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A Study on the Insulation Diagnosis of Vacuum Interrupter
by the analysis of Partial Discharge

Gyeong-Yeol Lee

Department of Electrical & Electronics Engineering
Graduate School of Korea Maritime & Ocean University

Busan, Republic of Korea

Abstract

Personal injuries and property damages are significantly being increased
due to electrical accidents related to vacuum circuit breakers (VCB) in
switchgear. Therefore, researches on a diagnostic technique for vacuum
interrupters (V1) which is a core part of the VCB and quenching an arc
generated during opening and closing has been actively conducted both
domestic and abroad.

In order to the insulation performance of the VI in the open state, partial
discharge (PD) signals of each defect according to the applied voltage were
measured using the KS C IEC 60270 method. The main defects that weaken
the dielectric strength of the VI were classified into three types: leakage of
vacuum, incomplete opening of the contact, and damage to the contact surface.

The measurement system consists of a maximum voltage 50 kV mold
transformer, a 10,000: 1 voltage divider, an oscilloscope, and an MPD 600.
A VI for the rated voltage 25.8 kV and an electrode system made of internal

contacts from the same VI were used in th experiment. A 50% non-inductive
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resistance (Oscilloscope) and an 1nf coupling capacitor (MPD 600) were used
to detect PD signal. The phase-resolved partial discharge (PRPD) method was
used to analyze the PD characteristics such as discharge inception voltage
(DIV), apparent discharge (¢), the number of pulses (7), phase distribution
(@), and polarity ratio. Based on the PD characteristics of the open stated
normal VI, the changes of the PD characteristics for each defect were
analyzed and the effects of each defect on the deterioration of dielectric
strength were derived.

Through the diagnostic methods and techniques proposed in this paper, it is
possible to diagnose insulation of the VI in an open state in operation.
Accordingly, it is expected that the safety of the VCB, which is most often
used in the switchgear of high-voltage customers, can be secured to improve

the reliability of power facilities.
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Table 2.1 Internal parts of Vacuum Circuit Breaker

Division Main components
Terminal section Plug-in contacts, Upper & Lower terminal
Vacuum section Vacuum interrupter
Operation and control Breaker shaft, Breaking spring,
section Contact press spring, Charging motor, etc

a3 232 JE JHHE @uARy du=olty XE AEHE =
7} (Moving contact), 11775 (Fixed contact), ®Z-9-ZBellows), 2!
A9 A A E(Ceramic insulator) S8 FAH Attt 2F7|d7&=
oA o7& WEE FFE 5x107 torr o), HHE 6~20m=E ZES}
293}t A ZtE o FHjHnke] 3 FEEE QY VbR staFol=

) By

AF Adr]e] EJ~ZFH(Contact press spring) 2 x4 RE|(Charging

motor)7} A2 o] AR e ol FAF AD Al IF AEHE
Wy HHe waA sgAA ofa2g agdor £z
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Fig. 2.3 Cross-sectional diagram of vacuum interrupter
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Fig. 2.4 An example of a failed vacuum interrupter
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2.1.2 Paschen’ s Curve
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law)e.2 A=t} 1889 Louis Heinrich Friedrich Paschen(1865~1947)9l
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AF0Ad, 283 1A FFH vk vdehd WAoo s AQ.DI 2o

V= Bpd ©.1)
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fyS e

ol V& HANHDielectric Strength), p= 71ALH, d= A2Z3H4,
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Fig. 2.5 Paschen’ s curve for dry air
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Fig. 3.1 Partial discharge measurement system
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¥&FH 2 A (CAL 1A, Power diagnostix)E o]-&3le] & =4 An=

SACNA LA Aoz A%

Lgsg F 54 e w4 F A
SE PAASRF 5-1000CE FPstel $HS M A}, T &

.

A= AYAR] AHE Hlon, S = AmV/ipCeol At

= 31 94" 2o tis ¢ H 9 Mt

Table 3.1 Output pulse and voltage to input pulse

Input signal Output signal
CAL 1A [pC] Oscilloscope [mV] MPD 600 [pC]
5 pC 19.8 5.0
10 pC 40.2 10.1
20 pC 79.8 20.3
50 pC 203.1 50.1
100 pC 399.2 99.8

Voltage [mV]
Apparent charge [pC]

\I\"MHIH H

el Ny o =
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

Phase [°] Phase [?]
(@ LAZA~FE (b) MPD 600

a¥ 32 39 Al Hu

Fig. 3.2 Output signal comparison
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312 &3 A&

7} AF AHYPH (Vacuum Interrupter)
o)A AMEH XF AEHHEE AT < AAHY 25.8kV(22.9kV F)S
ol R AFEE oF 5x107torrol Aol v

HHE Ad

4|

w
Do
™
oH
ro

Table 3.2 Specification of a vacuum interrupter

Appearance Specification

Rated voltage 25.8kV
Power frequency withstand voltage 50kV
Rated lightning impulse voltage 135kV
Rated current 630A
Short circuit making current 16kA

Contact gap 12+ 1mm
Over-travel 2mm
Allowable contact consumption 3mm

Standard IEC 62271-100
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Fig. 3.3 Electrode system
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FojddE el Ho <AVEHY I[EC 62271-100 6.2.9%+(Partial
discharge tests)= Z-&3to], AN 110%<] 284k = vt 23

Eojdgel 9A, ZIEHIHE &8st As) Fd 1E AdEHEAA

K
w
w
1z
St
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=
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Table 3.3 Experimental conditions for partial discharge measurement

Normal vacuum No Vacuum

Division 5
(5x10™ torr) (Atmosphere)

Complete opening
(12mm)

Reference data Condition 1
Normal

contact surface Incomplete opening
(8mm)

Condition 2 Condition 3

Complete opening
(12mm)

- Condition 4
Damaged

contact surface Incomplete opening
(8mm)

- Condition 5
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a9 41 A773Ele] PRPD (7] dlelH)
Fig. 41 PRPD under a normal condition (ref. data)
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315
270
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2
= 135
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45
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23 kV 25.8kV 28.4 kV
© $3E=E

Y 42 A34Ee] PRPD 54 (7]F tlolH)

Fig. 4.2 PRPD characteristics under a normal condition (ref. data)
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Fig. 4.3 PRPD of vacuum leakage defect
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400 EmRef. data  IRef. data =frPositive  =E=Negative
polarity polarity

350

300

Number of pulse (N)
[ d
=

21kV 23kV 25.8kV 28.4kV

W), Al VaE 7o)

315 Ref. data Ref. data  mPositive B Negative
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Fig. 4.4 PRPD characteristics of vacuum leakage defect
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Fig. 4.5 PRPD of incomplete contact opening
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Fig. 4.6 PRPD characteristics of incomplete contact opening
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Fig. 47 PRPD of vacuum leakage & incomplete contact opening
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Fig. 4.8 PRPD characteristics of vacuum leakage & incomplete

contact opening
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Fig. 4.9 PRPD of vacuum leakage defect at damaged

contact surface
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Fig. 4.10 PRPD characteristics of vacuum leakage defect at

damaged contact surface
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Fig. 4.11 PRPD of vacuum leakage defect at a damaged contact

surface
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Fig. 4.12 PRPD characteristics of vacuum leakage defect at a

damaged contact surface
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Table 4.1 Comparison of DIV by each defect

Damaged
contact surface

No vacuum

(Atm.)

12 mm

8 mm

11 kv
-12 KV)

12 kv
11 KV)

Normal

contact surface

No vacuum

(Atm.)

12 mm

8 mm

19 kv
(-4 &)

21 kv
(2 &)

Normal vacuum

(5x107torr)

12 mm

8 mm

21 kv
(2 &)

Ref.

23 kV

Division

DIV
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Fig. 4.13 Comparison of DIV by each defect
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Fig. 4.14 Comparison of maximum apparent discharge according to

applied voltage for each defect
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Table 4.2 Comparison of polarity ratio at DIV & 120% DIV for each defect

Normal Damaged
contact surface contact surface
Division Normal vacuum No vacuum No vacuum
(5x107torr) (Atm.) (Atm.)
12 mm & mm 12 mm & mm 12 mm 8 mm
Positive
. 0.51 0.47 0.48 0.47 0.11 0.40
polarity
DIV
Negative | 49 | 053 | 052 | 053 | 089 | 0.60
polarity
Positive
. 0.49 0.49 0.49 0.48 0.25 0.24
120% polarity
DIV Negative
. 0.51 0.51 0.51 0.52 0.75 0.76
polarity
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