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Investigation into the Characteristics of Composite Insulation in
Nitrogen Insulated Ring Main Unit
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Abstract: Using nitrogen(N,) or dry air to replace SF; as insulation media in high voltage apparatus is a hot topic
in the development of environmental friendly switching equipment. To ensure compact structure and small size of
the devices, engineers need to study the insulation characteristics of the utilized gas and the solid-gas compound
insulation. The fundamental properties of N, as the insulation medium under different uniformities of electric field,
pressures and electrodes gaps are studied. Furthermore, the empirical equations of N, insulation are obtained for
optimizing the design of N, insulated switchgear. According to the simulation, calculation and analysis of
insulation coordination at key points in the N, switchgear, and the results of solid-gas insulation coordination
experiments, it is concluded that the characteristic of non-uniform electric field is important in designing
criterion, and a sufficient gap is required when considering solid-gas compound insulation.
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Fig. 1 Schematic diagram of the test rig
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Table 1 Non-uniform coefficient for electric field at
different gap distance d
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Fig. 2 Breakdown voltage of N, in the condition of
quasi-homogeneous electric field at different gap distance d
and gas pressure P
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Fig. 3 Breakdown voltage of N, in the condition of
extremely non-uniform electric field under different gas
pressure P and gap distance d
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Fig. 4 Breakdown voltage of N, in the condition of
quasi-homogeneous electric field and extremely non-uniform
electric field versus pressure distance (pd) curves
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Fig. 6 Breakdown pictures under power fregency
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Fig. 7 Insulation coordination near the busbar bushing
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Fig. 8 2D electric field simulation of the busbar bushing

ME 8 R IF N, w3 B
AR (HSEPR I B BRI
PRI, A i S AR T LAZZ e SR R Y
Yysi Aoz B B . (DS F AT RHE B9 20K IX I, 0
{HZI 1.4 kVimm, %Ak 3750 AU E -5 T AR
e L ST SR (] B A F A TSR IR, 244
WRBEERIHEIN 25 mm J&, KA AR AR

B ETFARREAL; SR K 50 mm J5 4>
MR EB Y = i X Sl 1 R, @C AUREHES
bl 2R AR i X A DR B IR ik
i i A

E2 0 i VT o 7 N AL B ) [| w7 s WA NS R R )
T A 3750 BB RN 2 it DX T R, (E ] A R AR A4
v 7R, (Rl C RYREHES AL 55 IR 2 AR
223 BE5%%ECRELG AN A

P T A8 B 3 ¢ v FL 37 N 3 %o s PR B
o 227 TR AR —SUAR R A 4 o0t f 5758 B 1Y) 5%
Wi, BGHEAT T 3D P EAEL A, LT 9, X HLIE
8.9 AIHN, HI#E B AR S, Xl X T
2D BIAIVE S 3 i PSP B nY 3D AL
SR 2D B T RAS SR — 2, X 5 PR 3D
B SRR B R 2200, A A TRI B AH X 488/
HI5%] 2D W B AR

E/(V-m7) E/(V-mY) E/(V-m™)
3.000 0x10° 3.000 0x10° 3.000 0x10¢
1.539 5x10° 1.539 5x10° 1.539 5x10°
7.900 5x10° 7.900 5x10° 7.900 5x10°
4.054 3x10° 4.054 3x10° 4.054 3x10°
2.080 6x10° 2.080 6x10° 2.080 6x10°
1.067 7x10° 1.067 7x10° 1.067 7x10°
5.479 2x10* 5.479 2x10° 5.479 2x10°
2.811 8x10* 2811 8x10% 2.811 8x10"
1.442 9x10* 1.442 9x10* 1.442 9x10*
7.404 9x10° 7.404 9x10° 7.404 9x10°
3.800 0x10° 3.800 0x10° 3.800 0x10°

B9 EEIDHEIFEREEHESN
Fig. 9 3D electric field simulation of the busbar bushing
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Fig. 10 Photos of the insulation coordination
near the busbar bushing
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