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Introduction

Transformers are used in a wide array of electrical or electronic applica-
tions, providing functions that range from isolation and stepping up or step-
ping down voltage and current to noise rejection, signal measurement, regu-
lation and a host of functions particular to specific applications. In order to
test that a transformer will meet its design specification, a number of func-
tions should be tested and one of the most commonly used tests is turns

ratio.

This technical note will review briefly the basic theory of turns ratio and then
introduce some additional issues that should be considered when testing

this critical transformer characteristic.

Basic Theory

The turns ratio of a transformer is defined as the number of turns on its

secondary divided by the number of turns on its primary.

The voltage ratio of an ideal transformer is directly related to the turns ratio:

Vs _ Ns

Vp Np
The current ratio of an ideal transformer is inversely related to the turns

ratio:

Where Vs = secondary voltage, Is = secondary current, Vp = primary
voltage, Ip = primary current, Ns = number of turns in the secondary winding

and Np = number of turns in the primary winding.
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The turns ratio of a transformer therefore defines the transformer as step-
up or step-down. A step-up transformer is one whose secondary voltage is
greater than its primary voltage and a transformer that steps up voltage will
step-down current. A step-down transformer is one whose secondary
voltage is lower than its primary voltage and a transformer that steps down

voltage will step-up current.

Voltage and Current Turns Ratio Definitions

Primary | Secondary,  Primary Secondary
50V RMS - [ 100V RMS
@I1A RMS - \ 25V RMS 50V RMS / oy @500mA RMS
50Hz @24 RMS @14 RMS 50Hz
S0Hz S50Hz
A turns ratio of 2:1 Ip Ns The same transformer but
used as a step-down Is Np used as a step-up

transformer transformer

Factors Affecting Turns Ratio Measurements

With a theoretical, “ideal” transformer, the ratio of the physical turns on any
winding could be established simply by measuring the rms output voltage
on one winding, while applying a known rms input voltage of an appropri-
ate frequency to another winding. Under these conditions, the ratio of the
input to output voltages would be equal to the physical turns ratio of these

windings.

Unfortunately, however, “real” transformers include a number of electrical
properties that result in a voltage or current ratio that may be not equal to
the physical turns ratio. The following schematic diagram illustrates the
electrical properties of a real transformer, with the ideal transformer compo-
nent shown in the center, plus the electrical components that represent

various additional properties of the transformer.
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® L1,L2 and L3 represent the primary and secondary leakage inductance

caused by incomplete magnetic coupling between the windings.

® R1, R2 and R3 represent the resistance (or copper loss) of the primary

and secondary windings.
® C1, C2, and C3 represent the interwinding capacitance.
® |p represents the magnetizing inductance core loss.

® Rc represents the core loss of which three areas contribute, eddy
current loss (increases with frequency), hysteresis loss (increases with

flux density) and residual loss (partially due to resonance).

Types of Turns Ratio Tests

When considering the range of elements shown in the transformer
schematic and considering also the varying requirements of different trans-
former applications, it can be seen that no single measurement technique
will fully satisfy all turns ratio questions. For this reason, Voltech AT series
transformer testers offer five different turns ratio measurement techniques,

which can be selected individually to meet specific needs.
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TR (turns ratio). This test energizes any chosen winding at a specified
voltage and measures the induced voltage on any other winding. The
results are then presented as a ratio (e.g. 2:1, 5:1, etc.) Voltech AT testers
do this by dividing one voltage by the other while compensating for winding
resistance. Phase is also measured: ‘in-phase’ (positive polarity) and ‘anti-

phase’ (negative polarity).

TRL (turns ratio by inductance). This test separately energizes two
selected windings and measures the inductance value of each winding.
The results are then presented as a ratio of turns (e.g. 2:1, 5:1, etc.)
calculated from the squared root of the inductance values. Phase is also

measured: ‘in- phase’ (positive polarity) and ‘anti-phase’ (negative polarity).

LVOC (low voltage open circuit). This test applies a voltage to the primary
winding, reads the voltage induced in the secondary winding and presents
the results as a secondary voltage (e.g. 2.545V). Phase is also measured:

‘in- phase’ (positive polarity) and ‘anti-phase’ (negative polarity).

VOC (voltage open circuit - AT3600 only). This test uses the same
principal as LVOC but by using a high-power generator, capable of ener-
gizing a winding at voltages up to 270V, the test is suitable for testing
low-frequency power transformers. Phase is also measured: ‘in- phase’

(positive polarity) and ‘anti-phase’ (negative polarity).

VOCX (voltage open circuit with external source - AT3600 only).
This test, which is used in conjunction with the Voltech AC Interface
Fixture, will control an external AC source or step-up transformer for
testing higher power and higher voltage transformers up to 600V and 10A.
Phase is also measured: ‘in-phase’ (positive polarity) and ‘anti-phase’

(negative polarity).
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Choosing the Correct Turns Ratio Test

In order to determine which type of turns ratio test is most appropriate for a
particular transformer, a number of issues should be considered. The table
below shows each test with a description, the related specifications and a

summary of the benefit provided by that test.

Use or Benefit

Description / Specification
TR

Ratio of input to output volts Shows the true electrical ratio as expected in

operation when energizing a primary winding.
The ratio measured with this test therefore

Measurement range: 1:100 000 to 100 000:1

Voltage range: 1mV - 5V includes the losses normally found in the trans-
Frequency range: 20Hz - 3MHz former, which will result in a ratio greater than
Accuracy: 0.1% that of the physical turns but reflects the real

voltage ratio expected by the designer.

TRL Ratio of turns calculated from Reduces the effect on measured turns ratio of
inductance transformer losses, giving a closer approxima-
tion to the physical turns ratio. This is of partic-
Measurement range: 1:100 to 100:1 ular benefit where actual turns are of interest
Voltage range: 1mV - 5V but the transformer has a large proportion of
Frequency range: 20Hz - 3MHz leakage inductance which may have a signifi-
Accuracy: 0.1% cant effect on the voltage ratio.
LVOC Output volts measured with Similar to TR but presents the actual output
low-voltage input voltage rather than the voltage ratio. This
simplifies test limit entry when the transformer
Measurement range: 100pV to 650V specification has been derived from voltmeter
(100pV to 5V ATi) measurements.
Voltage range: 1mV - 5V
Frequency range: 20Hz - 3MHz
Accuracy: 0.1%
VOC Output volts measured with Similar principal to LVOC but using a generator
high-voltage input with higher voltage and higher power. This is
essential if the transformer has a non-linear BH
Measurement range: 100pV to 500V curve and will be operated in the non-linear
Voltage range: 1V - 270V proportion of this curve, as with iron laminate
Frequency range: 20Hz - 1500Hz power transformers.
Accuracy: 0.1%
VOCX Output volts measured with Provides the ability to test power transformers

external high-voltage input

Measurement ran

ge:

100uV to 650V

that are above the capacity of VOC testing. By
controlling an external power source with the
Voltech AC Interface Fixture, the VOCX test

Voltage range: 5V - 600V ides full N . ¢ hiah
rovides fully automatic testing of high-power

Frequency range: 20Hz - 1MHz f ¢ y . ified 9 i 9 Tt
ransformers at their specified working voltage.

Accuracy: 0.1% o < <
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Conclusion

While turns ratio may be a well known and very fundamental function in a
transformer, it can be seen that testing this function effectively requires the
consideration of many issues. By providing a flexible range of turns ratio test
options, the Voltech AT series testers provide designers and manufacturers
alike with the opportunity to select the most appropriate tests for any trans-
former design and therefore optimize the quality and efficiency of their test

process.

Should you have questions on any of the other test functions available for
the Voltech AT series transformer testers, please do not hesitate to contact

us.

The Voltech AT3600 and AT¢ transformer testers
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Harwell, Didcot, Oxon OX11 ORA
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Telephone: +44 (0)1235 834555
Facsimile: +44 (0)1235 835016

E-mail: sales@voltech.co.uk

Voltech Instruments Inc.
11637 Kelly Road, Suite 306
Fort Myers, FL 33908
U.S.A.

Telephone: +1 239 437 0494
Facsimile: +1 239 437 3841

E-mail: sales@voltech.com

www.voltech.com

Note: While every care has been taken in compiling the information for this publication, Voltech Instruments cannot accept legal liabil-
ity for any inaccuracies. Voltech Instruments reserves the right to alter product specifications without notice and whenever necessary
to ensure optimum performance from its product range.
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