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Insulation Resistance Test:
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Tasm
Oil temperature, °C Oil temperature, °F Multiplier
0 32 0.25
5 41 0.36
10 50 0.50
[5.6 60 0.74
20 68 1.00
25 T 1.40
30 86 1.98
35 95 2.80
40 104 3.95

Lt adlll JB) (AU Jgand) B35 g0 & dmiuaal) daddl) CuilS 1)

:dzany) 4300 58
Rated voltage of Minimum
winding under test acceptable resistance
2300 V to 13,200 V 800 MQ
Above 13200 V 1600 MQ2
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Megaohmmeter

1.Spot Test:
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2.Time resistance Testing:
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Less than 1= failed 81
Between 1 and 1.25 OK
Between 1.4 and 1.6 Excellent s A la sad

: 3Phase J sl o1 Al Cilia gadl)
1.High voltage winding to v winding to ground
2.HV winding and tank
3.Lv winding and tank

Xy Hy
2 Hy N k % 3
X3 Ha 4 %2 2 L + X, Hy
Xy Hy . . Xy

-

(1) (2) (3)
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Turns ratio for all taps:
Mgy Jaadi ) clilal) Cil Bale) a3 13) aly Balad) B Gandl) |y
Jird) gl (i Lan ) Lpudany e 3 gualla cildle il (S o Lad 48 jral oy i) J2a g,
o5k ga skl Al g aa jghll Al (e 2SUl 5 Aasaiall o eatl) A (uld (Baoh oo iy clitall
Tap Changer 4aa (e Uil clli sae o (aadl) 13g a gl

; il
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Euay B piua G985 Y O salaal) Al (0 335 Y Al sh Mad) Jaidal) Aga (e Jgaall Apdiy a gl
gl R ruay

Al el AN 38 Al
VAB, VBC, VCA, Vab , Vbc, Vca.Van,Vbn,bVcn
il dsed a2y
KAB = VAB /Vab
KBC = VBC/ Vbc
KAC = VAC /Vca
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Winding Resistance Test:
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Group Deviation (°) Connection \{oltage
Diagram
12 0 Yy, Dd, Dz b Less | Less | Less | Less
a
A C
B
Littl
1 30 Yd, Dy, Yz b Less | V€ | ess | Less
a More
(o
B
2 60 Yy, Dd, Dz 3 Less | More | Less | Less
C
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Voltage
Diagram

Group Deviation (°) Connection

Little More Little Less
C | More More

B
a
A‘ > b
(o
B
4 120 Yy, Dd, Dz a C More | More | More | Less
b
[
B
5 150 Yd, Dy, Yz a More | More | More I::t;:
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Group Deviation (°) Connection \{oltage
Diagram
6 180 Yy,Dd,Dz [c__a More | More | More | More
\/A
b
C
3 .
7 210 Yd, Dy, Yz More Little More | More
A Less
b
8 240 Yy, Dd, Dz More | Less | More | More
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Group Deviation (°) Connection \{oltage
Diagram
B
C
9 270 Yd, Dy, Yz c | ttte oes [ He | More
b Less Less
A
B
b C
10 300 Yy, Dd, Dz ) C | Less | Less | Less | More
A
B
Littl
11 330 Yd, Dy, Yz %\ Less | Less | Less itHe
(o More
a
A C
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Aaa g Jeaall £ g8 Ao aaliad Adabicall 4 gll) dadd ()
Testing Voltage (KV)
System Voltage (KV)
Used Tr. New Tr.
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Short Circuit Test and percentage impedance test
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REASONS FOR TESTING

Compliance wiuth costumer specification
Assesment on quality and relaiability

Verefication of design
Comliance with industry standards
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ROUTINE TESTS
BEFORE TANKING

* CORE INSULATION TESTS

* PRE-LEAD ASSEMBLY RATIO TESTS AND
ELECTRICAL CENTRE MEASUREMENTS

* PRE-VAPOR PHASE RATIO TEST

*BUSHING CURRENT TRANSFORMER RATIO
AND POLARITY TEST
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ROUTINE TESTS
AFTER TANKING

INSULATION RESISTANCE: CAPACITANCE AND
DISSIPATION FACTOR

FINAL TURNS RATIO TESTS

IMPULSE TESTS

APPLIED POTENTIAL TEST

WINDING RESISTANCE MEASUREMENTS

INDUCED VOLTAGE TEST
CORE LOSS AND EXCITING CURRENT MEASUREMENTS

IMPEDIANCE AND LOAD LOSS MEASUREMENTS
WIRING CHECKS AND GAUGE SETTINGS
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'DIELECTRIC TESTS |

1) Lightning Impulse
* Full Wave
* Chopped Wave
* Steep Wave

2) Switching Impulse

LOW [POWER)
FREQUMNCY

1) Applied Voltage
2) 10 Induced

3) Induced Voltage
4) Partial Discharge

*Quality Control Tests

TRANSFORMER TESTS

PERFORMANCE
TESTS
1) No-Load Loss
2) % Exc. Current
3) Load Loss
4) % Impedance
5) Zero Sequence
Impedances

6) Ratio Tests
7) Short Circuit

THERMAL TESTS

1) Winding Resistance

2) Heat Run Test
* Oil Rise
* Wdg. Rise
®* Hot spot rise

3) Over Load Heat
Run

4) Gas In Qil
5) Thermal Scan

OTHER TESTS

*1) Insulation Capacitance
and dissipation factor
2) Sound Level Tests
3) 10 kV Exc. Current
4) Megger

5) Core Ground
*6) Electrical Center

7) Recurrent Surge
8) Dew Point

9) Core Loss Before
Impulse

*10) Control Circuit Test

*11) Test on Series
Transformer

12) LTC Tests

*13) Preliminary Ratio Tests
™4) Test on Bushing CT

™ 35) Qil Preservation
System Tests
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NO- -LOAD LOSSES AND LOAD LOSSES AND
EXCITING CURRENT EXCITING CURRENT

* LOSSES OF UNLOADED TRANSFORMER EXCITED AT RATED
VOLTAGE AND RATED FREQUENCY

* INCLUDE CORE LOSS, DIELECTRIC LOSS, | R LOSS

* CORE LOSS - HYSTERESIS LOSS, EDDY CURRENT LOSS
* HYSTERESIS LOSS - MAXIMUM FLUX DENSITY

« EDDY CURRENT LOSS - FREQUENCY, TEMPERATURE
 AVERAGE VOLTAGE VOLTMETER METHOD

* CORRECTION TO SINE WAVE BASIS
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LOAD LOSS AND % 1Z

* LOSSES OF TRANSFORMER DUE TO LOAD
CURRENT

* INCLUDE | R LOSSES IN WINDINGS

STRAY LOSSES IN WINDINGS

STRAY LOSSES IN STRUCTURAL COMPONENTS
CIRCULATING CURRENT LOSSES

* THREE WATTMETER METHOD PREFERRED

* P.U. IZ = VOLTAGE FOR RATED AMPS (ONE WDG.
SHORTED) RATED VOLTAGE

www.facebook.com/Electrical.engineering.community2050



THERMAL TESTS

MEASUREMENTS OF WINDING
RESISTANCES

TEMPERATURE RISE TEST
OVER LOAD HEAT RUNS

GAS IN OIL ANALYSIS
THERMAL SCANNING
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Additional Tests Performed on New
Designs and/or at Customer Request

FRONT CHOPPED IMPULSE TESTS
AND SWITCHING SURGE TESTS
HEAT RUNS

SOUND LEVEL TESTS

PD MEASUREMENTS

ZERO SEQUENCE IMPEDANCES
SPECIAL TESTS
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TEMPERATURE RISE TESTS

* INSULATION TEMPERATURE DETERMINES “LIFE”

* SIMULATION OF WORST CASE OPERATING CONDITION
 DETERMINATION OF

TOP OIL RISE

WINDING RISE (AVERAGE)

HOT SPOT RISE

* DATE USED IN LOADING (OVER LOADING)

TEST

* DISSIPATE MAXIMUM LOSS - ACHIEVE STEADY STATE
MEASURE OIL RISES

* CIRCULATED RATED CURRENT FOR 1 HOUR MEASURE HOT
RESISTANCES

*EXTRAPOLATE BACK TO INSTANT OF SHUT DOWN
*CALCULATE WINDING RISES

www.facebook.com/Electrical.engineering.community2050



OTHER TESTS

TESTS ON CONTROLS

INSULATION RESISTANCE

CAPACITANCE AND DISSIPATION FACTOR
CORE LOSS BEFORE AND AFTER IMPULSE
SINGLE PHASE EXCITING CURRENT AT 10 KV
ELECTRICAL CENTER DETERMINATION

RATED VOLTAGE - RATED CURRENT LTC OPERATION
CORE GROUND MEGGER

DEW POINT AT SHIPMENT

SOUND LEVEL MEASUREMENTS
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SPECIAL TESTS

« Sound Test — Especially for low sound units

* Overload Heat Runs

* Time Constant Heat Runs

* Class Il testing for all special transformers

%4 Series Parallel % High or low impedance
 Short Circuit Testing

% Use Finite Element Analysis in lieu of testing
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Winding Resistance

The winding resistance is measured in the field to identify shorted turns (although
this is better identified in the ratio test), poor joints, high resistance connections
or contacts and open circuits. The resistance is measured on all taps of a tapped

winding to ensure that the OLTC dose not open circuit during the tap changing
operation.

The winding resistance can be measured with a low resistance ohmmeter,
or with a Kelvin bridge. Be sure to make good contact with the winding
leads, and to wait 3 minutes after initial contact before taking a reading.
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This delay is necessary due to the induction created by the transformer
windings. Because the windings will store energy, it is important to shut
off the test set and allow the energy to dissipate before removing the
test leads.

If the factory test values are available, or if the transformer cannot be
disconnected, the resistance values for each winding should be compared
to those of the adjacent windings. A difference of one percent indicates
a potential problem.
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Low Voltage Excitation Current Test

The low voltage excitation test is performed to identify shorted turns or severe
core damage. This method is a natural extension of the power factor test and
makes use of the same equipment.

The test results of a three-phase core form transformer will give a pattern of
two similar currents and one lower current.

This is usually the H2 phase of the Condition Monitoring Unit, transformer as

the magnetic reluctance of this phase is lower than the other two phases
resulting in a lower excitation current value.
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Transformer Turns Ratio

The transformer turnsratio (TTR) test is used to determine, to a
high degree of accuracy, the ratio between the primary and
secondary of the transformer. This test is used to verify
nameplate ratio, polarity, and tap changer operation for

both acceptance and maintenance testing.

It can also be used as an investigative tool to check for shorted
turns or open windings. If the turn to turn insulation begins to
break down in either winding, it will show up in successive TTR
tests.

The ratio of the transformer is normally measured at commissioning or
after major refurbishment. The test is also performed to identify
incipient faults or after a transformer fault trip to identify shorted
turns. A turns ratio measurement can show that a fault exists but does
not determine the exact location of the fault.
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The ratio determined by the test set should agree with the indicated
nameplate voltage ratio, within a tolerance of -/+ 0.5 percent.

If a high exciting current is developed at low voltage, it could indicate a
short in the windings or an unwanted short across the exciting clamps.
If there is a normal exciting current and voltage, but not galvanometer

deflection, there is the possibility of an open circuit or a lack of contact at
the test leads.

Actual test results for most transformers will show a slight ratio
difference for the different legs of the core, due to the different return
paths for the induced magnetic flux. The transformer ratio can also be
computed by applying a voltage to the primary, and using two volt
meters to read the voltage applied to the primary and the voltage
induced in the secondary. This method depends on the combined

accuracies of both volt meters, and is usually accurate to only about 1
percent
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