
Transformer Loss Measurement Systems
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100kV, 2500A - SINGLE PHASE, 3 PHASE LOSS MEASUREMENT SYSTEM

FOR LOAD & NO LOAD LOSS MEASUREMENT OF POWER TRANSFORMERS

THREE CONVENIENT METERING UNITS, EACH CONTAING A HIGH VOLTAGE

MEASURING CAPACITOR AND A PRECISION CURRENT SENSOR.

FULLY AUTOMATED MEASUREMENT WITH MANUAL OVERRIDE

REAL TIME MEASUREMENT AND GRAPHICAL BAR GRAPH & WAVE FOR

DISPLAY FOR ANALYSIS.

WIDE MEASUREMENT RANGE FROM 100V TO 120kV & 1A TO 2500A

MEASURES & DISPLAYS VOLTAGE, CURRENT & POWER FOR EACH PHASE

COMPUTES & DISPLAYS THREE PHASE VALUES.

DISPLAYS TEST WAVEFORMS SIMPLE AND CONVENIENT CALIBRATION

PROCEDURE

TEST WINDING PROVIDED FOR EASE OF CALIBRATION & SELF CHECKING

14 CHANNEL TEMPERATURE SENSING FACILITY FOR CONNECTION TO

TEST SPECIMEN



The losses of power system equipment, such as
transformers, motors and generators have traditionally
amounted to a very large value every year. These losses are
becoming increasingly significant with the increasing cost of
electricity. The value of losses varies per kilowatt depending
on the power system and if these are core (voltage) or
copper (load) loss related. Therefore, it is very important for
an electrical equipment manufacturer as well as utilities to
quantify these losses at the development and production
level to come up with acceptable efficiency for their
equipment and then to confirm the efficiency by actually
measuring the losses during open circuit and short circuit
tests.

The Transformer Loss Measuring System (TLMS)

manufactured by ELTEL Industries is a measurement

system for the accurate measurement of impedance and

loss of single-phase or poly-phase power and distribution

transformers. These measurements are typically conducted

during short-circuit and open-circuit test of transformers. In

addition to measuring transformer, these metering systems

can be used to measure the characteristics of generators, or

motors using the two-frequency load test. The system offers

AUTOMATIC computer operation with MANUAL override

and provides high accuracy over a very wide range of

voltage, current and power factor. A variety of voltage and

current ratings are available for each specific application.

As the typical test samples exhibit a low power factor
and a wide range of impedance, meaningful measurements

GENERAL DESCRIPTION

APPLICATION
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FACTORY TESTING OF CORE LOSS TESTS (OPEN
CIRCUIT TEST) AND COPPER LOSS TESTS
(SHORT CIRCUIT TEST) ON LARGE OR SMALL
POWER OR DISTRIBUTION TRANSFORMERS

HEAT RUN AND INDUCED VOLTAGE TESTS DURING
TRANSFORMER PRODUCTION TESTING

ZERO SEQUENCE IMPEDANCE TEST

RESEARCH AND DEVELOPMENT FOR CONDUCTING
LOSS EVALUATIONS BY INSTITUTIONS AND FOR TYPE
TESTING.

of losses is possible only if the test equipment offers

accurate measurement of losses at low power factor, and

over a very wide operating range of voltage and current.

For this very reason, the TLMS offers voltage and current

ranges with a span larger than 1000-1 and phase

accuracies of better than one minute.

The TLMS consists of three convenient metering units

measuring the voltage and current, an analog and digital

processing unit and a personal computer system. Each

sensing unit comprises a loss free capacitor for test

voltage measurement and a two-stage toroidal current

sensor for measuring the test current. The analog and

digital processing unit processes and measures the

signals from the voltage and current sensors and the

results of these are displayed on the screen of the

computer system.

The TLMS is configured to allow convenient calibration

that complies with: NBS Technical Note 1204,

“Calibration of Test Systems for Measuring Power Losses

of Transformers”. In addition to this, the systems are

equipped with other features not available on any

competitive equipments - that allow simple and easy

calibration of the system. One of these is the use of “test

windings”.

The TLMS does not use instrument transformers that

would power conventional instruments with nominal

voltages (100 volts) and nominal current (5 amperes), but

rather converts the measuring voltage and current to a

low voltage signals that are directly suitable for digital

converters (ADC) and digital signal processors (DSP).

This reduces the complexity of the measuring system,

increases its reliability and improves its accuracy. voltage

and current. Measurement accuracy, linearity,

consistency and repeatability are also very critical. These

important factors, combined with a variety of other

significant features have.



The analog and digital electronics process the signals from the
voltage and current sensors providing a multiplicity of voltage and
current ranges, calculating the voltage, current and power in the
test circuit, determining optimum range settings, and providing
the PC with the measured values for display and report
applications.

The electronics module is line powered from 100 . . . 260 volts, 50 .
. . 60 Hz and is housed in a 19-inch rack cabinet.

ELECTRONICS

COMPUTER SYSTEM

The TLMS is a computerized automated system and does not
have any manual controls to perform its operation. A high
configuration, Industrial IBM compatible PC system including a
fast Pentium processor, ample memory, CD drives, a 19-inch flat-
screen color LCD display with a keyboard and a laser printer is
part of the TLMS system. The PC is operated on the Windows
operating system and uses the customized operating software.
This software package is a sophisticated menu structured
program which gives the user complete flexibility and control
along with an unsurpassed data management system.

CALIBRATION PROCESS
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The ELTEL TLMS configuration has been especially

tailored to provide easy calibration.As the system basically

consists of three items - namely:

Voltage divider,

Current to voltage converter (resistor),

Analog-to-Digital converter system,

these three items can be easily calibrated separately and

then the individual calibrations assembled together to

provide a calibration for the whole TLMS.

Thus, the voltage divider which provides an nominal

output of 5 volts, can be conveniently calibrated against a

standard transformer or divider carrying a calibration from

NPL, NIST, NRC or similar.

Similarly, the two-stage current transformer and current-

to-voltage converter in each metering unit can be

conveniently calibrated against a calibrated precision

current–to-voltage converter carrying a calibration from

one of the national standardizing laboratories. The

precision current–to-voltage converter is in reality a

precision, two-stage, current transformer and a precision

non inductive shunt.

The Analog-to-Digital converter system can be calibrated

easily using a DC orAC calibration source and a calibrated

voltmeter.

The corrections from the above calibrations, both

magnitude and phase, are easily entered onto the

calibration table in the systems personal computer.

There is also an alternate method of calibrating the TLMS,

namely via a phantom load. In this connection, the output

of the calibrated voltage divider is fed to a control unit

including a precision phase shifter, and the output of this

control unit is used to drive a precision transconductance

amplifier. The current output from the amplifier is injected

into the test windings of the metering unit generating a

phantom load current. The generated phantom load can

be adjusted with respect to current and power factor with

respect to the test voltage.

Additional metering may be installed in the phantom load

circuit to display voltage, current, power

and power factor.

All of the above test equipment, namely:

Precision high-voltage divider,

The Current to voltage converter,

The comparator to read out the ratio and phase

errors of the current and voltage sensors,

The transconductance amplifier and its control unit,

Can be purchased by the user, calibrated at a national

standardizing laboratory and then used to calibrate his

TLMS.

Alternatively, ELTEL, having all of the above test

equipment available and calibrated, can come and

calibrate the TLMS at the client's site.
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Plot Bar-graphs for indicating the voltage, current and power
level for each phase.
Setting of the current and voltage ranges or let the instrument
auto-range to the most optimal range.
Select other electrical parameters such as apparent power,
impedance and power factor to be determined and displayed.
The wave-shapes of the voltage or current being measured can
be displayed on the PC screen.
The concept of “soft-keys” is employed to minimize Data entry
through the keyboard while maintaining a high degree of
flexibility.
Entry of test conditions, such as date, time, serial number,
environmental conditions etc.
Printing of customized test report. Other important
information, such as the turn ratio and winding resistance can
also be incorporated into the test report by entering the
information through the keyboard.
Test results can be permanently saved for future reference or
statistical analysis.
Allows the operator to search for previous reports based on serial
number, test date, type of test object and other Variables.

SPECIFICATIONS AND RANGES

RANGES

SPECIAL FEATURES

Voltage Sensors

Analog Outputs

Test Windings

Voltage : Seamless operation from 0 to 100% of rated

line-to-ground voltage.

Ranges : 00; 50; 25; 12; 6; 3; 1.5; 0.8; 0.4; 0.2

kV line-to-ground.

Accuracy : ±0.1% of reading for inputs from 800 volts to

100 kV. Reduced accuracy below 800 volts.

Current : Seamless operation from 0 to 100% of rate

current. Typical current ranges:

Ranges : 2500; 1200; 600; 300; 150; 80; 40; 20; 10;

5; 2.5 amperes.

Accuracy : ±0.1% of reading for inputs

from 2,500 to 5 amperes.

Reduced accuracy below 5 amperes.

Power : ±0.1% of reading at 1.0 PF,

±0.2% of reading at 0.1 PF,

±0.5% of reading at 0.05 PF,

±1% of reading at 0.01 PF,

within the above voltage and current ranges.

Frequency : 50 . . . 60 Hz for accuracy specifications.

100 . . . 300 Hz for induced testing at

reduced accuracy.

High Pot Test : The high voltage sensing units are high

potted at 120% of the rated voltage.

Current Sensors Two stage toroidal current transformers, with

a secondary, tertiary and a test primary winding. The test

primary winding is provided to allow simple calibration of the

current circuit.

Gas (Sulfur Hexafluoride, SF6) dielectric shielded capacitor of

coaxial geometry, characterized by very high linearity, high

stability, low temperature coefficient and low loss. Nominal

capacitance 180 pF.

The system provides a normalized signal proportional to the

voltage and current being measured. The signal is accurate

with respect to ratio, phase and wave shape of the applied

voltages and currents. These signals are used during the

calibration of the metering system and can be used to monitor

the current-voltage waveforms during tests.

The test windings are associated with each of the current

sensors and are accessible to the user for calibration

purposes. These test windings allow the calibration of the

current sensors on the high current ranges without resorting to

high current. The test windings represent the primary bar

conductor to within 20 ppm in magnitude and 20 µrad in

phase.
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An ISO 9001 - 2008 Certified Company

Integrated software features:

Disp lay of the per -phase and the three-phase-
average test results for voltage, both RMS and FLUX, current
and power.

�

1 Current Measurement : accurate over a 10,000 to 1 range of
current.

2 Voltage Measurement : accurate over a 1000 to 1 range of
voltage.

3 Power Measurements : Accurate over power factor range of
1.0 - to - 0.01 lagging or leading.

4 Measurement of : Power, RMS Voltage, RMS Current.
FLUX Voltage (Average Responding),

5 “Line-to-Line” or “Line-to-Ground” voltage measurement and
indication.

6 Three Wattmeter Power Measurement Method: for highest
accuracy power Measurement, of star or delta connected
windings, especially at low power factors.

7 The per-phase or the three-phase values are displayed
simultaneously.

8 “Four-Terminal” Measurement: to eliminate the losses in the
connection leads and sensors from the measurement.

9 Sulfur Hexafluoride (SF6) Gas Filled Capacitors: for accurate
and linear measurement of test voltage.

10 Automatic Ranging with manual override.
12 User accessible Test Windings: for ease of calibration.
14 The metering units can be mounted in any position, including a

through the-wall arrangement.
15 14 - channel temperature sensing unit to sense the

temperature at different locations on the power transformer.


