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The extraction of exciting current components

opens the door for a further enhancement of
electromagnetic circuits’ diagnostics

i aly

ABSTRACT

Introduced in 2017, the extraction of
exciting current components opens
the door for a further enhancement
of electromagnetic circuits’ diagnos-
tics. Traditionally, analysis of sin-
gle-phase exciting current and loss
data relies on total current, loss and
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Enhancing diagnostic power of exciting current and loss test
on power transformers

power factor. For some transformers,
the prominence of the capacitive cur-
rent component masks the behaviour
of the inductive component, yielding
to uncertainties of the diagnostic cri-
teria. The method allows the separa-
tion of the essential constituents of
the total measured current and the
report of all three, namely, I, | and

I, components. This article describes
the method and its diagnostic advan-
tages.
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1. Introduction

When first proposed in 1967, analy-
sis of exciting current test results em-
ployed only the total current [1]. Ad-
vances in test equipment, allowed the
measurement of exciting current as a
phasor and the test became known as
exciting current and loss. Current di-
agnostic criteria are based on the eval-
uation of a two-dimensional matrix
of currents and watts and the iden-
tification of DETC, LTC and phase
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patterns, which are defined by various
phenomena, other than failure modes,
influencing the data. The physics be-
hind the data was reviewed in [2].

An equivalent circuit of a transformer
under no-load conditions is shown in
Fig. 1. The circuit accounts for the en-
ergy loss and storage processes when
power travels from one winding to
another. The leakage impedance, due
to magnetically coupled loops (e.g.,

series units, preventive autotrans-
formers), is not included in the cir-
cuit. Losses in the core, mostly due to
hysteresis and eddy currents, are ac-
counted for by R_. The electrical en-
ergy stored in the turn-to-turn capac-
itances as well as in the capacitances
to other windings and between wind-
ings and ground (all acting as loads)
are accounted for by C. The magnetic
energy stored in the core is accounted
forby L _.
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Figure 1. Equivalent circuit of a transformer under no-load conditions

The method that extracts I, and I. allows
the assessment of electromagnetic circuits
free from the effects of capacitive loading

2. Origin of current
components

The total measured current (I ) is
comprised of three current compo-
nents, identified in Fig. 1as I, I and I .
In most units with lagging I, the pat-
terns can be predicted by knowing the
core type and inspecting the electrical
diagram on the nameplate. In some cas-
es, however, the presence of capacitive
loading distorts the expected current
patterns, making the diagnostic con-
clusions less certain. The method that
extracts I, and I, introduced in [4, 5],
allows the assessment of electromagnet-
ic circuits free from the effects of capac-
itive loading.

Understanding the phenomena that dic-
tate the behaviour of the current com-
ponents is essential for data analysis. A
detailed discussion can be found in [2, 3],
and a brief synopsis is given below.

2.1. Inductive current - |,

The inductive current is a function of
total inductive loading present during
the single-phase exciting current and
loss test. The objectives of I, are two-

fold: 1) to maintain the core magne-
tized; hence, it is influenced by changes
in reluctance encountered by the flux
in the core; and 2) to supply internal
inductive loading. The latter is created
by bridging positions in inductive type
LTCs, series coils for limiting current in
bridging positions or circuits with se-
ries units. This load may vary with LTC
movements.

2.2. Resistive current - |,

The purpose of I is to supply losses dis-
sipated in the transformer during the
test. While these losses are mainly driven
by hysteresis and eddy current losses in
magnetized cores, the losses in conduc-
tors (I’R) and dielectric losses are also in-
cluded. For the most part, the pattern of
I, qualitatively, follows I . I is also un-
affected by I .. Therefore, when the inter-
pretation of I is challenged by pattern
distortions due to the relative magnitudes
of I, and I, I can serve as a useful diag-
nostic indicator.

2.3. Capacitive current - |

The objective of I is to supply the internal
capacitive load. In Fig. 2, I . represents the
measured capacitive component. As was
shown in [2-4],1_ consists of two currents:

1. Current accounting for the total in-
ductively-coupled capacitive load (red
arrows), which includes currents cir-
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Figure 2. Formation of |,
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Results
hase B hase

Energize HVL Measure M3

L [ I #F 8 L I Ie PF ] L I I PF 8
[ma] [ma] [ma] el [deg] [ma] [mal [ma] ) [deg] [ma) [ma] [ma] %] [deg}
8778 | 5943 | -1.006 | 51.889 | -58.742 | 6.845 | 2987 | 0.117 | 40.607 | -66.045 | 8874 | 6.138 | -1.084 | 52447 | -58.367
3.602 | 5560 | -0.973 | 77139 | -39.521 | 1752 | 2700 | 0.121 | 85571 | -31.961 | 3.749 | 5777 | -1.065 | 76.726 | -39.892
9268 | 5825 | -0.907 | 49.250 | -60.480 | 7.348 | 2904 | 0.124 | 37.323 | -68.085 | 9.386 | 6051 | -1.071 | 50067 | -59.956

Figure 3. Exciting current components extraction featured by Doble Test Assistant

Table 1. Abnormal phase pattern for both I, and loss. Exciting current components extraction. Case study |

Config. | MVA KV ated State Imeas Loss lg PF I, Ir I
with defect | 36.3[36.9 | 35.5|259(345(258( 25.4 13.0| 24.3 LjLjt 18.0(8.2(17.1(25.9(34.5(25.8(-7.4(-4.8(-7.2
46-12.47GrdY 71|94|73
AYIN) 20 series xmfr on LV LfLfL
after repairs | 37.6 | 16.9| 36.8 (271(120(271| 26.1 | 11.9| 24.9 2171172 20.0(9.1|19.0|27.1|12.0/27.1|-6.0|-2.8|-5.9

culating through insulation-to-ground
and currents through turn-to-turn in-
sulation.

2. The total current leaking to ground
(green arrows), upon returning to the
instruments ground point, splits into
two components. The first one returns
to the winding through the measuring
circuit (part I) and, therefore, becomes
part of the measured current. The sec-
ond, by returning to the instruments
source (part II), becomes part of the
total capacitive current entering the
transformer [6].

As a result, two opposing capacitive cur-
rents flow through the measuring circuit
(Fig. 2). Their values depend on the trans-
former geometry and the turns ratio. And
the direction of the capacitive component
reported by the instrument depends on
the relative values of these two currents.
If the current arriving from the ground is
larger than the current that accounts for
inductively coupled capacitive load, the
measured capacitive component is nega-
tive and vice versa.

3. Exciting current
components extraction
featured by Doble Test
Assistant

Historically, the empirical data reported
by Doble Test Assistant™ (DTA) included
the total current, loss and an indication of
whether the current is lagging or leading.
The new generation of DTA allows auto-
matic extraction of total current compo-
nents through an embedded algorithm
with additional data now including in-
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The new generation of DTA software allows
the automatic extraction of total current

components

ductive, resistive, and capacitive currents,
as well as power factor and phase angle
(Fig. 3). With that, the diagnostic power of
the test is improved, as the data can now
be evaluated without the impact of capac-
itive loading.

For instance, the analysis of I and I,
should follow the guidelines outlined for
lagging I in [2]. That is, the expected
phase pattern on three- and five-legged
core-type and shell-type units is of two
similar high readings and a lower read-
ing (2H1L), with the latter obtained on
the phase located on the middle leg of
the core. Other core types and winding
configurations might lead to different pat-
terns.

4. Case studies [6]
4.1. Missing turn in one of the
parallel strands

The factory test showed an abnormal
phase pattern for both I~ and loss

(Table 1). Specifically, the middle phase
exceeded the outer phases in the N po-
sition. A review of current components
reveals that distortion comes from I,
while I, retains the expected 2H1L pat-
tern. Results of the turns ratio test, while
all being within 0.5 % of the NP voltage
ratio, showed a somewhat different ratio
for the middle phase (Table 2). The unit
was further tested using the single-phase
excitation applied to the LV side at lev-
elsupto 110 % V_ . The loss, measured
while exciting the middle phase, was the
highest throughout the applied voltage

range.

The unit was untanked. Inspection of the
HV disk-type 3-strand coils revealed the
following: one strand in the middle phase
was missing a turn in the bottom disk.

The winding was repaired, and the unit re-
tested. Comparing the pre- with post-re-
pair data reveals that I, and I. patterns
have remained unaffected by the missing
turn (Table 1). Such behavior in I _is rather

Table 2. Results of turns ratio test. Case study |

HV Lv Ratioyp Ratiop,cas A I
6.3980 0.14 3.0
46000] 12470 6.3893 6.3950 0.09 3.0
6.3980 0.14 3.0
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Table 3. Abnormal phase pattern for both Imeas and l,s.. Exciting current components extraction. Case study Il

Config. [ MVA KV ated State KViest Imeas Loss la PF I Ik Ic
before dielectrics 5 242 176 25192 67 91| 157 113 17.2 Litll Not reported
76 76 73
Y-Y-A|N[ 40 | 135GrdY/35.5GrdY/13.2 kV after dielectrics 10 (440 53.6 44.0|380 522 379|222 123 223 8L6 9"7 8L6 25.4 18.4 25.0(38.0 52.2 37933 6.1 2.7
after repairs 5 199 141 19879 58 79|120 80 120 8L0 8L2 8L0 14.4 10.9 14.2(15.9 11.7 15.8| 29 33 29

It is expected that further investigation will
provide a better understanding of how the
location and nature of the fault impact each

current component

expected — the missing turn could not
produce any tangible change in capacitive
loading. The missing turn in one of the
parallel strands creates a resistive load that
affects I but leaves I, intact. After repairs,
I, shows the expected 2H1L pattern. This
example emphasizes the importance of
having access to both I, and I, compo-
nents.

4.2 Shorted turns

At the factory, the single-phase exciting
current and loss test performed before
the dielectric tests showed a normal
phase pattern for both I and loss. Af-
ter the dielectric tests (which all passed),
the no-load test showed a high loss. The
problem was further narrowed down by
the single-phase exciting current and loss
test. In that, the middle phase exceeded
the outer phases in the N position (Ta-
ble 3). A review of current components
has revealed that distortion comes from

I, while I, retains the expected 2HIL
pattern. The unit was further tested using
the single-phase excitation applied to the
LV sideatlevelsupto 110% V_ .
The unit was untanked. Inspection has
revealed an electrical failure in the up-
per half of the center entry HV disk-type
3-strand coil, and it appears that the de-
fect was evolving during the dielectric
tests, eventually manifesting itself during
the subsequent no-load test.

The winding was repaired, and the unit
retested. Comparing the after dielectrics
data with after repair data reveals that
I, pattern was not affected by the defect
(note the difference in test voltage); 1.,
however, after repairs, exhibited the ex-
pected 2H1L pattern (Table 3).
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5. Conclusions

« 'The use of extracted exciting current
components enhances our ability to
evaluate the condition of electromag-
netic system without the influence of
capacitive loading,.

« Having access to type of the core and
the nameplate winding electrical di-
agram allows to define the expected
phase, DETC and LTC patterns. These
are used as diagnostic criteria in empir-
ical data analysis.

« Presented case studies show a distorted
I, pattern with no influence on I, pat-
tern, indicating that, in these units, the
fault presents only a resistive load for
the instrument.

« Further investigation is expected to
allow for a better understanding of the
impact the location and the nature of
the fault have on each of the current
components.
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