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Investigations on Power Frequency Characteristics of Composite Insulation Configuration
in Dry Air Insulated Ring Main Unit
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Abstract: Using dry air replace sulfur hexafluoride (SFs) as insulation medium for ring main unit meets the require-
ment of environmental protection development of switch equipment. However, the much lower dielectric strength of dry
air than SFs make the further study on the solid-gas composite insulation become necessary, on which area the system-
atical research work is limited. In this work, different types of fundamental electrode are used to research the influenc-
es of electrical field uniformity, gas pressure and gap distance on the power frequency characteristic. The data of maxi-
mum breakdown field strength on different field uniformity is obtained. Simulation and experimental researches are car-
ried out on the insulation bush position of the actual product, on this basis, the influence of composite insulation struc-
ture on the position and value of maximum electric field strength is systematically analyzed. The results show that, the
relationship between electric field uniformity and maximum field strength under gaps can be the criterion for the char-
acteristics of composite insulation. Also, the voltage withstanding properties of composite insulation can be improved
effectively by using solid insulation material covering, increasing distance and optimizing electric field uniformity.

Key words: dry air; ring main unit; electric field distribution; compound insulation; maximum field strength
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Fig. 1 Schematic diagram of the gas discharge chamber
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Table 1 Electrode form and key parameters
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Fig. 2 Electric field distribution of the base electrode
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under 0.15 MPa dry air

XA HR E 2L TSRS, o] LUE
PRI B R AN < A2 () 2 ST B 3 th AT RS E Y L
S, — ELH PR R R 8 B S BB AU
B e 20 o P, AT RLIA O () 1 20 L 37 A 2
FEL 1 A 2 (Lt R FL AR Rl 7 ik, BRIV A (o) 3
SRR BB TR S EL A B0, MR ] Bl 2
oz, X—RE R 5URMEBIPIRA K, 5
JECHL TR B A9 R /NG SE o T () A 2 g, —
Pl A AE JRy FR AR AE AR HL B (H R A AR [) B
ESI 0 a0 G IR TR R A N B G S L
F AR S 1 1 R 2 RS P 0 L 3 B — 7 )
AN AE—E R L L [ ST A, B e R AR
PRIBIBRAYTR 32 HL T . ol T AL R AR A R I 2] A
T B BRAR AR P I AR A RCR I I TR AR BT Al A
e, PRTIHCERAR FLAI B4 U B o 900D ES 320 B A0 225

SR I BB 07 3k A4 4 AR 2R Ta] B
FAFN NI 5 R U, T ARAS 75 7 27 HL
BRI 0 B, RIV A R il % L 37 0 B (Ea) , UL
3o 3 AU AT L B U R B A B
3 PR IE ST B B BT 82 00, 100 9 5 Bl 5 H
7Rkl FIbI S INITRTE S DN & |
FL 2% A BT o ) R s AR AR (A I B (L
ML R T HARTE L

A WSS AR B, e 2 AR E R Ty
1 E o BAEHA —E WY I, W 6. B0
15, B (EARZRNE T 1, I E LML TR AR . Hi LA
BRI X A ER () AN ST R A T R
o R A B (H AR A RO 32 31 H e A
P R TR S B T 0 A R SRR A 2
FR SR 4 LA T BT, BOZ S e U
SIPELEIE N A BT PRI

®3 ARBHREXREER T E.w.$#E R

Table 3 Values of E..xp under different electrode forms

and gap distances kV-mm™
) 0.15 MPa 0.10 MPa
[F]Bit/mm -
BRM MR EFMe BRER B ETAR
20 3.7 3.8 20.1 2.8 2.9 15.8
40 3.9 4.7 29.4 3.0 3.4 26.2
60 4.0 5.8 37.5 3.1 3.9 28.4
80 4.1 6.4 444 32 4.7 35.9

100 4.1 6.6 457 3.1 57 353

m (.10 MPa
40(4 A 0.15 MPa

s
g
>
=
<
LL]E
&—4 ¢
0 1 1 1 ]
0.0 0.2 0.4 0.6 0.8

U]
6 RAEFIFHEEwSBIHHAEg X REL

Fig. 6 The curve of E..;» versus

A ABAR R AR FE T OCIR A TR BR TR
37 R AR — a2 BER AR, X A A R H TR R
A — B ZR 77 TR B ARUETE LS BUE R T R
R /NT 5 pCo SCHRAFFE 25 R R, B KR 0E
HL 37 0 B (o) P BB AS 32 FELZ 34 20 BE W S 0, X6 T
0.10 MPa i 4225 <, 297 3.5 kV/mm 7, PL12 kV
R IA I B2 40 mm [R] PR ], N4 13.2 kv
THE R, E AR 3.5 kV/mm, Wi A R KT
0.09, BRIy i FOR SR VA E AN ST L

) FRESHATMETE A BEOHS
4547

2.1 SEWNEGR-TET

FR A b3 i) B Rl R , 2 BROSF 0 AR A 1Y
FEAGE R, B 4 AR ) 6 Hb A B /N SR ] BR A
60 mm , i 13 {5 BT ] AL, SR SFs 38 W FF 56 i
FH 1 325 42 B HE (R T 19 58 8 2 JE 8 40 mmx 10 mm)
R f 2454 5 mm, AH 8] K 55 1 B nfE 4 0.22 F10.29,
J& T A A Y, B A S A R] 1R BR T A Al
e o FEREECHEFRWITE 0.10 MPa SR T, iZ a1 B 1 R
Tyl e AR 52 B R 9 ZER, B — 8 1% 24k
B P S A S R R LR T



- 56 - 20194F4 A

Enéx

H55% 4

E7 TR=SESZIAMIESHE=Z4LEN
Fig.7 Three-dimensional structure of dry air
insulated cabinet

RO AE fRAE T &2 M B 2500 U BT
75 Z AR A T IR AN S A LY, LB 1k AT RE
TP T TR J T I A ) 355 Bl T O R AT 493
AL EHRIEAT T — € B AL BRI, A R AR
fHSZEYIE SO L
22 ERBHRBKREBESH

AR R A RS Y 4 ) B 2 IR
50 (T s R P Al O AR 3 i, (B SRy B 42
GUGALEAN IR T ARG TR AR A 2
AR (I B0 480) B Tirf s 5 52 17 , 7 FL 3 56 BE 5 R SR
DXk 22 iR R B g 5 S8 RDR 2 s L 3 B AR
Fl o TRIIRF AT R 4 G R B AR ) AR 375X
AT SR G i R 37 L ] BT ) 24 5 AR

2 9K [ A 24t G 1) A1 FH AN 24 0 T R 366 il 4 2 (1)
e, DISCHARENLA E R A g 101, B T [ A —
SRS G A G ) FARIR) L, JF 4 1 BAR S B Fn gk
BT 5 o ERAENLR T B4 B SFUAR
AR AR 00T 1AL RS BN A i T
12 kV M 23 4 0T G B & 10 T E A, ot
PEIT & 7 05 A B AR BT o IR R O
UL 8 AU B F R LI B B A e A, £
{H]3.61 kV/mm, kSR NAIBRZ) R 40 mm,
e R 9 B SR O T R TR E] BT R AR Y B
(3.43 kV/mm) B {EL, A7 1648 il 28 UL, 1077 i 18
L UE I BB A AN BE MR 52 40 € Tt 52 L T, 1B iy
F1%) 2 18T DN 2R3 LA 9

S5 U FLA RN SE PR B I N A8 LA, W1 20
IR il Jey i e R S 50k ek vy, i TG HL B
P/, Bt T 3 AR EE UL 10, 15
N RS, 25 D B 0T R B T A T A
R, 1-1 578 1 S EE YRR FRO AR R
SN CHRER % , 2-1 5B ETE 2 5B E M

A7 kV/mm
A3.61
3.5

El§ REERHS MmN TINAEI2 V)

Fig. 8 Electric field distribution of the original insulation

bush(loaded AC voltage 42 kV)
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Fig.9 The photo of the insulation bush after a flashover
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Table 4 The parameter and maximum field strength
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of different composite insulation structures
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