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A New Design of External Insulation and Air Gap Clearance at Ultra-High Altitude
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(1. College of Electrical and Information Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China;
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Abstract: In view of the differences between the external insulation level and air gap clearance in practical
application at high altitude areas in Tibet and those in plain areas in China, a new method, which combines the
actual environment with theoretical formula, has thus been proposed, based on the graphical curves obtained from
field experiments, so as to gain high altitude design experience. Combined with the revised formula in the design
specification, the revised conclusion is to be obtained subsequently. The results show that the creep ratio distance in
engineering application can be obtained by modifying the formula of the relationship between the creep ratio distance
and the field pollution degree; a calculation can be achieved of the actual amount of the number of insulator pieces in
engineering; the external insulation level and air gap clearance can be obtained by combining experimental graphics and
correction formula.
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Table 1 Parameters of equivalent salt deposit density and
creepage distances for insulators of various degrees of

contamination

5k e/ BELBIE NICH  R—CH L/
&% (mgeem”) RO/ (mmkVT) (mmkv™")

a < 0.03 16 252

b 0.04~0.06 17~20 25.3~31.5

c 0.07~0.10 21~25 31.6~39.4

d 0.11~0.24 26~32 39.5~50.4

e = 0.25 33~38 50.5~59.8
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Fig. 1 Diagram showing the relationship between the creepage

distance and spots of various contamination degrees
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Table 2 Parameters of different creepage ratios at

different altitudes
W / m 3400 4 000 4200 4 500
JEHL L / (mmkV™) 51 52 53 54
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Table 3 Parameters of the principle of selecting the number of

insulator strings at different altitudes

500 kV 220 kV 110 kV
Wik m Wk Bk BE WK RS
T BT BT BRT BRT AT

3400 41 40 21 20 12 11
4000 43 42 21 20 13 12
4200 44 43 22 21 13 12
4500 45 44 23 22 13 12
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Table 4 Parameters of rated withstand voltage of external

insulation of equipment at various voltage levels kV

RO m%ﬁ%W$-m%&WW$-ﬁ%§E§
WE R R mewE ek
(A%ME)
500 550 1675 1175 740
220 252 1 050 750 460
110 126 550 - 230
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Fig.2 Values of m under various applied voltages
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Table 5 Parameters of external insulation levels at

different altitudes
RObeFr W BEWH BUERME BUsER TR
HiJE / =175 SR s vy 1 R s 3 [ fiff 52 HL e
kv H/m R /KV R KV (HHUE ) kv
3400 2249 1457 994
4000 2322 1535 1070
300 4200 2421 1561 1096
4500 2574 1672 1137

4 500 kV ZEEIGIMNBLGKEITE

4.1 500kV BEERESEMEESITEEE
4.1.1  RMABI; M AR IR 6 R 2

500 kV R GEARFRH R SEGT 10 B AH X b 28 <)
B B B 1 49 FE bR i Q/GDW13001—2014™, HiAH
SCHRERT LA, A sl SR 1 25 SR BRI B DA

DI 3 fEER,

1) A8 H A T2 7 e B TR R, 7E TG R
PRTEOLR , FFIEFIAR fL 0 Tk 22 1] (1) 23 AT it 100
9 50% il HL HL FE S 2 2 (9) AYEEK .

Uyy = kU, 4o (9)
K U, R B2 s s 0 ds R A U A,
BN KV, AR Z(ERY 1.4 pus

ke R UARGL HO O F %k, B 115,

2) ZEH R A TR LA s A A AR, EIE
W EBRVER A E R, X T bl o R D 50% BT HE
FERAZ IR (10 ) B :

Ugs = kU, o (10)
Kb U, WRPHEKE, B6 2 kv, HAE B
T RE R S R R vl R R AR R

ky RTEZS SR B PAATE A B E L R (AR T
AL TEOLT, AELE 25, A RURITE L
TFHL1.10, JoAURETE LT EL 1.27,

3) AFHL AR AN HL AL R S AR, TR IR
WetEd E s E T, HRIE 50% 5 L R R A7 A5
= (11) .

Uy = kU, o (11)
K Uy, kA e T b I O T R KL
TRIKF-, Bl kV;

ke SRR Bl R A 2R AV S 23 AR B
RS R B4,

4.1.2 MR E A e R

1) AR TAEMSE T, AR s A Z [ i
23 AR BRI 50% JCHL FE s R IR IR A2 (12) R4 7
P

Ugpp = kU po (12)
K U, HAHSAHZ [ FBEZ AL vT /R H B e K
THGSHIE, A KV, ABFSE AP A pa;

ko AAHSAHZ BFE TARM TARIRE T, H525A00
PRt R RC A R A, H1.15,

2) e sl HURE SR =2 ] 2 AR R R AR A
1 ERE, wds BRI 50% A H ER (R 36 3K
(13) :

Uggpp = kiU po (13)
s ko S AEZR ol BLUAH 55 AH 22 8] 19 23 <) B AR
AR R, B2.0.
42 500kV BEERHZSEFEMBRESK

PG (9) ~ (13) F1 (3) ~ (4) B m {EIE
W IEREOE, REGTEATEIER 6 P AR &
Y 500 KV L2 AR BB R R



36 WMo Lok ok % % i

2018 4F

Fo6 AEEHRTH S00kV BEEREZSEFEMBEEE
Table 6 Parameters of 500 kV air gap discharge
voltage value at different altitudes

PefEsbilir R Rl R
B MRV 50% BRI KV 50% LI / KV
TR AR A AR B A
3400 1097 1765 1416 2283 2079 2283
4000 1181 1900 1491 2418 2238 2418
4200 1210 1947 1517 2465 2293 2465
4500 1255 2019 1557 2536 2380 2536

TR 50% i

43 AEIEHT 500 kV B EZRIE X =S E R
&

1) XTAEER T 500 kV 28 HL3 T4 50% i,
FL A AR i 2 AR B S A5, R b P
HRIRE i, W 3 IR 1 R

2400

2000F

16001 1
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Z1200¢

U.

800

400

d/m
I— LA 2— AN L
B3 SEEEIM50% MERE
Fig. 3 50% discharge voltage of the air gap
M2 6 T i 51 T4 50% i H HE R B A 14 3
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JOL Y RE XT3 T AR 50% Jii HL HL TR T e /D2 ) Bt
TS RINER 7 s,
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Table 7 Parameters of 500 kV air gap requirements of
power frequency discharge at different altitudes

e HL SRR /m

3R /m T i
3400 2.1 3.0
4 000 2.3 3.3
4200 2.6 4.3
4500 2.8 4.6

2) XTI N H 500 kV AR ELSE, AR HE
P B s F R 50% JHCHE H P 23 A< ) B B A
P14, R GB/T 50064—2014 H 500 kV 28 HL i — 4%
LR SRR B ik, PS4 R ansk 8
FiR o

RS ZHRSEMMRESERHRESNST
50% FFR R E
Table 8 50% impact voltage of two split conductors on

the frame air gap

— G Fop AR S /m .
o WIER AR AT o
257 I 42 5.05~3.65 573

FRAE 3 6 HH R XoF 1l 1E AR M A 1 s R R D 50%
IR R O S 8 FTAR 5, mI 45 3 400, 4 000,
4 200, 4 500 m R TR A T b AR AR AR vhl
JEIE 50% JHCH L T A e /N as AR B

3) MTANFEIEREEE 500 KV HL RS540 A L E
A fEL s PR 3B 50% JCH HAL R 25 A< ] Bt B 5 1)
P44, 2% GB/T 50064—2014 1 500 kV 75 1 3 28 %
B Sk zs SR B TR HRL s U 50% JICHE HL AR
B, IS RANE 4 PR .

2200

1900

/kV

= 1600

U.
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1000y 3 o 3 5
I—rPARRA s 2— AR 3—FH
B4 500 kV BEEREEELTSERLY
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Fig. 4 50% discharge voltage of the lightning impulse of

the tower head air gap in circuit of 500 kV voltage
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FEBUE S E 3 Hrg 2k 2 v LAAS s IR 50510k 3 400,
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L L iR/ NS RT3 R0 9 .

2) ANIEITER S EE 500 KV 728 H sl AR ] TE B PR
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characteristic curve
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Table 9 Parameters of 500 kV air gap requirements
for different altitudes

AR /m

o THIS0% il BRfEeR LR BE e e
i/ ZENES 50% JiCHE HL 50% JiCHL HL

L L L
3400 2.1 3.0 4.5 6.2 3.7 4.1
4 000 2.3 33 4.8 6.7 4.2 4.7
4200 2.6 43 5.0 7.0 4.3 4.8
4 500 2.8 4.6 5.2 7.2 4.5 5.0

5 BEBISEIERIMNMEGKESEE
B B A B 8

i BRI, KA TR IR A A BE A T
FEEE, Nk 10 s

F 10 BEREHEHEILLE
Table 10 Comparison of data before and after correction
s o BIFR
L B 3400 m 4000 m 4200 m 4500 m

JeHs e/ (mmkv™) 39.4~50.4 51 52 53 54

#iLF R (500kV) 40 41 43 44 45

500 kV & 75 H i i 52 fU KV 1675 2249 2322 2421 2574

500 kV B BeAE i i 52 f kv 1175 1457 1535 1561 1672

500 kV & s i AR 32 H . (A A0E ) /kV 740 994 1070 1096 1137
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