THY HEI|I| LS Y8

J

o3
o

aul
s

=
o

e
OHD

Experimental study on the lightning impulse breakdown characteristics of air
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for the development of air-insulated high voltage apparatuses

Hyoungku Kang”, Joon-Yeon Kim", Bok-Yeol Seok’, Dong-Hae Kim"
Electro-Mechanical Research Institute, Hyundai Heavy Industries, Co., Ltd.”

Abstract - To develop electrically reliable high voltage apparatuses,
the experimental study on the electrical breakdown field strength is
needed, as well as theoretical approach. In this paper, lightning
impulse breakdown characteristics considering utilization factors are
investigated for the establishment of insulation design criteria of an
high voltage apparatus. The utilization factors are represented as the
ratio of mean electric field to maximum electric field. Dielectric
experiments are performed by using five kinds of sphere-plane
electrode systems made of stainless steel. As a result, it is found
that dielectric characteristics are affected by not only gap length but
also utilization factor of electrode systems. The results are expected
to be applicable to the design of high voltage apparatuses.
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A5 A4 Stainless steel (SS) 15 25 35 45
A= 7z 7 o g3 0.158 | 0.108 | 0.086 | 0.074

A 24 (mm) 10, 15, 25, 35, 45 0.340 | 0.235 | 0.180 | 0.148
A2 A7 (mm) T A5 4, 13, 25, 50 0516 | 0.391 | 0.316 | 0.269
Ha A= 80 0694 | 0.583 | 0.522 | 0477

- 1473 -




Capacitor

T

Osiclloscope

[Volage |

DC Power
Supply

Controller

——

Voltage
Voltage Divider

Controller

Electrode
System

opr =

AAAGAA = M el ofste] Ao R AEA o] FHE M
MARL st mAske] ASHA Huh dWHoz= A7t
offE  MAA  eJste] AdudE= dEE BASY] §lstod
AAARE deAes mojdhe Jis ddyaded s s3dn.

w AgeMe VoM JEA A 54 3t7] $1s}e]
SFol 15kJol Ha EHA/EE 360kVelw, &g vy, )=
1.2/50us9] 922 WAY AFAME  oldeto] HARALEES
s AR dge] P2 a9 3o dekd dY A=
2ol JEMPA ¥ EHdAE 7 A5l dAAsy HA
A= AAs A

3.2 Modma|AlE Hat
dutqon 7oA ACAStl o7 FSodA Ao At
AAAE g5 A 13 2ol 284 5 o [1], [2]

oL
o o
— =

Epp, = 24.055(1+ 0328 ) 1V ] @

Vod

71 6= T60Torr, 2
FWES e, 4 A

QusAge] 9% Aase g9

718 12 P& W A

AE dEhdd oy
| Fdstelx sfaghol
]

o Azke] W V-t

5492 7B S8, 4 13 o] &

2.

Pasiane 4 20 9 194 9% aqaged, 2@ s
Aohgst Axge AYE 549 dolHwE A
Bge a9 4 AAd HE 50%9 #ES
Al dRE e o/ 2E A9
4mmel T Aol LA W0mm )AL AT
NFo2 do] 2ol @ W& ehn,

A9 A, AAAAGRe ANAS v A%grHoz
e &+ 9fed 53, 7 439 470 Smmel Aol
grjHoz Aol AL F AZe ekl AgAel IHU4E
Adsa Asgel s e S48 wA o A%E
AA dg AnAARe WHE wASY, 17 504 ni o)

2

ol

2

Ir M
X
ol

32

)

5
4
°
E 3
8 2
> ¢ Dia.=4mm
o Dia.=13mm
1 ¢ + Dia.=25mm
* Dia.=50mm
0
0 10 20 30 40 50

Gap Length [mm]
I8 4> 50% EC| YBA FeimHz:

2.0
1.6 e Dia.=4mm
o Dia.=13mm
g 12 + Dia.=25mm
t 0.8 * Dia.=50mm
{d
0.0

0.0 0.2 0.4 0.6 0.8 1.0
Field Utilization Factor
<33 5> M7 o|ZBE0 UWE Z[CHXMAZre Hat

2ol Addsta] AWAARe AA ol§Bol Aoldel met Frshe
Ae & 5 stk e F A3e] 7o) 50mmel 4§ol = A
Aash @Agle] Adsh AuaAge 20t A AgaA
fARTHE A2 & 5 9

A Al 3N A mish o] )Tl Aty A=
Aol wel Wt AMS & AT wEbM ]Sl A g
Ay A5 Bu FAder £4871 fste] A
o] &g Aty AdAAg Mt FAAAE R 2y
v Ayl A" ASAAdE A5 Ze A 45mm
ojfell Mt 24 ¢ Jrs AFHYY] e 74 - A= A 7
g A7 ol g8 UE d¥e FIL £ A wq FALE
sotol Ay AAA#RS cdFspglen, 1 ZdRE a¥ 5
YERHAT 2ol M B whshk o] Adsty] AAAGE 7 A5
Aol Ao, AA o]&E0 AexE AsFsHLr vE 2
s/hETE AMEE & F Y =8, 7 d59 A7o] 50mmoldd
Aol AA o] &g Mt #Alel A9 UAT #HE HnE
AHdE & St 1Sl A old @ ¢ A A3 AA o] &g
gd dAdANEGE Role AL T A59 AHol & AgdE
Aol AL Fgol watel ARA Fbel mE AAsI A
2850l AA YEty] miolnt. o2 d dAsI AN 2HEHLE
A F oA dde v)dd Ao dddny. 3 wAE A9
wAEd g3 Ao=A F A wHo] IFF AFAAL} T
A5e FHel wol E¥atA HER wWHo e T g
AR 4A WEHel Addsaddel GolgA A= AeE
sgddn 21 F WAE FdAd g E A Aboldl dF A7)

b

I
[~
N
3
[~

oo dgtel cbsM wz Adstisl WA SHe ged,
e o) fz sel Aol & F ATASE FEAA AHAAA
AdsA g gel THEH0] & dents Aoz wuEn
5.2 E

2 AFolAE 7T 9 Adsts] A ZAAEHE $A3] 93kl
F oo A% mIAF A2EE A, AR QUs AN AYe
cetdth, 49 23, Adndage wAnse a4 T A3
Aol 2%, 2ga Aol FAPel ue W) EsHvhe
AAe @ & Aot Ed Adss AgaAs A4 ol§Eo
4955 AFgFA0R A FA, F AF9 470] o A4x
ooz AAA HW PEAA 547 WARAN Sstel o §83}

Rl A QAT 45 @S s LS AT 7 At
$F 49 s A”4de woh gAln A4 A7
a4/ AYS SAstel vg P oAge A%% A% 2
AN AAEY A FAT Aol

o AFAsbe Wl Ausls g gad % A
olgats AT AWV AdMAA F8A AsE A

il
d o
7] et

o
=

[# 32 2 8]

[1] David K. Cheng, “Fundamentals of Engineering Electromagnetics”,
HEE Z AL 1995.

[2] MR, “2ASQE Eet2vl 33, TUZ A}, 2003,

[3] Yasuo Nishikori, Soji Kojima, and Teruya Kouno, "A Study of the
Field Utilization Factor and the Maximum Electric Field at Sparkover
of the Standard Sphere Gaps”, Electrical Engineering in Japan, vol.

139, No. 4, pp. 399-404, 2002.

- 1474 -



