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ABSTRACT The vacuum degree of Vacuum Interrupter (VI) will deteriorate because of gases emitted by
arc heat, and leakage through the joints. It is important to select an appropriate maintenance criteria for a VI
by monitoring the vacuum degree. However, monitoring of a VI installed inside a solid insulation apparatus
in a transmission system is impossible. Only studies on the insulation deterioration because of the decrease
of the vacuum degree have been conducted, and important factors such as the maintenance criteria have
not been investigated. Moreover, most studies have only been performed using AC voltage, not DC voltage.
Therefore, in this paper, AC and DC partial discharge were compared by monitoring of the vacuum degree in
a distribution class VI to propose maintenance criteria according to voltage type. Through this, for efficient
maintenance, maintenance criteria of VI for each voltage type are presented. The vacuum degree at which the
dielectric strength rapidly decreases was confirmed according to voltage type. The coupling capacitor was
installed directly on the floating shield of VI. Moreover, to measure the pattern and apparent charge of partial
discharge according to the vacuum degree, phase resolved partial discharge (PRPD) for AC partial discharge
and pulse sequence analysis (PSA) for DC partial discharge were adopted. It is found that maintenance
should be performed when the vacuum degree is in the range of 1073 ~ 1072 torr regardless of the voltage
type. Moreover, the usefulness of the technology is higher at AC voltage than at DC voltage.

INDEX TERMS AC, DC, distribution class, dielectric strength, partial discharge, PRPD, PSA, monitoring,

maintenance criteria, vacuum interrupter.

I. INTRODUCTION

The trend of the global power market is eco-friendly, and
research and development of renewable energy and dis-
tributed resources are progressing. Accordingly, research on
eco-friendly insulation materials such as epoxy resin, dry air
and Novec 4710 to replace the sulfur hexafluoride (SF¢) gas,
that, is typically applied to high voltage apparatus, is being
actively conducted [1]-[3].

As one of the eco-friendly apparatus, a solid insulation
high voltage apparatus comprising epoxy resin, such as a
load break switch (LBS), vacuum circuit breaker (VCB) and
solid insulated switchgear (SIS), is commonly installed in a
distribution class power system. For a high reliability of solid
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insulation high voltage apparatus, a VI is installed inside the
housing [4]. VI maintains a high vacuum degree of 10~ torr,
and has excellent insulation and arc extinguishing character-
istics. In the long term operation of a distribution class solid
insulation high voltage apparatus, the vacuum degree of VI
will deteriorate because of gases emitted by arc heat, leakage
through joints, ceramic cracking, and manufacturing defects.
As aresult, the dielectric strength of the VI rapidly decreases.
Fig. 1 shows the Paschen curve for dry air. The dielectric
strength of dry air starts to increase dramatically as the air
pressure drops below approximately 10 Pa.

Fig. 2 shows the structure of VI and the occurrence of
partial discharge. Both the fixed and moving contacts are
enclosed in VI, which create a current interruption by causing
the arc discharge to extinguish naturally in the vacuum. The
arc charge is generated by opening an electrical path between
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FIGURE 1. Paschen curve for dry air.
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FIGURE 2. Structure of VI and the occurrence of partial discharge.
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the electrodes. As the vacuum degree inside VI decreases,
the dielectric strength decreases, and partial discharge occurs
between the contact and floating shield, and between the
contacts. The resulting dielectric problems causes electrical
accidents in a solid insulation high voltage apparatus. It is
important to select an appropriate V/ maintenance criteria for
monitoring the vacuum degree.

Currently, monitoring of the VI inside the solid insulation
apparatus installed in the distribution class power system
is not possible. Moreover, studies on insulation deteriora-
tion attributed to the decrease in vacuum degree have been
conducted; However, other, important factors, such as the
maintenance criteria, have not been investigated. Moreover,
most studies have used AC voltage, not DC voltage. Prior
to the research under AC voltage carried out in [5]-[13],
the current method for detecting the vacuum degree inside
a VI is by measuring the magnitude of DC leakage cur-
rent between the VI contacts; however, this method can be
applied when the VI exists alone, and cannot be applied
during operation. The electromagnetic wave, discharge light
intensity, and discharge sound as partial discharge character-
istics were examined; however, the lowest detected pressure
was approximately 1 Pa. Additionally, the power frequency
withstand voltage test is widely adopted by power equipment
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maintenance personnel in the on-site vacuum measurement
of VCB; however, this method does not produce the specific
vacuum degree value, only a simple indication of good or
bad. The magnetron method has also been adopted by electric
power companies for on-site measurement. Both methods
require taking the VCB out of service, and the maintenance
is complex. Therefore, in this paper, AC and DC partial
discharge were compared by monitoring the vacuum degree
in a distribution class vacuum interrupter to propose the
maintenance criteria according to voltage type. For efficient
maintenance of VI, the vacuum degree at which the dielec-
tric strength rapidly decreases was confirmed according to
voltage type. Moreover, to improve the accuracy of the signal
detection of a partial discharge, the coupling capacitor was
installed directly on the floating shield of VI. To measure the
pattern and apparent charge of the partial discharge according
to the vacuum degree, PRPD for AC partial discharge and
PSA for DC partial discharge were adopted. Through this,
efficient maintenance criteria for distribution class VI for each
voltage type were proposed.

Il. DIELECTRIC CHARACTERISTICS ACCORDING TO
VACUUM DEGREE INSIDE A VI

Dielectric experiments were performed according to the vac-
uum degree to select the effective maintenance criteria of a
VI installed inside a solid insulation high voltage apparatus.
Fig. 3 shows the schematic drawing of the dielectric exper-
iment according to vacuum degree inside a VI under an AC
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Power supply Power supply
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| Moving contact
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FIGURE 3. Schematic drawing of the dielectric experiment according to
vacuum degree inside a VI under AC voltage and DC voltage.
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FIGURE 5. Breakdown characteristics of VI according to vacuum degree.

voltage and DC voltage. As shown in Fig. 3, an AC power
supply with a capacity of 150 kV (and a cut-off current of
50 mA) and a DC power supply with a capacity of 100 kV
(and a cut-off current of 21 mA) were used for the dielectric
experiment according to the vacuum degree in VI. The combi-
nation of a rotary pump and diffusion pump was used to create
a high vacuum. The diffusion pump uses the HiPace 300 of
Pfeiffer Vacuum Co.Ltd. HiPace 300 is capable of vacuum
deposition up to 3.75 x 107'° torr. In addition, vacuum
sensor was used to check the vacuum degree of the VI. The
vacuum sensor uses the PKR 251 of Pfeiffer Vacuum Co.Ltd.
PKR 251 is capable of measuring vacuum up to 5 x 10~ torr.
An insulating spacer made by MC nylon was installed to
impart electrical stability between the vacuum sensor and V1.
VI is in the open state, and the distance between the contacts is
12 mm. An input voltage was applied to the moving contact
and grounded to the fixed contact. Fig. 4 shows the experi-
ment method on dielectric experiment. The vacuum degree
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of VI was controlled up to 10~ torr. Then, the power to the
pumps was then turned off, and the dielectric experiments
were conducted while preserving the vacuum degree inside
VI for each condition. A total of five VIs were used in the
dielectric experiment. A total of 10 experiments were con-
ducted for each VI, and the average breakdown voltages were
calculated. Fig. 5 shows the breakdown characteristics of VI
according to the vacuum degree in VI.

In Fig. 5, “negative” and ‘“‘positive” refer to the negative
and positive polarity of the DC voltage. The red rectangle
represents the section where a rapid decrease in dielectric
strength occurs. As shown Fig. 5, as the vacuum degree
of VI decreased from 10~ torr to 10~ torr, the dielectric
strength decreased. However, as the vacuum degree is further
decreased from 10~! torr to the atmospheric pressure, the
dielectric strength increased. The dielectric strength of the
vacuum decreased rapidly from 1073 torr. Therefore, the VI
maintenance should be conducted when the vacuum degree
is in the range of 1073 ~ 1072 torr.

Ill. CAPACITY CALCULATION AND INSTALLIATION OF
THE COUPLING CAPATITOR

To improve the accuracy of the signal detection of the partial
discharge generated according to vacuum degree inside VI,
the coupling capacitor was installed directly on the floating
shield, as shown Fig. 6 [14]. Fig. 7 shows the equivalent
circuit on the structure when coupling capacitor is directly
installed in VI [14]. As shown in Fig. 6 and 7, Vy, V,;, and V;
represent the input voltage between the contact and ground,
the voltage between the contact and floating shield, and the
voltage and between the floating shield and ground, respec-
tively. C,, Cs, and C, represent the capacitance between
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FIGURE 6. Structure when the coupling capacitor is directly insulated
in VI
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FIGURE 7. Equivalent circuit on the structure when the coupling capacitor
is directly insulated in VI.
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FIGURE 8. Effect of coupling capacitor.

the contact and floating shield, the capacitance between the
floating shield and ground, and the coupling capacitance,
respectively. The capacitance components, such as C, and
Cs, are generated between the contact and floating shield and
between the floating shield and ground. While the solid insu-
lation apparatus is in operation, the VI is in the closed state.
Therefore, it is very important to detect the partial discharge
signal between the contact and the floating shield rather than
between the two contacts. To improve the accuracy of the
signal detection of the partial discharge, the capacitance com-
ponent present inside VI should be adjusted. C, is generally
larger than Cy, and V,, becomes smaller than V;. Therefore,
the electric field intensity at V, (E,) becomes smaller than
the electric field intensity at V (Ej), and the signal of partial
discharge between the contact and floating shield may not
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be accurately measured. The voltage components for before
the coupling capacitor were installed are expressed by Eq. (1)
and (2).

Vo = (Cs/(ca + Co)Vo (1)
Vs = (Ca/(Ca + Cs))VO (2)

If C, with a larger capacity than C, is installed in VI, like
Fig. 7, C. and C; are generated in parallel, and C, is added to
C;. Fig. 8 shows the effect of coupling capacitor. As shown
Fig. 8, V, becomes larger than Vi, and E, becomes larger
than the E;. The voltage components for after the coupling
capacitor were installed are expressed by Eq. (3) and (4).

Va = ((Cs + C)/(Ca + Cs + Ce)Vo (€)
Vs = (Ca/(Ca+ Cs + CNVo “

To improve the accuracy of the signal detection of partial
discharge, it is very important to install C, which has a larger
capacity than C, into VI. The equation for calculating C,, is
expressed in (5) [14].

Co =2 x 7 x g xH)/(n(R2/Ry)) ()

In Eq. (5), H represents the contact length, R; and R,
represent the outside diameter of the contact and the inner
diameter of the metal shield respectively, and &g represents
the relative permittivity of a vacuum. As a result, C, between
the contact and floating shield of VI is approximately 26 pF.
In this paper, to analyze the partial discharge characteristics
according to the vacuum degree inside VI, a C, of 38 pF was
installed in VI.

IV. AC AND DC PARTIAL DISCHARGE CHARACTERISTICS
ACCORDING TO THE YACUUM DEGREE INSIDE VI

A. AC PARTIAL DISCHARGE CHARACTERISTICS

The partial discharge experiments were performed to ana-
lyze partial discharge characteristics according to the vacuum
degree. Fig. 9 shows a schematic drawing of the partial
discharge experiment according to the vacuum degree inside
the VI under AC voltage. Partial discharge experiments were
conducted in a shielded room. As with the dielectric experi-
ment, the combination of a rotary pump and diffusion pump
was used to create a high vacuum, and vacuum sensor was
used to check the vacuum degree of the VI. An insulating
spacer made by MC nylon was installed to impart electrical
stability between the vacuum sensor and VI. An AC power
supply with a capacity of 50 kV (and a cut-off current of
25 mA) and the partial discharge measurement system are
used. The partial discharge measurement system uses the
LDS-6 of Doble Lemke Co.Ltd. LDS-6 has a measurement
frequency range of 30 ~ 470 Hz, a single pulse resolution
of < 100 kHz repetition rate, and is in accordance with IEC
60270. In addition, the PRPD method was applied because
the partial discharge characteristics were analyzed under AC
voltage. The coupling capacitor was directly connected to the
floating shield of the VI. At this time, VI is in the closed state
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FIGURE 9. Schematic drawing of the partial discharge experiment
according to the vacuum degree inside VI under AC voltage.
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because it can simulate the operation condition of VI in a solid
insulation apparatus. The input voltage was applied to the
moving contact and the back end of the coupling capacitor
was grounded. The time division and voltage division of the
oscilloscope were set to 5 us and 30 mV, respectively. A total
of two VIs with the same electrical properties, 130 mm in
diameter and 110 mm in height, were used. Fig. 10 shows
the experiment method on AC partial discharge experiment.
As shown Fig. 10, a high vacuum degree of 10~ torr inside
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under AC voltage.
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FIGURE 12. Induced voltage waveform measured through a coupling
capacitor under AC voltage.

the VI was created and the rotary pump and diffusion pump
were turned off. At this time, the calibration of the partial
discharge measurement system was performed before the
experiment, and the back noise was set to 1 pC. An AC
voltage of 13.2 kV with 60 Hz was continuously applied
for the phase voltage of 22.9 kV, because the distribution
class voltage in the Republic of Korea is 13.2 kV [14], [16].
The vacuum degree inside the VI was gradually decreased
to 102 torr, and the partial discharge was measured. More-
over, the waveform of the induced voltage flowing through
the coupling capacitor was checked with an oscilloscope.
An experiment was performed for 50 minutes in which the
vacuum degree was maintained from 1075 torr to 1072 torr,
and the experiment for each VI was performed a total of
6 times.

Fig. 11 shows the pattern of the partial discharge measured
through the PRPD method under AC voltage. Fig. 12 shows
the induced voltage waveform measured through the coupling
capacitor under AC voltage. As shown Fig. 11 and 12, the
partial discharge did not occur in the range from 107> torr
to 10~* torr. However, partial discharge occurred from
1073 torr, and flashover occurred at 10~2 torr. Therefore, the
dielectric strength decreased from 1073 torr, similar to the
dielectric characteristics as a function of the vacuum degree.
Fig. 13 and 14 show the AC partial discharge characteristics
of VI 1 and 2. “Experiments 1 ~ 6” represent the number
of experiments for each VI, and “VI 1 and 2” represent two
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TABLE 1. Maximum and minimum apparent charge in each experiment
and VI under AC voltage.

VI1 VI2
Peak apparent charge
[pC] 4,000 8,300
(vacuum degree / (107 torr / fifth) (107 torr / second)

experiment number)

Minimum apparent
charge [pC] 158 126
(vacuum degree / (107 torr / first) (1073 torr / forth)
experiment number)

VIs with having the same structural and electrical proper-
ties. As shown in Fig. 13 and 14, in both VI 1 and VI 2,
the AC partial discharge was occurred from 10~3 torr and
maintained continuously until maximum 3 x 1072 torr. After
that, a flashover occurs between the contact and the floating
shield, and the power supply trips. However, the apparent
charge of the AC partial discharge was generated with a
different magnitude for each vacuum degree, and different
partial discharge characteristics appeared for each experiment
and VIs. Table 1 shows the maximum and minimum appar-
ent generated charge in each experiment and VI under AC
voltage. As shown in Table 1, in case of VI 1, the maxi-
mum apparent charge was 4,000 pC, which was generated
in the fourth experiment, and the minimum apparent charge
was 158 pC, which was generated in the first experiment.
In case of VI 2, the maximum apparent charge was 8,300 pC,
which was generated in the second experiment, and the
minimum apparent charge was 126 pC, which was gener-
ated in the forth experiment. The vacuum degree at which
partial discharge occurs is similar, but the point at which
discharge occurs between the conductor and floating shield
is different. Therefore, partial discharge characteristics are
generated differently for each experiment and VI of the same
characteristics.

To select an effective maintenance criteria for VI, it is
important to select the minimum value, and not the maximum,
as the trigger value for the detection of electrical accidents.
In this paper, the minimum value as the trigger value of AC
partial discharge is proposed as 126 pC.

B. DC PARTIAL DISCHARGE CHARACTERISTICS

Fig. 15 shows a schematic drawing of the partial discharge
experiment according to vacuum degree inside the VI under
DC voltage. As with the AC partial discharge experiment,
the DC partial discharge experiments were conducted in
a shielded room. A combination of a rotary pump and a
diffusion pump was used to create a high vacuum, and a
vacuum sensor was used to check the vacuum degree of the
VI. An insulating spacer was installed to impart electrical sta-
bility between the vacuum sensor and VI. A DC power supply
with a capacity of 100 kV (cut-off current of 21 mA) and
full wave rectifier was used. The partial discharge measure-
ment system uses PDMS of SM&D Co.Ltd. The DC partial
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FIGURE 15. Schematic drawing of the partial discharge experiment
according to vacuum degree inside the VI under DC voltage.
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discharge was not clearly defined in the IEC 60270 [17].
When the DC voltage increased (switching on state), a capac-
itive electric field, such as AC electric field, is generated
because polarization occurs in the insulation material. In this
paper, the DC partial discharge was defined as the partial
discharge generated in a resistive electric field (steady state).
Moreover, the apparent charge of DC partial discharge can
not be measured using the PRPD method like AC voltage
because DC voltage has no phase information. Therefore,
the DC partial voltage was measured by the PSA method,
a method for analyzing the correlation between sequentially
generated pulses. The PSA method uses a technique to ana-
lyze the correlation between the previous and successive
discharge pulses to verify the space charge effect caused by
the previous discharge pulse [18]. Fig. 16 shows the basic
parameter of PSA. “qn,” “qn—1,” and “qn4+1” represent the
magnitude of discharge, pervious discharge, and successive
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FIGURE 18. Pattern of the DC partial discharge measured using the PSA
method under DC voltage.

99 ¢ ’

discharge, respectively. “t,,” “t,—1,” and “t,4+;” represent
the discharge time, previous discharge time, and successive
discharge time, respectively. “A qpre”” and ““A te” represent
the previous discharge difference between q, and qy,—1 and
the previous discharge time difference between q, and q,—1,
respectively. “A qguc”” and “A tg,.” represent the successive
discharge difference between q,+1 and q, and the successive
discharge time difference between q, and q,_1, respectively.
The main parameters used in the PSA method are A t and
A q [18]. There are a total of four methods for measuring
DC partial discharge using the PSA method : qn vS A tppe,
qnVS A toue, A threVS A toye, and A qpre VS A quc [18].
To measure the DC partial discharge according to the vacuum
degree inside VI, the A gprevs A (suc method was used.
The coupling capacitor was directly connected to the float-
ing shield of VI. VI is in the closed state. Additionally, the
input voltage was applied to moving contact and the back
end of coupling capacitor was grounded. The time division
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1x 1072 [torr]

2 x 1072 [torr]

Partial discharge
occurrence

No partial
discharge occurs

Flashover

FIGURE 19. Induced voltage waveform measured using the coupling
capacitor under DC voltage.

and voltage division of the oscilloscope were set to 0.1 us
and 10 mV, respectively. A total of two VIs with the same
electrical properties, 130 mm in diameter and 110 mm in
height, were used. Fig. 17 shows the experiment method on
DC partial discharge experiment. The experiment method is
similar to the AC partial discharge experiment. As shown
Fig. 17, a high vacuum degree of 107 torr inside the VI
was created and the rotary pump and diffusion pump were
turned off. At this time, the calibration of the partial discharge
measurement system was performed before the experiment,
and back noise was set to 1 pC. A high vacuum degree of
107> torr was created inside VI and the rotary pump and
diffusion pump were turned off. A DC voltage of 13.2 kV,
which is the same as the applied voltage during the AC
partial discharge experiment, was then applied. The vacuum
degree inside VI was gradually decreased to 1072 torr, and
the partial discharge was measured. The waveform of the
induced voltage flowing through the coupling capacitor was
checked with an oscilloscope. An experiment was performed
for 50 minutes in which vacuum degree was maintained from
107 torr to 1072 torr, and the experiments for VI 1 and VI 2
were performed a total of 10 times and a total of 7 times,
respectively. Also, the experiment was performed with the
same number of experiments for each voltage polarity.

Fig. 18 shows the pattern of the partial discharge measured
using the PSA method under DC voltage. Fig. 19 shows
the induced voltage waveform measured using the coupling
capacitor under DC voltage. “Positive” and “Negative” rep-
resent the positive and negative polarity of the DC voltage.
As shown in Fig. 18 and 19, the induced voltage and par-
tial discharge did not occur in the range from 107 torr to
1073 torr. In the positive polarity, the induced voltage and par-
tial discharge occurred from 102 torr, and flashover occurred
immediately. However, in the negative polarity, after the
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FIGURE 20. (Continued.)DC partial discharge characteristics on positive
polarity of VI 1.

partial discharge occurs, it was maintained and the flashover
occurs at a certain vacuum degree. The dielectric breakdown
and partial discharge characteristics were different from the
polarity of DC voltage. In addition, the polarity of the par-
tial discharge was determined according to each polarity.
Fig. 20 and 21 show the DC partial discharge characteristics
on positive and negative of VI 1. As shown Fig. 20 and 21,
unlike AC partial discharge, the DC partial discharge did not
occur in the range from 1073 torr to 10~3 torr. However, the
DC partial discharge was different according to the type of
voltage polarity. In case of positive polarity, the DC partial
discharge occurred from 1 ~ 5 x 1072 torr, and flashover
immediately occurs between the contact and the floating
shield. In case of negative polarity, the DC partial discharge
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FIGURE 21. (Continued.)DC partial discharge characteristics on negative
polarity of VI 1.

was occurred from 1 ~ 2 x 1072 torr and maintained contin-
uously until maximum 3 x 1072 torr. After that, a flashover
occurs between the contacts and the contact and the floating
shield, and the power supply trips. Fig. 22 and 23 show the
DC partial discharge characteristics on positive and negative
of VI 2. As shown Fig. 22 and 23, like DC partial discharge
characteristics of VI 1, the DC partial discharge did not occur
in the range from 1073 torr to 1073 torr. However, in case of
positive polarity, the DC partial discharge occurred from 2 ~
4 x 1072 torr, and flashover immediately occurs between the
contact and the floating shield. In case of negative polarity,
the DC partial discharge was occurred from 1 ~ 2 x 1072 torr
and maintained continuously until maximum 3 x 1072 torr.
After that, a flashover occurs between the contacts and the
contact and the floating shield, and the power supply trips.
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FIGURE 22. DC partial discharge characteristics on positive polarity

of Vi 2.
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of VI 2.
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TABLE 2. Maximum and minimum apparent charge in each experiment
and VI under DC voltage.

Vi1 Vi2
1,712
Peak apparent - (102 torr / second, R 1,500
charge [pC] Positive fourth. and (107 torr / first,
(vacuum seventh) and second)
degree /
experiment 1,500 1,500
P Negative PR (107 torr / first,
number) (107 torr / ninth)
and second)
Minimum 00 0
apparent e 1 6
charge [pC] Positive 102 orr /minth) (107 torr / sixth)
(vacuum
degrpe/ Negative 140 140
experiment & (102 torr / first) (10 torr / sixth)
number)

It is confirmed that the maximum and minimum apparent
charges are different for each experiment, VIs, and voltage
polarity. Moreover, the time interval between DC partial dis-
charge and flashover was very short than that of AC partial
discharge. Therefore, the DC partial discharge characteristics
were weaker in the negative polarity than in the positive
polarity according to the vacuum degree inside VI. It was
found that the maintenance of VI is more difficult at DC
voltage than AC voltage. Table 2 shows the maximum and
minimum apparent generated charge in each experiment and
VI under DC voltage. As shown in Table 2, in case of VI
1, the maximum apparent charge of positive polarity was
1,712 pC, which was generated in the second, fourth, and
seventh experiments, and the maximum apparent charge of
negative polarity was 1,500 pC, which was generated in the
first and second experiments. Also, the minimum apparent
charge of positive polarity was 100 pC, which was generated
in the ninth experiment, and the minimum apparent charge
of negative polarity was 140 pC, which was generated in
the first experiment. In case of VI 2, the maximum appar-
ent charge of positive and negative polarity was 1,500 pC,
which was generated in the first and second experiments.
Also, the minimum apparent charge of positive polarity was
96 pC, which was generated in the sixth experiment, and the
minimum apparent charge of negative polarity was 140 pC,
which was generated in the sixth experiment. Like AC partial
discharge characteristics, the partial discharge characteristics
are generated differently for each experiment and VI of the
same characteristics because the point at which discharge
occurs between the conductor and floating shield is different.
In additions, since the time interval of DC voltage is much
shorter than that of AC voltage, it is very important to select
the trigger value.

In this paper, the minimum value of DC partial discharge as
the trigger value was proposed as 96 pC for positive polarity
and 140 pC for negative polarity.

V. PROPOSAL OF THE MAINTENANCE CRITERIA OF VI
ACCORDING TO AC AND DC VOLTAGE

In this paper, for efficient maintenance of VI, AC and DC par-
tial discharge were compared by monitoring of the vacuum
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FIGURE 24. Partial discharge and flashover characteristics and proposal
of maintenance criteria according to vacuum degree under AC voltage.
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FIGURE 25. Partial discharge and flashover characteristics and proposal
of maintenance criteria according to vacuum degree under DC voltage.

degree in a distribution class VI to propose maintenance
criteria according to voltage type. Through this, for efficient
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maintenance, maintenance criteria of VI for each voltage type
are presented.

Fig. 24 shows the partial discharge and flashover charac-
teristics and proposal of the maintenance criteria according to
vacuum degree under AC voltage. Fig. 25 shows the partial
discharge and flashover characteristics and proposal of the
maintenance criteria according to vacuum degree under DC
voltage. As shown in Fig. 24 and 25, although AC partial
discharge occurs earlier than DC partial discharge, the time
interval between the partial discharge and flashover generated
at DC voltage was much shorter than that of AC voltage.
Therefore, the maintenance of VI is more difficult at DC
voltage than AC voltage. Regardless of voltage type, the
maintenance of VI should be conducted at vacuum degree
before partial discharge occurs. If the proposed trigger value
according to AC and DC voltage is detected, then the dielec-
tric strength of VI has started to decrease rapidly. Therefore,
in this paper, the maintenance criteria of VI is proposed
as 9 x 1074 torr for AC VI, and 9 x 1073 torr for DC
VI, which is the vacuum degree before partial discharge
occurs.

VI. CONCLUSION

AC and DC partial discharge were compared by monitor-
ing the vacuum degree in a distribution class VI to propose
maintenance criteria according to voltage type. For efficient
maintenance of VI, the vacuum degree at which the dielec-
tric strength rapidly decreased was confirmed according to
voltage type. Moreover, to improve the accuracy of the signal
detection of the partial discharge, the coupling capacitor was
installed directly on the floating shield of VI. To measure the
pattern and apparent charge of the partial discharge according
to the vacuum degree, PRPD for AC partial discharge and
PSA for DC partial discharge were adopted, respectively. The
results of this study are as follows:

e Regardless of voltage type, the dielectric strength of the
vacuum decreased rapidly from 1073 torr.

e For AC voltage, the partial discharge occurred from 1 ~
5 x 1073 torr and flashover occurred after 3 x 1072 torr.

e For positive polarity of DC voltage, the partial dis-
charge occurred from 1~5 x 10~2 torr, and flashover
occurred immediately.

e For negative polarity of DC voltage, the flashover
occurs at certain vacuum degree after the partial dis-
charge occurs at 1~2 x 1072 torr.

e Partial discharge characteristics are generated dif-
ferently for each experiment and VI of the same
characteristics because the point at which discharge
occurs between the contact and floating shield is
different.

e In additions, although AC partial discharge occurs
earlier than DC partial discharge, the time interval
between partial discharge and flashover generated
at DC voltage was much shorter than that of AC
voltage.
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e For efficient maintenance of VI, a maintenance criteria
of VI is proposed as 9 x 10~* torr for AC VI, and 9 x
103 torr for DC VI.

e The trigger value of AC VI was 126 pC, and the trigger
values of DC VI was 96 pC for positive polarity and
140 pC for negative polarity.

e Therefore, the usefulness of the technology is higher at
AC voltage than at DC voltage.
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