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ABSTRACT

Tracking, which is one of the main causes of electrical fires, is perceived as a physical phenomenon of electrical
discharge. Hence tracking should be explained based on electric field analysis, conduction path by electron generation, and
gas discharge physics. However, few papers have considered these details. This paper proposes a tracking mechanism
including their effects on tracking progress. In order to prove this mechanism, a tracking experiment, an electric field
analysis for the carbonization evolution model, and an explanation of the tracking process by gas discharge physics were
conducted. From the tracking experiment, the current waveforms were measured at each stage of the tracking progress from
corona discharge to tracking breakdown. The electric field analysis was carried out in order to determine the electric field
on the surface of a dry-band and the high electric field region for electron generation during the generation and progress
of carbonization. In this paper, the proposed tracking mechanism consisted of six stages including electron avalanche by
corona discharge, accumulation of positive ions, expansion of electron avalanche, secondary electron emission avalanche,
streamer, and tracking by conductive path. The pulse current waveforms measured in the tracking experiment can be
explained by the proposed tracking mechanism. The results of this study will be used as the technical data to detect tracking
phenomenon, which is the cause of electric fire, and to improve the proof tracking index.

Keywords : Tracking phenomenon, Tracking mechanism, Scintillation discharge, Electric field, Gas discharge

¥ Corresponding Author, E-Mail: SWlee@Kangwon.ac.kr, TEL: +82-33-540-3123, FAX: +82-33-540-3129
(© 2019 Korean Institute of Fire Science & Engineering. All right reserved.

30



AN Z1AGA o] && 7|HEe 2§ Polyvinyl-Chloride-Sheathed Flat Cord 9] Ef7] 1 wlAYUS 31

1. M

T

ZA7]a) oA Ay Z(tracking)& 1718}
F8 Y2 F sholth. EYHo] HAR = AARAL
AAEARD)S Az FA3} 23 AlREE W
AHEE2Y T, Alggo léi ) e} AT 7 el
M= AAZ FeEd BAdS A 2o d44E 4
Rom, o]yt xHo] FXHW EffHo] M HF
oz A7|SAE BAAZE F ATt

A7 & Olﬂ: EF o] 2dAAH-2 1EC 601121

= E
- =

—

>érzﬂﬂ£

A% A YUY PR 7hE ARE Yo
WE 27 Ao e A7V o 27 Aol U@
7E ATISS Ba 2 duA Uk Edge 471U
2 w9e] 0%, FHAR % Az W4, WA A
FH AzhelA PR A A, FROE A% B
A, BEEAE B4 8 Edd a2 s ey
ole) g 47} A e amEole] V)E AFEL o) U
Ao el gl Eddel Beld Wi A 3

. il A =
el AL 22y b, Addold B, st 9
4, 2Egm Age o7 dusta oHd. &3t A7)
Z J—WOHH EF B e s 5l A

}\
IAFE EﬂJJr 714 ol st A Agde] s, A
, L HAYFS iﬂﬂl«l A, AAEN 27 =
7AYo BE JHte & Mtﬂg]o]o]: stk 11
Amagol g A% A B9 E B
WAL 4 =AY AnE BN, uﬂ
= EAE Hg
FAoltt EFF
= A AARR 5
A2t = @4 4 o AT Ak F0ol

fr

il

Oko R

ST oL

oX, FU[O i) :\1:

(E =D RS o (==

L1
2 9
O
-
o
o
_EL
N
2
ook
)
= o
rf
29
9
1~
of
o
m & d
Ll
2
)
_\1
i
4 O

oF Rt} A RE, 7]Eel
FEL09 gy waAs)
B AR AN AR 1
HEbE Algsta olek # 2o,
Aolgye 7o EdA 1A WAYZo]
Hh QIAIREO, T AT Ed el At A
e ARA FHE FAHT AN HE de
o sjEsted Eeld WAYFS ARSI,
A A, Uwﬂoﬂ Afa =34 ﬁi, 714

g% awoﬂ 3
*é Azg xFaA
HAYS A

x—]7]x4 o] ukA

o
Ev‘“rﬁ
glm

a

e -
P
o X

¢

™ok Hr O 2L §2 o 2 )y r.ﬂ‘.’lﬂ\-l:l_o,hrlroﬁoﬂ,
it > rj ot
& 4 L

,,
o

r—;": e o
O

ol ok
ool
ft fo
tlo rlo rfu

_,d
2 3R

ox K d
o
ol
rr
{rm
=
oy
™
™
i
ol

o
S
ot

>
oo
i fg
rr >
)
o
e
tlo
Ruy
ox
o
fru
&
o
mor

A Ay, AR, =44 Fzel 34, 7IAEclEE
7o g j B A wAYFo] Aldbdn. Z1AA

2E, AR, AANE S E Kuffel(7)°ﬂ ol & <&

A JQom, AnutHol A3k A o] 23 H Ao
AHBEL H. C. Miller®”¢} T. S. Sudarshan!?0l] ]3]} wj-$-
AAHSE Burolx o

2. YRt Y

Polyvinyl-chloride-sheathed flat cord (PVCSFC)olA] 2AY
ke B S #3S37] 9% A3 E = Figure 13 2T
QIZFHYLS W F 220 V, 60 HzS 28319 th /= A
(100 Q)°] EgF o] oA Ty s= FAHFE Algst
7] 918l 29 EY APE A PVCSFC Al 5(1.25
mm® x 2 EA)E 2,400 mm Zo]|Z Ul 2712 =AE
BH3h o] EAES ATl Yl S o, HA
Z 9ol oAl AT o g2 FAECA ok 8 727}
PVCSFC Alme} AE2 dAF AR, F=9o FAL 250
VoA 0.5 Aolth EdF] daset A4y AF ¥ e =
A3ty Y, gAY oAz 79} TR HE0] ALREHS]
1:]-_ 100:1 B]&-2] A= 2 B 7} Figure 1914 CHIo| <A
AF TEZHE CH2ol HEd,

;:4: A& PVCSFCY] &#H), Asfl A3l [d-AF 113
=8 woz APt EEH71 A3 o] Ao PVCSFC
e 1% 222 A F A7) S olgale] 484

zHt AsALE 0.1% NHCES 73,
Figure 1oﬂA1 PE FAE EA 2R 28 71F 02 25}y
Atk AetE AaAe] AHL2 oF 20 mm’ o2 YASHA H
EE 3tk EgH o] BT wj7kA], Hal|do] A& o
2 H3tEnt HotE e T A-AF FFo] vAY 24
B2z g ZAHJN, 1 SARE S ERF IAGAE
Awsts dolHE &83k3th
3. A&

Figure 194 PVCSFC AlEof Hafjdo] HsleH, E
7 e BelA] ¥4, F2d WA, Az g4, 9,
g 9 XA, gl X2 4 AX dETh A
Aol H3td ), F A= A Aol 93] Hr|FHo= A
A€ot 1A F =4 3 3137} 323 1 AR 93|
Fedo] BRIt o] FLELE F A Abojo] Az
gel 71e4gtt}. o] ﬂZEHA HA o] sl 7] wel,
e QP20 V)M E w-g- & AV 1 dx

Fire Sci. Eng., Vol. 33, No. 2, 2019



32 Y5 - ut

220 V
60 Hz

e (&
"l

D« CHZ

2400 mm__

}

S
F,
sesenanst 3, |

Figure 1. Experimental setup diagram.

(a) Scintillation discharge

...........

Sample PVCSFC

(b) Carbonization on insulation layer

(c) Carbonization on sheath layer

(d) Tracking breakdown

Figure 2. Photographs of scintillation discharge, carbonization on insulating and sheath layer, and tracking with continuous dropping

of electrolyte.

= 4 Ut} o] LA =A)
£ Alolo] EAHF 90| ﬁ%aﬂow_ HHE g A
&9 Asj o] Hatel g Aol o] WAHA
HAAZoA HA Yehd §F A 2~F0 2 e
g3yt A71H oz F A Alo]E HAF AZA|
) 9]of o] &t
A Hslof| w2 Aol W) s}
FT}. Figure 2(2)= AZ0) 4 & =4
d b BAS RAFETh HASH Al
Figure 2(b)%} (c)oll Al & < STt
FAE EA 9= Figure 2(d)2F 2T
A< 103] AAS A Aol BHe A3t
3o FE Jehr] AEglon, A ghslel Al

it
{ﬂ‘l
g =
o\u

S m Hn llz g o
Lo

Sharsl A Ashs] =53, A33E A2E, 20193

< 93k 22 3043t 6048kt E 2P EH AT EA 9
A= PG 16783 A Ve

| Astel B e mE Hk-dF A4S
Figure 3o UFERAQITE Algglo]d Hbd ool HA A

H=Z==u(Figure 3(a)), °l=

¢

P

SA| 9ol HeH
AAZ Q7 Z2 o2 QI3 Zoltk. o] Z2u U
FQro 2 HUZHA| F3hrh Figure 3(b)= @ ol W
S HG-HF2 Folck o] WH-2 Figure 2(a) 2t 2

24 dhgo|n, Seto 2w B= Jhs3it)h Ay o)
A kA GA A H2A AFETELS g2 aro g s
Ha T L AEE FTeiT Agdeld el 1
A= o, @_Oﬂzﬂr A 2ol A &3y dAsh= 9ol A
e Z¥Z} Figure 3(c)2} (d)ollA AT 4 Uth

[‘

p



AABNAF 7AW o] & 7]HES 2 & Polyvinyl-Chloride-Sheathed Flat Cord

< 500
[}
8 ’ W
2 500 . ; ; = 0.05
<
L . 0 E
e o g
3
O
-0.05
0 001 002 003  0.04
Time (mS)
(a) Corona discharge
< 500
(0]
VAV
2 -s00 ; ; | ; 0.05
' <
Mﬂwﬁk 0 E
S
o
-0.05
0 001 002 003 004
Time (mS)
(c) Carbonization on insulation layer
< 500
(]
g \_/\/\/\
2 500 ; ; ; ; 0.05
<
o B
S
O
-0.05
0 001 002 003 004
Time (mS)

(e) Accumulation and progress of carbonization

Figure 3. Voltage-current waveform for tracking progress.
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(a) The arrangement of electrolytes and electrodes for electric field analysis

(b) Carbonization progress model

Figure 4. Electric field analysis model for analysis of tracking progress mechanism.
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Figure 5. Electric field analysis results on electrolyte surface.
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Figure 7. Detailed tracking mechanism based on surface discharge theory and high electric field.
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