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Effect of Butt Gap in the Electrical Breakdown Properties of a HTS Cable
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Abstract

For an electrical insulation design of HTS cable, it is important to understand the dielectric
characteristics of insulation materials in LNz and the insulation type. Generally, the electrical insulation
of HTS Cable is classified into two types of the composite insulation and solid insulation type.

In this research, we selected the insulation paper/LN: composite insulation type for the electric
insulation of a HTS cable, and studied electric insulation characteristics of synthetic Laminated
Polypropylene Paper(LPP) in liquid nitrogen(LN;) for the application to high temperature
superconducting(HTS) cable. Furthermore, we compared the breakdown characteristics of the butt gap
and bended mini-model cable. It is necessary to understand the winding parameter of insulation

paper/LN2 composite insulation.
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apparatus setup.

A8 ad dehe 2sgon dge Aox
4 E4 44 H3o Yrigey AA Azl
LAz o) AAslq 383 Wz & o] §of
At 2= 29 ge 2 10 3§ olge N¥e 3
A FAHom, gz NY vojye g3
A, 2A4E Jehdgd. 2dn "Aze
s Ak 2 Avke Aggel e FAE
Lol #abE ol kol

LAY A7E Yt mEs= HHY 100 kV
9] AC 60 Hz dYg AHEER] 1 kV/secdl &%
B AsAZon, duadde A 300 kv
o 12X50 s HE L A= wRdYag AHg-3}
Atk BRAAL ARAZI AL [ECE027 47
¥ AHgstel B dalgol 5 pce NFow 3}
°lg 23Y weo ge ANAAZ s ol &t
2 2old 49 e 2uAAE U,

3. d8dn o na

3.1 Butt gapolAl 2| Heinin =A

a9 4 AR Zo4 3% LPP Alg9
butt gap HWiXe] We AC ¥dy qdg ve
Wk 2ol N butt gapg 7= 359 A4 dy



J. of KIEEME(in Korean), Vol. 17, No. 3, March 2004.

AL butt gaps 7HAA #E o= Nz A%
ur we @ HolE A& & ¥ Ak =
butt gapg 7HAE ABE FAAE midde holed]
Ase 2 AE 4t 2F ° ¥ FduE S
Bl glom, upper holed lower hole®l A$=
ofF ge AHA A FUT #E& Holx 9]
i}, ol A&7t AAdie AAHH butt gap
¢°ﬂ Qﬂxﬂ@r ol e Ho|=(voidE AAAA HE

o5& LPP BT §dgol A 27 #HF
°ﬂ X*ﬂ]—r‘%}"] el 4A Aamart dojut
wal7] gEolztn Azdch 2@ 3 holed HA=
o] A& U« H B A= 2 BrdA Rnrk
1dzte] wEo) e JoiuA HIL ol2 ¢l
HrH o] ‘?-—;8 s 474 dAgHd ol2A H
1222 upper holed lower
hole?] 7 H‘} ‘;}% Hasy AgL Holi gl

N

e

' AC 60Hz
.+ in LNz

BRI

no hole ' middle hole ' "upper hole lower hole

Sample Configuration

®

Breakdown Vaitage (kV)
8

N
i

a3 4 Hole o #ixo @& AC Ay dAY
Fig. 4 AC breakdown voltage according to
arrangement of hole.

Breakdown Voltage (k)
=]

- . i
)
. . 1
0 L L

Q 5 10 15 0 2%
Distance between Butt gap L (rom)

<13 5 Butt gap tF) ®E AC dasty A
Fig. 5. AC breakdown voltage by distance
between butt gaps.

a9 5= 3¢ AR Ao 349 LPP
A2l upper hole? middle holeg &9 butt
gap Aol +AE W 3} A7) A =2x43 AC 84
B3 Age veEbH, oM e butt gap Z+ A w
2 waz=g A¥ed 129 69 () (b)s} #ol
GEhgth 2 S o] &3 FEAAANNE o A gt
£o] HAXE FHP FE FHIEE Aol
Aol gAME FHEF butt gap “#A
(fluid)e) AA s AAsA =3, oJAL # o] & ¢}
gaARse 9Fe A H22 A 3%
7te] 2HLL WS o FES AASA gt
e FREe WAA At HAE HE
2 Jehyd, butt gap Aol TAE 2AFOEN
T84 4 Qo 238 5A & F A uhe} ol
butt gap FHAMLIO] Al wekA Hags A
o] A%d ¥ Talste AFE Holx Ak, &
butt gap +Z°l 8 mm °lstdd ASdE 1" 6
(@)% Zro| upper hole¥® middle hole ALolol] AW
v o] wAste Azt dolui, olue A
Ase Agte ofF we& #HE BATH ay
butt gap zt#ol 8 mm oY Aol 19 6
(02 o] upper holed B3l dAFA7} Yol}
1, olujel "y B AaurAe 3wt
o 7t wol:n ¢ty 1T butt gap kAl 8
o gREE A Sd% AR AGE B
qch. o] A¥e FaHAM LPPY AHAE Zol X
744 A3 butt gap FAS 8 mm= A& A
A E(W) 25 mmol d@ FHEE & A <
A, oF 30 %=z AAY F AUNLH, vlyrd #Hoj
Beo o] e A& AT

(%)= (7 )><100 1)

| 4

(a) Less than 8mm  (b) More than 8mm

2% 6. Butt gap ¢Fol BE AC A A8t
Fig. 6. AC breakdown voltage by distance
between butt gaps.



32 0lURd Holge Heinny =4

B ATNA AE FA ne2AE Aojke A
ol Aot d FAL BEZo] BFE FdAo] a
© flexible® AolBolEZ, AolB x4A W &
HE AE gy mdel ) YeiME dge =
XA A AT Besd may B a7
Me ddA9 388 30 %2 sa A=e o
HED Aoldg Mgt st Fgurd o
¥ A7NH dAEHES A7

(b) Schematic

(a) Photograph

I8 7. Bendingd "URdY #Ho|x,
Fig. 7. Photograph and schematic diagram of
the bended mini-model cable.

I™- 7S ALERAE FHo|Be =
7] fgte tgd wAge =
o §3 PlURd Aoy A7 2 ayps (a),
(D)ol Z+zF el 2oy re Aol E u
mm) 24 4 AFH e 7kx @, RS Aok
FENFE Yeud, g: st "axZ(s
mm)o HE F&ZE Yerdch T8 Aol uA
r S&%73 RE o] 43t AolBe Zguy B
= R/r&  10W), 159, 20u), 25m), straight( 3] #]
B 299 5717 A7 dq Fojne | 2} s}
Aem, Rrol &2 gd+s Ag g3 el
o},

82 Az FEwY AgE vuyng
HEWE g gE AC 2 9" wQ
Hetdo, slEEe F3x ge
straight®] Z-¢%E 1007 WsAz Zguzy
W Rre, A2Ee ddsy Ags Ve,
AC 3 992 dste 42 @ 2 Oz BASY
T a"edA d"A B4o) ACY AeMT me
dEsd 548 el g on &3
AR A Holm 9t Fa)x
HAol& ZEgWA w4 R/ro] 25821 # o]

= A9 Hxd A9y AYpe Ko

A7) ARS8 =8, #1734 A35, 20043 3Y

2 ey, Rirol Fadas
M, o 10Md BeAME Fax ge
HlEsA ok 2w AE2 FAGA gasin ATk,
olst Zol Aol&e ZgWAo FolantE My
FA Aol WolA e of: AR 7}af =] &=
IAH 2Edxg A4Ee WA 5e Aoze
"H2E butt gapel WHe| WolwWA ¢ we e
ol EASA 97 fEolatn YzhEn, Al ol &

AR AR butt gapol A 34 Z0aA
53, butt gapel WHol WolxA € Ry

of doluAl & #go] 1 WF molxA He A
Haztel 7118 Aolg Abg®TH12].

20
Mini-mode! cable
in LN,
z® -
g
it
Sw
c
H ‘ :
b S,
T2 - {—O—lmpulse‘
® ‘ |
0
0 10 2 EY Straight

Bending-radius Ratio (R/r)

a8 8. viyrd ol SEWAY e AC
H YE2 Adny A
Fig. 8. AC and impulse breakdown voltage of

the mini-model cable for the
bending-radius ratio test,
8
g Mini-model cable
?5 o in LN, S . -
= ‘
8
g4t - - A
&
j: S
é » ‘ ‘f—O—PD inception
K] | ~O—PD extinction
0
) 10 20 0 Straight
Bending—adius Ratio (R/n)
a8 9 MURY FolEe TguAe et 2E
WA,
Fig. 9. Partial discharge by bending -radius

ratio of the mini-model cable,

337



J. of KIEEME(in Korean), Vol. 17, No. 3, March 2004.

ag 9= vuzrd Aolge FEWA Hlj = o)
et mEud Aa 2 2E dAS vepdeh 2
Yol A Fo|A @ Aol B4 g His
R/iro] 25wiel ZS-of e AAAAS A €]
W23 e Bolx glom, Rirel 25 wjgkel 7
SojAE ZEWHC FAa¥FE FEgd 7N A
AAZE A gopAm Ak WA AeE2HAE
HolBeo] IEubAd me FELYH 54 49
g3 B4 A AFE dEADL 3 om, gk
A AF3E butt gap HAl WE AR 7Y

L J%Oﬂ AeE ZENA AEE URd
ol8e LPP AAXNFHF(W)Z 25 mm, butt gap =
AEE 1 mmz AFHAenE, 19 7 bE kg
a3le] Aole Hu FENA dlT R/r& o&
Nog T F AUt

X

W+ 2G=(R+2n8 (2)

W= R8O (3)

R_W

=G 4)
o Agel 4 (MF olgd HH ZTEWA WF
Rrs e of 2ols, o MUz AclE
o mawe wE AC B YEx, REud 49
Asto mamal 2 oW AL fA@ AE 2 F 9

=3
ol4te] AnzRH, A8&d I
Bo| ¥4 @ g ¢
o5E) olAoZ sz
gape mAA Fg Res AHHEG E
Aw Aolwe AL @AM 14
e AHA B HE 7|
o] WA HEZ dFHE o "av

NaRI=

on Mo
=
o
L)
%
1
i
iz
@ ok rlo
= e
)
s i
=
o

2 W 2 e

Mok
_hé?:lma
T

e
o
Ho&2

X,
2

I

o (M
>
~
n

3] 7 w4 R/r=straight, R/r=20,

R/r=10 @ A%l dia) "Azgst dojd vH=E
512 (a), (b), (@A 47 v

a9 10 @9 ARl vebd R el w
o] A$E butt gapg BAFHF

ol zwgoz ahx Stk o1& FMA A LB
7 7% LPP$} butt gap i

) tt2A g3, LPP (e1=
e A EL ( er':.1.42)°ﬂ}\‘]

(@)R/r=straight (b R/r =20 (0 Rr =10

g 10, Wyrd Aol FEWAA 3 A
A%d £4
Fig. 10. Breakdown site of the bended

mini-model cable.

9 = Aoz Azdd a2y 1
2 10 (D)o ZHw7A wE7E 208l A2l A
ox Aolze Fu wE AN ssdz o
&l FAaro] Holx gt HAT
g7 o]

ptd

5!
5
2
J3
N
T
1o
§:3
H«'

= butt gapl A EAsAT. o] AL
ol Aol g uPRZE butt gap?
o)A 3 kEe AXA Ho] Aol BAT
of AHENe] JFS W HOE AR
28 10 (08 e ulrt 1099
ol WEPgY Yol WAL Aol
butt gape& A& AstA AAAA Aot ©
Aol butt gapel ofd ET LI
adol A wAol AL, o|Hel FE
w7t 10 w AAns Aol %Zi'}ﬂl
A ol 2 4 AAH

JH

o
rio

o
<

&
> g

b

1l

meﬂﬂ
Ho -
o oo o ko

ﬁm Wood 2
W 2 2 o i

"
o4
-

m&
r

A
B AT AE e A% Aolgy HH dd
qAZ 9ste] LPP AR AAELE 748
watael WA A butt gapel el A=
zA st en, AAAS FHEL butt gap
& 9AR% wENge 7hAE vy

olig AFatel, AC % YB= FRUA

I

dm b AL o d
ox p N o
u W
it
o,

o,

it
i

Butt gap Atolel dHAWAH AL F3le Hd
ARsq e,

Z 25 mm, butt gap
| mm2 s A4@ FFWRL e vdRd
Aol e AFsech viud Aol GelAE HE
w7 w4t Zebdol ek Aol W) A
FolME olgeo] Agstol Holx Aol 4
A wsd ol wASAL, L FHH] F
el Mz AAAY Tl AT el wet



TUTE Be dAyge
Wt oF 258 o)abe] Hw
AR @& Jehdn =
UFE ZA vl mdo)
HHEY 3 ado) s Aol o 492 =g
w48 A,

e Hgae] AT HolBo A2k} ek
X EAA oledg ol g Fos} ATEY,
o FAZAN 2HdHY) gE pe A A o
o ¥l 7AY 2Edrg g vy g Holm

FAE Fol A71dde ndF Ao|2o &
s HEEA 258 ojgoz - Aol
Al AAY Ao Yae iz we Aoz

e

k

#Atel 2

B ATE 247 ZEE AR &
ANZAESENEAL Aiwe] avn xg0
LR E TS

3 28

(1] N. Steve and N. Kelley, “High temperature
superconducting cable field demonstration at
Detroit Edison”, Physica C 354, p. 49, 2001,
WEE, 29N, 458, 438, “ae %3
= AOTEE Bi-22234 742 745 547, A
7]@7‘}1}]&5}3]%%2], 114, 113, p. 1028,

[2]

1998.
(3] Seog-Whan Kim, Myung-Hwan Sohn,
Young-Kil Kwon, “Effect of Winding

Direction on 4-layer HTS Power Transmission
Cable”, Korea-Japan Joint Workshop 2002
on Applied Superconductivity and Cryogenics,
p. 35, 2002,

[4] D. s. Kwag, J. M. Joung, S. M. Baek, Y.
S. Kim, H ] Kim, and S, H. Kim,
“Dielectric ~ Characteristics of Insulating
papers for HTS Cable”, Korea-Japan Joint
Workshop 2002 on Applied Superconductivity
and Cryogenics, p. 9, 2002

(5] A44, vlaisd, 243, g , HEN, “=
Ao X AANRY 74 A7 A4
ANAAANE G =8, 904, 105, p. 1033,

339

A7V A A 588 =22, #4177 A3E, 2004 39

1996,

6] A48, “zAx Fojng dAAge A
o3 543 st B a7 (), AvA
R R 57, 3%, p. 303, 1992. 4

{71 T. Shibata, M. Watanabe, C. Suzawa, §.
Isojima, ]J. Fujikami, K. Sato, H. Ishii, S,
Honjo, and Y. Iwata, “Development of
high temperature Superconducting power
cable prototype system”, IEEE Trans. on
Power Delivery, Vol. 14, No. 1, p. 182, 1999,

[8] Hiroshi Suzuki, Kaoru Ishihara, and Shirabe

Akita, “Dielectric insulation characteristics

of liquid*nitrogen~impregnated laminated

paper-insulated cable”, IEEE Trans. on

Power Delivery, Vol. 7, No. 4, p. 1677,

1992,

K. Miyoshi, S, Mukoyama, H. Tsubouchi,

A. Takagi, 8. Meguro, K. Matsuo, S.

Honjo, T. Mimura, and Y. Takahashi,

“Design of high-Tc

superconducting power transmission cable”,

IEEE Trans. on Applied Superconductivity,

Vol 11, No. 1, p. 2363, 2001.

[10] Alexander Bulinski and John Densley, “High

voltage insulation for power cables utilizing

high temperature superconductivity”, IEEE

Electrical Insulation Magazine, Vol. 15, No.

2, p. 14, 1999,

H. Okubo, M. Hazeyama, N. Hayakawa, S.

Honjo, and T. Masuda, “V-t characteristics

of partial discharge inception in liquid

nitrogen/PPLP(®) composite insulation
system for HTS cable”, IEEE Trans. on

Dielectrics and Electrical Insulation, Vol. 9,

No. 6, p. 945, 2002,

M. Hazeyama, T. Kobayashi, N, Hayakawa,

S. Honjo, T. Masuda, and H. Okubo,

“Partial discharge inception characteristics

under - butt gap condition in  liquid

nitrogen/PPLP() composite insulation system
for  high temperature superconducting

Cable”, IEEE Trans. on Dielectrics and

Electrical Insulation, Vol. 9, No. 6, p. 939,

2002,

[91

and production

[11]

[12]



