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ABSTRACT

Recently, frequent sand storm has caused great damage to the industry, agriculture
and people's lives in many provinces of China, especially to the high voltage
transmission line external insulation, which has brought about large area flashover
accident of the transmission line. Regarding the external insulation, the influence of
sand storm is mainly reflected in two aspects, serious contamination and the change of
medium environment surrounding the insulators. On one hand, when sand storm breaks
out, the sand and mineral salt and other solid particles in the air are increasing
significantly, which is very likely to cause contamination on the surface of insulators,
and that can then make the pollution flashover more possible to happen; on the other
hand, in the background of sand storm, medium environment changes from pure air
medium into the mixed medium of multi-material content, which brings great changes
to the operating environment of transmission line's insulation structure.

Based on the analysis of the literature and the research results relating to this topic,
taking XP-70 porcelain insulators as the research object, with the methods of the
combination of theory and experiment , this paper mainly researches the laws of the
above two aspects' influence to AC flashover performance.

Through a number of tests, it is found that the flashover voltage of the XP-70
porcelain insulator increases with the increase of the wind speed in wind sand
environment under the AC voltage, and that the flashover voltage in weather of wind
dust is lower than in the weather of wind. The flashover voltage of the XP-70 porcelain
insulator decreases with the increase of the sand specific charge, and the flashover
voltage of the sand with positive charge is lower than it with negative charge. When the
sand particles deposit on the surface of the insulator, the changes of insulator's flashover
voltage is related to the sand dust deposition. In low deposition density situation, the
flashover voltage decreases with the sand dust deposition density increasing, and when
the deposition density exceeds 20mg/cm2, the flashover voltage appears to go up.

Different insoluble pollution materials have different influences on insulator
flashover voltage. In this paper, the two pollution materials, sand particles and diatomite
are compared and analyzed, and through the artificial pollution test, this paper
researches the differences of the two insoluble pollution materials’ influences to
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insulator flashover voltage. The result proves that, with the same deposition density,
sand on insulator's surface causes less decline of its flashover voltage. Therefore, it is
safe that using diatomite to simulate sand particles in order to set pollution grade
standards in heavy sand storm area.

This paper sets up an electric field simulation model of XP-70 porcelain insulator
in sand storm environment, and then calculates the electric field distribution on
insulator's surface in sand storm environment. The result proves that sand particles
surrounding the insulator have less influence on the electric field distribution on
insulator's surface, however, charged sand particles can cause the aberrance of its
electric field distribution. In the area with charged sand particles, the strength of the
electric field on insulator's surface increases evidently; when there appears areas
without sand particles, the electric field strength increases in that area.

Using the high speed camera, the process of the flashover of the insulator in wind
sand environment and sand particles deposition on surface is photographed. The arc is
blown from the insulator surface by the strong wind, which extends the development of
the arc. When there is little sand dust depositing on surface, with the voltage going
higher, sand particles jump and expand, areas without sand particles appear, but when
plenty of sand dust deposits, there are sand particles jumping in discharge path, but no
areas without sand particles.

Key words: weather of sand dust; insulator; pollution; electric field simulation;
flashover performance.
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Tablel.1 Electric field under different sand dust weather

‘ E1l E2 E3 E4
KA
(kV/m) (kV/m) (kV/m) (kV/m)
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N = -36.755 -6.899 -2.571 -0.308
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Fig.1.9 Relationship between the flashover voltage of the flat plate model and the sand

deposition density under the DC voltage
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Fig.1.12 Relationship between the flashover voltage of the flat plate model

and the wind velocity
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Fig.2.1 The drawing of structure of the XP-70 porcelain insulator
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Fig. 2.2 The schematic of test device
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Fig.2.3 The mult-function artificial climate chamber

K 2.2 Fros RO B AL S DURES L KWL, BUEDIR0N 7.5 T, M
R, K RTIA 25mis; EAAEE RN, BRI SE I RIETE, s iE
M E PR T, ETOE. bkl ikiant, waEmsEemmM, I
e, DA i A2 5 < e PR AT iy b LT . 4821l BT X

12



E N2 e A0 2 I E Tk

AT, 2RI 5], [FI N TR Seiim 7, A 45 il 48 2 1k i o7
BEAA . KA MS6250 ZYH7 IR G 5 KGE, FH a2 0~20mis, I E A
NE0.1mis. I RIET T 2ibYk, WhHEAZMIEES 0.1~0.315mm.

K 2.3 FiRZIhRE N TR EAR 7.8m, & 11.6m. = AR TEE
-45~70°C, IREEHEENE05TC. NTAMEENZREAWHEE 1IEC bRt
TEMIME Sk, 1EC ARiEXS T Skmi H 1) 550 LR S5 5 A MRS ZER . I8 175 i s 55
ARG n a2 1) BSPTL/A) H A0k, HwiSk ik B4R 4.0mm, HHERN
1.0mm. BSPT1/4) RFIRZE Wi Ski@d 2wk R F &0 8h oK E, scilE
JUSFAE 15~200pm 2 [A] AR 4K o e Fds AN S04 == ) — ()26 1 1 330KV %
WEEETIN.

EREEH, AT HEER S A5 T BRI FE R A HG-100K SRl L id sk,
oA KA %8 1504 X 1108pixels, HL& AT 4G, =ik H 34 100000 Mi/fh, A
BRI R FH (38 BE W B D 1000 /AP, SRS AG LW Bl 2.4 B

K 2.4 HG-100K i 451541
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Fig.2.5 The test circuit of the wind sand environment
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Fig.2.8 The test circuit of sand deposition environment
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Fig.2.11 The schematic of mesh target
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Fig.3.1 Relationship between flashover voltage of the porcelain insulator and

wind velocity
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Fig.3.2 Relationship between flashover voltage of the porcelain insulator and

charge-to-mass ratio of sand particles
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Table3.1 Constant B and special exponent b at different  pcop

Pesop Malem’ B B R?
0.05 19.655 0.041 0.883
0.10 18.146 0.039 0.919
0.15 16.379 0.041 0.923

K31 BASHLGTIRA KK HEL b b AT R X IR 2% B, Hs 2 (1)
FRIEFEEL, ROFRPIAREEE . R 3.1 WA, (EARFIRE pepp Fr VAT B
fIsZm a5 b 40504 0.041. 0.039 F1 0.041, HAHME AN 0.0403, =4 pegp F b 1H
X AP A R E AT 5%, fERVFRZEICEIAN . W0k b ARG 2 W 67N
W =AA375 0.04, BIYLARUTRE FEFEMAHREL b 2 pegpp HIFEMRAN BT, PRt AT A
WD AR 26 251 [N 2% F R HO S MR R AR RS, X SR B AN RIS MO 46
251 N 2% FELH F) R MR AR — 3

2 B D P B (1) 7 b X 4 PR B A S A R IR AR — R Z
AT IE I RIS AL T VD A TURR S B ORI 48 251 TN 45 Fo R (AR ARG O, R0 45

R 3.2 BIWARVIRE L NSRS T N4 S AR 5 5

Table 3.2 Flashover voltage of insulator with depositing the sand particles

e VAU R (mg/em?’)
(mglem®) 0 10 20 30 40 50

0.05 2151 1850 2160 2310 2520 @ 27.63
0.1 19.68 1630 20.06 20.64 2250 24.73
0.15 1787 1460 1820 19.10 2130 2355

RN 3.2, K 3.2 ATAl, FEHEIARVIAE BRI, 427N R IR
Ak, FEVD ARV E Y 10 mg/em?~20mg/em? I 4a 2% 1 (R 2% B & IS A, R
B (R AR M T, 24U i 20 molem? I, LR 4% B B & v T e Ah it
TR NS LR o X ULATERNE R R T, D EVWDATIRTELS T LI X4
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RGN 7K 72 o IDAVBORL EEL KON Si0,, FR T Siv AlL Fe S5 0 AMNEEH KEK]
K. Na. Mg. Ca. M CuFFfbigioaR, WANDAERRERAR . BURIR B S50
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Table 3.3 Main characteristics of kinds of insoluble pollution materials

A R RRAL)

S0, Al,03 Fe,03 H,0
gt 40~50 30~40 0.3~2 7~14
ikt 70~90 5~25 0.5~6 7~14
Y b 69~73 135~16  0.3~4.3 6~12

L mWLHETER, RIE SEXRSA . R LXK A S R AT R
BN RS, PHRME G RRE R B ZER, IR E ISR
BRI X FEV S S5 R o EIREEE RIS HE R .

AR5 43 i N AN LAt T T Tk 9 e D 2 ORI X 4 % TR 2% L
IBEI . pegop WRPEREE X B Y 0.05mg/cm®. 0.1 mg/em? 2 0.15 mg/em?, &5
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Table 3.4 Influence of kinds of insoluble pollution materials on AC flashover voltage

L N
Peoo  VBUEEL  pewre bl WAmE b2 Un/Up
(mgfem®) - (MICT) L) (0%)  Upkv)  (o%)
2151 3.2 21.51 3.2 1
2 18.88 2.8 19.36 34 0.98
0.05 4 18.11 3.7 19.16 2.7 0.95
6 17.53 2.6 18.72 29 0.94
8 17.02 2.9 18.58 3.1 0.92
0 19.38 3.6 19.38 3.6 1
2 17.03 3.9 18.04 2.9 0.94
01 4 16.11 2.9 17.58 2.8 0.93
6 15.58 3.3 16.67 3.2 0.93
8 15.10 2.8 16.38 3.1 0.92
0 16.87 3.2 16.87 3.2 1
2 15.02 4.1 16.31 3.7 0.92
0.15 4 13.68 3.9 15.6 3.0 0.88
6 13.12 34 14.98 2.7 0.88
8 12.68 3.1 14.88 29 0.85

R 3.4 7151, AF pegop N XP-70 221 1) IN 4% HL 1 34 Bl 2 ek LR 2%
FERIB T R B, IF H MU 2 BE RN, Bl DU 2 FE 1R 38 Jin [N 4% Hh R PR
e, BB DU BE O 4k S8 0, TN 2% R R PR A 3R AR 22, I IAE. pegop =0.05mglem?
I, 4R EE A O B ANE] 2 mg/em?, BPPTARZEBE 36N T 2mg/em? , {HZ N2
B T T 2.63kV; 4UTAR % M 4 mglem? _EJ1H#] 8 mglem?, WIARES B AN T
4 mglcm?, N4 EIEEIE FIE T 1.09KV. XP-70 &4is% T LAV, A
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Fig.3.7 Voltage and leakage current during the dry flashover process of polluted insulator
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Fig.3.9 Conductive component of leakage current of polluted insulator
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Fig.3.12 Relationship between each harmonic amplitude and deposition density of sand particles
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Fig.4.5 Potential distribution of porcelain insulator with wind sand environment
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Fig.4.6 Electric field distribution of porcelain insulator with wind sand environment
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Fig.4.7 Potential distribution of porcelain insulator with sand particles charged
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Fig.4.8 Potential distribution of porcelain insulator with sand particles charged
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Fig.4.9 Electric field distribution of porcelain insulator with sand particles charged
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Fig.4.10 Simulation model of porcelain insulator with sand particles deposited
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Fig.4.11 Electric field distribution of porcelain insulator with sand particles deposited
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Fig.5.1 Flashover process of the porcelain insulator in the wind sand environment
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Fig.5.2 Flashover process of the porcelain insulator in the wind sand environment

(wind speed=6m/s)
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Fig.5.3 Flashover process of the porcelain insulator with 0 =10 mg/cm?

K 5.3 s NIRLIUAR S L BN 4651 IO IN 28172, B 5.4 Jrs Juont N 468 4
TN R e R AR . BT U RLTAR S RN, WORLIAA) L A B o
R, YR E] BRBOR, AN Gy R imis & 2l T K 7, 5
MR LLTE e . BEE LG T LRI n E  i ot sy, kIR R I o, il
5.4 fi7n. FEMEAIARMT B (t<4.5s), Mt RIRIRERDN, KEA, W5 TR
HIvb kLR mAR N, XL 5.3(a)~(b). B Mt I e IR A 4k Se T,  Jite FRLR (L
B 3G K (t=5~6s), £ LI035 8 o A X g PR s L A4 P P AR KR i . 10
R g TR PR L A [ R ORE AR RSO R R I 26 AR 1, IR AL N &,
D b PR T R XS VD RLAR R > 8 T XS THR T VD RiAE i Hr &
IR R SRl 26 2% 73R i, B VDRI L, R B2 1 F 37 FT AR A
R YR A B2 3, R TR GE TR X, Wk 5.3(c)~(e) i,

48



E N2 e A0 5 YDLRIAE N 28 G N S5l A KRR ) A

HEW KB H R, B s 2Ok, b XA iz i B LAy
VOIX IR, FL XS P AR 25 5 ok A I 4 B o g el ik B K LR, 2
H I S A JR P LI, 3 P I i 2 D L I A R TR A i 7 A K e
Wit BEA& N AR — T, RO R B b, 3 B e 4
2, Wl 5.3()~()Frn. ERINHBUE, ik a kL m EPGE IR,
FER 5.3(1) T LABH R AR R . R 1] 5.3(d)~(i), T LUK IR0 HE I e 2% [N 4% 1
BRI X, X5 E— &1 il 0 AR R a e e, By XN
NN S TE IO NS

0.6F
0.4¢
0.2¢

0

e LA
@)

-0.2}
-0.4}

'06 ol 1 1 1 1 !
3.5 4 45 5 5.5 6

IS a] (s)
K] 5.4 VYR uTAEEBE Y 10 mglom? I i 44 2% - itk FLR

Fig.5.4 Leakage current during the flashover of the porcelain insulator with p =10 mg/cm?
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Fig.5.5 Flashover process of the porcelain insulator with o =50 mg/cm?
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Fig.5.6 Leakage current during the flashover of the porcelain insulator with p =50 mg/cm?

R HELR
@)

-0.2}

&l 5.6 7T LA 5 it i H s i T s, TR FROR AR AN R, A8 2% 1 TR 45 i
R AR IRAE R 200mA, 1T 5.4 ittt AR IR AE I 46 iR 2] 400mA. IX
RVIBRIEA L LIERENI R Z 2B & T REY, B E kR R,
FEAC 7 H g lRe ). 1 HE R ZRKEE IR 2, REe M KRB % IR
FE— € MK, TE R /K AT DL R (b RO, (HAN 2 DIBE 2075 0 2 5 i

50



E N2 e A0 5 YDLRIAE N 28 G N S5l A KRR ) A

R ER 7, BRI 2T 16 TN 4 P s e 17 EL eV RO AR A T 1

N T RHYRL IR K BE st — AP IR SE, e SR IR WL Vb KL 5 7K R AR AL X
Y21 IN 2% LT P 2R RO oSG P B =NV AR TR FEBE FE (R R TTARED,
BRI E MRS KET ;AKX E:

my
Mg + My
Hm, « mg o AARRIK IV AR R, SRR K 43 1) 5 R AT AR K
&, W RwmE 5.7 s,

HE 5.7 s ml &KL, FE&MNDRUIRERES, S5 NS B EMEE RS
IKE S LEIE N BRI, MRS K E o LI 8% )5 44 4% 1IN 4% Fa R AR fh i T
V2%, RIS YR 2 78 70 mlie,  HRISOK 2 R 1 TH A . Btk mT DLk B
Fr 78 43 VR J5 2 W B A PR AR A 2 TIN5 H T, ELS 7K 40 bE SV R P K
PN 28 L T A ()R B X

=n% (5.1)

s

i

95

—o— 10mg/cm?
—— 30mg/cm?
—e— 50mg/cm?

86

77

68 |

IR &% 1T (kV)

99

50
0% 2% 4% 6% 8% 10%
WKL E K 73 EE (%)
Kl 5.7 BT N2 LR SRS K &IOS &R
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