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FOREWORD

The last decade has witnessed technological
advancements in all the facets of power sector including
substation related issues. There has been a dramatic shift
in all its facets design, O&M of substation equipment and
testing technology of equipments and relays. Modern
\ sub-stations are using innovative technologies equipped

with reliable and sophisticated protection relays. Testing

equipments with new and enhanced features are available to protection engineers

with the aim of improving performance of the power system. The technological
development and use of state of art instruments make the testing of foolproof and
efficient to protect costly EHV equipment. Therefore, continued technology adoption
for all power engineers becomes very important.

Keeping these aspects in view, a practical guideline for using new
sophisticated testing equipments and correct testing procedure has become very
important. In the | a st review meeting held in August o
issue and | am very happy tolearnt hat T&C Wing has prepared
commissioning and Periodical Testing of relays and EHV Equipmento . I hi ghl
appreciate the efforts of the committee in bringing out an up to date and practical
document within a very short time. 1 hope that this Manual will provide valuable
information and guidance to new and young protection engineers for testing
procedures and taking effective and correct actions. | request all engineers to send
their valuable comments / suggestions on Manual to office of CE (T&C), so that the

next edition of the Manual can be improved.

Managing Director
MPPTCL, Jabalpur



PREFACE
The transmission capacity of M.P. Power Transmission Company
Limited increased substantially over the years touching almost
15000 MW. The company has 333 nos. EHV sub-stations
including 9 nos. 400 KV Sub-stations. Even though the electrical

equipments are generally designed for a life span of 25-35 years,

there have been failures of equipment before their expected life
due to inadequate maintenance besides other reasons like poor quality of material,
poor workmanship, manufacturing techniques, environmental effects, unexpected
continuous over voltages etc. The failure of equipments leads to outage of
transmission elements and disruption in power supply. Conditioning monitoring of
equipment has become very important to minimise failure of equipment. In recent
years new testing equipments have been made available to field engineers.
Numerical relays of different make have been introduced in the system. Since
beginning in T&C wing testing procedures have been taught to next generation of
engineers through hands on training. There are no such written procedures or
documents available for most of the end to end testing of equipment. There is also
big gap between senior engineers and young engineers in the organization. It has
also been felt that although modern smart kits are now available for young engineers
but they are not well acquainted with philosophy and importance of testing
procedures. Due to lack of knowledge sometimes important features of the kits and
numerical relays have been ignored.

Thus to fill the gap between old and proven procedures/ methods and
handling of new smart kits it has been felt that a written document is essential which
will give correct guidelines for testing of equipment in easy way and can also be
referred if some doubts arises during testing. A review meeting was held in the
mont h of Augd6l7 between senior field
the company. During meeting Hondbl e MD
and stressed to prepare a manual on testing procedures of substation equipment
and relays.

A committee was formed to prepare such manual comprising of senior and
young engineers headed by Shri Praveen Kumar Gargava, SE (T&C) Sagar. | am
pleased that committee has tremendously contributed and completed manual in a
very short span. Without their inputs, this manual would have remained just a

concept.

engi nce

emph



As this is first edition of manual, it is possible that some important points might have
been missed. | coming years more new testing equipment will be introduced in the
system, technology update will be there, our field engineers will also give their
valuable feedback. Hence, | expect that soon more refined, useful and updated
edition of testing manual will be published.

lac knowl edge with thanks to Hono6bl e
Testing Manual and | am confident that the guidelines given in the Manual, if
followed religiously, would minimise outage of sub-station equipment.

| also express my thanks to Er. D.C. Jain under whose tenure as CE (T&C)
the preparation of manual was initiated and completed in the form of soft copy. It was
only because of his adept guidance and constant motivation that the publication of

this manual could be materialised.

Hhmakun

i, T
( F. D. Thakur )

Chief Engineer (T&C)
MPPTCL, Jabalpur

MD

f
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CHPATER-1
POWER TRANSFOREMR

TESTING
Er. P.K. Gargava Er. Pranay Joshi

INTRODUCTION

The Power Transformers are very important and costliest equipments in any Power
Grid network including the Grid Network of M.P. Power Transmission Co Ltd(MPPTCL).
They are basically installed in Grid Sub stations. The Grid network of MPPTCL consists of
400 KV and 220 KV and 132 KV Substations having transmission lines and the Power
Transformers. The Power Transformers in Grid S/S are used for transforming voltages from
one level to another without changing the supply frequency (Definition of the Transformer). In
MPPTCL the Voltages are transformed from 400 KV to 220 KV, 220 KV to 132 KV, 220 KV
TO 33 KV and from 132 KV to 33 KV.

Classification of Transformer
In MPPTCL Power Transformer are classified by voltage class as:

400 KV Class

1 400/220/33 KV 315 MVA Auto Transformer having three windings HV(440Kkv),
IV(220kv) & LV(33kv)

220 KV Class
1 220/132/33 KV 125 & 160 MVA Auto Transformer having three windings HV (220kv),
IV (132kv) & LV (33kv).

1 200/33/33 KV 100 MVA Three winding Transformer HV (220kv), LV1 (33kv) & LV2
(33kv).

1 200/33 KV 100 MVA Two winding Transformer HV(220kv), & LV (33kv)

132 KV Class
1 132/33 KV 20, 40, 50 & 63 MVA Two winding Transformer having HV (132kv) & LV
(33kv).

These auto transformers have their main winding star connected with the neutral solidly
earthed. They also have a 33/11 KV delta connected tertiary winding with MVA Capacity
1/3" of that Transformer rating to connect phase compensating devices like shunt
capacitors, static var compensators etc. When not needed, the tertiary is kept idle.

TESTING OF TRANSFORMER
The following Tests are specified in 1S:2026 (Part 1), specification for power

transformers, Part-l, General:

TYPE TESTS:

1 Measurement of winding resistance.



Measurement of Voltage ratio and check of Voltage Vector relationship.

Measurement of impedance voltage/short circuit impedance (principal tapping) and
load loss.

Measurement of no load loss and current.

Measurement of insulation resistance.

Dielectric tests

Temperature rise test

Tests on ON-LOAD tap-changers, where appropriate

C = —a _a _a _a = —a

ROUTINE TESTS
Measurement of Winding resistance.
Measurement of Voltage ratio and check of voltage vector relationship.
Measurement of impedance voltage/short circuit impedance (Principal tapping and
load loss)
Measurement of no-load loss and current.
Measurement of insulation resistance.
Dielectric tests

Tests on ON-LOAD tap-changers, where appropriate.

SPECIAL TESTS:

Dielectric tests

Measurement of Zero-sequence impedance of three phase transformers.
Short circuit test.

Measurement of acoustic noise level.

Measurement of harmonics of the no-load current.

Measurement of the power taken by the fans and oil pumps.

= —a —a —a —a —a [T] = =4 - =9 = =4 =9

TESTS CARRIED OUT AT FACTORY:

Type/Routine/Special tests if any as specified by the MPPTCL in the P.O.
specification will be done at the factory by the transformer manufacturer in the presence of
the nominated Engineer of the MPPTCL. The test results will be authenticated by the
Manuf acturerdds Engineer and the MPPTCL Engineer
MPPTCL for acceptance.

TESTS CARRIED OUT AT SITE:
A transformer may be tested at site under the following circumstances.
T A new or second hand/ repaired transformer to be commissioned :- Pre-
commissioning tests to be done.
 Tests to be conducted to determine the healthiness or other-wise of the
transformer that has been taken out of service on the actuation of

Buchholz/Differential relay or on observing some abnormal occurrence that has

placed a question on the healthiness of the transformer :- Routine test to be

done

Pre-commissioning testing of Transformer:
After arrival of Transformer at site , thorough inspection shall be done immediately on arrival

for any damages to X-mers in transport.



Transformer received filled with ail, oil level in main tank is to be verified by
comparing the oil level shown by manufacturer before dispatch in their
document. A sample of oil shall be taken from bottom of the tank and send
the oil sample for oil parameter testing, test result found, should be
comparable as per IS 1866 and factory test result.

If X-mer received is filled with nitrogen, the nitrogen gas pressure reading
should be taken and ensure that gas pressure is positive. Dew point of N2
gas has also to be recorded with ambient temp and check wether the test
results are comparable or not .

CORE INSULATION TEST : After above Take IR value of Core to Tank ,
Core to Frame and Frame to Tank (if external provision provided) with
insulation tester at 2.5 KV or at Voltage level over which test is performed at
factory

Core-Tank-Frame are shorted to each other as shown in Figure (1) below, for
IR Value measurement remove the shorting and take the reading and note
down the result in Table(1) as shown below. The tank shall be grounded
during the test and compare the result with factory test results. In no case,

these IR value found, should be zero between Core-Tank-Frame.

-TRANSFORMER TANK

Figure (1): Core-Tank-Frame Arrangement for Testing

Terminal Test voltage IR value measurement
for 1 min
Core-Tank
Core-Frame
Frame-Tanke

Table (1): Core-Tank-Frame IR value measurement format

If any abnormality noticed from above point a to ¢ the X-mer should not be un-

loaded from the trailer and proper intimations should be given to the manufacturers and

higher authorities for necessary action.

After unloading of transformer on plinth and complete erection of main Tank, bushing,

conservator , radiators and other accessories and complete oil filling of transformer, Pre-
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commissioning test are to be perform over transformer. The Procedure of various Pre-
Commissioning test are elaborated below:

1. Ratio Test

Ratio measurements must be made on all taps to confirm the proper alignment and
operation of the tap changers. The test should preferably be performed by automatic
Transformer turns ratio (TTR) meter.

A. Using automatic Transformer turns ratio (TTR) meter.

Here Testing is describing using DV Power Three Phase transformer turn ratio tester
TRT3X as shown in Figure (2). In addition to determining the voltage transformation ratio
which is the primary objective of this test, the polarity between the windings and phase
relationship between phases can also be easily established by the ratio meter in a single
operation. Before using the ratio meter, the instruction manual for operating the ratio meter
must be carefully studied and all precautions noted therein must be followed

Thermal printer (built-in 1712 mm wide)
Numeric printout of test results

Mains power supply input
90 V- 264 VAC; 50 Hz—- 60 Hz

PC communication

USB interface H terminal

Used for connecting
H cable set

Flash drive
Used for direct downioad of
test results on a USB
memory stick

X terminal
Used for connecting
X cable set

Grounding

Used for grounding TRT308 Emergency

stop button

Used for stopping
the testin case of an
TC Control emergency:
Used for remote controlling
ofa Tap Changer LCD Screen

20 Charsacters by 4
Lines; LCD dispiay
with backlight, visibie
in bright sunlight

Alphanumeric keypad
Used for entering transformer data

Figure(2) : Front Panel of DV Power Three Phase transformer turn ratio tester TRT3X

a. Colors and marking of test cable of DV Power Three Phase transformer turn ratio
tester TRT3X shown in Table-(2)

b.
IEC Test ANSI Australian | Transformer Australian Malaysian
Test Lead
Lead Test Lead | Test Lead Terminal Test Lead Test Lead
Color IEC
Marking | Marking | Marking Voltage Colors Colors
IN HO N Neutral Blue Black Black
1U H1 A High Red Red Red
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v H2 B High Black White Yellow
1w H3 C High Yellow Blue Blue
2N X0 n Neutral Blue Black Black
2U X1 a Low Red Red Red
2V X2 b Low Black White Yellow
2W X3 c Low Yellow Blue Blue

C.

d.

Table-(2) : Test lead marking and color

Figure (3) Shows the connection of TRT3X turn ratio tester to 3-Ph Auto-
transformer, HV Test cable lead H1(Red), H2(Yellow),H3(Blue) and HO(Black)
Connected to Transformer HV-1U,1V,1W and N respectively and LV Test cable lead
X1(Red), X2(Yellow),X3(Blue) and XO(Black) Connected to Transformer LV-
2U,2V,2W and N.

turn ratio kit01.jpg
Type: JPEG Image
Size: 105 KB

Dimension: 956 x 398 pixels

Figure(3): Example of connecting TRT3x to a three-phase autotransformer

If the three-phase transformer autotransformer has a tertiary winding, it should be
tested the same way as the secondary. The transformer is energized using the high
voltage windings. Test leads 2U, 2V, 2W and 2N (X1, X2, X3 and XO0) are in this case
connected to the tertiary winding of the transformer.

Figure (4) Shows the connection of TRT3X turn ratio tester to 3-Ph conventional
two winding transformer. HV Test cable lead H1(Red), H2(Black),H3(Yellow) and
HO(Blue) Connected to Transformer HV-1U,1V,1W and 1N respectively and LV Test
cable lead X1(Red), X2(Black),X3(Yellow) and X0(Blue) Connected to Transformer
LV-2U,2V,2W and 2N

12




High voltage
winding

Low voltage
winding

W\2u 2wWi )

Neutral

Securely i

(1 point not
separated 2N accessible
test cable

Figure(4): Example of connecting TRT3x to a three-phase conventional Two winding
transformer

f. Figure (5) Shows the connection of TRT3X turn ratio tester to 1-Ph Auto-
transformer,. HV Test cable lead H1(Red) and HO(Blue) Connected to Transformer
HV-1U and 1N respectively and LV Test cable lead X1(Red) and XO(Blue)

Connected to Transformer LV-2U and 2N.

Figure(5): Example of connecting TRT3x to a single-phase autotransformer

g. Figure (6) Shows the connection of TRT3X turn ratio tester to 1-Ph conventional
two winding transformer,. HV Test cable lead H1(Red) and HO(Blue) Connected to
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Transformer HV-1U and 1N respectively and LV Test cable lead X1(Red) and
X0(Blue) Connected to Transformer LV-2U and 2N.

HV Winding LV Winding

Figure(6) Example of connecting TRT3x to a single-phase conventional Two winding

transformer

h. Single Phase Test Mode of TRT3X :

l

If the test object is a three-phase transformer or three-phase
autotransformer, the single-phase test is performed by applying a single-
phase test voltage to each of the three H terminals in turns. The voltages
across each of the corresponding X terminals are then measured. The ratio
of these voltages is calculated and presented on the display. It is repeated
for all three phases automatically, based on the selected/detected
transformer vector group

If the test object is a single-phase transformer or single-phase
autotransformer, the TRT3x will apply one single-phase test voltage
between selected H terminals, and will measure voltage across selected X

terminals

i. Three Phase Test mode of TRT3X:

l

The TRT3x will apply true three-phase test voltage between the terminals
1U-1V-1W (H1-H2-H3, A-B-C), and will measure a three-phase voltage
between the terminals 2U-2V-2W (X1-X2-X3, a-b-c). Three turns ratios are

calculated, as per the Table 3

Applied voltage Measured voltage
Phase
between terminals between terminals
1U-1V 2U-2Vv
A H1-H2 X1-X2

14



A-B a-b

1V-1W 2V-2W

B H2-H3 X2-X3
B-C b-c

1W-1U 2wW-2U

C H3-H1 X3-X1
C-A c-a

Table-3 : Three Phase Turn Ratio
j- Viewing Result : When the test is completed, the TRT3x automatically displays the

test results as shown in Figure(7) To scroll between all the results, z and & should

be used.
location
Calculated
~_ Measured turns
ratio
turns rati <+— deviations
for all thr <«—— for all three
phases phases
Measured Measured
hase
_ excitation . :
currents for angles forall
three phases three:phases: .
Transformer
vector group

Figure(7) : Results after test

k. Results of the transformation turns or voltage ratio are absolute, and may be
compared with the specified values measured during factory testing. The turns ratio
tolerance should be within 0.5 % of the nameplate specifications

B.  When automatic Transformer turns ratio (TTR) meter not available.

When a ratio meter is not available, the ratio may be determined by using testing
board as shown in Figure(8) .connect all three phases of HV,IV,LV and Neutral Bushing
top through insulated wire at respected terminal marked on testing board and testing is done
in steps as elaborated below:

a. 3-Phase Supply given to the HV winding of the transformer terminal 1U-1V-1W and
measuring the voltage applied to the H.V. side i.e. 1U-1V,1V-1IW & 1W-1U and

measure the voltage induced in the LV Windings by taking measurement at the LV

15



terminals i.e 2U-2V,2V-2W & 2W-2U and then calculate the ratio and note down the
result as shown in Table(4) .

TAP
NO

STD.
RATIO

MEASURED RATIO & % DEVIATION

1U-1V/2U-
2V

%
DEV

1v-
1W/2V-
2W

%
DEV

1W-1U/2W-2U

%
DEV

Table-(4) : Format for Three Phase Turn Ratio

b. % Deviation is calculated from formula = (Cal. Ratio i Std. Ratio)/Std. ratio * 100

Where Cal. Ratio is Calculated ratio and Std. Ratio is Standard Ratio of Transformer.

c. % Deviation should be less then <+- 0.5 %

d. Thisis not an accurate method, as the instruments used to measure the voltage may

not have the required accuracy.

e. The ratio is to be determined at all the taps. The test can be started from one

extreme tap and measurement taken for each tap up to the other extreme by

operating the OLTC without switching off supply voltage while operating the OLTC.

Increase or decrease in the LV side voltage for each tap should more or less

correspond to the percentage mentioned for that tap in the name-plate.

1 Magnetic Balance Test.

This test is a low voltage test conducted at factory and site by applying single phase

voltage between phase and neutral of a winding and measuring voltage induced in other two

phases of the same winding and all the three phases of other windings at Normal tap. This

test is done to find out whether the magnetic paths of the transformer core are balanced.

I. For 3-Ph Auto-transformer having tertiary winding, Figure(8) shown the Testing

Board for magnetic balance test of Transformer.
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1U 1VIWIN 2U2V2W 2N 3U 3V3W

Figure(8) Arrangement for measurement of magnetic Balance

Connect all three phases of HV,IV,LV and Neutral Bushing top through insulated

wire at respected terminal marked on above testing board as 1U,1V,1W ,2U,2V,2W &

3U,3V,3W N respectively and testing is done in three steps as elaborated below :

V  Apply 1-Ph Voltage 230 V across one phase of Highest Voltage (HV) winding
terminal and neutral i.e 1U-N, then measure Induced voltage in other two HV
terminals across neutral i.e 1V-N & 1W-N and Intermediate Voltage (IV)
Winding Terminal and neutral 2U-N,2V-N & 2W-N and Lowest Voltage (LV)
winding terminal 3U-3W,3U-3V & 3V-3W as shown in Figure(9)

||| 1PHASE MCB m m 1 PHASE VOLT METER m

FOR AUTO
TRANSFORMER

1w 1v  1U 1IN
HV
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Figure(9) Measurement of magnetic Balance when 1-ph supply given on HV side and
measure on HV,IV & LV side

Repeat the test for Remaining Two phase of HV winding i.e for 1V-N & 1W-N
and note down the result as shown in Table-5.

230V Measure Induce Voltage in Volts at Terminal

SUPPly 19y | gy 3U- 3v-
at N N 1IW-N | 2U-N | 2V-N | 2W-N 3W 3U-3V 3W

terminal

1U-N 230

1V-N 230

1W-N 230

Table-5 :1-ph 230V supply given to HV terminal and voltage measure at HV,IV &

LV Terminal

V Apply 1-Ph Voltage 230 V across one phase of Intermediate Voltage (V)
Winding Terminal and neutral i.e 2U-N, then measure Induced voltage in
other two IV terminals across neutral i.e 2V-N & 2W-N and Lowest Voltage
(LV) winding terminal 3U-3W,3U-3V & 3V-3W as shown in Figure(10).

® 6—o

FROM VARIAC

m 1PHASE MCB m m 1 PHASE VOLT METER m
3 PHASE MCB
FOR AUTO m 1 PH AC SUPPLY
TRANSFORMER

® O
2W_2v_2u

v

1w 1v 1U 1N
HV

3W_3v_3U
Lv

Figure(10) : Measurement of magnetic Balance when 1-ph supply given to IV
terminal and voltage measure a ,IV & LV

Repeat the test for Remaining Two phase of IV winding i.e 2V-N & 2W-N and
note down the result as shown in Table-6.

230V Supply Measure Induce Voltage in Volts at Terminal
at terminal 2U-N 2V-N 2W-N 3U-3W 3U-3V 3V-3W
2U-N 230
2V-N 230
2W-N 230

Table-6 :1-ph 230V supply given to IV terminal and voltage measure a ,IV & LV

Terminal
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Note:-When voltage is applied on IV side dort
HV side as due to step up phenomena high voltage is induce on HV
side which will damage the Voltage meter.
V Apply 1-Ph Voltage 230 V across one phase of Lowest Voltage (LV) winding
terminal i.e 3U-3W, then measure Induced voltage in other two LV terminals

i.e. 3U-3V & 3V-3W as shown in Figure(11)

m 1PHASEMCB m m 1 PHASE VOLT METER m ® 6—9

3 PHASE MCB
FOR AUTO
1PH AC SUPPLY
TRANSFORMER m m
FROM VARIAC
|
1w 1v 1U 1N ‘ m 2W 2V 2U m 3w_3v_3U
HV v v

Figure(11) : Measurement of magnetic Balance when 1-ph 230V supply given to
LV terminal and voltage measure LV Terminal

Repeat the test for Remaining Two phase of LV winding i.e 3U-3V & 3V-3W
and note down the result as shown in Table-7.

. Measure Induce Voltage in Volts at Terminal
230V Supply at terminal 3U-3W 3U-3V 3V-3W
3U-3W 230
3U-3V 230
3V-3W 230
Table-7 :1-ph 230V supply given to LV terminal and voltage measure LV
Terminal
Note:-When voltage is applied on |1V side dor

HV & LV side as due to step up phenomena high voltage is induce on
HV side which will damage the Voltage meter.

V Compare the measured result with factory test results and the identical results

confirm no damage due to transportation.
m. For 3-Ph Conventional transformer having Two Winding or Three Winding,

Figure(8) shown the Testing Board for testing magnetic balance test of Transformer
connect all three phases of HV,LV and Neutral Bushing top through insulated wire at
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respected terminal marked on testing board as 1U,1V,1W ,2U,2V,2W & 1N,2N
respectively and testing is done in three steps as elaborated below:

V Apply 1-Ph Voltage 230 V across one phase of Highest Voltage (HV) winding
terminal and neutral i.e 1U-N, then measure Induced voltage in other two HV
terminals across neutral i.e 1V-N & 1W-N and Low Voltage (LV) Winding
Terminal and neutral 2U-N,2V-N & 2W-N as shown in Figure(12).

L PHASE MCB | m 1 PHASE VOLT METER m ® ¢6—9

3 PHASE MCB

FOR TWO WINDING

m 1PHAC SUPPLY m

TRANSFORMER o vaRIAC
® O oe O
W 1V 1U IN| [2N 2w 2v 2u
HV LV

Figure(12) : Measurement of Magnetic Balance when 1-ph 230V supply given to
HV terminal and voltage measure at HV & LV

Repeat the test for Remaining Two phase of HV winding i.e. 1V-N & 1W-N
and note down the result as shown in Table-8.

230V Supply Measure Induce Voltage at Terminal
at terminal 1U-N 1V-N 1W-N 2U-N 2V-N 2W-N
1U-N 230
1V-N 230
1W-N 230
Table-8 :1-ph 230V supply given to HV terminal and voltage measure at HV & LV
Terminal

V  Apply 1-Ph Voltage 230 V across one phase of Low Voltage (LV) Winding
Terminal and neutral i.e 2U-N, then measure Induced voltage in other two LV
terminals across neutral i.e 2V-N & 2W-N as shown in Figure(13)

20



m m 1 PHASE VOLT METER m ® 6—9

|  1PHASEMcB
3 PHASE MCB

FOR TWO WINDING

TRANSFORMER
FROM VARIAC

m 1 PHAC SUPPLY m

1w 1v  1U 1N 2N 2W 2V 2U

HV Lv

Figure(13) : Measurement of Magnetic Balance when 1-ph 230V supply
given to LV terminal and voltage measure at LV

Repeat the test for Remaining Two phase of LV winding i.e for 2V-N & 2W-N
and note down the result as shown in Table-9.

: Measure Induce Voltage at Terminal
230V Supply at terminal 5U-N 2V-N PW-N
2U-N 230
2V-N 230
2W-N 230
Table-9 :1-ph 230V supply given to LV terminal and voltage measure on LV
Terminal

Note:-When voltage is applied on LV side
HV side as due to step up phenomena high voltage is induce on HV
side which will damage the Voltage meter.

V Compare the measured result with factory test results and the identical results

confirm no damage due to transportation.

n. Also the applied voltage may be expressed as 100% voltage and the induced voltage
may be expressed as percentage of the applied voltage. This will help in comparison
of the two results when the applied voltages are different. The voltage induced in
the centre phase shall be 50 to 90% of the applied voltage. However, when the
centre phase is excited then the voltage induced in the outer phases shall be

30 to 70% of the applied voltage

2 Magnetizing current Test :

This test is performed to locate defects in the magnetic core structure, shifting of
windings, failure in turn to turn insulation or problem in tap changers. These conditions

change the affective reluctance of the magnetic circuit, thus affecting the current required to
21



establish flux in the core. Abnormal value of magnetizing current can indicate inter turn short
in the windings or problem in the core like core shifting etc., So magnetizing current is a very
important parameter to be taken before commissioning a new Transformer

Note :- This test should be done before DC measurements of winding resistance
to reduce the effect of residual magnetism. Magnetizing current readings may be
effected by residual magnetism in the core. Therefore, transformer under test may be

demagnetized before commencement of magnetizing current test.

A. Using Omicron CPC-80 Capacitance and Tan Delta measurement Kit.

For 3-Ph Auto-transformer having tertiary winding: Here Testing is describing
using Omicron CPC-80 Capacitance and Tan Delta measurement kit shown in
Figure(14) for measurement of magnetizing current.

Before using the Omicron CPC-80, the instruction manual for operating the Kit must

be carefully studied and all precautions noted therein must be followed
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HV CABLE

FRONT
PANEL
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S PIN SERIAL
CONECTOR

Booster cable

Ground
terminal

Figure(14) : Omicron CPC-80 Capacitance and Tan Delta measurement kit used for

magnetizing current measurement

Setup of Omicron CPC-80 kit for measurement of magnetizing current:

Vi.

Vii.

Power Supply for Kit should be phase controlled with ground
Ground terminal of kit and supply board should be same.

Properly connect both kits via serial interphase connector and Ext. Booster
cable as per the slots shown in Figure(14) .

Connect the HV and LV leads as per slot an color code as shown in
Figure(14).

Power on the Kit and create a template of power transformer as describe in
instruction manual.

Select the Supply voltage between 0 to 10 KV at which magnetizing current
will be measure depending upon the current measuring limit of Kit.

Keep Step of variac as 5 and disable or kept OFF other ICON as shown in
Figure(16)
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Figure(15) : Omicron CPC-80 Front panel
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MEASURED QURRENT—

FREQUENCY

Figure(16) : Omicron CPC-80 Magenetizing current measurement tempalate

viii.  Now Push Start Button two times for starting the Test.
iX.  When Testing Done Result Shown on Screen as shown in Figure(16)

V For HV Side- Connect HV Lead of Testing Kit on R phase of Highest Voltage
(HV) winding terminal i.e 1U and LV Lead of Testing Kit on neutral i.e N as
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shown in Figure(17), then Start the Kit as explain above and measure
magnetizing current of HV R-phase i.e for 1U-N.

HV LEAD
LV LEAD
OMICRON
U . . 2U FOR AUTO KIT
TRANSFORMER
v 2v
w@ | @ w
i @
3W 3V 3U -TRANSFORMER TANK @ sushines

Figure(17) : Measurement of HV Magnetizing current

Repeat the test for Remaining Two phase of HV winding i.e. 1V-N & 1W-N
and note down the result as shown in Table-10.

Supply Measured Magnetizing Current
Tap No.
Voltage 1U-N 1V-N 1W-N
230V
5 KV
10 KV

Table-(10) :Measurement of Magnetizing Current of HV Terminal.

V For IV Side- Connect HV Lead of Testing Kit on R phase of Intermediate
Voltage (IV) winding terminal i.e 2U and LV Lead of Testing Kit on neutral i.e
N as shown in Figure(18), then Start the Kit as explain above and measure

magnetizing current of IV R-phase i.e for 2U-N.
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Figure(18) : Measurement of IV Magnetizing current

Repeat the test for Remaining Two phase of IV winding i.e. 2V-N & 2W-N and
note down the result as shown in Table-11.

Tap No Supply Measured Magnetizing Current
' Voltage 2U-N 2V-N 2W-N
230 V
5 KV
10 KV

Table-11 : Measurement of Magnetizing Current of IV Terminal

Note :- For IV Side measure the Magnetizing current at all taps in order
check correctness of tap Changer.

For LV Side- Connect HV Lead of Testing Kit on R phase of Low Voltage

(LV) winding terminal i.e 3U and LV Lead of Testing Kit on B phase of Low

Voltage (LV) winding terminal i.e. 3W as shown in Figure(19), then Start the

Kit as explain above and measure magnetizing current of LV R-phase i.e for

3U.
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Figure(19) : Measurement of LV Magnetizing current

Repeat the test for Remaining Two phase of LV winding i.e. 3U-3V & 3V-3W
and note down the result as shown in Table-12.

Supply Measured Magnetizing Current
Tap No.
Voltage 3U-3W 3U-3V 3V-3wW
230V
5KV
10 KV

Table-12 :Measurement of Magnetizing Current of LV Terminal.

V Compare the measured result with factory test results and the identical results

confirm no damage due to transportation.
0. For 3-Ph Conventional transformer having Two Winding or Three Winding,
V For HV Side- Connect HV Lead of Testing Kit on R phase of Highest Voltage
(HV) winding terminal i.e 1U and LV Lead of Testing Kit on neutral i.e 1N as

shown in Figure(20), then Start the Kit as explain above and measure

magnetizing current of HV R-phase i.e for 1U-N.
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Figure(20) : Measurement of HV Magnetizing current
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Repeat the test for Remaining Two phase of HV winding i.e. 1V-N & 1W-N

and note down the result as shown in Table-13

Supply Measured Magnetizing Current
Tap No.
Voltage 1U-N 1V-N 1W-N
230V
5KV
10 KV

Table-13 :Measurement of Magnetizing Current of HV Terminal.

V For LV Side- Connect HV Lead of Testing Kit on R phase of Low Voltage

(LV) winding terminal i.e 2U and LV Lead of Testing Kit on neutral i.e 2N as

shown in Figure(21), then Start the Kit as explain above and measure

magnetizing current of LV R-phase i.e for 2U-N.
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Figure(21) : Measurement of LV Magnetizing current

Repeat the test for Remaining Two phase of LV winding i.e. 2V-N & 2W-N
and note down the result as shown in Table-14.

Supply Measured Magnetizing Current
Tap No.
Voltage 2U-N 2V-N 2W-N
230V
5 KV
10 KV

Table-14 : Measurement of Magnetizing Current of LV Terminal

Note :- For LV Side measure the Magnetizing current at all taps in order

check correctness of tap Changer.

V Compare the measured result with factory test results and the identical results

confirm no damage due to transportation

p. The test values on the outside legs should be within 15 % of each other, and values
for the centre leg should not be more than either outside for a three- phase
transformers. Results compared to factory tests made under the same conditions
should not vary more than 25%. If the measured exciting current value is 50 times
higher than the value measured during Factory test, then there is likelihood of

a fault in the winding which needs further analysis.

B. When Omicron CPC-80 kit is not available.
a. For 3-Ph Auto-transformer having tertiary winding, Figure(8) shown the testing

board for testing magnetizing current of Transformer connect all three phases of
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HV,IV,LV and Neutral Bushing top through insulated wire at respected terminal
marked on testing board and testing is done in three steps as elaborated below :
V For HV Side- Apply 1-Ph Voltage 230 V across one phase of Highest Voltage
(HV) winding terminal and neutral i.e 1U-N, and measure the current with
Ammeter or Current Clamp meter in 1U phase with proper current range

selection as shown in Figure(21).

1PHASE MCB ] 1 PHASE VOLT METER

3 PHASE MCB

FOR AUTO
Cq) 1PHAC SUPPLY
FROM VARIAC

TRANSFORMER

1w 1v  1U 1N 2W 2V 2U 3W 3V 3U
HV v LV

Figure(21) : Measurement of HV Magnetizing current
Repeat the test for Remaining Two phase of HV winding i.e for 1V-N & 1W-N

and note down the result as shown in Table-15.

Tap 230 V Supply Voltage Measured Magnetizing Current in
No. At Terminal (mA)

1U-N 1U

1V-N v

1W-N 1W

Table-15 : Measurement of Magnetizing Current of HV Terminal

V For IV Side-Apply 1-Ph Voltage 230 V across one phase of Intermediate
Voltage (IV) Winding Terminal and neutral i.e 2U-N, and measure the current
with Ammeter or Current Clamp meter in 2U phase with proper current range

selection as shown in Figure(22).
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Figure(22) : Measurement of IV Magnetizing current
Repeat the test for Remaining Two phase of IV winding i.e for 2V-N & 2W-N
and note down the result as shown in Table-16.

Tap 230 V Supply Voltage Measured Magnetizing Current in
No. At Terminal (mA)

2U-N 2U

2V-N 2V

2W-N 2W

Table-16 : Measurement of Magnetizing Current of IV Terminal

Note :- For IV Side measure the Magnetizing current at all taps in order
check correctness of tap Changer.

V For LV Side-Apply 1-Ph Voltage 230 V across one phase of Lowest Voltage
(LV) winding terminal i.e 3U-3W and measure the current with Ammeter or
Current Clamp meter in 3U phase with proper current range selection as
shown in Figure(23).
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3 PHASE MCB
FOR AUTO 1 PH AC SUPPLY
TRANSFORMER FROM VARIAC
—®
(o, 00| [& @]
1w 1v  1U 1IN 2W 2V 2U 3W 3V 3U
HV v Y

Figure(23) : Measurement of LV Magnetizing current

Repeat the test for Remaining Two phase of LV winding and note down the
result as shown in Table-17.

Tap 230 V Supply Voltage Measured Magnetizing Current in
No. At Terminal (mA)

3U-3W 3U

3U-3V 3V

3V-3W 3wW

Table-17 : Measurement of Magnetizing Current of LV Terminal

V Compare the measured result with factory test results and the identical results

confirm no damage due to transportation

b. For 3-Ph Conventional transformer having Two Winding or Three Winding,

Figure(8) shown the testing Board for testing magnetizing current of Transformer

connect all three phases of HV , LV and Neutral Bushing top through insulated wire

at respected terminal marked on testing board and testing is done in three steps as

elaborated below:

V For HV Side- Apply 1-Ph Voltage 230 V across one phase of Highest Voltage

(HV) winding terminal and neutral i.e 1U-N, and measure the current with

Ammeter or Current Clamp meter in 1U phase with proper current range

selection as shown in Figure(24)
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Repeat the test for Remaining Two phase of HV winding i.e for 1V-N & 1W-N

and note down the result as shown in Table-18.

Tap 230 V Supply Voltage Measured Magnetizing Current in
No. At Terminal (mA)

1U-N 1uU

1V-N 1v

1W-N 1w

Table-18 : Measurement of Magnetizing Current of HV Terminal

V For LV Side-Apply 1-Ph Voltage 230 V across one phase of Intermediate
Voltage (IV) Winding Terminal and neutral i.e 2U-N, and measure the current
with Ammeter or Current Clamp meter in 2U phase with proper current range

selection as shown in Figure(25).
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Figure(25) : Measurement of LV Magnetizing current

Repeat the test for Remaining Two phase of LV winding i.e for 2V-N & 2W-N

and note down the result as shown in Table-19

Tap 230 V Supply Voltage Measured Magnetizing Current in
No. At Terminal (mA)

2U-N 2U

2V-N 2V

2W-N 2W

Table-19 : Measurement of Magnetizing Current of LV Terminal

Note :- For LV Side measure the Magnetizing current at all taps in order

check correctness of tap Changer..

V Compare the measured result with factory test results and the identical results

confirm no damage due to transportation

c. The test values on the outside legs should be within 15 % of each other, and values

for the centre leg should not be more than either outside for a three- phase

transformers. Results compared to factory tests made under the same conditions

should not vary more than 25%. If the measured exciting current value is 50 times

higher than the value measured during Factory test, then there is likelihood of

a fault in the winding which needs further analysis
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3 Vector group test
Vector group test is done to determine the phase relation ship of transformer. It very

important in order to paralleling or banking two or more transformers. Phase-relation tests
are made to determine angular displacement and relative phase sequence. Phase-relation or
vector group verification test is performed on a three phase transformer or on a bank of three
single-phase transformers.

.Vector group of transformer is also tested by automatic Transformer turns ratio (TTR)
meter as shown in Figure(2) and the procedure for testing vector group is same as turn ratio
testing as describe in Para 1.A.

a. When a ratio meter is not available, the vector group may be determined by using
testing Board as shown in Figure(8). connect all three phases of HV,IV,LV and
Neutral Bushing top through insulated wire at respected terminal marked on testing
board and testing is done in steps as elaborated below:

b. For 3-Ph Auto-transformer with tertiary winding having Vector group YNaOd11
testing is done in steps elaborated below:

1. Connected 1U and 3U terminal together in the arrangement as shown in
Figure(26) and 3-Ph supply given to HV terminal i.e on 1U-1V-1W.

1U,3U

1W v

Figure(26) : Connection Diagram for Vector group test of Auto X-mert

2. Now measure the voltages between the terminal as given in factory test
result for verification of Vetor Group YNaOd11

3. As per factory test result , Measure the Voltage between terminal as:

. 1V-2V
. 1v-2w
. 1v-3v
V. 1V-3W
V. 1wW-2U
VI, 1W-2Vv
VIl. 1W-3V
VI, 1IW-3W
IX. 1U-N
X. 1U-2U
XI. 2U-N

4. Now for vector group YNaOd11 , following are the condition to verify the
vector group,
If, I=11=V=VI,
IX=(X+Xl)
n=1v= Vi<Vl
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Then Vctor group is YNaOd11

c. For 3-Ph Two Winding transformer having Vector group YNynO testing is done
in steps elaborated below:

1. Connected 1U and 2U terminal together in the arrangement as shown in

Figure(27) : Measurement and 3-Ph supply given to HV terminal i.e on

1U-1V-1W.
1U+2U
W Vv
Figure(27) : Connection Diagram for Vector group test of Two Winding X-
mert

2. Now measure the voltages between the terminal as given in factory test
result for verification of Vetor Group YNynO
3. As per factory test result , Measure the Voltage between terminal as:

l. 1U-2W
. 1U-2v
. 1w-2w
V. 1Vv-2Vv
V. 1U-2N
VI. IN-2n
VIl. 1U-1IN

4. Now for vector group YNynO , following are the condition to verify the
vector group,
If, =1,
n=1v
V +VI=VI
Then Vector group is YNynO

4  Short Circuit test.

This test is used to detect winding movement that usually occurs due to heavy fault
current or mechanical damage during transportation or installation since dispatch from the
factory.

a. Ensure the isolation of Transformer from High Voltage & Low voltage side with
physical inspection of open condition of the concerned isolators. In case tertiary is
also connected, ensure the isolation of the same prior to commencement of testing.

b. The measurement is performed in Three Phase. This test is performed for the
combination of two winding.

c. Before commencing the test, the short circuit current is to be calculated for the
available Supply mains voltage from the percentage impedance of the transformer.

For Example
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For 315 MVA X-mer 400/220/33 KV Having %Z (HV-IV) = 11.28 % , %Z (HV-
LV) =41.97 % & %Z (IV-LV) = 26.64 % at Normal tap and HV rated current 1
455 A, IV rated Current i 827 and LV rated Current i 1837 A ( 105 MVA

base)

Now %Z (HV-IV) i.e 11.28 % of 400 KV = 45120 V will Deliver rated current of
455 A on Short Ckt of IV Side

Therefore 3-Ph Supply 440 V will deliver = (440 * 455) / 45120 = 4.43 A, Short
circuit current of HV side.

For IV Side Short circuit current = 4.43 * (400/220) = 8.06 A

Now %Z (HV-LV) i.e. 41.97 % of 400 KV = 167880 V will Deliver rated current of
455 A on Short Ckt of LV Side

Therefore 3-Ph Supply 440 V will deliver = (440 * 455) / 167880 = 1.19 A, Short
circuit current of HV side.

For LV Side Short circuit current = (1.19 * (400/33)) / 1.732=8.32 A

For 40 MVA X-mer 132/33 KV Having %Z (HV-LV) = 9.68 % , at Normal tap
and HV rated currenti 175 A and LV rated Currenti 700 A

Now %Z (HV-LV) 9.68 % of 132 KV = 12777.6 V will Deliver rated current of
175 A on Short Ckt of LV Side

Therefore 3-Ph Supply 440 V will deliver = (440 * 175) / 12777.6 = 6.02 A,
Short circuit current of HV side.

For LV Side Short circuit current = 6.02 * (132/33) = 24.08 A

d. Based on the calculated short circuit currents for the available mains voltage, the

instruments to read the HV and LV currents and the range to be selected can be

decided for the short circuit test.

e. The transformer testing Board used for Magnetic balance test is can also be used

for Short circuit current test as shown in Figure(8).

f. For 3-Ph Auto-transformer having tertiary winding, Connect all three phases of

HV,IV,LV and Neutral Bushing top through insulated wire at respected terminal
marked on above testing board as 1U,1V,1W ,2U,2V,2W & 3U,3V,3W N

respectively and testing is done in steps as elaborated below.

3-phase Supply is given to HV Side with IV side Shorted and kept LV Side
open as shown in Figure(28) and then measure the HV and IV Current using
Current Clamp Meter or Tong Tester with Neutral Grounded and without

Neutral grounded and Note down the result in Table-20 as shown below
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3 PHASE MCB .

FOR AUTO
TRANSFORMER

3 PHASE SUPPLY

‘ 1w 1v 11U 1N\
HV

Figure(28) : Measurement of Short Circuit current of HV with IV Shorted

Applied 3 Ph Voltage on HV Side with IV Shorted and LV Open

Neutral Measured Current( Amp) Applied Voltage (V)

Condition 1U 1v 1w 2U 2V 2W 1U-1Vv 1V-1W 1wW-1U
1IN

Ungrounde
d

Grounded

Table(20) :Format for Measurement of Short Circuit current of HV with IV Shorted

Il. 3-phase Supply is given to HV Side with LV side Shorted and kept IV Side
open as shown in Figure(29). and then measure the HV and LV Current using
Current Clamp Meter or Tong Tester with Neutral Grounded and without

Neutral grounded and Note down the result in Table-21 as shown below
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‘ 1w 1V 1U 1Ni
HV

Figure(29) : Measurement of Short Circuit current of HV with LV Shorted

Applied 3 Ph Voltage on HV Side with LV Shorted and | VV Open

Neutral Measured Current( Amp) Applied Voltage (V)

Condition 1U 1v 1w 3U 3V 3W 1U-1v 1vV-1w 1wW-1U
1IN

Ungrounde
d

Grounded

Table(21) :Format for Measurement of Short Circuit current of HV with LV Shorted

g. For 3-Ph Conventional Two Winding transformer , Connect all three phases of
HV,LV and Neutral Bushing top through insulated wire at respected terminal
marked on above testing board as 1U,1V,1W,1N and 2U,2V,2W, 2N respectively

and testing is done in steps as elaborated below.

I. 3-phase Supply is given to HV Side with LV side Shorted as shown in
Figure(30) and then measure the HV and LV Current using Current Clamp
Meter or Tong Tester with Neutral Grounded and without Neutral grounded

and Note down the result in Table-22 as shown in next page

39




BTN ®
FOR TWO WINDING

3 PHASE MCB

TRANSFORMER

1IW 1v 1U 1IN 2N 2W 2V 2U

HV LV

Figure(30) : Measurement of Short Circuit current of HV with LV Shorted

Applied 3 Ph Voltage on HV Side with LV Shorted
Neutral Measured Current( Amp) Applied Voltage (V)
Condition U v 1w 2U 2V 2W 1U-1Vv 1V-1W 1W-1U
AN
Ungrounde
d
Grounded

Table(22) :Format for Measurement of Short Circuit current of HV with LV Shorted

h. Compare the result with factory test result or with Theoretical calculated current The
acceptable criteria should be the measured short circuit current will be within 3
percent .Variation in short circuit of more than 3% should be considered significant
and further investigated.

5 Capacitance and Tan Delta of Transformer Windings.

Capacitance & Tan U0 measurement of Transf or mer
windings collectively (i.e. with all the windings being connected together) and the earthed
tank (earth) and between each winding and the tank at 5SKV/10KV with fully automatic test kit
so as to have reliable test result.. Before taking measurements the neutral should be
disconnected from earth. Here Testing is describing using Omicron CPC-80 Capacitance
and Tan Delta measurement kit as shown in Figure(14).
Before using the Omicron CPC-80, the instruction manual for operating the Kit must

be carefully studied and all precautions noted therein must be followed

40



Setup of Omicron CPC-80 ki t for measur ement of Capac
Transformer windings:

i.  Power Supply for Kit should be phase controlled with ground

ii.  Ground terminal of kit and supply board should be same.

iii.  Properly connect both kits via serial interphase connector and Ext. Booster
cable as per the slots shown in Figure(14) . .

iv. ~ Connect the HV and LV leads as per slot an color code as shown in
Figure(14) ..

v.  Power on the Kit and create a template of power transformer as describe in
instruction manual .

vii Selectt he Supply voltage 5 KV & 10 KV at
measures

vii.  Keep Step of variac as 20 and select Capacitanceand Tan 4 ( Cp, DF( Ta
viii.  Select the Desired test mode as UST, GST or GSTg
iXx.  Now Push Start Button two times for starting the Test.

X.  When Testing Done Result Shown on Screen as shown in Figure(31)

| MODE SELECTION

VARIAC POSITION

[ 7anDechavalue |

| CAPACITANCE VALUE |

| LEAKAGE CURRENT |

MEASURED VOLTAGE |

Figure(31): Screen showing result in different mode
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a. Figure(32) Shows the combination of capacitance between the windings and
between winding and tank (earth).Cy is the capacitance between the HV/IV winding
and grounded tank and core, C, is the capacitance between the LV winding and
grounded tank and core and Cy_is the capacitance between the HV/IV winding and
LV winding.

LV

—— CL

!

.h

Tank

(One of three phases shown)

Figure(32) : Capacitance between the Windings

b. Ensure that test specimen is isolated from other equipments. Removal of Jumpers

from BushingsisPre-Requi site for C & Tan U Measur ement
c. For 3-Ph Auto-transformer, Short all HV (High Voltage bushing), IV (Intermediate

Voltage Bushing) and Neutral (isolated from earth) Bushings together. Also short all

LV (Low Voltage) Bushings together as shown in Figure(33) .

0@

=
HV (I 3U
N Il |
LV ||||||||||H Oz K
W, I W

P P

Figure(33) : Top View of 3-ph Auto transformer with Shorting

Capacitance and Tan U measur ement of wi ndi
combinations as shown in Table-23
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Tes

Winding Test | Capacitanc .
nt) Combination Mode e symbol Test Lead Connection Remark
1. HV-IV/LV UST Cu HV lead of test Kit to shorted
2. HV-IVILV+ G GST Cy+ Cu | HV/IV bushing of transformer
. LV lead of test kit to shorted | LV to be
3. HV'IgL;XjW'th GSTg Cu LV bushing of transformer as | guarded
shown in Figure(34)
4, LV/HV-IV UST CuL LV lead of test Kit to shorted
5. LV+ G /HV-IV GST C.+ Cu HV/IV bushing of transformer
. HV lead of test kit to shorted | HY to be
6. | MV /g\éngw'th GSTg C. LV bushing of transformer as | guarded

shown in Figure(35)

HV

Table-23 : Winding Combination for Capacitance& Tan U measur ement f
Transformer
HV LEAD
LV LEAD
OMICRON
1 21 KIT
v vV v
W W FOR AUTO
w TRANSFORMER
E— SHORTING CONDUCTOR
-TRANSFORMER TANK
w v 3u . BUSHINGS

Figure(33) : Arrangementfor Capaci t ance & Tan U measur ement

43

or



HV

LV LEAD

1u

1w

W
1N

21

2V

2w

HV IFAD

9o

Aw v

g1

v

-TRANSFORMER

OMICRON
KIT

FOR AUTO
TRANSFORMER

————  SHORTING CONDUCTOR

. BUSHINGS

Figure(34) : Arrangementfor Capaci t ance & Tan U measur ement
d. For 3-Ph Conventional Two winding or Three Winding Transformer Short all
HV(High Voltage bushing) and HV Neutral (isolated from earth) Bushings together
and Short all LV(Low Voltage) Bushings and LV Neutral (isolated from earth)
Bushings together as shown in Figure(36).

1w T

1v

1u 1M H

HV

LV

(ﬂ

?.2.2.9-

Figure(36) : Top View of 3-ph Two Winding transformer with Shorting

Capacitance and Tan U measur ement of Wi
combinations as shown in Table-24
Tes Windin Test | Capacitanc
t aing P Test Lead Connection Remark
no Combination Mode e symbol
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1. HV/LV UST ChL HV lead of test Kit to HV/IV
2. HV/LV+ G GST Cy + Cu | bushing of transformer
. LV lead of test kit to LV |LV to be
3. HVéLVréwth GSTg o bushing of transformer as | guarded
ua shown in Figure(37)
4, LV/HV UST CuL LV lead of test Kit to HV/IV
5. LV+ G /HV GST C.+ Cu bushing of transformer
. HV lead of test kit to LV |HV to be
6. Lvéﬂzrév'th GSTg C. bushing of transformer as | guarded
shown in Figure(38)
Table-24 : Winding CombinationforCapaci t ance & Tan U measur
Conventional Two winding Transformer
HV LEAD
LV LEAD
“ OMICROMN H
FOR TWO WINDIMNG KIT
U U
. . TRANSFORMER |
av | v 2v ”
1w 2w
1N 2N
-TRANSFORMER TANK

_— SHORTIMNG CONDUCTOR

@ cushines

Figure(37) : Arrangementfor Capaci t ance & Tan +phTweWisding e ment
Transformer

HV

HW LEAD

LW LEAD

U & »
v v
1w W
1N 2N

OMICROMN
FOR TWO WINDING KIT
TRAMSFORMER
Lw
-TRAMNSFORMER TAMK
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Figure(38): Arrangementfor Capaci t ance & Tan +phTweWisding e ment f
Transformer
e. Measurement inter-check can be done by calculating

Ci=C-C3 & Cy=Cs-Cs
Where C stands for capacitance attached suff
above Table-23 & 24
f. Compare the measured result with factory test results, the accepted deviation from
the values measured at factory tests should be less than 10%.
g. Tandelta(@) of Wi nding at 20eC should be | ess the

6 Capacitance and Tan Delta of Bushings

Capacitance & Tan U0 measur ement of bufgdihi ngs s
automatic test kit so as to have reliable test result. The test kit should be suitable to work in
charged switchyard environment i.e induction suppression unit should be provided along with
double shielded leads. Here Testing is describing using Omicron Capacitance and Tan Delta
measurement kit as shown in Figure(14).

b. For 3-Ph Auto-transformer, Short all HV (High Voltage bushing), IV (Intermediate

Voltage Bushing) and Neutral (isolated from earth) Bushings together. Also short all
LV (Low Voltage) Bushings together as shown in Figure (33).

c. For 3-Ph Conventional Two winding or Three Winding Transformer Short all
HV(High Voltage bushing) and HV Neutral (isolated from earth) Bushings together
and short all LV(Low Voltage) Bushings and LV Neutral (isolated from earth)
Bushings together as shown in Figure (36)

d. The bushing porcelain and test tap are to be properly cleaned before the
commencement of tests.

e. Environmental factors like variation in temp, relative humidity, surrounding charged
object etc have great influence on measurement of dissipation factor. Care should

be taken to control the above factors during the measurement
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f.

HHHH A

R 'T(\P

Transformer
Tank Earthed

Fig. 1 (c)

Fig. 1 (b)

Figure (39) Internal Bushing Capacitance arrangement

(Tan delta (0) point ) of the Bushing which is to be tested. Figure(39) shows the
internal arrangement of Bushing. C1 is the capacitance between HV terminal of

bushing and test tap(Tan delta (0O) point

tap(Tan delta (O) point) and earth

g. Measurement of C1 Capacitance and Tan U in UST Mode :

V  Connect the crocodile clip of the HV cable to the top terminal of the any one
shorted HV/IV and LV bushings for the measurement of HV/IV, N and LV
Bushing respectively. Unscrew the test tap(Tan delta (U) point ) cover, in
order to Un-earth Tan delta (U) point insert a pin in the hole of the central
test tap stud by pressing the surrounding contact plug or remove the
earthing strip from the flange by unscrewing the screw (holding earth strip to
the flange body) as per the arrangement available in bushing at site .
Connect the LV cable to the test tap (Tan delta (U) point ) (strip/central
stud) of the bushing.

V  Apply 5KV/10KV in UST Mode from C & TAN U measurement Omicron Kit
through cable. Repeat the test for all Bushings by changing only LV lead
connection of the kit to test tap(Tan delta (t) point ) of the Bushing which is
to be tested

V  Compare the measured result with factory test results, the accepted
deviation from the values measured at factory tests should be less than
10%.

V  Tandelta(i)of bushings at 20eC should be | ess

h. Measurement of C2 Capacitanceand Tand i n GSTg Mode
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V  HV lead to be connected to the test tap(Tan delta (i) point ) of the bushing
under test (if required additional crocodile type clip may be used) and LV of
the kit to be connected to the ground. HV of the bushing is to be connected
to the Guard terminal of the test kit.

V  Apply 500V in GSTg mode from C & TAN U measurement Omicron Kit
through a screened cable. Repeat the test for all Bushings by changing only
HV lead connection of the kit to test tap

V  Compare the measured result with factory test results. The capacitance
between bushing test tap(Tan delta (U) point ) and ground is largely
influenced by the stray capacitances in the ground parts in the transformer
and hence large deviation in the measured value shall be accepted when

compared with the factory test value.

i. Do not test a bushing (new or spare) while it is in its wood shipping crate, or while it is
lying on wood. Wood is not as good an insulator as porcelain and will cause the
readings to be inaccurate. Keep the test results as a baseline record to compare with
future tests.
j. Itisto be ensured that C& Tanid measur ement of bushings andc
carried out before installation. This will prevent installation of bushings having C&
Tan U0 values beyond permissible |imits.
k. Itis to be ensured that Test Tap points are earthed immediately after carrying
out the measurements for that particular Bushing and earthing of test tap to be

ensured by carrying out continuity test

7 Insulation Resistance IR value measurement.

Objective of this test is to determine whether the Transformer is in a condition to
receive high voltages in to it and the condition of the insulations involved.

a. Factors affecting the IR value are temperature, dryness of insulations, cleanliness,
humidity, condition of oil etc .For similar designs IR values need not be same at
same temperature. It may be noted that no national / international standards
specify minimum IR values for trans-formers. The value of IR may be very low
under heavy fog or humid condition

b. During insulation resistance measurement, IR value progressively increases with the
time of application of test voltage and it reaches almost a steady value after a length
of time. Insulation resistance varies inversely with temperature and is generally
corrected to a standard temperature (usually 60 °C) using Multiplication Factor table

available in Transformer life sketch book.
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C.

15

at

Insulation resistance of transformer for different winding combination is taken at Oil
Temp. (OT) at time of testing for 15 second, 60 seconds( 1 min) and 600 seconds(10
min) at 5 KV Voltage.

. The ratio of 60 second insulation resistance to 15 second insulation resistance value

is called dielectric absorption coefficient or Index (DAI). For oil filled transformers
with class A insulation, in reasonably dried condition the absorption coefficient will be
more than 1.3.
DAI = (Reo/ R1s)
Where Rgo is the Insulation Resistance at 60 sec. & Rjsis the Insulation Resistance at
sec
Polarization Index Test is ratiometric test, insensitive to temperature variation and
may be used to predict insulation system performance. The polarization index is the
ratio of the 10 min to the 1 min mega ohm readings.
Pl = (Reoo/ Reo)
Where Rgq is the Insulation Resistance at 600 sec. & Rgo is the Insulation Resistance
60 sec
Before Starting the I.R value measurement following points must be ensure :
I. The transformer neutral is to be disconnected from ground. It should be ensured
that there are no jumpers connected on to the transformer bushings.
IIl. The bushing porcelain and test tap are to be properly cleaned before the
commencement of tests

lll. The Insulation Tester may be preferably kept on a flat wooden board or stool.
Insulation Tester leads should be strong and have a very good insulation.

IV. The HV lead between the transformer bushing connection and Insulation Tester
terminal must be kept suspended in the air by holding with a sufficiently long and
good and flexible insulation tape (glass tape or dry cotton tape for instance) so
that no part of the HV lead comes into contact with the earth or transformer body.

V. |If the transformer has been under hot oil circulation, the insulation resistance has
to be measured after the transformer has sufficiently cooled.

VI. Along with the IR values, the winding/oil temperatures at the time of test, Date
and time, details of the Insulation tester used and the weather condition are to be

noted

VII. Figure(40) below show the Front panel of Megger Make AVO BM25 Insulation

Tester
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Splashproof recess Cover

Slides back to reveal mains and
12V battery charging connections

together with instrument
protection fuses.

Voltage display

Test voltage or external voltage

=50V, together with flashing
H\. symbaols.

Display left hand cursor
Indicates selected voltage,
or the timer.

Timer display - Shows set test

duration and displays time
elapsing during test.

HV Warning - Flashes when
atestisin progress, or a

-,

™~

T~

77 7 7

On/Off Button

Press to turn On JOff. (Wsit = few
seconds for Automatc Calibration) =———

Selector Keys

1) Setvoltage ‘_-""“‘-—-___\__

|/

Food

IMEGGER BM25

Terminal Connection covers
Individually lifted to access test

with sliding recess cover.

R5232C socket
Sends test results every 5 secs
to enable download to FC.

/Flash to indicate any adverse

conditions affecting the test. Also
indicates when results of last test
are being sequentially displayed.

| — Display right hand cursor
Indicates selected Test mode.

Battery capacity Indicator

charge is excessively low.

Test Push

test and start Timer.
Press again to manually stop test.

Range Keys
1) Select test mode.
2) Adjust variable voltage.

2) Set Timer

3) Settimer. Max. 890 minutes.

g. Testing Procedure For 3-Ph Auto-transformer, Short all HV (High Voltage

bushing), IV (Intermediate Voltage Bushing) and Neutral (isolated from earth)

Bushings together. Also short all LV (Low Voltage) Bushings together as shown in

Figure(33) .

I. Now connect HV lead of Insulation Tester to the any one shorted bushing of

HV/IV winding and the ground lead of Insulation Tester connected to one of the

earth terminals of transformer tank. as shown in Figure(41).

HV LEAD
GROUND LEAD
5 KV Insulation
1U 2U Tester
HV v 2y v
1w 2W FOR AUTO
TRANSFORMER
iN
. . — SHORTING CONDUCTOR
3w v sU -TRANSFORMER TANK . BUSHINGS
v
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lead temminals. Covers interlocked

Condition and Warning indicators

L~ Segments recede as battery is
used. Symbol flashes when battery

Press for at least 1 second to initiate



Figure(41) : Showing the arrangement for measurement of IR value between
HV-E

II. Now record Insulation resistance of HV to E for 15 second, 60 seconds( 1 min)
and 600 seconds(10 min) at 5 KV Voltage & calculate DAI & Pl and note down
the result in Table(25)

[lI. Now connect HV lead of Insulation Tester to the any one shorted bushing of LV
winding and the earth lead of Insulation Tester connected to one of the earth

terminals of transformer tank. as shown in Figure(42)..

GROUND LEAD
HV LEAD

5 KV Insulation

1U 2U Tester
HY [ v 2v v
w 2w FOR AUTO
TRANSFORMER
N
—  SHORTING CONDUCTOR
3w v  3u -TRANSFORMER TANK @ sushimes

Lv

Figure(42) : Showing the arrangement for measurement of IR value between LV-E

IV. Now record Insulation resistance of LV to E for 15 second, 60 seconds( 1 min)
and 600 seconds(10 min) at 5 KV Voltage & calculate DAI & PI and note down
the result in Table(25)

V. Now connect HV lead of Insulation Tester to the any one shorted bushing of
HV/IV winding and the earth lead of Insulation Tester connected to any one

shorted bushing of LV winding of transformer tank. as shown in Figure(43).
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HV

HV LEAD

1u

v

iw
1N

GROUND LEAD

Tester

FOR AUTO
TRANSFORMER

-TRANSFORMER TANK

SHORTING CONDUCTOR

. BUSHINGS

Figure(43) : Showing the arrangement for measurement of IR value between HV-LV

VI. Now record Insulation resistance of HV to LV for 15 second, 60 seconds( 1 min)
and 600 seconds(10 min) at 5 KV Voltage & calculate DAI & Pl and note down
the result in Table(25)

Terminal Test I;Q5Value Ig/lgasurement I:\I?AI/ PI IR Value of 60 Sec

60 [¢]

Voltage | oo | ggo | B00Sec | 2°" | Rewo/ R | Converted at 60 °C
HV-E
LV-E
HV-LV

Table(25) : Format for taking the reading of I.R Value measurement.

h. Testing Procedure For Conventional Two winding transformer, Short all HV

(High Voltage bushing) and HV Neutral (isolated from earth) Bushings together.

Short all LV (Low Voltage) Bushings and LV Neutral (isolated from earth) Bushings

together as shown in Figure(36). .

I. Now connect HV lead of Insulation Tester to the any one shorted bushing of HV

winding and the earth lead of Insulation Tester connected to one of the earth

terminals of transformer tank. as shown in Figure(44).
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HV LEAD

GROUND LEAD

5 KV Insulation

Tester

1U . 2U FOR TWO WINDING
TRANSFORMER

HV v 2V

1W 2w
1N 2N

Lv

-TRANSFORMER TANK

—_— SHORTING CONDUCTOR

@ sushines

Figure(44) : Showing the arrangement for measurement of IR value between HV-E

[I. Now record Insulation resistance of HV to E for 15 second, 60 seconds( 1 min)
and 600 seconds(10 min) at 5 KV Voltage & calculate DAI & Pl and note down
the result in Table(25)

lll. Now connect HV lead of Insulation Tester to the any one shorted bushing of LV
winding and the earth lead of Insulation Tester connected to one of the earth
terminals of transformer tank. as shown in Figure(45)..

HV LEAD

GROUND LEAD

5 KV Insulation

FOR TWO WINDING Tester
TRANSFORMER

HV

N : 2N

-TRANSFORMER TANK

——  SHORTING CONDUCTOR
@ sushines

Figure(45) : Showing the arrangement for measurement of IR value between HV-E
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IV. Now record Insulation resistance of LV to E for 15 second, 60 seconds( 1 min)
and 600 seconds(10 min) at 5 KV Voltage & calculate DAI & Pl and note down
the result in Table(25)

V. Now connect HV lead of Insulation Tester to the any one shorted bushing of HV
winding and the earth lead of Insulation Tester connected to any one shorted

bushing of LV winding of transformer tank. as shown in Figure(46).

HV LEAD

GROUND LEAD

5 KV Insulation

FOR TWO WINDING Tester
TRANSFORMER

HV

LV

-TRANSFORMER TANK

_ SHORTING CONDUCTOR

. BUSHINGS

Figure(46) : Showing the arrangement for measurement of IR value between HV-E

VI. Now record Insulation resistance of HV to LV for 15 second, 60 seconds( 1 min)
and 600 seconds(10 min) at 5 KV Voltage & calculate DAI & Pl and note down
the result in Table(25)

i. The following are guidelines for evaluating transformer insulation using polarization

index values:
Polarization Index Insulation Condition
Less than 1 Dangerous
1.0-11 Poor
1.1-1.25 Questionable
1.25-2.0 Fair
2.07 4.0 Good
Above 4.0 Excellent
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A Pl of more than 1.25 and DAI of more than 1.3 are generally considered

satisfactory for a transformer when the results of other low voltage tests are

found in order. Pl less than 1 calls for immediate corrective action.

Testing Procedure For IR Value measurement of Bushing ..

VI.

The bushing porcelain and test tap are to be properly cleaned before the
commencement of tests

For 3-Ph Auto-transformer, Short all HV (High Voltage bushing), IV
(Intermediate Voltage Bushing) and Neutral (isolated from earth) Bushings
together. Also short all LV (Low Voltage) Bushings together as shown in
Figure(33). .

Connect HV Lead of Insulation tester to the top terminal of the any one shorted
HV/IV or N bushings and the earth lead of insulation tester to the test tap(Tan
delta (U) point ) of the bushing as shown in Figure(47). and measure the IR value
at voltage as measure in factory test.

HV LEAD

Ground LEAD

BUSHINGS
THIMBLE

Insulation

Tester

IR -

TAN DELTA
POINT

Figure(47) : Showing the arrangement for measurement of IR value of Bushing

Repeat the test for all HV/IV/IN Bushings by changing only the earth lead of

insulation tester to test tap(Tan delta (U) point ) of the Bushing which is to be
tested.

Repeat above step Il & IV for the measurement of IR value for LV Bushings

For 3-Ph Conventional Two winding or Three Winding Transformer Short all
HV(High Voltage bushing) and HV Neutral (isolated from earth) Bushings
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together and short all LV(Low Voltage) Bushings and LV Neutral (isolated from
earth) Bushings together as shown in Figure(36).

VIl. Connect HV Lead of Insulation tester to the top terminal of the any one shorted
HV or N bushings and the earth lead of insulation tester to the test tap(Tan delta
(0) point of the bushing as shown in Figure(47). and measure the IR value at
voltage as measure in factory test.

VIIl. Repeat the test for all HV Bushings by changing only the earth lead of insulation
tester to test tap(Tan delta (0) point ) of the Bushing which is to be tested

IX. Repeat above step VII & VIII for the measurement of IR value for LV Bushings

k. For bushings, an IR value of above.10,

I. Compare the above measured result of transformer and bushing with factory test

results and if any deviation found will reporting immediately.

8 Frequency Response Analysis Test.

Frequency Response Analysis (FRA) is conducted to assess the mechanical integrity of
the transformer which may get disturbed due to transportation shocks or Short Circuit forces
experienced in service. FRA signatures will be taken after assembly and oil filling and
compared with factory testing to ensure the healthiness of core /coil assembly during
transportation. These signatures will be benchmark for future reference. The FRA signatures
should be analysed in conjunction with Impact Recorder readings. Report of Impact recorder

readings is to be obtained from manufacturer

9 Winding Resistance Measurement.

Winding resistance measurement is an DC Test and perform to check for any
abnormalities due to loose connections, broken strands and high contact resistance in tap
changers.

a. The winding resistance should preferable be carried out last after completion of all
other LV tests , as after this test core gets saturated and tests like magnetizing
current, magnetic balance etc. carried out after winding test may be affected and
indicate a misleading results, if the core is not de-magnetized before carrying out
these tests.

b. Here Testing is describing using SCOPE TRM 25 Winding resistance measurement
kit as shown in Figure(48). Before using the SCOPE TRM 25, the instruction manual
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for operating the Kit must be carefully studied and all precautions noted therein must

be followed
|
e e aCc.c3C W
’ VOLTAGE INPUT CH2 T - Wi J

LU
."’ tugretie

I VOLTAGE INPUT CH3

THERMAL PRINTER

| MAIN INPUT SOCKET |

KEYBOARD

RAISE/LOWER

POWER ON SWITCH (o)
| | TEMPARATURE A

INPUT CHANNEL
DISPLAY

Figure(48) : Front pane of Scope Make TRM25 Winding resistance measurement kit

NORMAL 0.0V 0.00 A
HV 1U - S1 S2
REVERSED 1.814V 7.0mA
) NORMAL 0.0V 0.00 A
Ri PHASE V20T S1S2
REVERSED 3.8V 15.1 mA
NORMAL 0.0V 0.0A
NCT S1 S2
REVERSED 2.36V 9.0 mA
NORMAL
0.0V 0.00 A
HV 1Vi S1S2
REVERSED 1.84V 7.2 mA
NORMAL 0.0V 0.00 A
Yi PHASE -
LV 2Vi S1S2
REVERSED 3.96 V 15.6 mA
NORMAL
0.0V 0.0A
NCT S1 S2
REVERSED 2.389V 9.4 mA
Bi PHASE NORMAL
0.0V 0.00 A
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HV1W 1 S1S2

REVERSED 1.80 V 6.8 mA
NORMAL 0.0V 0.00 A
LV2W i S1S2
REVERSED 3.8V 15.2 mA
NORMAL 0.0V 0.0A
NCT S1 S2
REVERSED 2.356 9.2 mA

c. LOW IMPEDANCE REF TEST: Nowadays we are using numerical differential relays
and almost all relays are having REF element (restricted earth fault). The numerical
relays are also giving advantage of using Low Impedance REF. In Low Impendence
Winding resistance is measured by applying Voltage and current from the kit, SCOPE
TRM 25 have three voltage Channel V1, V2 & V3 and current channel C +/-.

d. Connection for the current lead clamp should be made to the outer side of the
bushing and Voltage lead clamp should be connected to the inner side w.r.t current

lead clamp as shown in Figure(49). and be ensure that Voltage and current lead
clamp should not touch other physically.

—Current
ﬁ Ck Clamp
Voltage Ck —

Clamp

~ N
= NERRCRRT T
s e
s ey
SR
~= ORI
TSR
—mEREEE
B e
LTI
~eSEITEEET
R sy
IR
g
e InSETT—
RIS e
NS
el -

Figure(49) : Connection of voltage and current clamp

The transformer winding is highly inductive. To reduce the high inductive effect it is
advisable to use a sufficiently high current to saturate the core. This will reduce the
time required to get a stabilized reading.

Before starting the measurement following point must be ensure.

|. Isolate the transformer to be tested .
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II. Connect master earthing cable to the instrument.
lll. Clean the area of transformer bushing where test lead clamp connection are to
be made.
IV. Ensure that earthing connection, if any is removed from Neutral terminal of
transformer.
V. Now make connection for CURRENT (C+, C-) and VOLTAGE ( V1+, V1- & V2+,
V2- & V3+, V3-) lead as describing below, to the transformer bushings.
VI. The winding/oil temperatures at the time of test, Date and time, details of the
Testing kit used and the weather condition are to be noted
g. Testing Procedure For 3-Ph Auto-transformer, Here winding resistance of HV
winding, IV winding and LV winding is measure.
I. Connect Current lead clamp C+ to 1U terminal of HV Bushing and Current lead
clamp C-to 2W terminal of IV Bushing
II. Connect Channel-1 Voltage lead clamp Vs & Vcenre across 1U-N, Channel-2
Voltage lead clamp V¢ & Vewe- across 2U-N and Channel-3 Voltage lead

clamp Vcpss & Veps. across 2W-N as shown in Figure(50)..

WCH1+ +

90
VCH2+ wz*@ -

VCH3+
L' |
VCH3- —O
L
c

CHANNEL -1 =Rjyx, CHANNKEL -2 =R;pyxy CHANNEL -3=Rywx

Figure(50) : Connection for TRM25 Winding resistance measurement kit for Auto x-

mer

lll. Ensure that the current lead clamp should be made to the outer side of the
bushing and Voltage lead clamp should be connected to the inner side w.r.t
current lead clamp.

IV. The tap changer should be changed from contact to contact so that contact
resistance can also be checked Now Bring the tap Position to Tap No-1 and Start
the testing and record the resistance of 1U-N, 2U-N & 2W-N at tap no-1 .

59



VI.

Measurement of winding resistance to be carried out from tap position 1 to 17
and note down the result in Table-26 & Table-27 as shown below.
Now repeat the process as explain above in points | to IV for the measurement of
resistance of 1W-N, 2V-N & 1V-N by connecting leads as shown in Figure(51).
and note down the result in Table-26 & Table-27 as shown below.

CHANKEL -1 =Rjyvx, CHANNEL -2 =R;vx CHANNEL -3=Riwx

Figure(51) : Connection for TRM25 Winding resistance measurement kit for Auto
X-mer

For measurement of winding resistance of LV delta connected windings, such as

tertiary winding of auto- transformers, measurement shall be done between pairs

of line terminals by 3U-3V using single voltage channel Ve & Ve and current

channel C+ & C- as shown in Figure(52) and repeat the same process for

measurement of resistance for 3V-3W & 3U-3W and note down the result in

Table-28 as shown below.
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CHANNEL -1 =Rzuaw

Figure(52) : Connection for TRM25 Winding resistance measurement kit for

Tertiary of Auto X-mer

Winding Resistance at Oil Temp =

Tap No

1U-N

1V-N

1IW-N

Average R at
Oil Temp.

Average R at
75 deg.

Table(26) : Format for Winding resistance measurement of HV Winding

Winding Resistance at Oil Temp =

Tap No

2U-N

2V-N

2W-N

Average R at
Oil Temp.

Average R at
75 deg.

Table(27) : Format for Winding resistance measurement of IV Winding

Winding Resistance at Oil Temp =

Tap No

3U-3W

3U-3V

3V-3W

Average R at
Oil Temp.

Average R at
75 deg.

Table(28) : Format for Winding resistance measurement of LV Winding

VIl. Now Calculate the resistance at 75°C as per the following formula
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R7ss = R, (235+75)/(235+t ), Where R; = Measure Resistance and t is winding

temperature

h. Testing Procedure For conventional Two winding transformer, Here winding

resistance of HV winding and LV winding is measure.

Connect Current lead clamp C+ to 1U terminal of HV Bushing and Current lead
clamp C-to 2W terminal of IV Bushing

Connect Channel-1 Voltage lead clamp Vcui+ & Vs across 1U-1N, Channel-2
Voltage lead clamp Vcup+ & V- across 1W-1N  and Channel-3 Voltage lead
clamp Veps+ & Veps. across 2U-2N as shown in Figure(53)

L VCH1+

HvV VCH1-

WCH2+

.a-",-_. % 1W WCH2- vt g

VCH2+ -“4!‘]'

VCH3- t o

Lv

| SHORTING BEDWEEN.1W & 21,

CHANNEL -1 =Rjpgny CHANNEL -2 =Rjy.axy CHANNEL -3 =Rapax

Figure(53) : Connection for TRM25 Winding resistance measurement kit for Two

Winding X-mer

Ensure that the current lead clamp should be made to the outer side of the
bushing and Voltage lead clamp should be connected to the inner side w.r.t
current lead clamp.

The tap changer should be changed from contact to contact so that contact
resistance can also be checked Now Bring the tap Position to Tap No-1 and Start
the testing and record the resistance of 1U-1N, 1W-1N & 2U-2N at tap no-1 .
Measurement of winding resistance to be carried out from tap position 1 to 17

and note down the result in Table-29 & Table-30 as shown below.
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V. Now repeat the process as explain above in points | to IV for the measurement of

resistance of 1V-1N, 2V-2N & 2W-2N by connecting leads as shown in Figure-54
and note down the result in Table-29 & Table-30 as shown below.

WVCH1+

| SHORTING BETWEEN 1w & 24,

HV

v1‘° . Vi
vz' 9 . vz

WCH2- v:l"'. , VI

K

c c

-

%

Lv

WCH=E-

WCH2+
CHANNEL -1 =Ejyvax,

CHANNEL -2 =Rjyvx CHANNEL -3 =Ejywax

Figure(54) : Connection for TRM25 Winding resistance measurement kit for Two

Winding X-mer

Winding Resistance at Oil Temp =

Average R at | Average R at
Tap No 1U-N 1V-N IW-N _
Oil Temp. 75 deg.

Table(29) : Format for Winding resistance measurement of HV Winding

Winding Resistance at Oil Temp =

Average R at | Average R at
Tap No 2U-2N 2V-2N 2W-2N _
Oil Temp. 75 deg.

Table(30) : Format for Winding resistance measurement of LV Winding

VI. Now Calculate the resistance at 75°C as per the following formula
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Rss = R, (235+75)/(235+t ), Where R; = Measure Resistance and t is winding

temperature

i. The resistance value obtained should be compared with the factory test valueResults

are compared to other phases in Star-connected transformers or between pairs of

terminals on a Deltai connected winding to determine if a resistance is too high or

low. Because field measurements make it unlikely that precise temperature

measurements of the winding can be made, the expected deviation for this test in the

field is 5.0 % of the factory test value.

10 Through Fault Stability test.

Through fault stability test is an important end to end testing for transformer. The test

is conducted for verifying CT connections in differential relay its stability in through fault

condition.

A power transformer is connected to the High voltage bus and Low voltage bus of the

sub-station through Circuit breakers, Current transformers, Lightning arrestor and Isolator as

illustrated in figure(1) below . A Three winding Auto Transformer connected 400/200/33 KV
315 MVA transformer is taken here. Current rating for this transformer is 455/827/1837 A.

L ) W

v

i

|

400 KV bus

400 KV Isolator

400 KV Circuit Breaker

400 KV Current Transformer

400 KV Lightning Arrestor

315 MVA400/220/33KV X-mer

220 KV Lightning Arrestor

220 KV Current Transformers
220 KV Circuit Breaker
220 KV Isolator

220 KV Bus
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Figure(1): Bay Diagram of 315 MVA X-mer showing equipment covers in Through
Fault stability test

To carry out test all three phase one side of transformer is shorted and 3 phase LV
voltage is applied on other side. Generally voltage is applied on HV side and LV side all
three phase are shorted. If current observed in relay is very low then supply can be fed from
LV side and shorting can be done in HV side. When shorting is done taking CT in circuit, it is
called OUT OF ZONE FAULT. When shorting is done in such a way that no current is
flowing through CT then it is called IN ZONE FAULT TEST. When this test is conducted
current in differential relay, backup relay and meter can also be checked and verified. When
voltage is applied say on HV side and LV is shorted then current will be drawn according to
percentage impedance of the transformer. Percentage impedance of transformer is the
percentage of HV voltage when applied to HV side of transformer and LV 3 phase is shorted.
Here Through fault stability test of 400/200/33 KV 315 MVA transformer is explain
% impedance (Z) = 11.28
Now %Z i.e 11.28 % of 400 KV = 45120 V will Deliver rated current of 455 A on Short Ckt
of 220 KV Side
Therefore 3-Ph Supply 440 V will deliver = (440 * 455) / 45120 = 4.43 A, Short circuit
current of 400 KV side.

For 220 KV Side Short circuit current = 4.43 * (400/220) = 8.06 A
CTR- HV 400KV Side 500/1, and LV 220KV Side 1200/1
A. OUT OF ZONE FAULT TEST : Three phase Voltage applied on HV 400 KV Side
and Shorting is provided on LV 220 KV Side keeping 220 KV Side CT IN.
a. Current shown in GE T60 Differential relay on HV and LV side is shown in
figure (2) below. This is stable condition all Three phase current are shown

with zero negative sequence current:
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Figure(2): Current in HV & LV side when 3-Phase supply given to HV Side with LV
Side Shorted keeping LV CT IN
b. Now in order to check phase wise CT connection kept out HV R-phase

supply and keeping all 3-Ph LV side shorted and then current in HV and LV

side is shown in figure(3) below , Here Negative sequence current shown

because 1 phase out:
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Figure(3): Current in HV & LV side when HV R-ph supply out with LV Side Shorted

keeping LV CT IN

c. Now kept out HV Y-phase supply and keeping all 3-Ph LV side shorted and

then current in HV and LV side is shown in figure(4) below, Here Negative

sequence current also shown because 1 phase out:
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Figure(4): Current in HV & LV side when HV Y-ph supply out with LV Side Shorted
keeping LV CT IN

d. Now kept out HV B-phase supply and keeping all 3-Ph LV side shorted and
then current in HV and LV side is shown in figure(5) below, Here Negative
sequence current also shown because 1 phase out:
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Figure(5): Current in HV & LV side when HV B-ph supply out with LV Side Shorted
keeping LV CT IN

B. IN ZONE FAULT TEST : Three phase Voltage applied on HV 400 KV Side and
Shorting is provided on LV 220 KV Side keeping 220 KV Side CT OUT. Current in
GE T60 relay on HV & LV Side is shown below in Figure (6) , Here Current on LV
Side is zero.
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Figure(6): Current in HV & LV side when 3ph supply given on HV side with LV Side
Shorted keeping LV CT OUT.
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11 REF Stability test.

This test is performed to check the correctness of CT polarity, CT secondary core

connections, connections at relay terminals and operation of relay under fault conditions.

A. HIGH IMPEDANCE REF TEST: For High Impedance REF relay Transformer
Bushing CTb6s of Same Rati o relayasshowreltioramd conn
figure (7). Here CT connection of Auto Transformer with High Impedance REF relay
is shown

RESTRICTED EARTH FAULT
r64REF AREVA CAG14

STABILIZING
RESISTOR
R

o Ll .
L o— — 34/C
g ¢ SH-34/C:2 I
S2 (152 (152 G

MR
st st st METROSIL 10
RESISTOR

BUSHING CT

» A8L ’ ot

2
400/220/33kV SH-19/C:4 |

315MVA 4
AUTO TRANSFORMER P11 P1 [

PL PL PL PL PL PL

| 151 JSI J‘Sl 1151 4151 {1S1

BUSHING CT BUSHING CT
152 —JSZ S2 7152 1752 17152

Figure(7): Connection diagram of HV,IV,LV & N Bushing CT for High Impedance REF
Relay.
a. High Impedance REF relays are voltage operated relay in order to check the
stability of REF voltage across CT terminal of REF relay are check by
changing polarity of connected CT.
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3-Phase AC Voltage applied on HV Side keeping LV Side all three Phase
Open. Now Earth LV side R-phase and measure the voltage across CT
terminal of REF relay and also measure the current in CT lead.

Under Normal Bushing CT polarity voltage across CT terminal of REF relay
and current in CT lead is zero which is stable condition, now reverse CT
polarity of NCT and measure the voltage across CT terminal of REF relay and
also measure the current in CT lead, considerable voltage and current
appears at CT terminal of REF relay which is unstable condition. Now
normalize the CT polarity of NCT.

Repeat the Process as describe in above point b & ¢ for LV Y-phase and B-
phase and check the REF stability

Below table shows the result of REF stability test of 315 MVA Auto

Transformer

PHASE

MEASURED VOLTAGE
CT POLARITY ACROSS REF TERMINALS
AT PANEL END

MEASURED
CURRENT

B. REF, CTs of different ratios can be used and bushing CTs are also not required.

GE and AREVA are giving Low impedance element and ABB relay can be configured

a.

b.

Advantage of LOW IMPEDANCE REF

1 Low Impedance REF uses main differential CT thus if it is provided on HV
side then its zone covers main CT to HV side transformer winding.
Likewise on LV side it covers main LV CT to LV winding of transformer. In
auto transformer it covers complete differential zone. Hence, besides
differential protection second unit protection can be availed for transformer
bays and transformer windings. Whereas High impedance REF is
restricted to transformer only. Most of the time tripping occurs due to fault
in bays.

1 The low impedance REF is free from Harmonic restraint feature; hence we
can get rid of delay caused by harmonic restraint feature. We can safely
charge transformer without thinking of delay in tripping due to harmonic
block

Setting of LOW Impedance REF in GE & AREVA Differential relay

In GE T60 Differential relay
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C.

Through Fault Stability test of LOW Impedance REF

1 Apply three phase voltages from HV side but if secondary currents are
very low and are not measurable by numerical relay then voltages can be
fed from LV side.

Three phase voltages are applied from LV side of transformer and on HV
side instead of shorting three phase only one phase is grounded as
shown in figure(8) . This is similar to single phase to ground fault. In this
way zero sequence current will flow in neutral circuit and if relay is
configured correctly no REF differential current will be observed.
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d. Current in GE T60 Relay with REF Correct polarity

HV

Figure(8)
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CHAPTER -2
DC SYSTEM OF EHV SUB  -STATION &
BATTERY IMPEDANCE TESTING

Er. P.K. Gargava Er. Nutan Sharma Er. Ashish Sharma

Rated voltage of the D.C. Control supply for Sub-station installations can be selected
from fairly standardised values of 220 V for 400 KV S/s, 110V for 132 KV S/s and 48 for
Communication system. The voltage of a lead-acid cell being 2 Volts per cell, the number of
cells in the battery would be half of the rated dc Voltage adopted. The energy storage
capacity of a battery is expressed in Ampere-hours which is the product of current in
amperes and the number of hours for which the same can be usefully delivered by the
battery. The ampere-hour capacity of a battery of lead acid cells varies with the rate of
discharge. The capacity is more at slower rates of discharge and less at higher rates of
discharge. Hence there is need for adopting a standard reference rate of discharge. The
Indian Standard Specifications listed in para 3.1 have adopted I0-hour rate as the standard
rate of discharge for specifying the Ah capacity of stationary batteries.

For Tubular Cells- 1S: 1651-1991

Capacities and Final Cell voltages at various
rates of Discharge at 27°C (Tubular Cells)
r 3L Rate of discharge | Effective capacity expressed as percentage | Final Voltage per
No. of the standard capacity corresponding to cell
L 10-hour discharge rate [| (Volts)
— r

L. Cl \ 50,0 175

2| C2 63.3 [.78

3. \ C3 | 717 .80

4, C4 78.2 ' 1.8

5. C5 833 182

6. Co 87.9 |83

1. C7 91.7 [.83

8. C8 95.0 [.84 .*l
9. C9 97.9 ! .54 !
10, C10 100.0 | 85

Effect of temperature on Battery life-
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Temperature of electrolyte Degree C Percentage Life
2 | 100
30 | 95
40 84
50 68
55 60 J

Variations in the Choice of "Float" Voltage T

The "Float" voltage being higher than the nominal voltage per cell, the DC bus voltage is also
higher than the rated voltage. For example a float voltage of 2.2 volts per cell would raise the
dc bus voltage to 121 volts in a 110 volt system with a 55 cell battery. Although the bus
voltage is about 10% higher than the rated voltage. it is acceptable for most applications.
However, if on account of special considerations variation of this order is not permissible for
a particular application one of the following charging procedures may be adopted:

Selecting a Lower Float Voltage i

This minimum float voltage should normally be 2.2 volts per cell. If a lower floating voltage is
adopted. It will call for application of equalising charges more frequently. Table below gives
in idea of the intervals at which equalising charges have to be applied corresponding to the

different floating voltages.

Float Voltage per cell Interval between equalising charge
2.2 volts 12 months
2.15 volts 3 months
2.10 volts 2 months
2.08 volts 1 month

Boost Charging i

Boost charging of battery is required to restore the specific gravity of the electrolyte in the
cells to then fully charged value. Boost charging is done by charging the battery at a high
rate till the specific gravity of electrolyte in the cells is restored to the fully charged value of
1.200 = 0.005 at 27"C. This rate should be as high as is consistent with the pace of chemical
reaction taking place in the battery. If charging current higher than that consistent with the
chemical reaction is sent into the battery, the whole of it will not be utilised for charging the
cells and it will result in break-down of water in the electrolyte and liberation of hydrogen and
oxygen gases. This liberation of gases is called gassing. Violent gassing can result in
shedding of active material from the plates and damage to the cells. Too high a charging
current can also produce excessive heating which also can damage the cells. The
temperature of Electrolyte should not normally be allowed to exceed 38°C but in no case
more than 50°C during charging. If temperature tends to increase, the charging current may
be reduced and period of charge may be increased proportionately.

Boost Charging Scheme:
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As stated earlier under floating condition, the battery charger has an output voltage almost
equal to the rated voltage of the load. For boost charging, the output voltage of the charger
has to be increased to about 2.40 - 2.65 volts per cell in order to drive the required boost
charging current into the battery. Unless special measures are taken, the load also can be
subjected to higher voltage during this operation and the equipment constituting the load can
get damaged. The various methods for boost charging of battery without application of
higher than the rated voltage of the load are described below briefly.

Separate Boost and Float Charger Scheme with Blocking Diodes:

This scheme IS shown in figure below under float charge condition the boost charger switch
"S" is in the "off' position. The coil of contractor "A" is not energised. In this position, contacts
1, 2 and 3 of the contactor are open, but Its normally closed contact 4 is closed, and the
circuit of dc contactor "B" the contacts of which are In closed position, is complete. Thus the
battery, the float charger and the load are in parallel connection. The load current is being
supplied by the float charger which is also sending a small float charge current into the
battery so that the battery is maintained in a fully charged condition. If an emergency arises
and the ac supply fails, the output of float charger goes off but the battery is available to the
load. After the emergency is over and the ac supply is restored it is desired to boost charge
the battery. The boost charger switch "S" has to be closed. This energises the boost charger
through contacts 1. 2 and 3 of contactor "A" and a suitable voltage is applied across the
battery and it starts receiving the boost charge current. Contactor "A" being in energised
position, its normally closed contact 4 opens and de-ener gi ses cont actor i
opening its contacts. Thus the battery and the boost charger are isolated from the load and
the float charger. In this position, the high voltage of the boost charger is not applied to the
load which continues to be fed by the float charger. If during the boost charging operation,

the ac supply fails the contactor "A" drops, t h
contactor ABO there upon parall el the battery
involved in the cascade switching of contactor

the blocking diode across a reduced number of cells which depending on the degree of
recharging can supply up to the nominal system voltage to the load. If one of the chargers
becomes defective, the remaining healthy charger can still provide the charging facility even-
though it is somewhat restricted and a complete break-down is obviated. This scheme,
however, does not provide a direct connection between battery and the dc load, as during
the failure of AC supply, the flow of current has to take place through diode and contacts of
the contactor.
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Figure 3: Float charging system with end cell Fappings
|ISeparate boost and Flaat chargers)

Thus if float mode of battery fails charger is to be kept in boost mode and manually
we have to keep voltage up to 121 Volts. The contactor B should also be kept on
continuously by a by a switch Afull battery in

charged on boost then this switch can be opened. Now the load will be fed through diode.

Ref Document:- CBIP Tech report no. 79. (Substation battery charging Equipment and
DC Switchgear)

BATTERY IMPEDANCE TESTING 71 In addition to conventional battery testing for
Specific Gravity and Cell voltage, a new and advance test is available to check the internal
impedance of each cell. This test is BATTERY IMPEDANCE TEST.

Introduction to the Concept i A battery is a series of cells containing two plates of different
metals that are separated by an insulator. These cells are submersed in an electrolyte. The

voltage of each cell is depended upon the chemistry of the cell. Cells can be connected
together in series to create higher voltage batteries. The amount of current a cell can deliver
is dependent on the surface area of the plates; the greater the surface area the greater the
available current, the greater the capacity of the battery. This also means the greater the
surface area of the plates; the lower the battery impedance; therefore, the greater the

capacity the lower the impedance of the battery.
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In 1959, \‘{'j_lljnhg_m}z* suggested an electrical schematic for a battery. It 1s shown
below:

Ca
R |
VAT A L

/Pl/: WW

From the schematic above we can see that a battery has capacitive and resistive

qualities. The battery will also contain inductive qualities when the terminals are taken into
account. Ohmic testing measures the battery resistance and / or impedance. This value will
change as the chemistry of the battery changes. The battery chemistry will change from use,
maintenance or age. As a battery discharges the plates sulfate which causes loss of active
material on the plates, causing the impedance to rise. As a battery ages the plates will
corrode which causes loss of active material on the plates, causing the impedance to rise.

Impedance testing is not an absolute measurement of battery capacity; however
battery impedance does have a correlation to its capacity. As the battery plates lose active
material due to corrosion or sulphation it also loses capacity.

Ohmic testing is not an absolute test. The measured value is not compared to a
standard known good value to determine if the battery is good or bad. Ohmic testing is a
relative test. The measured value is compared to the previously measured value to see how
much it has changed. The percentage change indicates how much the battery chemistry has
changed; which is an indicator of the battery condition.

Lead-acid Overview

The basic chemical reactionis: PbO + Pb + 2H2S04Z 2Pin8Sufuricc 2H2
acid electrolyte, where the sulfate of the acid is part of the reaction. The acid is depleted
upon discharge and regenerated upon recharge. Hydrogen and oxygen are formed which is
why water must be added occasionally on flooded batteries. In valve-regulated lead-acid
batteries, the acid is immobilized by an absorbed glass matte (AGM). The matte is much like
the fibre-glass insulation in your house. It traps the hydrogen and oxygen formed during
discharge and allows them to migrate so that they react back to the active material. This is
why VRLA never need water added compared to flooded (wet, vented) lead-acid batteries. A
VRLA battery is multiple layers of plates and matte sandwiched together with some slight
compression to maintain good contact between the acid-containing matte and the plates.

VRLA have resealing pressure relief valves (PRV) to vent over-pressure of the gases.

Lead-acid (flooded) Failure Modes
A Positive grid corrosi on,
A Sedi me mg)bujidsup,e d d i
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A Top |l ead corrosion,

A Plate sulphation,

A Hard shorts (paste | umps).

The normal designed failure mode is positive grid corrosion. The grids are lead alloys (lead-

calcium, lead-antimony, lead-antimony-selenium) that convert to lead oxide over time. Since

the lead oxide is a bigger crystal than lead metal alloy, the plate grows. Battery
manufacturers design for extraspacei n t he j ars to account for thi
end of | i f eplates vhilehave grown sufficiently to pop the tops off of the batteries. But

excessive cycling, temperature and over charging can also increase the speed of positive

grid corrosion.

Proper Method of Ohmic Testing T

Ohmic testing is a relative test. This means that the accuracy of a battery ohmic value is a
moot point. A relative test compares the present reading to previous readings this means
that repeatability is key. In order to maintain good repeatability a certain test methodology
must be performed. Since many conditions will affect the chemistry of the battery it is not
possible to give an exact warning and alarm values. These need to be determined by the
end user. Below is a table that provides rough initial warning and alarm values for different

chemistry batteries.

Percent Percent Percent Percent
Variation from Variation from Deviation from Deviation from
String Average String Average Baseline Baseline
Warning Alarm Warning Alarm
Lead-acid, Flooded 15 30 30 50
Lead-acid, VRLA,
AGM 10 30 20 50
Lead-acid, VRLA,
Gel 20 30 30 50
NiCD, Flooded 10 20 15 30
NiCD, Sealed 10 20 15 30
Inter-cell
Connections
(Straps) 15 20

Impedance testing injects a low frequency AC signal through the battery. This
frequency is typically at 50Hz or 60Hz. (Opposite the line frequency to reduce the influence
of noise from the line) The AC Current and AC Voltage is then measured. By using ohms law
the impedance can then be measured. This value is inclusive of the capacitive
characteristics of the battery as well as the inductive characteristics.

In addition a battery string is connected to a charger which converts AC voltage to
DC voltage in order to keep the battery string charged. This AC to DC conversion is never
100% efficient. There is always some AC voltage remaining, this is referred to as AC Ripple

voltage. AC ripple voltage has a higher frequency than the injected current we use for
81



impedance testing. Since the impedance testing is done at a lower frequency, even larger
values of AC ripple have little effect.

One other important aspect to battery testing is the unwanted ac output from the
charger. The charger is designed to convert ac to dc. But since no charger is 100% efficient,
some ac carries over into the dc buss. This carry-over is called ac ripple current and voltage.
AC ripple current can be harmful to the battery if it is high enough to heat the battery. Battery
manufacturers have stated that approx. 6 Amps (rms) ripple current for every 100 Ampere-
hours of capacity is the upper limit before heating of the battery can occur. As the battery
temperature increases above 77°F (25°C), its life is reduced. Unfortunately, cooling the
battery below 77°F does not reclaim the lost life. AC ripple current can increase gradually
over time as components in the charger degrade. It can also increase dramatically if a diode
goes bad. If ripple current is not measured, the battery could be in danger without anyone
knowing it. Ripple current is an important parameter to measure for a better analysis of the

health of installed batteries along with internal impedance, intercellular connection resistance

and cell temperature.

In MPPTCL, we have Battery Impedance Test kits of MEGGER make, Model -
BITE3.

A picture of the instrument is as follows i

The kit contains i
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9 Testing Instrument.
1 Rechargeable Batteries for kit (2 nos.)

1 Measuring Probes

The instruments measures i

AC impedance of the battery,
DC terminal voltage,

Intercell connector resistance,
Float current of charger,

Ripple current, and

= =4 =4 -4 -4 -9

Harmonic content.

INTRODUCTION TO OPERATING INTERFACE

Test button

Alpha-numeric keypad
On-off switch

Enter button

LCD, ¥ VGA, monochrome
Audible alarm
PortRS232/Printer port,
Cursor Control

. Menu button

10. Contrast buttons

O @ NGB E DN
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The flowchart of the menu structure:

A 4

Measure Analyze
New Test . Analyze
Select a String Select a Test

(Test screen — starts with
temp (manual entry),
ripple current and float
current measurements
then goes info impedance,
voltage and strap testing

Discard measurement
Comments

Save and Close
Cancel and Close

Append to Test
Select a String

(Test screen — starts with
impedance, voltage and
strap testing. There is no
mechanism for float and
ripple current
measurements.)

Measure current
Measure impedance
Cancel and Close

Quick Test

Spectrum
Analyzer

Select and Continue
Close

Configure

S

Display

Temperature Units: (F/C)
Language

Date Format

Decimal Symbol: (./,)

Save and Close
Cancel and Close

System

Instrument
Instrument Name:
Auto Off: (time in seconds)
Line Frequency: (Hz)
Auto Measure: (0/1)
CT Mode: (Escape Current/

Impedance)

System Time: (y/m/d h:m)

Save and Close
Cancel and Close

About
Name:
Version:
Serial number:

Sites/Strings
Select a Site or String

New
Enter New Site information
Site:
String Name:
Baseline: (mOhms)
Warning: (%)
Fail: (%)
Change: (%)
Deviation: (%)
Save and New
Save and Close
Cancel and Close

Modify
Modify String Information
(same info as New)
Save and Close
Cancel and Close

Delete
Select a Site or String
Are you sure?

Close

A 4

Storage space: (%, # tests)
Battery Level: (%)
Current Date:

Close

Delete Test

Select Test to Delete
(Are you sure?)

Status
Battery Pack Voltage
Leadset:
Dual Point
AMP/Burndy

h 4

Quick Disconnect

Kelvin Clip

CT: none/standard
Close

Factory

(Enter password)

TESTING PROCEDURE i The measurement must be done in following steps.

1. Verification before measurements

Check for leaks.

=A =4 =4 =4 -4 A -5 -8 -

2. Setting the instrument i

Check for corrosion.

Visually inspect the battery string.

Check for bad connections.

Check for sediment build up.

Check for case swelling.

I Turn the instrument ON. Press MENU.
T Scroll to NEW TEST, press ENTER.
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Check the voltage and float current values on the battery charger.
Note the ambient temperature of battery room.

Turn OFF the charger approx. 30 mins before test.



T Scroll up/down to make a new site or load a previously fed site.

9 Enter ambient temperature.

9 Place the probes across the first STRAP. The LED on the probe will start flashing

Yellow and the display will read WAITING FOR TRIGGER.

Cell Strap

Press the trigger on the hand set. The LED will go stable and the display will read
MEASURING.

T Hold the probes until the instrument measures Ripple and float current.

1 The unit will give an audible alarm when the measurement is complete.

9 If this test is to be repeated, press NO, otherwise press YES to begin the impedance

testing of first cell.

1 The probe LED should be flashing RED and the unit should display SEARCHING.

1 Place the probes on terminals of cell # 1. Assure the polarity. The unit should beep and

show WAITING FOR TRIGGER.

Press the trigger on probe to start the test. The LED will be stable yellow and the
instrument will show MEASURING.

When measurement is done, the LED will become green and an audible alarm will be

there.
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T Now measure the values for first STRAP by following the same procedure.

1 Repeat the procedure for all cells and straps and record the values.

1 The values can be saved in the instrument and a report can be generated using Power

DB software. A general view of the report is as follows T

FRTERGH LIS

B Megger- BATTERYTEST

WwWwW. magger.com

Company
Logo

SUBSTATEN TEST PISTEON TEST PAGE 1
EPT. LOCATIIN DeTE BMEL0H 1 12:07 00PK
AZSETID SMEBIENTTEMPERSTURE _ 32 T HUMDITY % JoB#
TESTE2UIPMENT USED TESTED BY
STRINGHAME: TEST WOLTS PER CELL: WOMINAL: 22 DUTYSYELE: 0 -
HETALLATEY N DATE: HYDROMETER. STARTSHIP CELLS [ o0 Whvies
NUMBER OF CELL:: 5 NUMEER OF CELLS /JAR: 1 WUMBER OF STRAPS: 5 to 1
_-——----- - " """ ee
CHARGER M&HUFACTURER: EXUALEATE N VO LTAGE: e
M3DEL: CURRENT: Amps WILTAGE: e
TOTALAC CURRENT: RIPPLECURRENT: 08 FLOATCURRENT
LIMITS:  LOW WO LTAIGE LIMIT (i WARIATESHNARNING %) 2550 DEVISTENWARNING % CHANGEVIARNING (%:: STRAPVUSENING (%):
HIG H W LTA0G ELIMIT (43 URRISTEONALARM %) 2550 DEVIATKOMALARM %) CHANGESLARH %): STRAPALARM (%):
[ USE THIS TEST A5 THE BASELINE [ LUSE DATASASE BASELNE
1ok on CELL # DoonTgure 2. FigheClick on VARIATION column D escluce reading Tom SETSTCE analyels. Supressed readngs Wi be daaped I avange.
Barellie mpecknce: Ay mpsdaece: 733 TolEStleg Volege: 1125 Dew.fom Chalgen % Miuolege:223 Manlohpge: 226
TELLCETE TELLCATE
PP ED AN E nlllo
. niliolm) VOLTAGE cELL | sPECIFE: | TEMP.
# HOTES HODEVIETION [RUARETION | #CHANGE | o | TME MODEL N, GRAWTY w
WALUE (Baselne) Sty (Preu)
T ] 100 [ I8 T 7
H [ = [ ] T H
3 7757 58 0 225 LT 3
T T [{] [ IR [ T
5 ] [E 0 FE EiE 5

fug. Stiap Resktnce: 0004

PLCICK on STRARE D ooaTgure 2, EIghEChcE on VARIATION colnm D esciudR reRiing Mo SETHIE analals, Suressed eadngs Wi e cEped I wEnge.
o |rEzETANCE [SVARETEN [ mEssuR EMBNT CELL
B
STRAR # M lll-akmE R TIME CONNECTEDT: TiPE
| 0053 437 1200 i Wzl
2 005 99 12007 z Werczll
3 0155 w3 12007 3 verczll

This test must be repeated every six months so that a comparative study of
each cell may be done and appropriate action to be taken.
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CHAPTER -3

DC LEAKAGE

Er. P.K. Gargava Er. Nutan Sharma

The DC system in EHV substations provides auxiliary supply to control and relay
panels, breakers tripping coils and other automated equipments. The reliable operation of
relays and breakers is very important for transmission system. The DC source usually
consists of a bank of lead acid batteries connected in series to obtain the required voltage.
The floating DC voltage is fed through control cables. The DC leakage may occur due to
following reasons:-

Damage of cable insulation

Cutting of cable at C&R panel or Breaker mechanism ends

1

1

1 Unconnected cores of cable lying on ground

9 Insulation failure of trip coil, semaphore, relays, MOG etc
1

Moisture ingress

6DC Leakageb6 causes unbal ance voltage between

Further degradation or multiple earthing of DC system may create short circuit leading to
failure of DC supply. Failure of DC supply to C&R panel or breaker means breakers and
relays will not operate if fault occurs. IEC- 60364-4-41 chapter 413-1-5-4 recommends that
first fault must be eliminated from the system within minimum possible time.

DETECTION OF DC LEAKAGE

1. Indication and alarm of charger

Charger are equipped with leakage current ampere meter and a mid-point earth
switch if switch is operated then amp meter will show leakage current value and
alarm will be there.

2. Two lamp method
Two incandescent lamps are connected in series between positive and negative
terminals and mid point is earthed. If there is no leakage both lamps will glow equally.

This circuit can be installed on any panel through fuse for monitoring.
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+*Bulb

- Bulb

FEEDER1 FEEDER?2 FEEDER 3 FEEDER 4

Fig. 3.1 Two lamp method
3. DC voltmeter
Instead of lamps voltmeter can be provided which can read voltage with (+) and (-)

sign with selector switch.

+VE

SELECTOR
SWITCH
VE TO EARTH FEEDER 1 FEEDER?2 FEEDER 3 FEEDER 4

.+
iVE TO EARTH

N =

. +VE TO _VE

DC
VOLT
METER

Fig. 3.2 DC voltmeter

DC MIXING

400 KV Sub-stations and most of the 220 KV Sub-stations are having dual DC supply
source. Trip coil-1 of breaker is connected to DC source-1 and trip coil-2 is connected to DC
source-2. The C&R panels are also having two DPR and differential relays and their auxiliary
DC supply sources are independent. As two separate sources are available it is very
important to take care of mixing of DC source during commissioning of CB and C&R panels.
The possibilities increase when modifications are done in a haphazard manner.
The mixing of DC even on a single point will mix complete DC sources and then it becomes

very difficult to detect and eliminate DC mixing.
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In a mix DC system if DC leakage is occurred it will affect both sources. Multiple DC
leakage may cause situation worse. Ghost voltage or fictitious very high voltage may appear
between positive to Earth and negative to earth. If leakage is having low resistive path then
there is strong possibility of mal-operation of relay/breaker and burning of relay/breaker coils.
Keeps watch on DC mixing regularly and if it is observed then it is to be attended
immediately. To detect problem first check latest work of commissioning or modification. If
problem is chronic then each individual panels are to be checked one by one for mixing

whenever shutdown is availed.

DETECTION AND RECTIFICATION OF DC LEAKAGE

To detect and rectify problem of leakage current it is necessary to quantify the leakage

current and then identify the source of leakage.
Following three methods can be adopted:-

1. DC Earth Fault Locator

2. Leakage current clamp meter.

3. Conventional Lamp Method.

1. DC Earth Fault Locator

TDCEFL of CSD instrument which have been supplied earlier to Testing Divisions are user
friendly DC Earth (Ground) Fault Locator. This portable instrument consisting of Signal
Generator & Signal Receiver uses latest digital signal processing technology. It detects earth
faults in live DC system quickly in online condition and relieves the substation maintenance
engineers from nightmare of earth leakages & its detection. It is an excellent solution for

preventive maintenance & troubleshooting of ground faults.

Features

1 No need to cut down the DC system, T-DCEFL can locate the earth fault, increases
the power network reliability.
It can test the AC Cross, to prevent the damage to devices because of that.
Auto test the DC system voltage, and can adjust the output voltage according to
different DC system, like 230V, 110V, 48V and 24V.

1 High intelligence, auto tell the grounding status, it can alarm when the system is
grounded.
It can indicate the current direction, to test the loop grounding fault.
It can display the grounding current waveform; the operator can tell the grounding
condition and avoid the effect for the distributed capacitance.

9 Using digital signal processing technique, calculate and display the current lively, the
sensibility is highly increased, max. 100K bad insulation fault can be detected.

89



1 The Transmitter can measure the grounding resistance and distributed capacitance,
calculate automatically the best frequency for the output signal.

1 The Transmitter can have two power supply methods, DC and AC; it can be powered
by the DC system directly.

1 Low voltage indication function.

PRINCIPLE OF OPERATION
T-DCEFL is composed by Transmitter, Receiver and Clamp. Signal Generator or transmitter

(Fixed) is connected across faulty bus bar (+ Ve or i Ve) and ground, transmitted low
frequency square wave signal. These transmitted signal flows from generator to ground
through fault and from ground it return back to Signal Transmitter, thus path of signal is
completed. During this operation, Signal Transmitter unit internally assesses fault condition &

automatically injects required voltage & current.

a. TRANSMITTER
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Fig. 3.3 SIGNAL TRANSMITTER
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b. RECEIVER

1. Signal Jack 2. Charge Jack
Receiver
3. Revert 4. Frequency
£
5. OnlOff 6. 5ot Ref.
QniOff] Set Ref.
LS

Fig. 3.4 SIGNAL RECEIVER

c. Reciever Clamp

1. Handle

&

2, Pawer Indication,’ 4. Low indication

Fig. 3.5 SIGNAL RECEIVER CLAMP
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Fault tracing and pinpointing is carried out by signal receiver with current sensor clamp. After
connecting clamp at faulty cable receiver will show indication of signal strength and fault

current direction.

Battery Room DC Distribution Room
Battery Bank Dcoa
High High High No
Charger Signal Signal Signal Signal

—_—__’_,_Tj

Signal
Generator —-

Fig. 7.4 USE OF SIGNAL RECEIVER CLAMP

Fig. 3.6 USE OF SIGNAL RECEIVER CLAMP

Procedure
If there is fixed earth fault line selection device installed to the DC system, it should power off
it when we use the T-DCEFL for the fault detection, and also it is necessary to take off the

alarming relay to increase the detection accuracy.

Connection to use the Transmitter

To power off the Transmitter first, connect the +, - and Earth to the +, - and Earth of the DC
system separately. The red clip connects the positive polarity (+220v, +110v, +48v, +24v),
and the black clip connects to the negative polarity (Ov), while the green clip connects the
earth (system earth).

Power supply

If the DC system is 220V or 110V system, we can use it to power the T-DCEFL Transmitter.
If the system is 48V or 24V, use the 220V AC to power it. When use DC system to power it,
the DC indication will light; when we use 220Vac to power it, the AC indication lights.

After connect well the Transmitter, power on it, and it will display the software information,
and then it will do the testing, the display is as Fig. 3.7 shows.
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Fragquency': | SH2

FPositive bus valtage: 150 W
Megative bus wollage: -TD WV
Capaceance: 9 pF
Grounding Resistanca: 105K
Balance resistanca; 120k

Fig. 3.7 System parameter display
The output frequency in Fig. 3.7 is the best suitable output frequency calculated by the
Transmitter according to the detection result. If the positive bus is earthed, the + indication
will light; if the negative bus is earthed, the T indication will light. If it is necessary to test the
system parameter again, please press PARAMETER TEST button, the Transmitter will test
and display the system parameter again. Press FREQUENCY, it can set the output

frequency manually.

Connection to use the Receiver

Set the frequency

Plug the signal cable of the clamp to the Receiver, power on the clamp. Then hold the
ON/OFF button of the Receiver over 1 second, the Receiver is powered on. The reminding

information will display as Fig. 3.8

D peranlce
1, Pt s Thee Clarm g,
2. Clip 1be graumdirg cable of e Transmitser,

2 Press FREG. butiom 10 S Saemes fneo Uiy
AxTransmitier,

A, Prees SET,. REF. bhuzian,

Fig. 3.8 Operation reminding display
According to the above information, clip the clamp to the grounding cable of the Transmitter,
to enter the frequency setting display by pressing FREQUENCY button, the display is as
Fig.3.9 shows.
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Fig.3.9 Frequency Setting Display
Here, the frequency displayed is 2Hz, and it blinks, press the FREQUENCY can change the
frequency, please be noted that the frequency set should be the same as the frequency of
the Transmitter. After setting the frequency, press SET REF. button, the display will be as
Fig.3.10 shows.

St Rl =

Fig. 3.10 Set Ref. reminding display

Attention: once the frequency is set, it cannot be changed, it needs to restart the Receiver if
the operator wants to set it again.

It will display SET REF.?, we can press the SET REF. to confirm after the waveform is
stabilized. This process may need 5 20 seconds according to different frequency. After
setting the reference, the Receiver will record phase angel and display the current direction.
The display will be as Fig. 3.11.

Here, the arrow on the upper right is the current direction. If it is before the fault location, it is
upward arrow, if there is earthed loop; it is downward arrow after the fault location. The

current value will also be displayed. If the DC system is earthed, it will display and alarm.

Attention: pl ease donoét p over deforedimding theHaslt pBsaianebecause it

needs to reset the frequency and reference.
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Fig. 3.11 Set Ref. finished Display

After finishing the set reference process, the Receiver will enter the testing process. Clip the
Clamp to the branch that needs to detect first, then press the ZERO button on the

Clamp, after that, press the REVERT button on the Receiver, the Receiver will test again.
The longer it tests, the better accuracy will have. Please remember to press ZERO and

REVERT every time the operator wants to clip the Clamp to a new branch.

Pinpointing:

To locate the earth fault is to measure the resistive current that flows the fault position using
Clamp, where there is earthed fault, there will have resistive current; while if it has no
earthed fault, and there will have no resistive current. The branch with high grounded
capacitance and no earthed fault, there will have no resistive current, only capacitive current.
Pinpoint the fault position and pinpointing Procedures

A. First need to locate the branches, use the Clamp to clip the whole batch, two
branches or one branch, test them. If the grounded resistance is high, the Receiver
will not alarm, the operator can only tell whether there is branch earthed by the
waveform. If the grounded resistance is near to or lower than the national standard,
the Receiver will display the earthed condition and alarm.

B. If there is earthed branch, please go on the locating with the Tree method, from
branch to branch, then to smaller branch, till find the earthed line.

C. If we know that one circuit is earthed, and we need to pinpoint it, we need to locate
from the main to the end branches. If there is earthed waveform or alarm, which
indicates that the fault is still in the smaller branches, go on with the locating, till to
the end. If we still cannot find the fault, then fault location is at the location between

where there is waveform and no waveform, then go on with the pinpointing.
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D. If we cannot find the fault location even to the end, it shows that the fault is with the
devices. If there are no faults on the branches, please locate the bus, the insulation
monitoring device and alarming relay.

Please locate the battery if there is no fault for the above all parts.
If loop earthed fault occurred to the DC system, the place where the current direction
changes is the fault position. (Please be noted that the current direction on the Clamp

should keep unchanged.)
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Fig. 3.12 Single point earthed fault pinpointing process
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Fig. 3.13 Multi points earthed fault pinpointing process
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Fig. 3.14 Loop earthed pinpointing process

Typical Waveforms

When the DC to earth distribution capacitance is high, the capacitive current will be high, this
will influence the measuring accuracy of branch resistive current, the grounding resistance

measurable will decrease. When the grounding resistance is high enough, the auto alarming

function will invalid, then we can only tell it is
earth through the waveform.

The character of waveforms is as follows:

a. Earthed branch

The waveform looks like rectangular, the rise and drop edge changes with the system to
ground capacitance, the higher the capacitance is, the change will be more flat. The less the
grounding resistance is, the bigger amplitude of the waveform will be, it is as Fig. 3.15

capacitive earth or resistive

shows.
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Fig. 3.15 Waveform for branch earthed
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b. High Capacitance with earthed branch
The rise and drop edge of the waveform changed sharply, the rise edge has spikes. The
higher the capacitance is, the sharper the spike is. While the less of the resistance, the

amplitude will be big, as Fig.3.16 shows.
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Fig. 3.16 Waveform for high Capacitance with earthed branch
c. High Capacitance without earthed branch
The rise edge is sharp, drop edge is flat. The higher of the capacitance, the amplitude is
bigger, it is as Fig.3.17 shows.
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Fig. 3.17 Waveform for High Capacitance without earthed branch
d. No earthed branch

The waveform is flat, almost like a straight line, it is as Fig. 3.18 shows.

. Temh 1

Fig. 3.18 Waveform for no earthed branch

Precautions
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1) Connect the Transmitter with the bus or faulty branches, please pay attention to the
polarity, the red is to the Positive bus, the black is to the Negative bus, the green is to
the ground.

2) If there is fixed earth fault line selection device installed to the DC system, it should
power off it when we use the T-DCEFL for the fault detection, and also it is necessary
to take off the alarming relay to increase the detection accuracy.

3) Because the Clamp is with high sensibility, please keep it still, do not move or shake
it. Or, the magnetic field of the earth may influence the testing result.

4) The Receiver will auto power off if there is no operation within 60 minutes, it can
power off if the battery is too low.

5) Battery:- The Receiver is using built-in rechargeable lithium battery, please charge it
when the it is low. It takes 8 hours to charge it. If it is urgently needed, charge it for 10-
15 minutes, it can be operated for 30-50 minutes.

The Clamp uses high capacity alkaline battery, if the battery indication is
lighting, it shows that the battery needs to be replaced.

6) The Clamp cannot power off automatically, please power off it after using. If it cannot

be used for a long time, please take out the battery.

2. LEAKAGE CURRENT CLAMP METER
These are very much like the clamp meters used for measuring load currents, but deliver

significantly better performance when measuring currents below 5 mA.

PRINCIPLE OF OPERATION

When the jaws of a clamp meter placed around a conductor, it reads the value of current
depends on the strength of the alternating electromagnetic field surrounding the conductors.
When testing the grouped live conductors of a circuit, the magnetic fields produced by the
load currents cancel each other out. Any imbalance current comes from leakage from the
conductors to ground or elsewhere. To measure this current, a leakage clamp meter should

be able to read less than 0.1 mA.

|0

“EQE

Fig. 3.19 Leakage current clamp meter

Tracing the source of leakage current
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This method of measurements identifies the overall leakage and the source. The first
measurement can be made on the main conductor to the panel. Measurements 2, 3, 4 and 5

are made subsequently to identify circuits carrying the larger amounts of leakage current.

Elactrical s——3
Panel

Leakage Current [

Fig. 3.20 Use of Leakage current clamp meter
Leakage current can be an indicator of the effectiveness of insulation on conductors. It is
possible to locate the source of leakage current by using a low current leakage current clamp
to take methodical measurements as described above. To accurately measure low current
levels, it is essential that the mating faces of the jaws are protected from damage, are kept
clean and are closed completely together without an air gap when testing. Avoid twisting the

jaws of the clamp meter as this can cause erroneous measurements.

3. CONVENTIONAL LAMP METHOD

If DC earth leakage kit is not available then we can detect the leakage with the help of

tungsten lamp and low range DC ammeter or tong tester.
METHOD :-
If + ve is earthed in system than connect lamp between i ve and ground as shown in fig 3.21,
If - ve fault is in system than put lamp between +ve and ground as shown in fig 3.22.
Procedure
I.  First identify the faulty bus by measuring voltage.
.  Choose (switchable load) lamp rating according to the measureable current read by
tong tester.
Ill.  According to the faulty bus make connection as shown in above fig 3.21 & 3.22.
Means put switchable load opposite to faulty bus at main distribution.
IV.  Note the current read by tong tester at main distribution in load switch on condition

for reference les.
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Fig. 3.21 +Ve Bus earth

+VE
|
60/100 W
Bulb
-VE

Fig. 3.22 1 Ve Bus earth
V.  After measure the current switch off the load.
VI.  Connect tong tester in feeder 1 as shown in fig 3.23 to measure the branch current

(I). Now switch on the load connected at main distribution and measure the current
(I,) of the same feeder.

+VE
‘/ -VE
Tong tester TC
Tong tester Tong tester Tongtester Tong tester ‘ ANN
Bulb I—
CLOSING
— ‘ INDICATION
\ FEEDER 1 FEEDER 2 FEEDERS3 FEEDER 4 FEEDER 5
\ /

—_—

- — —_— .

PATH FOR FAULTY CURRENT

Fig. 3.23 1 Ve earth in indication ckt. Of feeder 5
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VII.
VIII.

XI.

Repeat the process explained in point VI if there is no difference in reading of 1 |I,.

If there is difference in reading of I, I, then concentrate on the further DC distribution
of that feeder (like TC1/TC2, Ann & Indication etc).

Now repeat the process explained in point VI for TC1/TC2, Ann & Indication etc of
identified faulty feeder.

Remove the identified earth point (check wire insulation, moisture, ann and TB
insulation) to get healthy DC status.

In case of single point earth difference of I, I, is equal to Is and for multi point earth

difference of |, I, is less than to |
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CHAPTER -4

TESTING OF NUMERICAL DISTANCE PROTECTION RELAY

WITH 3 -@ SECONDARY INJECTION KIT

Er. Pradeep Raghav Er. Ashish Sharma

Equipments used:
Testing kit 7 3 PHASE RELAY TESING KIT
Relay i GE, D-60, version 6.0X

A. COMMUNICATION OF TESTING KIT WITH LAPTOP i

Type of Communication - Ethernet
IP address (Kit Default) - 192.168.1.133
Laptop - IP =192.168.1.199, Subnet mask = 255.255.255.0

Appendix B IP Address Setting

The communication interface of PW(E) tester applies Ethernet interface with the standard of RJ45. The two ends of data wire have RJ45
plugs (another name crystal head). The data wire can be positive connected (two ends of plugs corresponding to each other) or negative
connected (two ends 1, 2 switch with 3, 6), which can be detected by the tester automatically.

The computer connecting to PW(E) tester must mount a 100M Ethernet Network Interface Card (NIC). The computer without network
card could insert a UBS NIC. The drive program of NIC also should be installed.

The computer with mounted NIC could log on Internet properly.

After the software installation, you must set the IP address for the computer. The IP address for its network is 192.168.1.*, the first 3
numbers cannot be wrong, the last section of number could be any number among 2~254 (except 133). New product has default IP before
leaving factory, so users can use it without setting. If users want to install the software by their own, or change the original IP address when
logging on Internet/LAN, they must reset the IP address.

To confirm the connection, open the Powertest software T setup T Aux DC
and set it to 48V, 110V, 220V DC as per choice and click ok. The LED on AUX DC

terminals will glow up. We can measure the DC voltage output of the kit by multimeter as

well. Switch off the AUX DC following the same procedure as above.
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Caution - If the DC output of the kit is being used for energizing a relay or anything

then first ensure that the DC terminals of kit are open (not connected) to that equipment as

the difference in voltage rating may affect the equipment.

We can also do the communication check by various other methods like

voltage injection, current injection etc., but since the Aux DC output is seldom used

hence it is preferred for communication check.

B. COMMUNICATION OF RELAY WITH LAPTOP i

Communication of relay to laptop may be done in various ways. Practically,

communication via serial port and Ethernet port is used. Following is a detailed table for

some of the mostly used relays in MPPTCL i

Communication Through
S. RELAY SOFTWARE &
NO MAKE MODEL VERSION
. Serial Ethernet
Possible in
a relay version
ENERVISTA V.5.3 )
1. GE D 60 & ABOVE (straight 6.0x and
cable) above
AGILE V.1.0 & a X
2. | AREVA | P441/442 ABOUE (straight
cable)
3. ABB REL- 670 PCM 600 X a
DIGSI V4.8 & a 5
4. | SIEMENS | 75A621 BOVE (cross cable)
ACCELERATOR a 1
> SEL s11c-2 QUICKSET (cross cable)
a
6. | TOSHIBA | GRz-100 RSM-100 (straight X
cable)

C. CONNECTIONS BETWEEN KIT & RELAY i

For testing a distance protection relay, the relay must be provided secondary

injection of current and voltages. The testing kit has terminals for output of current and

voltage. These analog outputs may be connected to a relay via test terminal block (TTB)
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or disconnecting type TBs in the panel. Connecting the kit to disconnecting type TBs is

preferred as these are the initial points for CT & PT in the panel. Injecting through these

points, full CT & PT circuit of the panel (up to the relay) is checked.
‘T s
Current Current

Output 1 Output 2

a

Disconnecting Type Terminal Blocks (TBs) i above
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Test Terminal Block (TTB/RTB) i above

Test Terminal Block (TTB/RTB) i above

Test Plug i compatible with English Electric/ALSTOM make TTB - above

In addition to CT and PT, testing kit contains some output contacts (potential

free or energized) and digital inputs (potential free or energized).
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