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A Study on the Condition Monitoring Diagnosis
of a Closed-Switchboard by Detection

of Radiated Electromagnetic Waves

by SUN-JAE KIM

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

Busan, Republic of Korea

Abstract

This thesis dealt with a basic study on the development of condition
monitoring diagnostic technique for power facilities installed inside
closed-switchboards. Major causes of accidents in a closed-switchboard
are series arc discharge by incomplete connection and partial discharge
by insulation degradation.

The series arc discharge was simulated using a terminal block and an
electrode system of a stainless needle-carbon rod. The corona discharge
was simulated in five types of electrode system which consist of a
needle and a plane electrode. The experiment was carried out In an

electromagnetic shielding room, and the measurement system was



composed of an Ultra log antenna of 30 MHz ~ 2 GHz and an EMI test
receiver of 150 kHz ~ 2 GHz, and a spectrum analyzer.

Frequency spectrum of series arc discharge was distributed in ranges
of 30 MHz ~ 200 MHz for the needle—carbon rod and of 30 MHz ~ 400 MHz
for the terminal block. In corona discharge, frequency spectrum existed
in ranges of 30 MHz ~ 2 GHz depending on types of electrode system.

The experimental results showed that frequency spectrum is different
as abnormal condition varies, and the inner space of a closed-switchboard
1s not influenced by outer noise generated by electrical accident or
broadcast wave.

Consequently, it is possible to diagnose the condition of closed-switchboards

by detecting radiated electromagnetic waves.
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Table 3.2 Specification of the experimental apparatus
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Fig. 4.2 Frequency spectrum of series arc discharge

_31_



i)
r o
e
Lot
t
r (o]
ol
o
&
%
O?:g
ol
o
rr
)
o2
ok
iib)
i
o
d
1o,
ol
o
Ho
ol
o
&
&
o)
=
2
2=

E 41 AAAA A=A mE Fage AHEY

Table 4.1 Frequency spectrum depending on electrode system in pressboard

ASA/AE S T g W3 FR5Eg Y

(0.2 mm)-4 3+

/ 35kV

30 MHz ~ 500 MHz 35 MHz ~ 45 MHz

(10 pm) - 3
/ 35kV
-4

30 MHz ~ 1 GHz 35 MHz ~ 45 MHz

30 MHz ~ 200 MHz 50 MHz ~ 80 MHz
/ 35kV

zyzyel A=Al A A IR e Fug ~HER 4.3
el Aok (a9 2ol #(0.2mm)-3F-2 30 MHz ~ 500 MHzol A WA}
AR e al, v3 Fu5t (35 MHz ~ 45 MHz) ol A4 60 dBuV/me
AARE7 Z4EAe ()9 HA0pm)-BH A=A = 30MHz ~ 1 GHz=
3o 35 MHz ~ 45 MHzol Al 9 A Fulerjefo] 14
HAt} (o) Fo-Fgo] Fukr AHEHLS 30 MHz ~ 200 MHzol 22311t
50 MHz ~ 80 MHzol| Al T3 a5t &S VeI
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Table 4.2 Frequency spectrum depending on electrode system in air
HAFA /A7 F oo g A3 94y
(10 pm)-3(0.2 mm)
/ 4.8kV
(10 pm)-3 (10 um)
/ 4.8kV

30 MHz ~ 350 MHz 100 MHz ~ 160 MHz

30 MHz ~ 2 GHz 110 MHz ~ 160 MHz

a9 (@ () 71FdAe] 2y BAs 2eojg Ao, (10 um)-
H(0.2mm) AFA A LA Wiase] Fu4E 30 MHz ~ 350 MHzO
WS A, 100 MHz ~ 160 MHzol Al 913 F=akrd oS 4 &t

(10 pm)-H 10 um) A=Al A LA BHAE ] Fo5= 30 MHz
~ 2GHzZ Aol Al 2333 110 MHz ~ 160 MHzl| ~
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Fig. 4.3 Frequency spectrum of corona discharge
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A= FHA A Wiol AXEo = H¥717I(MOF, 34 5=,
Zlofx 292, A3AA7] F)o] il Ad7|s/ids g 7 E2ATEA
Aukekal oA Ultra log antenna(30 MHz ~ 2 GHz)¢+ EMI test receiver
(150kHz ~ 2GHz) & AH&ste] AEstqint ofa Whdda szt W o] vt

AAnE 24249 AvE e P

TS, "Huld EEA Eoath gAhw - Tl A g d
WARAA}EHE 30 MHZz ~ 200 MHzol Al 23Esk e, 31320192 120 MHz
~ 150 MHzZ °F 50dBuV/me HAZEE el Huld 552
30 MHz ~ 400 MHzoll Al @A skt 0w, 3] A2 100 MHz ~ 150 Mz,
270 MHz ~ 300 MHzZ 40 dBuV/me] AAZ =7 SH = Ak

2. ZEY WA Fug AdELS AFAY Fedd wel izt
Ao}, 30MHz ~ 2GHz= QHe|vRe] A ®QlellA] E23HaL ofa W=
JolstAl = Fko] 35 MHz ~ 160 MHztH & ol A 7 & 5] At}
AFEAA Atgoz H(02mm)-FF HA=52 30 MHz ~ 500 MHzell A
st o v A Y-S 35 MHz ~ 45 MHzZ 60 dBuV/me] A7 gkl
245tk 10 um)-F o2 30 MHz ~ 1 GHz] Foied Hgola Bx
stgen, 73 e HA(02mm)-B A2 FLg 35 MHz ~ 45 MHzo| th.
Hy-H o] Fuh4t)elS 30 MHz ~ 200 MHzo] a2 3] 2t <& 50 MHz
~ 80 MHzelt}, 7] ASA1= dAFAolo] HAXE Ay AF=2A

Fhpdge ol stglonh, Aol AAZE} ZHE Fhree
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