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Abstract

In this paper, the predischarge propagation processes of SF; gas stressed by impulse voltages under
nonuniform electric field perturbed by a needle protrusion are described. The statistical and formative
time-lags and the time interval between leader pulses were investigated on the basis of the predischarge
current measured in the gas pressure range of 0.1~0.5 MPa. The predischarge current is closely related
to the waveform, amplitude and polarity of applied voltages, the gas pressure and the gap geometry.
Both the positive and negative predischarge processes in nonuniform electric field develop in a regime of

stepwise leader propagation leading to electrical breakdown. The mean of the time interval between
leader pulses gives about a factor of 10 higher for the negative than for the positive leader current puls-
es. According as the gas pressure increases, the statistical time-lag was almost unchangeable, but the

formative time-lag was gradually decreased.
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Fig. 1. Schematic diagram of the experi-
mental system.
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Fig. 4. Typical waveforms of the predis-
charge current under the non-
oscillating impulse voltage.
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Fig. 5. Typical waveforms of the predis-
charge current under the oscillat-
ing impulse voltage.

oy

d

o) WHzRY ATPRE AV Aol o stol
ARPE ¢ 4 don, 22 A4 $3I40) o
@ ATPARF WA AR T A vzt
AAL AARAe] o A ey, ols 2
o] AWFe BRA Lo xr)2Es T2}
g elnizt 94T, e FWH Ahes
A Aol s mgslo] AR oz R
ol2hm % 4 9ok

29 5% 714 Qo] 0.2 MPad W A - 3
9 AFH YY2AALE AheAe A3 W
AF) HY o8 Uehd ol AIH W 2
=¥ Arbde] WSl s okzke) WPWF QB
o) EbsAI T AR AT} ulwshe mekata,
E¢ A5 77071 W4 37) Bge) 28 A7
HWEE 7YY 4 Ao A 234 25 A%}
Aol AFo) skl APRARFE DaNE P4
3, ATYIAF PPFHL Holk AL o)
AAe] PPz w2 vehts Ag oniad.
A7 FEFH WP U@ AAH 33
of e 29L& 29 60 YERIRL,

Streamer

Precursor
development

~_ N / =l

Leader

I8 6. IFA dE2AL @ 2] JAHAA
Fig. 6. Leader development process under
the oscillating impulse voltage.

AU/AGY] AEol g AF AFo] o] it
of vlste] A HE FEFFY Yo dojnvtA =
o webA o] 29 FAATE PEFY AFI =
€ AYA ohdAE AAste= 8<le] Hx, 7A &
g s @ A¢ a9 AYel woAA H
o, A% AR R AR SAZ] A
ojA & Ule] AP AFAHY A 27| AAe
F2 SFe71A9] Hol2 Ex #EFH & E¢Ee
Fol2o 2 RE 9 FaEjAgd oM FFHIL, 27
FA2uel o8 2Aste FTHILEI} 71A GHA
ne ggses A7 d4E €EAA =Y, 7



A gtEe nAo wel AFYA A FAE g2
A Yelsth. 0.1 MPa9] 214 4¥AxE 27132
7t e BRG] HIX) BRI Ay
2 248, 2rlasvdies 2 48 Fohd
ute} etk vAEAL dE2AYe] Asd A
+¢ wAVIA R 2de] AXF fEY uHxg
Az)7k F7rekE 3 Zo] HolH e, o8 d4e
2EZvimavte] wtE A A o)y, 3 2y
o] MAe) wg AFH29 F7he gvjel A3 ¢
g AAY 4 € g Aay A3 Aloly AA
|70 Folo] o7 oA FYo) Bopxl7]) WES

-
c

g

@ =
=3 S
£ O
s Vi h, T %
° °
] l l X
= ©
a o
=1 s
< / i 8
113 [

I o

Tts Tf

Time

V, @ 271mEY 2 Ag
I, @ 271283YAFY 77
T, ¢ Al 2ol 2¥]gAzt
T, @ 2P AI

Te * BAF A4

T, : ANXA

CATEAAF AP 2HE AP ety
BEE

. The definition of the relevant para-
meters in the analysis of the pre-
discharge current waveform.

T JP2ARe] o SF71A 9} BAlr] T §4
oA o] Ee] 4 HAE K47 EE] B, o]Fo|
M2 FHE TA2E FFHez HAsrle A £

89

ANAAANE S =FA Vol 13, No. 1, January 2000,

7Fsdtch. AdgaActy ZA 4y &AL digd
B3ty ofd A4&dle ATHAARF 2 2l 1A
= dEAA gorz EAFQ o] ultal g}
SFs71A19] AAEAC] AYHoz JFL A=
299 AT LAAGE QA sotats Ro] £
BoE Fgstt VFTOZF Q7Ee de 2Hd
A2 HAFAE dE2AYe QHEHAE A @
g o)¢ E33e g E48 g VFTO7) 17t
¥ e AYY ¥F &9 e Ade] Sy
At kg Aol dojur] YR EAH B4
EZ S oot webA] E =RoAE uAEA o
H2Agte] 7ME A4 2lde A A¥Y 2 F
I AQSRHAAY ARG, 2712 UAFY B4
T oisiA BAgden, a8 7o ATAAFY
T4 & A stetulel o Qo disiA Vel

3.2.1 2|C{EAL AlZHZHH

A7 AR qst] AP AF] 9y
€ 7122 A B - 2B, e At
tg HdE BHAIIEE o] dYo EFdx
AAZ = 28 HE AT FoH A Alole] A7zt
7 Toe AR} SF71ARA Abele] 38 2 2ld
AFLE 93t AT, = 2EHIAZY
A7 27is 714 e Jgx wony thg9
ALY F2E 5 Job.

2E@u 32 el oFA A= AAFUE As
A7MAY Vol Hlesta, ~EgWazvbsE Q.=
V:/pel vlHEsiez

_omg VR
@="F, "1

(3)

7} g, g, & ol20] =T ESFEA A= FUHA
stetn 349, o] we] AAe} T 4E=

qi
4E = ———— 4
aney R*° @
2 Uehd & Qn, AR AT IVAHE B
57) 9% Ak g =
qi=vg- Ts- A (5)

ole], Q714 vy o9 olF&oltt. wWeA T &

2

_q; _ 4ne,AF R?
Vg * M - Vi |4 (©)

8



EFTHATAM JELAUd HE SF, 71A e A e B4 ol 3, o|B S, o|FE, Wed

oli, gd %% R ¢4Y pol vlstnz

K

Ts_ V. p‘._' (7)
o2 Jehd 4 lth o] o Ve Ak K 87
29 33 QMY H A FAA = Aol

Az A AP deod AaF Q= 2E
e dAmzUASNF Q. 2t Aok 31, o
Qe RO AFol ulesin}, SAol whe} 2ekA]A)
goh. 4349 B¢ APHE RAse i)
2, 349 F¢ dAAEE "“}’e}ﬁi “3%‘3}"
AP EE BolER dAZ A3t oo e
349 A$7 2A Aot 2Rz E dFd
T T 8% 549 BrelA Ay vhlysta,
&H AlFo vl 4 (1) A&

Zrje] Ao g uidx Apole] AR T,
o 54 Z3E 29 8o vt 714 ¢Eg
A7bALe] Tl we id2 AIRA Y 2
= SFgol29 o5 AP AW et =
Edu 32 o8] SF* (SF;), % 28 Aoj&9)
FAHEU®, ol olF4E7} 714 e Frtet
tEo] ZAEE T FokAA 0P, ¢ 23
e At A5 AR $Y9E V- pd @&
oAl 2ii &8 Atole] AjziziZ o] oF 10WAE A}
A ¢ F A

1000 3'
3 % @ Positive
eo° o Negative
[ ] °
. °
. . o, &°
2 - _ e © 00@ [
£ . &
o 100 L] o ‘% <]
= °® o
. )
. &
(3
% .
o e
10 +———rrrrr—r—rrrrrt—r—rrrrrr—r—rrrreedl

10 100 1000
VP2 [KV - MPa)

T8 8. ErE A A7ty
Fig. 8. Time interval between Leader pulses.

£ QY K9 e 4349 297} #3402
A4uch o 10MAE w2 & A0S veigon, J14
4ol H24E dolgel B} Avks AL ¢ %
Stk m@ »34s Adss) Audde 7

A7t ooy AAR}RE] FITA o s
Bt ZA Jebdg ¢ $ k. 2= Jur) A
=d B5Ae] o g2 duiAsl deszg Hdn
G 2o, 2oy T4 A F9S Ax
2 g 2r|2Edv a2V Ay ddsa g o]
oA HEE o AL 29T + U4t

3.2.2 EAH AlZIXA

714 == A9 AQAEC AXF AF Alold] A
ol A7k &7bol) Zul2 AARII) Yol A
o] ofe}l AAntale) o) 277 = Unizte] A|71A]
dol Wasid HAdmyzixje ANAAL 32 T
AA AR A (statistical time-lag) 3 BAA17HA)
A(Formative time-lag) 22 W rojHcho- 10 o}
FoA BAH A AL gutd ez AZA 9 78
X 227 271 FF71F Qs AR,
Q7bd el = @A) A AT e A= &
ToHE o) o7 Ay A wrE A}

1.4

1.2
T
240
o
L)
-
2 0.8
=
T 06§
2
g 04
’. = MAX
0.2 @ AVE
= MIN
0.0 + -+ * —
00 01 0.2 0.3 04 0.5
Pressure {MPa)
(a) ASA
1.2
— 1.0
3
2 08
-
[]
E os
k-4
(5]
% 04
g - MAX
0.2 @ AVE
- MIN
0.0 .
0.0 0.1 0.2 0.3 0.4 05

Pressure {MPa)

(b) %34

a2t 9. 714 Aol W& FAH A 54
Fig. 9. Characteristics of the statistical
time-lag vs. the gas pressure.



wetA 2 Ao A e 714 ¢l et Yehte F
AR AR} FHARALY EA S dotr g},
EAY ARALDL Mol AR UM 2rjm2v
7t A7 7A ] AZEE e AeZ 27)dA
HANAUESH AFH o2 FAY SAor .

a3 99l AR TiAlY ¢Fel ©E FAA A
A9 2AAFE Jehiled, 714 o] F7t
G458 271327 SS9 Alzbe] 4zt 2
AAE Ao veyter, x7)Axe] wdAgo] Hj¢
BEFNHYL & F . SF71A FolA BAH
N D] 29 27| ARe] BABL F2 AT
ALE SF; Folgo 2 e B3 A 7
AR, B ALE §Fo2RE Y AAYE
o3k x7|AA PaYo] AujHd Rez HIFHY
b9 wela Z1A gl &4 el WA
A9k 71A gFe] Fo4gel uet LAE 27]1HAE
A58 Ao) AYHOE FopXA ZI|2EYHAZ
Ust gg2 287 9% uAE 4717t o9
A2 oo L4e] dAHE Ao Y4 + 3
. 243 ARAAL RIRoE AFHY AS
7} k7 o @A velstel,

3.2.3 EMAIZERIA

YA DL 2711 dsiA BPF 271~
Egv@mzuel o3iA eyt Bas AW Al
ztato] dAnH7tA) o2& AZHE yEhie, £ 4
oA 248 EA4 219 109 JehiUT

712 @8l wat xr)mBL Aol Wate}
o, 7)AZYAFe 27|E SEAE RE HY2
ZHE Q¥ & Ao AL A 71A 4
o] Z/V8+E 27|FZIARI} AAA Ha, =
2y 29 NESTL FotAE 4 U,
FAANRA AL AAH o2 FA HE FHE v
Ak, =G 71A ol T me FHYATA
Ao} B3I vls] vlud WY FotAE AL Y
& & Jdoh. 2z 71A gl ¥e dE i
g HAE Bolx AL ¢ # e, o 27|=EE
wre] Aol @Ayt Asivhe A ol what AP
£ AR AAVE FF¥eletn wEH, 71A
ol EL4E FY YAFez A AL ¢ 7
Ak RIAMe FPARAD L 2FH FolA
E A%E ngon, AFPRTE F 714 4l
A Z4A JeEdE E4¢ 8 & Atk wEA 3
Ao FANDRAAL 2349 F4Rr} 71A 4Hel
g et g4 2ok AL ¢ 5 3

91

A7 ARA S 83 =FA Vol 13, No. 1, January 2000,

0.8

= MAX
® AVE
0.6 4 - MN

07 4

05 ¢+
0.4 4

03 +
6.2 &+

0.1 ¢+

Formative Time Lag [us)

0.0 + + +
00 o) 0.2 0.3 0.4 05
Pressure [MPal

(a) 354

= MAX
1.0 ® AVE

JOb b

0.0 + + + +
00 01 02 0.3 04 0.5
Pressure [MPal

Formative Time Lag [us]
(=]
o

(b) ¥34

a3 10, 714 el mE PANEA AL 54
Fig. 10. Characteristics of the formative
time-lag vs. the gas pressure.

324 X7|132L M/ Y

AA AFAF7 S F-390 AFA NN A7A
AR Y= 7pAte] FA o whe) =A%, AAH
AL 7|2 93t} AFHAe] AAET =Y
o AAoz HANH oz2r YuHE Yl
melA gole 2 LA™ FRAstae] IAH
FENE 2= 2V FEUYARE 2431 PJESE
Ho) wigtA stz old] U@ S EASA

Y 114 SF; 714 €Y< W me A7kt
o W 271ZE2UYAF S-S JERAT. 2712
ZUAFE 71A ¢ Wl ot A - 23460
A vl&F e g1 Y3, ALY A o
Bo] Zrlste 4L Uellt. EF J1A ke ¥
o] W A B34 RFAA 2r|2UdFE= A
33 2 HAE Holxn vk, ¢=e] ¥&4E V=
2U AAAF) HxE dAF ez A JEyten,
AZAY A4S Z7lZE2UE ¥FA vlgtq ¥ =
7Z1TEV HAAGAA oA €& ¢ 5 Ak



EREAAZAN JEAHY) A SF, 71 AFFAARS] F40l B3, 0P S, 0l E, WA

Autdoz vyl ZrlazvA{rl A7bAg w2t
qgdoz 433 Hases §4& Yehiz o
E3 714 ol F/HESFE FIE /M di8)
A xlZ2UARe Ire Fhdde F4E Ve
Aok, 71A9) ko] wg wele 1~289 AT
271224 W27 24 ¥ Y g ol2%
4ol ettt 28y 1A fHo] woldTE £
7Z2VAFE FobAn, st wAst A
AAs e el2E eidARP o2 ARHUT

250 1
- . o1
3z 200 1 - . o 0.2
£ e [®03
€ o 004
g 150 4 . [o]
o Ny X 0.5
g o & x
S 100 4 [ ] 6an° o
o (-
O ‘ uﬂg - x‘
£ =0 & x
s s« of X
° . 5 .
0 50 100 150
Applied Voltage (kV1
(a) AFA
250
} o 801
= - " ° 002
-
£ L ] o e03
;.:: s £ 004
£ 150+
5 - ° x X 0.5
> . g °
S 1004 X op
S oPoy -
S o O xgg oo X
2 504 o @
i x
0 + + + + 4
0 50 100 150 200 250
Applied Voltage [kV]
(b) =

a3 . QbR BE x7jaEY A 54
Fig. 11. Characteristics of the first corona
current vs. the applied voltage.
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