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Abstract

Fault current limiters (FCL) are extensively needed to suppress fault currents, especially for trunk power
systems heavily connected to high voltage/large current transmission lines. Due to its ideal electrical
behavior, high-temperature superconductor fault current limiter (HISFCL) becomes one of the most
important developing trends of limiters in power system. This paper describes the result of an investigation
of the dielectric characteristics of turn-to-turn insulation for pancake and solenoid type reactor coil in liquid
nitrogen. The influence of thickness in a variety length, on AC, DC and impulse surface flashover has been
investigated. Also, the relationships between the number of turn and breakdown characteristics were
clarified. The information gathered in this test series should be helpful in the design of liquid nitrogen filled
DC reactor type HTSFCL.
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19 1. HTSFCLE DC 2j& 2 FHH).
Fig. 1. DC reactor coil type for HITSFCL.
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Fig. 2. Turnto-turn electrode arrangement for
solenoid type.
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Fig. 3. Turn-to-turn insulation model for
double pancake type.

F7 0025mme] Kapton tapeE o] &3t 10%
overlap Walog ne2xAE A9 A7} vlxE
%7 03mm, % 41mm¢} Cu =AHE AUk
AFe] 2u27] 4 w2t oG FEd JAFHe
A713 2EH2E 9 AFo] AT R AQ
427} dojUzg slch A A3 3 &
Ae doe] AR-& 2 10~203] S35 BT

2 dEe, 3%¢ Fgke W T-049mm
W=439mmE UEhARc Wi dad d3e E2

ez, T A8 339 FAE Jehdoh

29 29} 30] e AFAE Cryostato] )
¥ AC AL 60Hz, 0~100kV ALL AH33the
o, 1kV/sece] A4&E2 ¢S rlstd aus
R A%e EFsUch DC WYL 0~80kV ALL
AHgsigon] ACY FUF wyoez 2ot
A¥dsole Pdgh 4@ HAdgke veidc
Impulse 92  Ho 300kV, 12x50us XF
Impulse 332 AT FAE AMEsIY¥owD,
dadd 2 AG gty AgAE 50% HHFE A
gto g JehA

3. Az A AE

I8 40 AAALANA AC HLS Arsia
GFRP %7 t % Zo] do] A¥¥d AL J2HL
UEITh 2eld @ 4 gl shet 2ol A vt
Z7Vgol et A APe AY JHHez 3
e & & ok =W, Pol dof Bt vt @
wE Age A4St 1 3% v Ak
gehd ddd Agel mAE Fe dut v
o8¢ 24 Utk

a9 50 9% AIANA Tl ¢ 2 Dol d
DC gugd He 9E4¢ vehdth DC
H LS ACS FAHE AYES vshiAR
o] d7} Ommel 25mm2. 374411 A%
Aol FA3 AU T+ Ak HAL

o

ok

d
o
kil

o of & g

T S



25mm o)#02 ZANAE AWFA HAGe T
se A% Jerido

2% 60) TUH A2ANN S t D ol d 9
Impulse ARMA WY &AL vehd. YW=
ALE A7ka A9 AC, DCo} SHRAXZ S 7}
Zobgo) weh AEgd AL Z7kehs AR Y
EhfAY d=0mm<) B¢ AC, DCe| 7-¢-st chzA
27 v} Z7hee) gl dwutd Wgto] 228 4
53 & 35 A% UsIlD. w3, 99z
o] 42 Ommold 25mmz 2718 AS AW
Age 349 A5 AP UBYAD 25mm
oloz Zrlshe A9 27HEo] A Uehgth

29 7o) t=Imm¢l Z$¢] AWUo| doj P& A
W WS ehbdch duolrt Zvhgel wel
ACS] A% AMHFoT ZrlaA, F71EL g
Zon], DCS} Impulses] A% FHAsA 2718 ¥
Eahshe AR Ve

2y 4~7004 % 4 UEo] AC TAY BAAME
Autd HYel FWA ARt B4 1o E}
=7 Uehton) DCsH Impulses) Al 574 t 2 ok
2 Auge) do) EHE =A Yehde ¢ 5 Aok
mety, 484 7718 H1 WAWAE delNe B
A< SAe} Pol7t Hs) melslolor & Rolck

100

. Liquid nitrogen A =5 mm
Z 80 AC
‘q—; 8 d2.5mm
S 60t * d0mm
[o]
>
§ 40
]
G
o 20
[T
0 . A L . .

0 1 2 3 4 5 6
GFRP thickness (mm)

a8 4. AC I8k A9t vl FAe] 9%
Fig. 4. Effect of thickness on AC flashover voltage.
100

Liquid nitrogen

< e  DC

@

o

S e b

©

>

g

3 40

£

w0

K

[T 20 +

0 L . | L
0 1 2 3 4 5 6

GFRP thickness (mm)
22! 5. DC AR 1ol wIRE A9 9
Fig. 5. Effect of thickness on DC flashover voltage.

- 17 -

100
Liquid nitrogen
Impulse
z®f
©
g 60
E%) o r &
3 -
[V m | 'd=2.
& &=Omm
0 ’ | | | l
0 1 5 ; : : |

GFRP thickness (mm)
¥ 6. Impulse FAEA Hdd vl 54

o 93
Fig. 6. Effect of thickhess on impulse flashover
voltage.
&
Liquid nitrogen
[
e
g [ {
ek
2w
a3 B Impulse
“ 10 o0
A AC
0 i i 1 1
0 1 2 3 4 5 6

GFPR length (mm)

O3y 7. AR At vlxe delel 3k
Fig. 7. Effect of surface length on flashover

voltage.
20
Liguid nitrogen

= AC

o5 T

o

8

G

>

<10 |

2

=3

el

X

«

o 5

m

O i 1 1
0 1 2 3 4
Number of tum

a3 8. 9 Fo e AdAxy "
Fig. 8. Effect of number of tum on breakdown
voltage.

3% 89 19 39 AIAE AHgstel AC AL
AR Aol ARk WYL vehaTh 2ol
¢ % glE Hs 2ol @ & Fvhe me A
Age AYHoE FolAch 53, 18 BAW 3
$ AAZo] PAE Tol4 AL B4



o olRe AAFe] AWM LA nld ol
o] wasel AYHIAL olojxE Aoz AR
gk AT 28 ol A A9 vk A I
2 VA @@ Yol WA B, Kaptong
Argstel Wz Adshs B9 23] oy Washelol
¥ ez Ard

4. 43 E

B d7e o 28 FES EA

Fdlol=q A dhZel, FAL F7t
Foll meh APA Agde Frheiden §3), AC
2HYelME ARA R FAY FFo] A U
eigon, DCe ¥ AdolMe FA4 ¥ ohvzt
A A¥x IA vebgoh mepd HAdA &
RG] met dddolst FAE HHs] nBH
of & e At IAYY FIFANAM AC
A gaAde © 471 $715el mat d¥es
7kt 8 71 255 3R E3o 2A ¢
Epten, & 471 13 A o FA s JAF W
% Kapton HAEo] ZAAA AN LA
AT @ 71 S/ " dagde 15 =
AE] FgolA BAsAh webA HISFCLE =4
o] €3t FAo) Kapton ¥EL oj8sk= 35 23
ol4 Adske Aol 7|719 HE 54 i e
g Aoz 7lddEnh

el 2

2 A7E A7) ZEEo] AT AL AA
WZAESEASAL Age] AFH A Qo] o)
S EL RS

il

o .

Ho
i

[1l D. Ito, K Tsurunaga, ES. Yoneda, Y.
Sugiyama, T. Hara, K. Okaniwa, H. Hoshino
and T. Yamamoto, "Supercondducting Fault
Current  Limiter = Development”, IEEE
Transactions on Magnetics, Vol. 27, No. 2,
pp. 2345-2348, March 1991.

[2] T. Nomura, M. Yamaguchi, S. Fukui, K
Yokoyama, T. Sato and K. Usui, "Single DC
Reactor Type Fault Current Limiter for 6.6kV
Power System", IEEE Transactions on Applied
Superconductivity, Vol. 11, No. 1, 2001. .

(3] W59, AEW, o4, A%, WA, “Double

Pancake Coll8d 12zd% ¥tr]e] #A71H A
d B, d3AAAAEEHS =7, Vol
16, No. 2, pp. 151-156, 2003.

_18_



