BE TECHNICALLY TRAINED

Likewise, all persons performing or attending a test should take the necessary safety
precautions to avoid any contact with the parts to be analysed or forming part of the

measuring system, remaining at some distance from them, unless these parts are free from
voltage and grounded.

The measurements performed using the EDAIIl system are OFF
LINE. Consequently, before beginning the test, A CHECK MUST BE

/ MADE TO ENSURE THAT THE SYSTEM IS WITHOUT
Y/ VOLTAGE.

If the equipment is damagetliring the guarantee period as a result of
inappropriate use, without adhering to the indications given in this
chapter, the repairs may be excluded from the guarantee.

-23-
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4.1 - Precautions in the installation area

When this instrument is used to check high voltage machines, all th

/ safety procedures and standards normally applied to this type o

/ machinery must be taken. In any case, check that the equipment beir
— testedis completely discharged and grounded bef®touching it.

In orderto ensure the safety of the equipment operators or any other worker in the
immediate area, and the integrity of the system itself and validity of the measurement results,
a series of precautions should be taken in the place where the test is goingrforbgede
These can be summarised as follows:

1 Check that the environment is appropriate (without rain or dust storms) and within
the temperature/humidity ranges specified for operation (see chapter 9:
Specifications).

Check that the power voltage is vthin the specified operating limits (see
chapter 9: Specifications) and that it has grounded connection; thi
ground should match with the one of the equipment being tested. If n
sure, the best thing is to connect a thick twisted mesh grounding cak
from the system power source to the equipment being tested.

1 Check that no voltage is connected to the equipment to be tested.

1 Place the measuring unit and the control computer near the equipment to be tested, as
shown in Figure 4.

1 Place thewarninglamp close to the connection with the equipment being tested, in
order to ensure an indication of danger in the working area during measurement.

1 Isolate the area where the equipment is being tested by means of the mechanical

safety elements homologated the safety departments of each company, such as
cones, enclosures, safety bands with coloured safety warnings at waist height, etc.

-24-
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4.2 - Connection of equipment

/ In view of the danger that this equipment might pdddE SEQUENCE
}/ INDICATED BELOW SHOULD BE ADHERED TO IN ALL CASES.

For the performance of tests, the measuring unit andateot computer should be
located close to the equipment to be analysed, as indicated in Figur€odstart up the
equipment, the following instructions should be followed, in the order indicated (references
are included in brackets to the different edsits on the panels Figure 3):

( & | Rear view of equipment

EDAIII

Serial cable

EQUIPMENT
BEING
TESTED

] !

Alternator

Figure 41: Explanatory drawing of elements interconnection for testing.

Place high voltage cables parallel and nearest to avoid electromagnetic fields.

-25.
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- Connection between PC and EDAI
This is accomplished by means of the serial cable provided (12).

- Safety check
A check should be made to ensure that the equipment to be measured is fully

isolated from the external supply and fully discharged.

- Connection of EDAIII high voltageables to equipment being tested
The high voltage cables should be connected first to the EDAIII unit (13) and
then the other end should be left in the area of the machine to be tested. In
order to fasten the cables to the unit, the safety nut of theector (Figure
4-3) must be clockwise turned, until this nut is as close as possible to the unit.
When requested by the software, the negative cable should be connected to
the chassis or ground of the equipment to be measured and, finally, the
positive tothe active element (phase/s or other active element).

V maxim; 6000 V
' | maxim: 5mA
L Installation: CAT Il

Before manipulating the cables, the operator should be sure that:
/ - The unit is not injecting tension to the measured equipment
/ Disconnect the Test button (4).
o - The measired equipment is not charged You can the unit make
the opportune discharge or you can carry it out in a manual way.

For properly measuring, the cables must be completely stretched
measurement point without creases, or anyway, that these have :
not inferior than 200 mm.

-26-
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The phases may be interconnected by means of bare copper wire if the
distances are short or there ismek of shortcircuiting to ground; otherwise,
an insulated cable should be used.

Figure 4-2: Detail of highvoltage cables to motor connection.

If the shell of the machine to be analysed is grounded, a check
be made to ensure that this is the same as the ground connectiol
PC and measuring unit power. To do this, join the two points v
twisted cable of adequate cresection.ALL THE GROUNDS USED
IN THE TEST SHOULD BE INTERCONNECTED.

Whie measuring, the cables must not be stepped on nor moved, |
the measurements could be altered, specialy when measuring
quality insulations.

- Connection of EDAIIl equipment to the mains
This connection is accomplished by plugging the power cable into (7) to a
mains socket. A check should be made to ensure that the voltage is within the
operating limits (see chapter 9: Specifications) and that the socket has a

ground connection.

- Conrection of power to PC
The PC power cable is plugged into a mains socket. A check should be made

to ensure that the voltage is within the operating margins of the PC.

-27-
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- Connection of "Warning" light to EDAIIl equipment
The lamp should be connected te tutput (10) on the rear panel. This lamp
should be placed in an appropriate place (close to the equipment being tested)
making it easy to see that a test is being performed.

Once the different connections between the different parts of the equipment h
been performed, the PC should be turned on and the control software started. From now on,
the procedure consists simply of following the instructions that appear on the PC monitor.
Consequentlywhen the software so requires, the unit will be turned or{5) or the Test
button pushed (4).

THE UNIT SHOULD NOT BE TURNED ON OR THE TEST
/ PUSHBUTTON PRESSED UNTIL THE CONTROL SOFTWARE
/4 INDICATES THIS.

When the LED bar, that indicates the tests voltage, indicates the presence of voltage,
this will not be present at the equipment outlet terminals until the Testbottsim (4) is
pressed

Any handling of the highvoltage cables should be caried out with
the Test pushbutton (4) off. Do not rely on the LED bar graph to
/ indicate te absence of voltage since this begins to indicate fron
i’ some 268V, as a result of which there may be hazardousltages
on the cables with the LED bar apparently indicating OV.

If the measure process is interrupted for any reason, before
manipulating the cables the operator it should be made sure that:
- The unit is not injecting tension to the measured equipment
/ Disconnect the Test button (4).
4 - The measured equipment has beenlischarged Let the unit
makes the opportune discharge or you carry out it in a manual way.

-28-
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4.3- Disconnection of the equipment

ATTENTION!: Handling of the cables should be camed out with
great care, since work is being performed with higivoltage direct
current. There are moments during the test when the equipmen
may be electrically charged at highvoltage, and handling of the
cables and equipment following the test may be hazardous

i Consequently, the safety measures normally applied to higloltage

installations should be adhered to.

On completion of the test, the equipment itself will discharge the machine being
analysed. Likewise, the computer wilsglay a screen showing the current still present. It is
ESSENTIAL to wait until the current is no longer a hazard for the operator. Consequently,
the EDAIII unit should be turned off following measurements ONLY when the control

software indicates this actn.

Any handling of the highvoltage cables should be caried out wher

i' the Test pushbutton (4) is no longer pressed and the waming beaco
is off.

When requested to do so by the program, disconnect the EDAIII unit, following these
steps:

- Turn off the EDAIIIL.
- Remove the clips from the equipment being tested.

- Remove the cables from the EDAIII.
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In order to remove the cables from the unit, it is not enough to pull them, but the
safety nut of the connector (Figure3% must be anticlockwise turned. So, the cable can be
only removed from the EDAIIl when this safety nut is in the rear limit of tmmeoctor (the
nearest to the cable). Any attempt to remove the cables without following this step could
damage the unit.

Figure 4-3: Detail of the connector of the higloltage cables.
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5.- SOFTWARE DESCRIPTION

5.1- Introduction

The EDAIII forms, along with another series of units with their respective
applications (to see Appendix B), a system to make tests and analysis of electrical machine.
Therefore, all these applications are going
Test s and El ectrical Anl,lhgts eshe folder ofthecstmen e s 0 ( F
name in Beginning < Programs.

£ TEST AND ANALYSIS SYSTEM OF ELECTRIC MACHINES

eda ROTATIVE MACHINES TESTS

SYSTEM

EDAIll UM3B

EDA TEST RAEDA TEST

£DA Jm} OHMIC BESISTANCE

DIAGNOSTIC

ANALYEIE EVALUATION
OF OF
VIHHATIONS HBOTORE EDA DIAGHELP EDA TRENDS

& e &
E €
{EVRO 3

Figure 51: Screen of menu of application.

In this screen they appear all the tests that can be made on the different machines
and/or components. If some of the options appears disable, is that the client does not have
the corresponding application, which will be able to acquire at any time (to see 8
chapter and appendix B).
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I n this case, eyel ash

i s| MEEed ecrt etdh & i ¢ drerde

icon of the superior part.On starting the EDA software the main menu screen will appear

(Figure 52). This basically offers two operations options:
- Performance of a testést).

- Analysis of resultsAnalysis).

SB4EDA SYSTEM

Main Menu|
Select option ﬁb CH
i =1

Copy  $ess

Test  Analyziz BAEDA DiagHelp Trends

Select File

##@

Test
Test ident. Test probes First Test Voltage FOLOWIMNG
i
> W+ &|> &> =]
START Machine data { Cap/Temp
Analysis

|nzulation Res.

taching data

Tezt Current Graph

Figure 5-2: Main EDAIIl program screen.

To perform a test, a series of parameters are required, such as identification data of
the machine, test voltage, etc., these being provided by the operator.

Subsequently, it will be possible to carry out a resultyaisabased on the measured
parameters, along with a series indicatives derived from these parameters by calculations.
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Also provided is a series of utilities, such as a file copy assistant or a notebook for the
record of events occurring during testingamalysis. At any moment it is possible to solve
doubts regarding the operation of the program, thanks to the help function incorporated.

If the PC is not equipped with a security key connected to the parallel port (LPT1),
the program will not be exeed, and it will show a message indicating this. If the customer
has only the analysis security key, the test option will be disabled and it will be possible only
to perform analyses of previous tests.

The first time the program is started, a configuratiility will appear (Figure ).
This may be used to select both the voltage and frequency of the mains, as well as the date
format, the unit of temperature, the unit of length and the language.

Zi# Configuration

Control Date
i AT -MIO-1E6L -9 s DD-MM-YYYY
* R5-232 COM1 ¥ "~ MM-DD-YYYY

Language Temperature
Spanish 7 Centigrade [°C)
" Fahrenheit [*F]
English
r Length
l]l French 7 Meter (m)
" Inch [in]
Itali
atian Power Suppl
Gamman 230 "|V 5l V|Hz
{CANCEL | 0K

Figure 53: Program configuration screen.
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5.2- Performing a test

The measurements performed using the EDAIIl system are OFEINE.
4 Consequently, before beginning the test, A CHECK MUST BE MADE

TO ENSURE THAT THE SYSTEM IS WITHOUT VOLTAGE.

IMPORTANT!: On executing the program, and prior to performing any
4 operation, it is checked that there is no voltage applied and that the fron
button is released. So, the EDAIIIl should be connected to the PC via th

a serial cable, but THE UNIT SHOULD NOT BE TURNED ON UNTIL

y . THIS IS REQUESTED BY THE SOFTWARE. No operation should be
// performed on the unit until the program checks that everything is in

order.

AN
y To work with the EDAIIl software the PCscreensaver should b
f/ deactivated and the low consumption mode disabled. Neither it shou
executed another application and the antivirus should be disabled.

The complete test consists of two identical tests in time, but with different voltages,
which are performed automatically.

To perform a test, clicthed T e $uttan on the main menu. The program will be
initialised. This may take a few seconds, during which time the message in Fguwl 5
be displayed.

INITIALIZING...

Figure 54: Program initialisation message.
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This button is used to begin a new testardigss of the extent to which the program
has been executed. If a previous test was being performed, this checks whether it has been
saved and, if this is not the case, offers the possibility of doing so (Figire 5

B4SAVE B3

The test hasnt finished. Do you want to save data?

Figure 55: Confirmation for savig of data prior to interrupting an unfinished test.

If a previous test is being analysed and this is interrupted, nothing will happen, unless
a value has been changed, in which case a screen such as the one in-Bigutebg
displayed.

B4SAVE [ x|

Do you want to save the test?

Figure 56: Confirmation for saving of changes performed during an analysis.

The first time a test is performed, the serial number of the EDAIII connected to the
PC will be requested (Figure®, being this located on the nameplate (6) on the rear panel.
This will allow a record to be kept of the tests performed with each one.

S4MFR. NUMBER EDA B3

Enter the serial number of the unit EDA

Figure 57: Screen to enter the serial number of the unit performing the test.
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Then a check is then made for the existence of incomplete tests, these being those for
which the test witlthe first voltage has not been initiated or those which the test at the first
voltage has been completed satisfactorily. The program offers the possibility of continuing
with an incomplete test, of eliminatiradl incomplete tests or of beginning a newt {Esgure
5-8).

Existing incomplete tests
{without carrying out the first test voltage)

If you want to continue with the test press the button select file or <F1>
If you want to carny out a new test press the button cancel or <Esc>

If you want to delete all the temporary files press the button delete or <F3>
CANCEL IDELETE! SELECT FILE

Figure 58: Warning of incomplete tests.

It is possible to divide the complete test into two parts, with which it will not be
necessary to wait until the machine discharges between tests; this is especially useful in the
case of largeotating machines, which may take several hours to discharge. In this way, the
first part of the test may be performed on another machine, while the first is discharging,
returning later to the latter for performance of the second test. This testing syateaiso
be useful if a large number of machines are to be checked.

When a test of this type is performed, in other words, when the test is only
successfully completed at the first voltage,imcomplete tesis said to have been carried
out. Wheneverhe Test button is clicked, th€ontinuation button will be enabled, allowing
an incomplete test to be completed. The working method will be similar to that used for
complete tests.
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5.2.1- Test identification

When the operator decides to perform 4, téee first thing to be done is to identify
the machine to be tested, this allowing a hame to be given to the file which is to contain the
test data (Test identification). This identification is accomplished in accordance with the
following data, as showm Figure 59.

| MFR. NUMBER 68544 I
| MANUFACTURER UNIRAVIS v/
| MACHINE TYPE Hydroelectric alternator (ALH) v|
| FUNCTION Test

| SITE NAME UNITRONICS v
| TECH. SITE Laboratory v
I Miguel Angel Marcos V’

| INSTRUMENT EDA3 | 98080-01 | H DD-MMAYYY 23 - 09 |- 1999 |
CANCEL 0K NEXT

Figure 59: Screen with test identification data.

- MFR. NUMBER:
Serial number of the machine being tested.

- MANUFACTURER:
The manufacturer is selected from a list. If the manufacturer you want is not
on the list, seledl o tr h €o.insert a new one (Figurel®). Whenever the

optiodmef &xi sts, a similar window wil/l

Please, Input manufacturer

Figure 51 0 : Screen for introduction of manufacturer 6:




\\\‘ electric 5.- SOFTWARE DESCRIPTION

MACHINE TYPE:
The machine type is selectém a list, which cannot be modified by the
operator.

FUNCTION:
Function of the alternator/motor within the installation.

SITE NAME:
The name of the installation (Ej. C.T. Pisuerga) is selected from a list. If the
location you want is not othis list, a new one may be included by selecting
theoptionnot her . . . O

TECH. SITE:
The location of the machine at the installation (e.g. Pump house) is selected
from a list. If the location you want is not on this list, a new one may be
included ly selecting the option ot her . . . 0

DONE BY:
The name of the operator performing the test is selected from a list. If the
operator is not on this list, a new one may be included by selecting the option
Aot her .. . O

INSTRUMENT (EDAB3):
Serial mumber of the EDAIII used to perform the test.

DD-MM -YYYY:
Date of the test. The program checks that the date is correct.

In all the fields in which new items may be added to a list, they may also be deleted
by placing the mouse cursor over them in question and clicking with the righand
button (Figure 511). All these data are obligatory. In other words, for the program to allow
work to continue, all the data must be included correctly.

S4DELETE B3

Do you want to delete this Manufacturer?

Figure 511: Confirmation for deletion of manufacéu's name.
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The MFR. NUMBER , MANUFACTURER andMACHINE TYPE fields are part
of atest search functianin other words, if a test has been performed previously on this
machine, when any of these fields are filled in, the program will automatically filkeimest
(case of MFR. NUMBER) or will limit the number of possible cases (see also sections 5.2.6
and 5.3.1).

With the data entered in the template, the program will generate a directory with the
following structure:

C:\SAGEN_WIN\EnsayosTTTFFFFFN NNN...\\

where:

TTT = Type of machine (3 letters).

Hydroelectric alternator: ALH
Thermal alternator: ALT
Low voltage motor: MOB
Medium voltage motor: MOM
Direct current motor: MCC
FFFFF= Manuf acturer 6s code (5 characters).

The first5etters of the manufacturero6s
than 5 letters, it will automatically be filled with underscores to
compl ete the &dich.arhbtttehs: namé i ns
certain characters (\ * ¢ : fi), these will be automaticgllreplaced

when creating PC files, but not what the operator sees, for the
following characters:

(Alt Gr + 6)
(Alt + 225)
(Alt + 230)
(Alt + 231)
(Alt + 221)
(Alt + 244)
(Alt +21)

W) Ok - T~ -
O: O: O: O: O: O ©:
wm=2"T T » J

=5 -

NNN...= Manufacturing numbeup to 243 characters).
Machine identifier.
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For example, the tests performed on the direct current motor 123456 of the make
AUniraviso  wi | | be saved in the subdirectory:

C:\SAGEN_WIN\TestsTRVUNIRA123456\
and those for the hydroelectric alternédob 4 3 2 1 o f ARKoh ei nmatkhee Asub di r ec

C:\SAGEN_WIN\TestsTRPARK__ 654321

There will be as many subdirectoriesGASAGEN_WIN\Tests as machines, which
have been tested. In each subdirectory a series of files will be generated, theseahaving
nomenclature structure similar to that of the subdirectory. These files will hawdigit 3
numerical extension (0 a 999), each of which will contain a test on the same machine. The
files to be generated are as follows:

EDATTTFFFFENNNN---.nnn
In thisfile are recorded all the data of complete test in Excel format, in text

mode with tabulators.

MedEDATTTFFFFFNNNN---.nnn
This file is for exclusive use by the program, and contains all the test data. It

is not editable by the operator.

tEDATTTFFFFFENNNN- --.nnn
In this file are recorded all data of temporary test (first voltage test
performed) in Excel format, text mode with tabulators.

TTTFFFFFENNNN---.cab

In this file are recorded all the technical data of the transformer. The operator
may not edit this.

-40-



\\\‘ electric 5.- SOFTWARE DESCRIPTION

Temporary files wild.l al LCOSABGEN WM\Test\cat e d
whenever a process is terminated. These serve aupafles in the event of a system
failure, and in this event the program may be continued with the last process pdrform
These files remain in effect only until the first voltage test is successfully performed, at
which moment the temporary file referred to above will be generated an these deleted. The
files are as follows:

tEDATTTFFFFFNNNN---.nnn
In this file are recaded all the temporary test data (until the last process
performed prior to performance of the first voltage test) in Excel format and
in text mode with tabulators.

MedEDATTTFFFFFNNNN---.tnn
In this file are recorded all the temporary test data (up taesstul
completion of the first voltage test).

The EDAIIl software uses this name structure to search for test, as
of which THE USER MUST NOT ALTER THE NAMES
GENERATED BY THE PROGRAM FOR EACH TEST.

There are three buttons in the identification Windﬂ (OK), Ll (CANCEL)

and E (NEXT). The CANCEL button returns to the main window without validating
any possible change made on the window fields. Oke and NEXT buttons basically
perform the same function, except tl validates the changes made in the window and
returns to the main panel, whidEXT also validates the data, but goes to the next process
to be performed. The functionality of these buttons wél the same regardless of the
windows in which they might appear.
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5.2.2- Technical data of motor/alternator

This screen (Figure-52) is used to insert technical data of the machine to be tested.
The upper part of the screen displays data identifyirey machine as inserted on the
previous screen. All are shown against a yellow background, this indicating that they are
informative data and cannot be modified.

POWER (MW):
Machine power expressed in millions of watts.

- VOLTAGE (kV):
Rated volage of the machine in thousands of volts.

- RPM:
Operating regime of the machine in revolutions per minute.

- TEST DATE:
Date test was carried out. This cannot be modified.

- INSTALLATION DATE:
Date of initial stadup of the machine.

- LAST-TEST DATE:
Date of performance of previous test.

- TOTAL RUNNING HOURS:
Total number of hours of operation of the machine.

- HOURS SINCE LAST TEST:
Hours of operation of the machine since performance of the previous test.
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TECHNICAL SITE  Laboratory | SITENAME UNITRONICS I
DONE BY Miguel Angel Marcos | INSTRUMENT EDA3 | 39308001 |
MACHINE  Hydroelectric altemator | MANUFACTURER UNIRAVIS |
FUNCTION Test | MFR. NUMBER 58544 |
POWER (Mw] ¢ b

i $

VOLTAGE kv) 5 600 |

BINDER TYPE INSULATION CAT,
Al
RPM =l ASPHALTIC- A 105°C-
EPOXY - E: 1200C-
[ESEDETE 23091393 | S INSULATION TYPE B 13010~
INSTALLATION DATE 23031339 | POLYESTER- A ; 1232-4
LAST TEST DATE 23031933 OEbER OTHER- C. 22000 -
TOTAL RUNNING HOURS 2 30000 | ditEH s
FitilRS SINCE LAST TEST: 2 5000 | INSULATION THICKNESS (mm] o 1.380
BACK CANCEL 0K NEXT

Figure 512: Screen with th technical data of the machine being tested.

BINDER TYPE:
Type of binder material used by the machine for bonding of insulation.

INSULATION TYPE:
Type of machine insulation.

INSULATION CAT.:
Maximum temperature that the machine insulation wathstand without
degradation.

IP PROTECTION INDEX:
Index of protection according to stand&tlE 20-324. If the machine being
tested is an alternator, this field will be disabled.

START TIMES BY YEAR:
Number of times that the machine has beert down and restarted in one
year.

INSULATION THICKNESS (mm):
Thickness of the machine insulation, expressed in millimetres.
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The only data that necessarily have to be inputv@®@eTAGE and THICKNESS
OF INSULATION of the machine. The thickness is notually essential, since if it is not
entered, the program will calculate its value from the machine voltage data, in the following
way:

Thickness of insulation (mm) = 0.33 * Machine voltage (kV)

When all the necessary data have been correctlytéasehe program will allow the
next process to begin.
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5.2.3- Connection

This window checks for correct connection of the equipment to the machine to be
tested. The program checks the following points:

1 The EDAIIl is turned on.
1 The computer and tHeDAIII are connected by the serial cable.

1 The Test button is not pressed. If it is, the warning shown in Figa&\aill
be displayed.

1 The machine to be tested is-eieergized and discharged.

B4TEST [ X]

RELEASE THE TEST BUTTON

Figure 513: Message for releasing the test button.

The program will show a screen (Figure18) warning the machine must be
discharged. If it detects that the machine is charged, the discharging sequence will begin.
Machine discharging can be accomplished in two ways: manually or automatically.

24 CONNECTION [X]

WARNING: The Machine must be discharged

X| /]

canceL %

Figure 514: Warning alerting operator the machine must be discharged.
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- Automatic(by default):
Discharging via the EDAIII to 20% of the last measured current.

DISCHARGE CURRENT {nA)

-248 | A

THE MACHINE IS DISCHARGING.
PLEASE WAIT.
PRESS <Esc> IF YOU HAVE ANY PROBLEM.

O] X|

MANUAL CANCEL

Figure 515: Screen of automatic discharging of the machine being tested.

- Manuat

This is accessk by clicking thegl button shown in the lower part of the
discharging window (Figure-55). A window will now appear with a clock, which

the operator will use to establish the time he estimates as necessary for the discharge
(Figure 516). Following this,the operator manually discharges the machine taking
the cables to ground by way of suitable protection measures.

%MANUAL DISCHARGE =

Choose the discharge time and short the winding to ground

|

21 mnic 0 |SEG

X| O]

CANCEL {CHRONOMETER!

Figure 516: Chronometer for manual discharging of the machine being tested.

Once checked the discharged machine condition, a screentheitinstructions,
which must be followed, will appear (Figurel3). Errors in thispower up protocolre
shown by means of luminous signals: if the LED to the left of the item blinks, this indicates
that the condition is not met. Likewidejs essentialfor the equipment to be connected to
a grounded power supplysince if this is not the case, the equipment may be damaged or
the measurements taken may be incorrect. At this monhenjgh-voltage cables between
the EDAIII unit and the machine being tested should be still disconnected.
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B4 CONNECTION ]

@ Warning: The machine under test must be discharged.

@ Plug the cable from the PC into the EDA and switch ON.
Power range (207V - 253V)

@ Short all the machine phases together. ﬁ 1\)
Connect the red clip to phase and the black one to ground.

@ The EDA supply must have a GROUND, otherwise the test
may be incorrect or the EDA may be damaged.

@ To stop the test before it is completed press the red test
button on the EDA.

@«  X|

BACK CANCEL

Figure 517: Equipment connection protocol.

AN
y ATTENTION: It is very important for the correct operation of t
Y. equipment that all the conditions indicated in this window are met.

When the EDAIII unit is powered up, the PC will undertake its initialisation, showing
the message that appears in Figue85luring the process

INITIALIZING...

Figure 518: Message indicating the PC is initialising the unit.
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Once all the conditions are met, tB& and NEXT buttons will be enabled. When
the later is pressed, a check will be made to ensure that the EDAIII unit is ready for testing.
This may take a few seconds, during which time the program will indicate that it is
attempting to connect to the EDAIII (FigurelS).

CONNECTING...

Figure 519: Message indicating the PC is attempting to establish communications with the unit.

On the button bar in thHewer part of the window is the icc@, which is enabled
when the connection has been accomplished at least once or when a return is made from a
later process. This serves for a new verification of the correct connection between the
EDAIIlI and the machinéo be tested.
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5.2.4: Capacitance/temperature/humidity measures

Once the connection process has been completed and the machine has been verified
to be discharged, the program goes on to measure the capacitances, temperature and
humidity, functions theEDAIII performs automatically. Furthermore, this screen is used to
insert the test voltages for the two tests.

Before initiating the measurement of the machine capacitances, the cables are
calibrated by placing them in an open circuit configurationteagiested by the program
(Figure 520). This calibration is performed in order not to include the capacitance of the
cables in the machine capacitance, since a high degree of accuracy is required. The cables
should be laid as close as possible to theigordtion they will have during measuring,
since the capacitance is not the same for them to be stretched out or rolled.

SL4CALIBRATION [ ¥}

OPEN CIRCUIT THE TEST CABLES ‘

X| /]

e

Figure 520: Message for putting the measuring cables in open circuit.

If, after clicking OK, the program detects that the cables @ot in operctircuit, it
communicates this error (Figure23), which might be due to:

1 the cables are not in open circuit (there may be a-sirottit or they may be in
contact with the ground).

¢ malfunction of the unit.

- Be sure the test leads are opened.
- |If the test leads are opened, the equipment could be

damaged.
X| v

....................

CANCEL 0K

Figure 521: Error messag@ndicating cables are not in open circuit.
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After checking that the cables are in ommuit, the program begins calibration,
showing the message in Figur3 while this is being accomplished.

CALIBRATING INSTRUMENT

Figure 522: Message indicating unit calibration.

Then the program requests the measuring cables to be connected to the machine
being tested (Figure-83), and once this has been performed it begins to measure its
capacitance at two different frequencies: first at 1 kHz (Figt2é)5and then at dc (Figure
5-25)

214 CAPACITANCE [ ]

| RE-CONNECT TEST CABLES TO THE MACHINE ‘

X| /]

CANCEL oK

Figure 523: Message for connecting the higbltage cables to the machine being tested.

MEASURING 1kHz CAP.

Figure 524: Message indicating that capacitance at 1 kHz is being measured.

l MEASURING DC CAP.

Figure 525: Message indicating that capacitance at d.c. is being measured.
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If the capacitance measured is less than 1nF, the program displays an error message
(Figure 526), and offers the possibility of repeating the measurement (FigRire 5

214 CAPACITANCE [ ¥}

Capacitance measured below 1 nF

Figure 526: Warning that the capacitance measured is less than 1 nF.

B4 CAPACITANCE [ X]

Do you want to test again?

No | Cancel |

Figure 527: Screen allowing for capacitance measurement repetition.

There may be erroneous humidity readings because of handling of the unit and/or
sudden changes in the ambient conditions. If this occurs, the equipment should be left for a
while to adapt tohte conditions and the measurements repeated.

On completion of the capacitance, ambient temperature and humidity measures, the
program requests the winding temperature (FiguB®)5 This temperature should be input
by the operator and should match wikte tindication provided by the machine sensors (if
available) and not with the temperature of the shell. If the machine is fitted with heating
resistances, the winding will be som&%C above the ambient temperature.

INPUT THE WINDING TEMPERATURE
= | gl
2R °C
CANCEL 0K

Figure 530: Screen for introductionf winding temperature.
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The operator should then enter the voltages at which the test is to be performed
(Figure 531). If these values are not introduced, the test cannot be performed. These
voltages may subsequently be modified in the test windoex@ained insection 5.2.5.

INPUT THE TEST YOLTAGES

Recommended maximum voltage: 6000 V

FIRST TEST VOLTAGE (V) :j ZR00
SECOND TEST VOLTAGE (V) § RO0O0

X| |

CANCEL: 0K

Figure 531: Screen for introduction of test voltages.

The 2 test voltage may be the same as or higher than®thié this condition is not
met when the voltages are entered, the program will display the error mesEapee 532

S:ERROR [X]

Second test voltage must be higher than first one

|

Figure 532: Warning that #'test voltage should be higher thafi 1

To avoid the risk of failure of the winding to be measured {gestructive testing),
the program provides information on the maximum recommended voltage to belapplie
This maximum recommended voltage is based on the following standard:

NRnThe test voltage should be | ower t han
machine multiplied by 1.6 divided by root 3 as a conversion factor from
alternating to direct currert :

1000
Vtest(v) = Voperatior(k\/) 3 163 \/é
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Therefore, a maximum test voltage is recommended, but the operator is not limited to
performing the test at a lower voltage than the recommended. Nevertheless, if a voltage
higher than the recommended is introduced, the program displageing message (Figure
5-33), but allows the test to continue.

TO AVOID RISKING THE MACHINE, TEST VOLTAGES
WOULD BE LOWER THAN:

A 5542V

Figure 533: Warning that test voltage is higher than recommended.

If any measurement is incorrect or has been cancelled, the incorrect or unmeasured
data will be shown in a red framadicating that there is an anomaly in this parameter.

When all the data are finally completed, these are shown on screen 4 #ed
NEXT buttons are enablg@igure 534).
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74 CAPACITANCE / TEMPERATURE

100 200 300 100 200 300

Fl?!l[ini_

REP. MEASUR. [N I

Figure 534: Screen for measurement of machine capacitance, ambient teéompexad humidity.
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In this screen 5 differentiated parts can be observed:

1.

2.

In the left advanced part are the capacity measures, which can be rectified manually
by means of the keyboard.

In the right advanced part are the voltage of test selected by thevhgsh also can

be modified later.

Al so test ASHORTO ofr ANORMALO in first
sel ected. Later we will define as it is t
I n the central part the parameters of the

In the inferior central partheasures of temperature and humidity can be observed,;
also the temperature of the winding introduced by the user.
In the inferior part, we have the commands to advance of screen, to back down, to
cancel the measures or to validate them; with the sameio‘naﬁ' that in all the

REP. MEASUR.

screens. The measurements can be repeated by clickin button,

which appears in the lower part of the screen and then selecting the measurement to
be repeated (Figure-3b). Alternatively the data may be manually introducethe
measurements screen (Figur84.

" Temperature / Humidity
" TestVoltages

X| _v|

CANCEL 0K

Figure 535: Selection of measurements to repeat.

1T Test AEDA SHORTO

TEST MODE

W Short

When we select the . "™  softfvaretdecilés byiiBefOR T O

P2

(depending on 2 configuration varlab), when the machine is loaded sufficiently like
cutting the LOAD process and beginning with the REABSORPTION. Of this form we can
gain time in most of the machines. It is necessary to notice that the calculated parameters
that depend of the Leakage Gant and the Reabsorption Current (Leakage Current Ratio,
Reabsorption/Leakage Current Ratio, Leakage Currents and Reabsorption Currents) can vary
slightly.

Therefore, it is necessary to consider 2 important questions:
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1. To compare tests normal and short ina same machine to see the
variation of the parameters and to have it in account for the reliability in
future tests.

2. It is necessary to be carefull of the configuration of the variables that
determine when a machine is loaded, because a bad configuatiarause
that the test is cut before which should:

a. Wide of Window (Min): is the wide one of time during which we

observed if the slope of the current curve is the sufficiently flat

like cutting the LOAD process. By defect it is 5 minutes.

b. Slope (%). It is the difference in % between the first

minute and the last one of the window below which a flat curve is

considered and therefore cuts the LOAD process. By defect the value is 3

%. Over 5 % is dangerous, already to that the test can be cut bedore th

machine is loaded.

The point of cut of the LOAD process is not immediate, it is expected the

following minute multiple of 5 and it is always going to be greater of 10 minutes.

Example: Let us suppose that in the first minute of a window of 5 minut@snr0
were measured of average and in the fifth minute 104 nA were measured. If the slope is 3 %,
software will not cut the load process; nevertheless, if the slope is 5 % it would cut, because
the difference in % between 104 nA and 100 nA is 4 %.

Let us sppose that software decides to cut the process of LOAD in minute 23 of
test, then it would expect until minute 25 (multiple of 5) and in that point, software would go
to the REABSORPTION process.

Second example:

In the example of the figure wertca et
observe how the current curve has been

evolving until arriving at minute 16 and then | 35~ Window 5 min (irom
is verified that the curve, within last the 5 3000 - the 11 to the 16)
minutes (window 1416), it becomes flat — ) ]
currying out that the current between minute| S

16 (1000 nA) and minute 11 (1026 hia
smaller of 3 % and therefore software will cu
the process of LOAD in minute 20 to go to th oo~

1500 -

REABSORCION process. 500- >
0-, 1 1 1 1 1 1 1 1
0 4 g 12 16 20 24 25 32
Current [nA) Time (minutes)

Figure 536: Test example SHORT EDA.
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5.2.5- Testing with 1*' voltage

In this section the test is performed at tflevdlitage The first thing the program does
is to check for the correct configuration of the system, and then shows the voltage at which
the test will be performed,; this voltage may be modified in this window (FigGi®.5

THE EQUIPMENT CONFIGURATION IS O K.
TEST VOLTAGE:

2 2500V
X | A

CANCEL oK

Figure 537: Warning that test is tbe performed with previously introduced voltage.

If the test button on the front panel is pressed, the operator is instructed to release it
before beginning the test (Figure3B).

B4TEST [ X]

RELEASE THE TEST BUTTON

Figure 538: Warning to release the test button.

To start the tdsthe test button on the front panel is requested to be pushed
(Figure 539), and the charging cycle of the first test will then begin. Activating the test
button constitutes the starting point for the Bnute counter, that is the duration of the,tes
plus 2 minutes for reabsorption. At the same time which the current graph is drawn, one is
going away to be drawing the one of the isolation resistance (graphical advanced right of
Figure 541).
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B4TEST <]

PRESS THE TEST BUTTON

Figure 539: Warning to push the test button.

During the test we can observe t_fu button enabled, with which we can abort
the LOAD process at any time to go to REABSORPTION process. This option is useful
when option ASHORT EDAO has not been select
load of manual fom (according to criterion of the user).

During testing, the test may be interrupted at any time, in two ways:

1 Clicking the M button shown in the lower part of the test window.

1 Pushing the test button on the front panel of the equipment.

Apart from these two emergency stops, which are an operator decision, there is an
automatic emergency stop that occurs whenever unexpected voltage drops are detected
during the test, due to possible accidental sbiocuit conditions in the machine or to drops
in the insulation resistance (dielectric breakdown). When this occurs, the program will show
the message in figure-#). In such cases (with the test being interrupted during current
measurement) it is said that there has beearameous testand the datavill be saved as
though this were an incomplete test. To continue, the operator shouldFGIIdkOWING
on the test meeord tayppe sfeil leet an 0O

YOLTAGE DROP

CHECK CONNECTION OF THE
MACHINE AND DEVICES

|

oK

Figure 540: Error message indicating voltage drop (shoircuit condition).

These emergency stommediately interrupt the application of voltage to the output
of the unit, and the program informs the operator that he should release the TEST button if
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this has not already been done (Figw@8%. At this moment the unit begins thischarging
proces explained above (see section 5.2.3).

Once voltage has been applied for 30 minutes, the reabsorption cycle begins: the
source ceases to apply voltage and the machine being tested isirshiited. On
completion of the reabsorption cycle, machine disgh begins (see section 5.2.3). At this

moment, the and _L_‘ button changes tac T TEST | , and the test sequence
may begin again. In addition, the data are saved to a temporary file, such that recovery of the
results obtained is guaranteed.

B4 ANALYZER - FIRST TEST VOLTAGE - [X]
TEST VOLTAGE (V) : “
B CHARGE H REABSORPTION .-
1310~
1000~ = P
750~ e .f,_,_/*‘“”
500~ | P
20~ 10 /
o A TR
-500- [ R. (Gohm)| Time (minutes)
750~ Insulation Res. (10')
e  IZVED | (Gotm)
-1625-, 1 1 1 1 1 1 | 1 I Current
0 4 8 12 16 20 24 28 32
Current (nA Time (minutes) ‘ l -Ei {nA)
« | X | 1EST | |
BACK 0K NEXT

Figure 541: Screen with first test current and resistance measurements.

-59-




iz

5.- SOFTWARE DESCRIPTION

5.2.6- Testing with 2" voltage (following)

This option, located on the rightand side of th&est section, will be enabled when:

1. There are incomplete tests (only the test with thedltagehas been
correctly completed) or erroneous tests (interrupted during current

measurement with the'br 2% voltage). The operation is the same as

described in the previous section (5.2.5: Testing withdltage). The

only difference is that the tesbiage is the second voltage selected by

the operator, and is always equal to or higher than the first test.

ASs

S 0 0 NFOALOWING é
the one used for analysis will appear; the difference is thatrnbt possible to select the

RButton

is clicked, a

files, which have satisfactorily completed the test with tharid 29 voltages Figure 540).

B4TEST SEARCH [X]

MFR. NUMBER 123

=

ABB

¥

MACHINE TYPE Hydroelectric alternator

~Search
e Mir. Number ’

(s Auto
 Manual

(" Manufacturer and Mach. type ”

J(WN (" Enor

SELECT EILE
i

CANCEL

Figure 540: Search for tests without%voltage performed.

t est

In order to initate the search, the first thing to be specified is the type of test
previously performed on the machine; in other words, whether the test has been incomplete

(up to the T voltage) or erroneous (neither th& dr second voltage has been completed).

Fromhere on, the search may be performed either by manufacturing number or manufacturer

and machine type.

If the search is performed using th@nufacturing number, there is an option for
manual or automatic searching.

number has to be input and, if any test on the madkifiound, the rest of the fields have to

If automatic, a menu will appear Whencontrol is
activated, showing the numbers of the machines on which the type of test selected has been
performed, and the rest of the fields are filled in automatically. If the search is manual, the

be filled in; if no such test is identified, the fields are left blank, indicating that there is no

test on this machine.
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If the search is carried out bmanufacturer and machine type this area is
highlightedin a grey box, and if these fields are clicked, a menu will appear showing the
machine manufacturers or types. If when selecting one of these, the manufacturing number is
not filled in automatically, it means that no test of this type has been perfornaeshachine
having the characteristics selected.

Once the machine to be analyzed has been selected, cligle button and the
file selector Figure 541) will appear, where the operator can select the ¢dst tanalyzed.

EDA [ 2] %]
Directory ; -
Histens | D:AEDANData\aLHABE__123 __|

Buscar en: I 3 ALHABB_ 123

2] EEDAALHABB__123.0
[#] tEDAALHABE_ 123.1

Load I
LI Cancelar I

Figure 541: File selector for test performance witff 2oltage.

Nombre de archivo:

Archivos de tipo:

Once the test has been selected, it is loaded into memory by clicking twice the file
name or by clicking théiLoaddo but t on. Before doing ihis,
actually an EDAIII file. If this is the case, it is loaded into memory; otherwise, it informs that
the file is incorrectFigure 542) and offers the possibility of selecting anotheigre 541).

S:ERROR

Incorrect Selected file

|

0K

Figure 542: Warning that selected file does not correspond to EDAIII.

On completion of the second part of the test, regardless of whether it is the
continuation of an incomplete test or a test performed without interruptionbeginning to
end, the method to follow will be the same: the machine is left inigwharging process
with a previous request for the TEST button to be released. Nevertheless, the operator is
allowed to interrupt this process at any moment andteadest, returning to the initial
program screen, as explained in section 5.2.5.
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On successful completion of this test, the temporary file corresponding to the first
test voltage disappears and becomes the definitive test file. There is also theobption
recording the test on the floppy drivé @igure 543).

B45AVE B3

Do you want to save the testin drive A:?

Figure 543: Message for saving the test in drive A..
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5.3- Test analysis

A test analysis is made up of a series of screens showing the results obtaedd, ba
on the currents measured and on the performance of a series of calculations based on the
satisfactorily completed tests.

Analysis|

Parameter Calculate Insulation Graph.

Machine Data Current Graph

Figure 544: Analysis menu.

To perform an @&mlydisy sb s .2 an thecniain méne This
button is used to begin a new analysis regardless of the point of execution of the program. If
a test was previously under way, the program checks whether it has been recorded and,
otherwise, offershe possibility of doing thisHigure 545).

S4SAVE [ X]

The test hasn't finished. Do you want to save data?

Figure 545: Confirmation for saving of data prior to interrupting an unfinished test.

If the analysis of a previous test were already under way and wereujtésl,
nothing would happen unless a value had been modified, in whiclfricase 546 would be
displayed.

S4SAVE [ ¥]

Do you want to save the test?

Figure 546: Confirmation for saving of changes performed during an analysis.
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5.3.1- Test file selection

Clicking this button, and as long as there are test iiXthexxx\Data directory, the
test search utility in Figure-89 appears.

| MFR. NUMBER! 68544 v

[ MANUFACTURER  UNIRAVIS v

l MACHINE TYPE Hydroelectric alternator V|
~Search Test

G ® Auto ~ = -

® Mir. Number - Manual Tst Error [ j x

(" Manufacturer and Mach. type \ (& sty 2nd SELECTFILE  CANCEL

i

Figure 549: Search for test to be analysed.

To initiate the search, the first thing to be specifiedhis type of test previously
performed on the machine; in other words, whether the test has been incomplete (up to the
1% voltage) or erroneous (neither th& dr second voltage has been completed). From here
on, the search may be performed either by rfenturing number or manufacturer and
machine type.

If the search is performed using th@nufacturing number, there is an option for
manual or automatic searching. If automatic, a menu will appear when this control is
activated, showing the numbers oétmachines on which the type of test selected has been
performed, and the rest of the fields are filled in automatically. If the search is manual, the
number has to be input and, if any test on the machine is found, the rest of the fields have to
be filled in; if no such test is identified, the fields are left blank, indicating that there is no
test on this machine.

If the search is carried out bmanufacturer and machine type this area is
highlighted in a grey box, and if these fields are clicked, aunveilt appear showing the
machine manufacturers or types. If when selecting one of these, the manufacturing number is
not filled in automatically, it means that no test of this type has been performed on a machine
having the characteristics selected. liiifilled in, there may be various machines with the
selected characteristics and the one desired might be selected from among those displayed by
clicking the manufacturing number tag.
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Once the machine to be analysed has been selected, cligls button and the
file selector (Figure $0), will appear, where the operator can select the test to be analyzed.

EDA K E3
Directory s
History | D:AEDAND ata\ALHUNIRABS544 =l

Buscaren: | 4 ALHUNIRAGE544 | o

|2 EDAALHUNIRABS544.0:

Nombre de archivo: |E DaALHUNIRABS544.0 Load I
Archivos de tipo: I‘u!I Files [ _Ll Cancelar |

Figure 550: Selector of file containing the test to be analysed.

Once the test has been selected, it is loaded into memory by clicking heidéet

name or by clicking théiLoadd but t on. Before doing this,
actually an EDAIII file. If this is the case, it is loaded into memory; otherwise, it informs that

the file is incorrect (Figure-51) and offers the possibyiof selecting another (FigureS®).

S4ERROR E3

Incorrect Selected file

A

0K

Figure 551: Warning that the selected file does not correspond to EDAIII.
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5.3.2- Technical data of motor/alternator

Once a test has been loaded, the program will present a screen with two tabs in its
upper ldt-hand partTechnical Data and Measuregnder theTechnical Dataab there is a
screen (Figure-52) showing data identifying the test in the upper part, and technical data of
the machine in the lower. For more information on the meaning of theseadatdp section
5.2.2. Although these data are purely for information purposes, the operator may change
them, with the exception of the data identifying the test. This condition is indicated by the
background colour of the indicators; if the backgroundeliow, the field may not be
modified, if white the data may be changed. This is the case for the entire analysis.

The name of the file being analyzed is shown in the lower part of the screen at all
times.

B4DATA - INSULATION TEST - [X]
Technical Data | Measures | Test Complete
TECHNICAL SITE  Laboratory | SITE NAME UNITRONICS |
DONE BY Miguel Angel Marcos J INSTRUMENT EDA3 I 93080-01 I
MACHINE  Hydroelectiic altemator | MANUFACTURER UNIRAVIS |
FUNCTION  Test | MFR. NUMBER 58544 |
POWER (Mw) 3 0380 | Bl T i =4

VOLTAGE KV
kS 600 | BINDER TYPE INSULATION CAT.
RPM gi’ ASPHALTIC- A 105°C-
e — EPOXY - E: 120°C-
TEST DATE bkt e INSULATION TYPE B 130%0-
INSTALLATION DATE 23031993 [N on ranra MICA -+ F: 155°C -+
H: 1808C-
09 OTHER- 5
LAST TEST DATE 23031333 OTHER T 220°C-
TOTAL RUNNING HOURS 3 30000 OTHER-
HOURS SINCE LAST TEST 2 5000 INSULATION THICKNESS (mm) % 1.980
’ SELECTED FILE  d:\EDAND ata\ALHUNIRAGS5445EDAALHUNIRAGS544.0 | ‘
=
«| X| &G v| =]
BACK CANCEL ERINT oK NET

Figure 552: Screen with the technical daddthe machine being analysed.
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as well as the test voltages and the currents meaatriflerent times (Figure-53). With

5.- SOFTWARE DESCRIPTION

clickMeaswged t habfi
during test (ambient and winding temperatures, relative humidity and machine capacitance),

t h

e

program wi ||l

show

respect to each test voltage, the-lefhd column indicates the absorption currents and the
right-hand column the reabsorption currents.

%;DATA - INSULATION TEST - [X]

Technical Data : ! S| Test Complete
-~
EXTERMAL TEMPERATURE (C) 31 21 DC CAPACITANCE _g‘ 23 nF ¥
WINDING TEMPERATURE (°C) =T
RELATIVE HUMIDITY (%) =T IkHzAPACITANCE & 21 | /o ]
FIRST TEST SECOND TEST
VOLTAGE ) 2491 VOLTAGE [V) 4984

labs 1 Irabs 1 labs 2 Irabs 2

0 sec 1535 pA Osec -1.477 pA Osec 3.236 pA 0 sec -3.105 pA

10 sec 512 nA 10 sec -461 nA 10 sec 1.139 pA 10 sec -1.008 pA

20 sec 357 nA 20 sec 283 nA 20 sec 219 nA 20 sec 538 nA

30 sec 280 nA 30 sec 213 nA 30 sec 659 nA 30 sec 486 nA

40 sec 250 nA 40 sec -175 nA 40 sec 570 nA 40 sec -400 nA

80 sec 223 nA 50 sec -150 nA 50 sec 512 nA 50 sec 343 nA

1 min 204 nA 1 min -132 nA 1 min 467 nA 1 min -303 nA

2 min 149 nA 1m30s .99 nA 2 min 337 nA 1m30s 227 nA

3mi6s 120 nA 2 min 81 nA 3mi6s 274 nA 2 min -185 nA
S min 101 nA 5 min 227 nA
10 min 77 nA 10 min 179 nA
15 min B9 nA 15 min 157 nA
20 min 54 nA 20 min 144 nA
30 min 58 nA EDIT 30 min 132 nA

I

‘ SELECTED FILE dAEDAND atahALHUNIRAGSS44\EDAALHUNIRABE544.0

L4 |

BACK

X |

CANCEL

=7
(]

PRINT

|

0K

NEXT

Figure 553: Screen with currents measured throughout the test.
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The curents can be modified manually by clicking t% button, which will
cause a new screen to be displayed (FigtBé)Jor editing.

Figure 554: Currents editing screen.

The data introduced must be coherent:. the absorption currents must always be
positive and the reabsorption currents negative. Otherwise, the program will display this
error when thé®K button is clicked (Figures-55 or 556).

Figure 555: Error message indicating that the charge currents should be positive (above zero).

Figure 556: Error message indicating that the reabsorption currents should be negative (below zero).
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