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Abstract  
The following report presents the appendices associated with the Evaluation of an Efficient 

Transformer Core Design dissertation report submitted for the MSc in Engineering.  This 

report should therefore be read in conjunction with the dissertation main report. This 

appendix report is subdivided into various sections where the manufacturing process of the 

hexa-transformer, the test procedure, internal inspection and amorphous material are 

discussed in depth.  A summary of these sections are presented in the main report of the 

thesis.  The various permissions received for use of material and drawings from both Eskom 

and Hexaformer AB in Sweden is also presented.   
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1. INTRODUCTION 
 

The dissertation on the Evaluation of an Efficient Transformer Core Design analyses the 

hexa-transformer for use in the Eskom Distribution network in South Africa.  The hexa-

transformer is a three phase symmetrical triangular core transformer; it is made from nine 

rolls of electrical steel, it achieves a 50% no-load loss reduction when compared to 

conventional E-core transformers.   This report is an appendix to the High Efficiency 

Transformer Core Design’s main report.  It presents the transformer manufacturing process 

of the hexa-transformer, the test procedure; and the internal inspections are discussed in 

depth.  This report should be read in conjunction with the dissertation main report.  

  



7 
 

2. APPENDIX A - MANUFACTURING PROCESS  
 

The manufacturing process details were obtained from Hexaformer AB in Sweden [1].  The 

details are explained below.  

The Core: The inner core ring is wound using electrical steel. Two outer rings are added 

using half width bands of the same electrical steel. See Figure 1 below.  

 

Figure 1: Core ring winding using electrical steel 

 

The three separate core sections, each consisting of three bands are assembled into a cage 

core using clamps as shown in Figure 2 and Figure 3 below.  

 

Figure 2: Core assembly of the hexaformer 
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Figure 3: Use of clamps for core assembly  

 

The complete core is heated to aneal the steel. This takes about 12 hours.  The magnetic 

properties are restored through the reorientation of grains.  The anealed core is dropped into 

electric quality varnish in order to glue the assembly together. See Figure 4 below.  

 

Figure 4: Hexaformer core glued using varnish 
 

The varnish is hardened and all clamps are removed. And reused.  

A special test coil is used for measurements for certification of no load losses and no load 

currents.  All three legs are measured. 
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Figure 5: In Line Test of Core Losses 

 

Coil Winding: The winding is done via a winding tube (bobbin) preparation.  The tubes are 

split and then assembled into each core leg. 

 

Figure 6: Winding tube preparation 

 

The low voltage winding is wound on the first Bobbin.  Edge cords are applied for insulation. 

Insulating paper is applied between each winding.  High conductivity electrolytic copper 

enamelled rectangular wire is used for the winding.  

A layer of ducting of pressboard material is applied to secure appropriate insulation and 

cooling.  The thickness of which is dependent on the transformer voltage level.  
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Figure 7: Inter- layer insulation 

 

The high voltage winding is wound in a similar manner to that of the low voltage winding.   

 

Figure 8: High voltage winding 

 

A protective insulation layer is applied for each winding.  See Figure 9 below.  
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Figure 9: Outer Layer insulation 

 

Assembly: In order to assemble the frame of the transformer the low voltage connectors are 

pulled out from the coil and the core and windings are mounted on the lower frame.  

 

Figure 10: Frame assembly 

 

The Low Voltage Windings (LVW) are connected to the bushings as shown in Figure 11 

below.  
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Figure 11: LVW connections 

 

The High Voltage Windings (HVW) are also connected to the busings and the tap changer.  

As with the LVW these connections are done manually as illustrated in Figure 12 below.  

 

Figure 12: HVW connections 

 

After the assembly, the insulation and other electrical properties are tested for production 

quality.  
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Figure 13: Intermediate in-line electrical test 

 

Oil Filling: The active part (core and windings) assembled with the lid is dried for 12 hours 

before mounted into the transformer tank.  

 

Figure 14: Tank assembly 

 

The transformer oil is purified of air and moisture in a vacuum filter before being poured into 

the transformer tank.  The transformer is filled with this oil under vacuum, illustrated in Figure 

15 below.  
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Figure 15: Oil filling 
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3. APPENDIX B – HEXATRANSFORMER TESTING 
 

A 100 kAV unit was purchased from Hexaformer AB in Sweden for testing purposes.   The 

main aim was to evaluate the efficiency of the device.   

The hexa-transformer was tested in collaboration with Powertech Distribution Transformers 

situated in Cape Town.  Testing was done in accordance with the following standards:   

• IEC 60076- Power Transformers  

• IEC 60567 – Oil-filled electrical equipment  

• IEC 60599 – Mineral oil – Guide to interpretation dissolved and free gas analysis  

• SANS 780 – Distribution Transformers  

 

The aim of the initial tests was to verify electrical efficiency and core integrity.  The tests also 

covered the routine tests needed by Eskom distribution in order to install the transformer in 

the network for further monitoring.  

 

3.1 TESTS CONDUCTED  

 

The following tests were conducted during the initial testing phase.  

Table 1: Transformer Tests  
Routine  No-load Test  
 Exciting current test 
 Applied potential test 
 Insulation resistance test 

 

3.1.1 Insulation Resistance Test  

 

The insulation resistance measurement is always done first to determine whether any 

serious errors were made during the installation and also to confirm whether the transformer 

is ready for further testing.  

Winding insulation resistance is measured by a MW-meter and stopwatch. The winding that 

is being measured is connected between the first two points of the instrument. The third 

connecting point serves to connect the windings outside of the measuring circuit.  Refer to 

Figure 16 below [2].   
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Figure 16: LV-winding-earth (left); LV-winding-earth (mid); HV-winding-LV-winding (right) 

 

3.1.2 No-load test  
 

The aim is to measure no-load loss at specified excitation voltage and specified frequency.   

Under no-load conditions, a transformer will continue to drain sources of electrical energy. 

The chief source of this drain is core loss, which occurs in the magnetic core through a 

combination of hysteresis and eddy current loss, among others.  Core-loss is calculated by 

applying the rated voltage and frequency to a transformer under no-load conditions.  The 

resultant current is then measured, from which the loss of energy can be extrapolated. 

3.1.3 Measurement of magnetising currents  

 

The purpose of this test is to detect inter-winding faults that cannot be clearly recognized.   

No-load currents should be measured separately for the HV and LV sides.  The on-load or 

off-load charger must be set to the extreme position when the winding with the tapping range 

are measured.  This is to ensure that the highest ratio is obtained.  Refer to Figure 17 below 

[2]:  

 

Figure 17: Test circuit for no-load current measurement of HV winding 
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3.1.4 Winding Resistance  

 

The winding resistance measurement provides an indication whether the winding 

connections are in order.  

The winding resistance is dependent on temperature. Measurement should therefore be 

done in conjunction with a reference temperature.   

A battery or preferably a constant-current unit of 12 to 24 V (car battery) is required. The 

voltmeter should be connected at point 1, ammeter at point 2 as shown in Figure 30. Upper 

limit of DC measuring current: Up to 10 % of the rated winding current. Lower limit of DC 

measuring current: 1.2 times the peak value of the no-load current. After switching on the 

voltage source, wait until the measuring current reaches its stable value. Long waiting times 

may be expected for large low-voltage windings. Note that the voltmeter is not connected 

when the DC measuring current is switched on and off. The same applies to the diverter 

switch. The voltmeter and the ammeter must be read simultaneously. The ohmic resistance 

of each winding is measured between the corresponding bushing of each phase and all taps 

of the tapping range. 

The quotient of the voltage drop at the winding and the DC measuring current flowing 

through it yields the ohmic winding resistance. The values measured must be compared with 

the test report of the works acceptance test (maximum deviations: ± 5 %) to enable faults to 

be clearly analysed. Refer to Figure 18 below [2].  

 

Figure 18: Single-line diagram for resistance measurement  
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3.1.5 Impedance Voltage, Short-Circuit Impedance and Load Loss  

 

Measurements of impedance losses and impedance volts may be made simultaneously. 

Short-circuit one of the windings of the transformer. Apply voltage at rated frequency to the 

other winding and adjust it to achieve rated currents in the windings.  With current and 

frequency adjusted to the rated values as nearly as possible, take simultaneous readings on 

the ammeter, voltmeter, wattmeter, and frequency meter. Proper corrections must be made 

for instrument transformers and the instruments. 

The I2R losses of the two windings are calculated from the ohmic resistance measurements 

(corrected to the temperature at which the impedance test was made) and the currents, 

which were used in the impedance measurements. Subtracting these I2R losses from the 

impedance watts gives the stray losses of the transformer. Refer to Figure 19 below.   

 

Figure 19: Load-loss and impedance-voltage testing connections 

 

3.1.6 Applied potential tests  

 

The applied potential test is used to see how well the transformer's insulation deals with 

voltages higher than the rated voltage, for given periods of time. The applied potential test 

checks the insulation between individual windings; and between windings and ground by 

applying voltages to each of these areas.  This test is intended to test the turn-to-turn, layer-

to-layer and line-to-line insulation.  A 400 Hz source is used and applied for 7200 cycles.   

 

3.2 TEST RESULTS  
 

The hexa-transformer was tested in Powertech Distribution Transformers in Cape Town, 

South Africa.  The testing equipment details are given in Table 2 below.   
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Table 2: Hexaformer test details  

Date 

Used: 

Operator 

Name: 

Test 

Location: 
Specifics: 

Instrument 

Details: 

Date of 

Calibration:  
Serial No:  

17.02.10 W. Brandt 
Main test 

bay 

Resistance 

Test 

Tinsley 

5896 
03.06.09 0075665/6 

17.02.10 W. Brandt 
Main test 

bay 

Iron and 

Copper 

Loss 

Norma 

04355 
12.01.10 A46020306A 

17.02.10 W. Brandt 
Main test 

bay 

Flash and 

Vector Test 
Fluke 177 14.01.10 86100478 

 

Details of these records and the transformer test certificates can be found in Section 3.8 of 

this report.    

The results of the tests performed at Powertech Transformers on the hexa-transformer is 

summarised in Table 3 below. 
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Table 3: Eskom/Powertech test results  

Test   Eskom/Powertech Results  

 TAP 1 47.66 

 TAP 2  46.52 

Ratio Test TAP 3  45.39 

 TAP 4  44.25 

 TAP 5  43.11 

No-Load Loss (W)  178 

Mag Current (%)  0.35% (0.478A) 

 AB 17.308 

 BC 17.31 

 CA 17.312 

Resistance Test (Ω) ab 0.017967 

 bc 0.017936 

 ca 0.018016 

Ambient Temperature 
(°C) 

 21 

Ret Temperature (°C)  75 

Load Loss (W)  1569 

Reactance (%)  3.37 

Impedance (%)  3.72 

Test Amps (A)  5.25 

Test Volts (V)  398.4 

Test Wats (W)  1330 

Applied Voltage test at 
75% 

 

Supply 21 kV for 60 sec. to HV with 
LV earthed.  

Supply 2.5 kV for 60 sec. to LV with 
HV earthed.  

 

The induced voltage test on the LV side was performed at 840 V for 15 seconds.  The 

applied voltage test was performed at 75%.  The HV side was energised by 21 kV for one 

minute with a short circuit on the LV.  Thereafter the LV was energised by 2.5 kV.  
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3.7 ANALYSIS 
  
The above test results were compared to those of the manufacturer who is Hexaformer AB 

and also to those of the Chalmers University of Technology in Sweden.  The Chalmers 

University of Technology conducted tests on a 100 kVA, 11/0.42kVA Hexa-transformer unit 

and an E-core transformer unit of the same rating.  Their Results are summarised in Table 4 

and Table 5 [3].   

Table 4: No-load Test Results 

Type Voltage Im (A) 
No load Power 
(W) 

E-core 420 0.46 191 

Hex core 420 0.27 156 

%difference 0 41 18 

 

Table 5: Magneto-static calculations  

Type Voltage P core loss (W) L (H) M (kg) 

E-Core 403 85 1.6 182 

Hex core 401 64 1.73 161 

% difference 0.5 25 6 12 

 

From Table 4 and Table 5 above it can be seen that the Hexaformer transformer yields 

improved transformer parameters.  The Hexaformer was found to have 25% lower core loss, 

40 % smaller magnetising currents and 12 % lower weight.   

The test objective was to verify the hexa-transformer efficiency and manufacturing test 

results.  A summary of both the manufacturing tests and the verification tests conducted at 

Powertech Transformers are presented in Table 9 below.  The results were quite similar to 

that of the manufacturer.  No-load losses of 178 W was measured, this verified the test 

results by Hexaformer in Sweden.  However it was the measured magnetising current was 

0.478 A, Hexaformer measured 0.28 A.  Lower load losses were measured compared to that 

of the manufacturer.  This could be due to a difference in temperature and the use of 

different equipment.  Both test results however indicated that the hexa-transformer exhibits 

lower losses than an E-core transformer as illustrated in Table 6 below.    
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Table 6: Eskom/Powertech results comparison with Hexaformer AB 

Test   Guaranteed 

Values  

Tolerances 

(SANS 780) 

Hexaformer 

Result 

Eskom 

Power-tech 
 TAP 1 47.63 ±0.5% 47.66 47.66 

 TAP 2  46.50 ±0.5% 46.52 46.52 

Ratio Test TAP 3  45.36 ±0.5% 45.39 45.39 

 TAP 4  44.23 ±0.5% 44.25 44.25 

 TAP 5  43.09 ±0.5% 43.11 43.11 

No-Load Loss  170 15% 178 178 

Mag Current   30%  0.2%(0.28A)  0.35%(0.478A

 AB   17.34 17.31 

 BC   17.34 17.31 

 CA   17.35 17.33 

Resistance 

Test (Ω) 
Ab   0.01793 0.01797 

 Bc   0.1797 0.01794 

 Ca   0.01791 0.1802 

Ambient 

Temp (°C) 
   20.2(°C) 21(°C) 

Retention 

Temp (°C) 
   75 75 

Load Loss    1645(°C) 1569(°C) 

Reactance    4.03 3.37 

Impedance    4.35 3.72 

Test Amps    5.25 5.25 

Test Volts (V)    470 398.4 

Test Wats    1416 1330 

 

Table 6 summarises the test results of three 100 kVA 11/0.415 KV E-core transformers 

tested by Powertech Transformers on the same day as the hexa-transformer.  The no-load 

losses were measured in the range of 325 – 345 W, the average being 337 W.   
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Table 7: E-core results  

Test   Guaranteed 

Values 

E-core E-core E-core 

 TAP 1 48.66 48.66 47.66 47.66 

 TAP 2  47.29 47.29 46.52 46.52 

Ratio Test TAP 3  45.91 45.91 45.39 45.39 

 TAP 4  44.53 44.53 44.25 44.25 

 TAP 5  43.16 43.16 43.11 43.11 

No-Load Loss  300 345 325 341 

Mag Current   2.9%  2.7%  2.8% 

 AB  18.94 19.08 19.13 

 BC  18.91 19.21 19.01 

 CA  18.99 19.15 19.08 

Resistance 

Test (Ω) 
Ab  0.025890 0.025740 0.025750 

 Bc  0.026120 0.026050 0.025840 

 Ca  0.026010 0.025970 0.025780 

Ambient   40 40 40 

Retention 

Temperature 

(°C) 

  75 75 75 

Load Loss  1700 1804 1812 1806 

Reactance   4.30 4.26 4.25 

Impedance   4.66 4.63 4.62 

Test Amps   3.2 3.2 3.2 

Test Volts (V)   316.5 310.9 303.6 

Test Wats   634 624 609 

      

 

3.8 TEST AND CALIBRATION CERTIFICATES  
 

3.8.1 Hexaformer Test Certificate from Hexaformer AB  
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3.8.2 Hexaformer Test Certificate from Powertech Transformers  
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3.8.2 E-core Transformer Test Certificates  
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3.8.3 Equipment Calibration Certificate by Powertech Transformers  

3.8.3.1 Norma Power Analyser  
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3.8.3.2 Fluke Tester  
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3.8.3.3 Transformer micro-ohmeter 

 



36 
 

 



37 
 

 



38 
 

 

 



39 
 

4. APPENDIX C – TRANSFORMER CORE AND OIL ANALYSIS  
 

Tests were conducted on various points on the B-H curve in order to determine the integrity 

of the hexa-transformer core.   

4.1 B-H CURVE TESTS   
 

4.1.1 Tests conducted at Powertech Transformers in Cape town  

The B-H curve tests were conducted at Powertech Distribution Transformers in Cape Town, 

South Africa.  The test Results are illustrated on Table 8 below. 

 Table 8: Hexa-transformer B-H curve test results  
AMPS WATTS      

A PHASE B PHASE C PHASE AVE. 

A 

PHASE 

B 

PHASE 

C 

PHASE SUM  Amps Volts Watts  

0.422 0.311 0.521 0.418 0.756 0.844 0.848 2.44 10% 0.418 42 2.44 10% 

0.428 0.32 0.526 0.424 6.41 6.36 6.09 18.8 30% 0.424 126 18.8 30% 

0.444 0.331 0.54 0.438 15.46 14.64 14.44 44.5 50% 0.438 210 44.5 50% 

0.459 0.351 0.556 0.455 29.92 25.9 26.41 82.2 70% 0.455 294 82.2 70% 

0.49 0.371 0.572 0.477 50.7 40.6 43.3 134 90% 0.477 378 134 90% 

0.51 0.381 0.576 0.489 64.2 51 55.1 170 100% 0.489 420 170 100% 

0.545 0.405 0.612 0.52 88.3 66.9 77.4 232 110% 0.52 462 232 110% 

0.584 0.453 0.642 0.559 102.2 78.5 90.8 271 115% 0.559 483 271 115% 

0.73 0.666 0.812 0.735 122.9 97.8 115.4 336 120% 0.735 504 336 120% 

1.179 1.236 1.373 1.26 142.4 112.2 148.5 403 125% 1.26 525 403 125% 

 

From Table 8 the voltage/watt curve has been plotted.  Refer to Figure 20 below.  

 



40 
 

 

Figure 20: Eskom/Powertech Voltage/watt curve 

 

 The magnetization curve is illustrated in Figure 21 below.  
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Figure 21: Eskom/Powertech magnetization curve 

 

4.1.2 Tests conducted by Hexaformer AB in Sweden  

 

Tests on the B-H curve were also conducted by Hexaformer AB in Sweden.  The results are 

summarized in the Table 9 below [4]. 

Table 9: B-H Curve test results (Hexaformer AB) 
 AMPS WATTS      

VOLTS 

A 

PHASE 

B 

PHASE 

C 

PHASE AVE. 

A 

PHASE 

B 

PHASE 

C 

PHASE SUM   Amps Volts Watts   

42 0.039 0.038 0.037 0.038 0.89 0.85 0.85 2.6 10% 0.038 42 2.6 10% 

126 0.091 0.087 0.089 0.089 6.42 6.19 6.33 18.9 30% 0.089 126 18.9 30% 

210 0.143 0.139 0.142 0.141 16.07 15.52 15.93 47.5 50% 0.141 210 47.5 50% 

294 0.199 0.195 0.199 0.198 29.78 28.87 29.70 88.4 70% 0.198 294 88.4 70% 

378 0.251 0.248 0.255 0.251 48.34 46.88 48.61 143.8 90% 0.251 378 143.8 90% 

420 0.275 0.272 0.280 0.276 60.26 58.61 61.15 180.0 100% 0.276 420 180.0 100% 

462 0.307 0.303 0.313 0.308 75.78 74.13 77.78 227.7 110% 0.308 462 227.7 110% 

483 0.354 0.351 0.358 0.354 86.84 86.12 89.21 262.2 115% 0.354 483 262.2 115% 

504 0.506 0.502 0.497 0.502 103.62 102.09 103.32 309.0 120% 0.502 504 309.0 120% 

525 1.064 1.061 0.998 1.041 133.80 118.77 122.27 374.8 125% 1.260 525 374.8 125% 
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From Table 12 the voltage/watt curve has been plotted.  Refer to Figure 22 below. 

 

Figure 22: Hexaformer AB Voltage/watt curve  

 

The magnetization curve is illustrated in Figure 23 below.  
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Figure 23: Hexaformer AB magnetization curve 

 

4.1.3 Analysis  

 

The hexa-transformer is designed to be completely symmetric.  Hence it is therefore 

expected that the current on each phase would be the same.   The tests conducted at 

Powertech Transformers indicated that the current in phase C is larger than that of Phases A 

and B.  Other discrepancies include:  

• Powertech measured no-load current at 100% (420 V) is 0,489 A,              i.e. 0, 36% 

whereas Hexaformer AB measured 0,20% no-load current; 

• There are considerable differences between no-load (magnetizing) currents in all 

phases (66% between phase B and C at 420 V). This is not possible since the core is 

completely symmetrical. 

• Magnetizing current at 10% load (42 V) is 0,418 A, i.e. 85% from the measured 

current at 100%, i.e. 420 V (0,489 A).  

 

As a result of the above mentioned discrepancies, Hexaformer AB in Sweden conducted the 

same measurements on the B-H curve.  The results indicate [4]:  

• Measured no-load current at 100% (420 V) is 0,276 A, i.e. 0, 20%. 

• Differences between no-load (magnetizing) currents in all phases are very small (3% 

between phase B and C at 420 V). 
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• Magnetizing current at 10% load (42 V) is 0,038 A, i.e. 14% from the measured 

current at 100%, i.e. 420 V (0,276 A). 

 

There is no explanation for the Powertech results, the no-load loss previously proved to be 

50% more efficient compared to a conventional transformer.  No-load loss was measured to 

be 150 W which was as expected.  The discrepancies on the B-H curve may be attributed to 

the test equipment and setup used.  Unfortunately the tests could not be repeated.  

 

4.2 OIL TESTING  
 

An oil sample was taken in order to determine the transformer oil characteristics.  The 

following tests were performed:  

• Dielectric strength 

• Water content  

• Tan delta 

• PCB Content   

 

Oil samples were taken from the top of the transformer tank.  This is illustrated in Figure 24 

below:  

 

Figure 24: Hexa-transformer oil sampling  

 

 



45 
 

4.2.1 Oil Test Results  

The results are summarized in Table 10 below:  

Table 10: Oil Test Results  

Test  Results 

Electric Strength 79 kV 

Moisture reading  2 mg/kg  

PCB (ppm) <1  

Tan delta at 90 °C 0.004 

 

The sample conforms to the ESP 32-406 specification with regards to moisture, electric 

strength and tan delta. It is also classified as PCB free material which is level 0 according to 

the SANS 290:2007.  The PCB concentration is below 1mg/kg.   

4.2.2 Test result certificate from Laboratory  
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5. APPENDIX D - TRANSFORMER INSPECTION  
 

In order to determine the mechanical integrity of the transformer, the transformer was 

opened and its construction was carefully examined.   

5.1 EXTERIOR OBSERVATIONS  
 

The complete tank unit was carefully examined prior to dismantling.  The key parameters 

considered are as follows:  

• Bushing  sealing materials and technology  

• Mounting detail 

• Paint and corrosion protection  

• Photographic evidence of the complete unit  

• Physical attributes  

5.1.1 Complete Unit 

 

The tank was inspected.  It was observed that the tank walls have fins, this is for additional 

cooling.  It was also observed that the cooling fins on one side of the tank were larger than 

the others.  Refer to Figure 25 below.  The mild steel tank is galvanized; Hexaformer AB a 

uses hot-dip galvanizing process.  The transformer has lifting lugs on the cover of the tank, 

and a drain valve at the bottom for oil sampling.   
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Figure 25: Hexa-transformer complete unit  

   

It can be seen from Figure 25 above that the cooling fins on one side of the tank are larger 

than the rest.  This is to cater for the expansion and contraction of the oil. In hermetically 

sealed designs the cooling fin design enables a degree of flexibility which is needed to 

accommodate the expansion and contraction of the oil as it heats and cools, due to load and 

ambient temperature variations (i.e. the in case of hermetically sealed transformers without 

conservator the corrugated walls will absorb the changes of oil volume due to thermal 

expansion).   

Hexaformer AB has conducted measurements (temperature rise test) between all phases 

and confirmed that heat is distributed evenly. Besides, top oil temperature rise and winding 

temperature rise are a few degrees lower than allowed temperature rise limits according to 

the standard IEC 60076-2 [4]. 

5.1.2Transformer Bushings  

 

Porcelain and elastimold bushings are used.  Elastimold is only used for high voltage.  Refer 

to Figure 26 and 27 respectively.   
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Figure 26: Porcelain bushings  

 

 

Figure 27: Elastimold bushings  

 

Creepage distance for bushings [4]: 

• 1 kV, 250 A – 50 mm 

• 10 kV, 250 A – 295 mm 

These values are for porcelain bushings.  The creepage distance for Elastimold (plug-in 

type) is not applicable.   

5.1.3 Tank Sealing Material  

 

Sealing material on the lid is a form of Silicon structure.  It is a soft seal gasket tape. Refer to 

Figure 28 below:  
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Figure 28: Tank Sealing Material  

 

Description of material: 

SOFTSEALTM is a joint sealant consisting of 100% virgin PTFE which has been fully mono-

axially expanded by a unique process. The product is soft and easily pliable and highly 

compressible. The seal is supplied in tape form with an adhesive backing strip for easy 

installation [5]. 

Characteristics: SOFTSEALTM has a very good adaptability to uneven or warped flanges 

and does not require a high seating stress to seal effectively. It is ideal for weak flanges or 

flanges of plastic, glass or enamel etc. SOFTSEALTM has very good chemical resistance and 

very little cold flow. It does not get hard and is easy to install and remove [5]. 

5.1.4 Name plate  

 

The rating plate on the hexa-transformer has the following information:  

• Year of manufacture 

• Transformer rating and weight  

• Transformer rating  

• Type  

• Serial number  

 

Refer to Figure 29 below for the name plate illustration.  
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Figure 29: Hexa-transformer nameplate  

 

5.2 INTERIOR OBSERVATIONS  
  

The transformer was slowly opened to examine the core and core windings. The oil was 

drained prior to opening the unit.   

5.2.1 Complete Unit   

 

The unit was completely removed from the tank.  Figure 30 below illustrates the complete 

unit.  
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Figure 30: Hexa-transformer unit removed from tank  

5.2.2 Windings  

 

The core windings are made from copper material.  These are connected to the tap changer 

as illustrated in Figure 31 below.  
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Figure 31: Copper windings connected to a tap changer  

5.2.3 Cross sectional view  
 

The core was cut to obtain a set of windings for further inspection. A cross sectional view of 

the core is illustrated in Figure 32 below.  The hexagonal shape of the core can be seen.  

 

Figure 32: Cross sectional view of the Hexa-transformer core 
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5.2.4 Paper Insulation  

 

Diamond duct epoxy coated insulation has been used.  The paper adhered very well to the 

windings.  Refer to Figure 33 and Figure 34 below.  

 

Figure 33: Paper insulation and HV windings  

 

 

Figure 34: Paper insulation and HV windings  
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The advantages of using diamond dotted paper are [6]:  

• Safe tolerance of axial and mechanical forces  

• Internal strengthening of oils  

• Helps in faster drying & filling as the liquid insulating agent penetrates the pressboard 

insulation   completely in a short period 

• Minimised danger of partial discharges 
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6. APPENDIX F – AUTHORIZATION  
 

6.1 ESKOM  
 

The document below is an authorization letter from Eskom Sustainability and Innovation [7].  
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6.2 HEXAFORMER AB IN SWEDEN  
 

Authorization from Hexaformer AB in Sweden is provided below [8].  
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7. CONCLUSION  
 

This report is an Appendix to the dissertation on the Evaluation of an Efficient Transformer 

Core Design.  A detailed account of the Hexa-transformer manufacturing process has been 

presented.  The transformer test procedure and results were also discussed in greater detail.  

Authorization letters from Eskom Research and Hexaformer AB for the use of diagrams and 

test data were presented.   
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