
WWW.HIMALAYAL.COM.CN

T: 86 21 61016212 Himalayal, always by your side. Copy right © HIMALAYAL
info@himalayal.com Page:1 All right reserved.

How to Conduct the DC Bias Test for Single-phase Power

Transformer

Li Xiaoping, Wen Xishan, Lan Lei et al

HIMALAYAL - SHANGHAI - CHINA

Abstract: Six single-phase transformers constitute two three-phase transformers.
The waveform of exciting current and primary winding current of such
three-phase transformer under different DC bias and loads are measured. The
harmonic distribution of exciting current and primary winding current is
obtained by FFT. The relation between primary winding current peak and
harmonic magnitude and DC current is analyzed. Test results show that the DC
bias of power transformer will cause no-load current distortion, and no-load
current peak value and harmonic magnitudes will rise according to the
increasing current. The lower the harmonic order is, the faster its amplitude
increases. If the power is greater, odd harmonic increases slower according to the
current variation while the load has no effect on rising speed of even harmonic.
The relation between non-linear hysteresis loop and exciting current waveform is
used to do simulation calculation for test model. Meanwhile, the hysteresis loop
is obtained with and without DC bias. The model is established based on the
theory of Jiles-Atherton. The simulation result is consistent with test result,
which proves that non-linear model of power transformer is effective and
correct.
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1. Introduction

The DC power transmission has two
operation modes: mono-polar and
bipolar. When one of bipolar is being
repaired or out of order, high DC
current will flow into the ground
through grounding electrode. The DC
in the ground can corrode
underground tubes, and meanwhile,
form different potential on the ground,
causing grounding electrode potential
of near AC system to rise. At this point,
the DC current rushes into AC system

through AC grounding system. For
instance, the DC current forms at
transformer winding through
grounding electrode of transformer
neutral point. Besides the distance
between converter station and
substation, and AC grid component
and parameter, the DC current
intruding into AC system is closely
related to soil resistivity. Some
problems caused by AC-DC hybrid
transmission are studied and
discussed in the references [1-6];
plenty of measures against neutral
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point are come up with in the
reference [7-9]; references [10-13] are
focused on the influence on power
transformer. Foreign experts also
conduct research on power
transformer DC bias in [14-15]. Tests
indicate that DC bias of singe-phase
transformer is the most obvious.
Owing to the complexity of non-linear
hysteresis loop, certain conclusions
made via tests are not explained by
the theories, and some theories
cannot be verified in the test. The
paper combines actual test and
simulation to study single-phase
transformer DC bias and its law
generated when the actual power
system is subject to the inrush of DC
current. The current and voltage of
primary winding and secondary
winding voltage are measured under
five operation modes: single-phase
transformer open circuit, low-power
three-phase four-wire symmetric load,
low-power three-phase four-wire
asymmetric load, low-power
three-phase three-wire asymmetric
load and three-phase four-wire
asymmetric load with rated power.
The measuring data is processed and
transformer DC bias is simulated.

2. An Introduction to the Test

Test instruments include three-phase
power source, six single-phase
bi-column transformers with same
structure and nameplate, oscilloscope,
digital multimeter and DC power
source etc.

Main parameters of power
transformer are as follows:
Rated capacity --2kW
Voltage stage --1000/220V

Turn ratio of primary winding to
secondary --288/132

Fig.1 The consistency of nonlinear
curve for six power transformers

3. DC Bias Test of Power
Transformer

3.1 DC bias test under the three-phase
transformer noload

The test circuit is as follows. First of
all, three-phase power source enters
the three-phase transformer made of
three single-phase bi-column step-up
transformers; secondly, it reaches the
three-phase transformer made of the
same three single-phase bi-column
step-down transformers through
three-phase transmission line; the
final destination is load. Test circuit is
shown in Fig.2.

Fig.2 The test circuit when the power
transmission system is subject to DC
inrush under no-load
us1,us2,us3--three-phase power source
voltage
Zs1,Zs2,Zs3--three-phase power source
impedance
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Z1,Z2,Z3--equivalent resistance of
three-phase transmission line

Given that non-linear attributes and
others of six power transformers are
basically consistent, no-load current
of one of group 2 three-phase
transformers is measured in the open
circuit test. At this time R1=R2=R3=0.
Fig.3 shows the waveform of no-load
current under the inrush of three DC
within five cycles. As the DC current
increases, no-load current sharply
rises to the peak and waveform
distortion is severe. The DC current
increases ten times and no-load
current peak goes up by 5.1 times.

Fig.3 The waveform of no-load current
for single-phase transformer under
DC bias

The harmonic distribution of DC bias
no-load current (zero harmonic is DC
component) is obtained by means of
no-load current FFT shown in Fig.3.
The distribution is shown in Fig.4. As
the DC current increases, low-order

harmonic rises obviously, and
high-order harmonic does not change.
The DC current increases ten times.
The first, second and third harmonic
respectively increase by 4.8, 6.1and
2.6 times.

Fig.4 The harmonic distribution of
no-load current under DC bias

Fig.5 shows that no-load current peak
value varies according to DC current
while Fig.6 indicates low-order
harmonic changes according to DC
current. When the DC current is low
(＜0.03A), there is no pattern for peak
value and harmonic magnitude
according to rising DC current.
When the DC current continues to rise,
no-load current peak is proportional
to the DC. Meanwhile, low-order
harmonic of no-load current tends to
rise according to rising DC. The lower
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harmonic order is, the faster the DC
rises. Also, high-order harmonic is
proportional to DC current.

Fig.5 The no-load current peak value
varies according to DC current

Fig.6 The harmonic magnitude of
no-load current changes according to
DC current

3.2 Measuring results of primary
winding current and voltage under
low-power symmetric load

The test circuit is shown in Fig.2. R1,
R2 and R3 are equivalent resistance of
three bulbs with 25W power. Because
three phases are symmetric, one of
them (phase C) is measured. The
waveform of primary winding current
with 0.002, 0.028 and 0.236A is
illustrated in Fig.7. The primary
winding current can be compared
with exciting current thanks to small
load power. After DC inrush, current
distortion is still serious. Fig.8 shows
that primary winding current peak
value varies according to DC current
while Fig.9 indicates the harmonic
magnitude changes according to DC
current. When the Dc current is less
than 0.09A, there is no pattern for
current peak value and harmonics.

When the DC current continues to rise,
both winding current peak value and
harmonic magnitude tend to rise
according to DC current.

Fig.7 The waveform of primary
winding current with 0.002, 0.028 and
0.236A

Fig.8 The primary winding current
peak value varies according to DC
current

Fig.9 The harmonic magnitude
changes according to DC current.

3.3 DC bias test of power transformer
under asymmetric load

3.3.1 DC bias test of power
transformer under three-phase
four-wire asymmetric load

The test diagram is shown in Fig.2.
phase A, B and C are converted into
two 25W bulbs in series, two 25W
bulbs in parallel and one 25W bulb. In
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order to make each DC current inrush
the same, three conductors with same
equivalent resistance are connected
between two groups of transformers.
The equivalent resistance of
six-transformer coils is slightly
different and the resistance of the
whole circuit should be less than 2Ω,
DC current inrush of three phases are
not the same after DC current passes
through the neutral point. The
distribution of DC current of three
phases is shown in Fig.10. When the
DC current is low, the DC is evenly
distributed in three phases. As the DC
current increases, the DC distribution
becomes increasingly uneven. The
ratio of phase-C DC current is greater
than that of phase A and B. The
change of primary winding voltage
under DC inrush is shown in Fig.11. It
is found that the voltage phase shifts
slightly and the peak value becomes a
little smaller. Fig.12 (a) shows the
primary winding current of three
phases without DC inrush. The three
phase power is B-C-A in descending
order. The primary winding current
peak value is B-C-A in descending
order. The primary winding current of
three phases after DC inrush is
illustrated in Fig.12 (b). The inrush
current of phase A, B and C are 0.34A,
0.37A and 0.46A respectively. Though
the primary winding current of phase
B without DC is the highest, phase-C
harmonic magnitude with DC inrush
has exceeded the phase B. The reason
is that uneven distribution of DC
current causes varying degrees of DC
bias. Fig.13 shows that harmonic
magnitude of primary winding for
three phases changes according to DC
current. It is found that harmonic

magnitudes of three phases are
proportional to DC current.

Fig.10 The DC distribution of three
phases

Fig.11 The change of primary winding
voltage under DC inrush

Fig.12 The primary winding current of
three phases with and without DC
current



WWW.HIMALAYAL.COM.CN

T: 86 21 61016212 Himalayal, always by your side. Copy right © HIMALAYAL
info@himalayal.com Page:6 All right reserved.

Fig.13 The harmonic magnitude of
primary winding current for three
phases changes according to DC
current

3.3.2 DC bias test of power
transformer under three-phase
three-wire load

According to Fig.2, the neutral line of
load is deleted so that three-phase
three-wire load connection is
obtained. Fig.14 shows the
distribution ratio of DC current for
three phases at the same moment. The
primary winding current of three
phases with and without bias is
shown in Fig.15. Fig.16 shows the
harmonic distribution of primary
winding current in three phases.

Fig.14 The DC distribution of three
phases

Fig.15 The primary winding current of
three phases with and without bias

Fig.16 The harmonic distribution of
primary winding current for three
phases

Conclusions are made through
three-phase four-wire system test and
three-phase three-wire system test.
The three-phase four-wire system and
three-phase three-wire system have
certain influence on DC current
distribution. In the three-phase
four-wire system and three-phase
three-wire system, the DC distribution
of phase C takes the largest
proportion so that the harmonic
magnitude of phase C is always the
largest. The distribution ratio of phase
A and B DC current in the three-phase
four-wire system varies from that in
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three-phase three-wire system. The
DC current distribution of phase B is a
little greater than that of phase A.
Except first harmonic, other
harmonics of phase B are slightly
more than phase A. In the three-phase
three line system, phase-A DC current
is higher than that of phase B. Except
first harmonic, the magnitude of other
harmonics is greater than that of
phase B. The primary winding current
THD of phase A is more than that of
phase B. The inrush DC current of
three-phase three-wire system is
about one second of three-phase
four-wire system, but the DC bias of
both systems are similar. If the load is
the same, three-phase three-wire
system is more inclined to have DC
bias than three-phase four-wire
system.

3.4 DC bias test of power transformer
under rated power

The low-power load in Fig.2 is
changed into three rated power load
represented by Y0. By doing this, the
power transformer runs under rated
power load. Previous tests indicate
that primary winding distortion is
caused by the distortion of exciting
current. When the primary winding
current is low, its current distorts
greatly after DC bias of power
transformer. If the power transformer
runs under rated load, rated current is
far higher than exciting current.
Therefore, even if DC bias of power
transformer occurs, the distortion of
primary winding current is not
obvious. The three phases are
basically symmetric. Fig.17 shows the
waveform change of primary winding
current of phase C under DC bias.

Because rated current is much higher
than exciting current, the primary
winding distortion under rated power
operation is not more obvious than
that under low-power operation.
However, their pattern of harmonic
increase is similar. Fig.18 illustrates
that the harmonics of primary
winding for phase C varies according
to DC bias. As the load power of power
transformer increases, the rising
speed of odd harmonics declines
while the DC current increases. Even
harmonics do not change.

Fig.17 The waveform change of
primary winding current of phase C
under DC bias

Fig.18 The harmonics of primary
winding of phase C varies according to
DC bias

4. Calculation of Test Model

4.1 The relation between hysteresis
loop and exciting current waveform

The DC bias of power transformer is
caused by non-linear hysteresis loop
of power transformer. In the Fig.1, the
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non-linear single value curve of power
transformer has been measured. The
residual magnetism and coercive force
are not informed, so the hysteresis
loop of iron core cannot be
determined. As the DC bias intensifies,
the magnetic flux density of iron core
becomes greater so that we cannot
use non-linear single value curve to do
simulation calculation. Therefore, the
paper uses the relation between
hysteresis loop and exciting current to
determine the hysteresis loop of iron
core. Based on that, the DC bias can be
calculated.

According to the theory of hysteresis
loop established based on
Jiles-Atherton theory, different shapes
of non-linear hysteresis loop can be
obtained through changing five
corresponding parameters. Through
simulation calculation and iron core
non-linear curve, the exciting current
waveform sharing the same waveform
with the measured exciting current is
found, and then the hysteresis loop of
measuring transformer iron core is
determined. Fig.19 shows the
hysteresis loop under various loop
areas. Three exciting currents are
shown in Fig.20.

Fig.19 The hysteresis loop under
various loop areas

Fig.20 Three exciting currents based
on three hysteresis loops

Based on five kinds of loops and
corresponding exciting current
waveform, if the loop area is smaller,
the peak value of exciting current is
sharper.

4.2 Simulation calculation under DC
bias of test transformer

4.2.1 Simulation of no-load current
under transformer open circuit

According to the method stated in the
chapter 3.1, the paper makes
simulating exciting current waveform
consistent with test exciting current to
obtain the hysteresis loop of power
transformer through changing the
parameters of simulation hysteresis
loops. Fig.21 shows the hysteresis
loop of iron core by simulation. From
Fig.22, it is found that the simulation
waveform is basically consistent with
test waveform in general.

Fig.21 The hysteresis loop of
transformer iron core gained by
simulation
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Fig.22 The simulation waveform
(solid line) is compared with test
waveform (dotted line)

Fig.23 shows the hysteresis loop
under different DC current and Fig.24
indicates the comparison between
exciting current simulation waveform
and test waveform. As the DC current
increases, the bias of transformer
becomes more and more serious and
two loops are approaching each other.
The corresponding exciting current
peak is becoming increasingly sharp.
The harmonic distribution tends to be
broader. The simulation waveform is
consistent with test waveform.

Fig.23 The hysteresis loop under
different DC current of power
transformer

Fig.24 The simulation waveform (solid
line) is compared with test waveform
(dotted line)

4.2.2 Simulation under rated load of
power transformer

When the rated load is connected to
secondary winding terminal of power
transformer, rated current peak value
of primary winding is 1.8A. 0A and
0.25A DC current are respectively
injected into primary winding. The
curves of exciting current and primary
winding current are obtained. Fig.25
shows the exciting current without DC
current and with 0.25A DC current
while Fig.26 illustrates the primary
winding current without DC current
and with 0.25A DC current. The
exciting current severely distorts and
primary winding current shifts, which
is consistent with the test results
shown in Fig.17. At the same time, DC
bias of power transformer has no
influence on the load terminal of
power transformer. If the secondary
winding is not affected by DC bias, DC
bias of power transformer causes
primary winding current distortion,
namely, the distortion of exciting
current.

Fig.25 The simulating exciting current
with no DC and 0.25A DC
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Fig.26 The simulating primary
winding current with no DC and 0.25A
DC current

5. Conclusions

(1) The DC inrush of single-phase
transformer causes the severe
distortion of no-load current. As the
DC increases, no-load current peak
value and harmonics rise
perpendicularly. The lower the
harmonic order is, the faster the
magnitude increases. The harmonic
phases also vary according to the
change of DC inrush.

(2) When the single-phase
transformer operates under the
low-power load, the primary winding
current can be compared with exciting
current. When the DC inrush flows
into the transformer, the primary
winding current distorts seriously.
Both peak value and harmonic
component magnitudes rise sharply
as the DC current increases.

(3) Under three-phase asymmetric
load, the DC current generated by DC
voltage is unevenly distributed in
three phases. Owing to uneven
distribution of DC current, the phase
with highest DC current has the
severest bias, and winding current
peak value and harmonic are the
largest.

(4) Under the same load, the
three-phase three-wire system is
more inclined to have DC bias than
three-phase four-wire system.

(5) Under the asymmetric load,
different load connections have
certain influence on the DC
distribution in the three phases.
Meanwhile, it also affects the degree
of transformer bias.

(6) Under the rated power load,
primary winding current is far higher
than exciting current. If DC inrush
occurs, the distortion of primary
winding current is not obvious.
However, harmonics rise
perpendicularly as the DC increases.

(7) As the load power of power
transformer increases, the rising
speed of odd harmonics declines
while the DC current increases. Even
harmonics do not change.

(8) The non-linear model of power
transformer, established based on
Jiles-Atherton theory, is very effective
in analyzing the problem of DC bias.
The simulation calculation result is
consistent with test.
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