
WWW.HIMALAYAL.COM.CN

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

Principle of Measuring DC Resistance and Analysis of On-site

Different Kinds of Faults

Yan Yuting, Jiang Jianwu, Wang Yazhou, et al

HIMALAYAL - SHANGHAI - CHINA

Abstract: The measurement of DC resistance can reflect the quality of joint
welding; whether there is turn-to-turn short-circuit; whether the tap changer is
good and whether the winding has broken strands. The principle of DC resistance
measurement, common measuring methods and a general principle to deal with
test results of exceeding the limit are presented in the paper. Then analysis based
on different kinds of defects in field is made. In mot cases, if turn-to-turn
short-circuit occurred, the DC resistance would decrease; if the phase is poorly
welded or has broken strands, the DC resistance would increase. If the test
results are abnormal, comprehensive analysis should be made. The combination
with other electrical tests can facilitate the reliable judgment of transformer
defect.
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Introduction

The DC resistance test of transformer
winding is essential after handover
and maintenance. The measurement
of DC resistance can reflect the quality
of joint welding, whether there is
turn-to-turn short-circuit and each tap
changer is contacted well. According
to DL/T 596-1996 Preventive Test
Code for Electric Equipment,
imbalance rate of above 1.6MV.A
transformer resistance shall not be
more than 2% and imbalance rate of
line resistance shall be less than 1%.

1. Basic Principle of Measuring DC
Resistance of Transformer Winding

The power transformer winding can
be regarded as an equivalent circuit

composed of winding inductance L
and resistance R in series, which is
shown in Fig.1. The winding
inductance is very high while DC
resistance is low. Besides, the
transformer capacity is proportional
to voltage stage and ratio of
inductance to resistance.

Fig.1 The schematic diagram of DC
resistance
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When DC voltage EN is applied to
testing winding, the current in the
inductance is zero and that goes for
the resistance at t=o because the
current in the inductance cannot
mutate. Therefore, there is no voltage
drop at the resistance and the voltage
is applied to both ends of the
inductance. The transition process of
measuring the circuit should meet the
requirements:

u=iR+L
dt
di (1)

I=
R

EN (1- /te ) (2)

Where:

EN -- applied DC voltage, V

R--DC resistance of winding, Ω

L--winding inductance, H

i--DC current, A.

The time when the circuit becomes
stable is determined by the ratio of R
to l, that is,  =L/R.  is called the
time constant of circuit. In other
words, when time constant is greater,
it takes a longer time to become stable.
When measuring at low voltage,
suitable measuring device and
method should be selected. The above
20A tester is recommended for
transformer with large capacity.
During the test, the winding should
not short circuit and measuring time
should be sufficient.

In addition, according to the law of
resistance:

R=  L/S

 -- resistivity of winding

L-- the length of winding

S-- horizontal section area of winding

The resistance is related to horizontal
section area and the length of winding.
When winding joints are not welded
well or lead-out wires break, the DC
resistance tends to become higher;
however, if turn-to-turn short-circuit
of winding arises, the DC resistance
would increase.

2. The Field Test Methods and
Principle

The low voltage side windings of
large-sized transformer are connected
in a triangle shape and there is mutual
inductance between windings in
parallel. The charging time is long and
test data is not stable. As a result, test
data is lack of reliability and it is more
difficult to determine the condition of
equipment.

There are many methods of
measuring DC resistance on site,
mainly including DC voltage drop
method and electric bridge method.
The electric bridge method measures
the DC resistance according to the
principle of bridge balance. There are
two methods-two arms bridge and
single arm bridge. Other methods are
high voltage charging low voltage
measurement, magnetic flux bump
method, second order oscillation
method, dynamic measurement,
short-circuit demonetization and
constant current source.

In order to ensure that measuring
data is correct and reliable, when
measuring the DC resistance, do the
following in case of imbalance
phenomena.
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1) Inspect test lead clip. It is found
that the elasticity and contact surface
are good and test leads are not broken.
The impact of test leads and test
equipment is eliminated.

2) Sufficient stewing and discharge to
get rid of the influence of residual
charge or induced electromotive force.

3) Switch tap changer for many times.
If there is no obvious decrease in
imbalance rate and imbalance rate of
DC resistance of each tap is roughly
same, poor contact of tap changer
ruled out.

4) Perform temperature conversion
for the comparison with the previous
test.

5) Check the data of delivery report
and handover report to confirm
whether the difference in lead
resistance during production causes
the DC resistance imbalance rate to
exceed the limit.

If the DC resistance still exceeds the
limit after the above-mentioned
procedures are completed, then
power transformer may have such
defects: ① loose winding connection
or bad quality of welding; ② internal
fault in tap changer; ③ broken
strands of winding; ④ turn-to-turn
short-circuit.

3. Analysis of Different Kinds of
Faults

3.1 Loose winding connection or bad
quality of welding

The following parts may have loose
winding connection or poor quality of
welding: ① joint between winding
and bushing copper screw; ② joint

between tap lead cable terminal and
tap changer column; ③ joint between
lead and bushing guide rod; ④ joint
between bushing cooper rod and lead.

The on-line gas monitoring device of
No.3 main transformer in some 110kV
substation showed that the total
hydrocarbons increase quickly on
September 8, 2008. The
chromatography test indicated that
the total hydrocarbons were
465.2uL/L and there was 0.2uL/L
acetylene.

The relevant electric tests were
carried out once this main
transformer were not in service. It is
found that DC resistance of low
voltage winding phase A is too high.
The test results are shown in Tab.1.
The pre-test was conducted on May
23, 2008 and its test results are
shown in Tab.2.

Tab.1 DC resistance of LV winding
(September 20, 2008)

Tab.2 DC resistance of LV winding
(May 23, 2009)

Based on Tab.1 and 2, it is found that
the data of May is normal and the
deviation is less than 1%. However,
the deviation of DC resistance in
September has exceeded the limit.
Therefore, the overheated point is at
LV winding phase A and nothing
abnormal are detected for LV bushing
joints.
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The manufacturer conducted the
inspection of main transformer by
hoisting the core on January 19, 2009.
It was found that the joint between
terminal of phase A winding and
cooper busbar tended to turn black.
The insulation paper was heated to
carbonize. After further removal of
surface insulation, much welding
dross and gaps were found at the joint
between low voltage wire and
cooper busbar. Fig.2 presents fault
position.

Fig.2 Phase A winding fault position
and conditions

In conclusion, the reason why phase A
DC resistance exceeded the limit is
pseudo soldering of phase A winding
terminal and heat generation caused
by poor joint contact. The fault point
is in the center and about 200mm is
extended at both sides. On close

inspection of insulation paper, which
is close to the root of winding wire,
nothing abnormal is detected. That
goes for the rest 8 LV winding welding
points.

3.2 Fault in tap changer

The defect - poor connection of
on-load tap changer accounts for 40%
or so, which poses a great threat to
safe operation of power transformer.
The direct reason for poor connection
may be insufficient pressure of
contact point. Besides, the coating
material is easy to oxidize and
measures to ensure good connection
are not taken.

The Shenzhen Power Supply Bureau
conducted the preventive test for No.2
main transformer in some 110kV
substation on June 13, 2009. The
temperature is 30℃. It was found that
the deviation of high voltage phase A
DC resistance was up to about 7%.
However, the test data of low voltage
winding was normal. This main
transformer was put into use in 1994
and the deviation did not decline in
spite of measures. The test results are
shown in Fig.3.

Tab.3 DC resistance test results

http://dict.youdao.com/javascript:void(0);
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3.3 Broken stands of winding

The No.3 main transformer in some
110kV substation was put into
operation in December 1994. The oil
test was carried out on March 12,
2007. The total hydrocarbons were
1309uL/L, up by 17 times than the
same period of last year. The electrical
test was conducted one week later. It
was found that DC resistance of HV
side phase B was too high and the
deviation from average value was
more than 4%. The temperature was
19℃. The test results are shown in
Tab.4. From the Tab.4, other test
results are qualified. Hence, it is
concluded that the fault occurs in the
phase B winding.

Tab.4 No.3 110kV faulty main
transformer HV winding DC resistance
test results

Through the inspection conducted on
April 13, 2007, it was found that HV
side phase B wires had broken strands.
The fault conditions are shown in
Fig.4.

Fig.4 Broken strands and ablation of
No.3 110kV faulty main transformer
phase B
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Reasons are as follows: ① The angles
of metallic copper tube terminal in the
bushing may scrape or do damage to
wire insulation. ② The high voltage
wire is not enough long so that the
wire stretches tightly. In the long-term
operation, dielectric media has been
touching with angles and mechanical
wear generates. At last, the current
appears and the contact resistance is
high, causing severe partial heating
and even several broken strands.

3.4 Turn-to-turn short-circuit

The electrical test was conducted for
No.2 transformer on August 25, 2008.
The test indicated that DC resistance
of HV winding phase B was relatively
low and test results of LV winding
were normal.

In addition, the dielectric loss value of
phase B bushing deviates greatly from
normal value and insulation
resistance of end shield is zero.

The manufacturer hoisted the core on
October 27, 2008. It was found that
tops of phase B and C winding burned
black and there were obvious traces

of discharge. The traces of discharge
are at corresponding positions.
Around ten layers of phase B winding
from exterior to interior are burned
and short circuit. The external three
layers of phase C winding short circuit.
The short circuit is shown in Fig.5.

Fig.5 Turn-to-turn short-circuit of
No.2 110kV faulty transformer phase
B

3.5 Others

The difference in the length of wires of
winding may cause DC resistance to
be different and imbalance rate to
exceed the limit.

The length of some transformer LV
windings is different, so the test
results of DC resistance fail to meet
the requirements. However, the
transformer is still put into use
regardless of that. The difference is
that you cannot use common
standards to judge the value of DC
resistance at each pretest.

In 2009, the transformer was
overhauled and relevant tests were
conducted. It was found that DC
resistance test and deformation test
results were not qualified. The
winding deformation curve is shown
in Fig.6. The measuring results of DC
resistance are shown in Tab.6. The
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temperature is 20℃.

Fig.6 Winding deformation
measurement results

Tab.6 Data of LV winding DC
resistance after overhaul

The data of pretest conducted in 2006
is shown in Tab.7 and the temperature
is 19℃.

Tab.7 Data of LV winding DC
resistance of pretest

The temperature in 2009 test is very
close to that of 2006. Hence, to
facilitate comparison, data of 2009
was converted. The data is shown in
Tab.8.

Although the data is greater than the
standard value and the deviation is
small, the Rax of 2006 pretest data is
greater while Rby DC resistance of
2009 test is greater. The reason is that
the low voltage B is not firmly

connected with X, increasing contact
resistance.

4. Conclusions

1) The measurement of transformer
winding DC resistance is vital to
transformer insulation monitoring.
The measurement of DC resistance
can reflect the quality of joint welding;
whether there is turn-to-turn
short-circuit; whether the winding has
broken strands.

2) If test results of DC resistance are
abnormal, comprehensive analysis
and comparison should be made to
rule out distractions. The further
combination with other monitoring
test, especially oil test, will facilitate
the reliable judgment of fault type and
position.

3) In most cases, if turn-to-turn
short-circuit occurred, the DC
resistance would decrease; if the
phase is poorly welded or has broken
strands, the DC resistance would
increase. The number of faults can be
reduced by improving the design,
structure, technology and production
level of power transformer.

4) When the factory data is
unqualified, measurement data should
be analyzed and studied to check
whether the deviation is large.


