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Abstract: The preventive test of electric equipment can detect whether the
equipment has defects, check whether the equipment is in good condition and
provide scientific basis for safe and reliable operation of equipment in the
electric system. As for electric companies, the preventive test is recommended
for facilitating carrying out maintenance work and ensuring long-term operation
of electric equipment. The paper takes 500kV No.2 main transformer in
Tingzikou power station as an example to illustrate the test. When the preventive
test is being conducted, it is inclined to pose a great risk for electric equipment
and testers. Hence, risk and safety management should be enhanced in order to
avoid accidents.
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1. Introduction

The safety, a precondition for all
electric work, is an important
indicator in the electric industry. The
preventive test requires strict safety
measures. For instance, measuring
equipment is reliably grounded; safety
distance remains; effective rails are
installed during the whole process of
test. Different tests require different
safety measures. With the continuous
development of electric technologies,
technologies of fault detection and
elimination are becoming increasingly
advanced, which can effectively
guarantee normal operation of electric
system and offer good electric
resources for users.

2. The Importance of Preventive
Test for Electric Equipment

(1) Guarantee that electric equipment

operates safely

It is widely accepted that the
equipment has to be safe, reliable and
in good condition if we want electric
system to run smoothly. Although
those new pieces of equipment have
been inspected and proved qualified,
the preventive test is still very
important for them. The performance
of electric equipment is reduced
owning to long-time operation and
external factors. Therefore, the fault is
more likely to arise. The durability of
electric equipment, which has been
out of service due to long-time power
failure, may also decline if affected by
some external corrosive gases. The
preventive test can correctly
determine whether electric
equipment can still be put into use.
Furthermore, we can maintain or
replace those broken electric
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equipment in time to ensure electric
equipment to service.

(2) Manage electric equipment based
on categories

The electric equipment is managed in
much the same way as other
equipment. They are classified into
different categories according to
whether the performance is good or
bad. Moreover, categories should be
flexibly changed. When managing
electric equipment based on
categories, besides appearance
inspection, it is necessary to evaluate
the performance of electric equipment,
that is, to check whether all
performances and insulation of
electric equipment conform to the
standards through conducting the
preventive test.

(3) Provide scientific basis for
upgrading electric equipment

All parameters can be obtained via
preventive test. Data of many tests are
compared to analyze how the
equipment performance changes.
According to the law, the condition of
electric equipment can be predicted.
At the same time, the equipment with
high probability of fault should be
maintained or replaced in advance. By
doing so, the probability that faults
cause electric equipment out of
service will be reduced greatly. In
addition, when overhauling the
out-of-service equipment, results of
preventive test can be used to
effectively evaluate all indicators of
equipment.

3. Case Study and Preventive Test
Items

(1) An introduction to the case

The test object is 500kV No.2 main
transformer in Tingzikou power
station. According to
QCDT107001-2005 Code for Preventive
Test of Power Transformer, test items
include resistance measurement of
winding DC, dielectric loss factor
inspection, DC leakage etc. The
measuring data is analyzed to
determine whether the internal
insulation has defects.

(2) Preventive test content of power
transformer

In order to ensure accurate and actual
high-voltage test results, test items
should be selected properly according
to relevant regulations. As for
high-voltage test of power
transformer, test items usually include
insulation resistance measurement,
leakage current measurement,
dielectric loss and AC withstand
voltage test etc. Among all
high-voltage tests of power
transformer, the measurement of
insulation resistance is the most easy
and simple preventive test. During the
high-voltage test, we had better have a
good understanding of to what extent
insulation resistance of power
transformer is damped, aged and
polluted. The technical staff have to
appropriately control the temperature
in the lab to prevent the external
factors from exerting bad influence on
the measurement results of insulation
resistance.

The digital leakage current tester is
utilized to measure the current leaked
during the high-voltage test. The
operating voltage of tester is generally
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below 2.5kV in actual test, which is
greatly different from rated operating
voltage of power transformer.
Therefore, DC high voltage approach
can be applied to meet the
requirements of test. If the leakage
current is obviously higher than the
current with low voltage, it proves
that power transformer itself has big
defect and leakage-proof function of
transformer cannot meet the
requirement of operation. There are
two methods to measure the
transformer ratio: double voltmeter
method and transformer ratio bridge
method. The method of transformer
ratio bridge is widely used in the
high-voltage test thanks to the
following advantages. The precision
and sensitivity can meet the
requirements of power transformer
high-voltage test; you can directly
read the error in the test; test voltage
can be adjusted according to actual
demand.

(3) Measurement of winding DC
resistance

It is an effective method to determine
whether DC resistance of all windings
are balanced and whether
regulating-voltage switch tap is
correct. Meanwhile, it can effectively
detect winding insulation and current
circuit connection condition. The
measurement of winding DC
resistance is regarded as one of main
methods to examine the insulation of
power transformer for a long time.
Because the high-voltage side of
power transformer is connected with
GIS, it is not convenient to
disassemble it. Therefore, it has a
section of busbar when the DC

resistance of high-voltage side
winding is being measured. Results
are shown in Tab.1.

HV side A-O (mΩ） B-O (mΩ） C-O (mΩ）

Before tap

change (III)

682.7 681.7 682.7

After tap

change (II)

700.8 699.6 700.4

After tap

change (I)

718.4 717.7 718.5

After tap

change (IV)

663.9 663.1 663.9

After tap

change (V)

645.6 644.8 645.8

After tap

change (III)

681.8 680.9 681.7

LV side a-b (mΩ） b-c (mΩ） c-a (mΩ）

1.244 1.245 1.248

According to Tab.1, the DC of high
and low winding of No.2 power
transformer conforms to the regulated
unbalanced rate, that is, less than 2%.
In addition, before and after tap shift,
there is no obvious change for DC
resistance of the third winding. It is
concluded that power transformer has
no fault. The voltage and current
balance will be not affected when
operating.

(4) Measurement of dielectric loss
factor (tgδ)

The test can quickly reflect the
bushing insulation being damped by
inflow and gas or capacitive screen
being burned. The bushing tap to
ground dielectric test is very effective
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for finding bushing insulation being
damped by inflow.

The main insulation of capacitive
bushing is composed of several
capacitive links in series. The
insulation oil fills outside the
capacitive core. When the bushing is
damped owing to poor sealing, the
moisture always gradually invades
into the capacitive core from the
external layer, that is, it is the external
insulation that is being damped firstly.
Hence, measurement of tap to ground
dielectric loss can detect the
insulation being damped by the
moisture. The positive connection
method is selected when the dielectric
loss and capacitive value of bushing
and tap for No.2 power transformer is
measured. When measuring, the
high-voltage test wire should be
hanged. If support is needed, the
insulation condition and distance
require to be confirmed to ensure the
reliability of measuring results.
Through the measurement, the
dielectric loss and capacitive value of
bushing and tap for No.2 power
transformer fall within the regulated
range.

4. Analysis of Faults of Power
Transformer during the Test and
Operation

(1) Fault Types

The different parts of power
transformer are leaking oil. The oil
leakage will not only cause economic
loss for electric company, but also
impose bad influence on the operation
of power transformer. 1) Overheating
of power transformer joints. All lines
of power transformer are connected

by copper joints. Therefore, the
quality of joint directly affect the
operation of transformer. It is likely
that the power transformer is damped
or polluted in that moist environment.
Besides that, long-time usage also
affects the joints and causes them to
be corroded and overheated. 2) The
iron core of power transformer has
several points grounded. The iron
core is an important part among all
elements. Generally speaking, only
one point is connected with the
ground to ensure the safety and
stability of power transformer.
However, once many points of iron
core are connected with the ground,
the iron core may be damaged and
power transformer is damaged. 3)
That is related to loose welding of oil
tank. There are two methods to solve
this problem: repair welding and
welding strengthening.

(2) Causes for power transformer
faults

The insulation aging problem is likely
to arise when power transformer
operates and is used for a long time.
Then the insulation performance of
power transformer will decline and
power transformer will break down.
The power transformer is a typical
one among all pieces of electric
equipment. The professional electric
construction staff should connect
electric lines and elements according
to certain regulations. If electric line
loosens, power transformer is likely to
break down. The operation of electric
system will be further affected.
Therefore, it requires professional
staff to carry out routine
maintenance work on the power
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transformer and check whether the
electric connection is good. In
addition, more attention should be
paid to the maximum capacity and the
load of power transformer cannot be
added without limit. Otherwise, the
service life of power transformer
internal elements will be directly
affected, advancing the aging of
internal elements.

5. Conclusions

The electric preventive test is an
important method to determine
whether electric equipment breaks
down. It is also an important measure
to ensure safe operation of the
equipment. Therefore, it is very
necessary to conduct the preventive
test. When the preventive test is being
conducted, it is inclined to pose a
great risk for electric equipment and
testers. Hence, risk and safety
management should be enhanced in
order to avoid accidents.


