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WARNING

Before operating the instrument, be sure to read and fully
understand the operating instructions. This instrument
produces hazardous voltages. It is the responsibility of the user
to ensure that the system is operated in a safe manner.

& This equipment contains exposed terminals carrying hazardous
voltages. There are no user serviceable components in the unit.
All repairs and upgrades that require the unit to be opened must
be referred to HAEFELY TEST AG or one of their nominated
agents.

HAEFELY TEST AG and its sales partners refuse to accept any responsibility for consequential or
direct damage to persons and/or goods due to none observance of instructions contained herein or due
to incorrect use of the equipment.

Further be aware that safety is the responsibility of the user!

Any correspondence regarding this instrument should include the exact type number, instrument serial
number and firmware version number. With the exception of the firmware version number, this
information can be found on the registration plate on the right panel of the instrument. The firmware
version specified in the miscellaneous folder under the setup menu.

Unauthorized opening of the unit may damage the EMI protection of the system and will reduce its
resistance to interference and transients. It may also cause the individual unit to be no longer compliant
with the relevant EMC emission and susceptibility requirements. If the unit has been opened, the
calibration will be rendered invalid.

Note

HAEFELY TEST AG has a policy of continuing improvement on all their products. The design of this
instrument will be subject to review and modification over its life. There may be small discrepancies
between the manual and the operation of the instrument, particularly where software has been
upgraded in the field.

HAEFELY TEST AG retains the right to modify the functionality, specification or operation of the
instrument without prior notice.

© All rights reserved. No section of this manual may be reproduced in any form, mechanical or
electronic without the prior written permission of HAEFELY TEST AG.

2014, HAEFELY TEST AG, Switzerland



Manual Conventions

In the manual, the following conventions are used:

@ Indicates a matter of note.
If it refers to a sequence of operations, failure to follow the instructions could result in errors
in measurement.

& Indicates hazards.
There is a risk of equipment damage or personal injury or death. Carefully read and follow
the instructions. Be sure to follow any safety instructions given in addition to those for the
site at which tests are being performed.



Foreword

Welcome as a new user of the “Winding Analyzer 2293”. Thank you for placing your confidence in our
product.

With the purchase of this measuring instrument you have opted for all the advantages that have built a
world-wide reputation for a Tettex Instrument; robustness, performance and quality is assured. As a
result this instrument provides a solution which achieves the optimal combination of traditional know-
how and leading edge technology.

This operating manual is designed for completeness and easy location of the required information.
Customers who already have experience with this kind of equipment will find this document to be of
assistance as an extended help.

If you find a mistake or inconsistency in the operating manual then please feel free to inform our
Customer Support department with your corrections so that other users may benefit.

Abbreviations, definitions

Wherever possible the corresponding IEC definitions are used. The following abbreviations and
definitions are used in this manual:

LV Low voltage or low voltage transformer winding
HV High voltage or high voltage transformer winding
DUT Device under test

LED Light Emitting Diode
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Introduction

1.1

Receiving Instructions

When received, any possible transport damage should be noted. A written record should be made
of any damage. A suitable remark should be recorded on the delivery documents.

A claim for damage must be reported immediately to the transport company and to the Customer
Support Department of HAEFELY TEST AG or the local agent. It is essential to retain the
damaged packing material until the claim has been settled.

Check the contents of the shipment for completeness immediately after receipt (See chapter
“Scope of Supply”). If the shipment is incomplete or damaged then this must be reported
immediately to the transport company and the Customer Support Department of HAEFELY TEST
AG or the local agent. Repair or replacement of the instrument can then be organised
immediately.

1.2

General

The Tettex 2293 is the result of extensive research and years of experience testing transformers.
It incorporates a fast and highly advanced procedure to measure winding resistance. A simple
one-time-connection system together with the simultaneous winding magnetization method
drastically reduces measuring time.

The simultaneous winding magnetization (SWM) method guarantees fast and reliable
measurements even on large power transformers with delta windings on the low voltage side,
where stable measurements can be seldom reached using traditional winding resistance
measurement instruments.

In addition, the new demagnetization function eliminates the magnetic remanence in the core
after the application of a DC voltage. This feature can be used before performing other tests such
as frequency response analysis (FRA), transformer turns ratio measurement (TTR) or recovery
voltage measurement (RVM) which are adversely affected by remanence effects.

The transformer is discharged by a state-of-the-art discharge circuit in a fraction of the time taken
by other instruments. The discharging function and the “Caution” indicator continue to operate
even when line power is lost.

1.3

131

Scope of Supply

Standard scope of supply

The following items are supplied with the standard instrument:

Qty Description
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2293 Winding Analyzer Instrument

High voltage side (H) measuring adaptor, 0.5m

Low voltage side (X) measuring adaptor, 0.5m

High voltage side (H) measuring cables, 4 units, (U, V, W, N) with clamp, 10m
Low voltage side (X) measuring cables, 4 units, (u, v, w, n) with clamp, 10m
Mains cable

Operating Instructions

carrying bag for cables and accessories

e N N = T S N S P =

Spare kit (Printer paper roll, Fuses)

Once receipt of the unit check that all items have been delivered. Also check that the correct
power cord for your location has been supplied. In the event of missing or damaged parts please
contact you local sales representative stating the serial number and type of the instrument and
the sales order number.

1.3.2 Options and accessories

For detailed information about accessories and options please refer to the chapter 21
“Accessories and spares”

1.4 Optional features

The 2293 is equipped with optional features. These optional features can be enabled using the
license manager. . For getting licenses for new features contact our sales department
(sales@haefely.com)

2293/SKTTR 3-phase transformer turns ratio measurement add on application
for 2293

2293/SKAP Arbitrary phase shift add on application for the 2293,
(2293/SKTTR needed)

2293/SKTR Heat rise add on application for the 2293

2293/SKMB Magnetic balance add on application for the 2293

2293/SKSiI Short circuit impedance add on for the 2293

2293/SKTC Tap changer add on for the 2293

Additional features will be added to the device regularly, for a complete list or for questions please
check in our web page (www.haefely-hipotronics.com).

To activate the additional features (software keys) please read chapter 16- Optional Features
activation, of this manual.

Introduction
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Enter Activation Keys

e Trial licenses for a number of tests are available under

Application
Turns Ratio
V.G. Detection
Temp. Rise
Mag. Balance
Remote Control
Arbitrary Phase
Tap Changer

License Key

47356209
35912443

Type Usage Max. Usage

code.

Trial 10 30
Full

T T

Introduction
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1.5 Technical Data

1.5.1 Standard Features

8 measuring channels (2 x 3 phases and 2 x 1 neutral)

6 temperature channels with automatic resistance correction

High efficient DC supply with SWM (simultaneous winding magnetization)
SWM mode and Classic mode (for traditional resistance measurement method)
Turbo discharge circuit

Automated demagnetizing function with flux indicator

Automatic heat run function

Tap changer control signal to automate test procedures on transformers with motorized tap
changer

Charges any inductive load and works with any resistive or inductive test object
Heavy duty protection circuit

Safety circuit ensures discharge even when line power is lost

Caution indicator

1.5.2 Physical and Environmental Specifications

Mains 90 VAC ... 264 VAC
Maximum Power 1 kW
Frequency 47 Hz ... 63 Hz

Operating temperature -10°C ... +60°C

Storage temperature -20°C ... +70°C

Humidity 5% ... 90% r.h. non-condensing
Dimensions (W x D x H) 521 mm x 425 mm x 216 mm
Weight = 17.8 kg (Instrument only)

1.5.3 Resistance Measurement

Max. Meas. Current DC 32 A (user selectable)

Max. Charge Voltage DC 100 V

Range 0.1 pQ ... 320 kQ
Resistance Accuracy™ > See graphic
0.1 uQ ... 320 pQ 0.1% £ 0.5 uQ

Introduction




320 pQ ... 32 kQ
32 kQ ... 320 kQ

0.1%
1%

(1) attemperature -10 ...+60°C at highest available current

Current
A

32A 1
16A -
3.2A
320mMA T

32mMA A

3.2mA 1

320pA

orize

1.5.4 Ratio Measurement

General

Max. Supply Current AC

Max. Meas. Voltage AC
Range

Ratio

1.0 ... 100

100 ... 2°000

2’000 ... 20’000
20’000 ... 100°000
Phase (AC Meas.)

1.0 ... 500

500 ... 10’000

Phase (Clock Number)
1.0 ... 500

Tettex o

Resistance

1 Apeak = 700 mAgys

95 Vpeak = 67 Vrus

1.0 ... 10°000

Accuracy at highest measuring voltage
0.05%

0.1%

1%

5%

Typical Accuracy at highest measuring voltage
+0.10°

+1.00°

Accuracy at highest measuring voltage

+0.05°
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Built-in Channels
Max. Meas. Channels
Sensor Probe
Temperature

-20°C ... +150°C

1.5.6 User Interface System

MMI
Memory:

Communications:

Printer:

Paper Type:
Paper Width:

Paper Capacity:

1.5.8 Tap Changer Interface

Feedback (sense input)
Function

Ratings

Up/Down (set output)
Function

Ratings

1.5.5 Temperature Measurement

6

30 (6 internal + 3x external 8CH box “2293T”)
PT100 Class A

Accuracy

+(0.41°C + 0.2% Teas)

7” graphical touch screen interface
>10'000 measurements

USB 2.0
LAN connection

Data can be saved on a memory stick or directly transferred to
PC

Thermal

1.5.7 Printer paper Specification

Thermal Roll
58mm

32mm Diameter (10m length) Inner Diameter 12mm

Connect the feedback contactor of the tap changer

3.3V, ImA (input impedance 100kQ)

Connect the Up/Down control contacts of the tap changer

Max. 250V AC
Max. 230V DC, 300mA
Max. 30V DC, 2000mA
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1.5.9 Interlock Interface (optional)

Function

Connector

Ratings

1.5.10 Covered Standards

CE mark
Standards

Safety

Connect an external contactor of interlock circuit

Socket: LEMO2 (2P ERA 1S)
Plug: LEMO2 (FFA 2S 302 CLAC62 2P)

Max. 5V, 100mA

Compliant

IEC 61010, General IEC 61326-1, IEC 61000-4-X,
61000-3-X, EN 55011, ANSI/IEEE C37.90

VDE 0411/part 1a, IEC/EN 61010-1:2002




2 Safety

Remember:
= Hazardous voltage can shock, burn or cause death !

&f unit should only be operated after carefully reading the user manual which is an
gral part of the instrument.

Haefely Test AG and its sales partners refuse to accept any responsibility for consequential
or direct damage to persons and/or goods due to none observance of instructions
contained herein or due to incorrect use of the equipment.

Further be aware that Safety is the responsibility of the user!

2.1 General

Safety is the most important aspect when working on or around high voltage electrical equipment.

Personnel whose working responsibilities involve testing and maintenance of the various types of
high voltage equipment must have understood the safety rules written in this document and the
associated safety practices specified by their company and government. Local and state safety
procedures should also be consulted. Company, regional or national regulations must be fulfilled
beyond Tettex recommendations.

If the instrument is damaged or it is possible that damage has occurred, for example during
transportation, do not apply any voltage. The instrument may only be used under dry operating
conditions.

Do not open the unit, it contains no user replaceable parts.

People with heart pacemakers should not be in the vicinity of this system during operation.

Safety is the responsibility of the user. Always operate the equipment in accordance with
the instructions, always paying full attention to local safety practices and procedures.

This equipment must be operated only by trained and competent personnel who are
aware of the dangers and hazards involved in testing transformers.

Do not operate the 2293 from a variable power supply. The 2293 adjusts to the local line
voltage at start-up. Changing the line voltage while the unit is in operation may cause
damage to the unit and to the test object

Cad
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2.2

> > bbb b P

Essential Safety Recommendations

Before connecting the instrument ensure that the transformer to be tested is completely
de-energized and isolated from both line and load. Every terminal should be checked and
verified before connection of the instrument. Ground connections may be left in place.

Never exchange connections to the HV and LV sides of the transformer. The red
connections must always be connected to the High Voltage side of the transformer. The
black connections must always be connected to the Low Voltage side of the transformer.
Interchanging any or all of the connections may result in damage to the transformer or the
instrument and represents a significant safety hazard for personnel.

Never operate the equipment in an explosive environment or where there are flammable
gases or fumes

The instrument must always be connected to a grounded power outlet (i.e. a safety earth).
It must never be operated in a non-grounded configuration as this may result in electrical
shock to the user or damage to the instrument.

Please be aware that any inductive voltage (L) applied, is transformed to any other
winding on the transformer according to the turns ratio. For high ratios, high voltages can
appear on the DUT!

Never open the current path of the measuring circuit while the current flowing is higher
than 5mA - warning LED is on! The current flowing in the magnetizing inductance (Ly >>
1H) of the transformer can generate high voltages and electrical flashes. - High risk of
electrical shock!

The three led between the cable connections are the
main device status indication. They light even if the
Emergency button is pressed or main voltage is lost.

The upper two red Caution LEDs (14) indicate
current flow and overvoltage. While any of the red
led are lighting there is still energy stored in the
transformer and therefore it is being discharged!

Never disconnect the cables or touch the clamps
while the red LEDs are lit!

In a safe state the third green LED on the
bottom turns on.

2.3

The aim of the interlock is to avoid starting a test while the fences/doors are not closed, or there is

Interlock connection

somebody in the test area/laboratory. In addition it should stop the test and return to safe situation
if the safe status in the laboratory is broken (for example a door is opened).

The interlock is an additional (optional) input in the 2293 front panel to be connected to the

factory/fences safety circuit that encloses the high-voltage zone. It sends an electrical signal and
read the return, if the return is not there, an alarm message arise in the screen and test cannot be
started or are interrupted if running.

Safety




To avoid damaging the device due to induced overvoltage’s or wrong connections, the Interlock
input of the 2293 has to be connected to the safety circuit only by using a relay contact trough
short screened cables.

& Opening the Interlock doesn’t mean a safe situation by itself, as the test object
(transformer) has been charged while measuring and stored energy has to be removed.
Once Interlock is opened the instrument will start the discharging of the test and special
caution has to be taken not to go into the test area until the red LEDS (14) are off.

&® vac-wvDC

o
L.,/ Doors / Fences

Interlock
\ Shielded cable
& f\.l ﬁl ..-_:}___——-"
D (T (] ° K1:1l K1
3IAVDC ——ai f —— -
3
™ ST
= T —
WAZ2SI
o ’V"'___n
. 1
Fence
1. Interlock connection example

2.4 Summary

Note: Many accidents that happen around high voltage equipment involve personnel who are
familiar, and perhaps too familiar, with high voltage equipment. Staying alert and ever watchful
requires constant training and awareness of the inherent hazards. The greatest hazard is the
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possibility of getting on a live circuit. To avoid this requires constant vigilance - for oneself and for
one's fellow workers.

In addition to the obvious dangers, personnel should be alert to recognize subtle dangers as well.
For example, during transformer excitation-current tests, the floating terminals may have
significant voltages induced in them by simple transformer action. Therefore, all terminals of a
device under test, unless grounded, should be considered to be live while the test is in
progress.

When potential transformers or any transformers are interconnected, voltage can be back-fed
through the secondary windings to produce high voltage on the primary although the primary is
seemingly isolated from the power system. This entail a second important rule - all terminals of
a device under test should be completely isolated.

Remember: Safety, FIRST, LAST,
ALWAYS !

Safety




3 Theory

3.1 General Resistance Measuring Principle

Basically the instrument consists of 3 programmable power supplies, which can operate in
constant current or constant voltage mode. Further, these power supplies operate in two
quadrants. This means that a power supply can act as an active load, which is used to quickly
discharge the current from high inductive DUT.

To determine the resistance of the DUT, the device uses 2 voltage and 2 current measuring units.
This way the unit can measure 2 different resistances with individual currents at the same time.

The resistance is calculated according to the principle described in the figure below:

E IS ]

The resistance displayed on the device is calculated as follows:

LU _Ug+Upy _Ug | dl
I I I Modt

The reading is correct only after the current has stabilized (dI/dt = 0).

R
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3.2 Power Supply Modes

The 3 programmable power supplies in the 2293 can operate in different configurations. These
configurations will be explained in this chapter.

3.2.1 Parallel Mode on HV-side 16A | 100V (Al) or 32A | 50V (A2)

This supply mode is selected, when a phase on the high voltage side of the transformer has to
be measured without the corresponding phase on the low voltage side. The three supplies are
connected in parallel and the range is selected according to the desired measuring current as

follows:
| <16.0A > 16A 100V
| >16.0A > 32A 50V

The measuring circuit for phase A of an YNynO transformer is illustrated below:

A a
I N Y
S U @
|1 N n
e
32A/ 50V
or
16A / 100V
C B c b

The measured resistance is calculated as follows:

The following diagram shows the operating area for the power supply in mode Al and B1 - 16A |
100V:
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Current

A
32A
Active Load Supply
24A Region Region
(Discharging) (Charging)
16A 800W
400W
8A ™
4A §
! I » T
T 1 - g
- ! ! ! + + + +
S a9 3 & 2 p g y = °©
=] < < < = = = S
< <

The following diagram shows the operating area for power supply in mode A2 and B2 - 32A |

50V:
Current
A
32A
Active Load 800W
Region
24A (Discharging)
Supply
Region
16A 400W (Charging)
8A
4A S
Il ! [r——
T 1 1 Lg
! ! ) S + + + +
s ¥ &8 BE2 y g ¥ 5 °
2 < < <2z < < < 2

3.2.2 Parallel Mode on LV-side 16A | 100V (B1) or 32A | 50V (B2)

This supply mode is selected, when a phase on the low voltage side of the transformer has to be
measured without the corresponding phase on the high voltage side. The three supplies are
connected in parallel and the range is selected according to the desired measuring current as

follows:
| <16.0A > 16A | 100V
| >16.0A > 32A | 50V

The measuring circuit for phase a of an YNynO transformer is illustrated below:

Theory




9

—
N

N (Y
N

@ @ /

Y
N

32A/ 50V
or
16A / 100V

(& B c b

The measured resistance is calculated as follows:

R, =R, +R =22z

I,

The transformer transforms any inductive voltage applied to the low side to a higher voltage on
the high voltage side (the resistive voltage drop is not transformed!). For this reason, the device
senses the voltage on the high voltage side and limits it by controlling the supplies on the low
voltage side accordingly.

It is possible that the overvoltage protection of the device triggers on transformers with a
high turns ratio. In this case the user must disconnect the cables from the high voltage
terminals of the DUT to perform a measurement in this mode (B1 or B2).
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3.2.3 Individual Mode 2x 16A ! 50V (C)

This supply mode is selected, when two the corresponding phases of the high and low voltage
side of the transformer have to be measured. The three power supplies are split to the HV and LV
side. The measuring current must be selected as follows:

I11<16.0A
12 <16.0A

The measuring circuit for a simultaneous measurement of HV and LV on phase A of an YNd1
transformer is illustrated below. YNd measuring mode must be set to “with Rn (Ph-N)":

é
B C b I2
16A / 50V >
o
o
'N ® O
<
[{e}
() )
| A a
1
é
The measured resistances are calculated as follows:
U U
RAN=RA+RN=I_1 RabzRall(Rb+Rc):|_2
1 (with Rn) 2

The following diagram shows the operating area for each power supply in mode C — 2x 16A |

50V:
Current
A
32A
Active Load Supply
24A Region Region
(Discharging) (Charging)
400W
16A 00
200W
8A N
4A : <
Il | I [r——
T T T T T - g
- ! ! o + + + +
S 2 2 g8 5 8§ F 5 °
2 < < <2z < < < 2
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3.2.4 YNdx Mode 2x 16A ! 50V (D)

This supply mode is selected, when two the corresponding phases of the high and low voltage
side of an YNdx (x =1, 3, 5, 7, 9, 11) transformer have to be measured. This mode is on
applicable to YNd transformers. It is intended to ideally magnetize and saturate the core, to
achieve a faster current balancing in the delta winding. The three power supplies are split to the
HV and LV side. The measuring current must be selected as follows:

11 < 16.0A
12 <16.0A

The measuring circuit for a simultaneous measurement of HV and LV on phase A of an YNd1
transformer is illustrated below. YNd measuring mode must be set to “without Rn (Ph-Ph)”:

> <
L I
2 > o8 c b 2
1y
2
> > >
cio . ® e
S $ g

©)

—
Q

The measured resistances are calculated as follows:

U U
RAN:RAZI_l Rab:Ra|l(Rb+Rc):|_2

1 (without Rn) 2

The operating area for the power supplies is the same as in mode C.
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3.3 Measuring sequences

3.3.1

This section describes how the device selects the measuring mode depending on the user
settings done in the user software. The coloring of the drawings is equivalent to the user software:

- Violet Phase to be measured

- Red Phase currently measuring

- Blue Phase already measured

- Grey Nothing measured nor to be measured

General Rules

1. If the measuring current selected on any winding is greater than 16.0A, a single winding
measurement will be performed for each winding and phase > Mode A2, B2.

2. Mode C is used only when the two corresponding phases on HV and LV are selected to
be measured and the current is less or equal 16.0A.

3. Mode D is used only when the two corresponding phases on HV and LV are selected to
be measured, the DUT is an YNd transformer and the current is less or equal 16.0A. YNd
measuring mode must be set to “without Rn (Ph-Ph)”:

The following examples show the measuring sequence generated by the 2293 depending on the
measurement settings. For simplicity an YNynO transformer was chosen as DUT in most
examples.

Example 1
Settings:
A a
16A 16A
YNynO N N
C B c b
Sequence:
C
16A 16A
50V 50V
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3.3.2 Example 2

Settings:
A a
16A 17A
YNynO N N
C B c b
Sequence:
Al B2
& )\ ];k
100v 50V
Example 3
Settings:
A a
5A 5A
YNynO N N
C B c b
Sequence:

Al

Bl
5A 5A
100v 100V

3.3.3 Example 4
Settings:

16A 16A
YNynO




Sequence:

C C C
16A 16A 16A 16A 16A 16A
50V 50V 50V 50V 50V 50V
3.3.4 Example5
Settings:
A a
16A 16A
YNd11 N
c b
C B
Sequence:

DorC 1 Bl

A
16A 16A 16A 16A
50V 50V A 100V f E 100V : :




4 Front Panel

1
2
3
4
5
6
7
8
9

(=Y
o

11
12
13
14

The lockable mains plug for
connecting the mains cable is
located in the front panel (6).
According to the ordering data the
proper mains cable is delivered with
the instrument.

Connector for LV cable “X” connection, Black (to Low voltage side of DUT)
Connector for HV cable “H” connection, Red (to High voltage side of DUT)
I/O connector (for cascading of additional temperature interfaces)

Tap Changer connector (for optional Tap Changer Remote interface TAP/2293 )
6 Temperature probes connectors

Power inlet with integrated mains switch and fuse holder

Printer

Touch screen display

USB (Host)

USB (Device)

Ethernet (LAN)

Emergency Stop button with (optional) interlock connector

Cooling air outlet / inlet

Caution indication. The two red LEDs on top are lit to indicate a current is flowing.




The third green LED on the bottom indicates a safe state.

15 Additional PE (Protective Earth) connector. (Parallel to the PE pin of the power inlet
connector) - Can be used when power inlet cable is not connected to Earth.




S5 Connection and Setup

5.1 Connection Cables

The equipment is delivered with 8 measuring cables and two adaptors as standard scope of
supply.

mable set for the Low Voltage side X ( black clamps)”.
Cables are equipped with special Kelvin clamps.

~

Cable set for the High Voltage side H (red clamps)”.
ables are equipped with special Kelvin clamps.

vy

Connecting Cables end colors code:

j Connector phase U/R (brown)

-:] Connector phase V/S (black)

Connector phase W/T (grey)

] Neutral N (blue)

Adaptors:

Connection and Setup




== Adaptor for the low volt side
(black ring in the connector)

_. Adaptor for the high volt side
==l (red ring in the connector)

@ Colour code has been defined in the cables and must be followed to guarantee the
proper device connection. Red is used for the connections to the DUT’s High

Voltage side “H”, Black is used for the connections to the DUT’s Low voltage side
“L”.

9 During a 32A test the cables are operating at their maximum specification and it’s
normal operation that they get warm.

5.1.1 Cable extensions (optional)

As option, extension cables of 10 m are available.

5.2 Connecting the Instrument

& Before attempting to connect to the test object make sure that it is fully
disconnected and de-energized.

Connection and Setup




e |
.

=

Red connector has to be connected to the right side (2)
defined by a red dot. (H)

®® o Black connector has to be connected to the left side (1)
D defined by a black dot. (X)
pot

]
]
»
)

5.2.1 Connection without extenders

Connect the adaptors to the device connectors. The
easiest way to screw the connector is to hold them
straight with one hand and screw with the other
one. . Ensure that the connectors are locked.

Now connect the single phase connection cables
(labelled at the clamp) to the test object using the
Kelvin clamps.

Connect the single phase connection cables
(orange cable, colored connector) to the matching
color of the spider connectors.

I

Connect the extenders to the device respecting the
colour code (red with red, black with black). The
easiest way to screw the connector is to hold them
straight with one hand and screw with the other
one. Ensure that the connectors are locked.

1}

~~~~~~~~~ -+ Connect the extenders to the adaptors.

Now connect the single phase connection cables
(labelled at the clamp) to the test object using the
Kelvin clamps.

£ o
L s

Connect the single phase connection cables
(orange cable, colored connector) to the matching
color of the spider connectors

Make sure that you don’t shortcut the specially designed 4-wire measurement Kelvin clamp. Only
use the designated teeth in the front of the clamp.
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6 If a DUT type is entered in the top bar of the display, the unit shows an icon of the
DUT type and on each connection the label of the correct cable to be connected
is displayed.

5.2.3 Connection in Automated mode to a 3 phase transformer

For a normal transformer, connection is done following the labels in the cable; means connecting
transformer phases with corresponding labeled cables as shown in the bellow diagram.

H3/WIC H2NV/B H1/UIA

X3iwic X2/vfo X1ula XOmin mim | s —tm | HONN

® If only one side of a transformer has to be measured it's possible to connect only
that side.
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5.2.4 Connection in Automated mode to a 1 phase transformer

For a normal transformer, connection is done following the labels in the cable; means connecting
transformer phases with corresponding labeled cables as shown in the bellow diagram.

H1/U/A HO/N/N

X1/u/a XO0/n/n

e
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5.2.5 Connection in Classic mode

To connect the device to a test object different from a transformer, connections must be done as

following.
C
N
1 Resistance

Terminal A positive of the high current power supply
9

Terminal N negative of the high current power supply
9

Terminal B positive of the voltage measurement

9

Terminal C negative of the voltage measurement

9

Instrument is equipped with two voltage measuring channels, therefore two resistances can be
measured simultaneously, connect the equipment according bellow table to measure both
resistances.

2 Resistances
Terminal A positive of the high current power supply
9
Terminal N negative of the high current power supply
9
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Terminal B positive of first voltage measurement

9

Terminal C negative of first voltage measurement

9

Terminal b positive of the second voltage measurement
9

Terminal ¢ negative of the second voltage measurement
9

5.3 USB Type A Host Port

The USB Type A Host Port support various devices:
- USB Flash Memory Stick (for Data Export)
- Keyboard
- Mouse
- Hub

& Please note that the USB Type A Standard specifies a maximum of 1500 mating cycles. 10
mating cycles per day would easily lead to connector degradation within 1 Year.
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In case of frequent usage of the USB A port (typically for Data Export to a USB Flash Memory
Stick), we strongly recommend using a short extension cable to protect the front panel
connector of the device. See the following picture as an example:
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6 User Interface

6.1 Startup

To start the device, turn on the main switch and wait until the warning screen arises. Booting can
take some seconds.

WARNING

& The red Caution LEDs on the front panel indicate current
flow. These LEDs are the Master indicator.

A These LEDs can be red, even when the Emergency
button has been pressed. This indicates that the energy
stored in the transformer is still being discharged!

A Never disconnect the cables or touch the clamps while
these LEDs are lit! They work even when the instrument's
mains supply is interrupted.

Y ok

Read carefully the warning messages and click OK when understood. Read also carefully the
safety warnings at the beginning of this manual before operating the instrument.

User Interface




6.2 Structure

The device is equipped with an intuitive interface, and all parameters are selected through its

touch screen.

& Use the finger or a non sharp object to operate the touch screen.
Using sharp or metallic pointers can damage the screen!

The interface of the application software consists of four designated areas:

efine DUT . Test Name
Def _— sl I e 0 £ 5 Ll 14:13:19
Iné ™ sare ) 00:00:00 Standby ... . Ref. 75.0 °C
Act. 30.4 °C
Resistance
4A

30

HY A
;

Active —

A
Func B «2» E «2» <;::>
tion \\ Data Recording: Automatic / High Accuracy
¥
Ston Tap Tap .
[> stat Stop | = None ?»l« e ?1‘ Up J [ wist ‘ ﬁ Setup

Test
Na

Applic
ations

6.3 Define DUT (Top Bar)

The upper bar shows information about the actual test object and allows the definition of its main

parameters.
A A 5 -
| > DUT Definition:
> HV winding configuration
> LV winding configuration
> Phase displacement HV / LV
_— TV winding configuration
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Phase displacement HV / TV

6.3.1 Selection of DUT Type

Transformer main parameters selection is done in the upper part of the main screen. The HV
winding configuration, the LV winding configuration and the phase shift can easily be selected in
the pop up menu.

N s i TN [ LA P s [ i
“mz AN Stondby ... Ezg _7;,; E 9 sare Dd A Standby ... la:c z:ﬁ: H&AFE ) 00:00:00 1 |- l«g zng:
ad L 4 24 5 s o ple eh o qs o 3 s
P ol s
[} e Y Al ™™
i 5 ’ u © s 1 s ‘ b c Sl ‘ b
W - i i
1ot Ax_' 2 lpmg Re 1 e 2 L2
No actual tap detined | No actual tap detined ! No actual tap defined ! :’.
o | Qe e [paar sl [ D | 250 | B e R T e e o | S e S
Selection of the HV wmdlng Selection of the LV winding Selection of the phase shift

The tertiary winding, when existing, can also be configured by touching the corresponding icon

oA Rl

9 onre & 00:00:00 Standby|

44 €
HY 4

R A S A

750 °C

9 onre &) 00:00:00 Standby ..
ananc

[re— =
e G e 0
No actual tap defined |

st . 2

e £S5

ro ;
A:D;
@
1
> |5 |@ [0 | s [n o (o
=

No actual tap defined |

@]
Selectlon of the
(if available)

4
bt 0 e [ 2 sen| B D m e [ a2 TS 2w | E

Tertlary winding Selectlon of the tert|ary winding
phase shift

Winding settings

/\ Adelta winding of a 3 phase transformer

J. | A wye winding of a 3 phase transformer

J« | A wye winding with neutral of a 3 phase transformer

R Azig-zag winding of a 3 phase transformer

R+ A zig-zag winding with neutral of a 3 phase transformer

iy A one-phase winding
|
#& A current transformer or potential transformer

#48. | An unconventional transformer

Examples

Example for a setup of a 3 winding 3 phase transformer Dyn7d0

9

A &

7| afo
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9

e el

i

A A e ]

Example for a setup of a single phase transformer with no phase shift

Example for a setup of a single phase auto transformer

Example for a setup of a wye 3 phase auto transformer

The selected transformer is then shown on a graphical mode in the main screen. In case tertiary
winding has been selected two arrows in the right side will indicate that a tertiary winding has
been configured. By clicking in the arrows either the low voltage winding or the tertiary winding
actual configuration appears in the screen. The other winding appears as a small grey icon in the

button right of the screen.

meml AR

Test Narme
13:34:19

7 [ A] o] i

[’ SAFE

1 ehaseprase
vaue 55

0 00:00:00 Standby ... : Ref. 75.0 °C

} Act. 30.5 °C

16A

LS

?’.?

No actual tap defined |

Tep
Down

Shop } . None | & W

] vList

.-

AT
Llp

7 Setupi [ Fie

6.3.2 DUT data definition

T 8
weorf Al ke[ 7 [A] o] i EHS
Y snee &) 00:00:00 Standby ...  Ref. 75.0 °C

RAct. 30.3 °C
6A 12 Resistance

c Cm

L priase-Phas =
Voo T2 Be ? &

No actual tap defined !
 Teo s Top
~ Cown A

Stop |-None‘

l I:] List | f’ Semp\ D File

e

DUT additional settings and technical data

General information is necessary to identify the test and a proper reporting generation. Following

fields are available in the device software.

T T
Device Under Test (DUT)

Type ‘ Specification I Material | Labels Notes ‘

DUT Tap Changer

Serial No. Serial No.

Type

Driver No.

|

Type

Enter here the Serial number and Type of the device
under Test (DUT) and — if existing — also the Tap
Changer information.

This info is then also used to name the test files and
later on to easy classify measuring data.
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Device Undes Test (DUT)
‘ Type Specification

Tap Changer

Material |

Labels | Notes

Nominal Voltage

EHY | 2 |1 x620% HV  [230.00 v
¥V | £ ¥ x500% v [48.000 v
iy VA B TV [12.000V
Tap
Voltages
‘ o x ‘ K Ccanel [
T T T T
T T
Device Under Test (DUT)
‘ Type | Specification Material ‘ Labels Notes ‘
Temperature Constant
RV Copper IEC v 235 °C
Lv Copper IEC v 235 °C
v Copper IEC v 235 °C
{
L ! it L
Device Under Test (DUT)
Type Specification Material Labels Notes
Winding Phase A Phase B Phase C Neutral
High-Voltage HV A B C (o]
Low-Voltage v a b c °
Ter.-Voltage v Am Bm Cm Om
[
T T T
Device Under Test (DUT)
Type Specification Material Labels Notes ‘
Lo

Specification

Here the definition about Nominal Voltages of
windings have to be entered (used for desired value
of ratios and as limits)

If a winding is equipped with a Tap Changer (on load
or off load) it has to be configured by clicking the
selection box in the left of the corresponding winding
(HV for High voltage, LV for low voltage and TV for
tertiary winding).

See next chapter for detailed description.
Materials

The material of the different windings has to be
defined (used for temperature correction)

Following possibilities with its temperature constants
are available; Copper IEC, Copper ANSI and
Aluminium. Different materials can be selected for
each winding.

Labels

Here the user can define the Terminals labelling
according to his country or standards.

These Labels then will be used in all displaying and
recording of measuring data.

Notes

Long text field where any information regarding the
DUT, test conditions, remarks, etc. can be added.

9 Above information is included in the measurement results file as well as in the printed report.

User Interface




6.3.3

6.3.3.1

Tap Changer configuration

In case the transformer is equipped with a tap changer, it can be easily configured in the device to
allow automation of the measuring procedure and complete test reports generation. The tap
changer configuration screen is accessed selecting the DUT configuration i button in the upper
DUT Top Bar, and selecting the specific folder.

Tap changer configuration consist of the follow

t :
Number of taps Steps
- v . N Tap changer configuration is described trough
yumber of nominal following examples which shows the procedure step
aps by step.
Nor?t:nﬁl tap Once the tap changer configuration has been
positio finalized, just click the OK button to save the actual
¢ configuration.
Minimum tap
number
1 or 3 nominal taps
L selection )
On load or off load
tap changer

Nominal tap and tap voltage setup
Do s T @UT Select the tap voltages option and enter the
Twe | Spedfcstion | Materal | Labels | oms nominal voltages of the transformer.

Tap Changer Nominal Voltage
& HV ¢ |£1 x62.0% HV  |230.00 V
2LV L 20 RV j4s 000 v This step is all that is required for an
e - a2 00V untapped transformer.

MTap

~ Voltages

! f o | l P =

For tapped transformers it is necessary to define each tap voltage. The button has to be
clicked and the following dialog will appear:

User Interface




Tap Definition (HV)

User Interface

Name | Nominal el Totalhnumber of
............. tap chanaer
Actu | - 1 - D a
al tap 2 No. of Tap Position: : —
chan 3 Boktath Tap First position
4a- & number
_/b «»
/ | o Select if if when
N 5 more than 1
0 6 nominal
7 position, the
berof 4 Select if the
Number o intermediate
nominal taps are
reachable and
Tap Defition (V) : Enter each theoretical tap voltage in
Name Nominal|  Voltage Generl | Volmge the voltage column.
1 @ | 10,000 kv
2 15.000 kv | No. of Tap Positions ,3—[2
3 20.000 kv o .
D 1 } aled J Alternatively change to the voltage
o e b e RN folder for a quick way to enter multiple
®1 Cont. Naming tap VOItageS'
03 Approachable
| & o | K Cancel ‘ ||
A ‘ The nominal & step option will
"a;“e tomnel ZSITJOEgekV General | Voltage automatically populate the voltage
5 21'000 o | ©Nominal & Step values when the apply button is
3 22'000 i | ©Bottom & Top pressed. In this example the nominal
4 23.000 kv | Nominal [20.000 kv voltage is 20kV and each tap steps up
5 24000kV | swep  [1.0000 KV @:’ 1kV.
6 25.000 KV 2 s/" .
e O Step Down
7 26.000 kv
@ Acply =
8 27.000 kv \— Osien e
‘ o o ‘ ‘ X cancel




The bottom & top option will
automatically populate the voltage
values when apply is pressed. In this
example, the bottom tap is 11kV and
the top tap is 18kV. The apply button
calculates each tap voltage in

proportion to the number of taps.

Nominal tap is indicated by the symbol
“<<>>" peside the number, in case 3
nominal taps are selected, the other 2
nominal taps are marked with the symbol
“<>” Selection of the nominal tap is done by
clicking beside the number.

In case the tap changer positions are not
consecutive, or are not numbers, the new
character/characters to define each position can be
introduced manually by clicking in the “Name” cell of
the row that will be modified. The following example
shows a tap changer defined by letters instead

The tap changer type can be selected from the Setup

Tap Definition (HV)
Name = Nominal Voltage ‘ Gonelal Voltage
1 «» 11.000 kv * = B
o -
2 12.000 kv SR s
3 13.000 kv ® Bottom & Top
4 14.000 kv Bottom  |11.000 kV
5 15.000 kv Top 18.000 kv
6 16.000 kv
—— Step Down
7 17.000 kv
@ Apply ctab U
8 18.000 kv S Step Up
¢ o 1 ’ X cancel
o oefiion 010 Nominal Tap
Name = Nominal Gereral ‘
AR ——
AB No. of Tap Positions |5 v A
AC ulid Bottom Tap 1
2D A
AE No. of Nom. Taps  Intermediate Taps
®1 Cont. Naming
o3 Approachable
u (VAR S | X coroe
Tap Naming
numbers.
5 e o) Type (On load / Off load)
Measurement Data Tap Control Temperature | Miscellaneous ‘
Winding Sequence Operation Type
OH  ©Single Tap ©Manual | ©Off Load screen “tap control” folder.
cLw o lélominal, Teep s O Remote G On Load
ono Tirne Out

v OAll Taps

AA .| AE

Short unused
winding

9]

r

i Definecur
|
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6.3.3.2 Tap changer configuration examples

o on () _ Example 1
Name = Nominal General
1 e —
2: No. of Tap Positions |9 V2 A
: gt [T | v | & 9 taps transformer, with 3 reachable intermediate
- < . . . .y
e o N taps with no contlngous naming, button position
P o1 © Cont. Naming number 1 and nominal tap 4
| 5 ®3 [+ Approachable
i 7 f o K coreel
o oon G : : : : Example 2
Name  hominal e ‘ ‘
10
11 Na. of Tap Positions (9 v A~
12 BotomTap  [10 9 taps transformer, with button position number 10,
13 . . oy
14 «» No. of Nom. Taps  Intermediate Taps l nomlnal tap n pOSItlon 14
15 @1 Cont. Naming
| 16 03 Approachable
i 17
t 18 f o« K caal

6.3.4 Test Name

The first line shows the name of actual test. Yellow colour means no file name
has been defined yet.

The second line shows the actual time.

6.4 Applications (Side Bar)

The application bar (right side bar) allows the selection of the actual
measurement application (e.g. Resistance or Demagnetization).

Resistance

30 The DUT settings in the top bar are valid for all applications. The bottom
function key changes depending on the selected application.
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6.5

Active Window

In the centre of the display graphical information and measuring status of the current application
is shown. The screen change depending of the operating mode or the application selected.

+@

'ﬁ"m &) ov:00:00 Standby ... l i?: ;ztj; nsAFE ) 00:00:00 Standby . l: »;i:: ;gg:g B,ML &) oo:oo:00 Standby ... Cycle 0
168 i 124 B in Injection
' O P -
/ \_ I.__. Current Iz
. 16A =
o, R1 R2
= x B —— C b —— c
e w1 2 ' ' : '
i i B rcun‘:.\di:y Auometic / High deo.recy Data Recording: Automatic / High Accuracy Y
Automated mode main screen Classic mode main screen Demagnetization screen

6.6

Function Keys (Bottom Bar)

At the bottom of the window a key bar is located which includes all buttons necessary to perform
measurements, prepare setups or analyze test results. The buttons are case sensitive, i.e. they
change according to the actual status.

The common keys, which are used in most applications, are described as bellow:

? Tap Move tap changer, that marked with «, one step down
Dawn
? A T Move tap changer, that marked with &, one step up
Up
st Change display to list mode
Gra- Change display to graphic mode
phic
fg — Open setup menu of the selected application
D -~ Open data handling functions
See next chapter for details

Specialised keys for the single applications see single application chapters
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6.7 Device Information

The device information is accessible over Setup button in the bottom bar of each application.

Select the “Miscellaneous” folder. Here you will find the system info.

/j —_— The device information is accessible over Setup button in the bottom bar of each
P application.

Select the “Miscellaneous” folder. Here you will find the system info.

T

‘ Setup (Re;;lstnwe Measurement) :

|
‘ Measurement | Data ‘ Tap Control ‘ Temperature | Miscellaneous
¥ Sound TCP /1P Device Information \—‘
z Load Fac. Default
[vIDHCP Winding Analyser 2203 |2 L
1P Addr - )
e S ’ =% et Date & Time. |
R Firmware Version: 0.0.0

Subnet Mask Hardware Version M‘
0.0.0.0 FPGA Version: =

Gateway
0.0.0.0 MAC: “ Change Lﬁnguage‘

i DefireDUT ‘ of ok ‘ ‘ X cencel |

6.8 Data Handling

6.8.1 File management.

The device can print in the included printer, store in the internal memory and export measurement
results. All these operation are done in the file management popup menu

A kT AT e 0T Access the File management menu popup by clicking the

9 @ w0 Standby .. e |

Pl ) wemnsna | file button in the function key bar.

[ st

g Open a new test
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‘ T — Open a new test based in the actual data
| Load ‘ Load a recorded test

‘ =) save Save actual test under the actual name
5 save as Save actual test under a new name

%8| Delete Delete actual test

” Bxport | Export data to a memory stick

‘ ﬁ Print ‘ Print the actual test in the included printer

6.8.2 Printing results.

Results can be printed in the internal device printer by clicking the print button in the file popup

menu.

6.8.3 Exporting measurement results.

Measurement data, as well as the header and test object information can be exported to a
memory stick or the internal storage in a comma separated values file format. This data can be
later read by any commercial software, as for example MS excel.

Export Selection
Settings Measurements
@ DUT [ Resistance O USB stick
¥l Setup [ Temperature Rise @Int. Storage

[ Cooling Curve

LI Demagnetise

M VG Detection
Turns Ratio

[l Magnetic Balance
[ Tap Changer

of cx ‘ R caeel

When export option is selected. A popup screen will ask
which data wants to be exported; data will be saved in the
root directory of the memory stick.

O All Files

@ Actual File

It is possible to export All test saved in the device memory, or only the actual test. In addition
following options are available:

© Al Files Select “All Files” if all tests stored in the device memory want to be
O Actual File exported
Select “Actual File” if only the actual test wants to be exported.
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Settings
oDouT
Setup

Select if the device under test data (DUT) and the setup data want to be
exported to the memory stick

Measurements

] Resistance

[ Temperature Rise
¥ Cooling Curve
Demagnetise

[ VG Detection

[[] Turns Ratio

[ Magnetic Balance

Select the measurements that wants to be exported, resistance, cooling
curve and demagnetization.

O USB Stick
@® Int. Storage

Select the CSV output file destination:
USB Stick - Writes the report to the attached USB Memory Stick
Int. Storage — Writes the report to the internal Webserver storage.

Infomation

@ 2 file(s) exported !

ook

If exporting was successful, a popup message will arise informing about
number of exported files.

Once this message arises, the files can be found on the specified
destination.
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6.8.4 Webserver access / Ethernet interface

To access the files that have been written to the internal webserver storage, a network connection
between the device and your office computer must be established. Please refer to the “Remote
Control” section of this manual for further help.

You can find the IP address configuration of your device in the “Setup” — “Miscellaneous” dialog:

Setup (Resistance Measurement)
Measurement Data Tap Control | Temperature = Miscellaneous
Sound TCP [ IP Device Information
Load Fac. Default
] DHCP Wwinding Analyser 2293 A
IP Address g ;
Serial Number: 00174783 7usetDate 8 L ime
|192'168'1'100 Firmware Yersion; 3.0.0 -
Subnet Mask Hardware Version: O % Firmware Update
|255_255'255.0 FPGA Version: 3 =
Calibrated: 1900-01-01 «—  License Manager
Gateway
|192.168.1.1 MAC: da-54-07-51-05-00 G Change Language
1 Define DUT f o K Cancel

Please make sure that these settings are compatible with the settings on your office computer. As
an example in this case, the IP address of your office computer could be configured to
192.168.1.50. Then you can access the WebServer on the WA2293 using your Internet Browser
(e.g. “Internet Explorer” or “Mozilla” or “Chrome”). Simply type the IP address of the WA2293 into

the address line:

L C' [} 192168.1.100

FSSSPV210 -/

1/2/2086 12:88 AM 1648 IntStoExport.csw
1/22/201@ 12:28 AM 1318 bb.csvy

You can download your saved report files by clicking on the file in the browser.
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7/ Resistance Measurement

7.1

Operating modes

The unit can perform resistance on all types of objects, but has been specially designed to
measure resistance on highly inductive objects (as for example transformer’s windings,
generators windings, etc).

During resistance measurement the device can be used in two operating modes: the “classic
mode” and the “automated mode”.

Automated mode is used for measuring resistance on power transformer, as the unit is equipped
with an internal relay matrix that perform the test in all phases of a three phase transformer
without any reconnection.

Classic mode is used for measuring resistances or any test object different from a transformer.

Sehp(Re;Ishme Measurement)
1 Measurement l Data
Current

o A
W fiza

™V G [16A

i Defeenur ‘

T

| Tap Control
Test Mode
® Automated

- Phase to
~ Phase

4

o®

[—1

Temperature

O Classic

. without

— with

“R_Neutral 2 R_Neutral

@
@ L

f o

So 1

T W

et

e |

Miscellaneous

Selection on the measuring mode is
done in the Setup screen, accessible
over:

f’ Sefup

Select the Test Mode “Automated” or
"Classic”

7.2 Automated mode

7.2.1

General

On automated mode, the unit will perform all necessary steps to measure all resistances on a
transformer automatically.

Resistance Measurement




Measurement Data | Tap Control Temperature | Miscellaneous
Current Test Mode
HY 4 A © Automated  C Classic
Lv 12A o Phase to  without OWith
v [6A Phase R_Neutral R_Neutral
o [e] §o
®F ng ® — —
A TN AN
i :l'eﬁréEL.T‘ i o | X o

Resistance Measurement

Automatic mode selection is selected in
the measurement folder, clicking

f Setlp

in the function key bar.

When selected, additional options like
YnD measurement and tap sequence
are available




7.2.2 Function keys during resistance in automated mode

While in automated resistance measurement mode, following actions are available in the button
key. The buttons are case sensitive, i.e. they change according to the actual status.

D Start Start the measurement

m Record a result while manual recording mode is used
[P Yo

Stop Stop the measurement

E—— Deselect all windings

— Select all windings

E wind. | | Calculate the winding resistance based on the results of the combined

4 Calc. measured resistance when a delta type transformers is measured.
Ey Tap Move tap changer one step down
Down
B Tap Move tap changer one step up
Up

i Change display to list mode

Dteaios Change display to graphic mode
phic

o senp Open setup menu for the selected measuring application

7.2.3 Active Window

The automated resistance measurement screen is bellow described:
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Status bar (actual

procedure step,
Safe

 State T > m sar 00:00:00 Standby ... i Ref. —
Act.
16 A 16 A
Selected current —> HY A LV a
with
Active I
S — INWENTEEE e
windings to e
B O C b / \ ¢

Tap changer setting
withsC ————————— } ?

tual tap defined

/ A

* SC = Shortcut; direct action or access to setup over touching

Tap Changer Visualization:

-1 Tap changer graphical representation
anL
% “Remote Controlled” is active in dialog “Setup”
= this winding is selected at “Tap Control” / “Winding” in dialog “Setup”
BNt tap-changer is defined as “On Load” in “DUT” dialog
1 Actual tap position

7.3 Performing a test using Automated mode

7.3.1 Measurement steps

Before operating the instrument, make sure that the safety rules have been fully
read and understood. It is the responsibility of the end user to ensure that the
system is operated in a safe manner.

Performing a resistance measurement on a power transformer consist of following steps

Resistance Measurement




| NS

DUT general data
- J s N\
p + § Configuration of the
Selection of the L automatic )
corresponding DUT remperatare
L main narameters ) - N
¢ Selection of the
( - ) ) desired test current
Configuration of the \ J
tap changer (when ¢
L existina) ) - N
Auto recording
selection
s N\
Winding material ~ l /
selection L
. ) s N
Measuring
(. J
s * N\
Exporting and
printing results

7.3.2 Set up DUT data

@ To set up the steps with DUT related data:

- see related chapters in the “User Interface” part.

7.3.3 Test current selection

According international standards, the maximum test current should not be higher than 10% (IEC)
or 15% (ANSI) of the nominal winding current to avoid heating up of the winding and therefore
non stable readings.

& Selection of measuring currents above the transformer nominal current can end
in the transformer break down.
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9

7.3.4 Test current recommendations

- The measuring current must be introduce
rjleasurement Daia l Tap Control Temperature | Miscellaneous Independent fOI’ eaCh W|nd|ng and |S done II’]
Current Test Mode “ ™ . .

o et bution i the function key bar.
u | uncti .
v 12A o Phase to @wihout o with p y
v [i6A Phase R_Neutral ~ R_Neutral
[5,] [e] ¢&
l i Define cur o R caval
32 A A shortcut for current selection is available in the main screen; clicking in

the current by winding drawing

Normally 32 Amps are not necessary, except when really low resistances (<0.5mOhm) have to be
measured it can help to improve accuracy.

It is recommend to use 16A maximum. This way two windings of the transformer can be
measured simultaneously, which speeds up the measurement process a lot!

i

Current settings guideline

DUT type

Distribution

Power < 20MVA

Power <200MVA

Power >200MVA

GSU (Generator Step Up):

Current

HV =1A..8A LV =10A..16A
HV =4A .. 8A LV =8A .. 16A
HV =8A .. 16A LV = 12A .. 16A
HV = 16A LV = 16A

HV = 16A LV = 16A
(with option "without R_Neutral")

Generally the resistance of the transformer winding to be measured is a good indicator for the

required measurement current:

<10mQ
< 100mQ
<1Q
<10Q

7.3.5 Tap sequence

16A

4A .. 12A
2A .. 4A
<1A

Resistance Measurement




If the transformer is equipped with tap changer and it has been configured in the device, the tap
changer measuring sequence should be defined. Different options are available in the Tap
Control folder, selecting the setup in the main menu.

Setup (Resistance Measurement)

Measurement Data Tap Control | Temperature | Miscellaneous
Winding ( Sequence Operation Type
® HV @ Single Tap ® Manual ® Off Load
LV O gg:tz'::l’ fop = O Remote O On Load
Time Out
TV @) A|<|< I: psm ] : W i/l: [?Cr“tng nused

1 Define DUT (/ OK K Ccancel

O Single Tap Measurement will be done tap by tap (no sequence to be

followed), the tap to be measured can be manually selected
in the main screen.

Nominal, Top & Only the nominal, upper and bottom taps will be measured
Bottom

O All Taps ’T ’—?everal or all taps will be measured following a sequence

7.3.6 Auto recording configuration

T SR Measurement can be done in auto stop mode
et || o || S| Jemvin | dicties (value is automatically recorded when stable)
[ Recordin Stabilisation Criteria | Storage . . . !

@Aut:mam i bt R Ogverwnte or in manual mode (unit stays measuring until

— ol | AT the operator click the stop button), selection

N eEr between both operations modes is done in the
setup screen, Data folder.
i Definecur f cx

To record a value while measuring on this
mode, click the record button in the function
key bar.

If Automatic mode is selected, two pre-programmed stabilization parameters are available, in
addition the user can introduce any value manually.
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O High Accuracy | Value is stable and therefore recorded when a change of 0.0003% per second,
or 0.003% per 10 seconds or 0.03% per 100 seconds is achieved.

@ Fast] Value is stable and therefore recorded when a change of 0.003% per second,
or 0.03% per 10 seconds or 0.3% per 100 seconds is achieved.

@lm User can manually introduce any stabilization parameter, the value introduced
is the slope of the change, and is defined as value (in percentage) per second

7.3.7 Tap Control

Here the user defines how the tap changer is used in the resistance measurement.

S Qe vesaremert) winding:
1 Measurement | Data Tap Control Temperature | Miscellaneous ‘ . i X i
Ty Ooaon o Define which available tap changer is used

@HV © Single Tap © Manual © Off Load (taped trough) in the actual measurement.

o Nominal, Top &
~ Bottom
@ All Taps

© Remote OOn Load

Sequence:

Select which taps have to be measured
(single extremes, all)

[ i?al‘ws.rxr‘ ‘ o o
' ! e e

Operation:

Define if the tap changer is operated
manually (the unit gives a message to
change and waits for confirmation) or
automated together with the “Remote Tap
Switch” cable.

Set as timeout the time which is maximum
needed to change the tap (used if no
feedback signal is available from the tap
changer)

Type:

Off Load -> the unit will be discharged
before changing a tap

On Load - The unit stays charged while
tap changing.

Short unused windings = Normally
checked. Avoids overvoltage protection
problems.

® Example: When “All Taps” and “On Load” is selected the sequence is as follows:

First phase — test all taps — next phase etc., tap changing in charged state and the
measurements on multiple windings are performed sequential.
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9 See also chapter “Tap Changer Interface” for more details and connection advice.

7.3.8 Temperature correction

The instrument can perform temperature correction for the values measured, as related in the IEC
or other national or international standard.

4 1\
Select the winding material
(. J
s * N\
Reference temperature
selection
(. J
s l N\
Test object actual
temperature
(. J
- ———' If automatic temperature correction is desired,
\ Measurement ' Data l Tap Control Temperature | Miscellaneous

the DUT actual temperature and the reference

e +=w s=ms | temperature have to be introduced by selecting
©75°C AL the temperature folder after clicking the setup
O85°C  EMamal |5 3 jgec button in the function key bar.
opsec 50 | w4 330°C
o e | v
Read the chapter “Temperature correction” for
A e Yo X the proper data introduction.

7.3.9 Measurement

Performing a measurement on a transformer is quite simple. Once all transformer and options
have been introduced; just click the start button. The instrument will perform all operations
automatically.

During the measuring and while in graphical mode the parts of the circuit being measured will
become red and the actual measured value will be shown bellow the label.
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pr—— Before starting the test, a screen showing the tap position

N Hv that will be measured arises. Tap changer must be
F samppstinte «1» positioned in this position. Measurement sequence depends
on the tap changer configuration menu.

Moo £ c;nj».,,| X oawn

N
Tap changer position selection
(automatic with optional tap
changer remote control)
. J/
4 1\
Charging the transformer
(. J
4 | * I
Resistance measurement ( all
phases)
(. J
4 N N L I
Discharging the transformer
(. J
4 l I
Measurement results
(. J

; = —
el CUT 3 = Ssthome efraiy Isstine
\77”_’ l A L J\ I 7 l A&_‘ 0 ‘ i ] [Bsins et CAUTION | Current flowing i A | ‘ | ‘ i S

s &) 00:00:00 Standby Ref. 750 °C ) nN:00:11 Discher iy : Rel. 75.0 °C. SAT dY on:on:11 Stamiby .. Ref. 75.0°C
0 Fha waec Q b e osec 0 S Sk [t A

Lox - Resistargs
2 28
it

Y W 5 W HY = W WY W
. I 2.3477 Q! 2.3477 Q1 584.61 mQ
. A - 2.3286 Q! 58343 mQ
e b A - S A i - 5 .
e o ‘ LI 2.3466 Q! 58646 mQ
= A ey [BE b oo TR ¥ 1 =
- Dot ieosrdi g Amrad: FHIE Sicraty S o
[> stat - e [FA/® | [ | fsan | [0 Fe = o winding selected |
| I A L Il I | | 1 i@stc: ml grnl A | o ‘ - i =l -:',,“Iﬁ"&? D | 2| E5e
Click start button to initiate the ~ Automatic measurement running Measurement results
test

If auto recording is active, instrument will record the value and stop the measurement when the
stabilization condition has been reached.

Windings to be measured are selected by clicking on them. Purple color means that this winding
will be measured; blue color means that this winding will not be measured. If a previous
measurement on this winding and tap position has been done, results are shown in blue, but
measurements can be repeated.

Selecting or de-selecting all windings can be easily done using

e the corresponding buttons in the function key bar.
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[ sare &) 00:00:11 Standby .. Rel. 75.0 °C 9 sare &) 00:00:11 Stardby ... Rel. 75.0°C Yswe J) 00:00:11 Sy .. Ref. 75.0°C

rAcIA 304 °C R Act. 30.4°C Ad. 304 °C
A pri) BAa 1°a GA ZA
HY » w s HV & w a HY & v a
2.3477 Q1 584.61 mQ ‘ 2.3477 Q1 584.61 mQ 23477 Q* 584.61 mQ
232860 583.43 mQ 2328601 583.43 mQ RS 583.43 mQ
il - b LN t < b LN © 3 & S b
2.3466 Q* 586.46 mQ ‘ 2.3466 Q* 586.46 mQ 2.3466 Q1 586.46 mQ
e el 2 St a s 3 1 &
Dara Reea-clr: Abmate ¢ Hoh Azuracy. Dtz Faccedng: foncmae fHIZY Seccazy Dsta tecoeding: suematic / Hek Accurazy
All phases will be measured Only HV side will be measured Only phase AC in the HV

winding will be measured

Measurements will be automatically saved after each test. Data storage options can be selected
in the Data folder, clicking in the setup button of the function key bar.

Measurement Data Tap Control Temperature | Miscellaneous ‘

Overwrite > when a measurement is repeated, results
overwrite the actual measured values

Recording Stabilisation Criteria Storage
® Aut ti O High A @0 it .
ok e i Append > When a measurement is repeated, results
O Manual @ Fast O Append

T | are added in the list but previous results are also kept.

i Defrenlm of o ] R cael ;

] A | [ & i Results can also be shown as a table list, selecting
LETE S QODm S pRch TR0 the list button in the function key bar.
Tine | Desigion | (Al | 1wl [ R [ Rzsmy ] e
130310 HY/1/AB 393 W4 19023 23289
130340 Lho 12.1 as 0.3 058255
D> st [ @ sme B e [ tona | BADD Josse | 22 san| ] s
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7.4 Classic mode

7.4.1 Generalities

On classic mode, the unit work as a standard low resistance measuring bridge using the Kelvin
method. The unit includes one current power supply and 2 voltage measuring channels (for
measuring up to 2 resistances simultaneously), This mode can be used for measuring test objects
different from transformers, as well as for calibration purposes.

S ke Fasaons Classic mode is available by selecting this mode in the
Measurement | Dan | Tapconeol | Tempestre | sl || measurement folder, clicking setup in the function key
] Current Test Mode bar
HV ]ZA O Automated @ Classic
:\\I/ iz: O'1 Resistor When selected, 1, 2 or 3 resistances measurement
©2 Resistors mode is available and can be selected.
) with Separate
O 3 Resistors. Supply Cable
If Separate Supply Cable is selected, the system
I | i pemar] o o || % core supports a separate cable for supply and for sense is

T

used. (see also graphic in main screen)

Selection between 1, 2 or 3 resistances can also be done in the main screen by clicking on

9

the drawing.

7.4.2 User Interface structure

Test
Def
. _— Na
ine sl A R Tao
[ sare ) 00:00:11 Standby ... : Ref. 75.0 °C
Act. 30.4 °C
Resistance
164 (D 30 Applic
Active —_ ations
[R1 [R2
LB =
\ ( y
B[ 14017 Q | b|933.16 mQ)c
Func
t| on I i Dqta Reciordingi Automati& / HighﬁAmuacv
> start ‘ 1‘ e ‘ [ st ‘ /7 setup

The function key bar is adapted to this measurement method. The buttons are case sensitive, i.e.
they change according to the actual status.

| T . — Start the measurement or Record the actual value (only available during
Le measurement)

@ —_— Stop the measurement

i cra- || Change display to list mode or graphic mode
phic

/P setp Open setup menu for the selected measuring application

Resistance Measurement




B3 Fie Open data handling functions

7.4.3 Active window

™ sare ) 00:00:11 Standby ... . Ref. 75.0 °C

 Act. 30.4 °C
16 A q)

RO R

Bl 140170 |c b/933.16 ma ¢

Data Recording: Automatic / High Accuracy

. Ref. — Temperature correction, when active the reference temperature is shown.
Act. 25.0 °C

e Measuring circuit schematic, letters indicate the cable labels to be used

B} 14017 Q | b[933.16 mQ ¢

IRl Label and value of the resistance

1.4017 Q

Test current selected
16 A

ﬂ SAFE Test object status. Be advised that the external red lamp is the safety
master (14 in the front panel description). The test object can not be
touched or disconnected only when this lamp is still on.

1 For the correct cable connection in classic mode see also in chapter
“5.2.5 Connection in Classic Mode”

m Resistance Measurement Tetex A\




7.5 Performing a test using Classic mode

T

751

7.5.2

9

7.5.3

Before operating the instrument, make sure that the safety rules have been fully
read and understood. It is the responsibility of the end user to ensure that the
system is operated in a safe manner.

Performing a resistance measurement using classic mode consist of following steps

| N

DUT general data

A J s N\
P + < Selection of the
Selection of the desired test current
corresponding DUT ~ g
L main narameters ) ¢
'd ~\
¢ Auto recording
: ) selection
( Material selection )
A J
A ¢ J - i N
- N Measuring
Configuration of the L Y,
automatic L *

. tamparatira J s N

Exporting and
printing results

Test object connection on classic mode

Follow the instructions in the “connection and setup” chapter in this manual.

Set up DUT data

To set up the steps with DUT related data:
- see related chapters in the “User Interface” part.

Temperature correction

The bridge can perform temperature correction for the values measured, as related in the IEC or
other national or international standard.

Tettex "\ Resistance Measurement




7.5.4

Select the winding material

v

Reference temperature
selection

v

Test object actual
temperature

[ p—
[Measurement I Data [ Tap Control Temperature | Miscellaneous ‘
¥ Correct to [ Sensors
Reference Mean ~ 30.3 °C # Temp. Description
® 75 °C © 1 30.1°C
= 2 ot e
Of
Sl EManval | g | 3 | 324°C
095 °C 25.0 °C [ 4 33.0 °C
a 5 8 °C
[} 6 52196
i ehioe DU of o R caval

If automatic temperature correction is desired, the DUT
actual temperature and the reference temperature have
to be introduced by selecting the temperature folder
after clicking the setup button in the function key bar.

Read the chapter “Temperature correction” for the
proper data introduction.

If temperature correction is active, then the main screen will show the actual temperature and the
reference temperature.

Test current selection

Selection of the measuring current is done by clicking on the test current field in the main screen,
any value between 0 and 32A can be introduced, some values are directly selectable.

0.1A 1A 8 A
0.25 A 2A LE.A,
0.5 A 4 A 32 A

Resistance Measurement




7.5.5 Auto recoding configuration

—_— Measurement can be done in auto stop mode
ul ni Data i . .

e .| Teeoa ‘V'T”""”‘“'e == (value is automatically recorded when stable)
Recording Stabilisation Criteria Storage . . . .
. . or in manual mode (unit stays measuring until
® Automatic O High Accuracy @ Ovenwrite . .
om the operator click the stop button), selection
O Manual ® Fast O Append R : .

N rcp e between both operations modes is done in the
setup screen, Data folder.

i meficecur of cx

To record a value while measuring on this
mode, click the record button in the function
key bar.

If Automatic mode is selected, two pre-programmed stabilization parameters are available. In
addition the user can introduce any value manually.

O High Accuracy | Value is stable and therefore recorded when a change of 0.0003% per second,
or 0.003% per 10 seconds or 0.03% per 100 seconds is achieved.

Fast Value is stable and therefore recorded when a change of 0.003% per second,
or 0.03% per 10 seconds or 0.3% per 100 seconds is achieved.

@lm User can manually introduce any stabilization parameter, the value introduced
is the slope of the change, and is defined as value (in percentage) per second

7.5.6 Measurement

Measurement starts just after clicking the start button in the main screen. During the measuring

and while in graphical mode the measured value will become red and the actual measured value
will be shown bellow the label

Tettex "\ Resistance Measurement m




4 | \
Charging
| J
( * . )\
Resistance
measurement
(. J
4 ¢ .
Discharging
| J
P
Measurement
results
(. J

PeElAal L] 7 [ATo ]

Pelal L] 7 Ao 1 FEl P
[$ B @) 0o:00:00 Stanchy ... Ref. 750 °C
K act 3040

pie pos (GBS @) 00:00:11 Sty .. fre mox

O O O

1
. O o
L Gl (e 5] 13965 @ [c b[934.83 m@ | o[ 13017 |c »l9ztemale
Ot Recerding: Actomats: { Hoh Acorary Gata Recirdig: Automati: | Heh Acarary | Dota Recording: Automatic /Hioh Adarasy
] it lDim jomalDre, | Sued@m lolis it Do | (e @ e [ 0 [ D i [ 2 s [0 e
Click start button to initiate measurement running Measurement results
the test

If auto recording is active, instrument will record the value and stop the measurement when the
stabilization condition has been reached. Otherwise the stop button has to be pushed to stop the
test. Values can be recorded manually using the record button.

Measurements will be automatically saved after each test. Data storage options can be selected
in the Data folder, clicking in the setup button of the function key bar.

SR A e Overwrite > when a measurement is repeated,
Measurement Data Tap Control | Temperature [ Miscellaneous | reSUItS OVerWrite the aCtUaI measured VaIUeS
Recording Stabilisation Criteria Storage
© Automatic O High Accuracy © Overwrite Append - When a measurement is repeated,

O Manual © Fast O Append results are added in the list but previous results
©[0.003 %/sec are also kept.

| i Definecur \ ¥ x | ‘ R cacel

If measurement has to be repeated, just click the start button again.

Resistance Measurement




e W-EC
Ysne ) 00:00:09

7‘J<l1|i

Standby ...  Ref. 75.0 °C
Act. 30.5°C

Time | Deseriptien |

TS o 23 O 2T v

Results can also be shown as a table list, selecting
the list button in the function key bar.

130310 HY/1/A-B 393 WA 16023 2329
1303 4D 1ho 12.1 W 0.45678 058258
= Wit |+, T Gl ]
RS B itona B0 orfe (2 e D
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7.6

Temperature Measurement

Temperature sensors can be connected to the

— :1 ;2 :3
@ e Ve Ve corresponding connectors in the front panel. If more
than 6 temperature sensors are requested, optional
extender can be purchased. PT100 sensors are used
Fe i ¥ e for temperature measurement.
® ® ® ® o . .
Sensors for liquids or magnetic sensors are available,
consult the accessories chapter for additional
information.
Setup (Resistance Measurement)
e I e e ) The temperature measuring screen is accessed
¥ Correc [ Sensors . .
A AT + 7w oemme | Clicking the Setup button, under the temperature folder
©75°C B 1 c00% in the function key bar.
&l 2 31.4°C
LI “Manual | 5 3 g334ec
opsec P50 | ® 4  3m0cc
=) 5 34.4 °C
=) [ 354 °C
o o | R Cocal .
 Correct to Measured resistance can be automatically corrected to a referenced
Reference temperature. This temperature can be 75 degrees, 85 degrees or any
® 75 °C temperature between -50 and 100 degrees. The selection is done by
085 °C clicking into the white button field

©195 °C

Feforonoe

@7 - -
Renge: -50 °C _ 100 °C lear
7"8 9 | Badkspace

4|5 EV

1l2.|3

0: o o K corcsl

Manual

25.0 °C

When no temperature sensor is connected, the DUT actual temperature
can be introduced manually by clicking in the white field bellow the
manual selection. Manual selection must be activated

ﬂ Sensors

Mean = 32.7 °C

Actual temperature of the sensors. If more than one sensor is selected,
then the temperature shown is the medium of all actives ones

- Ref. 75.0 °C
Act. 32.8 °C

If temperature correction is active, then the main screen will show the
actual temperature and the reference temperature.

Resistance Measurement




# Temp. Description
1 30.4 °C
2 314 °C
3 324 °C
4 33.1°C
5 34.5°C
[3 35.5°C

KR E R

Actual reading of the six temperature channels. To be added to the
medium temperature they should be selected. A description (text) can be
added to every temperature channel.

By clicking on a sensor line in this list you enter the temperature probe
definition dialog:

iy e = Select the position where the sensor is mounted on the DUT by clicking.
= = | On the “Temp:” column of the specific probe.
L s In resistance measurement only the simple average temperature of the
S e activated sensors is taken. In the heat run measurements, the standard
; L X based calculations are implemented with respect to specific probe
positions. (see related heat run chapters)
Description Here an additional text for the sensor can be added (e.g. when an
external sensor is used on a cooler fan)
The Text input field can also be accessed directly by clicking in the
specific “Description” column in the parent dialogue.
5 With these arrows you can toggle trough the single probes definitions
Resistance Measurement
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Demagnetization

8.1

Theory

After disconnecting a transformer from the grid or performing a winding resistance measurement
with direct current, the transformer core will be magnetized. The following figure shows a
transformer core hysteresis curve with a possible magnetization My. My can be anywhere on the
y-axis within the hysteresis loop.

N=

The magnetization M, can influence various measurements like turns ratio or frequency
response. For these measurements the magnetization should be My = 0 Am™, otherwise the
results can be wrong or not comparable. Further, connecting a magnetized transformer to the grid
can cause high inrush currents.

The common method to demagnetize a transformer core is to apply nominal AC voltage to the
transformer and slowly decrease its amplitude to zero. But this method requires a very large and
not portable controllable AC voltage source.

With the 2293 demagnetization function, the hysteresis loop of the transformer is calculated using
a special algorithm, later using an iterative procedure running in several cycles the
demagnetization status is reached

Demagnetization




8.2 User interface

The demagnetization procedure is done automatically. Few parameters have to be selected
before proceeding to demagnetize the transformer. Parameters selection and function are

accessible in the demagnetization function.

Defne DUT ‘ A ‘ s

7 A o] i B

™ sare ) 00:00:00

standby ... Cycle 0 A

o Resistance
Injection 3 ﬂ
B-C R =
HeatRun
Current I 3¢
32 A O =r [ Demagnetise
-® 0 +0®
\ I \—
Y
| > start l Stop ‘ LN L‘j l st | 2 sehp | [ File

8.2.1 Active Window
The demagnetization function main screen components are described below.

Phase where current will be
introduced

Target test
current

Measuring time

\

To access to this application, select
demagnetize function in the applications bar
(side bar)

Number of cycles done

/

™ sare ) 00:00:00 Cycle 0
Measured resistance
Injection /
B - C R -—- / Actual applied current
C [
urrent
32 A O --.- —————  Actual measured flux
Demagnetizazion
-0 +& Running indication bar

While in demagnetization application, following actions are available in the button key bar. The
buttons are case sensitive, i.e. they change according to the actual status.

| — Start the measurement

@ Stop Stop the measurement

? g TP Move tap changer, that marked with #, one step down
Dawn

? A T Move tap changer, that marked with #, one step up
Up

7 st Change display to list mode

Demagnetization




Gra-
A
phic

Change display to graphic mode

&L” Setup

Open setup menu for the selected measuring application

8.3 Performing a demagnetization

8.3.1 Measurement steps

Performing demagnetization with the 2293, consist of following steps

Phase selection and
Parameters definition

'

Demagnetizing

'

Export and printing

. results )
& Before operating the instrument, make sure that the safety rules have been fully
read and understood. It is the responsibility of the end user to ensure that the

system is operated in a safe manner.

8.3.2 Parameters definition

S To define the application parameters, push the setup
Hessuremert L mestres | pytton in the function key bar while in demagnetization
Current Injection Completion Condition app| |Cat|on
HV @ e Cycles "
32 A @ HV OA-B !20—
= s QLY S Rel. Res. Flux
v |12A OTV ~ 0C-A 5 %
Abs. Res. Flux
20 mWb
l i Define DUT " &/ ok ‘ R carel
Demagnetization TeHex A\




Injection
@ HV CA-B
oL ®@B-C
oTv OC-A

Injection Phase and Winding

Selection of winding and phases to be used for the demagnetization.

It is recommended to use the high voltage side and the center limb of the
transformer.

Current

HY 32 A
LV 16 A
™V |16A

Current used during the demagnetization.
It is recommended to use at least 2 times the no load losses current of the
transformer of the winding used

Completion Condition
Cycles

o

Rel. Res. Fux

5%

Abs. Res. Fux

20 mWb

Stop criteria to determine when a demagnetisation run will be completed:
Cycles

Maximum number of cycles the instrument will perform. Set this parameter
high enough (>50) to prevent abnormal termination

Relative Residual Flux

Percentage of the initial maximum magnetic flux that will declare the
transformer as demagnetized. Select low values for good demagnetisation
results.

Absolute Residual Flux

Maximum flux value in Weber (1Wb = 1Vs) that will declare the
transformer as demagnetized Select low values for good demagnetisation
results. 20mWhb represents the lower technical limit of the device.

The demagnetization iterations will be completed, if any of the above
conditions is fulfilled.

If the Rel.Res.Flux is set to 5% (e.g. 30Wb x 5% = 1500mWb), the unit does usually stops
based on that higher value. Instead at its technical limit (Abs.Res.Flux) of 20mWhb.

Demagnetization




8.3.3 Demagnetizing

Click the start button and the instrument will perform the demagnetization.

sl CAUTION | Current fiowing e oee 0UT CAUTION | Current flowing Sty De""mj‘ | | | i
&) o003 Analysing . Cycle 0 ) oo:00:27 Demagnetising ... Cyele 1 “ AFE &) 00:00:45 standby Cycle 5
Injection Injection Injection
B-C R -~ B-C R 2.0080 Q B-C R 1.9997 Q
Current % @ 1276A — @ >< 1 1994 P @ 1000A
,7 © - 25 A © 0.556 Wh ,T ¢ 0.018 Wb
-0 [} +O -® 0 +@ -@ 0 +0
| | —— \ |
i@ il i Oon om] ] Do Ol EEP e
Current injection and resistance Transformer is being Transformer demagnetized
measurement demagnetized. The bar indicates

the actual core flux.

8.4 Application hints

Repeating the demagnetization function more than once does theoretically not result in a
much better demagnetization of the transformer because the procedure starts with a
maximal magnetisation to get a defined initial condition of the core.

S9

Please verify that the measured "Winding Resistance" "R" matches the real winding
resistance with good accuracy (e.g. 1%-2%). Otherwise the demagnetization will eventually
not be performed reliable.

S9

Power transformers with closed delta windings (>100MVA, YNd or YNynd)

Transformers with low voltage delta windings create a circulating current which can
influence the demagnetisation. This is because of the fact that the magnetic flux is not
distributed equally on all limbs within reasonable time.

Wherever possible, we recommend to open a Delta Winding, to improve Demagnetization
performance.

S9

It could also be helpful to repeat the demagnetisation on all three phases.
However — at power transformers with closed delta windings, a demagnetisation without a
real 3 phase high-voltage power source is difficult and mobile devices reach their limits.

Demagnetization
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Heat Run - Cooling Curve

9.1

Theory

The purpose of this test is to establish the top oil temperature rise in steady-state condition with
dissipation of total losses and to establish the average winding temperature rise at rated current
and with the top oil temperature rise specified before.

This target is achieved in two main steps:

Temperature
Topoill ?L —————— Top oil temperature Topoil \N!-
Topoil2 | ———————_~ = — Radiator- Top-RAT. | — === ok
AOTL |~ ———— Tt o] \poling curve
AOT2 - o T T T T T T —— = -
Tamb1 Radiator Bottom RAB| . |
Tamb2 -| 7 D e ———— e
Tamb0 0 (Cooling medium temperature) [Phase2 | time
|
0 Phase 1 t1 t2

First the top oil and average oil temperature rises are established when the transformer is
subjected to a test voltage such that the measured active power is equal to the total losses of the
transformer. The oil temperature and the cooling medium temperature are monitored, and the test
is continued until a steady-state oil temperature is reached. When the top oil temperature has
been established, the test shall immediately continue with the test current reduced to the rated
current for the connected winding. This condition is maintained for a certain time (normally 1h).

Following the first part of the procedure (heating), resistance has to be measured after a quick
disconnection of the power supply. The values of average temperature of the two windings are
determined from the resistances change along the time, known as cooling curve.

Temperature

ATCUC ... |
ATCu - ,
Cooling curve

AOTI
AOT2

Tawbl =—...
Tamh2

Tarko time

[*Re Bl
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9.2 User interface

The 2293 is equipped with a heat run function which allows the measurement of the resistance
values for the cooling curve calculation during heat run test.

e A TR T2 = | i To access to this feature, select cooling curve
[one Dovoooo  Standy .. Point 0/100 function in the applications bar (side bar).
Temp. 32.3 °C
4A HY A 12A W s
AN
\a 0\
c - T Wb
1 phase Phase
Velie 455F
(e 2 ‘ 1o ‘ L | . ‘ ~ ane| 2 sn | [ Fie

9.2.1 Active Window

The cooling curve function main screen components are described bellow.

Measuring time Measurements stored
: SAFE J) 00:00:00 Standby ... Point O / 100 Medium
Target measuring n \) Temp. 32.1 og ——"temperature

current \
4 A 12A

Windings to be
measured (purple

LV

5B &P ® i
&——ub Tertiary/LV winding

e selection
1 phase-Phase =
ﬁ N 3 =

Value 1S5+

Tap changer position

While in heat run application, following actions are available in the button key bar. The buttons
are case sensitive, i.e. they change according to the actual status.

Q) Start Start the timer after disconnecting the power supply (zero time).
Tirner Has to be started when the Rated current Supply is switched OFF
Start Start the resistance measurement when the connection cables are mounted.
Meas When started this button becomes the “Break” function

m Heat Run — Cooling Curve




X Break
Meas

Stops the resistance measurement but NOT the timer (with “Start Meas” the
measurement can be reactivated)

In case the test is stopped by this button during first stage (t2-t4) of 3 phase
sequential measurement, the whole sequence will be redo after reactivated.

Stop

Stop and resets the application (resistance measurement and timer)

? g T Move tap changer, that marked with «, one step down
Do
? A Tap Move tap changer, that marked with «, one step up
Up
Sl Change display to curve mode
) st Change display to list mode
4 Gra- Change display to graphic mode
phic

ﬁ Setup

Open setup menu for the selected measuring application

[] File

Open data handling functions

Tettex A\ Heat Run — Cooling Curve




9.3 Performing a resistance measurement
(cooling curve)

Measurement steps

Performing resistance measurement on cooling curve test with the 2293, consist of following
steps

( Measuring phases and )
windings selection

: , \
, : N Measuring Parameters
Measuring values definition

recording interval

\ J L

¢ Starting the timer
Measuring Parameters . )
definition ¢
Measuring

Export and printing
\ results )

& Before operating the instrument, make sure that the safety rules have been fully
read and understood. It is the responsibility of the end user to ensure that the
system is operated in a safe manner.

9.3.1 Phases and winding selection

One resistance per winding can be selected for heat run test resistance measurement. Selection
is done by clicking in the corresponding part of the drawing in the heat run test main screen.
Purple color indicates the windings to be measured.

9.3.2 Resistance measurements recording interval

During a cooling curve test, a resistance value has to be recorded on regular intervals; this
interval is user defined.

Heat Run — Cooling Curve Tettex AN\




I I T
Setup (Temperature Rise & Cooling Curve)
Data "Rise" | Data "Cooling" | Measurement 1 Temperature I Miscellaneous ‘
@ Single Phase QA Step 3 Points *
O Three Phase (Sequential) i 100
Ste|
Average Temperature of \‘] :‘ :?xgimt:w
ate] . g (‘\’m—
[l Radiator Top 3!
[ Radiator Bottom 5: > <
[ Winding al 10 sec
[ Core —— 45 # time
¥ Qil Top !
}' i Define DUT | & o ‘ \ R Cancel ‘
T = T T T

T T

T T T
Setup (Temperature Rise & Cooling Curve)
Data "Rise" | Data "Cooling" | Measurement l Temperature | Miscellaneous ‘
O Single Phase Q Step 3 Points *
i Reconnect
® Three Phase (Sequential) A Siens 100
Average Temperature of : T, Resistance
[10il 2 o 1
[[1 Radiator Top i3 e
[] Radiator Bottom I g: € il
[ Winding “l4 min |10 sec
(| COFE ~ o O>——— time
¥ Oil Top
f | i Oefinebur | ¢/ ‘ X cancel ‘

9.3.3 Test current selection

The recording option is available after
selecting the Setup button in the function key
bar while cooling curve is selected in the
applications bar.

When Single Phase is selected, the
measurement will be performed on one phase
of each selected winding.

The interval (time between readings) and the
number of readings can be here selected by
clicking in the corresponding field

When Three Phase (Sequential) is selected,
the measurement will be performed
sequentially on all three phases of each
selected winding up to the time interval (t2-t4).

After this time interval the measurements will
be performed on the selected phase until the
number of readings is reached.

The exact number of 3 phase measurements
achieved is dependent on the time taken
before reconnection and the charging time.

According international standards, the maximum test current should not be higher than 10% (IEC)
or 15% (ANSI) of the nominal winding current to avoid heating up of the winding and therefore

non stable readings.

T

transformer break down.

Setup (Temperature Rise & Coollr:g Curve) : : :
i Data "Rise" | Data "Cooling" | Measurement | Temperature | Miscellaneous l
" Current | Test Mode
HV Fl A ® Automated O Classic
v J12A o Phase to  _ without with
v [2a Phase ~ R_Neutral ~ R_Neutral
Wl El
i Defire DUT &/ ok ‘ R cancel

32 A

9

current by winding drawing.

Heat Run - Cooling Curve

Selection of measuring currents above the transformer nominal current can end in the

The measuring current must be introduce
independent for each winding and is done in the
“measurement” folder selecting the Setup menu
in the function key bar.

Independent current per winding must be
selected. Read carefully the chapter “Power
supply modes” to understand the operating mode
of the unit and let the unit select the faster
measurement procedure.

A shortcut for current selection is available in the main screen; clicking in the




9.3.4 Temperature settings

Seup (Temperature ise & Cooling Curve) — The temperature measuring screen is accessed
| Data"Rise" | Data "Cooling" | Measurement | Temperature | miscelianeous || clicking the Setup button, under the temperature
§ Sensors folder in the function key bar.
# Temp. Position Description . . . .
B | 1 | 2025 | Ambert Activate the used probes by clicking the left sided
® 2 313° Rad. Top check box.
o Z ggg E RadélBot- Click on the single probes line to enter the
v .0 © i . . . . .
=1 £ | &1 ' conf|gU(at[on dialog of the single probes (position
o 6 & description)
[ i Gefinecur o ‘ X oo |
- j‘ vge'zngc A%s;t_imt pescription . Actual reading of the six temperature channels. To be added
BT 5 o (et to the medium temperature they should be selected. A
® 3 323°C Rad.Bot. ipti
description (text) can be added to every temperature
v 4 33.0°C il Channel

By clicking on a sensor line in this list you enter the
temperature probe definition dialog:

et e e : Select the position where the sensor is mounted on the DUT
= ===l by clicking on the transformer icon.

In the heat run measurements, the standard based
calculations are implemented with respect to specific probe
positions. (see related heat run chapters)

In resistance measurement only the simple mean
temperature of the activated sensors is taken.

Position

Actual Temp.

Description

l > ‘ | o X | R cann Cavel
Description Here an additional text for the sensor can be added (e.qg.
when an external sensor is used on a cooler fan)

" With these arrows you can toggle trough the single probes
definitions without closing this dialog window.

9 The temperature settings are common for the Temperature Rise and Cooling Curve functions

| Ambient | i Liquid cooled transformers will use the
E@g E i E _ Z S ambient, oil, rad. top and rad. Bottom
Y s positions.

Dry type transformers are likely to use the

' C:% P ambient, winding and core positions.
ad |_Core |

9.3.5 Tap changer position selection

The tap position for the cooling curve test can be selected using the tap up/tap down button in the function
key bar. The actual tap changer position is shown in the main screen.

1 A shortcut for tap changer position selection is available in the main screen;
B clicking in the tap changer drawing, a popup screen will then arise allowing the
selection of any tap position

Heat Run — Cooling Curve Tetex A\




9.3.6 Measurement Single Phase

Measurement consist on two steps, initiate the timer when the power supply is disconnected, and
then, after connecting the instrument by clicking the start button.

Eeine LUL A I& =
= & o

Y snee

Tl

Point 0 / 30
Temp, 32.3°C

PA PN

Qi@ il
Start the timer when power supply
is disconnected by clicking Start
Timer, timer starts to count.

9

&) owo:e Walting ..

o rE

Break
Meas

X

lesthlame

Lene LU
— £9:21:20

CAUTION ! Current Rowing

Point 11 /30
Teomp. 32.1°C

A LN\
499.12 mQ
1 pogiaPhaee
VA

‘X fuese
When instrument connected, click
Start Meas, a reading is stored
every defined time interval.

| aTsr
e L L e

9.3.7 Measurement 3 Phase Sequential

A a7 [k i
& B3 @ ovonaz sty .. Point 30 /30
Tomp. 32.3°C
4n o
HY 2 W
(]
1.9963 Q!

oo o, Carve
I~

o
B b A
499.72 mQ

sl O s ilstin s pes Zsme B ot
AII measurement pornts recorded
measurement finalized, last
measurement value is shown.

Stops the resistance measurement but NOT the timer (with “Start Meas” the
measurement can be reactivated)

Measurement consist on two steps, initiate the timer when the power supply is disconnected, and
then, after connecting the instrument by clicking the start button.

A T TR
“ SAFE &) o0:00:00 walting ... Paint 0 /0
Temp, 32.3°C
4 s
w s
)
s A
Lot
i
5 > S 5 x = & =
R YT Y TV YN R ey

Start the timer when power supply
is disconnected by clicking Start
Timer, timer starts to count.

s=tihare

Leine LUt
- WL 27

CAUTION | Current flowing

) o044

2.0092 (f

2.0043 Q‘

Measuring .. Boint 5 § 10

Temp, 32.3°C

121n

1.9947 Q!
498.60 mQ

501.72 mQ

501.80 mQ

Lo »4«
S

QERX A B seo iR B2
Auxrlrary measurements of the
selected third phase are recorded

every second.

v

9.3.8 View Results

Jest hlamie
e ]

CAUTION ! Current Rowing

Point 6 /10
Tomp, 32.3°C

ol B oA
501.25 mQ
3posa e
Pt

2] 0o s s o e e
When mstrument is connected
click Start Meas. Auxiliary
measurements of the selected
phase are recorded every

second.

DELE CAUTION ! Current flowing

&) oo:01:06 Measuring .. Polnt 10/ 30

Tomp. 32.2 °C

A

0042 Q*
498,60 mQ

2 499.30 mQ
1.9928 Q*

Z 0043 Q* 498.34 mﬂ

Ol X @ s in s i Lo o
The main measurement. A
reading is stored every defined

time interval.
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Define .11 %
) CAUTION ! Current flowing

& on:no:zo Point 7 /10

Temp. 32.2 C

Messairing ..

914A 1A
HV o~ v a
19347 9t
498.79 mQ
5
>
1.9927 Q* 501.80 mQ
onceepoan
e
Ol X | @ o [ i [E0I2 [0 o] fsvel L

Aucxiliary measurements of the
selected second phase are
recorded every second.

PN e s
b Bl &) an:or:za Standby ... Point 30/ 30
e %42
qs 124
HY =« W s
1.9959 Q1 499.30 mQ
1.9928 O*

498.60 mQ

L
2.0043 @ 497.69 mQ

e =>
xS =
No wlnﬂlng selected |

AII measurement pornts recorded,
measurement finalized, last

measurement value is shown.
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To see the measured results in graph format,

Define DUT .
4 [ 7 [ %]+ ]
n SAFE ) 00:00:42 Standby ... Point 30 / 30
Temp. 32.1 °C
Resistance [2] HY: AL LV: b- v
VLWV HY
Time[m] ©:00 @05 0:0 015 020 025 0:20

Startad 2014-02-21, 09:21:08; Storage Interval L sec

*“ ‘ ] List

/2 setw | [] File

Define DUT
=

[’5/% ) 00:01:28 Standby ... Point 30 /30
Temp. 32.3°C
Resistance [Q) HV: CA LV:a Tv:
WLV HY Be ol
Cooling Curve
) '
Time [m]  0:00 0 020 0:30 040 050 1:00

Started 2014-02-21, 09:08:41; Storage Interval L sec

e

. ‘D cE3 ‘f‘ setp | [T File

top

To see the measured results,

Define DUT . Test Name
— | ‘ ‘ | ‘ 1 18:22:45
M sare ) oo:00:53 standby ... Point 20 of 20
Temp. 32.7 °C
Bz Time [ Court [ 1Al [ TrC) [ R ||
00:02:32 1 158 328 20011
HV/3/A-B 00:02:42 2 158 328 1.9976 HeatRun
Start Time 00:02:52 3 158 328 1.9934 3¢
2011-07-11 00:03:02 4 15.7 32.7 1.9948
18:14:13 000312 5 6.2 32.7 20064
Storage Interval 00:03:22 6 16.3 328 1.9587
10 sec. 00:03:32 7 159 32.7 1.9930
00:03:42 8 158 32.7 19921
> 00:03:52 9 16.1 328 19943 k

=l Bz B [a28E | £ san DO e

select the Curve in the function key bar.

Measured results are shown in graph mode by
selecting the curve button.

If additional tests of other phases, windings or
taps are performed, the graph shows the
results for the last 9 windings measured.

Time is shown from the point of disconnection.

Measured results for a three phase
(sequential) test display the readings during
the (t2-t4) interval and the single phase
measurements after time t4.

Time is shown from the point of disconnection.
There are no readings during the
charging/discharging time for each phase.

select the List in the function key bar.

Measured results are shown in a table mode
by selecting the list button.

gl Gra-

- Curve st

[ List

9

9.3.9 Exportresults

The function keys in the bottom bar cycle through
the sequence curve — list— graphic — curve

See chapter “Data Handling” for information about exporting and printing results.

Heat Run - Co

oling Curve




10 Heat Run - Temperature
Rise

10.1 Overview

The 2293 is equipped with an optional temperature rise function. This optional feature is enabled
using the license manager. This process only needs to be completed the first time temperature
rise is used.

See chapter “Heat Run Cooling Curve” for a description of the theory of this test. Temperature
rise performs the total loss injection and rated current injection phase of the heat run test before
switching to the cooling curve function to perform the final phase of the heat run test.

10.2 User Interface

i ‘ A | 11 ‘ = ‘ i To access to the license manager, select
[Ysne 000000 Standhy . Ref. —- setup function key in the bottom bar of any
Act. 30.0 °C appllcatlon
o 7 Resistance
HY A W o El
C /_ » _\\‘-’.)B ¢ L’—* b

s e 7 2
No actual tap defined !

sar | == None ‘ " s ‘ [ st | 22 setwp | [T File

Soip Resiionce Messrement) : : Select the Miscellaneous folder and then

Measurement ’ Data | Tap Control | Temperature ~ Miscellaneous ‘ press the License Manager button.

[ Sound TCP /1P Device Information
1P Adds —
i Serial Number: lm

Firmware Version: 0.0.0
e
Mo reoeven |0 e

pooo | FRGAVeskn: = 3
Calibrated: « License Manager ||
Gateway |

0.0.0.0 MAC: ’“ Change Language

i DefireDUT | &/ o ‘ } R cacel

T T T T T T
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i T I T =]
License Manager

Enter Activation Keys

Application
Turns Ratio
V.G. Detection

Temp. Rise Full
Mag. Balance
Remote Control
Arbitrary Phase
Tap Changer

License Key Type Usage Max. Usage

35912443 Full

foo ] [xem]

T T T T T T

I
License Manager
Enter Activation Keys

Tu St
V.G,
Te|
Mag
Rem
Arbit]
Tag

Licansa Key Tune. Licaaa Ma

This change needs a system reboot
to take effect.

Continue ?

A

\V oK HXCancel

T I T I I T

7 [ W B
n SAFE ) 03:00:00 Standby ...
Temp. AT/t Temperature [°C]
Data Set 00:00 / 08:19
108 D50
[> start i o } top ‘ } > 1‘[] List | 2 seto | [] File

License Manager
Enter Activation Keys

Application
Turns Ratio
V.G. Detection
Temp. Rise
Mag. Balance

Remote Control 35912443 Full
Arbitrary Phase [
Tap Changer

License Key Type Usage  Max. Usage

27980377  Trial 10 30

f

| K Carcel

Heat Run - Temperature Rise

Enter the license key in the Temp. Rise box
and press OK.

If the temperature rise function was
previously used with a trial license key,
clear this number and replace it with the full
license key.

Press Yes to reboot the unit and install the
detection function.

To access the detection feature, select
temp. rise function in the applications bar
(side bar).

You may need to press the up/down arrow
buttons to view the temperature rise button
depending on which other functions are
enabled.

Trial licenses for temperature rise are
available which permit a limited number of
tests to be performed. The remaining
number of tests is displayed on the license
screen.

Removing the trial license key will remove
the temperature rise function from the
application bar.




10.2.1 Active Window

The temperature rise function main screen components are described below.

Countdown timer Test phase
ﬁ SAFE d) 00:55:41 Step 1 "Heating" : Stable, Timer ON
0
4 Temp. ' AT/t ™\ 5 Temperature [°C]
Actual
sensor T
temperature 0.70 °C/h
Temperature
0.51 °C/h rise graph
0.61 °C/h
Calculated v 0:.00 0:20 0:40 1:00 1:20 1:40 2:00
1/6 124 / 500

temperature 31.2 °C |0.60 °C/h Datasclig0e 09 /03:19\ Timeli]
Test time / Maximum Recording time

Temperature rise Data set
Measurement point / Maximum points

10.2.2 Function keys

While in temperature rise application, following actions are available in the button key bar. The
buttons are case sensitive, i.e. they change according to the actual status.

| — Start the temperature rise
! Res- Resume the temperature rise
ume
@ Stop Stop the temperature rise
o Jump to next step of the test
[> Cont Continue from step 1 “Heating” to step 2 “Rated current”, or to Cooling curve
inue
< Move to previous data set
> Move to next data set
] st Change display to list mode
15
) Gra- Change display to graphic mode
phic
fg _— Open setup menu for the selected measuring application
etup

Tettex /N Heat Run - Temperature ‘
Rise




10.3 Performing a Temperature Rise Test

10.3.1 Measurement Steps
Performing temperature rise test with the 2293, consist of following steps

( Measuring parameters )
definition
i Liquid cooled or dry type
Temperature probe transformer?
setup
¢ A Liquid
( Apply total loss injection )
¢ Apply rated current
g N L injection )
Start test l
l Continue test
Measuring ¢
w Heasumg
i A 4

function

'

[ Export and print results ]

[ Change to cooling curve ]

m Heat Run - Temperature Rise Tettex AN\




10.3.2 Recording Settings

;ngp (Temperature Rise & Cooling Curve)

Data "Rise" ‘ Data "Cooling" I l l Misc
Test for - 1°C/h
OiTypeTEC ¥ O stent  hiny i gy
Stability Check on Hestiog e
C il c
L Radiator Top > le eI §
L Radiator Bottom - 12
= Winding . |1 min |3 hr |1 hr :.n
[~ Core J 3 S timeo
[ Qil Top > Max, Recording Time: 8 hr 19 min
i Defrecur o/ o |
Step 1
“Heating”
| |
Test for

Oil Type IEC v

Oil Type ANSI

Dry Type
User Defined

1 1 1

1°Cth

Step 1 1
Step 2

Heating

Stability Check on
C Ol
"] Radiator Top
[] Radiator Bottom
[] Winding
] Core
Oil Top

Heat Run - Temperature
Rise

The temperature rise settings screen is accessed by
clicking the Setup button in the function key bar when
temperature rise is selected in the application bar.

The interval (time between readings) can be selected
by clicking in this field. Consider the predicted
duration of the test when choosing a value because
the test is limited to a maximum of 500 readings per
data set.

Click here to automatically configure the rate of
change of oil temperature rise, the duration this must
be stable and the duration of the rated current
injection according to standard parameters.

The User Defined option allows the rate of change of
oil temperature rise, the duration this must be stable
and the duration of the rated current injection to be
manually configured. Clicking in the highlighted areas
allows manual setup of these values.

Stability check selects which temperature sensors are
monitored during the heating and rated current steps
of the test. If stability is not maintained the stable
timer is reset.




9 Test for Liquid cooled transformers default to stability
3 check on Oil Top. Dry type transformers default
|Dl’y Type to stability check on winding and core.
Stability Check on

Coil

[[] Radiator Top

[J Radiator Bottom
Winding

Core

] Oil Top

Dry type transformer setup is only for the heating
part of the test. There is no step 2, rated current
injection. It is only necessary to specify the
temperature rise, stable temperature duration
and recording interval.

10.3.3 Temperature Settings

Seup Temperature Rise & Cooling Crve) ' : The temperature measuring screen is accessed
| Data'Rise" | Data “Cooling" | Measurement | Temperature | Miscellaneous ‘ by CliCking the Setup button, under the
§ Sensors temperature folder in the function key bar.
# Temp. Position Description . H : H
o R e Activate the used probes by clicking the left side
® 2 313° Rad.Top check box.
o i gig g RadélBot- Click on the single probes line to enter the
v .0 © i . . . . ..
EENET ' conflgur_atl_on dialog of the single probes (position
o 6 & description)
[ i Cefinecur 7 x ‘ R cervel |
B B 7 R RS oS ticn bescription . Actual reading of the six temperature channels. To be added
= 1 30.2°C Ambient .
® 2 313°  Rad. Top to the medium temperature they should be selected. A
® 3 323°C Rad.Bot. description (text) can be added to every temperature
i 4 33.0°C Oil Channel

By clicking on a sensor line in this list you enter the

temperature probe definition dialog:

et e G : Select the position where the sensor is mounted on the DUT

b = | by clicking on the transformer icon.

Positon In the heat run measurements, the standard based
calculations are implemented with respect to specific probe

positions. (see related heat run chapters)

In resistance measurement only the simple mean

temperature of the activated sensors is taken.

)

Actual Temp.

Description

\ > J ‘(/ o | R conn Cavel

Des.cription Here an additional text for the sensor can be added (e.g.
when an external sensor is used on a cooler fan)

Heat Run - Temperature Rise TeHex A\




With these arrows you can toggle trough the single probes
definitions without closing this dialog window.

9 The temperature settings are common for the Temperature Rise and Cooling Curve functions

T

-1 e
[t k)

_lq}“u”ﬂ-'

Rad. Bottom

10.3.4 Liquid Cooled Transformer Measurement

Liquid cooled transformers will use the
ambient, oil, rad. top and rad. Bottom
positions.

Dry type transformers are likely to use the
ambient, winding and core positions.

Measurement consist of three steps, start the test when total loss injection is applied to the
transformer and then press continue after the total loss phase is completed and the HV supply is
reduced to rated current injection. Finally continue to the cooling curve application before the HV

supply is switched off.

Lerns 5 = i
A | i
| PYsnee ) vroo:00 Standby ..
P Ap Tarrperch.re [3C
1
2A1.1
|
| S312
294 °C -
5 30.3°C
| 0
e
303 °C Datasot  00:00 /08:19 Tiree [41
16 0/ 500
| [ st = Sky; | l > £ ‘,,“' s [C] Fe

Click Start for temperature
recording to begin when total loss
injection is applied.

#onbs1 RUNNING! Temperature Measurement

“ SAFE dy anss:a1 Step 1 "Heating® ¢ Stable, Timer ON A
Tonp.  ATA oy lEEEERresd
| Anbieri | =
20,0 °C
3229C 070°Ch
TR
0.0V 051 %R o
4
M2 061 ch
= ONC 0 0dn Goe 0 v
329 060 % Dsty et 02:03(00:19 Tims ]
16 124150
| \ ) ' ‘ T us |¢ sang
I

When the temperature rise
reaches the setup value the
status changes to green and the
phase 1 timer starts to
countdown. If the setup value is
exceeded, the countdown will
reset

Make sure that:

* DUT settings are correct
« Temp. Rise settings are set correctly
* Cooling Curve settings are set correctly

It is strongly recommended that a test run of the
Cooling Curve is performed to ensure the
correct function of all parts!

= IW Cicp. ‘
A warning message is displayed
as a reminder that temperature
rise and cooling curve must be
before clicking Continue

RUNNING! Temperature Measurement

2o
= T 7]

&) 00:10:54 Step 1 "Heating" : DONE

Lol

@ Step 1 "Heating" : Complete.

Press "Continue" when power injection has been
changed to rated current.

@ i —— ‘
When the temperature rise has
been maintained for the required

time, the total loss injection is
complete. Click OK to start the
next phase of the test.

M.2°C 0.02°C/M

Ml [ mna

[ Gttt
AESs

Heat Run - Temperature
Rise

Lést Narve

RUNNING! Temperature Measurement
&) o1:00:00
Temp.  ATA &

11359

*Teating* : Mozsuring

255°C_ 169 "Ch
24.9°C 152 °Ch

2929 160 ¥Ch

Datatiel 0029 0019 I mefir]

i@ | -z |20l 0

The latest readings are shown on
the screen and the graph shows
all the measurements from when

the test was started.

M2 161 T

‘—u het ‘

Iistfarve
1145 15

&) -00:28:23 Step 1 "Heating" : ONE

50,1 003 "
Ra. ol
siivc votech - g

U g LD L 2
DataSet  03:27/08:19
16 200/ 500

‘[,::« 'i‘l':l'_l‘ '}‘ [@—\,,_.,

Apply the rated current injection

and then click Continue to start
phase 2 of the test.

[ D 2| L

93



Lela bl l
=
e

@) 00:16:04 Step 2 "Weated Current” : DONE
T g X

Temp.

o 1
_3|_1 0.9 °Ch ‘ -._,, @ Step 2 "Rated Current" : Complete.
| ka_iop ] ‘ = - . e
-25 Press “Continue" to prepare Cooling Curve application
Ed

20.1°C_ -0.89 °Ch 2
30.1°C 0.94 °Ch

before disconnecting the rated current supply.

Data el 04:50 / 00119 “ire ]

00U -0.97 “Ch I:II:EH DJ:',ZJBGL;J;: : ; 1. :é[': 3029% 008%h R et
e G (@ | (SR (i o @5 | L [ fsme
When the countdown is complete,

Temperature measurements
continue while the phase 2 timer
counts down.

click OK

CUZETIN P 7 [ = | ‘ q
b ES @) vowo:00 Standby ... Point U f 100
Temp. 32.2°C
24
w o
0
0

& >

¥ oln

O T Lo T e L
When the rated current injection is
switched off, press Start Timer.
Then connect immediately the
measurement clamps to the

transformer and press Start Meas

At least one temperature positions must be defined,
probes connected and enabled

o o

o |,

Heat Run - Temperature Rise

‘Dsﬂra 0

=
P9

n
| ELiec oa0ech

RUNNING! Temperature Measurement.

[OOSR St 7 "Rated Current* : DONE

Toup.  ATA o el

20.1 °C

29.3 9 -0.02 Y

30.0°C -D.00 "Ch

302°C D06 UCh

‘ Rt i I@‘J"—’} e | O \fﬁeu‘

Click Continue to switch automatic
from Temperature Rise to Cooling
Curve application.

Temperature rise tests cannot be run unless one
temperature position is defined in setup.




10.3.5 Dry Type Transformer Measurement

Measurement consists of only two steps. Firstly start the test when HV is applied to the
transformer. Second continue to the cooling curve application before the HV supply is switched

off.
e ‘ Py Py 0 - i
[$ Bl ) 03:00:00 Standby ...
i, Tenpa (50|
200°C
30.1 9C
3L1°C : Lo
Data Set  00:00/08:19 Tmzll
116 /500
T cig > D | Zoxw| D e

|

Click Start for temperature
recording to begin when HV
injection is applied.

Lefns UL
—

L

1emp.

RUNNING! Temperature Measurement

Step 1 "Heating" - Stable, 11mer ON

210 °C

| winding B
30.1°C 0.2 °C/hy

31.2°C 0.43°Ch rr— - s T m
T T Y V. N € 12 <

DataSet 02106 /08119 “ime hl
1/6 121 £ 500

e @ 5o |
When the winding/core
temperature rise reaches the
setup value the status changes to
green and the step 1 timer starts
to countdown. If the setup value is
exceeded, the countdown will

— Nz

\ [ wist ' / Sehy

reset
G RO
Y sne &) ooz stancby ... PFaint 0 / 100
Temp, —-
en u
HY 4 W s
i ‘
o o~
cd > & ]
Fe «0»
ity B oy 12, ";E'rlf [t 7 e

When the HV injection is switched
off, press Start Timer.
Then connect immediately the
measurement clamps to the
transformer and press Start Meas

Make sure that:

» DUT settings are correct
» Temp. Rise settings are set correctly
+ Cooling Curve settings are set correctly

o 1t is strongly recommended that a test run of the
50.1] Cooling Curve is performed to ensure the
correct function of all parts!

I—"‘ [W§w| [CW [ 7 %=

A warning message is displayed
as a reminder that temperature
rise and cooling curve must be

setup before clicking Continue

RUNNING! Temperature Measurement et

d) -00:07:20

Step 1 "Heating" : DONE
Tepy -

@ Step 1 "Heating" : Complete.

Press "Continue" to prepare Cooling Curve application
before disconnecting the rated current supply.

E]
of =
3
Dataset 0508 /08:19 Tirs 1

/e 09 00

il@enl [ [P [l
When the temperature rise has
been maintained for the required
time, the test is complete. Click

OK

e Dl |
> 2

Heat Run - Temperature
Rise

[ RUNNING! Temperature Measurement
“urul &) a3no:00 Step 1 *Heating® : Massring ..
S AT e
200 °C

5

2
[ viinding I
24.6°C 162°C/H
o 1
248°C 1685Ch Ui i 4D RID sEE 00 (201 41 1500
DetsSet  00:37 00113 Time [
116 181500

i@l | .
The latest readings are shown on
the screen and the graph shows
all the measurements from when

the test was started.

RUNNING! Temperature Measurement

e o

e %17
-

“Heating® | DONE

%
]

i | z
30190 -005"Ch -

3L ooaccm T
co

193 =m0 v
DataSet  05:34/08:
116 3

Tralh

l®@s Lo [ ool
Click Continue to switch

automatically from Temperature
Rise to Cooling Curve application.

i
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10.3.6 View Results

To see the measured results, select the List in the function key bar.

seel AT 7 T - | | i [ Measured results are shown in a table mode
by selecting the list button.

g sare ) -00:38:38  Standby ...

Time | Ambient | Cil [ Rad. Top [Rad.Btm. | Winding | Core | il T4

050503 204°C 314°C 203°C  304°C -~ | —- | 302 The results shown are dependent on whether
050505 200°C  3L1°C 22°C W1 o oo 01 Treppee the transformer is liquid cooled or dry type
CIRGE |BLY | oiie, B2 B L e | e L9 and the sensor positions used during the test
05:08:08 20.1°C 31.2°C 29.2°C 30:2°%C i i 302 b
05:09:11 209G | 311496 | 129:1.9€ 30.1¢°C = = 301

05:10:03 20°C o b i o 29.1°C 30.2°C =i = 301

05:11:04 201°C 312°C 29.1°C  30.2°C =z =F 30.2
05:12:06 201°C 31.1°C 202°C 30.2°C == = 30.2

05:1301 201°C 31.2°C 201°C  301°C - R E
< | >
Res- | o Gra-
[> start ‘ et X L) ston ‘ < 1 > lA*phlc f’setu::l [ Fie

Define DUT _ N Test Mame
= | k | )‘" | 0 | I I i 10:54:16
[ sare ) -00:53:07  Standby ...

Time | Amblent | ol | Rad. Top |Rad. Btm. | Winding | core | Qi T4 Temp. Rise

05:46:07 200 °C = s s 302°C. | 31:29%€ = } i
05:47:08  200°C o R =5 30:29%C: | S120€ =
05:43:.00 20.0 °C -=i= - - 30:29C- | 314:9€
054905 | 200°C -~  =- | —- | 300% 3%
05:50:06 20.1°C = B = 301 °C 31.2°C
0S:51:10 200°C e o e 30.2°C  31.1°C
05:52:03 = 20.0°C = = =g 3029%€ " | 314:9€;
05:53:04 200 °C - -] - 30.2°C 31.1°C
05:54:.05 200°C = = =7 301°C  312°C b |
< | >
[> start l o al Dse ‘ < ‘ > ‘ arse | Zsan| [ Fe

10.4 Export Results

See chapter “Data Handling” for information about exporting and printing results.
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11 Transformer configquration
Detection

11.1 Overview

The unit can perform automatic detection of the transformer winding configuration and the phase
displacement. Typically this is used to check the winding connections of a known transformer type
or to find out the configuration of an unknown type.

To access to this feature, the equipment must be equipped with the Turns ratio option, see
chapter 12Turns Ratio Measurement

The function energises and measures the transformer using various different connections and
shorting to determine the phase displacement. Further energisation and measurements are
performed to determine whether there is a neutral connection on either the primary or secondary
winding. Finally the likely transformer configurations are presented in the results grid. Less likely
Zig-zag configurations are also shown in a different color.

he function includes a user selectable threshold to control how close the reported phase angle
must be to a perfect clock number phase shift. This allows differentiation of arbitrary phase shift
transformers from standard phase shifts.

11.2 User Interface

The 2293 is equipped with an optional detection function. This optional feature is enabled using
the license manager. This process only needs to be completed the first time detection is used.

T NRA { 11 ‘ - ‘ IE To access to the license manager, select
[Yswe @) 000000 Sty .. Ref. —- setup function key in the bottom bar of any
Ak 00 application
o 7 Resistance
HY A v a 30
(e /__ _\.vB L E b

1 phase-Phase
Vaue £S5 F- 2 ¥ “
No actual tap defined !

: ‘ + ||:| List Ey Sehpl [ Fie

‘ Naone

Tettex N\ Transformer configuration 97
Detection




Measurement Data I Tap Control | Temperature ~ Miscellaneous ‘

Sound TCP /1P Device Information
DHCP winding Anaivser 203 | | ERMGERIRRRSRI
1P Addi |
LOuE Firmware Version: 0.0.0 e 1
Stretvek  receevesen |00 s s
IU‘0.0.0 FPGA Version: —_—

Calibrated: I Manager

Gateway =
0.0.0.0 o

~—

Enter Activation Keys

Application License Key Type Usage \Max. Usage

Turns Ratio

V.G. Detection Full

Temp. Rise

Mag. Balance
Remote Control 35912443 Full
Arbitrary Phase

Tap Changer

b \ ¢ x l | l Carcel |

This change needs a system reboot
to take effect.

Continue ?
Arbi ‘
Ta \ v Yes I I X No |
1 e
] A | | 7 [ -] - | 1 |8
nSAFE al uo:oo::ll Standby '@2(71/;0 "
S A2 Phase Shift
ot i
= A Neutral
R i
R
DSth@::@ 11»;/5'\[“ ?Tlig" [ |j’&wlD File

Transformer configuration

Detection

Select the Miscellaneous folder and then
press the License Manager button.

Enter the license key in the V. G. Detection
box and press OK.

If the detection function was previously
used with a trial license key, clear this
number and replace it with the full license
key.

Press Yes to reboot the unit and install the
detection function.

To access the detection feature, select
detection function in the applications bar
(side bar).




You may need to press the up/down arrow buttons to view
the detection button depending on which other functions

are enabled.

Enter Activation Keys

Application
Turns Ratio
V.G. Detection
Temp. Rise
Mag. Balance
Remote Control
Arbitrary Phase
Tap Changer

License Key

32307898

35912443

Type

Trial

Full

Usage Max. Usage

5 30

o ok X concel |

Trial licenses for detection are available
which permit a limited number of tests to be
performed. The remaining number of tests is
displayed on the license screen.

Removing the trial license key will remove
the detection function from the application
bar.

Transformer configuration
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11.2.1 Active Window

The detection function main screen components are described below.

Measuring time Test voltage
™ sare ) 00:00:00 Standby ... & 7Y
’ 1 50/60 Hz
HV S Test frequency
T A R e i

{5 Measured

5 //phase angles

LV

/?5

Primary neutral

HY  ? ST measurement

X 2D >

Ly ?
Tertiary/LV \
winding selection
\ J Secondary
neutral
measurement

Detection results

11.2.2 Function keys

While in detection application, following actions are available in the button key bar. The buttons
are case sensitive, i.e. they change according to the actual status.

| — Start the detection

@ Stop Stop the detection

? Tap Move tap changer, that marked with #«, one step down
Dawn

? A T Move tap changer, that marked with 4, one step up
Up

ﬁ _ Open setup menu for the selected measuring application

etup
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11.3 Performing a Detection

11.3.1 Measurement steps

Performing vector group detection with the 2293, consist of following steps

Parameters

definition

'

Detection

'

Export and

printing results

& Before operating the instrument, make sure that the safety rules have been fully
read and understood. It is the responsibility of the end user to ensure that the
system is operated in a safe manner.

11.3.2 Parameters definition

Setup (Vector Group Detection)
Measurement Tap Control Miscellaneous ‘

Supply Phase Angle

Yoltage Threshold

7 v 2.0°

Frequency

® 50/60 Hz

016.7 Hz

i DefinenuT ’ o/ ok { R Cancel
e L

@ _@_67V

50/60 Hz

11.3.3 Detection

To define the application parameters, push the
Setup button in the function key bar while in
detection application.

Test Voltage:

Voltage used during the vector group detection.
It is recommended to use as high a value as
possible particularly with larger transformers or
high ratio transformers.

Frequency:

Frequency of the test voltage applied during the
test. This can be different than the DUT
specification.

Threshold:

Limit used for phase angle detection

A shortcut for voltage selection is available in the main screen; clicking
on the voltage text or symbol.
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Click the start button and instrument will perform the vector group detection.

e e x| 9 | A 1| i
© ko S L © Somone o= e =2 @ oo
Phase Shift A LA 2R B e it A AR i
o 2 B
= )\., G R
w Netral wo A Neutral
o 2 R '
w17 A
— |®5u| l Lz g | 1 — e I@ Su il 1 B2 sy B o indalinls I ]‘j&g{w e
Voltage applied and detection Phase angle measurements are Neutral measurements are
measurements are running. The completed. The grid shows a completed. The grid shows the
grid shows all transformer reduced set of possible likely transformer configuration in
configurations are possible. transformer configurations and green and less likely
phase displacement of 1. configurations in yellow.
Deﬁnem_{fl s l A ’ 1 | A | 1 | i R Prﬁss on the appropriattEjEF ([))rUT”
BSAFE &) 00:00:31 Standby ... 67V Ye OW square t_o prese efine
™ 50/60 Hz line (top bar) Wlt_h the selected vector
o Z 2 R group, phase shift and neutral
TALAR R T :;o't connection.
oy 2l 2. 30.47° 1
pe 3, 20.76° Note: It is not possible to change the
" transformer configuration shown in the
- hetor . Define DUT (top bar) if other functions
o . T: ’; E}’efg"’” have already stored results for the
R DUT.
[> start ‘—l Stop l l 4 &’;N " X}— 0 L;L ' l /2 setwp | [[] File
DeﬁneD-U:‘ I [ A ‘ 1 | A | 1 ‘ i PSs If the phase angle measurements are
MY W ol Gt P outside the phase threshold limit then
Y © somo vz Arbitrary Phase will be shown and no
B R R - p_oss!ble grid squares will be
e highlighted.
A 2.89.77°  Phase
k 3.91.31°
B A Neutral
(==t HY X
5= R_ LV «
R
[> start lf"\ Stop l ‘ ¢ ngn £ L;L 1 ‘ £ setp | [ File
= A shortcut for LV/tertiary winding selection is available on the main screen.
& Detection measurements are possible for HV/LV or HV/TV windings.
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1 After detecting HV/TV, pressing the Gféen or yellow squares will set the HV/TV configuration in
the DUT details (top bar).

11.3.4 Export results

See chapter “Data Handling” for information about exporting and printing results.
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12 Turns Ratio Measurement

12.1 Overview

The unit can perform ratio measurements on all types of objects, but has been specially designed
to measure ratios on highly inductive objects (as for example transformer’s windings, generators
windings, etc).

This optional feature is enabled using the license manager. This process only needs to be
completed the first time magnetic balance is used. For instruction how to enable a feature please
read Chapter 16 Optional Features activation.

12.2 Theory

12.2.1 Definitions

9

The term “Turns Ratio” (TR) is defined as the theoretical voltage ratio, the term “Voltage Ratio”
(VR) as the ratio of the rated voltages (“boilerplate voltages”).

Windings High Voltage side _
TR = Windings'Low Voltage side (LV turns) TR Turns Ratio

Phase to Phase Voltage ]
VR = Phase to Phase Voltage (Low Voltage VR Voltage Ratio
side)

As arule, the voltage ratio of three-phase transformers can be measured using a single-phase
supply, as long as the distribution of magnetic flux in the core is taken into consideration. Only
windings, winding segments and winding combinations which have the same magnetic flux
applied, can be compared with one another. The measuring circuit can be derived from the
phasor diagram of the test transformer's vector group. The two voltages which are to be
compared must be in phase and have the same orientation.

But —depending on the winding configuration and phase rotation of the transformer - it's not
possible to have always phase voltages which are being compared. The WA22293 therefore
internally corrects the measurement with the “TR/(VA/V,)” factor and displays automatically the
correct ratio value.

The TR/(Va/V,) factor determines how the turns ratio is calculated from the ratio of the
energizing voltage to the output voltage of the winding. The ratio of the measured voltages
are multiplied by this factor to give the turns ratio for that winding/tap.
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Due to similar reasons the voltage ratio VR and the turns ratio TR is —depending on the winding
configuration and phase rotation of the transformer — not always equal. The WA2293 therefore
internally corrects the entered rated voltages (VR) with the “VR/TR” factor and displays
automatically the correct ratio deviation which is calculated out of the rated voltages (boilerplate
voltages) as reference and the actually measured (and corrected) ratio value.

The VR/TR factor determines the multiplier applied to the measured voltage ratio (VR) to get

\B the turns ratio (TR) of the transformer. When the boilerplate voltages for the transformer are
set up, the calculated voltage ratio is divided by this factor to give the nominal turns ratio for
that winding/tap.

Note for the transformer configuration look up tables:

The “HV Connect” and “LV Connect” give the basic configuration for measuring the transformer to
determine the turns ratio (TR). The actual applied configuration depends on the phase rotation of
the transformer (see the “Phase Displacement” Info line)

Example: Dynll Transformer, HV-LV: TR Turns Ratio

150kV-50kV, Nnv: 520 VR Voltage Ratio

turns, Nwv: 100 turns NHV Number of HV-
windings

TR =Nnv / NLv=520/100=5.2 NLV Number of LV-

(=>VR*V3=3*V3=5.2). windings

VR = 150/50 = 3.

12.2.2 Measurement Example

This section shows two different measurement examples to clarify the calculation and use of the
results.

In the first example the DUT (YNd11 with turn fault on phase C) is measured as YNd11. Because
the neutral is available, the 2293 can directly measure each individual phase. The system steps
through the following procedure:

2. Connect to the DUT according the “Connection”
column

Apply AC test voltage (in this case 25Vgys / 55Hz)
Measure the “Ratio Raw” as Uy / ULy

Calculate the “Ratio Voltage” as “Ratio Raw” *
“VR:RR” (3 in this case)

6. Repeat 1-4 for the other two phases

7. Calculate “Ratio Turn” as “Ratio Voltage” * “TR:VR”
(13 in this case)
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Define DUT B i . Test Narme
el PN A 11 1 12:22:07
™ sare ) 00:00:33 Standby ... & B
50/60 Hz
HY U LV u
Phase Ratio Turn Dev
U-N:u-w 8.3277 -0.07%
9 V-N:v-u 8.3274 -0.07%
W-N:w-v 4.7908 -42.5%
N
W V W v
e HY: 692.8 V Turns Ratio
E «2» LV: 48V }.{
Connection Ratio Raw Ratio Volt. Ratio Dev. Phase Current
U-NU-w 8.3277 14.424 -0.07% 0.36° 5.0mA
V-Niv-u 8.3274 14.424 -0.07% 0.312 3.6mA
WANw-y 4.7908 8.2978 -42.5% 0.23° 11.5mA
Data Recording: Automatic / High Accuracy
Pt L Tap [Ea Tap = i
[> stat , Stop 2L S [0 e ¢/ et | [] Fie

In the second example same the DUT as in the first example (YNd11 with turn fault on phase C)
is measured as Yd11. Because the neutral is not available, the 2293 can not measure each
phase individually. The measurement returns a combination of ratios of all three phases. The
system steps through the following procedure:

1. Connect to the DUT according the “Connection” column

o g M w D

the true
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“Ratio Turn”

Measure the “Ratio Raw” as Uyy / ULy
Calculate the “Ratio Voltage” as “Ratio Raw” « “VR:RR” (2/V3 in this case)

Repeat 1-4 for the other two phases

Turns Ratio Measurement

Apply AC test voltage (in this case 25Vgys / 55Hz)

Solve a system of equations generated by these three measurements to obtain




Define DUT = - . Test Name
X A 11 1 12:17:29

—
™ sare &) 00:00:17 Standby ... & BV
50/60 Hz
HY U LV u
Phase Ratio Turn Dev
U-Viu-w 8.3370 0.04%
9 V-W:v-u 8.3305 -0.03%
W-U:w-v 4.7991 -42.4%
W Vooow v
e HV: 692.8 V Turns Ratio
E «2» LV: 48V }.{
Connection Ratio Raw Ratio Volt. Ratio Dev. Phase Current
U-VWu-w 11.382 13.143 -8.94% [:332 3.5mA
V-WUv-u 11.376 13.136 -8.99% 0.28° 2.2mA
WUV -y 8.9659 10.353 -28.3% 0272 4.4mA
Data Recording: Automatic / Fast
e By lap [FaTap | -
[> start Stop Fdobo EA P st | 2 sen £ Fie

When looking at the measurement sections ("Ratio Raw" and "Ratio Turns") of these two
examples, we can clearly see a difference. If measuring without neutral (e.g. Y or Z) a deviation in
only one Phase inflicts all three measurements. The deviations are -8.94%, -8.99% and -28.3%
although there is a turn fault in only one phase. To locate the fault conclusively it is necessary to
solve a system of equations, which can be solved only after all three individual measurements
have been done. But it clearly reveals the fault location.
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12.2.3 Tables

This table describes the method used to measure a certain transformer configuration. ZN is
always handled the same way as Z. For simplicity the connection table is valid for a 0 or 1 clock
number. For other clock numbers the connections are rotated/inversed accordingly.

VR:TR Factor applied from Ratio Raw to Ratio Voltage
TR:VR Factor applied from Ratio Voltage to Ratio Turns

TR Method Method used to calculate the Ratio Turns

True TR simply apply the TR:VR factor.

Con HV HV Terminals used to perform a certain measurement
Con LV LV Terminals used to perform a certain measurement
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HV LV VR:RR TR:VR TR Method | True TR | Con HV Con LV
1 1 System H1-H2H3 X1-X2
of H2-H3H1 | X2-X3
/\ /\ 1.00000 1 1.00000 | 5ot ions H3-H1H2 | X3-X1
1 1 System H1-H2H3 X1-X2
N of H2-H3H1 | X2-X3
/\ /\ 1.00000 | 1.00000 Equations H3-HI1H2 | X3-X1
System H1-H2H3 X1-X2
1 21/5\/4370 0 15/7\/7335 of HZ-H3HL | X2-X3
/\ . : Equations H3-HI1H2 | X3-X1
VR H1-H2H3 | X1-X2
1 21/5V4370 0 \/836/6203 : No H2-H3H1 | X2-X3
/\ : : TR:VR H3-H1H2 | X3-X1
1 1 System H1-H2H3 X1-X2
N of H2-H3H1 | X2-X3
1.00000 1 1.00000 Equations H3-H1H2 X3-X1
. H1-HO X1-X0

1 1 Directly
N N H2-HO X2-X0
/\ )\ 1.00000 | 1.00000 | measured H3-HO %3-X0
N3 1/V3 Directly H1-HO X1-X2
N 1.73205 | 0.57735 | measured H2-HO | X2-X3
/\ . : easure H3-HO X3-X1
VR H1-H2H3 | X1-X2
N . 21/;4370 . \/836/6203 . No H2-H3H1 | X2-X3
’ ) TR:VR H3-H1H2 | X3-X1
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HV LV VR:RR TR:VR | TR Method | True TR | Con HV | Con LV
System H1-H2H3 X1-X2
/ 5 1 21/5\/4370 15/7\/7335 of H2-H3H1 | X2-X3
' ) Equations H3-H1H2 X3-X1
1/N3 V3 Directly H1-H2 X0-X2
N 0.57735 73205 | measured H2-H3 X0-X3
. ' " H3-H1 | X0-X1
///\\\ ///\\\ 1 1 Directly Eé:ig i;:ii
1.00000 .00000 | measured H3-n1 sl
VR - _
/ \ _§—\ 0 2 : vo | maomemi| ¥o-xs
1.00000 .50000 TR:VR 43 H1H0 e
VR H1-H2H3 | X1-X2
1 21/5\/4370 21/5\/4370 * No H2-H3H1 | X2-X3
) ; TR:VR H3-H1H2 | X3-X1
VR H1-H2H3 | X1-X2
N 1 21/5\/4370 21/5\/4370 * No H2-H3H1 X2-X3
) ) TR:VR H3-HI1H2 | X3-X1
VR - _
/ \ 0 o : Vo | Ha-mami | ¥o-xs
1.00000 .66666 TR:VR S e
1 1 VR H1-H2H3 | X1-X2
. No H2-H3H1 | X2-X3
1.00000 .00000 TR:VR 3 Hin e
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12.3 User Interface

DefineDUT | | A 1 = 3 Test Name To access the turns ratio feature,
= 12:10:31 A . .
“ & select turns ratio function in the
SAFE -) 00:00:00 Standby ... 67 V H H :
-~ S applications bar (side bar).
HY A LV a
Phase Ratio Turn Dev
A-O:ab - -
C-O:c-a - }
o tad
(@ B ¢ b
Hyv: ? :
¥ LV: 2KV
Connection Ratio Raw Ratio Volt. Ratio Dev. Phase Current
A-O:ab
B-O:b-c ==
C-O:c-a = =
No actual tap defined !
start | () stop £ g:}bm £ A ‘T I;D [ List f Setup [:] File
. You may need to press the up/down arrow buttons to view the
turns ratio button depending on which other functions are enabled.

12.3.1 Function keys

While in turns ratio application, following actions are available in the button key bar. The buttons
are case sensitive, i.e. they change according to the actual status.

| — Start the measurement
P — Record a result while manual recording mode is used
@ S::)p Stop the measurement
L Tap Move tap changer one step down
Down
B LED Move tap changer one step up
i Change display to list mode
s Sm: Change display to graphic mode
e Open setup menu for the selected measuring application

Turns Ratio Measurement 111




12.3.2 Active Window

The turns ratio measurement screen is below described:

Measuring time

Test voltage
SAFE ) 00:00:00 Standby ... > 67V
n Q 50/60 Hz ~Test frequency

LY a

Phase Ratio Turn Dev

HY A
I A-B:a-o - -
B-C:b-o i 2
g C-A:c-0 =i = Tertiary/LV
: \ o
(@ 0 C b

// Wmdll‘lg selection
= Hv: 20 kv

Be «l» ¥ 2 | e LV: 400 V
Connection Ratio Raw Ratio Volt. Ratio Dev. Phase  Current Theoretical
tap voltages
A-B.a-o = i T e S
B-C:b-o s i s =5 -
C-Aic-o o T o T s

Data Recording: Automatic / Fast

Tap changer

Measurement connections B
position

* SC = Shortcut; direct action or access to setup over touching

Tap Changer Visualization:

Tap changer graphical representation
-1
anL
'6 “Remote Controlled” is active in dialog “Setup”
¢ this winding is selected at “Tap Control” / “Winding” in dialog “Setup”
onL tap-changer is defined as “On Load” in “DUT” dialog
1 Actual tap position

12.4 Performing a Ratio Measurement

12.4.1 Measurement steps

Performing a turns ratio measurement on a transformer consist of following steps
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DUT general data @

" Sel j fth N Configuration of
election ot the L displayed results )
corresponding DUT main *
L parameters ) 0 )
Y Selection of the desired
Configuration of the tap - test voltage /
changer (when existing) ) .
¢ Measuring mode
- N selection
Configuration of the ¢
L nominal and tap ) T - N
Measuring
Exporting and printing
L results J
& Before operating the instrument, make sure that the safety rules have been fully
read and understood. It is the responsibility of the end user to ensure that the

system is operated in a safe manner.

12.4.2 Set up DUT data

T To set up the steps with DUT related data:
- see related chapters in the “User Interface” part.

bewent] A | Je|u | A 0|
SAFE &) 00:00:00 Standby ... 67V
B== & V © Fone

LV a

When tap voltages are defined, they are
shown on the main screen as highlighted.

Phase Ratio Turn  Dev

HVY A
Mo, ]
A-B:ao 8
| B-C:b-o =
s C-A:c-o
Y, o \:) %

C Cn—-p &

=> Hv: 11 kv
Feo«l» LN & LV: 500 ¥

Connection Ratio Raw  Ratio Volt. Ratio Dev. Phase  Current
A-Bia-o = - = - e
BCbo =5 =z =5 =2 e H
C-Aico —-- -- - -
Datz Recording: Automatic / Fast

\I)smi o \ ‘ 5 I}?Jf ‘DLIS( £ saup | ] e j

The turns ratio function can calculate the ratio
deviation between the theoretical transformer
ratios and the measured ratios. This data is
optional, but if not entered the calculated ratio
deviation will be blank (--,-).
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12.4.3 Turns ratio measurement on Current instrument transformers

& Care has to be taken to ensure that the current transformer is connected correctly
otherwise there is a risk of damage to the CT and Instrument. There is also the risk of
injury.

1 When testing CT’s, care has to be taken to ensure that the energization voltage does not
cause saturation of the transformer core. It is recommended that the test voltage is limited
to 5 VAC unless it is certain that the CT can tolerate a higher voltage.

1 If the CT saturates at 5VAC try using lower voltages. This is a problem that is more likely to
be encountered with smaller transformers with a ratio of 20:1 or less, or with small cores
such as “wedding ring” CTs..

CTs are measured by energizing the secondary and measuring on the primary. connect the
system as follows:

G| i

@

8. Connectingto aCT

For core type current transformers, the “H” connections should be made to the secondary (Low
current side) and the “X” connections made to the primary (High current side). The transformer
can then be tested using single phase.
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If the CT has multiple taps, these must be tested individually. Each tap on the secondary is tested
in turn, by connecting the “H” connections to each tap in turn. How this is handled depends on
whether the current transformer provides a single winding with multiple taps, or separate
secondary windings.

TEST 3
Brown Lead
— | Green Plug gn:-wn Iﬁfd
far (H13 "E'Em 3
% Hiue Lead (H1)
Gml?:nglug Brown Lead Brown Lead
‘it Plug TEST 2 hita Aug
17 Brawn Lead [#11
Brown Lead Green Flg
— | Green Plug [H1}
@ (H1)
— Blue Lead
[es] Grzen Plug TESTH
[HN Brown Lead
E{‘u_ln_a Lﬁlad Green Phlg 5{#; L;ad
ite te
Brown Lead )] 18 tHD) foi)] 18
— Grzen Plug
o] [H1)
P [TBlue Lead Blue Lead
— Lireen Flug Green Plug
(H1) (HI
Separate Secondaries Tapped Secondary
9. Connecting to Tapped Current Transformers

If the transformer is equipped with a tapped secondary, it is also possible to test the secondary by
connecting it as an autotransformer to evaluate the relationship between the individual taps.
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12.4.4 Data handling definitions
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Setup (Turns Ratio Measurement)
} Measurement Data ‘ Tap Control Miscellaneous ‘
‘ Printout Zig-Zag Storage |
@ Turns Ratio O1Lleg Of Z @ Overwrite
O Voltage Ratio ® Complete Z O Append
Phase Display
©0..360°
O +/-180°
FEEER oo xem ]
Setup (Turns Ratio Measurement)
} Measurement Data ‘ Tap Control | Miscellaneous ‘
‘ Printout Zig-Zag Storage |
@ Turns Ratio O1Lleg Of Z @ Overwrite
O Voltage Ratio ® Complete Z O Append
Phase isplay
©0..360°
O +/-180°
FEEER oo xem ]
Setup (Turns Ratio Measurement)
} Measurement Data ‘ Tap Control | Miscellaneous ’
‘ Printout Zig-Zag Storage |
@ Turns Ratio O1 Leg Of Z @ Overwrite
O Voltage Ratio @ Complete Z O Append
Phase Display
@ 0..360°
O +/-180°
iDeﬁreDUT‘ ‘Vo« ngml‘
Setup (Turns Ratio Measurement)
} Measurement Data ‘ Tap Control | Miscellaneous ‘
‘ Printout Zig-Zag Storage |
@ Turns Ratio O1leg Of Z @ Overwrite
O Voltage Ratio ® Complete Z O Append
Phase Display
©0..360°
O +/-180°
iDeﬁneDUT‘ ‘(Vo« HXonel‘

Turns Ratio Measurement

Storage:

Overwrite > when a measurement is
repeated, results overwrite the actual
measured values for the tap

Append > When a measurement is
repeated, results are added in the list but
previous results are also kept.

Printout:

The printout option controls whether the
default paper printout shows turns ratios or
voltage ratios. This is limited by the width of
the printer paper. Exported result data
contains both values.

Zig-Zag Turns Ratio:

1 leg of Z - The turns on one limb of the zig-
zag are included in the turns ratio.

Complete Z - The windings on both limbs of
the zig-zag are included in the turns ratio.

Phase Display:

The phase display controls whether an
arbitrary phase shift is shown in the range 0°
to 360° or -180° to +180°.




12.4.5 Test Voltage Selection

ety (Turrs Ratio Measurement) | Selection of the measuring voltage is done by
| Messwement | b | Tepcownl | miselanems || clicking on the test voltage field in the main
Supply Measuring Mode Deviation screen, any value between 0 and 67V can be
Voltage O Compensated Threshold introduced, some values are directly
fov (High Accuracy) 0.1 % selectable.
Frequency @ Classic 0.25V 25V 25V
® [ Grounded DUT
(o) igfi:z [[1Manual Recording A 2 0V

1V 10V 67 V

i Define DUT I o/ o ‘ X concel

12.4.6 Test frequency selection

e e ot - - 3 || Selection of the measuring frequency
il is done automatically by the unit.

Measurement ‘ Data Tap Control | Miscellaneous I N !
: - Just select if your DUT is a 50/60Hz
=uocly Pisasig tode Eediaen type or a 16.7Hz traction transformer
Voltage O Compensated Threshold typ e.
Vv (High Accuracy) 0.1 %

Frequency @® Classic
® 50/60 Hz [ Grounded DUT
0 16.7 Hz [[)Manual Recording

( i Define DUT i ¥ ‘ ‘ X Ccaxel l

12.4.7 Ratio deviation selection

e Se—— 1 Threshold:

Measurement ‘ Data Tap Control | Miscellaneous I

The ratio deviation threshold is the

=y PisaFig Mode Betianon allowed percentage difference

Voo O Compensated Aol between the theoretical turns/voltage
10.V (High Accuracy) 01 ratios and those measured during the
Frequency @ Classic test.

©50/60 Hz [ Grounded DUT The test results will be highlighted in
016.7 Hz [JManual Recording red if this threshold is exceeded.

(
‘3 0.1 %

0.2 %

Shortcut buttons show typical ratio
deviation values. Alternatively the
user defined field allows values
between 0.001% and 100%
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12.4.8 Measuring mode selection

The turns ratio function has two measuring modes:

Classic mode (Fast): This is the standard method for determining the Transformer Turns Ratio. It
performs a single measurement per Phase by applying sinusoidal AC Voltage (up to 67V RMS) to
the High Voltage side of the transformer. The voltages are measured simultaneously on the
corresponding High and Low Voltage Phases and thereof the Ratio is calculated.

Compensated mode (High accuracy): This is an advanced method for determining the
Transformer Turns Ratio. It increases the accuracy of Turns Ratio measurements of Power and
Distribution Transformers where the actual Turns Ratio matches the No-Load Voltage Ratio. This
method performs multiple Classic Ratio Measurements per Phase. Using the results of these
measurements the components of a transformer equivalent circuit can be calculated. The
purpose of this equivalent circuit is to compensate non-linear effects affecting Ratio Measurement
accuracy at lower test voltages. In the manner described the turns ratio (N1:N2) can be calculated
more accurate compared to the classic method, because the voltage ratio is physically a slight
non-linear function of the excitation voltage.

(This is not an appropriate method for measuring PTs, because they have a Turns Ratio which
differs from their No-Load Voltage Ratio to compensate for their losses).

e e P Classic Mode:

Measurement ] Data Tap Control l Miscellaneous ‘ G ded DUT = If the test
rounde e tes

SRR Mespiiing tioce Ceviafon transformer is grounded, select this

Voleags O Compensated Theeshiokd option and select Classic Mode

10V (High Accuracy) 0.1 %

Frequency | ©Classic | Manual recording = Only accessible in

®50/60 Hz [ Grounded DUT Classic Mode. Each phase will be

016.7 Hz | [JManual Recording repeatedly measured until you press

continue.
\ i DefineDUT f o ‘ ‘ R cacel ‘

Compensated mode is not available when CT/PT is
tested or for grounded transformers.

If the ratio is too high for compensated mode, the
measurement will automatically use classic mode.

> Shortcut to DUT setup. Similar to pressing
1 Define DUT i

@ ® Compensated

(High Accuracy)

on main screen

12.4.9 Measuring

Performing a measurement on a transformer is quite simple. Once all transformer and options have been
introduced; just click the start button. The instrument will perform all operations automatically.
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Before starting the test, a screen showing the tap position that will
be measured arises. Tap changer must be positioned in this
position. Measurement sequence depends on the tap changer

on Winding HY
},_ Set tap position to <<1>) . .
configuration menu.
| - MmrmJ I [ Cortive [ X covel I
( . \
Tap changer position
selection (automatic
4 . \
Charging the
transformer
| J
( i * )\
Turn ratio measurement
(all phases)
(. J
( R l R )\
Discharging the
transformer
(. J
( y
Measurement results
(. J
A S[an A o]i
| [Ysan &) 00:00:00 Standby. 67V 7V
| e Lyi= m Rm?:::m HY & W oa zu/mnz
ABao - Phase Ratio Tun Dev
i A )\ ) A /k o S
L I 3 et Ao
;f;:; % =5 56 V:’n-rtr.\e:tlm Mabio Raw  Ratio Volt. KatioDev. Phase  Cumrent
[ R e poha E-
> s e
o @D e

Click start button to initiate the

test

DefreDUT
.

“-.m:

&) 00:00:21 Standby 67V
& sogeore
w
Phase Ratio Tun Dev
Ao 78129 0.24%
BCho 7780 -0.12% TumRato
Chico 78024 0.11%
5 - 9 kY
/A LV 2Ky
Ralio Raw Ralio Volt. RatioDev. Phase  Current
7810 ASI8 0% L E2mA
7R A7 0% 0% SawA
7EOM  ASM7  011% 104 SimA

Dt Recording: Automatic / High Acaracy

| ‘ Lot }’C:}D““}fm|ﬁl""

Automatic measurement running

Measurement results

If auto recording is active, instrument will record the value and stop the measurement when the
stabilization condition has been reached.
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Phase Ratio Turn  Dev
ABao s e
B-Cibo - -
C-Ac0 C -~
a
C B ¢ o

9

If manual recording is active, the instrument will
repeatedly measure a phase.
Pressing the record button stores the latest result

&) o0:00:20 Measuring ... ® 67V
50/60 Hz

_ it
= e and moves to the next phase.
Connection Ratio Raw Ratio Volt. Ratio Dev. Phase  Current
AR 7.8012 45040 N 1.06° S9mA
2Cho - - =% = 22

Data Recoecirg: Maress

[ 5] P.eu:rc{@ Stop [ IE ¢:K;’L:_‘»ﬂ

o WL - ket Fie
TL.D 11:].L|st l setp | [ i

Sefine DT
=5

| § B

HY & L e
Phase Ratio Turn  Dev
(2] ABia-0 78129 0.24%
@ RCbo 77850 0.12% | ecpann
CAco 78024 0.11%
]
lc B ¢ b }{

A > HY: 9k
} £ «l » L L\l L 2ky
Connection RatloRaw Ratlo Volt. RatloDev. Phase  Current
a0 78120 43u8 02 1140 Gma
Lo LA 44947 012% 095 53ma
C-Aic-0 78024 43017 0% 145 SimA

Al k[ |[A]o |1

&) 00:00:40 Standby ... 67V
50/60 Hz

Connection shows the energisation, measurement and
shorting connections used in the test

Dl R clinng: Merusal

[> za | (@D 500

Define DUT
=5

| § B

HV & v e
Phase Ratio Turn  Dev
@ ABia-0 78129 0.24%
@ RCibo 77850 0.12% | ocpann
CAco 78024 0.11%
]
5 B ¢ b }{

A | Js | 11 | PAN | 0 | i
&) 00:00:40 Standby ... 67V
50/60 Hz

Ratio raw shows the measured voltage ratio using the
connections

A = HY: Ok
FEe «l» LN & LV 2k
Connection Ratlo Raw | Ratlo Volt. RatloDev. Phase  Current
ABao 2.24% 1145 EImA
BCbo 012% 0 SEmA
G 0.11% 11 Sima
st Recnclinng: Merusal
e =y & T b g, "
[> et | (D suo | 3 B BiQ s i:l List / Sale D File

pETA [ T [Aa ot

Phase Ratio Tumn  Dev
2] ABia-0 78129  0.24%
@ RCibo 77850 0.12% | ecpann
CAco 78024 0.11%
o
(o B < b }{
=

Ratio volt shows the actual voltage ratio of the
transformer taking into account the measurement
connections and the configuration of the transformer.

&) 00:00:40 Standby ... 67V
50/60 Hz

HY: Ok

Fe «1» LV 2k

Connection Ratlo Raw [Ratlo Volt. |Ratio Dev.  Phase  Current

ABao 78129 1140 Gma

BCbo 77550 095 53mA

Ao 78024 1 Sima

it R clinng: Merusal

> 5y ™ iz Tap b o, s
[> san | @sue | | ¢L,¢,wﬂb”l#> i:l List / Saluz D File

sl A\)s|nlA|0|i

Ysne

HV & v .
Phase Ratio Turn  Dev
@ ABia-o 78129 0.24%
@ BCho 77850  0.12% | ecpeto
CAco 78024 0.11%
©
C B ¢ b }[

" ;
> HY: Sk
Fe«l» £ = Ly zky
Connoction Ratio Raw Ratlo Voit.{Ratio Dev. | Phase  Current
ABao 7819 4sue |02 14 GmA
BCbo 77 497 |01 0w 53nA
CAicn 70 4017 fouLse 150 SimA
Dt Reczclinng: Merossl
- & Tao Bic ”
[> sart (Do | LL,wnB“w ]___I Lt |& Sat D ile

Ratio dev is the percentage voltage ratio error between
the measured and theoretical values. This will appear
as --.- if nominal/tap voltage data has not been entered.

&) 00:00:40 Standby ... 67V
@ soeore
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el [RVAN P

1 | Ao |1 Phase shows the phase shift between the energisation

and measurement connections.

)NL \) 00:00:10 Standby 6/ v

50/60 Hz
Ratio Turn Dev
I\-B a-0 78129 0.24%
RCho 77850 0.2% | ecreno
CAco 78024 0.11% }{
HY: kv
FEe «1» AN <— Ly 2k
Connection Ratio Raw  Ratlo Volt. Ratio Dev. Current
Ao 78I 45u8  024% &2ma
Bl TR 4T 012% 5.3mA
G0 7ER4 4307 o% Amis
il Rcorclinng: Merval
e = ? az Tao % ¢ g
[> san | (swe | K »lvmm[}?m }:I} List l 4 s D File

a2l [SAN Aa

1 | Ao |1 Current shows the primary excitation current during the

e IO Soréo e measurement.
Ratio Turn  Dev
/\-B a-0 7.8129 0.24%
{ 5 )\ BRI TER o Lo
3£
FEe «1» L3 <‘ o
Connection Ratlo Raw Ratlo Volt. Ratlo Dev. Phase
ABao 78129 458 D240 1.14%
BCbo 7.7550 44947 012% -0.95%
C-Aie-o 78024 43017 D119 1040
LCiats Re
[> sen | (@D se0 | |k I-,';.:wf- 1}‘? E;’ ]:I List l 7 s C] il
A e | Aot The white box shows the measured turns ratio and the
0"" 000 e turns ratio deviation between the measured result and
o the theoretical value.
2:§§
}" «l» iy <~ Ly 2ky
Connection Ratlo Raw Ratlo Volt. Ratlo Dev. Phase Current
A Bao 78129 458 D240 1.14° &.2mA
BCbo 7.7550 4.4947 012% -0.957 5.2mA
C-Aie-0 FE02e 4.2017 D119 S.AmA
g Mervsl
[> st ‘f”' s | |k L.;;,,. 1}‘? L‘;’ l:l List l 7 s D il

A | e | Aot Ratio results which exceed the ratio threshold value are
.:NL \)000010 Standb 6e/v

Sof0te highlighted in red. The corresponding windings display

Ratio Tun Dev
I\-B a0 78120 0.24%
2‘;'2 S e oa '}j‘g“m the symbol.

HY: akv
el LA <‘ L 2k
Connection Ratlo Raw Ratlo Volt. Ratlo Dev. Phase  Current
ABao 78120 45u8 024k 1145 E2mA
BCbo TR AT 012% Qe SIEmA
CAc0 78024 4.3017 0119 14 S.AmA

Cials R clinng: Merusal

[> sa (D s | 4@;{#}”&’ l:l List |//"sew ] fike

6 Pha-e Phase shifts greater than 3° are highlighted in red.
3.26°

-3.24°
4.03°

Measurements will be automatically saved after each test. Data storage options can be selected
in the Data folder, clicking in the setup button of the function key bar.
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Overwrite > when a measurement is repeated,

results overwrite the actual measured values

Append - When a measurement is repeated,
results are added in the list but previous results
are also kept.

Results can also be shown as a table list,
selecting the list button in the function key bar.

Measurement Data Tap Control Miscellaneous |
Printout Zig-Zag Storage
@ Turns Ratio O1 Leg Of Z @ Overwrite
O Voltage Ratio ©® Complete Z O Append
Phase Display
©0..360°
O +/-180°
iiDeﬂneDuT chK HXCencelll
s A w[ul Ao [ 1
SAFE &) 00:00:40 Standby ... 67 V
i ® Snone
Time | Cescriptan | w1 | zatioTum
12:40:04 HLL AR &7 78120 L14° 62
12:40:0¢ H A R-C o 67 7750 0980 53 TursRstio
12:49:0¢ H A CAio 67 78024 1040 54
-~ L T T G g
CEUA RN NN VY P TN (S

Clicking the voltage column changes
the report to show ratio deviation.

67 0.21
67 0.23
67 0.05
67 -0.19
\_5__J -0.02
Clicking the ratio turn column changes
__thfg\;glt the report to show ratio volt.
21.977
o
41,494 sl
24.059
41672 -
41,503
W 28 N3N
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Clicking the phase column changes the

report to show decimal or

030 100t degrees/minutes
'1.260 _1016'
1‘060 “ 104'
i 1517
-1.02° o1

\_135° J 1921

12.4.10 Exporting and printing results

See the chapter “Data Handling” for information about exporting and printing results.
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12.5 Arbitrary Phase

Arbitrary phase displacement (those that don’t follow the 30° clock steps) between the primary
and secondary winding are an usual feature in multi-winding transformers like rectifier
transformers, to reduce harmonics injected into the system (increasing the number of rectifier
phases to increase the number of pulses in the rectified dc signal).

In the 2293 arbitrary phase shift measurement is achieved by using a single-phase supply with no
extra hardware. The necessary three phase equivalent voltages at different transformer terminals
are simulated by energizing a pair of the transformer terminals and interconnecting certain other
terminals. The resulting voltages at different terminals is used to determine the arbitrary phase
shift.

12.6 Activate the Arbitrary Phase option

The 2293 is equipped with an optional turns ratio function. This optional feature is enabled using
the license manager. This process only needs to be completed the first time turns ratio is used.

e I [ A \ 1 [ - | \ i To access to the license manager, select
[sne @) 00:00:00  Standby .. o setup function key in the bottom bar of
et any application
0.2A 12A

HV A v 5

Be ?

No actual tap defined |

2 ‘ None

Setup (Turns Ratio Measurement)

Select the Miscellaneous folder and then
Tap Control Miscellaneous press the License Manager button.

[ Sound TCP /1P Device Information
[ZIDHCP Winding Anatyeer 2203 | DRSS
fpooo

Measurement I Data

Firmware Version: 0.0.0 r—
Subnet Mask Hardware Version Firmware Update
[fooo  FRGAversin 5

Calibrated ~— License Manager
Gateway
po00 e @ chane e

| i DeﬂneDuT‘ \ f x ‘ ’ R cancel
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Ticense Manager : Enter the license key in the “Arbitrary
Enter Activation Keys Phase” box and press OK.
Application License Key Type Usage Max. Usage
Tumns Ratio | 45222795 | Full If the arbitrary phase function was
V-TG~ Det;?m" previously used with a trial license key,
Ma‘;’"g‘a Ia':‘:e clear this number and replace it with the
Remote Control 35912443  Full full Ilcense_ ke_y'
Arbitrary Phase [ 36044468 | Full A turns ratio license must be present for
Tap Changer the arbitrary function to be active.
' (y oK ‘ | X Cancel \
e : : : Press Yes to reboot the unit and install
Enter Activation Keys the arbitrary phase function.
Apolicati Licence Koy Tune Llcane Max, Usage
Confirm
Tu
VG This change needs a system reboot
to take effect.
Te
Mag Continue ?
Rem
Arbit]
Tap ' of Yes X o I
\ ¥ ‘ ' X cancel
[ ———— m ' — Trial licenses for arbitrary phase are available which
e T e s permit a limited number of tests to be performed. The
s Rat | 4t R remaining number of tests is displayed on the license
.G. Detection
Temp. Rise screen.
e : - . .
T Removing the trial license key will remove the arbitrary
Arbitrary Phase 35978932  Trial 5 30 phase function.
Tap Changer
H of ok R carcel
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12.7 User Interface

12.7.1 Setup
Deﬁneof‘ A ‘ e | 7xe| - ’ | i To access the arbitrary phase
MYswe o — feature, select turns ratio function
o o 1 I” © so/60 e in the applications bar (side bar).
HY A LV a
3
5 TunsRatio |
Z
Connection Ratio Raw 9 Ratio Dev. Phase Current
A-B:b- G
B-C:c-cvO S 11
C-A:a0 -
Recording: ._Automatic /l—i_igj Accuracryu
‘ [> start ‘ Stop ‘ 0 l': \ [ List l Vil Setup] [ File

Set the DUT winding types. Select in the phase displacement drop down list the closest clock
number and also activate there the “Arbitrary” button in the lowest position.

The arbitrary measuring mode is activated now. This is stated in the DUT phase displacement
info as clock number.x® (e.g. 7.x°)

9 If Define DUT has the “3phase unconventional transformer” setting g""

selected, the arbitrary mode in the turns ratio application is preset
automatically.

12.7.2 Function Keys and Setup

See the chapter Turns Ratio Measurement User Interface for information about the function keys.

DUT and test setup is similar to making a turns ratio measurement and so the chapters Turns
Ratio Measurement Setup DUT Data and Data Handling Definitions give details of this.

12.7.3 Active Window

When the arbitrary phase shift is selected the measurement screen
displayed is described below. An example use would be a transformer

with a zig-zag winding where each leg of the zig-zag has a different
number of turns.
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Measuring time Test voltage

B SAFE &) 00:00:00 Standby ... o 67 V
50/60 Hz——Test frequency
HY A LV a
I Tertiary/LV
/ \ winding selection
fo]
C' = B ¢ - b
i = Hyv: 132 kv
? 1 ? 2 “ . LV: 115k \ Theoretical
Connection Ratio Raw Ratio Volt. Ratio Dev. Phase Current tap voltages
AB:a-0
B-C:b-o = = = = =
C-Aico
Data Recording: Automatic / High Accuracy
Measurement connections Tap changer position
When the unconventional transformer is selected the measurement
screen displayed is described below. No transformer windings are shown
£3x° due to the unconventional nature of the device. An example usage would
be a quad-booster transformer.
Measuring time Test voltage
SAFE ) 00:00:00 Standby ... 67 V Test frequency
n ©r 50/60 Hz =
x© Tertiary/LV
/N arbitrary phase winding selection
= Hv: 132 kv
Be «l» E 2 & LV: 11.5K
V\ Theoretical tap voltages
Connection Ratio Raw Ratio Volt. Ratio Dev. Phase Current
A-BCiab
B-CAb-c
C-AB:c-a
Data Recording: Automatic / High Accuracy
Measurement connections Tap changer position

12.7.4 Measuring

Performing an arbitrary phase measurement on a transformer is similar to a turns ratio
measurement. Once all the transformer settings and options have been entered, just click the
start button. The instrument will perform all operations automatically.
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Click start button to initiate the
test

PN 1u-] RS E e CAUTION | Cument flowing
ﬁ SAFF ano—m 67V, 00:00:04 Measuri /Y
© somore @ © s
— A /k
Feo«l» A LV 115k H 132RY
Connection Ratio Raw  Ratio Voit. Ratio Dev,  Phase  Current ‘?h i e a2tk
e = = = =5 ez Conneetion Ralio R Ralio Voll, Ralio Dov.  Phae  Current
Ciico — = = = s - - =z = =
DetaReccrddrg: Ausmmy: /Hah Arracy 2 : % < 2
— o = St o N
(> s | @ s l | L@‘l}'r[; ID List I/Senn‘[_J File bezalieerdng: A {Heh scarasy

Automatic measurement running

Uecs #eoording: Autorate / High Acaracy

wenl] A [ Mo [ ate] Je [ 7] 4
“‘;‘I\IL @) 00:00:21 standby .. 6/ v
S0/60 Hz
HY & v a
A )\
3
C B ¢ o b
i =3 M 132KV
Eeoaly F 2 AL @ ¥ 105 KY
Connection Ratio Raw  Ratio Volt. Ratio Dev.  Phase Current
ABiao 19699 11490 0075 2NN =c
E-Cbo 1580 LldEs 0c7% U —=
C-Ac-0 12804 11468 -D.6% 22166% —-
Dz Racerding: Smrate / Hich Acoracy
— o 3 T: -
Do @ [ Jit i [Brln Dl | 2 ome|C3 e
*’""”"_‘ﬂ A | As 11.:-' Ao | 70 | i
SAIL dy vo:00:21 Standby ... 6/ V. H
B = Sipore the connections
HY & v a
A )\
5
C B ¢ 0 13
= P 132KV
Eeoal» AL @ AT
Connection Ratio Raw | Ratio Volt. Ratio Dev. Phise Current
A-biao Y 007% 211.99° —-
E-Cb-o 0C7% N —-
C-Ag0 -0.08% 22166° —-

IZ stert lifﬁ St ]

JitdgaFal muw [ 2sme| 0] e

el A [ e [ 1] L [ 7e[ 4
“‘;‘I\IL & vo:00:21 standby ... oV
SU/60 Hz
HY & v a
b f
transformer.
c s 7Q° b
Fe «l» E 2 _n‘: ffls‘:\\//
Connection Ratio Raw [Ratio Volt. jRatio Dev.  Phase Current
ABiao ..699 2NN =c
B-Cbo S8M U —=
C-Ac-0 2804 22166% —-
&z Hacording: stomate / High Acuracy
Dbmiatu I I mﬁ}?“‘ I_'ij l/".‘ew ] tike
"""“"‘”| A | As 11.:-' Je | 7.x"| i
J 5 6/ v
S0/60 1z
not been entered.
P 132k
LY ILSRY

I J&N}TT” ] wist li.‘ew £t
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ol A e [Tae] e 7] G
§ s

) nn:o0:21

ATV

Slhadby ... ST

Turms Rato

T — e

Measurement results

Connection shows the energisation, measurement
and shorting connections used in the test

Ratio raw shows the measured voltage ratio using

Ratio volt shows the actual voltage ratio of the
transformer taking into account the measurement
connections and the configuration of the

Ratio dev is the percentage voltage ratio error
between the measured and theoretical values. This
will appear as --.- if nominal/tap voltage data has




”“”\ \ [ & | 1] Je i Phase shows the phase shift between the
0““‘“‘ oo e energisation and measurement connections.
B al» it
Connection Ratio Raw  Ratio Volt. Ratio Dev. | Phase
A-biao 18699
E-Cibo LM
C-Ac-0 12864
Do Do |
°°“"°°“’\ A ]k | ] Je [ 7] 4 Current shows -,--. The primary excitation current
\)"“‘“‘ © o during the measurement is not shown because
several different single phase measurements are
taken for each connection and used to calculate
T i 132k the voltage ratio and phase angle.
Connection Ratio Raw  Ratio Volt. Ratio Dev. Phise Curre
ABiao 19.609 11490
ECbo 861 L1485
C-Ac-0 15864 L1465
VD Stert i'” Son ] I 4 if,
o] A ] Je [ 1] N[ 7] i Ratio results which exceed the ratio threshold
H::rt am:vz:vm Standoy .. LY e value are highlighted in red. The corresponding
é | 9
@ /'\ L windings display the symbol.
2 B ¢ OU b . }“E
Ee«l» ¥ 2 A <:_> [ylllszst‘\z
Connection Ratio Raw Ratio Volt. Ratio Dev. Phase Current
ABiEo 19.894 11486 0.07% PRl S
B-C:b-o 19.594 11.485 0.07% 27LA% —=
CAco 19864 11469 Q.08% 2TL66% -
Data Recording: Automatie / Hioh Acouracy
[> stat | B E: Lz i§1~f§ 1[] List 1/‘ setup | [T] File
eox W= T T - =11 Results can also be shown as a table list,
B3 O w0t ety 9. selecting the list button in the function key bar.
[ime ] [Cunag T Retio volt T 2hase 1 [mA]
e e D e o EEEER Current | [mA] will always show -,-- as in the
H: ALY 2/C-A8ca 67 1004 262130 - }{ graphic view.
ID sers | . l R I}@Tﬁp AAG“‘-“ ‘ Seb.,pl [ Fie

The phase display setup option controls whether an

| Meswement | Data | TepConl [ celanens arbitrary phase shift is shown in the range 0° to 360° or -
Printout Zig-Zag Storage 1800 t 0 +180°
® Turns Ratio O1 Leg Of Z @ Overwrite '
O Voltage Ratio ® Complete Z O Append

Note that the phase angle shown is the complete angle
between HV and LV or HV and TV and does not include
the clock number/phase displacement.

Phase Display
©0..360°

O +/-180°

= i ez

For example a standard Dy11 transformer measured
using the Dy11.x° or unconventional transformer DUT
setup would show 330° if measured using the 0..360°
option or -30° if measured using the +/-180° option.
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= N The test procedure for an unconventional transformer is
Ysnee &) 00:00:21 Standby ... 67V

50/60 Hz
similar but the red highlights e are not shown
B s wemn | DECAUSE the winding arrangement is unknown.
3+
T «l» F 3 'c:? L 10

Connection Ratio Raw  Ratio Volt. Ratio Dev. Pha Current

ALCab 11.005 11,005 004% =

BCAb< 10,995 10.935 0.04% .

C-ABica 11001 11001 001% 262.13° —-

Diata Recordg: ALtomatie / Heh Accuracy
ll“; Stat |4 D | i 12y l}i? &’" lﬁ__\ List l// swe | [] fe
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13 Magnetic Balance

13.1 Overview

The unit can perform magnetic balance measurements on transformers. This particularly useful
for checking the balance after a DC test current has been applied to the transformer during a
resistance measurement which may have caused the core to become magnetized.

This optional feature is enabled using the license manager. This process only needs to be
completed the first time magnetic balance is used. For instruction how to enable a feature please
read Chapter 16 Optional Features activation.

13.2 Theory

The Magnetic Balance test is conducted on Transformers to identify inter-turn faults, magnetic
imbalance or the flux distribution.

It can be conducted either in HV side or LV side of the transformer.

On the HV side, a voltage is applied across 2 phases (say 1U and 1V) and the voltage across the
other phases is measured (between U-W and V-W). The test is repeated for each of the three
phases.

Result: The sum of the two measured voltages will be equal to the applied voltage.
1U1V = 1U1W + 1V1IW
The voltages obtained in the secondary will also be proportional to the voltages above.

This indicates that the transformer is magnetically balanced. If there is any inter-turn short circuit
that may result in the sum of the two voltages not being equal to the applied voltage.

13.3 Activate the Magnetic Balance option

The 2293 is equipped with an optional magnetic balance function. This optional feature is enabled
using the license manager. This process only needs to be completed the first time magnetic
balance is used.
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Deﬂneogrl U | A ’ 11 ‘ = ‘ = ‘ i To access to the license manager, select
Y e d)00:00:00  Stancby ... o setup function key in the bottom bar of
Wik SRR any application

Resistance

10

4A

1
e B 72 B

No actual tap defined !
[> Start l@ Step l == None

BT W | [ wist Lf Sen.p] [ Fie

% Tep
£4d Do

Select the Miscellaneous folder and then

Measurement | Data | Tap Control | Temperature ‘ Miscellaneous press the License Manager button.
¥ Sound TCP /1P Device Information

DHCP | B! | winding Analyser 2293 | ootros oo |

—

i Firmware Version: 0.0.0 -

Subnet Mask Hardware Version: % Firmware Update

0.0.0.0 FPGA Version: _____

Calibrated:
Gateway
IW MAC:

i DefineDuT

flemeManager | Enterthe license key in the Mag. Balance

Enter Activation Keys box and press OK.
Application License Key Type [ Usage  Max. Usage
Turns Ratio If the magnetic balance function was

V.G. Detection

Temp. Rise

Mag. Balance m Full
Remote Control 35912443 Full

previously used with a trial license key,
clear this number and replace it with the
full license key.

Arbitrary Phase
Tap Changer
[ i o o { | X cancel I
Press Yes to reboot the unit and install

Enter Activation Keys the magnetic balance function.

This change needs a system reboot
to take effect.

Continue ?

e e LX)

|Vos< HXCsmel
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) e Trial licenses for magnetic balance are available which
e T T perm!t a limited number of tests to be performgd. The
s R remaining number of tests is displayed on the license
Temp. Rise screen.
Mag. Balance 47356209  Trial 10 30 H H H H H
S R o Removing thg trial license key.W|II'remove the magnetic
Arbitrary Phase balance function from the application bar.
Tap Changer
-

13.4 User Interface

Defire DUT | ) A 11 s = i est Name To access the magnetic
= 2 balance feature, select
u SAFE {J) 00:00:00 Standby ... ot 67 V Magnetic B. function in the
plou ks applications bar (side bar).
A-B C-A B-C A-B C-A B A-B C-A B-C
R
Magnetic B.
B = Lol
E ?
No actual tap defined !
[> stat | @D stop E B EA P e | 2 senn ] File
. You may need to press the up/down arrow buttons to view the
magnetic balance button depending on which other functions are
enabled.

13.4.1 Function keys

While in magnetic balance application, the following actions are available in the button key bar.
The buttons are case sensitive, i.e. they change according to the actual status.

| — Start the measurement
o — Record a result while manual recording mode is used
@ _— Stop the measurement
E Tap Move tap changer one step down
Dawn
1 Tap Move tap changer one step up
Lp
] List Change display to list mode
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Gra- Change display to graphic mode
phic

ﬁ Setup

Open setup menu for the selected measuring application

13.4.2 Active Window
The magnetic balance measurement screen is described below:

Measuring time Test voltage
SAFE J) 00:00:07 Standby ... 67V
n \’) '@' 50/60 Hz ——Test frequency
A-O B-O Cc-O A-O B-O c-0 A-O B-O c-0
Measurement
connections /

Measured/ 7 =i =
E «l»

voltage
Imbalance Threshold: 1 %

Measured current HV Tap changer position

* SC = Shortcut; direct action or access to setup over touching

Tap Changer Visualization:

Tap changer graphical representation

b E]

=t

% “Remote Controlled” is active in dialog “Setup”

= this winding is selected at “Tap Control” / “Winding” in dialog “Setup”
onL tap-changer is defined as “On Load” in “DUT” dialog

1 Actual tap position
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13.5 Measurement

13.5.1 Measurement steps

Performing a magnetic balance measurement on a transformer consist of following steps

DUT general data @

4 * N Configuration of
Selectl_on of the : L displayed results J
corresponding DUT main
L parameters ) ( )
Y Selection of the desired
Configuration of the tap . test voltage J

changer (when existing)

Measuring mode
selection

v

Measuring

v

Exporting and printing
L results J

& Before operating the instrument, make sure that the safety rules have been fully
read and understood. It is the responsibility of the end user to ensure that the
system is operated in a safe manner.

13.5.2 Set up DUT data
To set up the steps with DUT related data:-> see related chapters in the “User Interface” part.

The Magnetic Balance function is mostly applicable to start with Neutral
\B Windings. On these configurations unbalance results can be a result of a
transformer fault or residual magnetism,
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13.5.3 Data handling definitions

Setup (Magnetic Balance)
Measurement
Recording
O Automatic

@ Manual

Data l Tap Control Miscellaneous J
Somge )
@© Overwrite
O Append

i Define DUT

\(!o« |Xcawel

Setup (Magnetic Balance)
Measurement

Recording

@ Automatic

O Manual
| —

Data
Storage
@ Overwrite

O Append

‘ Tap Control | Miscellaneous ‘

i Define DUT

l(/o« |Xosnoe|

13.5.4 Test Voltage Selection

Setup (Magnetic Balance)

Measurement ‘

Data | Tap Control | Miscellaneous ‘

Supply
Voltage

67 V
Frequency

@© 50/60 Hz
016.7 Hz

Delta Winding Confi Imbalance
[AB1BC|CA ¥ Threshold

1%

i Define DUT

l(/m |Xc,snoe|
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Storage:

Overwrite > when a measurement is
repeated, results overwrite the actual
measured values for the tap

Append > When a measurement is
repeated, results are added in the list but
previous results are also kept.

Recording:

Measurement can be done in auto stop mode
(value is automatically recorded when stable)
or in manual mode (unit stays measuring until
the operator click the stop button), selection
between both operations modes is done in
the setup screen, Data folder.

To record a value while measuring on this
mode, click the record button in the function
key bar.

Selection of the measuring voltage is done by
clicking on the test voltage field in the main
screen, any value between 0 and 67V can be
introduced, some values are directly
selectable.

0.25 V 258\ 25V
0.5V 5V 50V
1V 10V 67 V




13.5.5 Test frequency selection

Setup (Magnetic Balance) 5
Measurement ’ Data I Tap Control ] Miscellaneous ‘
Supply Delta Winding Configuration Imbalance
Voltage IA-B | B-C | C-A v Threshold

Frequency
® 50/60 Hz

016.7 Hz

67 V

1%

i Define DUT

e (e

13.5.6 Magnetic Imbalance selection

Setup (Magnetic Balance)
Measurement ’ Data I Tap Control ] Miscellaneous I
Supply Delta Winding Configuration Imbalance
Voltage |A-B | B-C | C-A v Threshold
67 V 1%
Frequency
® 50/60 Hz
016.7 Hz
iDeﬂneDUT‘ } f ‘ ‘ R cacel ‘
D | otw | 1%
02% | 2%
0.5 % 5 %

13.5.7 Delta Winding Configuration selection

Frequency
® 50/60 Hz
0 16.7 Hz

Measurement ’ Data I Tap Control ] Miscellaneous I
Supply Delta Winding Configuration Imbalance
Voltage [ |A-B | B-C | C-A v ] Threshold
v e

i Define DUT

o] o]

Magnetic Balance

Selection of the measuring frequency
is done automatically by the unit.
Just select if your DUT is a 50/60Hz
type or a 16.7Hz traction transformer

type.

Imbalance:

The imbalance threshold is the
allowed percentage difference
between the voltages measured on
transformer limbs which should
balance.

The test results will be highlighted in
red if this threshold is exceeded.

Shortcut buttons show typical
magnetic imbalance threshold values.
Alternatively the user defined field
allows values between 0.001% and
100%

Delta Winding Configuration:

Use this setting to configure which
winding is on the central limb of the
transformer and which windings are
on the outer limbs of the transformer.
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6 > Shortcut to DUT setup. Similar to pressing
1 Define DUT i

on main screen

13.5.8 Measuring

Performing a measurement on a transformer is quite simple. Once all transformer and options
have been introduced; just click the start button. The instrument will perform all operations
automatically.

It is recommended to perform transformer demagnetization before measuring the magnetic
balance, as residual magnetism can influence the test results.

EET R TA T 7 [ =] i Co CAUTION ! Current flowing ot T 7]
[ Egsn 3000000 Sty v T -
| A 001 $ - ) av:vo:12 Measiring ... orv 9 sae &) 00:00:24 tenchy
k © soore © soore
FOSEBDI G0N SN0 BCRREON |FAUII 0TS #0 Bo cc | a0 50 cc | a0 sc co el S el || g B e | G
B [T el a0 | ol
» -, ouv. p. - - -, ). 81.6% 253%  27.2% B1.7%
= 7 - . 3w [ e3sv sisy siv | wav sy swew
v by wEv [ eer : : 474.210A
| A 024 arazma = Y3 e
| nbatce Tresheld: 95 £ ot
e - i Irbelzoce Treesrokdi1 %
ID st | | Lot ﬁ?&" |Dus | 2w [] B | Imbdaes heEwdilte S -
- Bl o To ato A, | 1,.,‘.1.3",‘; Oust | oo | O] #e |
/ S AT AT l 5

Click start button to initiate the ~ Automatic measurement running Measurement results
test

If auto recording is active, instrument will record the value and stop the measurement when the
stabilization condition has been reached.

AL CAUTION ! Current flowing el ;
) 00:00:24 Measuring ... 67V
50/60 Hz

40 B0 cO | AD 80 cO | AD BO CO If manual recording is active, the instrument will
repeatedly measure a phase.
]ﬂ_l I I ‘ Pressing the record button stores the latest result
and moves to the next phase.
221V R3I6N 3BV 636V 521V 168V
A020mA 357.0mA
F <«1»

Imbalarce Thresolc: 1 %

IQ Rﬁwn1® St 1 ¢ _‘ll 2 ]D List senn e
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] P 7 e
“SI\FE &) 00:00:24 Standby ... 67V
50/60 Hz

[Fo 80 co)|[aoc_eo co]|[s0 8o co]

R =

53.8% 54.4% 75.7% 25.3% | 25.7% 81.3%
342V E36Y 346V | 636V 482V 181V | 154V S17V 536V
402.0mA 408.3mA 3529ma
B o«l»

Imbzance Trreshold: 1 %6

Magretic 3
od0

D> sty | @) e | lb'/’wllﬁfaff lm vt | /& s | [T File
I I W W

nS/\FE d) 00:00:24 Standby ... ® :[zom

AG  BO CO B0 CO A0 BOD CO

53.8% 75.7% 25, 3% 2 Mgpetic
32V 636Y 345g 535‘1 482V lbl\’ 154Y SL7V 536V ﬂ
E sroma ol
Fo«l»

Imbzance Trreshold: 1 56

% T T
DSHC} B sep | l LE l}?f._;f [E] List | A setun | [T] File
Define CUT N E = = S Test
ol L[ A 72 [ -] -] 1 [5E
Y snee d) 00:00:24 Standby ... 67V
50/60 Hz
AD BO €O B0 CO AO BD CO
53.8% 54.4% 75.7% 25.3% | 25.7% 81.3% Magrelic 8
u[l[l

32V _G36Y 346V | BIAM 482V 151V | 154V S17V_A3G
[402.0m A 405 3mA
¥ o«l»

Imbaance Trreshold: 1 %6

Dsm}‘;':u sip | Eyle }E‘raﬁf [ tist | /= seo | [T File
Moyl e A7 | - [ - | 1 [
nSI\FE J) 00:00:24 Standby ... @'g{)[zom

A0

Maretic 3
402.0mA 3 352.9ma uﬂl]

Imbzance Trreshold: 1 %6

D> sany | @ s | l gl l?fl;‘ [E] tist | /= setun | [7] File
=] X A7 [ ==
Y saee &) 00:00:24 Standby ... 67V
50/60 Hz
AD  BO €O AO EBO CO AO BD CO

53.8% 51.4% 75.7% 25.3% | 25.7% 81.3%

M2V 636Y 346V | 636V 482V 161V | 154V SL7V 836V

402,04 408 5mA 352.9mA
Fo«l»

Imbaance Trreshold: 1 %6

/st | [T File

Magretic 3.
u[l[l

DSWQ“'.,“ Shop | l Llorwl l¥*$‘c 16 3

Connection shows the energisation and
measurement connections used in the test.

Each limb of the transformer is sequentially
energised and then the other limb voltages are
measured.

Highlighted area shows the voltage of the energized
limb and the voltage measured on the other limbs.

The energisation current for each limb of the
transformer is shown.

The percentage of the energisation voltage
measured in each of the other two limbs.

Voltage results which exceed the imbalance
threshold value are highlighted in red. The

corresponding measurements display the Q
symbol.

Measurements will be automatically saved after each test. Data storage options can be selected
in the Data folder, clicking in the setup button of the function key bar.
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Overwrite > when a measurement is repeated,

st e jlape) mselnews | resylts overwrite the actual measured values
Recording Storage

O Automatic © Ovenwrite Append > When a measurement is repeated,
© Manual O Append results are added in the list but previous results

are also kept.

t | 4 pefineput o o ‘ I K cancel I

S A Results can also be shown as a table list,
Myswe  Dooooas  sindby .. 0. selecting the list button in the function key bar.
| T‘lmé | 'raf: [Volmgeltppllecl ac‘ v | sopg | c-g ]
o
[>> stat | | l G ]}1533 ;A)‘Sﬁ 1/%4: £ Fie
Clicking any of the voltage columns
changes the report to show voltage
| Ao | | Ao | percentages.
336 52.8
TR B
16.9
26.5
Clicking the voltage applied column
changes the report to show
- energisation current.
l Voltage Applied | ] [ [mA] ]
B-O 402.0
A-O 344.1
o) 456.2

13.5.9 Exporting and printing results

See the chapter “Data Handling” for information about exporting and printing results.
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13.6 Application hints

13.6.1 Core Magnetization

Magnetic Balance results are sensitive to Transformer Core Magnetization. To get reproducible
results, make sure to properly demagnetize the transformer core (directly) before performing a
magnetic balance test:

In a lot of cases, the built-in demagnetization function of the WA2293 will deliver good result.

In some cases, especially for larger power transformer (>50MVA), it can be necessary to use a
High Voltage AC power supply to properly demagnetize the transformer. Usually 110% of the
nominal winding voltage is necessary.

The following example shows an YNynO DryType Transformer in two cases:

The upper results show a proper measurement (green box) = Balance is nearly 50%/50% on the
middle phase.

The lower results show a measurement with a magnetized transformer core (red box) - Balance
is bad on the middle leg (26.3%/72.8%).

Define DJU)T k k 0 - i
ﬂ SAFE ) 00:00:00 Standby ... & 50 v
50/60 Hz
_Time | Tap | I [mA] | a0l | BoO[m@e] | cofwl
13:20:21 w74 493 1o o4 |~
13:20:21 H 8.9 100 62.4 36.
13:20:21 H 8.5 36.4 62.8 100
13:30:43 H 98 26.3 100 72.8
13:30:43 H 20.4 100 64.3 34.2
13:30:43 H 10.7 17.3 81.9 100 ol B
13:36:34 Hy 75 48.3 100 51.1 I]
13:36:34 Hy 9.2 100 63.9 35.3 ol
13:36:34 Hy 9.0 34.1 65.1 100 v
[> start | @D stop £l [T)ifjm E4 LED Bl ng'c /2 setp | [] File

13.6.2 Winding short-circuits

A single turn fault can cause high magnetic imbalance. Also the excitation current can be greatly
influenced. The following example shows an YNynO DryType Transformer in two cases:

The upper results show a proper measurement (green box) = Balance is nearly 50%/50% on the
middle phase.

The lower results show a measurement with a single turn short-circuit on phase A of the high
voltage winding (red box) - Balance is very bad on the middle leg (8.66%/94.0%).
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Magretic B,

nl]l]

Define DJU)T k k 0 - -
“ SAFE &) 00:00:00 Standby ... ol 50 V
50/60 Hz
Tirme Tap | I [mA] | a0l | BomEe] | cofwl

131420 W 74 494 1o soq %
13:14:20 H 59 100 62.4 3.8
13:14:20 H 5.8 36.5 62.7 100
13:17:06 H 9.9 5.66 100 94.0
13:17:06 H /0.1 100 62.2 3.8
13:17:06 H 10.0 5.39 95.9 100
13:20:21 H 74 49.3 100 S0.2
1320021 H 8.9 100 62.4 3683
13:20:21 Hv 8.8 36.4 62.8 100 v

______ P Jc N N -2 LG LA =3
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14 Short circuit impedance

14.1 Overview

The unit can perform the short circuit impedance test of a transformer at reduced voltages, the
short circuit impedance in a transformer is quite linear with the voltage and therefore an
extrapolation to the nominal voltage can be perform for comparison.

This optional feature is enabled using the license manager. This process only needs to be
completed the first time magnetic balance is used. For instruction how to enable a feature please
read Chapter 16 Optional Features activation.

14.2 Theory

14.2.1 Definitions

The short-circuit impedance (Zshorcircuit) 1S defined as the impedance corresponding to the voltage
(Ue) that must be connected to one pair of terminals of a transformer, with terminals of other side
shorted, which causes rated current (l,4eq) to flow on the two sides of the transformer.

HV LV

O O
rated
UCC
O O
Z _ U CcC
cCc — I
rated

For single phase transformers, the sort circuit impedance in % (€.) can be easily calculated after
the Z.. has been measured according the formula

e =1, -%-100

Where:

& Short circuit impedance in %

cc
Uce Short circuit voltage in V

S apparent power in VA from nameplate
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U line to line voltage in V from nameplate

or three phases transformers, test can be done by measuring each phase separately (phase to
phase ) and then calculating the transformer impedance according below formula

S = % (Ziz + Zina + Zinza) % -100
Where:

Zn12 = Short circuitimpedance phase ato b
Zn13= Short circuitimpedance phase a to ¢

Zmo3 = Short circuitimpedance phase b to ¢

14.3 User interface

o) A | e | |- -] i To access to the short circuit feature, select SC
[swe Doooozs  stanaoy . o2, 18 Impedance function in the applications bar (side
HV A LV a
Short circult parameters bar) .
Impedance 10,06 Q
A ‘\ o
Hv: 400V 1.25A
Lv: 80V 0A
Connection  Short  Voltage Current  Frequency Impedance 5C Impedance
A v 4636V 23IIMA SOHE 20120 314% ﬂﬂ
B-C LV 4673V 231.34mA  S0Hz 2020Q 3.16 %
C-A L 4587V 22902mA S0Hz 200 3.13%
Data Recording: Automatic
[> start | ¢ | [ 4 oo ‘ o ||:| List ly"’ st | [T File
Vs You may need to press the up/down arrow buttons to view the
magnetic balance button depending on which other functions are
enabled.

14.3.1 Function keys

While in magnetic balance application, the following actions are available in the button key bar.
The buttons are case sensitive, i.e. they change according to the actual status.

| — Start the measurement

P ——— Record a result while manual recording mode is used
[

@ _— Stop the measurement
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L Tap Move tap changer one step down
Down
1 Tap Move tap changer one step up
Lp
Pl Change display to list mode
P a1 Change display to graphic mode
phic
aceie Open setup menu for the selected measuring application

14.3.2 Active window

Measuring Time

/

Test Voltage & Frequency*

[ sare Y 00:00:2 Standby ... 25K 1
50 Hz
HY A LV a
Short circuit parameters
I Impedance 30.09 Q
€ 9.40 % Test
-\
g \ Voltage 3761V Results
C B ¢ b
Hv: 400V 1.25A
= B LV:80V  6.25A
Connection Shirt Voltage Current  Frequency Impedance €
AB LV 2.342 v 38.99mA 5S0Hz 60.06 Q 9.38 % Measurement
B-C LV 2345V 38.79mA SOHz _60468—9450%  Results
-A LY 2330V 38.81mA 50Hz 60.03Q 9.38 %
Data Recordinq: Automatic
\ N\
Measurement connections Tap changer position* Data Recording Mode

* Shortcut; direct action or access to setup over touching:

14.4 Measurement

14.4.1 Measurement procedure

Performing a turns ratio measurement on a transformer consist of following steps
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DUT LV side external short circuit
(use a proper connection)
DUT general data Configuration of displayed results
Main parameters introduction Selection of the desired test
(Group connection) voltage and current
Configuration of the tap changer Measuring mode selection
(when existing)
( . . h - ( l B
Configuration of the voltages and Click start -> Start Measuring
currents
N~ < \ * J
Exporting and printing results
& Before operating the instrument, make sure that the safety rules have been fully
read and understood. It is the responsibility of the end user to ensure that the

system is operated in a safe manner.

14.4.2 Transformer connection

To perform a short circuit impedance measurement, the other transformer side (normally the low
voltage side ) must be short circuited with short and high current (low inductance) connections.

As the resistance is multiplied with the square of the ratio while measuring from the
other transformer side, it is critical to keep the short circuit connection resistance as
low as possible to avoid adding unnecessary error to the measuring circuit.
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H3/W/C H2/N/B  H1/UA

X3wic X2vb Xilufa Xomm §[H | F|H .A_.\ HON/N
HHHHEIHE2
£ =
! S | 11 T AN
o~ = ,-.‘ ,as.‘ g é s g E .
E 3|8 3|8 18 s | 2|sSs| 8| = E £ B e
g 2/t s/t 3¢ s gl 2 £ 2 =
HEIBIBIEEIHEIHEIHEN '
318 3/ 3|8 3|8 2| 8[2|8| 2/[=] 3¢ || ‘
318 3F 2.8 38 HIL | H r:( r| 1k \ /
_ai.—i_—*.—,*_g_‘ _,=I=._‘ _,=.—._‘ ;_‘.—_.'..‘ /

14.4.3 Set up DUT data
To set up the steps with DUT related data:> see related chapters in the “User Interface” part.

The Magnetic Balance function is mostly applicable to start with Neutral Windings. On
these configurations unbalance results can be a result of a transformer fault or residual
magnetism,

14.4.4 Measurement Settings

To access the measuring parameters, click setup button in the bottom of the screen, and then
select “Measurement” folder.

Vs As the transformer impedance is fixed, instrument can only supply a defined current or
voltage between the maximum voltages and currents of the devices.

The instrument will supply the target voltage or current first reached. In order to guarantee
that a test is done at a particular voltage or current, fix the other parameter to the
maximum possible.
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Setup (Short Circuit Impedance Measurement) The test Voltage’ maXImum Current and
Measurement | Data I Tap Control Miscellaneous | frequency can be selected

Supply
Yoltage

67 V
Current W

Frequency (50 Hz

i Defire DUT ‘ &/ o ‘ ‘ R Concel ‘

Setp (Short CrediE impecance Messrement By clicking in the Voltage text Box, a window
Measurement | bata | TepEamire] | el | pop up proposing several voltages. To select
Supply one just click with the mouse over the desired
Voltage 67 V Value
Current 025V 25V 25V
e 0.5V 5V 50 V

1V 10V 67 V

o] o]
Sefip (Ghort Circult Impedance Messurement) By clicking the current Box, a window will pop
Messement | Dem | Tapcowol | Mselmeas | UP Proposing several maximum currents, an
Supply error message will arise during the test if the

vozge [y selected maximum current is exceeded

curent oS A during the test.

Frequency 0.02 A 0.25 A

0.05 A 05 A

0.1A 1A

1 | i Defineput |§{o< |‘Xcame\‘
| SO ——

By clicking the Frequency Box, a window will
Sett (Ghort Circult Impedance Measurement) pop up proposing several measuring

Messuwement | Dam | TapControl Miscelaneous | frequencies. To select one just click with the
mouse over the desired value

Supply

Voltage ,T
Current W
Frequency [50 Hz
16.7 Hz | 55 Hz

50Hz | 60Hz JF>H2
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| . . 1
Setup (Short Circuit Impedance Measurement)
1 ) |
MeasuremeVoltage scellaneous ‘
Supply —— 5_ L =
Voltage | e 025y .. 67V Clear
Current Zar ol
Frequency | | 4 5 6
1,12]3
0 o ‘ R Carcel
. f
§ Define DUT of o K Cavel
I

14.4.5 Data Handling

To access the data parameters, click setup button

“Data” folder.

Setup (Magnetic Balance)

Measurement Data Tap Control Miscellaneous ’

Recording Stor;dge
O Automatic @© Overwrite

@ Manual O Append

|Xca'\oel

\ i Defire DUT

Setup (Magnetic Balance)

Measurement Data ‘ Tap Control ‘ Miscellaneous ‘

(Recording | Storage

@ Automatic @ Overwrite

O Manual O Append

\
) A

‘(fo« |XCsnoe|

i Define DUT

14.4.6 Tap Control

User can also introduce manually any
desired value between the limits by clicking
the “User Defined” Text Box. A Window to
introduce the desired voltage manually will
pop up, just introduce the value and click
“OK” button.

in the bottom of the screen, and then select

Storage:

Overwrite > when a measurement is
repeated, results overwrite the actual
measured values for the tap

Append > When a measurement is
repeated, results are added in the list but
previous results are also kept.

Recording:

Measurement can be done in auto stop mode
(value is automatically recorded when stable)
or in manual mode (unit stays measuring until
the operator click the stop button), selection
between both operations modes is done in
the setup screen, Data folder.

To record a value while measuring on this
mode, click the record button in the function
key bar.

For information about the tap control window, refers to Chapter 7.3.7 Tap Control

14.4.7 Miscellaneous

For information about the tap control window, refers to Chapter 6.7 Device Information

Short circuit impedance
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14.4.8 Measuring

Performing a measurement on a transformer is quite simple. Once all transformer and options
have been introduced; just click the start button. The instrument will perform all operations

automatically.

Before a test can be done, the tap position has to be selected.

[ram: s7asic

. 5 - Test hlame: ram: 540K B N B B
] [ L[ o [ -] [ 1 S e L IS O I I
e ) 000000 sty .. sV D5A sar G ononzs sty . sV D5A
n & 0 A
HY W a HY A W oa
‘Short circuit parameters Short circul parameters Short circuit parameters
Impedance .- Impedance - Impedance 30450
€ ¢ e a52%
Voltoga - Voltage Voltage 06V
) o 0
c B o b c B © B o -
Hv 400V 1L25A He: 40V 1254 H: 40w LZSA
F oe3» Wy 6EA ¥ o«3» Wiy 65 A F oa3» LE eV 6 a
Comnection Short  Voltage Current  Frequency Impedance & Connection  Shart  Voltage  Current  Frequency  Impedance & Connection Short  Vollage Cuvent  Frequency Impedance & e
s v ab v . . . . = B L 4BISY  MmA SH wBre  9sw ‘}g]
BC L - - - B L) - - - BT w 4780 78.15mA  SOHr 61160 9.56%
oh Y = = A W - - - - prd LV 4747V TamA S 0780 Sawm
Deta Recording: Automatic DA Recording: ALLMA Data Recording: Automatic
st £ + AL Lat | 7 sap Fike 0 L o . st + T st | A% sap Fik
R | Literolitie |Bre | 2o 00tk | [© = | [T ERe = | \ B | A ER N LA Pt d T R

Click start button to initiate the ~ Automatic measurement running

Measurement results

test

If auto recording is set to Auto, once a phase is being measured, instrument will automatically
measure the other phases and shot the results.

ram; 5708 K

st S2010M CAUTION ! Current flowing...

If manual recording is active, the instrument

&) 00:00:48 Measuring ... ©5, 05 will repeatedly measure a phase.
HY A W s ot crest prametes Pressing the record button stores the latest
)\ ‘\ Impedance result and moves to the next phase.
Voltage
N AN
Hv: 400V 125A
E o«3» LV:B0V  625A
Connection Short  Voltage Current  Frequency Impedance &
AR Lv 4809V 79.13mA S0Hz 60.77 Q 9.20 %
BC Lv == —- -
CA v == =5 == == =5
Data Recording: Marual
[+ Rezm:“ B stop l |; & I'.-g'-s-m| 1 Jbu ‘ ] it J Sefup
o) A ] o ] -] -1 Results can also be shown as a table list,
e Doowozs sty ‘@Y oon selecting the list button in the function key
Time | Desoripien | upv] | 1(mA) | impedance ]| e[%) bar.
05:51:51 HV:3AW/AS 4819 79.28 60.78 9.50
05:51:51 HV:3AV/B-C 4.780 78.15 61.16 9.56
05:51:51 HW:3ALVC-A 4.747 78.13 60.76 949
SC Impedance
13
[> stat | | |t L5 2 |ak o }' senp | [] File

14.4.9 Measurement results

The instrument shows the results of the test by phase in the screen button and calculates the
transformer values based in the single phase measurements. Measuring values description below
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Connection Short Voltage Current  Frequency Impedance €

AB Lv 2342V 38.99mA S0 Hz 60.06 Q 9.38 %
B-C LV 2345V 38.79mA S0 Hz 60.46 Q 945 %
C-A LV 2330V 38.81mA S0 Hz 60.03 2 9.38 %

Data Recording: Automa

Connection Clamps used during the test

Short Short circuited winding

Voltage Voltage applied during the measurement

Current Current applied during the measurement

Frequency Frequency applied during the measurement

Impedance Single phase impedance measured (Phase Voltage/ Phase Current)

Short circuit Imp (¢)  Single phase short circuit impedance calculation

After all phases are completed, then a calculation of the transformer overall values is done based
in the single phase measurements

Short circuit parameters
Impedance 30.09 Q

£ 9.40 %
Voltage 3761V
Impedance Calculated three phases Impedance

Short circuit Imp (¢) ~ Calculated three phases short circuit impedance

Voltage Calculated three phases Voltage

14.4.10 Exporting and printing results

See the chapter “Data Handling” for information about exporting and printing results.
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15 Dynamic resistance on tap
changer

15.1 Overview

The unit can perform optionally the Dynamic resistance measurement a transformer.

This optional feature is enabled using the license manager. This process only needs to be completed
the first time Dynamic Resistance (Tap changer) feature is used. For instruction how to enable a feature
please read Chapter 16 Optional Features activation.

15.2 Theory

15.2.1 Tap changer generalities

A tap changer is a connection point selection mechanism along a power transformer winding that
allows a variable number of turns to be selected in discrete steps. A transformer with a variable
turns ratio is produced, enabling stepped voltage regulation of the output. The tap selection may
be made via an automatic or manual tap changer mechanism.

If tap switching can be done while current is circulating (transformer connected to the grid) the tap
changer is called On Load Tap Changer (OLTC).

Simple changing of taps (switching) during energized condition is unacceptable due to
momentary loss of power during the switching operation. Therefore the “make before break
contact concept”, is the basic design for all OLTCs.

This concept, which means the next tap is selected before disconnecting the previous one, would
generate a large short circuit current between turns due to the large number of Ampere-Turns in a
few turns. To limit this short circuit current an impedance (resistive or inductive) must be inserted
between the two taps to be switched.

The figure below shows the basic operation procedure of a tap changer. The tap selector one is in
the actual Tap position, while the tap selector 2 is located in the position to be switched to.
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The tap change operation consist of 3 steps
The next tap is preselected by the tap selector at no load (no current circulation).

The arcing switch (on load tap changer) transfer the load current from the tap in operation to the
preselected tap trough following operations

Switch TS2 close, current from tap selector 1 circulates trough TS1. TS2 connect the tap selector
2 to the output trough transition resistor.

Switch TS1 open, current from tap selector 2 circulates trough TS2 by the transition resistor
Switch TS3 close, the current from tap selector 2 goes to the put without the transition resistor.
Switch TS2 open, The transition resistor is eliminated from the circuit.

The tap selector 1 is release to move to the next tap.

The Total duration of a transition is of some tens of milliseconds.

15.2.2 Dynamic resistance test

Dynamic resistance test consist in recording currents and voltages during the tap position
transition.

A standard current curve while measuring dynamic resistance would show following shape.
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o 100 200 300 400 500
time (msec)

Following parameters are calculated and recorded by the device for each tap change.

Delta
tfall trise

| B

tFall [mS]: Time from the staring of the tap changer movement (drop in current) until the
minimum current is reached
tRise [mS]: Time from minimum current reached until current becomes stable
Delta: Current drop from stabilization to the minimum while changing tap
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15.3 User Interface

oot | e | de | 0 | - | - | i

M sare d) oo:00:00 . E;I}\g: =

ess to the Tap changer (dynamic
ce) feature, select Tap changer function in
lications bar (side bar).

Dynamic Current [A]

e o o o lal - lu

Data Recording: Automatic / Fast

| > st | ! | = | ‘ 2 = /Seb.p||:[ File
1 You may need to press the up/down arrow buttons to view the
magnetic balance button depending on which other functions are

enabled.

15.3.1 Function Keys

While in Tap changer (dynamic resistance) application, the following actions are available in the button key
bar. The buttons are case sensitive, i.e. they change according to the actual status.

> start Start the measurement
& =ecord Record a result while manual recording mode is used
[
@ - Res- ‘ Stop the measurement or Continue with the actual
= ume measurement
Clean Proceed with ta tap changer clean cycle
Taps
L Tap Move tap changer one step down
Dawn
E1 Tap Move tap changer one step up
Up
Pl S Change display to:
1. List mode
2. Single Test
3. Alltests
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Open setup menu for the selected measuring application

15.3.2 Active window

Active Window can be changed between Single test, All test and List by clicking the respective
button in the bottom bar..

DyramicCurent (4] | g

& e © ° = Wl gl

SAFE &) 00:00:00

[ == T’anu &) 00:00:00 . [k == ﬁ‘.mn ) 00:00:00 (IR =2

| [ mme | T [ Falims) [Rise[ms) | at(a] | R | Ti] |

° o W~ Wl

4A

Cita Recording: Automatic / Fast

Click “All ” button to change Click “List” to change

Dt Recording: Automatic / Fast

Click “Single” Button to change

Active Window Single measurement

Plot parameter

selection

Dynamic Voltage [V]

Dynamic Current [A]

Dynamic Resistance [Q]

Plot Zoom

43

3 [

Measuring Time Actual and
reference temperature®

™ sare ) 00:00:00 : : Ref. —/
ik e Actual
= \ ) measurement
e \ .
5 \
S \ /’
\
2 \ r
5 \\ // Tap
— Change
E {0 W 0z =LK} E 122 B Data recording
4A — == — mode

Data Recording: Automatic / Fast

Selected Measuring Actual measured Actual measured  Actual measured
Current* voltage current resistance

* Shortcut; direct action or access to setup over touching:

Active Window “ALL” measurements
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Measuring Time Actual and
reference temperature*

Plot parameter

selection ™ sare ) 00:00:00 . ;ieczi: - N
Static Resistance [Q] \ j measurements
NES by phase
Dynamic Resistance [Q] g
Dynamic Current [A] ‘ g
Dynamic Voltage [V] £
‘ g Phase
Plot Zoom | - i ‘ ; : : : ; :
} 1 4 10 1 16 1~M VU::U — 11
| O 0> 203 IR} A-O Data recording
|

4A - ——— - ; |mode
/ Data Recording: Automatic / Fast
E‘ Selected Measuring  Actual measured Actual measured  Actual measured
Current* voltage current resistance
N

Active Window List

Measuring Time Actual and
reference temperature*

i | 00" . Ref. —.-
BSAFE ) 00:00:00 : i
Time | Tap | Fallms] [Risems1| arfa]l | ri@l | 1rec] |
‘ | |
Mgasurement Tap Timeto Rise Deltal Resistance Temperature
Time Stamp position Fall Time
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15.4 Measurement

15.4.1 Measurement procedure

A tap changer test consist of following steps.

158 Dynamic resistance on tap
changer




DUT general data @

v

s ~\ s N\
Main parameters introduction Tap changer test
(Group connection) Select phases to be measured
(. J A J
4 + ~\ ( * )
On load Tap changer configuration Tap changer test
Select Taps to be measured
(. J (. J
( + h e l N
Tap changer Test current selection Select the number of cleaning
cycles (if necessary)
(. ¢ J _ Y,
s l N\
L Tap changer test

Static
Resistance

E Select tap changer operation

Click start -> Start Measuring

v

Tap Changer -> Manual
Set tap position to required Tap

v

Tap Changer -> Manual
Wait for message to change tap

Tap Changer -> Manual
Change tap, Wait For message

Static resistance parameters
introduction

v

Last tap of last
phase measured

See results on the screen
Export or save results

& Before operating the instrument, make sure that the safety rules have been fully
read and understood. It is the responsibility of the end user to ensure that the
system is operated in a safe manner.

15.4.2 Transformer Connection

2 transformer connection are possible by selecting the short circuit in the transformer side without
on load tap changer.
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Short circuit done by the device (recommended and selected by default). The device will short
circuit the secondary side of the transformer. This feature will allow a faster magnetization of the

transformer for the first resistance reading

+
‘E—wwwwwvwwr
o

|
B

Short circuit done externally (not recommended). In case last test done was Short circuit
impedance and short circuit is already available. It would avoid reconnecting the instrument.
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15.4.3 Set up DUT data

To set up the steps with DUT related data:—> see related chapters in the “User Interface” part.

15.4.4 Measurement Settings

To access the measuring parameters, click setup button in the bottom of the screen, and then
select “Measurement” folder.

_ The test current and transformer connection
Measurement Static I Dynamic Temperature | Miscellaneous can be selected
Current———  -Measuring Mode

Hv 4 A @ LV winding short circuited by device (default)

C LV winding short circuited by user
LV 12A

a0
&

i Define DUT ‘ V oK ‘ ‘ XK cancel ‘
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_ By clicking the current Box, a window will

Measurement Static Dynamic Temperature | Miscellaneous | pop up proposing several maximum
Current rMezsuring Mode currents. The maximum selectable current
v ka ® L winding short circuited by device (default) for this test is 12A.
Y RIS Y S .. Any value can also be introduced by clicking
025A | 2A 10A over the “user defined values” textbox.
05 A 4 A 12 A

i Define DUT ‘ v oK ‘ ‘ R cancel ‘

Two connections modes can be selected by
how the sort circuit is done in the not
rMeasuring Mode measured transformer winding.
® LV winding short circuited by device (default)

e LV winding short circuited by the
O LV winding short circuited by user device (recommended)

g e LV winding short circuited externally,
the operator is then responsible of
removing the non tested winding

measuring cables and performing
the short circuit

15.4.5 Static resistance settings

To access the measuring parameters, click setup button in the bottom of the screen, and then
select “Static” folder.

Record static resistance can be activated and deactivated by clicking the checkbox before
“Record static resistance values simultaneous”. If activated, after each tap change the instrument
will stabilize and record the resistance value. This will slow down the overall procedure but will
collect valuable information.

- The static resistance can be measured while
Measurement Static | Dynamic Temperature | Miscellaneous tap Changer iS increasing tap position (up),
¥ Record Static Resistance Values Simultaneous Wh|le iS IOWering tap pOSition (DOWI’I) or bOt
At Motion Recording Stabilisation Criteria cases (Up & Down)_
O Up ® Automatic O High Accuracy
O Down O Manual ® Fast
® Up & Down 0 10.003 Y%/sec

i Define DUT ‘ &/ ‘ ‘ XK cancel ‘
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Setup (Tap Changer Test)

The resistance can be recorded

Measurement Static Dynamic | Temperature | Miscellaneous | automatically (when the stabilization criteria
Record Static Resistance Values Simultaneous beside iS fulﬁ”ed) or manua"y by Operator by
At Reemilig Seliltiton @it clicking the record button when required.
O Up ® Automatic O High Accuracy
O Down © Manual ® Fast

® Up & Down 0 [0.003 %/sec

i Define DUT ‘ (f OK ‘ ‘ X Carcel ‘

Setup (Tap Changer Test)

Measurement Static Dynamic

Record Static Resistance Values Simultanecus

Stabilization criteria can be defined, high
Temperature | Miscellaneous | accurate , Fast or user defined.

At Motion Recording Stabilisation Criteria
O Up ® Automatic O High Accuracy
O Down © Manual ® Fast

® Up & Down 0 [0.003 %/sec

1 Define DUT ‘ (f OK ‘ ‘ XK Carcel ‘

15.4.6 Dynamic resistance settings

To access the Dynamic resistance settings, click setup button in the bottom of the screen, and
then select “Dynamic” folder.

Setup (Tap Changer Test)

Winding where the measurement is going to

Measurement Static | Dynamic | Temperature | Miscellaneous | take place, only windings configures as
winaing Pha (Tap Operation having a tap Changer can be selected.
® HY A-B [1 [z ® Manual
oL B-C Up Bt O Remote
C-A Time Out

rCleaning Cycles

1
e ]

10 sec

Setup (Tap Changer Test)

Phases to be measured, one, two or all

Mezsmemnt: || Bl | R | Temperature | Miscellaneous three phases can be selected. If more than
Winding—| “Phase ~Taps Operation on phase is selected then instrument will
® Hv EAB [T ..[ 2 ||®Manual switch to next phase once one phase is
oL B-C Up Do O Remote finalized

C-A Time Out

rCleaning Cycles

10 sec
1

i Definenut ‘ (f oK ‘ ‘ K Cancel ‘

Tettex /N Dynamic resistance on tap 163

changer




Setup (Tap Changer Test)

Measurement Static | Dynamic | Temperature I Miscellaneous |
Winding Phase laps Operation
® HV A-B { [1 [z ® Manual
oLV B-C Up Down O Remote
Time Out
h Cleaning Cycles ’%
T
o] e
Setup (Tap Changer Test)
Measurement Static | Dynamic | Temperature | Miscellaneous
Winding Pha: Tap: Operation
@ Hv A-B { [1 [z ® Manual
oLV B-C Up Down O Remote
Time Out
& Cleaning Cycles ’%
I
o] s
Setup (Tap Changer Test)
Measurement Static | Dynamic | Temperature I Miscellaneous |
Winding Phase Taps Operation
® HV A-B [1 [z ® Manual
oLV B-C Up Down O Remote
Time Out
h [Ieaning Cyclesﬁ ’%
‘ T
e e
Setup (Tap Changer Test)
Measurement Static | Dynamic | Temperature | Miscellaneous
Winding Pha: rTap: Operation
®HV A-B [1 [z ® Manual
cLv B-C Up Down O Remote
Time Out
R rCleaning Cycles ’%
1
o) e
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Taps to be measured, by clicking the textbox
with the tap number the tap position can be
selected

Measure All Taps from (HV)

2 3 4
6 7 8 9 10

«l1» 12 13 14 15
16 17 18 19 20
21 22 23 j
X Carvel

F Defire
|

Testing order direction. Recording will be
done when:

Up -> Only when increasing the tap
Down -> only when decreasing the tap
Both -> one increasing and decreasing tap.

Normal procedure is to select both and
collect data one increasing and when
decreasing the tap number

A cleaning cycle is defined as a movement
of the complete tap changer from button to
upper tap position and reverse. This is
useful as some taps have not been used
since long and rest of oil can show bad
results due to poor contact. A claiming cycle
will remove this thin oil layer.

The number of cleaning taps to be done is
introduced in the corresponding text box.

If tap changer accessory is available and
connected, the operation mode can be
switched to remote and the instrument will
then send the order to the tap changer to
change position once measurement has
been finalized.

For information about connection of the
remote tap changer accessory please refer
to chapter 17 Tap Changer Interface.




15.4.7 Temperature settings

For temperature settings, refer to chapter 7.6 Temperature Measurement

15.4.8 Miscellaneous

For information about the tap control window, refers to Chapter 6.7 Device Information

15.4.9 Measuring

9

The measurement procedure will slightly differ if the remote tap changer accessory is available
and connected to the transformer or not.

As the tap changer test includes lot of tap changer operations, it is recommended to
acquire and connect this accessory

Performing a measurement on a transformer is quite simple. Once all transformer and options
have been introduced,; just click the start button. The instrument will perform all operations and
indicate the operator the next step.

DeﬂrED_u: CAUTION ! Current flowing... g;t;f;r_:'\e
) o0 00:06 Charging ... Standb\,' "t
Nothing being measured
Charging ...

g
5

Instrument is charging the transformer, wait
until measurement is performed

Measuring (stable) ...

& o O IE+ t 132 I
" 05A 149V 494mA 301810
Data Recording: Automatic / Fast
@ =) ‘ l ‘a:-.;

The resistance get stable, it will be recorded
(if static resistance is selected)

Waiting for tap change...

Stert

| t 13 |\-AII ‘
Down ™

Instrument is waiting for the tap changer to
change. Operator have to to change tap

The direction of the tap change movement (move up or move down) is defined by the arrow in the
button right of the screen as following.

8=2>9

Define DUT Test Mame.

CAUTION ! Current flowing... 00:30:17

) 00:00:06 Charging ... zg‘::-

Tap changer increasing, change will be from
position 8 to position 9

8€ 9

g
5

Tap changer decreasing, change will be from
position 9 to position 8

E 05A 1:9;}\1 49_SDmA . LI ica u

30.181 Q
Data Recording: Adtomatic / Fast

Start

Sl b

| t 13 |‘"-AII
Down
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The triggering of the measurement is automatically done by the instrument, no configuration or
particular settings are needed for this purpose.

The following steps are performed while measuring the tap changer. Steps 3 to 5 will be repeated
for all taps selected in the settings. Step 6 is only necessary if the tap changer accessory is not

available.

] A [ | -] | 1 ;""‘"‘“j| , [ | [ M| =7 [l e S e
Y sar ) n0:00.00 Stardy .. = |§:-.:‘\ln;"m 7 00:00:00 Standby .. [ el &) 00:00:06 Charging . bRt B

E ' on Winding HY %

3
EI T o ?k Set tap positien to 1 g
WS e = J O R A
Dt Resccrding: Automati / Fast | = pnimas | T corerue) |3 coocd.| i Data Recording: Automatic / Fast
[> st | ‘l_*‘l e e [ LA o | W5 [ E e oo [ A | | it @smp‘i,w‘ ‘D;m‘ TR ‘\AH ‘
Click start button to initiate the Instrument will then require the Instrument will charge and
test operator to drive the tap changer stabilize
to a starting position, normally
position one
oufaderd) Defina CLIT CAUTION ! Current flawing.. L
&) 00:00:15 Meaariny ... lx ) 00:00:34 Wiaitiry for Laps change 1::: =

i

g 3

g £

s é

B 5 ns(:)v 49% ;ﬁ R = g5 isiv swoma ;1%7 W 2l

qu@mllw‘ : < | ‘—umn|®mli“;_‘ EARY-ATN | ‘

ofilw .| L
If static resistance is selected,  The instrument will be waiting for  Only if tap changer accessory is

then it will be measured a tap changer, operator have to not connected !
change the transformer tap
position Operator change the tap
position, instrument record the
curve.

&y omouits  messring .

Byrame Curerr [4]

B} t 132 4
10A 201V 105A 191430 o —
Iy Dt Recording: Automatic / Fest

Instrument record the curve,
and start the cycle for the next
tap position

L)

15.4.10 Measurement results

The instrument records the curve data, as well as some curve parameters:

tFall [mS]: Time from the staring of the tap changer movement (drop in current) until the
minimum current is reached
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tRise [mS]: Time from minimum current reached until current becomes stable
Delta: Current drop from stabilization to the minimum while changing tap

For explanation about these parameters, see 15.2.2 Dynamic resistance test

The above parameters should be similar for all taps, deviations between one tap and the others
are an indication of tap changer problem.

15.4.11 Exporting and printing
The test results are recorded in 2 separated files
e CSV -> Test results, including the parameters of the tap changer curve per tap.

e BIN -> row data of each curve.

See the chapter 6.8 Data Handling for information about exporting and printing results.
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16 Optional Features
activation

16.1 Software key Activation

Optional features are enabled using the license manager. This process only needs to be completed the first
time the feature is used.

oeﬂneo_ugl I ‘ A ‘ 11 ’ — ’ ‘ i cess to the license manager, select
[Ysae D o00:00:00  Standby .. e p function key in the bottom bar of
At 00 application
4 HY A
0

o !\
.:»-»\
© / W

1
Vi B- 7 B0

No actual tap defined !

sirt | | == None | L } i \[] List ‘f' Seh_pl[:] File

the License Manager button.

Bl
| Measurement | Data

TR : ' : Select the Miscellaneous folder and then
I Tap Control | Temperature Miscellang{@%

¥ Sound TCR/IP Device Information .
DHCP @ Winding Analyser 2293 @

IP Address - i
Barlal mber: ‘ 7| SetDate & Time
0.0.0.0 Firmware Version: 0.0.0

Subnet Mask Hardware Version: S Firmware Update
0.0.0.0 FPGA Version ~——

Calibrated: «= Licerse Manager
Gateway e e

0.0.0.0 MAC: @ crang: Language
| | § DefinenuT ‘(!o« HXCancel‘
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T ' ' : tﬁ the license key in the
Enter Activation Keys corr Sponding row

Application License Key Type Usage Max. Usag . .
Turns Ratio ff_the feature was previously used with a

V.G. Detection trial cense'key, clear .th|s number and
Temp. Rise replace it with the full license key.

Mag. Balance 47159601 Full

Remote Control 35912443 Full
Arbitrary Phase

Tap Changer
{ ‘ ¢ ’ ’ K Ccancel ‘
icense Manager ' : : : ress Yes to reboot the unit and install
[| Enter Activation Keys the function.
Wﬂn—hmmm;ﬂm_unw. Usage
Tu -
V.G. This change needs a system reboot
T to take effect.
e
Mag Continue ?
Rem
Arbit]
Ta|: \ V Yes ‘ 1 X No ‘
’ ¢/ ‘ ‘ R Cancel
7 The Magnetic Balance function is mostly applicable to start with Neutral
\3 Windings. On these configurations unbalance results can be a result of a

transformer fault or residual magnetism,
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17 Tap Changer Interface

17.1 General

Tap changer interface allows the remote control of a motorized tap changer, as well as the remote control
of the 2293 when operator is placed in front of the tap changer and far away from the device.

The tap changer remote controller consist of an
electronic circuit, and three connecting cables

Connecting cable to the 2293

A F-—d:’ a Connecting cable for tap changer remote
- operation

Return signal from tap changer when tap position
change is completed.

Manual switch is also available for remotely
trigger the next measurement in the 2293

17.1.1 Tap changer remote operation signal

The 2293 can operate the tap changer trough two free voltage contact switches. One for increasing the tap
changer position, another for decreasing the tap changer position.

Up/Down (set output)

Function Connect the Up/Common/Down control
up common down
contacts of the tap changer
/L { j Ratings Max. 250V AC, 30V DC, 500mA
- - .
A A Up White
Common Brown
down Green

The contacts have to be connected to the corresponding input signals located in the transformer control
box. No output voltage is supplied by the device, therefore the necessary power to move the tap changer
motor has be connected separately.
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17.1.2 Tap changer feedback signal

The feedback signal can be connected when the transformer is equipped with this possibility. A free contact
switch which closes when tap changer movement finalized must be available in the tap changer control box
or transformer control box.

2293 supplies a 3.3V signal, and wait for the returning signal as confirmation that operation is finished.

Feedback (sense input)

M Function Connect the feedback contactor of the tap changer
‘ with the “switched” information
Ratings 3.3V, ImA (input impedance 100kQ)
feedback
Feedback 1 Brown
Feedback 2 White

17.2 Tap changer Remote operation

For remote operation of the tap changer, following parameters must be selected.

Setup (Heat Run Measurement)

In the setup button in the function key bar,
select the tap control folder. Then remote
operation and off load tap changer.

Measurement ‘ Data Tap Control Temperature ‘ Miscellaneous
Winding Sequence Operation Type

®HV O Manual ® Off Load

LV Bottor ® Remote ©On Load

v/ All Taps Time Qut .

' W o [osec, _ Expected time for the tap changer to change
™ position has also to be introduced (time out)

o o K carvel

Once remote operation is selected, the instrument will try to change the position by closing the contacts up
and down, and will wait for the feedback signal to start the new measurement. Procedure is as following

Unit will measure one position and discharge the transformer

The corresponding signal up/down to increase/decrease a position will be sent to the tap changer trough
the tap changer adaptor.

The instrument will wait until the feedback signal come back or the time out expires (whichever happen
first), in addition the tap changer remote control is also equipped with a small switch that will send the
feedback signal to the device manually when pushed.

Steps one to three will be repeated for all positions to be measured.

In case the transformer is equipped with an on-load tap changer, a special operation mode is also available
by selecting the on load tap changer option. During this mode the unit will not discharge the transformer
after the measurement and will continue supplying current while the signal to change position to the tap
changer is sent.

& If on load tap changer is selected, and the measuring circuit is interrupted by any reason,
overvoltage will appear in the tap changer contacts that can end in damaging this
component. The on-load operation mode has to be used carefully.
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18 Temperature Interfaces

18.1 General Notes

The 2293 unit supports 6 internal and max. 24 external PT100 Class A sensors.

Sensors for magnetic surface (a) or for liquids (b) are available. See also chapter “Accessories”.

© (a) Q

)

* (b)

& By a wrong probe handling or a not proper probe setup or connection, large temperature
errors can be the result!

Surface temperature measurement is a delicate task. One has to consider the
following main points:

B Ensure best thermal conductivity between surface and temperature sensor.
Use thermal compound or grease to maximize heat transfer.

B Apply pressure to the probe in order to properly contact the surface (spring is
loaded only on magnetic surfaces!

B Isolate the temperature sensor from the ambient air in order to avoid unwanted

cooling or heating of the sensor. This is especially important if the temperature
difference between surface and ambient air is high (e.g. >10°C)

@ See also Appendix “Temperature Measurement” for more details.

18.2 Additional Interfaces
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A temperature extension box 2293T adds 8 additional temperature input channels to the 2293. It is
connected over the delivered 10m extension cable to the front panel of the 2293.

In total 3 external boxes can be connected (in daisy chain) to the 2293 which results in a total of 30
temperature measuring channels (6 + 3x8).

1 Connector to connect to the 2293 (Master)
©i’ e re e e

3 2 Connector to connect other extension boxes
p (Slaves)
@° 'e fe fe re
3 8 Temperature probe connectors

18.3 Operation

s The temperature measuring screen is
“"‘f‘f‘f’r“‘r’j’fJ ove | ropcon | vempersue | wecsones | 50 s 50 clicking the Setup button, under
TS S P T the temperature folder in the function key
®75°C c2 4 30.0 °C bar_
o85oC @ Manual ¥ 5 314°C

¥ 6 324°C
o5 P50 | w11 smoe The con_nected boxes and p.robes are
Bo12 :ax automatically shown in the list # column as:

"
[
w

35.4°C

1-6 standard inputs on the 2293 front

Wsl Weml | panel

11-1.8 8 inputs of the first box
21-28 8 inputs of the second box
3.1-38 8 inputs of the third box

The additional connected probes in the list can now be set up as the standard ones connected on the front
panel. See related chapter.
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19 Troubleshooting

19.1 Warning and Error Messages

19.1.1 Polarity reverse or HV and LV reverse

Before the devices starts the resistance measurement in mode C or D, the 2293 does a ratio check to
verify that the transformer is connected correctly and the vector group and phase displacement are correct.

Polarity reverse -> the measured ratio is negative (Ratio < 0).
HV and LV reverse - the measured ratio is positive smaller than 0.9 (0 < ratio < 0.9).

In any case, please check the connections from the 2293 to the DUT and the transformer vector group and
phase displacement configuration (e.g. YNyn6).

19.1.2 Current to small

During charging the device checks if the applied current reaches the set current. If the applied current is
much smaller than the set current or even zero, this error message pops up. To solve the problem, check
the connections to the DUT or reduce the measuring current when trying to measure high resistances.

19.1.3 OVP - Overvoltage Protection

This message appears when the voltage between any pair of measuring leads to the DUT exceeded 250V
and thus the OVP was triggered.

If you are performing a resistance measurement on the LV side of a transformer with a high ratio (e.g.
distribution transformer) and this error arises during charging, you should try to disconnect the HV
measuring leads. Because applying any voltage to the LV side results in a much higher voltage at the HV
side.

19.1.4 OCP - Over current Protection

The device automatically shuts down the supplies if the current during measurement exceeds certain limits.
It is possible that there is a hardware failure if this happens regularly.

19.1.5 OTP - Over temperature Protection

The temperature of the cooler of the power supplies is monitored permanently. If this temperature exceeds
a certain safety limit, the supply will automatically shut down. This can be caused by very high ambient
temperatures (>60°C) or direct exposure to the sun. If this is not the case, the reason is probably a
hardware malfunction.
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19.1.6 Hardware Error

If the device detects a hardware problem, it will pop up this message. If this message persists, the device
should be completely rebooted. If this did not help, there is probably a hardware failure.

19.2 Firmware Update

The newest firmware can be downloaded from our update webpage http://update.haefely.com/2293
Steps:

Copy the file downloaded (WA2293.exe) to a USB stick

Insert into the USB socket of the front panel

Click Setup to open “Setup” dialog, on folder “Miscellaneous” click Firmware Update

yerature | Miscellaneous

G) Load Fac. Default

B “7" SetDate & Time

% Firmware Update

In case a newer version found on the USB stick, following dialog will be opened for confirmation

(xx.xx.xx: actual version number, yy.yy.yy: new version number found on the USB stick)

Confirm

O New firmware version found !

Actual:  socxeoo
Loaded: yyyyyy

Update ?

e e ]

By clicking Yes, the updating will be started until all processes finished automatically.
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19.3 Unit locks up andlor does not discharge
completely

The device features an emergency button to safely discharge the transformer in case of any
problem. This works independent of the software!

B

The user MUST always observe the red LEDs on the front panel (they work even if there is
no mains supply!)

>

The user MUST only disconnect the clamps, if there is NO red LED illuminated!

B

The User MUST NEVER disconnect any clamp from the Transformer as long as there is a
current flowing in the Transformer!

Q A charged system is always very dangerous condition!

Follow this safe discharge procedure in case of lock up:
1. Press emergency button
2. Wait for the red LED to turn OFF. This can take up to several minutes.

3. If the red LED did not turn off after 10 minutes, the user MUST switch off the device and disconnect the
mains supply.

4. The user MUST continue to wait for the red LED to turn OFF. Even if it takes hours (normally it can only
take up to some minutes).

5. Device could be rebooted now (not necessarily).

6. The user MUST only disconnect the Clamps from the transformer if the red LED is OFF!
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20 Printer Operation

20.1 Buttons and Status

. ® O

Status Paper Feed Mode
LED Button Button
20.1.1 Status LED
LED indication Condition Solution
ON Printer On -
Off Printer Off -
* * * Paper Out Fit new paper
¥ ¥ K * Thermal heat too hot Allow to cool down

The printer automatically detects when the paper has run out and reports by blinking status LED.

20.1.2 Replacing Paper Roll

If the paper is out, open the paper cup lid and remove the remaining paper. Reel off a few centimeters from
a new roll of paper. Hold approx. 5 cm of paper outside the device as you place the new roll into the
reservoir. Now close the lid by applying equal amounts of pressure on each side ensuring the lid is in the
locked position. Now tear the spare paper away.
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21 Accessories & Spares

21.1 Temperature probe for liquids

— This temperature probe is used for temperature
measurements of liquids, e.g. oil bag on top of
power transformer

iy

21.2 Magnetic temperature probe

This magnetic temperature probe is used for
temperature measurements on DUT tanks e.g.
cooling radiator on power transformers

21.3 Temperature extension box 2293T

Up to three of these temperature extension
boxes can be connected to the unit to extend the
number of measured temperature probes to
max. 30. (with 3 boxes)
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21.4 Tap changer connection cable

11
G ——
.

This remote control tap changer operation cable
can be used to connect automated tap changers
to support the fully automated measurement
mode.

21.5 Extension cables

This cable is used to enlarge the connection
cables by 10m for very large DUTSs or longer
distances between the 2293 instrument and
DUT.

There are two versions:

Connectors bolted (Serial No. Lower than
179584)

Connectors twist lock (Used with devices Serial
No. higher than 179585)
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21.6 TTR-229x Adaptor

This adaptor allows the use of the 2293 cable set
/\ together with a Tettex TTR type 2795 or 2796.

21.7 HV cable set

Cable set for the High Voltage side (red clamps)”. Cables
are equipped with special Kelvin clamps.

21.8 LV cable set

Cable set for the Low Voltage side (black clamps)”.
Cables are equipped with special Kelvin clamps.

21.9 Adaptor set LV & HV, bolted
== ' Adaptors Measuring device — Cable sets
(Red ring HV, black ring LV)
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Fit on 2293 units with bolted connectors
(Serial No. Lower than 179584)

21.10 Adaptor set LV & HV, twist lock

—_— il Adaptors Measuring device — Cable sets
% >y (Red ring HV, black ring LV)
-l
L — I Fit on 2293 units with twist lock connectors
e they do not fit on bolted connectors!
ﬂ

(Used with devices Serial No. higher than 179585)
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22 Remote Control

22.1 Ethernet Connection

The device can be remote controlled using an 10/100MBit Ethernet Connection. The advantage of Ethernet
is that it is completely platform independent and no device specific drivers are necessary. This makes
Ethernet Remote Control very flexible.

22.1.1 RJ45 Socket

Connect the device to the network using a RJ45 patch cable:

22.1.2 Direct connection

The device can be directly connected to a 10/100MBit Ethernet network interface of your computer.
Typically addresses from the private network address space are used in such an environment.

G e PR 8

1@ ,;u","
==

Address: 10.0.0.100 Address: 10.0.0.105
Subnet:  255.255.255.0 Subnet:  255.255.255.0
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TCP-Port: 50000
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22.1.3 Switched Network

The device can also be operated in a non-routed private network environment. Typically addresses from
the private network address space are used in such an environment. The setup would look like this:

Address: 10.0.0.100 Address:
10.0.0.105
Subnet: 255.255.255.0 Subnet:

255.255.255.0

TCP-Port:
50000

22.1.4 Routed Network / Internet

The device can even be operated in a routed network environment or over the Internet. But therefore the
device needs a globally (non-private) routed internet address. The setup would look like this:

184

Address: 10.0.0.100 Address:
212.156.24.16

Subnet: 255.255.255.0 Subnet:
255.255.255.0

Gateway: 10.0.0.1 Gateway:
212.156.24.1
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TCP-Port:

50000

or

Address: 132.20.196.55
Subnet: 255.255.0.0
Gateway: 132.20.0.1

22.2 Protocol

The device accepts exactly 1 incoming TCP connection on port 50000 for remote controlling. When a
connection to a client has been established, the device will accept further connections, but it will

immediately close these connections. Commands must be sent as TCP data. The protocol stack looks as
follows:

Ethernet | IP TCP [Command][?] [Parameter1],[Parameter2],...<CR><LF>
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22.2.1 Instructions

The device accepts the following format as remote control input:

[Instruction Sequence]

<CR>}LF>

| [Instructionl] <;> [Instruction?2] <;> [Instruction3h .

| [Command] [?] <SP> [Parameterl] <,> [Parameter2] <,> [Parameter3j =

All characters (letters and symbols) must be sent as 1 Byte wide (8 Bit) ASCII characters. All instructions
are case insensitive, but the syntax of instructions and commands must strongly be met. Extra white
spaces (<SP>) must be avoided. Otherwise the instruction will be discarded upon reception of the next

termination sequence (<CR><LF>). The following control characters are used:

Syntax Description String
<?> Question Mark wor
<SP> White Space o
<, > Comma N,
<> Semicolon n;
<CR> Carriage Return “\r”
<LF> Line Feed “\n”
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Hex Code

0x3F
0x20
0x2C
0x3B
0x0D

0x0A

Decimal Code

63
32
44
59
13
10



22.3 Command Reference

* *IDN
Returns a device identification string.

- Query: *IDN?

*GTL

Sets the device to local controlled mode. This function will unlock the local touch panel.

* REN

Sets the device to remote controlled mode. This function will lock the local touch panel.
The device

will only accept remote commands, if a REN command has been issued.

* Mode
Returns the control mode of the device (remote or local).

- Query: Mode?

- Local | Remote

e RemoteTolLocal

Transfers the remote device configuration to the local device configuration. This command
must

always be issued for any remote settings to become effective.

* Meas:App
Sets or returns the active measurement application.

-Set: Meas:App [App]

[App] = Res | HR | Dem
- Query: Meas:App?

- [App]

* Meas:Start

Starts the measurement for the current application (Resistance, HeatRun,
Demagnetization ...).

* Meas:Stop
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Stops any ongoing measurement

* Meas:Continue

Continues any ongoing measurement which is waiting for user interaction in certain states
(e.g. manual

recording resistance measurement).

* Meas:State

Returns the state of a measurement.

- Query: Meas:State?
- Standby | Initializing | Charging | Measuring |
Discharging
| Reset | Interlock | OffsetNulling | DemagAnalyzing |
DemagCycleInit
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* Meas:Error
Returns any errors that have occurred during measuring. Errors are reset by the
Meas:Start

command.

- Query: Meas:Error?

> PolarityReverse | HVLVReverse | OverVoltageProtection

HardwareFail | Interlock | OverTemperature |

RemanenceTooSmall | CurrentTooSmall | CurrentTooHigh |

ACSupplyOffset | UnknownError

* DUT:Set:Vectorgroup

Sets and returns the winding configuration and phase shift of the DUT.

- Set: DUT:Set:Vectorgroup
[WindHV], [WindLV], [ClockLV], [WindTV], [ClockTV]
[Winding] = D ! Y | YN ! 2 | 2ZN ! I | -
[Clockl] =0} 1 2 /34,516 ;7141819 10 11

- Query: DUT:Set:Vectorgroup?
- [WindHV], [WindLV], [ClockLV], [WindTV], [ClockTV]

* DUT:Set: TempCoeff

Sets and returns the temperature coefficient for the three windings (HV, LV and TV). The
coefficient is

used for temperature correction of the winding resistance value.

-Set: DUT:Set:TempCoeff [CoeffHV], [CoeffLV], [CoeffTV]

[Coeff] = CopperIEC | CopperANSI | Aluminium
- Query: DUT:Set:TempCoeff?
> [Coeff]

e TC:Move

Sends and up or down impulse to the remote controlled tap changer which is connected
to the 2293

tap changer interface.

-Set: TC:Move [Direction]

[Direction] = Up | Down
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* TC:Feedback
Resets or returns the state of the tap changer feedback signal. This signal indicates
wheter the

button on the tap changer interface handheld has been pressed or the connected tap
changer signaled

ready.
- Reset: TC:Feedback Reset
- Query: TC:Feedback?

2> [FB] =0 ! 1

e TC:ButtonLED
Controls the state of the LED of the Button on the tap changer interface handheld.

-Set: TC:ButtonLED [OnOff]
[OnOff] = On | Off
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* Temp:Values

Returns the current temperature value measured by the temperature measuring channels
in Xxx.xx°C.

-100.00 indicates that no sensor is connected.

- Query: Temp:Values?

-2 [Templ], [Temp2], [Temp3], [Temp4], [Temp5], [Temp6]

Temp:Values? [Channel]

- [Temp[Channel]]

* Res:Set:Mode
Sets and returns the measuring mode for winding resistance.

- Set: Res:Set:Mode [Mode]

[Mode] = Auto | ClassiclR | Classic2R | Classic3R
- Query: Res:Set:Mode?
- [Mode]

* Res:Set:YNMode

Sets and returns the method used for measuring YN connected windings (Phase-to-
Phase or

Phase-to-Neutral Supply).

-Set: Res:Set:YNMode [YNMode]

[YNMode] = PhPh | PhNe
- Query: Res:Set:YNMode?
> [YNMode]

* Res:Set:ConnClassic

Sets and returns the connection method used in Classic Resistance Measurement mode
(separate or

combined supply clamps/cables).

-Set: Res:Set:ConnClassic [ConnClassic]

[ConnClassic] = Sep | Comb

-Query:Res:Set:ConnClassic?

[ConnClassic]

* Res:Set:Data:Recording
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Sets and returns whether automatic or manual resistance value recording is performed.
Automatic

mode uses the stability criterion value to determine when to record a resistance value.

-Set: Res:Set:Data:Recording [Recording]

[Recording] = Auto | Manual

- Query: Res:Set:Data:Recording?

- [Recording]

* Res:Set:Data: Stability

Sets and returns the value in %/s (percent change of resistance value per second) used
to determine if

a resistance value is considered stable or not.

-Set: Res:Set:Data:Stability [Stability]
[Stability] = 0.0001 .. 0.1000

- Query: Res:Set:Data:Stability?
2> [Stability]
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* Res:Set:Temp:Ref

Sets and returns the reference temperature in °C used for temperature dependent
resistance

correction.

-Set: Res:Set:Temp:Ref [TempRef]

[TempRef] = -100.00 .. +200.00
- Query: Res:Set:Mode?
- [Mode]

* Res:Set: Temp:Man

Sets and returns the manual value for the temperature of the DUT used for temperature
correction.

-Set: Res:Set:Temp:Man [Temp]

[Temp] = -100.00 .. +200.00
- Query: Res:Set:Temp:Man?
2> [Temp]

* Res:Set: Temp:Use

Sets and returns which temperature channels are used to calculate the average
temperature of the

DUT for temperature correction.

-Set: Res:Set:Temp:Use
[Chl], [Ch2], [Ch2], [Ch4], [Ch5], [Ch6], [ChManual]

[Ch] =0 | 1

- Query: Res:Set:Temp:Use?

- [Chl], [Ch2], [Ch2], [Ch4], [Ch5], [Ch6], [ChManual]

* Res:Set:Temp:Enable
Sets and returns whether the temperature correction of the resistance is enabled or not.

-Set: Res:Set:Temp:Enable [TempEnable]

[Temp] = 0 | 1

- Query: Res:Set:Temp:Enable?

- [TempEnable]

* Res:Set:Winding:Select
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Sets and returns the selection of the winding pair to be measured.

-Set: Res:Set:Winding:Select [WindingPair]

[WindingPar] = HV-LV | HV-TV

- Query: Res:Set:Winding:Select?

- [WindingPair]

* Res:Set:Phase:Select

Sets and returns the selection of the phases to be measured for all three windings. The 4 argument
style command lets the user explicitly choose which phases on which windings have to be measured.
Using the 1 argument style command, the software automatically selects the corresponding phases on

HV, LV and TV (one phase per winding). Phase assignment:

194

Phase 1A-B A-N
Phase 2B-C B-N
Phase 3C-A C-N
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-Set: Res:Set:Phase:Select [Winding], [Phasel], [Phase2], [Phase3]
[Winding] = HV | LV | TV
[PhaseX] =0 | 1
Res:Set:Phase:Select [Phase]
[Phase] =1 | 2 | 3

- Query: Res:Set:Phase:Select?
9

HV, [Phl], [Ph2], [Ph3];LV, [Phl], [Ph2], [Ph3];TV, [Phl], [Ph2], [Ph3]
* Res:Set:Current

Sets and returns the measuring current in Ampere for the three different windings (HV, LV
and TV).

-Set: Res:Set:Current [Winding], [Current]

[Winding] = HV | LV | TV
[Current] = 0.0 .. 32.0
- Query: Res:Set:Current?

- HV, [Current];LV, [Current]; TV, [Current]

Res:Set:Current? [Winding]

- [Current]

* Res:Data:R | Res:Data:U | Res:Data:l | Res:Data: T

Returns the recorded value for all or certain windings and phases as 1.23456e-3

Resistance (R), Voltage (U), Current (I) or Temperature (T)

- Query: Res:Data:R?
- [ResHV1], [ResHV2], [ResHV3], [ResLV1l], [ResLV2], [ResLV3],

[ResTV1], [ResTV2], [ResTV3]

Res:Data:R? LV

-2 [ResLV1l], [ResLV2], [ResLV3]

Res:Data:R? TV, 2

-2 [ResTV2]
* Res:Meas:R | Res:Meas:U

Returns the currently measured resistance values as 1.23456e-3. In automatic mode R1
and R2 are
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the values of HV and LV, respectively the values of HV and TV, depending on which
windings are

selected. In classic mode R1, R2 and R3 can be obtained. The same holds for the

measured voltages.
- Query: Res:Meas:R?
2 [R1], [R2], [R3], [R4]

Res:Meas:R? 2

2> [R2]

* Res:Meas:|
Returns the currently measured current values as 1.23456e-3. In automatic mode 11 and
12 are the

values of HV and LV, respectively the values of HV and TV, depending on which windings
are

selected. In classic mode 11 is the measuring current for all resistors.

- Query: Res:Meas:I?

2> [I1]1,[I2]

Res:Meas:1? 1

> [I1]
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* Res:Meas:T
Returns the currently measured average temperature value as 1.23456e-3. This value
depends on

which temperature channels are marked for average calculation.

- Query: Res:Meas:T?

- [TAverage]

* Res:Meas:Sequence
Returns the current measuring sequence for the started resistance measurement. The
parameter

winding describes whether no (-) or only primary (1) or only secondary (2) or both (D)
windings will be

measured. Mode defines which supply mode will be used. In case that no measurement
will be

performed for a sequence step, mode will be set to “Nop”. And phase describes between
which

terminals the resistance will be measured for primary and secondary winding.

- Query: Res:Meas:Sequence?
> [Winding], [Mode], [PhasePri], [PhaseSec];
[Winding], [Mode], [PhasePri], [PhaseSec];
[Winding], [Mode], [PhasePri], [PhaseSec];
[Winding], [Mode], [PhasePri], [PhaseSec];
[Winding], [Mode], [PhasePri], [PhaseSec];

[Winding], [Mode], [PhasePri], [PhaseSec];

[Windingl] = - ! 1 ! 2 ! D

[Mode] = Nop | 32A/50V | 16A/100V | 16A/50V | YdnMode |
Classic2R | UnknownOperation

[Phase] = A-N | B-N | C-N | N-A | N-B | N-C |

A-B | B-C | C-A | B-A | C-B | A-C

* Res:Meas:State
Returns the current resistance measurement state. SegNo indicates which measurement
out of the

sequence described above is currently performed. An RxStable is set to 1 if the measured
resistance

value is stable according to the Res:Set:Data:Stability criterion.

- Query: Res:Meas:State?

- [SegNo], [R1Stable], [R2Stable], [R3Stable]
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[SegNo] = 0711213141516
[RxStable] = 01

* HR:Set:Interval
Sets and returns the interval time in seconds between two resistance values.

-Set: HR:Set:Interval [Time]

[Time] = 1 .. 600
- Query: HR:Set:Interval?
2> [Time]

* HR:Set:NumPoints
Sets and returns the number of points to be recorded for the heat run cooling curve.

- Set: HR:Set:NumPoints [NPoints]
[Time] = 10 .. 1000

- Query: HR:Set:NumPoints?

-2 [NPoints]
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* HR:Set:Phase:Select

Sets and returns the phase selection for the heat run test. Issuing the set command with
only a phase

argument selects the corresponding two phases of the currently selected windings. By
adding a

winding argument, the selection can be reduced to only one phase on only one winding.

- Set: HR:Set:Phase:Select [Phase], [Winding]
[Phase] =1 | 2 | 3

[Winding] = HV | LV | TV

HR:Set:Phase:Select [Phase]
[Phase] =1 |, 2 | 3

- Query: HR:Set:Phase:Select?

S
HV, [Phl], [Ph2], [Ph3];LV, [Phl], [Ph2], [Ph3];TV, [Phl], [Ph2], [Ph3]

[Ph] =0 | 1

* HR:Data

Returns a measurement set (Time [t] in seconds, Resistance [R], Voltage [U], Current [l],
Temperature

[T]) for a given winding, phase and index. The index is used to access various points
recorded. Each

successful query returns [IndexCurrent] which shows the amount of points recorded so
far. When

[IndexCurrent] has reached [NPoints] the heat run recording is finished and the device will
discharge

the DUT.

- Query: HR:Data? [Winding], [Phase], [Index]
[Winding] = HV | LV | TV
[Phase] =1 | 2 | 3
[Index] = 1 .. 1000
9

[IndexCurrent], [t], [R], [U], [T],[T1],([T2],[T3],[T4],[T5], [T6]

- [IndexCurrent], - (No data for this index available)
2> - (No data for this winding and phase available)

e Dem:Set:Phase

Sets and returns the phase on which the demagnetizazion shall be performed.

- Set: Dem:Set:Phase [Winding], [Phase]
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[Winding] = HV | LV | TV

[Phase] =1 | 2 | 3

- Query: Dem:Set:Phase?

- [Winding], [Phase]

* Dem:Set:Tolerance:Abs
Sets and returns the absolute stop criterion for demagnetization in V-s respectively Wb.

-Set: Dem:Set:Tolerance:Abs [TolAbs]

[TolAbs] = 0.001 .. 0.5
- Query: Dem:Set:Tolerance:Abs?
- [TolAbs]

e Dem:Set:Tolerance:Rel

Sets and returns the relative stop criterion for demagnetization in % of maximum

remanence.

-Set: Dem:Set:Tolerance:Rel [TolRel]

[TolRel] =1 .. 50
- Query: Dem:Set:Tolerance:Rel?
2> [TolRel]
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* Dem:Set:Cycles
Sets and returns the maximum number of cycles to be performed when demagnetizing.

-Set: Dem:Set:Cycles [NCycles]
[NCycles] = 3 .. 50

- Query: Dem:Set:Cycles?
-2 [NCycles]

* Dem:Meas
Returns the current set of measurements used in the demagnetization process. The
current

demagnetization cycle [CycleAct], the remanence flux determined during analysis
[FluxRemanence],

the current magnetic flux [FluxAct], the induced voltage [UInduced], the current [I] and the
winding

resistance [R].
- Query: Dem:Meas?

- [CycleAct], [FluxRemanence], [FluxAct], [UInduced], [I], [R]

22.4 Programming examples

22.4.1 Resistance Measurement

First, start with REN. This will enable remote controlling and it will transfer the current local set of
settings to the remote set of settings. Then send all settings to the device and at the end call
RemoteToLocal to transfer the remote settings to the local settings.

REN

Meas:Set:App RES

Res:Set:Mode Auto

Res:Set:YNMode PhPh

DUT:Set:Vectorgroup ¥YN,YN,O0,D,5
DUT:Set:TempCoeff CopperANSI, CopperlEC,Aluminium
Res:Set:Temp:Man 18.9

Res:Set:Temp:Ref 75.0

Res:Set:Temp:Use 0,1,0,0,0,0,1
Res:Set:Temp:Enable 1

Res:Set:Current HV,2.2
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Res:Set:Current LV, 8.9

Res:Set:Current TV,13.2

Res:Set:Phase:Select HV,1,1,0
Res:Set:Phase:Select LV,1,0,1
Res:Set:Phase:Select TV,1,1,1
Res:Set:Winding:Select HV-LV
Res:Set:Data:Stability 0.0003

Res:Set:Data:Recording Auto

RemoteToLocal

After sending all the settings, a

Meas:Start

will start the resistance measuring sequence. After the measurement has started, the measuring
sequence and mode can be obtained using

Res:Meas:Sequence?

The result of this query helps to find out which winding and phase the device is currently
measuring. Further

Res:Meas:State

Shows which sequence step is currently performed and if a stable resistance reading is reached.

Meas:State

Has to be used to find out in which state within a sequence step the device currently is. For
resistance measurement the state flow will typically look like

Standby = Initializing = Charging = Measuring —> Discharging -
Reset =

Standby

When “Data Recording” is set to auto, the device will automatically continue from Measuring to
Discharging. When “Data Recording” to manual, the device stays in the Measuring state until
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Meas:Continue

is issued. The sequence can be stopped anytime by sending

Meas:Stop

One can observe the current measured values during the whole process using

Res:Meas:R?
Res:Meas:U?
Res:Meas:I?
Res:Meas:T?

Temp:Values?

Recorded values (auto or manual) can be obtained using

Res:Data:R?
Res:Data:U?
Res:Data:1I?

Res:Data T?

If a measuring process aborts unexpectedly or the system state is Reset or Interlock, one
can get an error message using

Meas:Error

22.4.2 Tap Changer Control

A remote controlled tap changer can be operated using

TC:Move Up | Down

This operation is only valid if the system state is either Measuring or Standby. Further only an
On-Load Tap Changer could be operated during Measuring. NEVER operate an Off-Load Tap
Changer during Measuring. An Off-Load Tap Changer must be operated ALWAYS during
Standby. After issuing a TC : Move command the Tap Changer Feedback will be set to 0. When
the Tap Changer movement completed, the feedback will be set to 1. This status can be obtained
using

TC:Feedback?
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22.4.3 Heat Run
REN

Meas:Set:App HR

Res:Set:YNMode PhPh
DUT:Set:Vectorgroup ¥YN,YN,O0,D,5
Res:Set:Current HV,2.2
Res:Set:Current LV,8.9
Res:Set:Current TV,13.2
HR:Set:Phase:Select 2
Res:Set:Winding:Select HV-LV
HR:Set:Interval 5

HR:Set :NumPoints 100

RemoteToLocal

After sending all the settings, a

Meas:Start

will start the Heat Run sequence. The start command will only start the timer when switching the
transformer heating supply off. When the 2293 is connected to transformer and everything is
ready for cooling curve acquisition, the command

Meas:Continue

will start the actual resistance measuring process. After the measurement has started, the
measuring sequence and mode can be obtained using

Res:Meas:Sequence?

The result of this query helps to find out which winding and phase the device is currently
measuring.

Meas:State

Has to be used to find out in which state within a sequence step the device currently is. For
cooling curve measurement the state flow will typically look like
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Standby > Initializing = Charging = Measuring => Discharging -
Reset =2

Standby

When the device has reached the Measuring state, it willimmediately start to record data sets.
The sequence can be stopped anytime by sending

Meas:Stop

One can observe the current measured values during the whole process using

Res:Meas:R?
Res:Meas:U?
Res:Meas:I?
Res:Meas:T?

Temp:Values?

Recorded values can be obtained using

HR:Data? HV,2,1
HR:Data? LV,2,1
HR:Data? HV,2,2
HR:Data? LV,2,2
HR:Data? HV,2,3

HR:Data? 1LV,2,3

If a measuring process aborts unexpectedly or the system state is Reset or Interlock, one
can get an error message using

Meas:Error

22.4.4 Demagnetization
First, start with REN. This will enable remote controlling and it will transfer the current local set of
settings to the remote set of settings. Then send all settings to the device and at the end call
RemoteToLocal to transfer the remote settings to the local settings.

REN

Meas:Set:App DEM
DUT:Set:Vectorgroup ¥YN,YN,0,D,5
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Res:Set:Current HV,2.2
Res:Set:Current LV,8.9

Dem: Set:Phase HV, 2

RemoteToLocal

After sending all the settings, a

Meas:Start

will start the demagnetization process. Further

Meas:State

Has to be used to find out in which state the device currently is. For the demagnetization process
the state flow will typically look like

Standby = Initializing = Charging = Measuring —> Discharging -

DemagAnalyzing = Initializing = Charging => Discharging -
DemagAnalyze =2

DemagCyclelInit

In the state DemagCyclelnit the system decides whether the transformer is still
magnetized (next cycle) or already demagnetized (no more cycles).

(Not Demag.)—> Initializing = Charging —> Discharging =
DemagCyclelInit

(Demag.) > Reset = Standby

One can observe the current measured values during the whole process using

Dem:Meas?

If a measuring process aborts unexpectedly or the system state is Reset or Interlock, one
can get an error message using

Meas:Error
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At the end of successful demagnetization, this command should return

NoError
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22.5 File & Data Transfer

File and data transfer is not covered in the 2293 remote control feature.

For file/data transfer we recommend the following methods:

USB Memory Stick

USB connection from a host computer to the device:
Windows XP and earlier: Microsoft Active Sync.
Windows Vista or later:  Windows Mobile Device Center

Windows Remote API --- RAPI --- rapi.dll

The measurement data can be found in the directory
\Storage Card\Test
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23 Miscellaneous

23.1 Care and Maintenance

The 2293 instrument is basically service free, as long as the specified environmental conditions are
adhered to. As a result, service and maintenance is restricted to cleaning of the equipment and calibration
at intervals stipulated by the application for which the instrument is used.

The insulation of all cables should be periodically checked for damage. If any damage to the insulation is
detected then a new measuring cable should be ordered from HAEFELY TEST AG.

23.1.1 Cleaning the Instrument

The instrument should be cleaned with a lint free cloth, slightly moistened using mild household cleanser,
alcohol or spirits. Caustic cleansers and solvents (Trio, Chlorothene, etc.) should definitely be avoided.

In particular, the protective glass of the display should be cleaned from time to time with a soft, moist cloth
such as used by opticians.

23.1.2 Instrument Calibration

When delivered new from the factory, the instrument is calibrated in accordance with the calibration report
provided. A periodical calibration of the instrument every two years is recommended.

As the calibration process is fairly extensive, the instrument can only be calibrated and, if necessary,
adjusted at HAEFELY TEST AG'’s factory. An updated calibration report will then be issued.

23.1.3 Changing Fuses

Before changing the mains fuse, remove the mains power cord. Fuses should only be replaced with the
same type and value.

23.2 Instrument Storage

If the instrument is to remain unused for any length of time, it is recommended to unplug the mains lead.
In addition, it is advisable to protect this high precision instrument from moisture and accumulation of dust
and dirt with a suitable covering.
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23.3 Packing and Transport

protection for normal transport conditions. Nevertheless, care
should be taken when transporting the instrument. If return of the
instrument is necessary, and the original packing crate is no
longer available, then packing of an equivalent standard or better
should be used.

Whenever possible protect the instrument from mechanical
damage during transport with padding. Mark the container with the
pictogram symbols "Fragile“ and “Protect from moisture®.

! T The packing of the 2293 instrument provides satisfactory

23.4 Recycling

When the instrument reaches the end of its working life it can, if required, be disassembled and recycled.
No special instructions are necessary for dismantling.

The instrument is constructed of metal parts (mostly aluminum) and synthetic materials. The various
component parts can be separated and recycled, or disposed of in accordance with the associated local
rules and regulations.
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24 Customer Support

All error messages appear on the display of the 2293 measuring instrument. If persistent problems or
faulty operation should occur then please contact the Customer Support Department of HAEFELY TEST
AG or your local agent.

The Customer Support Department can be reached at the following address:
HAEFELY TEST AG
Customer Service - Tettex

Birsstrasse 300
CH-4052 Basel

»—1\‘/

Switzerland
Tel: +41 61 373 4422
Fax: +41 61 373 4914
E-mail: support@tettex.com
We prefer contact via email. Then the case is documented and traceable. Also
\B the time zone problems and occupied telephones do not occur.

Complete information describing the problem clearly helps us to help you:
@ Failure description

Used settings

DUT type

Firmware Version

Serial Number

MAC address

Printouts, Pictures

@ Firmware Version & Serial No. can be found in “Setup - Miscellaneous”
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25.1 Declaration of Conformity

HAEFELY Il
HIPOTRONICS Im

Declaration of Conformity

Haefely Test AG
Birsstrasse 300
4052 Basel
Switzerland

declare, under his own res ponsibility, thatthe produc here mentioned, complies with the
requirements ofthe listed standards or other nomative documents.

50, the product complies with the requirements ofthe EMC directive 2004/108/EC
and the low voltage directive 2006/95/EC.

Produdt: Winding Analyser 2293

Description: TheWinding Analyser2293 is usedto measure and evaluate transformer
winding resistances andturns ratios.

Standards: EN&1010-1: 2010
EN&1326-1:2013

R. Schidnbucher

Quality Depatment Manager
Haefely TestAG

4052 Basel

Switzerland

Basel, February 13, 2014

(Signature)

Haafaly Tast A, Birsstrasse 300, CH-2052 Basal [ Switzerland
wewrwr hasfahy.com
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25.2 Application Note “Temperature
Measurement”

25.2.1 1. Flat Surface
= Setup

To check the performance of different types of surface temperature measurement probes for flat
surfaces, the setup depicted in figure 1 was constructed:

Figure 1: Flat surface test setup

The surface to be measured is a flat and 4.5mm thick steel plate, which was heated by 2 power
resistors located at the bottom side of the plate. For reference temperature measurement 2
Thermocouples Type were used. Ech of them were sticked in a hole (d = 1.5mm, h = 2mm) filled
with thermal compound for optimal thermal conduction. The thermocouples are the two black
cables in figure 1. The probes under test were located near to the thermocouple probes.

The thermal contact is quite good in this setup for both types of probes.
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= Probes under Test

1. Tettex magnetically Surface Temperature Measurement Probe Box (PT100)
- See figure 2, the probe with the black plastic handle.
2 Fuhlersysteme OF/E-14/10-4 (PT100)

- See figure 1, the probe with the red horseshoe magnet and the spring loaded sensor

tip.
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= Measurements

Steady state at ambient

Without thermal compound

OF/E-14 24.7°C
Tettex 24.7°C

Heating power: 17.6W
Steady state (~0.1°C per minute)

Without thermal compound

OF/E-14 67.9°C
Tettex 68.1°C

Heating power: 17.6W
Steady state (~0.1°C per minute)

With thermal compound

OF/E-14 69.4°C
Tettex 70.2°C

TC1
TC 2

TC1
TC2

TC1
TC2

24.4°C
24.4°C

69.5°C
69.6°C

70.0°C
70.3°C

> AT =-1.6°C
> AT =-1.5°C
-> AT =-0.6°C
> AT =-0.1°C

- Thermal compound increases measurement accuracy! OF/E-14 (AT = -0.6°C) shows
slightly worse measurement results than the Tettex probe (AT = -0.1°C). But it is easier to handle:
Compare thermal compound usage in picture 1 (small dot compared to large area).
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25.2.2 2. Round Surface (Tube)

= Setup

During the HeatRun, the Radiator top and bottom (outlet and inlet) temperatures must be
measured. Usually there are tubes, which are not very easy to measure. To check the
performance of different types of surface temperature measurement probes for round surfaces,
the setup depicted in figure 2 was constructed.

Figure 2: Round surface test setup

The steel tube to be measured has a diameter of 50mm and a thickness of 5mm. The tube was
heated using 3 power resistors circularly arranged inside the tube . For reference temperature
measurement 2 Thermocouples Type J were used. Each of them were sticked in a hole (d =
1.5mm, h = 2mm) filled with thermal compound for optimal thermal conduction. The
thermocouples are the two black cables in figure 2. The probes under test were located near to
the thermocouple probes.

The thermal contact is not very good for the OF/E-14 and even worse for the Tettex probe.

= Probes under Test
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1. Tettex magnetically Surface Temperature Measurement Probe Box (PT100)
- See figure 2, the probe with the black plastic handle.
2 Fuhlersysteme OF/E-14/10-4 (PT100)

- See figure 1, the probe with the red horseshoe magnet and the spring loaded sensor
tip.

218 Appendix




= Measurements

1. Steady state at ambient

Without thermal compound

OF/E-14 24.5°C TC1 24.1°C
Tettex 24.4°C TC2 24.1°C
2. Heating power: 15.3W

Steady state (~0.1°C per minute)

Without thermal compound

OF/E-14 68.3°C TC1 75.1°C > AT =-6.8°C
Tettex 57.7°C TC2 74.6°C > AT =-16.9°C
3. Heating power: 17.5W

Steady state (~0.1°C per minute)

With thermal compound

OF/E-14 67.4°C TC1 68.5°C > AT =-1.1°C
Tettex 65.9°C TC2 67.4°C > AT =-1.5°C

- Thermal compound is absolutely necessary for measurements on round surfaces! Using
thermal compound, OF/E-14 shows slightly better measurement results than the Tettex probe.
But the OF/E-14 is much easier to handle: The Tettex probe must be positioned exactly according
to its internal PT100 probe position. And it must be fixed in this position, since it is very likely to
slip or turn (the screwdriver in figure 2 serves for this purpose). Otherwise the measurement
performance decreases significantly. The OF/E-14 probe keeps the correct position by itself. See
figure 3.
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Figure 3: OF/E-14 placement on tube
3. Further Accuracy Improvement

The main Application issue, when measuring the temperature of a surface, is heat transfer from
the surface to the probe. The surface will heat or cool the probe tip and the ambient air will do the
opposite (cool or heat). Unless ambient air and surface temperature are equal, there will always
be thermal flow at the probe. In order to reduce the thermal effect of the ambient air, it is strongly
recommend isolating the temperature probe from the ambient. This can easily be achieved using
an EPS foam box or similar.

See figure 4 as a reference design:
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Figure 4: Thermal isolation using a piece of EPS foam
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25.3 Application Note “Unit calibration”

Resistance measurement accuracy verification

To verify the resistance measurement accuracy of the instrument usually a certified standard resistor is
used. These resistors normally have a current connection and a sense connection.

The 2293 measuring clamp is a Kelvin type. Means on one jaw is the current input on the other jaw is the
voltage (sense) measurement.

'sense) line from the current jaw to avoid failures by additionally measure the internal connection

ef calibration with a common standard resistor is performed, one has to isolate the voltage
ead to the standard resistor part itself.

222 Appendix




