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Electric Fire Hazard in Low Voltage Distribution Circuits Protected
by Electric Leakage Circuit Breaker(ELB)
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Department of Safety Engineering, Chungbuk National University
(Received December 8, 1999 / Accepted March 7, 2000)

Abstract : This paper presents a study on the assessment of electrical fire hazards by electric circuits with
leakage. The hazards are evaluated with the energy supplied by earth-leakage currents which flow in the
circuits simulating the actual circuit of domestic premises. Also, operating time and current of ELB are measured
by an experimental approach. A common specification of ELB used in this paper has a sensitivity of 30[mA] for
leakage current working on the current-balance principle. Total charges and energy of leakage currents are
calculated quantitatively by a theoretical approach and compared with the results obtained from experiments.
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Fig. 1. Equivalent circuit of ELB
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Fig. 2. Measurement circuit ELB operating time

et olm AL HPHAE
7](Musashi elec.,

FAAE A
AC 100/200V, AC 0~60/120/

600/1200mA, 50/60Hz, Japan)ot}. 183} o)

H28 T4 e

utg o &2 k)=
st o E A
ATl A= o9}
2483 FAl

B2 AA stk

Bol3 5| RoA FHTFE

B, 9BZ, WIS A7) HA7,

12 0>

HAFE S0 [mAJl A HE 1
A 744 W BAALE SR,

ZAA ] WHEa#e =z Q1
A7 FF A7) &
2o) FAARI Y FHALE
4425 Adstdth 19

0 ARAFHE FAFDNE FAL P

X
o
R

A

My

A7), eV ddste] diFgoAs 22
J

Al

¥ %76 7] 9latel
elec., AC 1/10/100mA, Japan) AA3sE o)
4= YY) ha AeFwolut.

=

19 220#

LOAD
h
ELB
0~50KQ
Leakage Current
Meter

i ez FHHEE
457t 25 Sk E w4
2437 Asted 0[Q] ~ S0[a]
sakah gl s 047101] FAAR

AFZA7)(Yokogawa

7

Fig. 3. Schematic diagram of a low voltage circuit with
leakage current

95



(1) Case 1

2% 49) fRolN AANFS 2ABA T4
AFE 50 mAJNARH 1 [mA]Y ZAA 7
WA FAREIE FAY g SANR
old ARGl Bt ARRE Y
ARG AR SHE AR v as
. B@ FAARIL B4 £ FHIE
R% CE Z3%e] & Ptk o714 R
CE &A3l=d Al8-3F 7}17]+= RCL Meter(Fluke
elec., 100k ~ IMEz, AC & DC Test Mode 50mV ~
2V, USA)o|t}.

7)ol AT e APdEe AFolm
2 FEARF7) 135 &
M e AR HAAQA & F3HoF gt

2 At e A=dF] AAWAA m& T
37] 98 wZ A7, AFA, A71717E 3
Z2E 74T T AE2E AANIEA AFA
g 439

a9 4= ZAEHNA AFVE 2E W Y
Ve dEAFe HAo g 2ot 1
A Foz vEht BEe AYoR 549
Aol AHoz veld RELS curve fittingo]
o} o] Ao W@ AL 26)T 2ol Yk,
o] g olgdte] AEAFY AN g

d

Q

21
#
Z|:.

FAstA o] & A () 2 @ Ayt 13
AF & FA

Ipy = 0.12P — 0.44F + 2411 (13)
o 7)ol A

I A34H AR [A]

18 4 ® Experimental value
—— Curve fiting

Peak transient current [A]

0 1 2 3 4
steady state current [A]

Fig. 4. Curve fitting for the relation between steady state
current and peak transient current

96

(2) Case 11

Case 17 TU3 oz 19 39 3204
TPEARE At FAHEARFIE S, 10, 15, 20
mA} 3258 33ty 18 FRAXD7/7t
A=A E #FAh ®S 5 10, 15, 20
[mA] Z4Zbe] Aol disl FA3s 2o RFY CH
FA4%q ;& FIHH

FANAA W H &, HrHE AT tdY B
o HrwstdyAe FAL o33 2o

Q) 7IAE9 HadsyR 54

B d7dAe gt F98 2dYsAe v
A 7tdd EEL 4ut rtad £2E 1eE)
Aok Gy 7tA 22 FRE A 7PN
wol AMgEHE BAZA EaA, Fol, W, 24,
Hid, Eg28S Ad9sit. 29 5e Had
gyA F4& AT 2PFR 9| AFreo|nt

% 1960~ 130V

122
Combustibles

Fig. 5. Measurement circuit minimum ignition energy of combustibles
PREE R T

4.1, FEXHI| SHAIZE :

Y 62 7 HAER pAdFe 7)) o
2 ARG §&A1b& vER Aolth 1
FollA BE o2kl Zole AT FEHF 20
~ 25 [mA), TZAZEL 001 ~ 0.03 [sec]ol A
FARe N RE FAXNGI} FFTATH
Clojq A& A T2 003 [sec], AF
ZEAF 30 mA]Y] X Rt WE A0 ¥
AR FH3T-

42 $HE Rojdt 3|20 FHEF
(1) Case I
FARGIE FARE Agol ol Ime

Journal of the KIS, Vol. 15, No. 1, 2000



FHACT|Z REEE

—— A caompany
! Q- Bcompany
| ~w— C company

Time [sec]

Current {mA]
Fig. 6. Variation of ELB operating time over leakage current

32.53 [mA]2

ZAH AT
O FRARR7) FAARF

TR BAZERDF oY %@s}t

ARG L FAe) AR E W A
ol Aggche ofn|olth. wEbA 7@%16&
ZHsd FAANRS W FHADIE 23
[rnA] o] e A F&stHTh 18 7L FAAT
7] Ad712 E4% FAaxarie 54 dFe
FAG By 3 Zo FAF FHAEY F
2 AF) ek ™ol

YA HE FHES 2o 3|2 FEg
FRAAE I FARGIIANENE SAT AF
Ech o2 ~ 3 MmAIAE & AFAA F28t
Atk o9t o] FAAHVE FXF A tACN
A ARG BZAZE 0.03 [sec]?} HAFAHF
30 mAle) F43 &F3kATh

L)-}L

1o Y rno

*1
—a— ElBalone
45 -0+ ELB applied to circuit

Current [mA]
]

15 'l'_‘v

T T T
0.00 at 02 a3 04

R
g

Time [sec]
Fig. 7. ELB operating current measured by ELB tester

B2 AII QLN B A K|, M15H F|1%, 2000

HetMzolAl 2 ehal Yy

399

AXE7] 7} 0.03 [sec]jol] AEE ¢t
AEadets 2d7kA] A A
A& dAagn.

12 FAR977 SZ48E o 7HdA
Hxgslo Ao mdste AR UE
Jolct. & 1] LhEbd 2709} HALsjojun)
AET7N2 BAE BHAZ AEelA w7
Aoz 2 wIAA o] ouAE &=HT
ol .
FolA BE 7494 70 F7] Tl HAF
W= BReia gl o Fro]l BAEdE
A7) 7F 0.03[sec)el] F2eTh strjgte A
Hol FHHE FAUAE stdd £
gzl BT 7] qE] vF A2
Asber)7}t 2ASHEE BAe Bahsm o
Za2 CIELE DIE Lt

£ 2t R4 BARE W Aty v}
20 izl Ao Egdte AE e
Aolt}. ol vhehd vhe} o] rp=o] Axws)
AUAE S 2o RARTGE B 2 oy
Agre g gl Fdel fgdel ok & 29
7}2 29| propaneo]t} butane> LPGS] T34l
Fog W FHAME Bol AgstE shao]
o WA 7ty 7t2g o] 2 s ¥
Zol AR £X50] glg w Fdo] A

Ol-

~\r S
o
e rlr

]_

011
®
9]

-{> D orlr & HE

_>4J-1:~m1~>\‘ 2

e

¢

Table 1. Time needed that the energy of leakage current
goes up to MIE of flammable dustsl9]

flammable dus]};g?;ﬂ‘gﬁ [(;/m:] I[\gﬁ ‘;gnme?slet:i(]i
71 132 [ 20

‘(i-f:(::roxfs'lelter) 17 60 L) 1esxiot
stearin/lead 991 95 | 75| 60 3| 521%x10%
ferrocene 33 15 5| 9.01x10%
methionine 100 99 | 95| 30 9 | 176x10°
Z::t::;;rin g | B2 30 | 13| 280x10°
milk sugar 99| 92 | 77| 60 14 | 3.10x10°
calciums tearate 92 18] 30 16 | 3.72x10°
stearin/calcium | 100| 89 | 64| 30 25 | 8.71%10°

methy cellulose | 93| 37 | 12| 30 3J 2.29x 102

* MIE : Minimum Ignition Energy(# 423} =)
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Table 2. Time needed that the energy of leakage current
goes up to MIE of flammable gases[10]

flammable gas MIE [mJ] imf;‘s‘;z‘]i
ethylene 0.096 1.60 X 10-5
methane 0.28 4.64 x 10-5
propane 0.31 5.14x10-5
n-butane 0.38 6.31x10-5
benzene 0.55 9.16x10-5
acetone 1.15 1.94 x 10-4
toluene 2.50 4.31x10-4
acetnitryl 6.00 1.11x 10-3

* MIE : Minimum Ignition Energy(3 A%}l 147])
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Table 3. Minimum ignition energy of combustibles

combustible mini;n::;y ig[}l]ition
vinyl 5339.9
paper 6223.0
wool 6963.5
wood(chips of lauan) 8083.7
cotton 8264.1
plastics 9226.7
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