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Development of Parallel Arc Fault Detector Using Ripple Voltage

Jung-Kyu Choi' and Dong-Kurl Kwak™

Abstract

The major causes of electrical fire in low-voltage distribution lines are classified into short—circuit fault,
overload fault, electric leakage, and electric contact failure. The special principal factor of the fire is electric arc
or spark accompanied with such electric faults. This paper studies the development of an electric fire prevention
system with detection and alarm of that in case of parallel arc fault occurrence in low-voltage distribution
lines. The proposed system is designed on algorithm sensing the instantaneous voltage drop of line voltage at
arc fault occurrence. The proposed detector has characteristics of high-speed operation responsibility and
superior system reliability from composition using a large number of semiconductor devices. A new sensing
control method that shows the detection of parallel arc fault is sensed to ripple voltage drop through a diode
bridge full-wave rectifier at electrical accident occurrence. Some experimental tests of the proposed system also
confirm the practicality and validity of the analytical results.
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TABLE 1
STATISTICS OF THE FIRES PRESENT STATE IN 2014
: : natural unidenti
total accidental fire sort cause arson fied
electricity 9,446
hi 4 real
machinery 065 fire 478
chemistry 360
42135 | gas leakage 168 243 3,061
traffic accident | 511
arson| g4q
carelessness | 21,489 doubt
others 866
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TABLE 0O
ANALYSIS RESULTS OF ELECTRICAL FIRES IN 2014

total| short circuit fault [leakage) CS;']rzrnt ?ﬁg&gﬁ urilgfde%nt
contact badness| 892
insulation flame | 2,492
pressure injury | 568

9,446 336 926 176 | 2,397

line to line short| 96
tracking 750
others 763

gl= olAAta 7X|7|E Awete] Av|EAR Qs <
gas et AAEE S Agdetaat g
Aokt A7 = 7ed oz olFAla WA Al AM7E

Agkel = AgAeE AAste AEe A7

o= A7 4 AdS Fote] 1 ER
Aot AEAS dSAIT
2. OfZAtD HX|7| 5z EEZX A

Sl A28 e BHow w9 A

Ah) SAstel hah
el o] PRl okt o

7M HEel B

(KSC4613

E

vo Mo

o BR
M

=
e
Bl
M\

ﬁ
_%
g
Hu
L
>.4
JP
Lﬂ
?j
1‘=“=?i
o
N
N
it
N

_}é‘ ;94 0_1_4
ol
=
lzl

r-{u rir
I
u
uich
o
=
Hz r:
ol
b
—r
rN
o
N
lo,
O

[

{

O

o I
ok
N
o
)
>
ot
i
oX,
g
— of
o
o
(o
o,
Ay
o 3

2 o

R o
2

>
o

eI~ W A e O S 1 R ST D o)
(o
£
&
t
ol
o

o oo Mook M K
iy
£ 2o
ofl N
fuj
oy o M
—\']_l i
=
rr
posh

_r}i

ot

=y

s

“

= ogl
T o

al d, tracking)ol| Al WA= 757}
7] ;}494 0}37‘4 7} 7“]3"1 UH A

ol2fg o}AbT Al
A%3) PAGT AL

Aol hERE
g a4,
AA A FAE ANEsta} shok A A
oAl WHola Abatel tidh Atet A AlojF =
S 19 20 Yepdrh

R WA E Ly, Lol AR (surge) B3-8& Wl
g 2H(varistor) Vo] 451 AFHAY TS S
A8 BElA foler D~D, #F 48 ANAH

rl

¢

ol= AlaL

A7) AN

ape SDS-200
obe " Tek PS100
probe : Tek 21

r=w

hrd

Yoltage distortion =

Nonzcut off E

F . = 150Apk .
[ Arc current [\

-20.00ms

Ch1:200%/Div DC
Ch2:1004/Div DC

30.00ms: B80.00ms

10ms/Div

(a) Case 1

SDS-200
Fohe Tak PE100
DDE Tek AB21

»<w

hrd

Voliage distortion

FArc current

-20.00ms 30.00ms B0.00ms
Ch1 : 200W/Div DC 10ms/Div

Ch2:1004/Div DC
(b) Case 2

Fig. 1. Operation performance waveforms of arc faults.
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Fig. 2. Proposed detection circuit for parallel arc fault.
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TABLE I
PRINCIPAL CIRCUIT PARAMETERS
Capacitor C; | 0.33uF/450V | Resistor Ry 20kE
Resistor R, 2MQ Capacitor C; | 1uF/50V
Capacitor Cy | 0.22uF/450V PUT 40V, 0.3W
Resistor Ry 1IMQ SCR 60V, 1A
Resistor R3 200k& Diode D, V=10V, 5W
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Fig. 3. Detection circuit part of arc fault.

Aokst ofAtA]7]e] FAUE S AHRH WA g
e AE AFR~RoQ TSt o8 ATAIH
Co FHAGo] AMAE Co Agr A o ~
A PUTE LEZEHEAN A7 7| Regs §A 3
oh ey s MRl A WEela Abarp B A9
Aok A 7]= 370 T RER FiEE o] AgHr)

(anode) A o] AlolE(gate) AYET =4 %o PUT
2(on)A 1tk

e (0 em ozl
|
flo —
i,
=
N
r>~
)
2
ol
fo

<EE 3> oldAla AH RE
BE 38 PUTY w#o= ol ~$% SCRe] ¥-2
Ho]l 4R ¥AS LEDS Ax YA BZE A=
ol ®ek off frA Hato] AHAIY HQld
A4 MR o= Qs SCRe L&4E WA 98k
o #7H gEA
ste] Aatell oek SCRe| wI7Hdh 52 wWA|sly] $3)
Aurie] 2 =5 SCR#Y Ad =2 AAdssict

cope : SDS-200
r

ek P5100
ek ABZ1

B2}
S
oo
aa
==

Buzzer alarm I

= 12ms

T
[ Arc clrent /\ ! !

-20.00ms 30.00ms B0.00ms

Ch1: 20v/Div DC 10ms/Div
Ch2:100A/Div DC

(a) Case 1

.| Buzzer alarm L

[ Arc curent

-20.00ms 30.00ms B0.00ms

Chi:20V/Div DC 10ms/Diw
Ch2:1004/Div DC

(b) Case 2

Fig. 5. Performance waveforms of proposed arc detector.
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Fig. 6. Configuration for power line cut-off of arc fault.
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