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The Transformer Trainer

Introduction

EEEEE e

-
- -
’ -

Figure 1 The

and use it stand-alone for transformer based experiments, but you may also connect it
range for even more experiments.

des different transformers, power supplies, instruments and loads. It allows students to do a
periments that show the characteristics and performance of power transformers.
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Tests on the Educational Transformers

Safety During Experiments

Any laboratory equipment operating at high voltages is dangerous and must be maintaine
care by responsible personnel including students. There are many safety features in thi
must obey these rules:

d operated with
ipment but you

+ REMEMBER - If you are using other modules, the supply from the other
some of the circuits in this unit.

* NEVER remove connecting leads when there is a voltage on the circuit.
* NEVER use water or a damp cloth to clean the front panels.
*  ALWAYS work in pairs.

+  BE AWARE of resuscitation techniques.

* NEVER use damaged leads. Inspect all lead

even when you connect a low voltage to t annections will be live, and some may have
high voltages. This is especially important ansformer because it has a shared core.

For safety,
connectors

Ask a qualified person to:

» Inspect all connecting leads, and replace any that show signs of damage or wear.
* Ensure the locks on the rear doors are effective and in place.

* Check the fronts of all the instruments for damage.
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* Check that all the indicator lamps operate.

Connection to Supplies

Always use the variable supply (link TP1 and use TP2a as your supply) on all phases and set the
autotransformer to minimum before beginning an experiment. This is good practice because:

1)  You find connection errors in the circuit before you damage it.

2) The fuses in the autotransformer circuit give added protection. The educational tra
have fuses. You can use them in so many different ways that fuses on each tappin

3) You can set the correct voltage you need for your test and make small adjustments

Parallel Winding Connections

For good reasons, the transformers have no special construction to equali
coils intended for operation in parallel. Therefore the winding sectienspwill no
and one section will take a current corresponding to more tha

When using the transformers continuously with indi 7 d in parallel, reduce the ratings to 0.8
of their nominal values to avoid local overheati

You can exceed the nominal worki i you reduce the output currents similarly,

sformers are on light load, you can see harmonic
three-phase transformer bank connecting the primaries
tead of the 138 V connections. This will give a 15%
density, showing a significant increase in harmonics.

distortion of the curré
in star arrangement.
increase in applied volt
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Figure 40 Supply Connections with Protection
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Test 1 - Overcurrent Protection with the Relay, and
Circuit Familiarisation

Aim

To show how to use a protection relay for overcurrent protection and help students to understand
and resistive loads of the three-phase circuit.

Procedure

1) Connect the three-phase circuit to the relay and resistive loads as shown in Figure
have connected the loads in star.

2) Set the relay for overcurrent protection of 4.55 A and set the lo
protection of 4.55 A, you set In to 0.65. The relay multiplies this by
the CT ratio that you conect to (7/1), so 0.65x 1 x7 = 4.55 A.

3) Set the VARIABLE/FIXED switch (between CB1 and e iti djust the
autotransformer (on the lowest panel) to its minimu

4)  Switch on the supply and shut CB1 and CB2. Use :
currents, which should be low. Slowly turn t crease the line to line (L-L) voltage
to 230 V and note the increase in current

5) Change the settings of each of the loads an e current readings. Try all loads at the
same values (for example - 50%) and try unb nt settings (for example 25%, 50%
and 75%).

6) Reduce the supply to mini and use the autotransformer to slowly
increase the voltage, while usi i ers to measure the line voltage and current. The

should open CB1
7) Resetthe relay, t f nd shut CB1 and CB2.

8) Set just one of the
trips. Use the relay t aused the overcurrent trip (it should be the one with the 100%
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Figure 41 Connection for Experiment 2 Procedure 1 - Single Phase Tests
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Test 2 - Single Phase Transformers - No load
Voltage and Ratio Checks

Aims

To show students how the one turn per volt educational transformers work.

Procedure 1 - No Load Voltage and Ratio

1)

2)

3)

Create a blank results table, similar to Table 14.

Use the red transformer (TX4). Connect the supply le
and connect the other two flying leads to the seceg
CB1 and CB2 and carefully adjust the primary sup
For example, if the primary windings has i
winding. Use the autotransformer to r
change any connections.

Secondary Secondary No Load Voltage Turns ratio
Connections Voltage Ratio
Used (primary/secondary)

A1 and A3 aland a3

al and a2

A1 and A3 60V aland a3

A1 and A2 52V aland a2

Table 14 Blank Results Table
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Procedure 2 - Series and Parallel Windings

Try the series and parallel primary and secondary connections suggested in Table 4 on page 15, Table 5 on
page 16, Table 6 on page 17 and Table 7 on page 18.

Set the primary voltages as shown and measure the secondary voltages. Never exceed the recommended
voltages. Again, calculate the voltage ratio to see that it matches the turns ratio.

Procedure 3 - Phasing of Windings
1)  Connect the primary windings in series for a 240 V supply as in HWS1 of

2) Connect the secondary windings in series for a secondary voltage of 120
page 17. This connects the ‘end’ of the second winding with the ‘start’ of the fi

3) Check that the secondary voltage is 120 V for a 240 V primary.

4) Reverse the phase of one secondary winding (swap a1 an
with the ‘end’ of the second winding.

5) Measure the secondary voltage. You should ng . ing has cancelled
the other.

6) Now set one the secondary windin should note an output of 8 V (the difference
between 60 V of one winding and 5
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Figure 42 Connections for Test 3 - Single Phase Transformers - On Load (Current) Ratio Checks
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Typical Results

These results are typical only. Actual results may differ, determined by
NOTE @% slight variations in transformer construction, loads and supplies.

Test 1

This is a simple test to allow the student to understand how to connect and use y and load

experiment procedure suggests typical results.

Test 2

Procedure 1 - No Load Volt

Primary Primary No Load Voltage Turns ratio
Connections Voltage Ratio
Used primary/secondary)

A1 and A3 120V 120/60.04 ~2:1
A1 and A2 104/51.75 ~2:1
A1 and A3 60/29.92 ~2:1
A1 and A2 52/25.87 ~2:1
in series
Primary Secondary Secondary No Load Voltage Turns ratio
Voltage Connections Voltage Ratio
Used (primary/secondary)
240V aland a6 120.3V 240/120.3 ~2:1
224V aland a5 112.14V 224/112.14 ~2:1
HWS3 + LWS3 208V aland a5 103.66 V 208/103.66 ~2:1
Table 23 Typical Results
TecQuipment Ltd 97 User Guide
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Primary windings in parallel

Connections Used Primary Secondary Secondary No Load Voltage Turns ratio
Voltage Connections Voltage Ratio
Used (primary/secondary)
HWS4 + LWS1 138V al and a6 120V 138/120 ~1.15:1
HWS5 + LWS2 120V aland a5 12V 120/112
HWS6 + LWS3 104V aland a5 104V 104/104

Table 24 Typical Results

Secondary windings in series

Connections Used Primary Secondary Secondary Turns ratio
Voltage Connections Voltage
Used

HWS1 + LWS1 240V al and a6 119.5V
HWS2 + LWS2 224V aland a5 1M11.75V

HWS3 + LWS3 208 V aland a5

HWS3 + LWS4 208 V a2 and a6

Table 25 Typical Results

Secondary windings in parallel

Connections Used i oad Voltage Turns ratio

(primary/secondary)
HWS1 + LWS5 240/59.8 ~4:1
HWS2 + LWS6 224/51.9 ~4.3:1
HWS3 + LWS7 7.95V 208/7.95 ~ 26:1

This is a simple proce
and connecting the '

to show the relative phasing of each transformer, using an optional oscilloscope
and ‘starts’ of the windings. The procedure gives suggested results.
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