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= v" As shown in Fig. 3, it is observed that electrical breakdown voltage is not related with the diameter of a
Introductlon sphere electrodé}. ¥

o _ _ _ _ - v’ It accords with the facts that the electrical breakdown characteristics of a solid insulation material are
v" The application of high voltage superconducting apparatuses is considered as one of the most promising determined by mean electric field intensity.

countermeasures against increasing power consumption.

v Table 11l shows the analytic maximum, mean electric field and x of electrode systems, calculated by

v In order to ensure the electrical safety of high voltage superconducting apparatuses such as a Inputting 1kV into the FEM simulation.
superconducting power transformer and a superconducting power cable, the electrical insulation design v Maximum electric field is dependent on the diameter of a sphere electrode while mean electric field is
should be conducted considering aging characteristics. dependent on the thickness.

v' This study deals with dielectric characteristics (electrical breakdown and V-t) of polypropylene laminated v’ It is observed that intrinsic penetration electrical breakdown characteristics are independent on electrical
paper (PPLP) known as the most proper solid insulation material for a high voltage superconducting field uniformity and maximum electric field intensity. 140 A6
apparatus. Table. I11. Maximum, mean electric field and ¢ of electrode systems with A type. — 120 H B type

v' Dielectric characteristics of PPLP according to the uniformity of electric field intensity and Maximum Mean g i
polypropylene (PP) contents of PPLP are experimented and analyzed to ensure the reliability of a long- electric field  electrode field $ s

- = 80
term operation. 4Amm  234kV/mm 83 kV/mm 0.37 5
. 40mm  99kV/imm  83KkV/mm 0.86 g
Experimental Set-up W
EgpmEan,63.2% = E1kv,mEan X VBD 6320 --- (2) = 20

v All dielectric experiments are conducted by using sphere-plane electrode systems in saturated liquid 0

nitrogen of 77K in temperature. LN2 0il

Fig. 4. Mean electric field at electrical breakdown with a cumulative probability
of 63.2 % (Egp mean 63.20) according to temperature

v" There are two kinds of sphere electrodes with 4 and 40mm in order to verify the effect of electric field

uniformity. _ : :
v' Fig. 4 shows the Egp yiean 63200 OF SPECIMeENS according to temperature.
v Two kinds of PPLP specimens manufactured by Tomoegawa Co., Ltd.. Table I represents the v/ As shown in Fig. 4, electrical breakdown characteristics of PPLP specimens are enhanced under
specifications of dielectric experiments. cryogenic temperature compared with those under room temperature.
v’ Table Il shows PP and Kraft ratio of specimens and The thicknesses of A type and B type are 117.5mm v" In saturated liquid nitrogen of 77K, difference of Egp yiean 63200 VaIUES between A type and B type is very
and 120.5mm, respectively. small compare with that in silicone oil of 300K.
Table. 1. Specifications of Experiments, v In order to analy_ze the temperature dependent characteristics of PPLP according to PP ratio, electrical
Electrode system Sphere-plane electrode system br_eakdown experiments on PP and Kraft are condu_cted. | | |
Electrode material Stainless steel 304 cd v’ Fig. 5 shows Egp yiean 63,206 OF PP and Kraft according to the temperature of insulation medium.
Diameter of sphere [mm] 4 40 v As shown In Fig. 5, electrical breakdown characteristics of PP is higher than those of Kraft regardless ot
Dimensions of plane [mm] Diameter: 120, Thickness: 10 Curvature: 5 me_d"_Jm temperature._ _ _ o _ o o
. v It is inferred that this is due to the different variation of electrical conductivity and heat dissipation
Applied voltage AC (60Hz) L. :
oy : LN, (77K). Sil 1 (300K) characteristics of PP and Kraft according to temperature.
nvironmen , 2l11cone Ol ) ] .. ; .. Sy -
Soech ’ Atvoe B ¢ v" It is found that the electrical breakdown characteristics of PPLP is affected by PP ratio in silicone oil but
pecimen ybe, B TYPe those of PPLP is not affected by PP ratio in liquid nitrogen.
Table. Il. PP and Kraft ratio of Specimens. 1000
m—r pr— 140 H LN\2 £ - A type OB type
ratio ralt ratio . —
T120 O oil =
A type 62 % 38 % = £
B type 40 % 60 % = 100 EIOO “““““““““ oo __ .
"< 80 S
v" In addition, we conduct dielectric experiments of a mini cable model manufactured with two kinds of §60 v
PPLP specimens. Z Z 10
= 40 %
v PPLP is wound with three layers onto a stainless steel pipe with the diameter of 20mm. mg - 2
v" Fig. 1 shows the schematic drawings of dielectric experiments and Fig. 2 shows the cross sectional view 0 - ] 1
of a mini cable model. Kraft S— PP 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04
. L _ _ _ Time(s)
Fig. 5. Mean electric field at electrical breakdown with a cumulative Fig. 6. V-t characteristics of PPLP specimens according to PP ratio

probability of 63.2 %(Egp \miean 63.20) according to temperature

v The V-t characteristics are calculated and analyzed according to IEEE Std 930.
v" Fig. 6 shows the V-t characteristics of PPLP specimens according to PP ratio.

- High v" Three points on each plot in Fig. 6 indicate the cumulative probability of 63.2 % at breakdown.
’Lw%":l'l’;ﬁl voltage v" As shown in Fig. 6, n value of A type and B type is 11.73 and 13.56, respectively.
‘ @;__-E_= v Aging characteristics of B type which has lower PP ratio are superior to those of A type.
Eﬂ' /300mm—| v" Fig. 7 shows the V-t characteristics of an A type specimen according to the diameter of a sphere electrode.
Electrical Three of winding turns v It is found that n values with the diameter of a sphere electrode of 4 mm (6=0.37) and 40 mm (£=0.86)
o breakdown spot (Specimens) are 11.73 and 34.66, respectively.

v" It is observed that n value is dependent on electric field uniformity, &.
Fig. 2. Dimensions and cross sectional view of mini T
cable model. _ —£ 4mm  -O- 40 mm Ll Sheet o~ Mini cable
E (§=0.37) (§=0.86) ) (6=0.37) (6=0.98)
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S
% 100 O—Lbag—0o0 = ® g4
- — S - T R LI =
S < QO s
Eymean o 2
Emax = é
v" The electric field uniformity (£¢) is a typical parameter indicating the degree of electric field uniformity m‘% z
and representing the ratio of mean electric field (E,gay) 10 maximum electric field (Eyay) In (1). ; = ;
v" The electric field uniformity is determined by the shape and arrangement of an electrode system. 1.E+00  1.E+01 1.E+02 1.E+03 1.E+04 1.LE+00  1.E+01 1.E+02 1.E+03 1.E+04
v The electric field of an electrode system is calculated by using a finite elements method (FEM) | » Time(s) | | » Time(s) |
: i i : Fig. 7. V-t characteristics of A type specimen according to the diameter of Fig. 8. V-t characteristics of A type specimen according to sheet system
simulation program, COMSOL Multiphysics a sphere electrode and mini cable system

v" In addition, V-t characteristics of PPLP specimens with a sheet system are compared with those with a

mini cable model.
v" Fig. 8 shows the V-t characteristics of A type specimen according to structure: sheet type and mini cable

v All experimental results are calculated with a cumulative probability of 63.2% through the two-parameter \/Egdser:(.)wn in Fig. 8, n value of sheet (¢=0.37) and mini cable system (£=0.98) is 11.73 and 36.7

Weibull distribution analysis. respectively.

v Experimental electrical breakdown voltage of PPLP with different thickness are expressed as converted v It is found that life time index, n value is not affected by PP ratio but by electric field uniformity.
Into electric field intensity in order to compare each other.

Experimental Results and Analysis

v Fig. 3 shows the electrical breakdown voltage of specimens with respect to the diameter of a sphere
electrode and Vgp 63 00, represents the value of electrical breakdown voltage with a cumulative probability
0
or63.2 % 18 A type 18 B type v" This paper deals with a study on dielectric characteristics of PPLP according to PP ratio and electric field
16 16 uniformity in saturated liquid nitrogen.
14 14 v" It is observed that intrinsic penetration electrical breakdown characteristics of PPLP are affected by PP
=i > 12 ratio in silicone oil.
= 10 =< 10 .. ; i .. i i
s g —: 5 v However, intrinsic penetration electrical breakdown characteristics of PPLP are independent on electric
g; 6 § 6 field uniformity as well as PP ratio in liguid nitrogen because of electrical conductivity of PP and Kraft
Sl 2 according to temperature. o _ o
2 > v It is found that the life time index, n value is independent on PP ratio but dependent on electric field
0 0 uniformity in liquid nitrogen.
Dia:leterofsphere [:311] Dia‘:netemfsphere ‘[‘,?Im] v Also, it is revealed that electrical breakdown characteristics of PPLP with sheet type is higher than those
Fig. 3. Electrical breakdown voltage of PPLP specimens with respect to the diameter of a sphere electrode under cryogenic temperature of PPLP with mini cable type because of its butt gap structure in its overlapped layers.
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