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ABSTRACT

In this paper, we analyzed the frequency spectrum of radiated electromagnetic waves generated by series
arc- and corona- discharges as a basic study to develop an online diagnostic technique for power facilities
installed inside switchboards. To simulate corona and series arc discharges, an arc generator specified in
UL1699 and a corona generator were fabricated. The experiment was carried out in an electromagnetic
shielding room, and the measurement system consists of an Ultra Log Antenna and an EMI Test Receiver.

The frequency spectrum exists in ranges from 30 to 500 [MHz] for series arc discharge and 30 [MHz] to 2
[GHz] depending on defects for corona discharge. The peak frequency of series arc discharge and corona
were 40 [MHz], 80 [MHz] and 35 [MHz]~160 [MHz], respectively.

o w2 Ay Adn S st A7), A5 Alelrleh & A A 8779k ApdT), @R
27712 ol Fol Aol Azke] @7 V= AAFEzEC A R B folst=s A

H AE] A A AR EE SRk el A d Ak wAehd A g
EE A7 A B AMARaLel e 23} ARALE BN ER AEA e ] a7 H o

ey g e] dE AR ] m=Fste g
of B T #Zo] H=Fol B &4 AHola
o] ers}lx A = (Carbonic electric conductive pass)E
of Fdo] HAHel et A o] AEER X7
2 A e 2 10dge] SAA Rz oshd bl

44
FOrE GEA R RA F2 uES AAE Bl EmE dABe) ddA
-y

o i

[nt
ot
i~
>,
Y
)
@
S
ki
=
it
N
mie]
rlr

7] d3tEs Fe At R Hawa gtk
upeha] FH el Rkl o] dATty el o] eI R QlaE WA= WHAEY] AES Fokd AHE vd
of WAsT A Tl A AL AR S ATk A of3 WAL ek D AF 4y,
FAEY 289 240 2 A4 4] s
53, AA S4We ANe 298 0 A} sbsene A7k B} e A
N
t AQAR A9, s, A7 AT, W
E-mail : kilgs@hhu.ac.kr
TEL 0 (051)410-4414  FAX : (051)403-1127
« AR, Yo, A7) AR, v
o AE Y, FEA e, B A4S, Ay

i
o R84, PAWETAL, FER, AFATY, 749

41



oz sl IEUE AV WAL eR T FoAA o] A HAe ofF g o3t 23|
2], 8, Ayt go] AT A ofmst =y Bl o3 WAty AAEHEM S 9 2
g 13} o] Ay 3lmle] oAAYES Fu Fuge] 30 [MHz™2[GHzle] Ultra Log
Antenna(HL562)¢} F3}4= o9 150 [kHzl~2[GHzle] EMI Test Receiver® A}g3to] #zheka(15
[m]x28 [m] X 10 [mD)o)| A} =A3}4 ).

Ultra Log Antenna
15 [m]

a9 1L AgAe] 74

31 A4 o}z

219 old= Fopet AER AdE e B BA e A4 Aol A ddd B9 o
A Eehdd AANg A LAFTHAI~[6]. o}a AFE ¥k dvdzd] o] AFH R}
AFEGE 2o 2pd 71«] B fd ®e WelM 327 we] A EHE e9lste] suldnel 7
715 BEEHA ek A P Atk webA 2 melAE AE obaA] TSk WA AS S SA 6
a FubkeE i%‘#%ﬂ% Attt 1§ 2= A oba A Ak Abgke] Fabg A E-S UE
W Aoz 30 [MHz]7500 [MHZ]Oﬂ JA Bz, 40 [IMHz]e} 80 [MHzlo| Al 513 kS JERIQL T

100.00
90.00

80.00
70.00
60.00
50.00
40.00
30.00
20.00

10.00
0.00

Electric field strength [dBuV/m]

30 50 100 200 500
Frequency [MHz]

a9 2 AY oha wWAe Fug AfEY

42



AAZF A e oA HAste FHUde=s, Uy AglE FHkstal old os)
Avkg AR SR B Ade R, A% 1F0 L TG AT G4 S wet @
Bk B oM sz wde] M & e vdd Jue 1y 373 ge AGAS A%
sho] WAl Tle] Fok ~MERS AL 53 AFANA dde FeE(Fols F7)) 2
AAF FENA] WE PR Fop AHEDS] o] F Mwsginh
FRAGe Goaust pele) gFor AgAes TIA Adsel A gFol WA Brs 3
o 3 AFelAe BHde fFEadrh Z2Y s A7) flE 29 37" 5o "AFACAE
350V], 18] 6 9@ 7o AFANNE 48[kVIe) AgFns ws nALS st
] 80.00
E 70.00 |
% 60.00
T Pressboard 3, 50.00 |-
13mm(C 50mm D) S
l\ J J,1 6 (<)
lT -1.0mm %
15mrﬂ( ) g
—60mm § 3
5
2
w
—'|_ -20.00 ‘ ‘
0 100 1000 2000
— Frequency [MHz]
(a) A=A (b) F3p A8 EY
2% 3 WE-F R AFA(F))
15mm
Pressboard
0.2mm
£1.6mm
T T
15mr11L )
F—60mm i
l 10100 2000
— Frequency [MHz]
(@) A=A (b) Fup4= ~dEF
a9 4. 0.2 [mm)-F A A=A(Fo])
H X
=
3
Pressboard =
10um <
! r-1.6mm IS
T T o
15mTL_C ) =
F—60mm | 3
o
g
w
l -20.00 L L
100 1000 2000
— Frequency [MHz]
(@) A=A (b) Fup4 A~ EY
oy 5 FA0 [mD-FF AF5A(F<])

43



A=A T e 3 Faa e
) 7-3 9 30 [MHz]™150 [MHZ] 50 [MHz]™80 [MHz]
Z1(0.2 [mn])-3 30 [MHz]~400 [MHz] 35 [MHz]™80 [MHZ]
(10 [gm])-3 30 [MHz]™1 [GHZ] 35 [MHz]™80 [MHz]

L

Ztzke] AFANA AT mE A Foe
9% e @ g AFACNA Y FrE 2
[MHzI™80 [MHzlel| /| ]2 4= g19& vl 23 4@ek 22 (0.2 [m
= 35[MHz]™80 [MHzlol A ®x &9 30 [MHz]™80 [MHz]o| A w3 Fu4 9L g
oy S@et e HA0 [mD-HY A= 30[MHzIT1[GHzle] R xaigion 35
[MHZI"80 IMHzlo) 4 )3 F544 e} < hehsih.

FAME A5 FEEs 7k a3 4d@e 5ble) A9 WHo g Qe Fue AHAENLS Aolsh 13

= < >~
TITE F

rlo
)
<l
|

)

A dHgdS Fdatglon, I-Fad AFANA TAE dAurE Fa-Gid ASA ol ]
& 20[dB] & AAZER ZAAAG. FH-FP AFAAE 150[MHz] o)ie] F35 Aol
EAA Fgd v a2y A9k 17 S@) o] AAREIE BT A-HA AFANAE 150
[MHz] o] djje] Fu}5= Aol WA et

80.00
70.00 |
60.00 |-
50.00
10um —~_ N 40.00 |

+ Smm 30.00 |
20.00
10.00 [

0.00

-10.00 |

-20.00

0.2mm

15mm

Electric field strength [dBuV/m]

100 1000 2000
— Frequency [MHz]

(a) A (b) F95 29EY
29 6. A0 [ (0.2 ) AFAE7])

80.00
H 70.00 |-
60.00 |
50.00
40.00
30.00

20.00 [y
10.00 | VAL

0.00 o ‘
-10.00
—20.00 : :
30 100 1000 2000
Frequency [MHz]

(@) A7) () Fhr 2o E
29 7. 310 [ -2 (10 [m]) AZA(Z7)

10um —~_

—
10um/

wW
=
3
Electric field strength [dBuV/m]

44



TF 2. AFA ] wE Fa g (Fr])
A=A T4 Oy 3 Fue g Y
(10 [m])-%1(0.2 [mm]) 30 [MHz]~350 [MHZ] 100 [MHz]~160 [MHZ]
(10 [mD-3(10 [rm]) 30 [MHz]™2 [GHZ] 90 [MHz]~160 [MHz]

a9 6 9 7 V)FelA e RV WS 2eolg Zlolw, 19 63 o]l (10 [mD-%(0.2 [mm]) A
ZA A WA HpAAFe Fugei 30 [MHzT350 [MHzle] ®¥abgia 100 [MHz] 160 [MHz]o)
A 93 Fag g9S JErdth 27 73 22 A0 [mD-F10 [m]) ASANA A Al
vQ_A Fyl4= 30 [MHz)™2 [GHz]i A HYo|a] BExsgm 90 [MHz]T160 [MHzlo) A 33 F314

S YERAT Fo] HAES AYe 19 3729 59 Aok SdA fFARS A5 fﬂEHE 7k
lﬁ 6(a)e} 7(b)o] 9o M= 4 o= Qg Fua YL Aolsty va Fukg e sdTS
kel

4. 48

ool A e sl A Eo] le AgAdn o 2l HARAE ST ViR, AY ofa W
A7 ZEY e WARAEE &4, Bt Ade Ax 4 dgelA Faa g9 30
[MHz]™2 [GHz]¢] Ultra Log Antennas} 150 [kHz]™2 [GHz]e] EMI Test ReceiverZ o]-8-3}t}.

23 olm WAAl WAPAAbEbe] Fupgr s#ERe 30 [MHzIT500 [MHzle) WA ®xaior, )

2 ke 40[MHzlel 80 [MHzlol @il mmzul whdol e Ful AdEAL A7 Jeo weh @
& zpol7h 9o, 30[MHzI"2[GHzle] d 9ol Bxain 2 of= whdAer del 93 ghe
35 [MHz]™160 [MHz] e A ZA)138}5 ).

Wepq ols delele] WA AARE AESY 474 ARE BAND 5 ol olAe mEue
WAL % 5 Y7 AR AVH ARE v PAT 5 9S Aotk WA g YoiAE 3]
obzsh mEuh AN AR WA RS AEGE AU AFASNS A Gvbgo

Ay
2 o] 7bed Ao wddt

™
B ATE wgAe)Ersh #TAA/1EAFA AGHuQEFAdon FYH ATAIY

FuEY
1. o1F 9, <A AE EAS o] g8 HEWAH HE 7|xdAF | g ss] [ g =

c, A7183] =24 Ag9cd A7%, PP.412-417, 2007.

2. George D. Gregory, "More about Arc-Fault Circuit Interrupters", IEEE Trans. Industry Applications, Vol.40,
No.4, pp.928-933, 2004.

3. 28 A4 (2009), <2009 %= BHAEA A

4. IEEE Standard Dictionary of Electrical and Electronics Terms, IEEE Std. 100-1996.

5. Wen-Jun Li, Yuan-Chun Li, “Arc Fault Detection Based on Wavelet Packet”, In Proc. 2005 Fourth
International Conference on Machine Learning and Cybernetics, Vol.3, pp.1783~1788, 2005.

6. AN, AFT Y, A9, FAF, $AE, <A o}ANE] AP, FF ARG =R, A

117 AI5% pp.477~481, 2008.

45





