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Read this manual before using the equipment.
c € Keep this manual with the equipment.
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PROLOGUE

The instructions manual contains all the information required to start up and maintain
the UM1B measuring system. The objective of the manual is to provide all the information
necessary for suitable opaoam.

IMPORTANT: Read the entire instructions manual before starting
the UM1B untt.

The information contained in this manual is considered to be as accurate as possible.
In any case, UNITRONICS shall accept no responsibility for direct or indirect damage
caused by misinterpretation, inaccuescor omissions.
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SYMBOLS

DANGER: This symbol indicates a highly hazardous procedure
might cause serious damage to the equipment or injuries or even
to persons if not correctly performed.

ATTENTION: This symbol indicates a highly hazardous procec
that might cause serious damage to the equipment or injurie
persons if appropriate precautions are not exercised.

m UNITRONICS, S.A. is an ISO9001 certified company.
c € The equipment meets the requirements of the EU Directives
UM1B. Transformation Ratio Measuring Device
User manual
June2008 (Fifth Edition) UM1B User Manual V3_0CE.doc

Copyright & 2008, UNITRONICS
All rights reserved. The reproduction of any part of this manual without authorisation is prohibited.

The contents of this manual may be modified without notice.
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GUARANTEE

There is a standard guarantee period for all equipmentigeddoy UNITRONICS.
This guarantee is for 12 months as from the date of delivery to the client.

The guarantee covers materi al and wor kma
extends to the repair or replacement of defective products within the gugraritee The
guarantee covers the equipment but is not applicable to accessories such as cables and
extension leads.

In order to benefit from this guarantee, the purchaser must inform UNITRONICS or
the closest representative (see section 8) of thetdafier to expiry of the guarantee period.

This guarantee does not cover any defects, faults or damage caused by misuse or
inadequate maintenance by the purchaser, or byanthorised modifications or use other
than as established in the specificasionThe guarantee does not cover faults caused by
natural disasters, including fire, flood, earthquakes, etc.

Any opening of the equipment, modification or attempt to repair performed without
authorisation shall render this guarantee invalid and auimatigtcancelled.

This guarantee covers only the original purchaser of the product and may not be
transferred in the event of resale.

Guarantee extensions and maintenance contracts are available at both hardware and
software level. Please ask yourane e s t representativebds sal es
(see chapter 8).
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1- INTRODUCTION

Knowledge of the status of transformers is a complex issue. For this purpose
different techniques have been developed allowindeijpth studies to be performed the
different parts into which transformers may be divided.

One of the methods used consists of measuring the transformation ratio, which allows
problems such as the following to be detected:

1 shortcircuiting between turns
1 cutting of winding
1 tap chager defects
1 problems in the core

Almost all these methods share one peculiarity: the absolute values of the parameters
measured are not normally sufficiently indicative as to allow the results to be evaluated.
Rather, it is the evolution of these veduthat provides the best information on winding

status; consequently, it is of interest that the results be memorised and incorporated into
databases to allow for correlation.

This leads to the definition of predictive maintenance policy, consisting bthe
scheduling, with sufficient frequency, of a series of routine, easily performed tests that,
through analysis of certain parameters, provides sufficient information on the evolution of
the assembly overall. When this analysis detects rapidly evaditunations or when values
are reached that on average might be considered hazardous, other more complex techniques
will be applied, possibly implying the unavailability of the machine for extended periods of
time or even some risk for the integrity of thanding.

The objective of this type of maintenance is to gain accurate insight into the actual
status of an item of equipment or component and, depending on this status, determine the
best course of action: continue with normal operation, impose cénutiations, undertake
overhaul or repairs or, ultimately, undertake replacement. In other words, the aim is not only
to limit unnecessary actions but also complete the level of information on the actual status of
the equipment, such that adequate densimay be taken.

Predictive maintenance is applied successfully and with the greatest frequency to
major items of equipment subjected to complex ageing and degradation phenomena and
affected by a large number of variables. In most cases, there asemdde allowing the
status of the equipment to be estimated, as a result of which it is necessary to carry out tests
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in order to obtain the values of different significant parameters and, on this basis, make an
interpretation.

Consequently, stattp goes hand in hand with the definition and performance of tests
and with the interpretation of the results. For the former it is necessary to hdeptin
insight into the equipment and the techniques involved, while for the latter specialist
personnel is mguired.
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2.- DESCRIPTION OF MEASUREMENT METHOD

2.1- Philosophy of the method

The UM1B is an automatic system designed to determine the transformation ratio of
transformers. It is designed as a predictive maintenance system and as such meets the
following requirements:

1 Automatic measurement systenin order to avoid errors due to acquisition,
handling and correction times resulting from ambient and machine conditions at
the moment of measuring.

1 Measurement repeatability This guarantees thatadings made over time have
been obtained in the same way and with the same degree of accuracy and
tolerances. This allows their evolution to be studied.

1 Automatic, organised results storage Simplifying the handling of the
information obtained.

1 Updaeable system Developed such that new software developments may be
implemented as they emerge using the same hardware elements.

1 Acquisition of key parametersAutomatic calculation of certain parameters and
graphics for machine status diagnosis.

1 Nondestructive testing With appropriate handling there is no risk of damage to
the winding during testing.
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2.2 - Test characteristics

It is necessary to define the test to be performed, with the following objectives:

1 To ensure that the test is eagyperform, if possible by suitably trained personnel
at the installation and without the need for specialists to be present.

1 That there be no risk for the equipment to be tested.
1 That there not be excessive unavailability (if possible none).

1 That the de& and results obtained provide at least some information for
immediate interpretation by the operator performing the test.

1 That the overall data obtained may be stored on computer media for
straightforward dispatch for more detailed study by specialigts, will obtain
the maximum information from the data collected and take the appropriate
decisions through comparative analysis with other cases.

The test will consist of applying a known voltage to one of the windings, in order to
ascertain the effeadbn the other. In this way possible problems with the regulator and
windings may be detected, such as skoduiting between turns, defective contacts, open
circuits, etc.

2.3- Simple-phase measurement

The singlephase measurement is simplest andsiis of introducingin alternating
voltage 50 or 60Hz to the winding to high voltagethe transformer and measuring, of
precise form, thevoltageinduced inthe winding of lowvoltage Measuring suitably these
two voltage and obtaining its relation wan obtain the ration of transformation tdhe
transformer.

So that this relatiorapproachedo the relation of turns they musixecutethe
following conditions:

- The impedance of short circuit of the transformer must be msodller than the
impedancs of losses of the magnetic material.

- Theequipment does not have to chatije winding of lowvoltageto assurehat it
does not take plaa@rculation of current in the winding of lowoltage.

-10-
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The UM1B introducesoltageto the transformer whenever Ikiminatedthe button of Test.
This button acts like an emergency switch, toalgply voltageat any moment of the coarse
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measurement with pressitige button of Test.

In the following figure the block diagram of the unit can be seenall@ts to undestand

better the process us of measurement.

HIGH
VOLTAGE

LOwW

§EVO LTAGE

TRANSFORMER
CONNECTION UNDER TEST CONNECTION
MATRIX MATRIX
V1
PROTECTION
n, ELEMENTS ’
V2
@ CURRENT ||1
MEASUREMENT
| NS M A
CONVERTER ZERO CROSS
RMS - DG DETECTOR
- M= me o
TEST
\ VOLTAGE S?A’/\g/ ERTER T\AHIEAA\SSEUREMENT

115V

The control plate, besides to make the measurement of the diffeagnitudes and to send
these data to the PC for its representatonfrols the rest of the circuit$ connectionThe
communicatiorwith the PC is made bgseries lingdo 19200 bauds.

The three measures gbltageV1, V2 and I1 are obtained frosimultaneous form. The

UM1B has three converters of true effectiadue, reducingerrors due to fluctuatianof the
feedingvoltage

|

CONTROL PLATE

INTERFASE WITH PC

RS-232
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Figure 2-1: Block diagramto UM1B.
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2.4- Three-phase measurement

The UM1B has avoltage of singlephase excitation and faneasurethreephase
transformerit must do three measures modifying ttegminals in which thevoltage is
applied andhevoltagein low voltageis measuring

The UM1B calculates the value of the relation of simple transformafi@ach one
of the columns, being based on the data of the transfantteduced by the user, and it
compares it with the simple relatidhat it obtains with theéhree measures made&some
groups ofconnection exist in which the relation of transformation of eambmn cannot
directly be measured not to have available some ¢éiitsinals. In these cases a system of
three equations is created and it is solveddtaia the simple relation.

In the following tables it is possible to be seen as the connection made to measure
each phase in the different groups from connectimd as the simple relations of
transformation calculate. In the tabtée groups of connecin based on the topology of the
connectionwithout considering the phase angle between the different windingsp
themselves.

In some groups otonnection when it is tried to measure withoatcess to the
neutralterminal, it is precise to ungome ofthe terminals accessie to fix references of
voltage that allows us toobtain the relation of simple transformefhese connections
imaginein the tables of connection with a sign ptus- or example, to measure phase V of
a Dy5 group, is appliegoltage in the terminals 1V and 1W and mseasures loss voltage
between the terminals 2v and foining the terminals 2w and 2ig say 2w(2w+2u).

The UM1B has circuits of protection to avoid that the short circuteohinals of
low tension places in sharircuit the excited windinggither by an error in the connection of
the terminals or by an errar the introduction of the group of connection in the software of
the
PC.

The wit UM1B makesautomatically according to the chosen grougainection all
the connections precise and the short cirquitsessary to come to the measurement. Also, it
will use the equationgrecise to obtain the values of relation of simple transformaimked
for by the user.

Nevertheless, if snetimes we have a problewhen measuring of automatic form
threephase transformer without neutré is recommendedo make the measurement in
singlephase way being made thennections that appear in the tables of each g
the results of theinglephase measures wan belocated the problem and be identifita
phase in whiclappears the same one.

-12-
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2.4.1 GroupsDy:

| Groups [ TestPhase Vi1 V2 | RTTheoric | Phase V1/NV2
U 1W-1U 2u-2n " Nu
V,, 63 I E—
Dyn1l v 1U-1vV 2v-2n 1\N/ 63 180 Nv
w 1V-1W 2w-2n 2N Nw
U 1U-1v 2u-2n " Nu
V,, 63
Dyn5 v 1V-1W 2v-2n 1\N/ 0B 180 Nv
w 1W-1U 2w-2n N Nw
u 1W-1U 2u-2n . Nu
v,y /3
Dyn7 v 1U-1v 2v-2n 1\N/ 0B 0 Nv
w 1V-1W 2w-2n 2N Nw
U 1U-1v 2u-2n « Nu
v,, 63
Dyn1l v 1V-1W 2v-2n 1\N/ 0B 0 Nv
w 1W-1U 2w-2n 2N Nw
u 1w-1U 2u-(2v+2w) v, 03 R1
Dyl v 1U-1v 2v-(2w+2U) 1\N/ 180 R2
w 1V-1W 2w-(2u+2v) 2N R3
u 1U-1v 2u-(2v+2w) V.. 03 R1
Dy5 v 1V-1W 2v-(2w+2u) 1\N/ 180 R2
w 1W-1U 2w-(2u+2v) N R3
u 1W-1U 2u-(2v+2w) V. 07 R1
Dy7 v 1U-1V 2v-(2w+2u) 1\N/ 0 R2
w 1V-1W 2w-(2u+2v) 2N R3
U 1U-1v 2u-(2v+2w) V. 63 R1
Dy11 v 1V-1W 2v-(2w+2U) 1\N/ 0 R2
w 1W-1U 2w-(2u+2v) 2N R3

When the measurement is made with access to neutral can be mehasuretition of
simple transformation directly. Nevertheless, whenntieasurement is ade without access

to neutral areaneasurecompoundrelations and a system of equations is due to solve to
obtain thesimple relations. The equations that solve this system are thospfesr to the
right of the following table.

Measured relation Simple relation
R 1
] 1 C =212+ 2R2R3+ 2(R3(R1- (R1*+ R2* +R3Y)
—
Nu  Nv+Nw c
Nu=———
2(- R1+R2+R3
Ro= 1 a )
1 1
_
NV Nw+Nu Nv= C
2QRL- R2+R3)
1
R3=_—_
1 . 1 Nw= ¢
Nw. Nu+Nv 2(RL+R2- R3)

-13-
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2.4.2 Goups Dd:

‘ Groups ‘ Test Phase Vi1 V2 RT Theoric Phase V1NV2
U 1U-1V 2u-2v v Nu
DdO v 1V-1W 2v-2w Vl—" 0 Nv
w 1W-1U 2w-2u 2N Nw
U 1W-1U 2u-2v Nu
V1N
Dd2 \% 1U-1v 2v-2w Voo 180 Nv
w 1V-1W 2w-2u 2N Nw
U 1U-1v 2w-2u v Nu
Dd4 v 1V-1W 2u-2v Vl—“ 0 Nv
w 1W-1U 2v-2w 2N Nw
U 1U-1v 2u-2v v Nu
Dd6 v 1V-1W 2v-2w Vl—” 180 Nv
w 1W-1U 2w-2u 2N Nw
U 1W-1U 2u-2v v Nu
Dd8 v 1U-1V 2v-2w Vl—“ 0 Nv
w 1V-1W 2w-2u 2N Nw
U 1U-1v 2w-2u v Nu
Dd10 v 1V-1W 2u-2v Vl—” 180 Nv
w 1W-1U 2v-2w 2N Nw

These groups are simplest to measure because we always have aedledsetoecessary
terminals. In these groups always the sinmplation is obtained.

In this set of connection groups it is not necessary to use no tyogiation to obtain the
simplerelations.

-14-
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2.4.3 GroupsYd:

| Groups [ TestPhase Vi1 V2 | RTTheoric | Phase V1/NV2

U 1U-1IN 2u-2v v Nu

YNd1 v 1V-IN 2v-2w n 0 Nv
Von Q/§

w 1W-1N 2w-2u Nw

U 1U-1IN 2w-2u v Nu

YNd5 v 1V-1N 2u-2v m 0 Nv
Vaon Q/§

w 1W-1N 2v-2w Nw

U 1U-1N 2u-2v v Nu

YNd7 v 1V-1N 2v-2w n 180 Nv
VZN QE

w 1W-1N 2w-2u Nw

U 1U-1N 2w-2u v Nu

YNd11 v 1V-1N 2u-2v 0 180 Nv
Von Q/§

w 1W-1N 2v-2w Nw

u 1U-1v 2v-(2w+2u) v R1

Yd1 v 1V-1W 2w-(2u+2v) n 180 R2
Vaon Q/§

w 1W-1U 2u-(2v+2w) R3

U 1U-1v 2u-(2v+2w) v R1

Yd5 v 1V-1W 2v-(2w+2u) n 180 R2
Van Q/§

w 1W-1U 2wW-(2u+2V) R3

U 1U-1v 2v-(2w+2u) v R1

Yd7 v 1V-1W 2w-(2u+2v) n 0 R2
VZN Q/§

w 1W-1U 2u-(2v+2w) R3

U 1U-1v 2u-(2v+2w) v R1

Ydil v 1V-1W 2v-(2w+2u) m 0 R2
Von Q/§

w 1W-1U 2w-(2u+2v) R3

In this case it is not either possible to obtain the relatiosirople transformation dactly
when one has been measunathout access to neutral. The equations that we must use in
this case are thfellowing ones:

Measured Relation Simple Relation
RL=Nu+ Ny Nu< RU R2+R3
2
R2=Nv+Nw Nv= R1+R2- R3
2
R3= Nw+ Nu - RL+R2+R3
W=

-15-
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2.4.4 GQoups Yy:

[ Groups [ TestPhase IV V2 RT Theoric Phase V12
U 1U-IN 2u-2n v Nu
YNynO v 1V-1N 2v-2n Vl—N 0 Nv
w 1W-IN 2w-2n o Nw
U 1U-1IN 2u-2v v Nu
YNyO v 1V-1N 2v-2w VI—N 0 Nv
w 1W-IN 2w-2u o Nw
U 1U-1IN 2u-2n v Nu
YNyn6 v 1V-1N 2v-2n Vl—N 180 Nv
w 1W-IN 2w-2n = Nw
U 1U-IN 2u-2v v Nu
YNy6 v 1V-1N 2v-2w VI—N 180 Nv
w 1W-IN 2w-2u an Nw
U 1U-1V 2u-2v v R1
YynO v 1V-1W 2v-2w Vl—N 0 R2
w 1W-1U 2w-2u o R3
u 1U-1V 2u-2v v R1
YyO v 1V-1W 2v-2w VI—N 0 R2
w 1W-1U 2w-2u a R3
U 1U-1V 2u-2v v R1
Yyn6 v 1V-1W 2v-2w VI—N 180 R2
w 1W-1U 2w-2u o R3
U 1U-1V 2u-2v v R1
Yy6 v 1V-1W 2v-2w VIN 180 R2
w 1W-1U 2w-2u a R3

In this set of groups, when we do not have in neutral accessibl&hnwindings, it is not
either possible to directly obtain the simp&dation with a measurement, reason why it is
necessary to raise system of equations. In aitidn, in these groups of connection it is
impossible to obtain the three simple relations with three simplsures when the columns
are unbalanced. Therefore, in this casesugpose that the columns are balanced. When the
three are not balanceglations will leave different but it is not possible to obtain these
simple relations of precise form. The equations used by thesofterare are the following
ones:

Relaciones medidas Relaciones simples
o2
T o ARG
Nu Ny RIGR2+ R2(R3- RIEGR3
2
RR=_—° -
11 _ RIGR2(R3
——t Nv=——
Nv. Nw - RIGR2+ R2(R3+ R3(RL
e o
S Ny= RIR2(R3
Nw  Nu RIR2- R2CR3+ Ra(RL

-16-
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2.4.5 GroupsDz:

| Groups [ TestPhase Vi | V2 | RT Theoric Phase V1NV2

U 1U-1v 2u-(2v+2w) 34 R1

Dz0, Dzn0 v 1V-1W 2v-(2w+2U) V—W 0 R2
w 1W-1U 2w-(2u+2v) = R3

u 1W-1U 2u-(2v+2w) 3 R1

Dz2, Dzn2 v 1U-1V 2v-(2w+2U) V—W 180 R2
w 1V-1W 2w-(2u+2v) N R3

U 1U-1v 2w-(2u+2v) 34 R1

Dz4, Dzn4 v 1V-1W 2u-(2v+2w) V—W 0 R2
w 1W-1U 2v-(2w+20) 2N R3

U 1U-1v 2u-(2v+2w) 34 R1

Dz6, Dzn6 v 1V-1W 2v-(2w+2u) V—W 180 R2
w 1W-1U 2w-(2u+2v) N R3

u 1W-1U 2u-(2v+2w) 3 R1

Dz8, Dzn8 v 1U-1V 2v-(2w+2u) V—W 0 R2
w 1V-1W 2w-(2u+2V) N R3

u 1U-1v 2w-(2u+2v) 3 R1

Dz10, Dzn10 v 1V-1W 2u-(2v+2w) V—W 180 R2
w 1W-1U 2v-(2w+2u) = R3

For these groups it would be possible to be obtained the sietatmrs supposing that the
problems are caused by the winding$igh voltageand that both windings of loss of each
column aresimilar. Nevertheless, with three simple measures it is not possiblgain the
relations of the 6 windings of lowoltage reasorwhy these equations are not introduced in
the user software. In spite bt being including in the user software they are possible to be
seenin the following table:

Relaciones medidas Relaciones simples

C = 24R1? + R2’ + R®)- 5RIR2+ R2(R3 + R3CRI)

- 2NuNw+ NulNv
3GNu+ Nv+ Nw) Nu = c
20R1- R2- 4GR3
:2("NVC'Nu+ NvONw c
E N aee re
3:2('f'NWC'l\lu+NwC"}\lu Nw= C
3GNu+Nv+Nw) TR 4R2+ 2R3

In the user software one is going away to introduce a factor 3 fthréee phaseshat is the

turn out to apply the previous equatiGupposing that R1=R2=R3=R thath& most
habitualTher ef ore, Nu = 3ARL1.

-17 -
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2.4.6 GroupsYz:

‘ Groups J Test Phase V1 V2 ‘ RT Theoric ‘ Phase V1/V2
u 1U-IN 2u-2v v, Of Nu/2
YNzn1, YNz1 v 1V-1N 2v-2w v 0 Nv/2
w IW-IN 2w-2u o Nw/2
u 1U-IN 2w-2u v, O Nu/2
YNzn5, YNz5 v 1V-1N 2u-2v v 0 Nv/2
w IW-IN 2v-2w i Nw/2
u 1U-1IN 2u-2v . Nu/2
vy, 68 .t
YNzn7, YNz7 Y 1V-IN 2v-2w 1:‘/ 180 Nv/2
w 1W-1IN 2w-2u n Nw/2
u 1U-IN 2w-2u v, Of Nu/2
YNznll, YNz11 \Y 1V-1N 2u-2v v 180 Nv/2
w 1W-1N 2v-2w 2N Nw/2
u 1U-1V 2v-(2w+2u) v, 03 R1
Yzni, Yz1 v 1V-1W 2w-(2u+2v) 1{“/ 180 R2
w 1W-1U 2u-(2v+2w) 2N R3
u 1U-1V 2u-(2v+2w) V.. Of R1
Yzn5, Yz5 v 1V-1W 2v-(2w+2u) 1:‘/ 180 R2
w 1W-1U 2w-(2u+2v) 2N R3
u 1U-1V 2v-(2w+2u) . R1
Vv, 63
Yzn7, Yz7 v 1V-1W 2w-(2u+2v) lq‘/Qf 0 R2
w 1W-1U 2u-(2v+2w) N R3
u 1U-1V 2u-(2v+2w, . R1
Y ¢ ) Vi Q/§ e
znll, Yz11 \Y% 1V-1W 2v-(2w+2u) , 0 R2
w 1W-1U 2w-(2u+2v) a R3

In these groupss not either possible to obtarelationof each one of th&indingsto low
voltage,rea®n why in the user software it going away to introduce factor 3/2 for all the
phases. Thereforeelationin the phaseisNu = 3/ 2 AR1.
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3.- UM1B EQUIPMENT

3.1- Product description

The UM1B is an instrument especially designed to determaé&ainsformation ratio
of high and medium voltage, single and thpdase transformers and autotransformers used
for both power generation and distribution. The equipment is based on the measurement of a
series of simple parameters by means of a dataisogo system and a computer
application for the performance of calculations.

Figure 3-1: Photograph of UM1B equipment.

Once the data have been obtained, sufficient information is available for diagnosis of
the current status of the transformerd &or the evaluation of trend curves. The advantages
that characterise the UM1B method may be summarised as follows:

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

1 straightforward performance.

1 high degree of test automation.
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3.2- Systan elements

The following elements and accessories might be available with the equipment:

NOTE: TheXX nomenclature indicatedifferent versions, depending on the characteristics
of the equipment. Please consult with your sales representative.

REF No. DESCRIPTION

UM1BXX UM1B measurement equipment with serial number.

Figure 3-2: Photograph of the unit.

BELOO Measuring equipment transport bag.

Figure 3-3: Photograph of transport bag.
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CROO Grounded mains feed cable.

Shielded sedl cable with DB9 connector endings for communicati

CRe2:200 between the PC and the unit. The cablest be shielded

Figure 3-4: : Photograph of serial communications cable

8-metre cable hose with male connectors and black clamps at the
UM1M8MOO  Each cable in the hose is a different colour (blue, yellow, red
black).

Figure 3-5: Photograph of cable hose for connection of low voltage winc
(male connector).
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8-metre cable hose with female connectors and red clamps at the
UM1M8HOO  Eachcable in the hose is a different colour (blue, yellow, red
black).

Figure 3-6: Photograph of connection cable hose for high voltage winc
(female connector).

UM1P12M0O0 12-metre extension for connection hose with male connector.

Figure 37: Photograph of high voltage cable hose extension (n
connector).
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UM1P12HO0 12-metre extension for connection cable hose with female connect

Figure 38: Photograph of low voltage cable hose extension (fen
connector).

BCLOO Cable transport bag.

Figure 3-9: Photograph of cable transport bag.
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Power socket with four power supply sockets protected against vc
transients, differential currents and overcurrent conditions. A voltn

RAFVDMOO is incorporated for the direct verification of theains voltage, along
with terminals for ground connections.

Figure 3-10: Photograph of Power socket.

MMOO Rigid transport case with external protection reinforcement and inte
padding of highdensity foam rubber.

Figure 3-11: Photograph of metlic transport case.
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sorumixxBwxxx 1 CDwith equipment control software.

UM1BMUXX The present user manual.
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3.3- Physical description of equipment

Figure 312 shows a drawing of the UM1B unit, the upper part of the front panel and
the lower of tle rear panel. The function of each element of the unit is described below.

‘ Transformer Turns Ratio Meter
High Yoltage Low Voltage @ Power
@ Stetus
) |G o
/ Test —
Ly nyl /I VB "Umte
/ / fa’ ‘.I
OIS ®® 6 ©

TR T

MODEL:

Rearm SERIAL ™
Yin_:

VA max:
FUs.: |

O
o
3

o8

P awer

A n
5 d

Figure 3-12: Explanatory drawing of the UM1B unit.

Cable hose connector for the high voltage winding of

4 transformer being tested. Female connector with red clamp

5 Cable hose connector for the low voltage winding of
transformer being tested. Male connector with black clamp:

3 Power ON pilot light. This should light up when the power

switch (10) is turned on.
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Correct operation indicating lamp. If the ung operating
4 correctly, this lamp will light up green. If it changes to 1
press the electronic fuse rearm button (8).

5 Luminous indicator of communications with the PC.

Test pushbutton. This activates the test to be performed
internal lamp wi indicate when this is pressed down.

7 PC communications connector.

Electronic fuse rearm pushbutton. This should be operat

e restart the unit when the STATUS LED changes to red.

9 Mains input connection. This includes a fus®@der and a spal
fuse.

10 Equipment power switch. This should be operated to conne
equipment to the mains when indicated by the PC software.

11 Nameplate with equipment serial number and characteristic

The UM1B is complemented with two cable hoses endindgour cables (blue,
yellow, red and black), with their respective clamps. These are different in two details: the
type of connector and the colour of the terminal clamps. The cable hose with female
connectors at one end and red clamps at the other dstaseonnect the high voltage
winding. The hose with the male connector and black clamps is used for connection of the
low voltage winding (see Figures3and 36). The first will be in charge of providing the
test voltage and the second of acquiringriasult at the output.

The rest of the indicators/warning messages appear on the computer screen and will
be described in detail in chapterSoftwaredescriptior).
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3.4- Unit protections

The equipment incorporates protections against overvoltagditons, based on
varistors, at all the measurement terminals. It also has two overcurrent protections in the
high voltage circuit.

These protections prevent the test voltage from being correctly generated when the
current passing through the highltage winding of the transformer being tested is higher
than the unit safety limits.

3.4.1- Electronic fuse.

This fuse opens the measurement loop whenever a-ghmuit occurs at the
measuring clamps or when the transformer stprpeak exceeds 24 with phase close to
0°.

When the electronic fuse detects a sfoontuit, generation of the test voltage is
i nhi bitedtatusnd EDhe hfanges to red. For t he
measurement, the shanitcuit condition must be remosleand the fuse reset, using the
A r e a pushbutton on the rear panel.

Once the fuse has been reset, the STATUS LED changes back to green and the test
voltage may be generated once again.

3.4.2: Thermal protection.

When the unit delivers a currentosk to maximum (2 A) for considerably longer
than required for a fANormal 06 measurement to
may cause an increase in the measurement error and possibly damage certain of the
measurement circuits.

In order to &oid these problems, PTC resistances are incorporated, which open when
the internal temperature, close to the isolation transformer, is very high. When these
resistances open, the test voltage will not be present at the measuring clamps. The effect on
the measurement is similar to that of the test pushbutton not being pressed or the STATUS
LED being lit red.

For the UM1B to continue operating, the unit should be turned off and left to cool
down for a few minutes. T h depends orethetaralbiertn by
temperature, with between 5 and 30 minutes usually being sufficient.
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4.- PREPARATORY STEPS PRIOR TO USE

The UM1B is a high performance automatic system designed especially for the
measurement of the transformation ratio. Tooagplish this measurement, the alternating
current from the mains is used, as a result of which the equipment may provide relatively
high voltages (up to some 1154 during testing. This may cause a serious hazard for the
operator of the equipment ifig handled incorrectly.

Consequently, IT IS ESSENTIAL THAT THE OPERATOR IN
i‘ CHARGE OF HANDLING AND MAINTAINING THE EQUIPMENT

BE TECHNICALLY TRAINED.

Likewise, everybody performing or witnessing 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, remaig at a distance from these parts unless they are free from voltage
and grounded.

Measurements made with the UM1B system are OFHNE.
' Consequently, before starting the test, THE SYSTEM SHOULD BE
4 CHECKED TO BE FREE FROM VOLTAGE/LOAD.

If the equipment is damaged during the guarantee period due to
inappropriate use, without following the indications given in this chapter,
the repair may be excluded from the guarantee.
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4.1 - Precautions in the installation area

When this instrument is used to test high voltage machines, all th
' habitual safety procedures and standards applicable to this type o
i machine should be adhered to. Ensure in all cases that the equipme

being tested is completely discharged and grouad before touching it.

In order to ensure the safety of the equipment operators or any other worker in the
area, as well as the integrity of the sysi&galf and the validity of the measurement results,
a series of precautions should be taken at the test location. These may be summarised as
follows:

1 Check that the surroundings are appropriate (without rain or dust storms) and that they
are within thetemperature/humidity margins specified for operation (see chapter 9:
Specifications).

1 Check that the system supply voltage is within the specified operating limits (see chapter
9: Specifications) and that it is appropriately grounded.

1 Check that the egpment being tested is free from voltage.

1 Place the measuring unit and the control computer close to the equipment being tested, as
shown in Figure 4

1 Isolate the test area using the mechanical safety elements homologated by the safety
department okach company, such as beacons, fencing, safety tapes of different colours
at waist height, etc.
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4.2 - Equipment connection

In view of the potential hazard of this equipmemtlE SEQUENCE
DESCRIBED BELOW SHOULD ALWAYS BE ADHERED TO.

To carry out a test, the measuring unit and control computer should be located close
to the egyyment to be analysed, as indicated in Figwk 4To start up the equipment,

adhere to the following instructions, in the order shown (the different elements on the panels
in Figure 31 are referred to in brackets):

e Rear View of Instruments

PC UM1B
\ B
s T = m T

High Voltage
Windings

TESTED
EQUIPMENT

Low Voltage
Windings

Figure 41:Explanatory drawing of@nnection of elements for testing
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- Connection of PC to UM1B
This is accomplished by means of the-B& serial cable provided, taking
into account the notches on either side of the connector (7).

- Safety check
The equipment to be measured shoutdchecked to ensure that it is duly

isolated from the external connection lines and fully discharged.

- Connection of cable hoses to UM1B
The cables should first be connected to the unit (1 and 2) and the clamps
should then be left close to the equipmem be measured, for subsequent
connection in the sequence indicated by the software.

Max. V.: 130 Vac
Max. cur.: 2 Aac

y

Installation: CAT Il

- Connection of UM1B equipment to mains
This connection is made by taking the power cable fronto(8)mains socket.
A check should be made to ensure that the voltage is within the operating
limits (see chapter 9: Specifications) and thatsocket is grounded.

- Connection of power to PC
The PC feed cable is taken to a mains socket. Checththabltage is within
the operating margins of the PC.

Once the different parts of the equipment have been connected, the PC is turned on
and the control software executed. As from this moment, the instructions appearing on the
PC screen should be adeé to. Thuswhen this software so dictates, the unit (10) will be
turned on or the Test pushbutton (6) operated.

THE UM1B UNIT SHOULD NOT BE TURNED ON OR THE
/ TEST PUSHBUTTON OPERATED UNTIL INDICATED BY THE
A CONTROL SOFTWARE.
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The necessary operations should be performed with the cable hoses and clamps
leading to the equipment log tested, as requested by the program8yecial care should
be taken when connecting each of the cable hose clamps (by clamp and cable colour) to
the phases indicated by the programme.
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4.3- Equipment disconnection

ATTENTION!: The cables should be handled with great care. High
voltage altemating current is present, for which reason the safety

i’ measures habitual with installations using this type of voltage shoul
be adopted.

The UM1B unit should be turned off when indicated by the control software on
completion of the measurements.

All handling of the cables should be performed only when the Tes
/‘ 6 pushbutton (6) is not pressed down.

When requested by the programme, disconnect the UM1B unit, proceeding as
follows:

- Turn off the UM1B.

- Remore the clamps from the equipment being tested.

- Remove the clamps from the UM1B.
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5.- SOFTWARE DESCRIPTION

5.1- Introduction

Along with other units and their respective applications (see Appendix C), the UM1B
forms a system for the testing andabysis of electrical machines. Consequently, all these
applications will be launched from a common application known a8 tid e ct r i c a | Ma ¢
Testing and
in Start < Programmes.

ARgaré Y1k which iSlgcatédenntiee folderf the same name

3 VEST AMD AMALYSIS SYSTEM OF ELECTRIC MACHINES

Main Menu
Raotative M. Power 7. Measue T Wires Hugewires  General Config.  About..  Exit
W | | # 2| | 8
ROTATIVE MACHINES POWER TRANSFORMERS | MEASUREMENT TRANSF. | WIRES | HUGE WIRES | GENERAL |
POWER TRANSFORMERS
Ukd-1 L-2 DIAGHNOSTIC
TRANSFORMER RECOWERY INSULATION
TURMS
RATIO WOLTAGE RESISTAMCE ETF DIAGHELP
1 %‘ ~— UH3
gr| =t =
U3 | UM-5
WINDING RESISTAMCE SHORT-CIRCUIT IMPEDAMCE ETP TREMDS
_|E 4|§ £

Figure 51: ELECTRICAL MACHINES TESTING AND ANALYSIS SYSTEM menu screen.

This screen shows all the tests that may be performed on the different machines
and/or components. If any of the options is shown disalitézl means that the client does
not have the corresponding application, which may be acquired at any time (see chapter 8
and Appendix C).
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I n t his case, click on the tab entitl e
TRAFOO, or on the c orerparsq therstreem.g Thenclekonthe t h e
icon corresponding to the UM1B, launching the programkigufe 52). This offers two
basic operating options:

- Test performanceTgest).

- Results analysisAnalysis).

@ E.T.P. TRANSFORMER TURNS RATIO. (UM1B)

Main Menu IﬁSt Gnalysiz  Config.  Assistant B & Heor About. .. Exit

Chooze an option # %I jl

Test

=5

Analysis

Figure 52: Main UM1B programme screen.

To perform the test a series of machidentifying data is required, these to be
provided by the operator.

Subsequently, a results analysis may be performed based on the voltages measured
and on aseries of calculations.

A series of utilities is also provided, such as a file copy assistant and a notebook for
the introduction of notes on test or analysis events.
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5.2- Hardware dongle. Configuration menu.

o-. SOFTWARE DESCRIPTION

The first step to carry out before exéng the application, is to place the security
key (dongle) supplied in the parallel port of the PC (LPT1). In the case of not connecting it,

the software will only allow you to carry out analysis of test already performed. When you
connect it, you wilbe able to carry out test.

For system configuration, click on "Config" button. Sucessively, the following menu
will appear (Figure 8), in which one will choose the after parameters of the system:

&5 ETPRT CONFIGURATION (UM1B)

Language Control Date
Spanish ¢ AT -MIO - 16L - 9 @ DD-MM-YYYY
s FS5-232 COM1 > i MM-DD-YYYY
English
. Power supply Temperature
fhyaveg 230 Y|V 0 v|Hz ? Eentigrad_e [.!E]
Epmmedy Fahrenheit [*F]
enting Working Mode Topology
' ‘s Field Meazurement i AB-C
i~ Factory Measurem. LI [ BTATE

ASCI File of Measurements

R N I B SOOI 1 P

Figure 53: Configuration Screen.

- Control: exist two options; in the case of that the communication with the unit is
performed by means of an acquisition board {MIO- 16 L- 9), and R&32, in the case of
that the communication of the PC with the unit is performed by means of the serial port.
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You will need to indicate which port will be used, (COMIOM4), by means of the existent
ring.

- Supply:First of all you will need to select the mains voltage, that will be 115 or
230 V. The frequency of mains voltage will also need to be selected, whikctbe 50 or
60 Hz, by means of the corresponding ring.

- Language:Select one of the languages that are listed. Once selected, after finishing
the program configuration, all the text of the application will change to the selected
language.

- Date: The format of the date will be elected, be it dayonth- year
(DD-MM-AAAA), or month- day year (MM-DD-AAAA).

- TemperatureSelect the units used in the temperature; Fahrenheit (°F) or

centigrade (°C).

- Topology: Select the nomenclature dfet connection, be it, AB - C or
uivVv-w.

Once the system is configured, press OK button to accept chosen configuration,
or CANCEL, if you choose to refuse it.
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5.3- Test performance

Measurements made with the UM1B are OHLINE. Consequently,
prior to commencing the test, CHECK THAT THE SYSTEM IS FREE
/ FROM VOLTAGE/LOAD.

Prior to commencing the test, the UM1B should already be connecte
to the PC by the serial cable, with the Test button not pressed, bt
THE UNIT SHOULD NOT BE TURNED ON UNTIL REQUESTED
/ BY THE SOFTWARE. No operation should be performed on the unit
ey uUNtil the programme has checked that everything is correct before the
test.

The PC screen saver should be deactivated and the low consumption m
disabled before beginning a test. It is recommended that no softwe
application be active during test evolution

To perform a test, click on thé T e dudtton on the main menu. A programme
initialisation will, occur, possibly lasting several seconds, during which the message shown
in Figure 54 will appear.

UPDATING REGISTER. ..

Figure 54: Test initialisation message.
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This button is used to begin a new test, regardless of the status of programme
execution. If a test is already under way, the system asks for confirmation that a new test is
to begin Figure 55).

" NOTICE ADVISE : x|

The test hasn't finished yet, are you sure to start
again?

(1) [0 2

Figure 55:Warning that a new test is about to begin before the previous one has been completed.

If the analysis of a previous test is interrupted, nothing will happen wsdess value
that might affect the analysis has been modified, in which case a screen such as the one
shown inFigure 56 will be shown.

" NOTICE ADVISE

DO YOU WANT TO SAVE INPUT DATA?
If you select 'NO' data file will be deleted.

© m m o

Figure 56:Warning to save input data

The programme wlitthen ensure that the UM1B is working correctly. It then checks
for the existence of incomplete tests, i.e., checks that have not been finished (e.g., loss of
electrical supply). The programme offers the possibility of continuing with incomplete tests,
deletingall incomplete tests or beginning a new tésg(re 57).
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Existing incomplete tests

If you want to camnmy 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>

If you want to continue with the test. press the button SELECT FILE or <F1>

x| B O

L CANGEL | LECCIE SEUEET EILE

Figure 57:Warning of the existence of incomplete tests

5.3.1- Test identification

When the operator decides to carry autest, the first thing he should do is identify
the transformer to be tested, which will be used to name the file containing the test data (Test
identification). This identification shall include the following data, as shoviigare 58:

TEST IDENTIFICATION DATA

I MFR. HUMBER 28064 |
| MANUFACTURER UNIRAVIS v
I MACHINE T+PE Power Transformer (TRP) v|
| FUNCTION Test |
I SITE Unitronics v|
I TECHNICAL SITE Laboratory v|

Antonio v|

| INSTRUMENT | UM-3 | 00150 | IMM-DD-W 04-25-00

x| /]

CANCEL 0K

» |

Figure 58: Test identification data screen.
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- MANUFACTURING NUMBER:
This is the serial number of the transformer being tested.

- MANUFACTURER:
The manufacturer is selected from a list. If the afacturer in question is
not included on this list, then by selectifigp t h eamew.manufacturer may
be included Figure 59). A similar window appears in all those cases in
whi c hotthhedr &ipt ison exi st

* MANUFACTURER x|

Please, Input manufacturer

| |

Figure 59: Screen for insertion of the name of the manufacturer of the transformer being tested.

MACHINE TYPE:
The type of machine is selected from a list that cannot be modified by the
operator.

- FUNCTION:
The function of the transforen at the installation.

- LOCATION:
The name of the facility (e.g., Pisuerga Thermal Power Plant) is selected from
a list. If the location in question is not already included on the list, it may be
input by selecting the optidhot her . . . 0

- TECHNICAL LOCATION:
The specific location of the machine at the facility (e.g., Pump house) is
selected from a list. If the location in question is not already included on the
list, it may be input by selecting the optibrot her . . . 0

- USER:
The name othe operator performing the test is selected from a list. If the
name of the operator in question is not already included on the list, it may be
input by selecting the optidhot her . . . 0

- INSTRUMENT (UM1B):
Serial number of the UM1B used for perfance of the test.

- DATE (DD-MM -YY):
Date of the test. The programme checks that this date is correct.
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In all the fields in which new elements may be added to a list, they may also be
deleted by locating the cursor on the item to be removeclésking with the righthand
mouse buttonKigure 510). All these data are obligatory, inasmuch as they must all be
input for the programme to continue.

Figure 510: Confirmation message for deletoho manuf act ur er 6s name.

The fields MANUFACTURING NUMBER, MANUFACTURER AND
MACHINE TYPE are part of dest search devigen other words, if a test exists that has
already been performed on the machine in question, and if any of these fields are filled in,
then the programme will automatically fill in the rest of the fields (e.g.,
MANUFACTURING NUMBER) or will limit the number of possible cases (see also section

5.4.1).

The programme will use the data input via the template to generate a directory, with
the following structure:

C:\SAGEN_WIN\TestsSTTTFFFFFNNNN....\

where:

TTT = Machine type (3 letters).

Power transformer: TRP
Distribution transformer: TRD
Current transformer: TRI

Voltage transformer: TRV
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FFFFF = Manufacturer code (5 elnacters).

The first 5 |l etters of the manuf acHt
than 5 letters, the system will automatically fill in the rest with low
hyphens, unt i | the fiveé ficlar adt etrhs

name input contains certain characterd { * ¢ : i), these will
automatically be replaced with the characters shown below, only when
creating the files in the PC, not as regards what is seen by the
operator:

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

W)k — ~ -
O O: O O O O O
wm="T T » J

=5 -

NNN....= Manufacturing number (up to 242 characters).
Transformer identification

For exampl e, the tests perfor m&udravison nvaokliet,a g e
will be saved in the subirectory:

C:\SAGEN_WIN\TestsTRVUNIRA123456\
and those carried out on pOAdARKKDr i tdirestorspf or mer 6

C:\SAGEN_WIN\TestsTRPARK__ 654321

There will be as many sudiirectores in C:\SAGEN_WIN\Tests as there are
machines that have been tested. A series of files will be generated in ealifestdry, the
structure of which will be similar to that of the sdivectories, as regards nomenclature.
These files will have a-8haracter numerical extension (0 to 999), each of which will
contain a test on the same machine. The files to be generated are as follows:

RDTTTTFFFFFNNNN---.nnn
This file is used to record all the data on complete tests in Excel format, in
text mode wih tabulators.
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medRDTTTTFFFFFENNNN---.nnn

This file is used exclusively by the programme and contains all the test data.
It cannot be edited by the operator.

TTTFFFFENNNN---.cab

The technical data on the transformer are recorded in this file. It caanot b
edited by the operator.

A temporary file will also be automatically generateddnSAGEN_WIN\Test3
whenever a process is completed. This file, knowmedRDTTTTFFFFFNNNN:--.thn,
serves as a baalkp for the possibility of anomalous system failuresich that the
programme can continue with the last process performed. The file remains in effect only
until the test is successfully performed, at which moment the definitive file described above
is generated and this temporary file is deleted.

The UM1B software uses this nomenclature structure to search foi
as a result of whichTHE USER SHOULD NOT ALTER THE
NAMES GENERATED BY THE PROGRAMME FOR EACH
TEST.

The identification window contains three buttol | (OK), Ll(CANCEL)

andﬂ (NEXT). TheCANCEL button returns to the main screenhoitit validating

any possible changes made in the fields of the window. QKeand NEXT buttons
basically perform the same function, with the difference @tatvalidates the changes made

in the window and returns to the main panel, whileXT also validées the data but leads to

the next process to be carried out. The functionality of these buttons will be the same
regardless of the window in which they appear.

5.3.2- Transformer technical data

This screenKigure 512) is used to input the technical data on the transformer to be
tested. The upper part of the screen shows the name of the file in which the test will be
stored, along with the data identifying the transformer and input on the psesgoeen. All
of these are shown on a yellow background, this indicating that the data are purely for
informative purposes and cannot be modified.
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- TYPE:
The type of transformer being used. This information is shown on the
transformer nameplate.

Transformer/Autotransformer:
Indicates whether the transformer in question is actually a transformer or an
autotransformer.

No Tertiary/Tertiary:
Indicates whether the transformer does or does not have a tertiary winding.

Single phase/Threegphase:
Indicates whether the transformer is single phase or-fiirase.

Y. OF MANUFACTURING:
Year in which the transformer was manufactured.

COOLING:
Type of cooling of the transformer. May be by oil or dry.

POWER (MVA):
Maximum pover of the transformer in millions of veimperes.

RATED Vsc:
Rated shortircuit voltage in percentage terms. This is the percentage of the
rated voltage that needs to be applied tohigl voltagewinding in order for
the rated current to flow tbugh thelow voltagewinding under shottircuit
conditions. This is shown on the nameplate.

CONNECTION GROUP:
This is the coil connection group for thrpbase transformers. By clicking on
the indicator, a list of the existing possibilities is uned. Those groups for
which 6N/ nbé appears have one of the

N6 i s shown (e.g., YNyO) , the high
neutral nbwhsl ehoWwno(e. g. , Dynb) , it
winding.

TERTIARY GROUP:
This indicates whether the transformer has a third winding, in addition to the
high and low voltage windings.
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m.ETPRT - TECHNICAL DATA I

FILE E:ASAGEN_WIN\Ensayos\TRPCOTRAS4032\RDTTRPCOTRAS4032.0 | ‘
TECHNICAL SITE unitronics | siTE Ak |
MADE BY A I DATE  05-06-01 |UM1B SERIALN® 20002 |
MACHINE  Power Transformer l MANUFACTURER COTRADIS J
FUNCTION test | SERIAL Nt 54032 |

TYPE 50/24/20 No Tertiary-«f  High'Voltage II__ow Voltage] lertiaryl

Tertiary -

e T COMPOUND VOLTAGE (Kv) 0.000 CURRENT (&) 0.000
Autotransformer— Three-phase -
TAP CHANGER ¥ HIGH VOLTAGE|
A 4
REFRIGERATION oL LT 3 SERLGATIG]
MANUFACTURING 1339 re | Load-<
POWER (MV4) 0.500 Suwitch—
— MANUFACTURER | Below cover-
NOMINAL Vee (% i , _
i b TAPS Ne =1L STEP( yore-d ) 350000
CONNECTION GROUP,  S0yn11 |
o
¥ - | NOMINAL TAP 1 | CENTRAL TAPS N =1

e X| & | »]

BALK CANCEL PRINT 0K NEXT

Figure 511: Screen showing the technical data for the transformer being tested.

The righthand side of the screeficavs other winding parameters to be input, such as the
following:

- COMPOUND VOLTAGE (KV):
Rated voltage between two phases of the winding. In the case of delta

connections, it coincides with the simple or phase voltage. For greater clarity
refer toFigure 512.

U o o
7 ‘
compound ,—’/ ’ = /
P A
VY ij\_\y
- 50 vBU
r ST simple
e —
7 AR AT /
Vo —
3
[ =7
s
Z,
I:%A
\.
W O ‘e

Figure 512: Drawing showing the difference between simple and compound voltage.
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- CURRENT (A):
Rated current of the winding.

There is also a listype selection box indicatinghether the winding has a regulator,
an adjusting device or neither. If the winding does have a regulator/adjuster, there will be an
additional set of parameters:

- TYPE:
Regulator/adjuster model. This is defined on the nameplate.

MANUFACTURER:
Name of the manufacturer of the regulator/adjuster.

NUM. OF MANOEUVRES:
Number of times that the position of the transformer regulator has been
changed during operation (modifications undergone during testing are not
counted).

REGULATION:
Type of egulator. This may be of the load, switch or under cover type.

NUM. OF POSITIONS:
Number of regulation positions of the regulator/adjuster.

- JUMP:
Increase in magnitude that occurs between one position and the next. This
may be defined in volts an terms of percentage (%) with respect to the rated
voltage. If defined in percentage terms (%), the increase may not exceed 100,
an error message appearing if this is the daggife 513).

' ERROR MESSAGE i : x|

The field "Jump’ of the TAP CHANGER OF THE HIGH
is out of range (maximum 100)

D D

Figure 513: Warning that the jump between regulator positions may not exceed 100%.
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- NOMINAL POSITION:
Regulator/adjuster tap to which the nominal transformer magnitudes (voltage,
current, etc.) refer.

- NUM. OF CENTRAL POSITIONS:
Number of positiondor the nominal position (maximum of 6). Normally
there is only one. If there is more than one, the nomenclature used would
consist of the number of the central position plus a letter. For example: 12a,
12b, é

5.3.3- Measurement configuration

This screenKigure 514) is used to select thapplication modeo be used for the
transformer; i.e., whether the measurement is to be performed on high voltage vs. low
voltage or on high voltage vsertiary. If two regulators are present, the regulator to be
established is selected, along with the position, which is usually nominal.

If any of the windings has a regulator or an adjuster, the positions to be measured
may be selected. The nominal pia® is shown in blue, and when this is selected it will be
possible to choose the central positions to be tested (if there are several). There is a
verification box identified aé A | thabmay be used to select all the possible positions at the
same tne.

If, however, the two windings selected with this method have a regulator, one will
have to be considered fixed, as a result of which a position will have to be established for
one of them and all the measurements for the other will have to be pexiferth respect to
the position of the other winding.
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=.ETPRT - MEASUREMENT CONFIGURATION K|
FILE EASAGEN_WIN\Ensapos\TRICOTRASS032\RD T TRICOTRAS8032.0 ! ’
TECHNICAL SITE Australia | SITE Al j
MADE BY A | DATE 050601 |UM1B SERIALNE 20002 |
MACHINE  Intensity Transformer J MANUFACTURER COTRADIS I
FUNCTION  power | SERIAL N 88032 |
CALIBHATION Tap Changer |

SELECT TAPS TO MEASURE| HIGH al W

VM 8181 22 29[ |centmal
Vel ier2rsr|ia g
WINDINGS| Y ® E ®B = B

il
2
3
Hv /Lv-« AVl | B Eel o2 MR
5
&

HY / TERTIARY - 7 12 49 " B m| B

In case of 2 tap changers
TAP CHANGER TOFIX| AP TOFIX) BB OB BB | B

L6 I R b

el &l (lzrarairzer s w T
@ | X | 7| » |
BACK CANCEL 0K NEXT

Figure 514: Measurement configuration screen for windings with regulator/adjuster.

If no position is selected for the measurement of a winding with a regulator and
attempts are made to go on tesubsequent phase, the programme will display a message
indicating this anomalyHigure 515).

m.ERROR MESSAGE [ X]

Didn’t select any tap to measure on High Voltage Tap
changer. Select one at least.

D | D

oK

Figure 515: Warning that no winding has been selected for the test.
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5.3.4- Connection

This window indicates the correct connection of the equipment to the transformer on
which the test is to be performed. Before taking any aciake sure that the equipment
to be tested is free from voltage.

In addition, if the test is performed on anatdnsformer, the programme shows the
connections to be made with respect to the windings before any operation is carried out on
the UM1B unit Figure 516).

m;ETPRT - AUTOTRANSFORMER CONNECTIONS E3

|

@ Be sure the machine under test has no voltage

BLACK wire (redclipp with BLACK wire (black clip)

CONNECT IT

to the X A ?))

@ The system supply must have ground connection; Otherwise
the unit may be damaged or the test not correct.

Figure 516: Preliminary connetions to be made in the case of autotransformers.

The programme checks that the UM1B is turned on and that the serial cable between
the computer and the UM1B is correctly connected. A screen appears showing instructions
for connection of the unitHfgure 517). Any errors in thénitiation protocolare identified
by means of luminous signals: if the LED located to the left of the text flashes, it indicates
that the condition is not met. Likewise, i necessary to connect the equipment to a
grounded power source, since otherwise the equipment may be damaged or the measures
made may be incorrect.

Also indicated are the connections to be carried out between the unit and the

transformer, identifyingvhich cables should be connected to each phase of the winding by
the colour of the clamps and of the cables in the hoses.
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=ETPRT - Dd0 GROUP : HIGH YOLTAGE CONNECTIONS E3

@ Be sure the machine under test has no voltage
@ Connect the cable from PC to UM-1B unit
@ Connect the cables and switch-on the UM-1B unit
HV ' RED wire RED clip to the U
B wire RED clip to the
/A 2\ | BLWUE wire RED clip ftothe W

LV ‘ RED wire BLACK clip to the u

; wire BLACK clip to the
A é BLUE wire BLACK clip tothe W

@ The system supply must have ground connection; Otherwise
the unit may be damaged or the test not correct.

e Xl ] e

BACK! CANCEL oK

Figure 517: Equipment connection protocol.

/ ATTENTION: For correct operation of the equipment it is very impor
Y. that all the conditions indicated in this window are met.

Once all the conditions are met, B& andNEXT buttons will be enabled.

5.3.5- Measurements

This section deals with the measurement of the transformation ratio. The
measurement screeRigure 518) shows two graphs, in which will be plotted the cotre
through the high voltage winding and the voltage in both windings. Between these two
graphs information is displayed on the transformer connection group and on the position
measured, if the transformer has a regulator/adjuster.
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High ¥oltage Current

“ >
g noo- -0.00 5
< E
0.01 - -0
35 40 45 50 B5 G0 G5 70 75 O
ik Time [mSec]
TAP 4 V1 -¥2 CONNECTION GROUP|  Yznl1
189- ~6.12
= 100- N
= 00 2
5 -100- Z
189~ 512
30 3/ 40 45 A0 BS 70 75 &0
N vi vz Time [mSec) b Remravesiation
Vi V2 1 SinTH PH. V1.1 ||| PH.viv2
PHASE U || 117.85 2141 0.0002 82.55 -13.68 0.63
PHASEY ||| 11764 || 2139 ||| ooooz || 8252 | 1359 ||| o063 |
PHASEW ||| 117.24 || 2131 ||| ooooz || 8253 | 2195 ||| o063 |

Figure 518: Measurerent screen.

In the lower part there is a table representing the following for each of the 3 phases:
the voltage in the high voltage winding (V1), the voltage in the other winding tested (V2),
the current through the high voltage winding (I11), the tramsétion ratio measured
(SimTR), the theoretical transformation ratio that should exist (TTR), the phase mismatch
between the voltage and current in the high voltage winding (PHASE V1,I1) and the phase
mismatch between the voltage in both windings (PHASE/Z).

I f the theoretical transformation ratio
low voltage equal to zero has been input on the Technical data screen, as a result of which
this value should be modified.

I f the val ue i Nthélow valtpge buaalss the higlovoltage will ye
equal to zero.

In the lower righthand corner of the voltage graphcheckboxcontrol appears,
making it possible to select whether or not the high and low voltage and high current signals
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are to be didayed. If these signals are not displayed, the duration of the measurement will
decrease considerably, thus making measurement more agile. The default option is for the
signals to be displayed.

In this section, and if the winding has a regulator/adjustee NEXT and
PREVIOUS buttons change their function. Instead of moving forwards or backwards to
other screens, they make the regulator move forwards/backwards to another position,
without the need for these positions to be measured. Whenever thetaegdjuster is in
the first or last position, th€ REVIOUS or NEXT button, respectively, recover their
normal functions.

To initiate measurement, click on tril button. If the winding has a
regulator/adjuster, a screen will appear showing the positizvhich the regulator should be
placed to initiate the measuremeffigure 9.9).

= TAPS TO MEASURE

HV |
@ CONNECT THE TAP CHANGER ON TAP :

L M 2y

TAP EE -

Figure 519: Warning that the regulator/adjuster should be placed in the position shown.

Once this action has beearried out, click oACCEPT and the programme will
check whether the front button is pressed down. If this is not the case, a screen will be
shown Figure 520) requesting that this be done. If fomy reason the measurement is not
to be carried out, it may be cancelled by means of the button included for this purpose in the
lower part of the screen.
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E.T.P. TRANSFORMER TURNS RATIO.

PUSH THE TEST BUTTON

Figure 520: Message requesting that the test button be pressed.

When the test button is opézd, the excitation voltage (115 V~) is applied to the
terminals of the transformer to be checked. If, during the measuring process, an overcurrent
condition occurs (b 2,0A), either because of the existence of a shwauit in the
transformer or intte cables or because the-lnad current exceeds 24) the test will be
interrupted. The excitation voltage is no longer applied and the status LED (4) lights up in
red. When this occurs, the programme will display the following message on screen (see
Figure 521).

=..NOTICE MESSAGE [X]

A SHORT CIRCUIT HAPPENED, CHECK THE
CONNECTIONS AND PUSH THE ‘REARM' BUTTON
IN BACK PANEL. DO YOU WANT TO CONTINUE?

[ o 2

Figure 521: Message indicating shecircuit.

The first thing to do to continue with the test is to verify the wiring, then the
protection is reset (using the rearm pushbutton on thepaszel [8 in figure 3L2]) and
finally the test is continued by clicking on OK.

When the transformer no-load current is very high (1> 1,5A), and if the test
button is kept connected for some time, the unit thermal protections may trigger.In
this casethere would be no voltage in the high voltage winding and the PC would display
the message fAlncorrect measur e. Revise the
the measurements, exit the test, turn off the unit and let it cool down for sonmeitgsni If
this message continues to appear, there is a problem in the unit that will need to be looked at
by the specialist technical service (see section 7: TROUBLESHOOTING).
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=.ERROR MESSAGE

IT HASN'T BEEN POSIBLE TO GENERATE
VOLTAGE TEST. SWITCH-OFF BUTTON TEST AND
THE MEASUREMENT UNIT, WAIT FOR SOME
MINUTES UNTIL UNIT GET COLD.

D | D

Figure 522: Message measurement incorrect .

The measurement will commenegvhen the button is operated, and on completion of
measurement for each phase the graph showing the current through the high voltage winding
and the voltage in the high and low/tertiary windings will be plotted, depending on the
application selected in afiguring the measurement. Likewise, all the data obtained for
each phase will be displayed in the corresponding row. If the measurement has been correct,
the results obtained for the transformation (SinTR) will appear in gteemn the other
hand, the result obtained is greater than4000 (unit measuring limit), both the
secondary voltage section (V2) and the calculated transformation ratio (SinTR) will be
shown by means of hyphens ¢ - -).

=% ETPRT - TRANSFORMER TURNS RATIO MEASUREMENT

High ¥oltage Current
-0.01

“
g o -0.00
-

sdurg

--0.0
3% 40 45 8O 55 60 B Y0 Y5 80

ik Time [m5ec)

TAP 4 Y1 -2 CONNECTION GROUP Yznll

(s1104) 2A

40 45 B0 B 70 75 0
m v [ ¥z Time (mSec] EF Bamevoniehion
Vi V2 1 SinTR TTR PH. V111 || PH viv2

PHASE U ||| 117.85 2141 0.0002 82 55 82 48 1368 0.63
PHASEY || 11764 | 2133 || o002z || sz52 || 8248 || -1359 || o063 |
PHASE W || 117.24 ||| 2131 ||| o000z ||| 8253 || s248 || 2195 || 063 |

Figure 523: Display of measuremengsults for a regulator/adjuster position.
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Once measurement of the three phases has been completed, the system will request
that the test button be turned dfigure 524) and another position may beasured.

SWITCH OFF THE TEST BUTTON

Figure 524: Message requesting that the test button be turned off.

This process is repeated for each of the selected regulator/adjuster positions. The

measurement may be cancelled at any time by clicking @ M button.

If the measureent is performed on a winding with regulator/adjuster, %
button will be enabled, and will show the transformation ratios measured with respect to the
regulator positionsHigure 525). The phase to be displayed may be selected, the plot for
which will be in the colour of each phase in the selection box.

TRANSFORMER TUBRNS RATIO FOB EACH WINDING TAP POSITION

2 3
M PHASE U ¥ PHASE ¥V ¥ PHASE W TAP

Figure 525: Graph showing the transformation ratio measured at the different regulator/adjuster positions.

This graph is floatingin other words it may be moved across the entire screen. To

remove it, click on thc 7N | putton.
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5.4- Test analysis

The analysis of a test comprises a series of screens that show technical data on the
transformer and a table with the results obtaiftedeach winding, with a graphic display
included when it has a regulator/adjuster.

Analysis|

Power Triangle

+ N

To perform aAnalsiga | byus—2 sdsractivates orfithe main menu.
This button is used to begin a new analysis, regardless of the execution of the programme. If
a test was already being executed, the system will request confirmation for the new step
(Figure 527).

" NOTICE ADVISE

The test hasn't finished yet, are you sure to go to
analysis?

(1) [ o | @

Figure 527: Confirmation that an analysis is to be performed without the test having been completed.
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If the analysis of a previous test is interrupted, nothing will normalbpéa, unless a
value has been modified. In this case the warning showigure 528 will appear.

NOTICE ADVISE

DO YOU WANT TO SAVE INPUT DATA?

i) [ o | 2

Figure 528: Confirmation to save changes made in analysis.

5.4.1- Test file selectdn

By clicking on this button, and as long as there are tests in the directory
\SAGEN_WINTest§, the test search facility shownkigure 529 will appear.

" SEARCH TEST x|
28064 v
| MANUFACTURER  UNIRAVIS v
I MACHIME TYPE FPower Transformer v|
rSearch by ————— Mir. Humber
% pir. Number % Automatic List G | x |
" Manutacturer & Machine Type | Search by SELECT FILE  CANCEL

Figure 529: Test search facility.

If the search is being performed lmyanufacturing number, there are two search
options: manual and automatic. If automatic, a menu will be unscrolled when activating this
control, including the numbers of the machines on which tests have been performed and
autanatically filling in the rest of the fields. In the case of manual searches, the transformer
serial number must be input. If there is any test on this transformer, the rest of the fields will
be filled in automatically, otherwise they will be left blank.
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If the search is carried out byachine manufacturer and type this area will be
highlighted in a grey box, and when these fields are clicked on, a menu containing machine
manufacturers or types will be displayed. If when one is selected the marniotaotumber
is not automatically included, it will be because no test has been performed on a machine
having the selected characteristics; if this is filled in, there may be various transformers with
these characteristics, the one desired being selectedidiyng on the manufacturing
number tab.

Once the machine to be analysed has been selected, cIickghbutton and the
file seled¢or will appear Figure 530). This is used to choose the test to be analysed for this
machine.

RDT [ 2] X]
Director
Bt |C\SAGEN_WIN\Ensayos\TRPGENER41381 ]
Findin: | '—J TRPGENER41981 B 5|

=] RDTTRPGENER41381.0

File name: I Load
File type: J 4l Files | 7 Cancel

Figure 530: Selector of file containing the test to be analysed.

Once the test has beeneséd, it will be loaded into the memory by clicking twice
on tLdadd fbutt on. However, before doing this
UMA1B test file: if this is the case it is loaded in the memory, otherwise the system indicates
that thefile is incorrect Figure 531) and offers the possibility of selecting anotheig(re
5-30).
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Figure 531:Warning that the file selected doeot correspond to tHéM1B.

5.4.2- Transformer technical data

Once a test has been loaded, the programme will display a séfigeme(532)
showing test identification data in its upper part #chnical data on the machine in the
lower. For more information on the meaning of these data, refer to section 5.3.2. Although
these data are merely informative, the operator may change them with the exception of the
test identification data. This isdicated by the colour of the background of the indicators: if
the background is yellow, the field cannot be modified; if it is white, the data may be
modified. This is valid for the entire analysis.

The name of the file being analysed is shown atimlés in the upper part of the

screen.

T S = |
FILE E:NSAGEN_WINA\Ensayos\TRPCOTRAS40324RDTTRPCOTRAS4032.0 I ‘
TECHNICAL SITE unitronics | sITE A |
MADE BY A | pate 050801 |umMiB SERILNE 20002 |
MACHINE  Power Transformer | MANUFACTURER COTRADIS I
FUNCTION test | SERIAL Ne 54032 [
TYPE 50/24/20 No Tertiary-+f  High'Voltage II_.ow Voltagel lertiaryl
B Tertiary -

Transformei—4 Singlephase— | COMPOUND VOLTAGE (kV) 0000 | CURRENT (4) 0.000
Autotransformer— Three-phase - i
TAP CHANGER ¥ HIGH VOLTAGE|
v
REFRIGERATION oiL —— . T
MANUFACTURING 11339 . | Load-
POWER, (MVA 0.500 ) Switch-
(MYA) ;50 MANUFACTURER I Below cover—
NOMINAL Vee (% ; . -
o o | TAPS Ne =1 STEP( yom_dq ) 350000
YN
e : a
Som - | NOMINAL T&P $1 | CENTRALTAPSNE T
(=L
X| &l | =]
BACK TANCEL PRINT oK NERT

Figure 532: Screen with technical data on the transformer being analysed.
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(=7
On all screens in which tr button appears, it is possible to print the current
screen or the complete test repdfigire 533). For more information on report printing,
refer to section 5.7.

PRINTING

(" Print Report

X| /|

Figure 5-33: Selection box foscreen or report printing.

If any of the data influencing the calculation of the transformation ratio are modified,
then when a change is made to another screen the programme will issue a warning reminding
the operator that data have been modified drad this may have an impact on certain
measurements-{gure 534).

" MOTICE ADVISE x|

Important Data has been modified. It can produce the
lost of the measurement configuration and its results.
Do you want to continue?

i) [ N0 2

Figure 534: Confirmation to continue analysis with key data having been modified.

The most likely thing will be that ghoperator does not wish to continue, in which
case, when he c¢clicks on ANOO, a screen wil/l
the change to take effect he should clickGANCEL (Figure 535).
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HOTICE ADVIS i x|

Figure 535: Recommendationfor changes not to take effect.

5.4.3- Results tables

This screen shows the results of the measurements. The screen may be of two
different types depending on whether the selected winding does or does veotaha
regulator/adjuster. One thing that both screens have in common is that the upper part shows
the file that is being analysed, with the type of measurement performed identified below.

In the first case (winding with regulator/adjuster), a screeh agdhe one shown in
Figure 536 will appear. As may be appreciated, it is similar to a spreadsheet. For each
regulator/adjuster position both the theoretical transformation ratio anulatieformation
ratio between each phase will be shown.

m:ETPRT - TURN RATIO MEASUREMENTS I
FILE e\SAGEN_WIN\Ensayos\TRPGENERS2880VRD T TRPGENERE2880.0 | '
WINDINGS! HV /7 LY FIXED TAP CHANGER,  TERTIARY FIXED TAP| 2 j

11UV 2wu 1VW 2uv 1WU 2vw
TAPHl TH.T.R. || 5.T.R.MEAS.| ERROR (%) || S.T.R. MEAS.| ERROR (%) || S.T.R. MEAS.| ERROR (%)
1 2.8497 2.8610 0.40 2.8590 0.33 2.8570 0.26
2 2.8127 2.8230 0.37 2.8220 0.33 2.8200 0.26
3 2.7757 2.7860 0.37 2.7840 0.30 2.7830 0.26
4 2.7387 2.7430 0.38 2.7470 0.30 2.7450 0.23
5 2.7017 2.7120 0.38 2.7100 0.31 2.7080 0.23
6 2.6647 2.6740 0.35 26730 0.31 26710 0.24
¥ 2.6277 2.6370 0.35 2.6360 0.32 2.6340 0.24
8 2.5907 2.6000 0.36 2.5980 0.28 2.5970 0.24
9 2.5537 2.5620 0.33 2.5600 0.25 2.5590 0.21
10 25167 2.5250 0.33 2.5230 0.25 2.5220 0.21
11 2.4796 2.4880 0.34 2.4860 0.26 2.4850 0.22
All12 2.4426 2.4500 0.30 2.4430 0.26 2.4470 018
13 2.4056 2.4130 0.31 24120 0.27 2.4100 018
14 2.3686 2.3760 0.31 2.3750 0.27 2.3730 019
15 2.3316 2.3390 0.32 2.3370 0.23 2.3360 019
16 2.2946 2.3020 0.32 2.3000 0.24 2.2930 013
17 2.2576 2.2640 0.28 2.2630 0.24 2.2620 019
18 2.22086 2.2270 0.29 2.2260 0.24 2.2250 0.20
] =
| | | & » |
GRAPH oK PRINT NEXT

Figure 536:Measurement results display
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| f the theoretiocal transfor mat.

on

rat.i

low voltage equal to zero was input on the technical data screenyesult of which this

v al

ue wi | | need to be modi fied.

voltages are equal to zero.

I f

t he

If the number of regulation positions is higher than may be displayed on a screen by

the programme, theAST PAGE andNEXT PAGE buttons will be enabled, allowing the
operator to move to different pages.

be selected, the ploelmg of the colour of each phase in the selection box.

TRANSFORMER TURNS BATIO FOR EACH WINDING TAP POSITION

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 13 20 21 22 23

M PHASE U [V PHASE ¥ ¥ PHASE W TAP

Figure 537: Graph showing the ratio measured at different regulator/adjuster positions.

delete it, click on tb £~ | button.

currents and voltages.

5.4.4- Power table

By clicking on the v button, the same data are plotted on a gr&mu(e 537),
showing the transformation ratio for each winding position. The phase to be displayed may

This graph is floating, in other words it may be moved across the entire screen. To

This screen Kigure 538) shows the power levels calculated from the measured
These data are normally taken for the central position of the

o

v al

transformer, although if this has not been selected when performing the measurement

(section 5.3: Measurement configuration), the data will be calculated on the basis of those
obtained for the first regulator/adjuster position selected. It goes without saying that if the

transformer has no regulator/adjuster, these data will be those taken faingie
transformer position.
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As is the case for all the screens, the upper part shows the name of the file containing
the test being analysed, along with the measurement mode, the fixed winding and the
position of the regulator of the variable winding.

In the central part there is a table containing thdéoad current, the three types of
power (active, reactive and apparent) and the phase mismatch between voltage and current
through the high voltage winding, in all cases for each of the phases.

Below ths table there are two graphs: the one on the left represents the current
through each of the phases of the high voltage winding at the regulator position to which the
data refer, and the one on the right shows a power triangle reminding the opera®r of th

meaning of each. The current graph wil! no
theNominal Position

=.ETPRT - POWER CHART K|
FILE e\SAGEN_WIN\Ensayos\TRPGENERB2880\RD T TRPGENERS2880.0 | ’
WINDINGS| HV/LV | FIXED TAPCHANGER| TERTIARY |  FIXED TAP 2 ]
NOMINAL TAP DATA [ 1UV2wu | 1VW\2uyv | 1WU2vw | |
EXCITATION CURRENT (A) 0.0077 0.0052 0.0049
ACTIVE POWER [W) 0.3915 0.2816 0.2651
REACTIVE POWER (VAR) 0.7684 0.5080 0.4783
APPARENT POWER [VA) 0.8624 0.5808 0.5468
PHASE V1. 11 (GRADES) -63 -61 -61

*Data at Test Voltage

HV Current|

Power Triangle|

VA

40 &0 80 | v
EPHU FPHY FPHW Time [mseg)

a o=

aK PRINT

Figure 538: Display of powers calculated for a regulator/adjuster position.
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5.5- Test duplication assistant

In view of the numberfdiles involved in a test, and in order to facilitate the work of
the operator as regards storage, the programme incorporates a utility that allows tests to be
copied to a location different from that originally used by the programme, with the
possibility of both the point of origin and the destination being fixed, flexible or network

units. By clicking on@ Figure 539 will be shown.

ASSISTANT 0 A x|
From
CABAGEN_WIN\Ensayas | @
To
CASAGEN_WIN\Ensayos | @
x| v
CANCEL
Figure 539:Test copy assistant
I n Origino t he name of t he t est file t o b e
fiDestinationd t he variable selected is the directol
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5.6- Observations page

The programme al so i nc oQ@bpeovatiane s wah euw tei Itiht
operator may make notes and/or remarks on events, using a maximum 25 lines and 80

characters per line. Th button will be active whenever a test or analysis is being
performed.

REMARKS i x|

X | |

CANCEL 0K

Figure 540: Notebook for test/analysis events.

The information is saved within the tesself, as a result of which it cannot be
accessed from any editor, but only from the programme itself. When the analysis of a
machine on which an observation has been written during a previous test or analysis is
selected, the observations incorporatedhatt time may be viewed by clicking on the
fiObservation® butt on.
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5.7 - Report printing

(=7
The button, located on the main menuaynbe used to print test reports.
While this process is under way, the programme displays a message asking the operator to
walit.

WAIT A MOMENT, PLEASE.

PRINTING...

Figure 541: Message indicating that a report is being printed.

A report is made up of three or four pages, dependinghather the winding does or
does not have a regulator/adjuster or on whether the number of measured positions for a
winding with regulator/adjuster is greater than 6. The four next sheets show the appearance
of a report:

- The 1st page shows the identitiom and technical data for the transformer on
which the test has been performed.

- Inits upper part, the 2nd page includes observations made during the test or analysis.
The middle section includes a brief summary of the measurements carried out,
consising of the mode of application (between high and low voltage or between
high and tertiary), and in the case that the selected windings have a
regulator/adjuster, which was fixed and in which position. In addition, if the number
of regulator/adjuster posins were lower than 7, this page would show the
theoretical transformation ratio and the calculated ratio for each and, just below, a
graph representing the transformation ratio for each position measured. As in this
case the number of regulator/adjugtesitions measured is higher than 6, the data
and the graph would go on to th® gage.

- The 3rd page shows the4wad current, the powers (active, reactive and apparent)
and the mismatch between voltage and current through the high voltage winding for
each phase. Below there is a power triangle drawing and a representation of the
currents measured in each high voltage winding phase. This representation will not
be performed if d u Do noy displdpe wtaess tc htolsee no g ta
nominal podion.

- The 4th page shows the ratios calculated, as long as the number of positions
measured is higher than 6. The structure of this page is like that of a spreadsheet.
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Each row shows the values of the theoretical and calculated transformation ratios ,
along with the phase mismatch between windings for each. Below this table there is
a graph representing the transformation ratio for each position measured. If a
maximum of 6 positions were measured for the transformer, these data would be
shown in the lwver part of page 2. As may be appreciated from the graph, in the
first two points, the V phase shows a fmearity error, the transformation ratios
measured differ from the theoretical values, as a result of which it may easily be
deduced that the traiosmer was affected by problems.
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Figure 542: First page of report
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