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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.



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



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.



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.



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:

e |EC 60076- Power Transformers

e |EC 60567 — Qil-filled electrical equipment

e |EC 60599 — Mineral oil — Guide to interpretation dissolved and free gas analysis
e 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]:
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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].
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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 I?R 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 I°R losses from the
impedance watts gives the stray losses of the transformer. Refer to Figure 19 below.

T = Sest anslnner

E % ? A— ammeter

& 2 S W wakimeler

¥ 33, ¥ - fraguency meter

g z3T V-volimeter

sié ' BT - polentlsl rangfonmer
| %

ﬁ%ww o

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.

18



Table 2: Hexaformer test details
Operator

Date

Test

Instrument

Date of

Used: Name: Location: SESlE Details: Calibration: ST e
Main test Resistance | Tinsley

17.02.10 | W. Brandt bay Test 5896 03.06.09 0075665/6
Main test Iron and Norma

17.02.10 | W. Brandt Copper 12.01.10 A46020306A
bay 04355

Loss

17.0240 | W. Brangt | Maintest Flashand o W20 | 140110 86100478

bay Vector Test

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 (Q) ab 0.017967
bc 0.017936
ca 0.018016
Ambient Temperature 1
(°C)
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

Supply 21 kV for 60 sec. to HV with

Applied Voltage test at LV earthed.

5% 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
The Chalmers
University of Technology conducted tests on a 100 kVA, 11/0.42kVA Hexa-transformer unit

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

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

No load Power

Type

Voltage

Im (A)

(W)
E-core 420 0.46 191
Hex core 420 0.27 156
Y%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 Tolerances Hexaformer Eskom
Values (SANS 780) Result 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 Ab 0.01793 0.01797
Test (Q)
Bc 0.1797 0.01794
Ca 0.01791 0.1802
Ambient 20.2(°C) 21(°C)
Temp (°C)
Retention 75 75
Temp (°C)
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 \ 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 | 0.025890 0.025740 0.025750
Test (Q)
Bc 0.026120 0.026050 0.025840
Ca 0.026010 0.025970 0.025780
Ambient 40 40 40
Retention 75 75 75
Temperature
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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P T

|Hexaformer TESTREPORT
1 : o i Enargy Transteanesian Ace. To 55 EN 600 76-1
; kvA Volts Amps Connection group
' . 11000 2 x25% 5,25
- 100 . :
, 420 1375 Dyn 11
E »phase transformer , 50 Hz Type: 100 11 T10M No.: VSE 09 - 0209 |
) WﬂUL&ﬂ@N TEST : ) .
Low voltage to high voltage, core and ground : 3 KV during 1 minute.
High voltage to low voltage, core and ground 28 KV during 1 minute.
Induced overyoltage test : 2% Un 150Hz 4G seconds.
MEASUREMENT OF RATIO AND CONNECTION GROUP CONTROL :
Position Tap L Tap 2 Tap 3 Tap 4 Tap 5
A-B: a-n 47,66 48,52 45,35 44,25 43,11 - -
B-C: bn 47,66 46,52 45,38 44,25 43,11 - -
C-& 3 ¢-n 47,66 46,53 45,39 44,25 43,12 - -
MEASUREMENT OF RESISTANCES AT : 20,2°C, TAP 3 )
Position 3] Average Pasition mi Average
A-B 17,34 a-h 17,93
A-C 17,34 17,34 a-c 17,97 17,94
_B-C 17,35 - b-c 17,91,
! . a-n 9,41
- MEASUREMENT OF NO-LOAD LQSSE& 3 ]
| Pobion | Univi[ 11-12-13 [A) P1-P2-P3 (W) 10{A) PO (W)
a-b-c | 420 | 0,271 0,238 | 0,273 | 56,85 | 62,36 | 58,69 0,28 178
MEASUREMENT OF LOAD LOSSES AT: 20,2°C, TAP 3
_Position |  U1-U2-U3 (V) m{a]| P1-P2-P3 (W) Uk{V} Pk (W)
A-8-C | 469,0 | 470,1 [ 4705 | 5,25 | 4750 | 4305 | 460,3 470 1416
MEASURED ; GUARANTEED ; DEVIATION :
Mo-load losses {W} 178 170 4,6%
No-load currant {35} 1,20 -
Load losses at 75°C (W} 1645 1600 2,8%
Impedance voltage (%) 4,35 4 8,09%
Total losses (W) 1823 1770 3,0%
Vastervik: 20031111 | CUSTOMER / COMMENT:
This test is carried out by :
Beniy Lirking
scpented : 7 /opree- |
Thilg pmduct is free from pcb (<1ppim) scrar %EG Eﬁm DN 515%“%?1
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3.8.2 Hexaformer Test Certificate from Powertech Transformers

—

DESTA POWER MATLA I
ROUTINE TEST CERTIFICATE Besis rumar aits
CUSTOMER: - SER. No.: VEE 08-0200
frva: 0 OLTAGE: 11000/420Y [P 3Ph Qb .
VECTOR: Bynd CURRENT: B2G[13746A  |Hz  S0Hz REPORT No: -
TAPS: £2.5,250 COOLING: ONAN ,‘ |TEST DATE: 17-Fabl
TESTS GUARANTEED | TOLERANOES TRANSTORMER SERIAL HUMBERS (MEABURED VALLIES)
' YALUES (BANS T80} ]
AR 476314 £0.5% 47HEOG
TaP2 48.4973 0.5% 485200
TAPS 45,3632 #0.5% 45,3900
RATIQ TEST {TAP4 44,2592 20.5% 44,2500
TAP B 43,0051 £0.5% 43.4100
TARG
TARY
NG LOAD LOSS (W) 170 +16% 178
MAG, CLIRRENT (%) - B 0.35%
AB - - 17.3080
BC - . 17,3100
A - - 174120
REGIBTANCE TEST |
ohms} ab - . 0.017967
b . 0.017938
ce - - 0018016
{3048, TRMP, ey m 3
REF. TEWF. 7Ty 76 - 75
LOAD LOSE {4 600 + 5% 1689
REACTANCE %) o - 547
|BIFEDANCE 5 + 10% 372
|7CsT Ars ) - - 526
TEST VOLTS ) - - 3084
TESTWAITS () - - 1330
o Supply 28KV for 80 sec. to MY with LY earthed.
i=l= kT8 &
APPLIED VOLTAGE TESTS Supply Z.5HY for 60 gea. to L will HY earhed,
[IDUCED VOLTAGE TERTS 100% Increased voltage for 45 seo. 1 400 Hz.
[FSULATING MECIUN Oll tested 1o DARS 555 (asti festod ot a minimurm of 70kY),
(WVECTOR TEST Done In confunction with rati teal
FEASUREMENT OF PAINT TTICKNESS  |complywill,  SANS 780 %_[SCABCAAPE =]
TEET FOR EFFECTIVENESS OF SEALING  |Comuly will, __ BANS 760 x|
TEST FOR PHABE DISPLAGEMENT Comply with, __ SANS 780 %
NCITES
EORL Mo, 28,1087 REY 1
TESTED BY: NevlleBent_,,  [WITMESSED BY: Joate: | 17-Fab-10

/;'5‘/ E}w "‘xj/ E
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3.8.2 E-core Transformer Test Certificates

e o 4

ROUTTNE TEST CERTIFICATI

AT s

s

CAPE TOWN

Desla Pawes Haiis

ZER. ND
TUeFIFVEFOI 693702703
kWA OLTAGE #H, CA
1636 119884415 Lt
e IERENT, £, COOLING
VECTOR pyntg o 5.24.139.1 5 A
TP TEST DATE: ;
. +-3% TO =64 TN 3% STEPS st : s B0 t
TESTS 7 BUARANTEE TRANSFOMMER SERIAL W IMBERS o
c FAMTEE | 7
VALLFL%; ] 1.2 TFAE_ A |
e - et LGB FODART I DER IFO 2P FOGIIFOEFE: !
e DA% O - 48,66 4568 466 66 -
s The
RATIOS APR| 47 0 V7. 90 4789 A5
32K)
RV Ph-Fh TA. 4592 L5 52 4579
ThPL y
IV Ph-n Sé 53 4454 it 53 44753
%
TS| 4318 43.16 4336 4
TP —
TAFT
NC} Laﬂ[} U-“?Q in 3\@@ 3»’35 335 J‘?ﬁz
G415 Oy @415 v TS0
MAG, CUBRENT (%)
O 234 et iy {r
RESISTANCE | ag
18, 94000 14 0BG 313000
TEST {ohms}  lan
FHE S EHGE 19EIN00 TETUINOU
CA
FA- 58063 THTTEOOY N
ab
B--G25896 PriesTal 025750
be N
G- 035120 -~ G2E050 (R OESRA0 T
- 00260360 02TFF0— (1025780 ]
AMEB. TEMP. [ G} A0 48 40 7
REFE TEMP 75, (‘::}
';’%ili _;’,fjfg ?f";———l—?@@m*~g—~18§ﬂ!rﬁ* 1512 TEDE T
EACTANCE PR P,
 TUREDANGE (%51 4.30 4.25 4.25
- _ R DO . & L ) E ) {
TEET AWPS (A 3.3 3.9 3.2
: T VOLTS !
;r;g; :\fﬁﬂ: éﬁ,{ 316.5 310.9 306.6 o
i s T L B2ETT EEME [ ——
PRLILO VOUTAGE TESTS. |- HYr—o—TotPs eartimd w2870 KV for G0 Fec. oo
FrWo-to 8V earthad aF T ZL SRV Tér 60 sec 1
SUOER VOLTAGE TEST LV —
1: :‘;‘C:‘Tg J‘p L&f‘::;w 5. ’”“”*1mera§§€§‘vouage for o0 sec. @ 10U G/8 R
L_"” Q'ﬁ;f{_”‘ i G —restont tor SARS S55(FIlaSh LESTEd At & minimum mf ]
e "‘}E“ : o Pene—fn x.‘uu“_guv forrwith racis Yegy T T
WO
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3.8.3 Equipment Calibration Certificate by Powertech Transformers

3.8.3.1 Norma Power Analyser

Testing Metrology Technology oo ta T-Mat
N PO Box 3822, Durbanvills, 7880,
Upit @1, Ceniurion Businsss Park, Milneron.
: Tel fFax Fax (021) 551 4595,
‘ o : © - WeiNo: 4380218325 '
ABCREDITED Registralion no: CK2004/122089/23c6

LARGAATORY

Certificate of Calibration
" SANAS accredited laboratory no 165/355 ‘
The Soulh African National Accreditalion Service (SANAS] lsa mmbam? the international Leboratory
Accrediialion Coopersifon (iLAC) Mutual Recognilion Aprasmant (MRA). Thie arrangsimnt allows for the motual

recognition of tachnical lest and calibrstion date by the member socreditelion hodies vorideids. For mioee
Informalion on the smengement pleass cansull wian Bac.org




e

1. Standafds and guig@ gi

Cetrtificate of Calibraiian

Ref No Maka i Nodel Dascription Serfal Number
- 80 - _Fluke. 55004 Calibrator 72700089
106 - .- Fluke 5220A ~ Ampiifler 5150020
%7 | Sangome Weston 867.1.541 Waltmeter APG1742
35 Hart Scientlfic 1620 (2626-H) | Thermo hygrometer AB36E0
268 Array M3B00A Mulfimster gr | TVW003010756
2. Progedure

24 The UUT (Unit under test) was calibrated In temms of the manufacturers’ accuracy

( o ‘ sg:vemfaaf

Thig funmwna and rsnges ware cal
§ using a direct me

fib

i@n, nafsmnced to the manu‘lactumm rammmandsci pmcadure,

mrated by generaﬁng kn-:rwn stgnan lgveia fwm i

vu‘aawreme 1
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L3

" Certificate of Calibration

32 Input Voltage (50 Hz) -Cufrent @ 1,000 A/Power Factor @1.000

33 Power (kW)

T UUT  |Applied | Lower ;L1 o L2 L3 | Upper |Measurement
* Range lnput | Limit | Reading , Reading , Réading | Limit § Uncertainty
400 ¥ 100.0v] 980y | 40006V | 10008V | 10006V | 1010V | # TR
400V, . 1100V [ 1088V 110.07 ¥ 11009V | 110,06V | 11141 Vi +6-40°U
400 1200 VI1i88y | 12002y | 12008V | 12008V | 1212V | 28 AU
- T Y 2000V 1980V 20004V | 20008V | 20008V | 2020V | 5 RTIaEY)
AG0 W 2200V | 2478V | 220,08 V| 2s0.09V | 22010V | 2222V] 251 o°-U
400V 2800V | 2378 Y | 24003V 249_.’%2 Vol 24040V § 2424V | %5 A40*U

L1

Reading | |

L3 -

Measurement

| Reading

| Uncertainty”
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Certificate of Calibration

34 PowetF
- UuT Applied | Lower L‘l ‘. L2 L3 Upper | Measurement
Range Cnput. | Limit | Reading | Reading | Reading | Limit | Uncertainty*
1.0 1.0 -0.200 | -0.188 | -0.18084 | -0.19804 |-0.10888 | -0.202 +1L8D
C-1.0t01.0 -0.400 | -0.326 | -0.20084 | -0,30983 |-0.39004 | -0.404 +1LSD
1.0t 1.0, -0.600 -0.604 | -0.89887 | -050985 | -D.50867 | -0.806 +1L8D
1.0t 1.0 -0.800 | 0.792 | -0.70874 | -0.79678 |-0.78874| -0,808 *1LSD
-1.0101.0 =600 | -0.990 | 0.98898. 099968 | 090988 | -1.010 +11.80
-1.01.0 0.200 | 0198 | ©.20087 0.20084 | 0.20080 | 0.202 +1L8D
10010 1-0400 | 0368 | 040076 040070 | 040076 | 0404 % 1-LED
-1.0te1.0 0.600 | 0594 | 080082 060063 | 080003 | 0.608 +1L8D
.35, Povier (WA with PE@1 '

Measurament
Uncertainty®
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3.8.3.2 Fluke Tester

Testing Metrolagy Technology ce Ya T-Met
PO Box 3822, Durbanvile, 7550,
Unit &1, Centurion Businsss Park, Milnerion,
Tel fFax Fax (021) 581 4898,
Wat No ; 4380219325,

EA e

tiinEITED Reglsiration no: CK20047122089/2 300 Tastag Hetrelogy Teeknolegy

Cerlificate of Calibration

SANAS sccredited iahoratory no 165/355

The Soui Aficon Nationa) Scoreditarion Service IS4¥AS) 5 o member of the internasiona! Laboratry dvcrediioion
Coaperation {ILAC) Mwtwal Revogaition dgreement (ARA). This avremgeiesi alfows for Hie stual recoguition of teclumical
iest el exlibraiion doia by the wember seoreditation budics werldwice, For move informetion on the arrengement pleass
cansnl wusi oc.org

Manufacturer  FLUKE

Description : True RMS Multimater
Model No 2177

Seriai No 1 86100478

Asset No : Unkniown

Plant Mo : Unknown

Calibrated for : Powertsch Transformers

. Elliot Averue, Epping 2 -
Temperature P 23°C 30
Relatlve humidity . 48 % RH = 5 %RH
Dats of calibration : 14 January 2010
lssue Date 14 January 2010
Calibrated by L 2W de Witt

This sertificate i3 issued without altseation, and in accordance with the conditlons of accradiation graniad by the
SANAS. 11is a comrest record of the measursmnnis made at the time of callbraton, Copyright of this cerificate is
ewned fuintly by T Met and may not be repredused other than in full, excent with the priar writlen approval of
T-Mel. The values given in this cerbificate were correat a1 e s of cafibration, Subssguantly the accurasy will
gpend on factors such as cars exercised in handling the insument and frequenay of uss. Racalibration should
be parformed aller a pariod, which has been chossn to ensure thal, under rormal cireumstances, the instrumsnis
aeclracy ramains within the desired limits Ths reporied expanded uncerialnly is based on & standand urzertainty
rauliiplied by & coversga factor k = 2 providing = level of confidence of approximately 85%, tha uneestainty of
mesuremart higs bosn astimalied in accordance wilh te principies dsfined in the GUK, Guide o Urgeriainty of

L WMasnzurament, 150, Genave, 1893,
Technigél Sigratory Page 1 of 4
I\ da Wit
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o,

1.

Certificate of Calibration
Standards angd jags.rﬂgment

cemﬁcé}, no TM25311
e

Rof WMake Modal Deseription Serialno |
50 Fluks 55004 ___Calibrater 7270009
265 Array MAS00A Muttimeter Logger TWo0001078 i
| 328 | Loeds and Northrup | 4045-5 Series _ Standard Resistors EQ3%8
8 Fluke 80K-40 HY Probe 5524073 ]
53 Thet Wikare Braclsion Res Box 601 ¢
2, Pracedurs
21 UUT (Unit under Test] was calibrated In terms of the manufacturer's tfypical
calivration procedure.
22 The funclione and ranges wers callbrated by generating known signai levals from the
salibrators and using the unlt fo measure known components and or conditions,
211 Calibration Procedurs Number TM 21001 was used
3. CEAN
3.1 DE Voltage
311 PrelPost Adiustmant
Apptlied Displayed Measursment
- Step Range Input ) Tolerance Reading Uncertainty
L Precal B8OV | 5000V | 49935 Vio 50085V 4,988V + 118D
i Postcal B0V | 5000V | 4.9935V10 560085V 4,998 V +1L8D
32  DBCVolts
uuT Applisd Lower Displayed Upper Measurement
Range Input Limig Reading fimit Uncertainty
| 800 mv 30.00 my 29.8 mv 30.0 my 30,1 my + 218D
800 mYy 800.0 mv 8903 mY | 5edemy BO0.6 mY #1180
B00mY | -300.0mv 2895 mY | -299.9 mv -300.4 my +1L8D
8V 50000 ; 4003V 4.939 v 5.007Y £118D
B0V 30,000V 2085V 3000V 30.04 v +1L3D0
a0V -30.000 v -28.95Y -20.90 Y -30.05 V +1L8D
- B00Y 300.000 200.6 v 2999 3003V +1L8D
1000 v 1600.0 v au7 Y 899 v 1003V + 218D
1000 Y ~10060.0 v <897 ¥ -849 1003 +2 L8D
_ '—?}l I}
Technical Signatofy Paga 2 of 4
ZW de Wit



Certificate of Calibration

33 ACVolts

ulT Applied | Lower | Displayed Upper Measurement |
Range Input i Limit Reading lirmit Uncertainty
800 my 0000mY @45 Hz | 2067 mV | 207.1 miv 303,3 mv +2LED
| 600mY | 300.00mV@1kHz | 2037 mv | 2965mv | 30BAmV | %410LS D
8y | 5000 V@ 500 He 4947V 44881y 5.053 v 210 LS
BV S000V@1kHz | 897V | 4851V | 5103V £10LSD |
&0y 5000V @ 45 Hz 4947V 49,92V 50.53 Y + 1 LSO
1A% S0.00Y @ 1 kHz 48897 V 50,05 v 51.03 ¥ +2L80
iOB00VY 100.00 Y @ 1 kHz 97.7v 100.3 ¥ 1023V +1LS8D
| 8ocy 300,00V @ 1kHz 2087V 3001V 303.3Y w1 LSD
800 W G00.00V @ 50 Hz 5877V 882V 8122V 1 LSD
1000y 10000V @ 50 Hz 987V ga7 v 1013V | %2180
34 DG Ampere
uuT Applisd Lower | Displayed | Upper | Measurement
Range Input Limit Reading itrnit Uncertainty
| B0 mA 3.000 ma 2.84 mA 3.00 mA 3,08 mA £1L8D |
| 60 A 50.000 mA 4947 mA | 48.09mA | 50.53 mA +1LED
800 mA -400.00 mA -385.7 mA | -399.9mA | -404.30 mA £1lsD
10 A -1.0000 A 0867 A -1.000 A 1.013 8 +1LSD
35 A ere
uutT Appliad Lower Displayed Upper Measurement
] Range nput Limit Reading linit Uncertainty
80 mA 3.000 mA @ 48 Hz 2.93 mA, 2.00 ma 3.08 ma +10L8D
B0 mA S0.00mA@ Tkilz | 4522mA | 4988 mA | 50.78 mA + 518D
| 600 mA 400.0mA @45 Hz | 3957 mA | 3090 mA | 406.3 mA +5L80
€00 ma A0.0mA@ TkHz | 3037 mA | 3908 mA | 408.3 mA + 518D
BA 2.000 A @ 45 Hz 1.987 A 2.001 A 2033 A + 5 LSO
10 A 2.000 A @ 1 kHz 1.94 A 200A 208 A +11.8D
3.48. Freauepcy
uuTt Applied Lewer Displayad Upper Measurement
Rangs Input limit Reading Hmit Uncertainty |
__9888Hs | 10000 Hz 5.08 Hz 0.99 Hz 10.02 Hz _£1L8D
9989 He 100,00 Hz 100.0 He 99,98 Hz 1000 Hz +1L3D
0.968 iHz 1.000 kHz 8095 Hz 968.7 Hz | 10005 Hz +1L8D
- B988kHz | 20.00kHz 19.8968 kHz | 20.00 kHz 20.02 kHz +1L80
899,99 kHz 50.00 kHz 4895 kHz | 48.98 kHz | 50.05 kHz +11L80
vy
Technics é’Signa”t’&ry Paga 3of 4
LW de Vit

Certiflcgts no TM25311



Certificate of Calibration

3.7, Resistance
uuT Appited | Lower Displayed | Upper | Measurement
Range fnput fimit Reading fimit Uneertainty
600 O 190 Q 18810 1801 0 19180 +1LED
Gk & 1900k 0 1.882k G 1.800 k) 1918 ki +1LED
B0 kO 18,00 ki 18.82 ki 19.00 k() 18,18 ki 1080 |
BO0 kO 190.0 kO 188.2 k() 189.9 ki1 181.8 kQ + 118D —
& hC 1.8C0 MO 1.882 MG 1.800 MQ 1.918 M +1L8D
50 MO 19,60 MO 18.69 M 18.98 MO | 1931 MO +1L80D
3.8  Capagitance
uuT " Applied | Lower | Displayed| Upper | Measurement
. Range lnput lirnit Reading limit Uncertainty
I 1000.00nF | 20000 nF 188.8nF | 200nF 204.4 nF 90 L8D
1160000 nF 500.00 nF 492 nf 501 nF 808 nF x10LSD |
i 10.00 uF 0.500 uF 0.474 urF 0,51 uF {.706 uF + 10LSD
39  Contingity
uur Applied Lower Pass / Fail Uppor | Measurement
Range Input limit ‘ I firmit Uncertainty
800 {1 250 . 25 (3 Beeper on Pass (0.0 £} Booper an * 1%
500 0 280 3 26 (: Beeper off Pass 28 () Beaper off 1% -
3.10  Funetlon Ohms
uuT Nominal WMeasured Masasurement
__Range Cutput Pass ! Fall _ output Uncertainty
SOMD | Open Circuit testvoltane 1.5V Pass 1.24Y 1%
100 Short Circuit currant 500 pa Fass 304 na * 1%
4, Commeis
4.1 Bold - highlights indicate out of tolersnce values
ety
Teaﬁrﬁmlﬁigna}aﬁf Page 4 of 4
W de Wittt
Cefﬁﬁca}e ro Th25317
lv

¥
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3.8.3.3 Transformer micro-ohmeter

o

T, o

AGEREDITED
LABIPATARY

TECHNOLOGY RESEARCH AND CALIBRATION
LABORATORIES

SOUTH AFRICAN NATIONAL ACCREDITATION SERVICE
LABORATORY No: 101

CERTIFICATE OF CALIB

\TION
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Bt

s 8 A& H A& B

A28 EBITES

TECHNOLOGY RESEARCH AND CALIBRATION

65 Second Avenue
LABD PATORY Albarton North

LABCRATORIES

Tel. (011) 8694831

CERTIFICATE OF CALIBRATION

Ceartificate Number
Calibration of &
Marufacturer & Typs
Serial Mumbsr
Calibrated for
Customer Address
Procedure Nurmber
Date of Calibration
Date of lasus

" Laboratory Environmeant

Reference Standards

Page 2 of 4

17637
Transformer Micro-ochmeter
Tinsley 58988 {254)
Q07565/6
Dasta Power Matla PTY Lid
Elliot Avenue, Eping Industrial 2, Cape town
014
03/0B/2008
03/08/2009
23 4 2°C, 35 to B0%rh
Teitex 0,00010 Serial No. 122371‘)

| CYew 0,0010 Serial No.00201 ¢ .

Yew ﬂ Gﬁﬂ Sar al Nn 002?1

RESISTANCE EGHANNEJ;@ Low Current Settn 1

F!AMGE
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TECHNOLOGY RESEARCH AND CALIBRATION
oo orren LABORATORIES
Lepg ATy 88 Sscond Avenue
: Alberton North Tel. {011) 869-4831
CERTIFICATE OF CALIBRATION
Certificate Number : 175637 Page 3 of 4
Manufacturer & Type Tinsiey 5895 Micro-shmeter
Serial Number 007585/8
RESISTANCE [CHANNEL 2 2 @ Low Current Settin Setting]
RANGE APPLIED Q) DISPLAY {0 % ERROR
1miz {104) 1,00008m0 0,9897m0 0,04
0,100000me2 0,0998m 0,10
- 10ma (104) 10,0002m0 10,001m +0,01
{ 1,000 me 1.002mi2 - #0118
89.982miy - 299, 98m -0,02

" 100ma (5A)

o mé@omn
e mma

'ﬂO Q’!Jmf&

g *Gurrant S“eﬂmgl e B
APPL&ED EWI DEESPLAY m}

@39@3%11@ 7
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TECHNOLOGY RESEARCH AND CALIBRATION
LABORATORIES

e o AT

AGaR BERITED

LASE I ATRRY 65 Second Avenus
Alberton N@[’ﬁh Tel, (011} 8689-4831

CERTIFICATE OF CALIBRATION

Certificate Number : 17837 Paye 4 of 4
Marufecturer & Type : Tinsley 5896 Micro-ohmeter
Serial Number : 2075656

RESISTANCE [CHANNEL 2 @ High Current Setting]

RANGE APPLIED {f) DISPLAY {12) % ERFOR
1mo (254) 1,00008m0 1,0004m0 +0,03
0, 10000me 0,1004ms3 +0,10
_ 10mQ (254) 9,2520mc) 8.247me) 0,05
(. = 1,0000ma 1,000me 0,00
S 100mO(104) . 1 99.882m0 . 99.93ma -0,05 -
e e B 0,000me e | SAeodme ] s0400
a030:- ‘ Fo DA
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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 B C
A PHASE | BPHASE | CPHASE | AVE. | PHASE PHASE 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.
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Volts / Watts Curve

600 7

500

400 -

Volts

300 [}

200

100

T T T T
2.44 188 445 822 134 170 232 271 336 403

Figure 20: Eskom/Powertech Voltage/watt curve

The magnetization curve is illustrated in Figure 21 below.
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4.1.2 Tests conducted by Hexaformer AB in Sweden

600

Magnitisation curve for Hexaform core

AL———_—

500

400

L

/

Volt

300

200

—o— Watt Loss

—8— VA Magnetisation

0

V

0

100

200

300 400

Watt and VA

500

600

700

Figure 21: Eskom/Powertech magnetization curve

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
A B C A B C
VOLTS | PHASE || PHASE || PHASE || AVE. | PHASE || PHASE || PHASE || SUM Amps | Volts | Watts

42 0.039 0.038 0.037 |f 0.038 0.89 0.85 0.85 2.6 10% 0.038 42 2.6 10%
126 0.091 0.087 0.089 |f 0.089 6.42 6.19 6.33 18.9 30% 0.089 126 18.9 30%
210 0.143 0.139 0.142 |l 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 |f 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 7413 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 |f 0.502 | 103.62 || 102.09 |[ 103.32 || 309.0 | 120% | 0.502 504 | 309.0 | 120%
525 1.064 1.061 0.998 |f 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.

Volts / Watts Curve

600 1

500

400

\A/attc

§ 500 ]

200

100

2.6 189 47.5 884 143.8180.0227.7 262.2309.0374.8

Figure 22: Hexaformer AB Voltage/watt curve

The magnetization curve is illustrated in Figure 23 below.
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Magnitisation curve for Hexaform core

600
500 /
400 /
300

/ ——Watt Loss
200

—8— VA Magnetisation

Volt
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0.0 200.0 400.0 600.0 800.0 1000.0 1200.0 1400.0

Watt and VA

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:

e 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;

e 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.

e 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]:

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

e Dielectric strength
e Water content

e Tandelta

e 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
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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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) €skom

Techaloal Support Senvices
Labooutory Services

Private Bog 40175
CLEVELAND 2022

+27 11 528 5328

Customer Reference : DRS001.07/898080
Sample Description :  ELECTRIGAL LABORATORY EXPERIMENT
This repor! include(s) sampla(s) from LAB-ELECTRICAL taken on 08 Sop 2010
This repori contains the following samples:

2200739

i

Task Approvet By :

Designation :

Tel No. :

Fax No, : +27 11 629 5680

Ente |“P rises +27 41 620 5690
Laboratory Services
Task Report
Customer Details
Custorer: THS CONSULTING Task ID LS2010-010678
Address: PRIVATE BAG 40175 Registered Date 10 Sep 2010
GLEVELAND Completion Date
2084
: )Gusmmeu' Contact details
Y TelMe.: 011 628 5360 Copy To : A. LOMBARD
Fax Ne.: 038 638 5360 Tel No.: 011 820 5360
Requestor: A LOMBARD Fax No.: 085 568 5380
Report Completed By:
Task Name : ROUTHNE
Task Type : PET-ADHOCH-TX-OIL
Besaription : WKV, TAN DELTA AND FCB ANALYSES
Task Comiment : SAMPLE RECEIVED IN GOOD CONDITION
Number of Samples @ i

Page 1 of 3 This report relates onfy Yo tis spscific sample(s) tasted as identited fersin,

The test resulis do not & o any shfllar fent 1hat higs nat besn tested.
17 Sep 2010 PRy to any

anas

Etvdalonaie
RS cavnd

Testing Lab Heo: TE#ES
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PET-2010-09-08/4416 2208739 L82010-010876
Bifa Emergency Sample
Posltfon Wark order no,
Sample Point Sample Container Varlous
Make Date Sampled 08 Sep 2010
Serial Number Date Revelved 10 Sep 2010
Plant Voltaga (v} Date Logged 10 Sep 2010
Capacity (MVA) Date Authorised
Ol Valume {1} Transformer Polnt Note LAB-ELECTRICAL

Bampling Reason LABORATORY EXPERIMEN

Bample Candltion GOOD

| Diste Bampled s/
| Sarwie D EE
Analyais | Cemponsnt Resull § Result 2 Result3 | Unsertsiniy] Acoredited | Specification | Nethod

Trangfoener O Dielsotrio Strangih-neoredited Teat Autherised by Hlsaghve Nalma
[Ftecirts Strongth (v ) | N a| ves | [0t rovs
Wolsture in OI ~acorediied Tast Authorised by: Hiznghws Nzioa
IMointure Reading { gy 3 | 2 | of ves | [mz0z et
P@tyﬁ?&tmﬂnﬂté;d Elphanys i oif Aute Texst Autherised by Flills Boseh

lpee (ppm) ] [« ] o Yo | e

| FenDelasso e TestAuthaslsed by, Hiesghs Neiva
[re Dete st 50 © | [ oms | o me | [rot. 0 247

Sample Comments:

The sample cordforms to the ESP 32-408 specificaiion with regards to moisture, slesiiz strength and tan delta

tests,

The sample is classified as PCE fres material which 18 level 0 according io the SANS 200:2007 edition1, as
the PCB concaniration Is helow mafkg.

Page 2 af 3
17 Sap 2010

This raport redatas anly ts the specliie samplels) tested as ideniificd horalin
Tiie test resuiis do not apply to any sheflar tem that hee not been tested.

Tesling Lal Ne: TUOSE
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The acceptance of an ltem for fest and issus of a certificate of analysis are to the requirements In the Eskom
Holdings GA Manual.

1.

If pubilished or reproduced by the client a test report shall be reproduced in fulf, e, the reproduction shall
cantein the printed as wall as the typed parts of the report, nothing exempled. In special circumstances sn
abridged form of the repori or certain parts of the report may be published or raproduced, provided that the
abridged form or partial version of the repoit Is approved in writing by the responsible Manager before
publication or issue,

. A ceriliicate of anslysis relates only to an lem submitted for the actual test. It furnishes or Implies ne

guarentes whatsoaver in respect of a similar liem that hes not been tested,

. Whille every andsavour will bs made fo ensure that a test is representalive and accurately performed, and
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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:

e Bushing sealing materials and technology
¢ Mounting detalil

e Paint and corrosion protection

e Photographic evidence of the complete unit

e 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 27: Elastimold bushings

Creepage distance for bushings [4]:

e 1kV,250 A—-50 mm
e 10KkV,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:

SOFTSEAL™ 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: SOFTSEAL™ 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. SOFTSEAL™ 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:

e Year of manufacture

e Transformer rating and weight
e Transformer rating

e Type

e 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]:

e Safe tolerance of axial and mechanical forces

¢ Internal strengthening of oils

e 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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® €Eskom

Further Studies Committes Date:
18 January 2810

Enguirles: P Luichman
Tel +27 11 628 5208

Daar Sifldadam
Application for further studies : Poonam Lutchman {Unique number 04110060}

Ms Poonam Lutchman g currently emploved as an enginser in fraining In the Generators and
Transformers section within the Resources and Integrity department of Sustainability and
Innovation. It s hereby requested that considaration be given lowards supporting & study towards
an MSc in Electrical Enginesring. The MSe is & full thesis to be done on a pari-time basie at the
Witwatsrsrand Usniversity In South Africa. The MBe will focus on fransformer cors efficisncy.

Transfermars form an integral part of Eskont's elecirical grid. The MSc in transtormer core design
would be aimed at evaluating the Hexaformer distribution Transformer for use within Eskom.  An
efficiency of 10 — 15 % has been clalimed. This needs to be verified. A 100 KVA transformer used
by Eskom has no-load losses of 300 W, This resulls in 300 KW of losses per flest of 1000
fransformers. The Hexsformer fransformer is claimed o have no-load losses of 145 W, half that
of & conventional E-core transformer as used by Eskom. This resulls in savings of half the power
fost by Eskem in this size of fransformer, namely 100 kKVA. The lifespan of the trensformer and
maintenance considerations are included in the scope of work,

If proven successful, the project has the potsntial to reduce Eskom's fransformer fleet losses
substantially, The MSc would also equip Ms Lutchman with the relevant skills needed to tackle a
full research project independsntly and would aid in ensuring & more effective output delivery of
research projects. It would aid in her development s follows:

Project Managemesni

Research Aspsacls

Testing ~ Laboratories (Eskom, Powertech, Wits)

Transformer Dasign

Business underatanding

Finance and Lifs Assessment of Transformers

| support the application and hope you will proceed with the process of funding her further
studies.

Sustalnabllity and ‘nnovation

Carporats Services Division

Sostainabilly and Innovation Deparfmend

PO 40178 Claveland 2022, South Alrlea

Tal +27 11 828 5312 Fax + DIB5323270www nskaom,.co.za

Direciors: PM hMakwana {Acting Chalrman) LCZ Celo 8D Dube LG Josefsson (Swedish) HB Les (Koreon)
WE Lucas-Bull ] Mirenge (Rwandar) JRD Madise Al Morgan U Mene PS O'Flaberty® {*Executive Director)
Company Seeretary: Vacant

Eskom Heldings Limlted Reg No 2002/415527/06
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6.2 HEXAFORMER AB IN SWEDEN

Authorization from Hexaformer AB in Sweden is provided below [8].
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Re: authorisation

To who it may concern,

Hexaformer™ ¢*”

o

Vistervik, 2011-09-08

We hereby authorize Poonam Lutchnam to use the pictures and the test reports provided by

Hexaformer for the Master of Science report that she is currently writing.

Yours truly

Richard Arbus
Director of Sales

Hexaformer AB

Hexaformer AB/Hexaformer Produktion AB
Lysingsvigen 18

593 53 VASTERVIK

Sweden

Phone: +46-490410100
Fax: +46-490-316 41
sales@hexaformer.com
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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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