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2019 OMICRON Academy Transformer Trainings

January 30" and 31st7 Houston, TX
https://www.omicronenerqy.com/en/events/training/detail/electrical-diagnostic-
testing-of-power-transformers/471/

April 16" and 17" i Toronto, ON
https://www.omicronenerqy.com/en/events/training/detail/electrical-diagnostic-
testing-of-power-transformers/472/

August 28" and 29" i Houston, TX
https://www.omicronenerqgy.com/en/events/training/detail/electrical-diagnostic-
testing-of-power-transformers/171/
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The Exciting Current Test: In-Depth

A Introduction to the Exciting Current Test

A Exciting Current Test Procedure

A The Exciting -BarrenhsdPhase
A Why do ®Rha®enso Occur ?

A The ExcitingChaumrgermntPdtTtaer ns 0

A Capacitive Exciting Current Measurements
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The Exciting Current Test - Failure Modes

1.

2.

A Note, residual magnetism in the core may influence the Exciting Current measurement;
therefore, try to perform the DC Winding Resistance test last

© OMICRON

Compromised Insulation
A Turn-to-turn insulation failures

A

Inter-winding insulation failures

A Winding-to-ground insulation failures

Tap-Changer Component Failures 1 |

A
A
A
A
A
A

Regulating winding
Preventative autotransformer
Reversing switch

Tap selectors

Stationary contacts

etc.
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The Exciting Current Test - Test Procedure

Step 1: Open-circuit the secondary-side bushing terminals

Step 2: Apply an AC voltage across one phase on the primary side (typically 10kV)

Step 3: Measure the current flowing through that primary winding (typically in the mA range)
Step 4: Perform the measurement on all three phases, and on various tap-positions

U A transformer6s fAExciting Currento i s essent
have to supply on the primary-side, for the transformer to function, without any load

r

AC Voltage —~

Open-Circuit Test

AC Current, |_ /

— N =
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Exciting Current: Test-Equipment Overview

A The high-voltage (10kV) injection lead i Used to apply an AC voltage across one
phase on the primary side (typically 10kV)

A The current measurement leads (red-A and blue-B) i Used to measure the current
flowing through the primary winding (typically in the mA range)

A The test-instrument ground lead
o Typically connected to the transformer tank-ground
o Used to solidly ground the test-equipment to earth-ground potential
A The f gwiarr aduwsed toisolate and test different components of the transformer

o The Exciting Current Test is typically performed using the Ungrounded
Specimen Test (UST) mode
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Exciting Current: Test-Voltage

The Exciting Current test-voltage should not exceed the line-to-ground voltage rating of
the primary winding under test

Ideally, we want to apply as high of a test-voltage as possible, to stress the insulation
system as much as possible, during the time of the test

However, thetest-i nstrument may #Atripo as a result of
limit of thetest-i nst rument 6s power supply

Ifthetest-i nstrument Atri pso when attempting to pe
measurement, then the user must troubleshoot, to determine the cause of the relatively
high Exciting Current required to energize the transformer
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Exciting Current: Which Tap-Positions Should | Test?

1.

2.

Of course, the fAbest practiceo I s to pe
LTC tap-positions

A more fnApractical o approach would be to
from 16R-1L AND 16L...or from 16L-1R AND 16R

A reasonadvdwerd ian@gproach would be to pe
Current Test on 16R, 1R, N, 1L, and 16L
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Exciting Current: Why Did the Test-l nst r ument

1. User-error
2. The transformer under test has an inherently high Exciting Current
3. A fault, which is causing the Excit]i

u If a transformer fault is not suspected, then the user may have to lower the
test-voltage to complete the Exciting Current measurement on all three
phases

U Note, to assess the Exciting Current measurement, all three phases and all
tap-positions must be tested at the same test-voltage
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Exciting Current: When Didthe Test-l nst r ument
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When testing all three phases? In this case, it is probably not due to a fault, but it is
possible

When testing areactive-t ype LTC i n a -positron(s)? lin thig dasetitasp
probably not due to a fault, but it is possible

When testing a transformer that has a Delta primary winding, AND only when
testing Phase-C? In this case, it is probably not due to a fault, but it is possible

When testing a transformer that has a Delta primary winding, AND when

performing two of the three phase-measurements? This is typically caused by a
transformer fault, so the measurement should be investigated
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Exciting Current Test-Connections: Wye Primary Winding with
Accessible Neutral Bushing Terminal

YN D1

H2 Xe
X1
H1 H3 -
Vin
High-Voltage | Low-Voltage i

Phase Lead (HV) Lead (LV) Ground Float Mode
A H1 HO - X1.X2.X3,H2, H3 | UST
B H2 HO - X1.X2.X3,H1.H3 | UST
C H3 HO - X1.X2.X3.H1.H2 | UST
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Exciting Current Test-Connections: Wye Primary Winding
without Accessible Neutral Bushing Terminal

Y D1
H2 X2
A C X1
H1 H3 a3
Vin
High-Voltage Low-Voltage _

Phase Lead (HV) Lead (LV) Ground Float Mode
“A” H1 H3 - X1.X2.X3 H2| UST
H2 H1 - X1.X2.X3,H3| UST
“Cc” H3 H2 - X1.X2.X3.H1 | UST
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Exciting Current Test-Connections: Delta Primary Winding

D YN1
H2 X2
B C
A : \
H1 A H3 a

Phase Hif;;:;(;%ge LE:;:FE%‘?G Ground Float Test Mode
A H1 H3 H2. X0 X1,X2.X3 UST
H2 Hl H3, X0 X1,X2.X3 UST
C H3 H2 HI. X0 X1.X2.X3 UST
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Exciting Current Test-Connections: Delta Primary Winding

Phase-A without H2 Grounded

© OMICRON

Phase-A with H2 Grounded

YN1 YN1
x 2
X1 X0 x1 X0
B B
Vin
High-Voltage | Low-Voltage
Phase Lead (HV) Lead (LV) Ground Float Test Mode
A Hl1 H3 H2. X0 X1.X2.X3 UST
B H2 H1 H3. X0 X1.X2.X3 UST
C H3 H2 H1. X0 X1.X2.X3 UST
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Exciting Current Test-Connections: Delta Primary Winding

A Grounding the third bushing terminal of the Delta winding helps to isolate, and
test, each individual phase-winding of the transformer

A Note, when testing a transformer with a Delta primary winding, when performing

each measurement, although one phase i s
Phase-A without H2 Grounded Phase-A with H2 Grounded
YN1 - YN1 -
X1 X0 X1 X0
Qa Q3

© Page 18



Exciting Current Test-Connections: Delta Primary Winding

A Grounding the third bushing terminal of the Delta winding helps to isolate, and
test, each individual phase-winding of the transformer

A Note, when testing a transformer with a Delta primary winding, when performing

each measur ement, although phase
Test e e a3 Measured
Connection Ground Excited” Phases Phase
Phase A H1-H3 H2 Phase A and Phase B Phase A
Phase B H2-H1 H3 Phase B and Phase C Phase B
Phase C H3-H2 Hl1 Phase C and Phase A Phase C
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Exciting Current Test-Connections: Delta Primary Winding

A If the transformer has a Delta primary winding, and two of the three phase-
measurements Atripo, then a fault is |likely o

A For a Delta primary winding, although one phe
simultaneously

A In this example, the fault most likely exists on the phase that is energized during both
measur ement s t haiCinfihe exanple befow). e. Phase

Phase A Phase B Phase C
(A and B are (B and are ( and A are

Excited) Excited) Excited)
16R 13.2mA Overcurrent Overcurrent
1R 69.2mA Overcurrent Overcurrent
N 11.4mA Overcurrent Overcurrent
1L 68.7mA Overcurrent Overcurrent
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Delta Primary Winding: Always Start with the Phase-C Measurement

The Phase-C measurement requires the largest amount of output power from the test-

instrument, so the Phase-C measur ement

Typically, if the Phase-C measur ement

all three phase-me asur ement s

can

can

be

I' s t he

be

mo s t

compl et ed
compl et ed

likely

wi t h

wi t hhout

Delta Primary Winding i Measurement Summary
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Measured Total
AExci ted| Current
Phases :
Supplied
Phase-A H1-H3 A A+B High+Low
Phase-B H2-H1 B B+C Low+High
Phase-C H3-H2 C C+A High+High
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The Exciting Current Test - Analysis
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There are no absolute limits for assessing the Exciting Current Test results

The best way to assess the Exciting Current measurement is to use Pattern
Recognition

Compare the measured phase-pattern to the expected phase-pattern
There are three common phase-patterns:

1. High-Low-High Pattern i where the Phase-B measurement is lower in
magnitude relative to the other two phases

2. High-Low-Low Pattern i where two of the phase-measurements are lower in
magnitude relative to the third phase-measurement

3. Low-High-Low Pattern i where the Phase-B measurement is higher in
magnitude relative to the other two phases
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The Three Exciting Current Phase-Patterns

Phase-Pattern #1 - "High-Low-High"

Phase-Pattern #2 - "High-Low-Low"

Phase-Pattern #3 - "Low-High-Low"
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AHi-gdw-Hi gho Phase

A The High-Low-High pattern describes an Exciting Current Test where the Phase-B
measurement is lower in magnitude relative to the other two phase-measurements

A The High-Low-High pattern is the expected pattern for all transformers, with the
exception of transformers that have a Wye primary winding without an accessible

neutral bushing terminal

Pattern

Phase A

Phase B

Phase C

Measured Exciting Current

17.5mA

9.5mA

17.6mA
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A Hi-gdw-Hi gho

Phase

A The High-Low-Highphase-pat t er n i

A In most cases, the Phase-B SFRA trace is expected to be the lowest in magnitude,

relative to the other two phases

S

Pattern

exhibited

Appears

n

t

he

“Core Region”

J
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x1 x0 (#4)

x2 X0 (#5)
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x3 x0 (#6)
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A Hi-gdw-L o wo

Phase

Pattern

A The High-Low-Low pattern describes an Exciting Current Test where two of the
phase-measurements are lower in magnitude relative to the third phase-measurement

A The High-Low-Low pattern is the expected pattern for transformers that have a Wye
primary winding without an accessible neutral bushing terminal

A
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The
ser i

AHI gho m

e s

measu

agnitude
rementao

me a siuR reaaeand Phass-C e x pect ec

Phase A

Phase B Phase C

Measured Current

135mA

102mA 102mA
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Why Does

t -hosv-LioMviog P h a s e

Y D1
H2 2
BN ey = q
H1 H3 a
Vin

Pattern

Test Relative Current Rzlglﬁie
Measurement . Measured Phases Magnitude for '
Connection Both Phases Current
' Magnitude
“Phase A” H1-H3 Phase A and Phase C High+High High
“Phase B” H2-H1 Phase B and Phase A Low+High Low
“Phase C” H3-H2 Phase C and Phase B Hich+Low Low
© OMICRON Page 27
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AnHi-gdw-Lowo Phase Pattern Appears

A The High-Low-Lowphase-pattern is exhibited in the fAcor

A The fAHi gho magnitude measfuPleaeandPhassesCexpect ed
series measurementao
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o-Migh-Lowo Phase Pattern

The Low-High-Low pattern describes an Exciting Current Test where the Phase-B
measurement is higher in magnitude relative to the other two phase-measurements

The Low-High-Low pattern is very difficult to predict

The Low-High-Low pattern may be produced by a relatively-low power-rated
transformer, which we will define here as a transformer rated below 5MVA
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nLoMgh-Lowo Phase Pattern

A If a relatively-low power-rated transformer produces this pattern, AND all other
electrical tests are acceptable, AND there is no reason to suspect that there is a

problem with the transformer, then the Excit
A 1lf a fipower transformero produces this phas:c¢

Il nvestigated, with emphasi s -Bcurreantimeasuigmeng her t
= o
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N L o-Migh-L o wo
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Phase

Pattern Exampl e

Phase A

Phase B

Phase C

Measured Current

113mA

127mA

110mA
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