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Abstract

For the development of superconducting power apparatus, it is necessary to- establish the dielectric
technology in coolant like LN2. Therefore in this paper we conducted experiment of surface flashover
that could occur in the windings of HTS transformer which will be developed in the pancake coil type.
First, we distinguished two types of surface flashover by electrode alignment, such as parallel and
vertical, and then compared with each characteristics of surface flashover, The flashover voltage was
more affected by thickness of spacer than by surface length when the thickness of spacer is over 1
mm. And the surface flashover with metallic particle attached on the spacer was tested, it was
affected by the particle position. The more close to the electrodes, the worse the characteristics. Also
the experiment was conducted when the electrode was immersed in liquid nitrogen(LN2) partially. The

surface flashover characteristics of spacer was, when immersed partially in 50%, rapidly decreased.
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Fig. 2. Schematic diagram of experimental apparatus.
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=]

<

I LNy Al sheet
| nonuniform field

Breakdown Voltage {kV)
¥ 8 8 8 8

F=y

=

4 6 8 10 12

Gap Length (mm)

% 5 Al sheet AF2 8 FAYE E¥F A
Ao AqAAL FAdHn B4

Fig. 5. Breakdown characteristics of LNz with
nonuniform field electrode consisted of
Al sheets.

=3
o

BEE #S gyolng A3 T FUAAREH ¢
A8 AHAFEA Y

aEln BE Ay 43 dig 49 29 3
bysk ol Mol AMALo] 43 YHEHAUS
Wi AUE #4786, 4, 2 mmB FFH WA
HYg 238 A58 FHAE ol 85
HE AHeA fFAsden YHE cryostatol
€ BAED #F 4e 58 FUdsdo

Alge d8A FAHLA 714X 2 A7|ddE B
Aol §-FEle] AnolAq ABE {FHIA A
o|x 1 ¥ FRP(GION1218 Al&den, d=
g2 2% AHY T FE3] AFRANT AP
Abg3H9 Tk BAURAYS 90 kV 300 VA €3¢ 7}
Ae dYeg A4E Fafe nFHAE A/
Ak 1 kV/se 58 HYE deAvln ddg
I 2 dAdyHde] dojit: AP 7IFHAL F
10~158e} d@Ade A 1de Hage o
eliglers Ho 2 HLHE HI8

A

3.83 % @

2ozt glg W AMEALe] HAdy B
€ 29 59 JEbiATh 19 3 a)d BAE dF
AE ol §s3te] A=Wel FRPE AAstn dH3
Ak A AL tEd e 4¥4Y D=
Herd o

Ve =ke" 1

olwf Ve HARd Ak, ¢& AST A, k
% me 4Pl

k¢t me 72 172, 059 @& dehdg oE
drdgel s HFAA FIFAAM k=29, m=0.89]
geg vehgedlls], dde A&oAE Al
AT BT A=E HAHY + UE Aok

a9 62 F9, FAMAY FIqM APAY
& F7HN7I0 BAddE A dgold. ¥
EjAj A @ Adehe AWAIYRTG 2FH o)A
o] FA 47 Frhgel me v aA FoEa 9l
o B¢ 2 % sy dAvtd FFgE u
aEE FAMR A Fo d7t 2 mmYd B9 A
Ze A%e vehdg, 2#a £ 2 mmE FA
2 FA ekg Asde F7F FA dtn F
7AE Afede 71 FA7 2A vderda gloh
b FAujA e dHgEd M E AWAL



8

&

8

Al sheet t0.11mm

=
o
T

Surface Flashover Voitage {(kV)
5

o

5 10 1 2

Surface Length, ¢{mm)

ad™ 6 9, #3 X HJIAY dadd 54,

Fig. 6. The surface flashover characteristics of
electrode alignment, parallel and vertical,

o

B oot 2969 Y dEENd kR modk
Table 1. k and m value of the experiment
equation of figure 6.

dmm |k m

| , 13,73 0.29
vertical | 2 1154 043
5 13.07 0.49

parallel 12.8 04

X8 collar®th HAES FAZHAN o F& ¢
T 9o, AHolXe B ZHE A7 HeME
HAY FAoldol Hojop g et

H 10 $3, FyupRe] B AP ks
m@gt$ YERdY 271EAE dEllE mEte]
=7 d7F 29 9 04322 S g 049 A
9 A Yelve d=2 mmE FAZ & AS
029, =7 & A% 0498 veidv a9 72 99
e mze H3E agez gl ¥9 o
oMol o] ATl FAHAAN Aol
FAETHE e WEs @ ¥ 5 . o)
Hog xdelxe Wol AUEMT HYPsa A
ol girkd ddAwAd AYge wid A Fdo
I ety A deldl siRlg duiBes A
F, 2#olA nEla wiE A R e 4F
Hol A Aol A sfrEHe ddg mel AAE
A HY z#olrel Ry Bege d¢s ¢
A, ol £Hoz AFo] WY A, HHo
At Wl 2foixe)l AXALe FAUL

A R A 848 =F R, Vol 16, No. 1, January 2003.

o 1 2 s« 5 e
FRP Thickness, d {mm)
38" 7. 494 WX m @ s

Fig. 7. The changing of m value in the
experimental equation (1),

FAE Watel o3 HA FFHEW o &4
W e AL gelstA @ id, AFel £
Aoz XY A¢e giHez Aderr F
Mg Qg g 7123 collar do)7t F88A
g0d ddes wyol BAsA Hrh old 23
ojMel $AN FAEFE AVIEM WEHY
& dEo] Wolrl7] WE S collar ol F
Mzt A1E| FA o aRHoletn AlgRET)

4 Hd gL AFAleld BEE A 9
A% A%E A Hed 29 87 9 248
ol 19 39 a)¢k ol Ft =717} 2X3 mm®
oliL ¥zt I mml Al €A} & W 4w 3
H BA4E JEbE ageld) Ak HAE (x, v)
REAZ deten x yte o8 4 299 o
dwrgsied Jeb A

y=y/{We~wp) X 100 (%) (2)

olmf vy YUxE vy, wet AFY E w,
Aol g il x £ v gl 50%0)
F4 x, y 4Pl S0 92 wfor}

a9 88 4 A A xof g ddwA
EA4E& JET x 7 50%Y A AHda 2
F718] Aol A g iR AT Aint
£T8 A% 3E8E vehda g o agan o
H 92 55 A A yo gt Augd A
A& Yehled y g 55% AxdA d9 wAA
ffel AA e TV HARAE Yeia gled vy
el o & F7Mge wel oA Frkstn g
£dart EAY W Jddgd BN o8

fu:]
o



J. of KIEEME(in Korean), Vol. 16, No. 1, January 2003.

Alr
surlace length 16 mm

O OO0

"

-
(=]
T

=N

2

gor

]

fal Rt
:: o+ surface length 20 vm
[3]

3 pariicie posifion

'é 0r (x_centor, y)

Tl

[

Q

b

e

-

w

=4

0 % & & W B ©
Particle Position, y(%)
a9 8 F5YAY A yofl WE guA 54,
Fig. 8. The characteristics of surface flashover
as a function of position y of metallic
particle.

{//‘}\§m

AC, FRP
A sheet

&

paroie positon
(x , y-conkc)

8 8 83 8 8

Alr

o....-———"“"o—_""—"—""o

Py
o
T

Surface Flashover Voltage (kV)

o

2 v @ & 100
Particle Position, x (%)

Y29 A xo g Ay By,

The characteristics of surface flashover

as a function of position x of merallic

particle.

o

ad 9
Fig. 9.

o Z2E AEE 18 F Ut F4ARe F
g ASE AYst #a® &2d, 28 F&£YH
73R AANL AFH TAFE B, F
YAE T8 WHEE YA % 54 a8
TEYA 48 BHe = T2 42 ¥ #
= obdl 29 9, 10, 119 BN ¥ +
At

¥ 108 5447 A=A 9 FE A& A
T oAdudd Wk F44A7 e Bes 24
dAtel g dWAYL AL ASE MRy 2
dolth qds F44A47 A& A7 F&HUA
9 EutE ddAYZ HE ARt duAgel
WA detda o =¥ x WM F&UAz0t
Aol 7M7Hgs5 17 A9 AANFTE &

74

without without with
[ eanlenghst | oaplengiwi-t pericie
wp © 4 —0

Surface Flashover Voltage (kV)
B 8 &2 8 8

o

8 10
Fig. 10.

FEYAL AFo we dAAY 6l
The comparison of surface flashover
voltage between with particle and
without particle.

a) y=b65%

b) y=T70%

O™ 11 37 F ETE YA 9% g,

Fig. 11. Surface flashover with particle when
the position y is a) 55% and b) 70%
in Air.

A7 glav F4&dAe] sgAEd AAYF

°of #HAL I HAAIYF 4ol HWolHE
AAHHE B3 ¢ 5 ANTh 2 yF Wl
4% WAEEAAE LAY o4 FAA W
U F&UdAte) Aol vehix dee & £
et

¥ e dEdde] 5448 Bt Qo
Hi e @4E vede Abdeld. 7] FA
o dugd d4E JEiAR, 29 8 9, 10914
7 dAdLe 22 3% dEa Qo] 4
HPze] AEHAE U] o7 HAd A=z
7t AgES A4 & Ao d¥dM g
T OAAR. wEA oI Ze F&YAY 9@
Qe FE5U4AM dFel g4 E FEYA
A7 AFH E® A0 dAYFE 99l
ol WiEgol Astdnn Agddh &3 y&
Mte] % 54L& yH HA 55%00M HAAE
YeEtded olRe F&YAe) 2AEst AFe



8

3

in LN,

FRP tube dia.=B4mm
A elsctrode =0.11mm
Surface length 10mm

Surface Flashover Voltage
o V)
3 BB

< 300K

o

- LY 4] 0 0 120
g 12 AgAAze] ddd wE dugd &4

Fig. 12. The characteristics of surface flashover
depending on LNz level.

©

Fgd AN AN deda Ad WoldFE 9
Fol Bol=xe WYLR AEHY.

2% 128 dFo) APz 19 39 bt #
of REHor FHHNUEL B4 dv¥d #AYE
Yepdch el A 50%Y W FAE H4A4
88 Yl 3i&E ¢ £ stk ol AMEL
o) Baes AAF ¥ ANALY climb¥
A4l 9@ Aoz AlggE, ol E #WFL o
A% Adeoz A AE AA7F EAHA H
H oHY 2R didr el HY £ e
d, 4dd we dud 54 WU Folg 13
ok ¥ ot 13 AY Y= ¥F9 Hel7}t &
AHE 2% $XE AAH 428 4%E T
Hed go2 2ok A4 A7 98¥ Ao

4. 3 B

FLEAE WY A8 wE a9gA
E4g dvnsic dugde] guHE Ay =
d iFel 2MolMr} Folx FEo] e AFe
FHMA z23n FHNAZ FEFL AUEA
EA4E dvngith aea x¥eiMe Edd B
A7t F& HAE A4 2HMI FEY
A HAg Bee 54 A7 oY E7F
AAE 2%3E o 2o,

1. AAEE Abolel] Fa A
& WAl dAwA
1 mmitt $4& A&
collard ol B} A&

Zol EuE A3
A AR $
3 d® ol EE
SAd o 2A &

7

R 7] A AR R 8 Hw 2R, Vol. 16, No. 1, Janusry 2003,

sdgen, F4 1 mmEn ge Atde
collar Fojol o} &I

2. 49 € B F AT AAse dF9 F
HejAoa g& B YAV S A
HH B4ol AsstA sev 53 E€E 4
A7k AR AAAEFE B4l WS Yy
vebdt, =g A2 24 4R B
A dAZ JEd FEE BH A3¥e ¥
g & sk

3 A3e FEAA oF AWLABEYL 50%
o FEHHAAN AW Agel A M3
€ % F At

dae &

¥ ATE AMAZIZEE ] ATNEARIA AA
HEAES87| gAY Aide] A7 A 9
8 FAHASY,

#a 29

[1] Nathan Kelley, Marco Nassi, and Lawrence
Masur "Application of HTS wire and cables
to power transmission: state of the art and
opportunities”, Power Engineering Society
Winter Meeting 2001 IEEE, Vol. 2, p. 448,
2001.

[2] G. Donnier-Valentin, P. Tixador, and E.
Vinot, “Consideration about HTS super-
conducting - transformers,” IEEE Trans, on
Applied Superconductivity, Vol. 11, No. 1, p.
1498, 2001.

(3] M. Polak, P. Usak, J. Pitel, L. Jansak, Z.
Timorasky, F. Zizek, and H. Piel,
"Comparison of solenoidal - and pancake
‘model windings. for a superconducting
transformer”, [EEE Trans. on Applied
Superconductivity, Vol. 11, No, 1, p. 1478,
2001.

{41 M. Yamamoto, M.  Yamaguchi, and K.
Kaiho, “Superconducting transformer”, IEEE
trans. on Power Delivery, Vol. 15 No. 2, p.
599, 2000.

[5] M. D. Bentzon and P. Vase, "Critical
current measurement on long BSCCO tapes



. of KIEEME(in Korean), Vol. 16, No. 1, January 2003.

using a contact-free method,” IEEE Trans.
on Applied Superconductivity, Vol. 9, No. 2,
p. 1594, 1999.

[6] J. Gerhold, “Cryogenic Liquids~A Prospective
Insulation Basic for Future Power
Equipment”, IEEE trans. on Dielectric and
Electrical Insulation, Vol. 9, No. 1, p. 68,
2002.

[71 B. Y Seok, N. Tamuro, and M. Hara, "A
study of thermal bubble behavior in the
simulation electrode system of HT
superconducting coils,” IEEE trans. on
Dielectric and Electrical Insulation, Vol. 6,
No. 1, p. 109, 1999,

[8} Carig Miller, "Surface flashover of in-
sulations”, IEEE trans. on Electrical

» Insulation, Vol. 24, No. 5, p. 765, 1989,

[99 M. Hara and J. Gerhold, "Electrical
insulation specification and design method
for superconducting power equipment,”
Cryogenics, Vol 38, p. 1053, 1998.

[10] 144, 1838, A44Y, AFW, A&, "SA
< dA9 BHddn B4, AVAAAR
83 =84, 114, 4%, p. 321, 1998

[11] 3, “2Hdx AoEd HAANgSY A
A EAGH 7T #F A7, AVAA ARG
8 =%, 54, 3%, p. 303, 1992.

[12] S. Usami, T. Suzuki, H. Ejima, and K.
Asano, "Thermo-mechanical properties of
epoxy GFRPs wused in superconducting
magnet winding”, Cryogenics, Vol. 39, p.
905, 1999.

[13] HABREES®, “SHSERREROTEREERE
fia,” BRBEBMEE, Vol 528, p. 16, 1995,

[14] "gH, o8y, ded, AFYL, e, 44
d, “dAd2 FNA spacerd HF¥FH A
of ¥ W A", AAHAANREGY =
A, 139, 28, p. 177, 2000.

76



