B35 B3
2011 £ 3 H

SN S N

Power System Technology

Vol. 35 No. 3
Mar. 2011

XEHS: 1000-3673 (2011) 03-0140-06

FESES: TMSS

XEkFRERE: A FRMRED: 470-4037

B 5Ri5 55T CaSO, X8, 71 o %%
A E BT RR M ERIA

ZFERE, XA,

2 a7 ye

(%eHEIRF BAHFR, JRAE T MFT 510640)

A Review on Influence of Natural Contaminant CaSO4 on Surface Insulation Characteristics

of External Insulation of Power Equipment

LI Hengzhen, LIU Gang, LI Licheng
(School of Electric Power, South China University of Technology, Guangzhou 510640, Guangdong Province, China)

ABSTRACT: To research main components of contaminants
on the surface of external insulation of power equipment in
depth, the authors investigate and survey research results
related to CaSO,4 home and abroad. The source and enrichment
of CaSQy, its influences on the measurement of contaminants
and pollution flashover voltage as well as the influences of the
changes of CaSO, in contaminant contents on anti-
contamination situation are discussed and analyzed, and the
conclusions are as following: CaSO, originates from
coal-smoke air pollution and is enriched on insulator surface a
certain extent. The property of CaSO, that it is a kind of
slightly soluble substance with higher flashover voltage leads
to contrafactual high value of equivalent salt deposit density
measured by traditional methods, and it makes artificial
contamination flashover voltage unrealistically low; however
artificial contamination flashover voltage is further decreased
due to the difference of CaSQO,4 content in natural contaminants
and artificial contaminants. In the future, the status of CaSO, in
the principal contaminant components of power equipment
external insulation would be displaced by nitrate and it leads to

a more serious antipollution condition.

KEY WORDS: CaSO,; source; enrichment; contamination

measurement;  pollution  flashover  voltage; principal

contamination component; external insulation

THEE. B AMEGRTGH EE RS IATIRAP A,
BT E AT CaSOy B IIAHICHTFFE o« A CaSOy R
B HAHERM RS N R R, DR AR SR A
BB 15 T B R0 LA 7 AT IR . &N
CaSO, FERIFEFHMB KNS ITY, 4L TREA %

HEEWMB . HFKE SRR TRITE (973 TiH)(2009CB7-
24507).

The National Basic Research Program of China (973 Program)
(2009CB724507).

s SR . CaSO, NIMIA BN R R, & SBULS
JHEINE A RIS S E RS R, B TI5W N4 HUE
il 1 EHARTG A TS ®E CaSO, & &% il &
8T N LIS I . KR, CaSO, 1R N IAM 2157
o o3 B A T RERAR IR #R TR, I 3 B0 D9 IR Y
BiTs .
KR BIRES: R W HRNE
TR A%
0 315

B 5 AR H DLT5 R BE I B AT I AL D %
fitto LTSRS M E T HETS XSS, IR T4k
VT BOE BTGRP SE TR, B s N
HUL, ) B s 1, Wb RE . AR
K, BEE MG KRB AT HES KT AN TR
i, BEESG T AR AL S B TS N B SRR

(permanent-room-temperature-vulcanized anti-

s VGINEE

contamination flashover composite coating, PRTV)
FIRE ) R, i HE 2 B P 5 DA S A 2 K
o ORI, KA DX A5 DA AT SR A 2
Fialag 110 kV K PN B SR G0 4R 5 TN 34 EL R
FRE . 5 NSO B R 25 5 2 A
AR T T Fl, BT NSO R R K R
Sty 10 51T, AT N FORIL A
A=) 1 Tl 5 o

[ A2 2 i N B BRI S 3 1 15 TAAL
il R ILREMR K TR N RS T AT AU
RILR 589 B o7 22 5 A8 94 £5. % (equivalent salt
deposit density, ESDD)VHALV5H FEAFAEE 2 A2,
N TGRS I LR (U bl ARG R 1), 46



#3585 H3IM

== G S N 141

B, W5 ZS, 4 ESDD WAk TS B
S hrE R E 2 MR ERZER, SUlis 5%
TR H E B T4 TAEMSCPR U A A, EEi
KNI F1iIR s W5 ML B R 2 BN
TS A B — s, AR RERIE L 1 SR TS B Hh 5
FA3 PN [R5 DAV REAE FIRLA o %5 AL R AN
A&, BB RIS 7R AN BE I SEBRIZ AT I R
Ko BAT, ERAMEZ RGBS A
Biivs TAE i E B AL, I 20FF B 2K %5 FE (non-
soluble material deposit density, NSDD){E A PFA{5
X &g e ms5

HAr, EANIMA NI IAMGS R R
ALV 9 B A3 1 LG E i B O CaSO4
CaCO05(40%~90%) . NaCl(10%~40%) . NaNO; Al
KNO;(10%~40%); AN Va5 89 1540 1 B B s 2
RN Si05(20%~60%) « C(10%~40%) AlOs3
(7%~15%)+ Fe,03(3%~8%) CaO(2%~5%) 1821,
CaSOq A& HL JI AN L3589 il oy A L e KRR A
XF CaSOy [R5 J F Xt v [ B P (14 5 e 452 7 T A7
TE— S ge il . AR SO M AN G R TS B R
CaSO, [RIE. B, HXH5R M EATE N ER
SO, LR HAETS R0 & B AR AT B VS T 35 5
Wi JUAN 7 TR, DS
1 5% CaSO,RIRIBEMEE
1.1 CaSO, kiR

TEFRE REIRI AR, BB AR 5 2 73%,
BERAIT Y8 TR A5 gy, HF B mas
SO, NO, FUKM IR o I SRR KK, F B Si0,s
ALO;. Fe)03, o-FA . FfA(EERKS CaCO;s).
R (FERS CaAlLShOg). CaSios> 23, xif
bl HL g A 2535 R R R S5 G 1) 3 2 i oy mT A,
Bk NaCl DAGh, JEXETS e B & A sl vt
SR N S R R BT Sy, AT LR E )
A 2535 g L R A R R Y R S e B
FEP

B AN a5 8 R I CaSO, AR HEIRTS GL i)
BLEY), T2 TS 2 R ) SO, CaCOs LA
R/ EHFE R CaCO;, Gid— RFIE 211
LS O AR R T N SO, TE— 58 26 T R AR
— RINAM N A B H,S0,4, HySO, Fi5 CaCOs X
N4 R CaSO0y.

KA E R TES AR SO, I NO,. TESHA

7, SO,. NO, i1 5 OH H 2 [ B #b i HySO,
J HNO;, Wi (1)—Q)fin, FAEFRRT RS
1 SO,. NO, fl OH H HZEMIRE . AR H,
SO, MIFE L F AN 0.7%(H 2= 444)~0.12%
(BZEHFAF)Z 10 NO, AR AR/ 6.2%(H
A~ 1%(5ZE %) 2 18], KA H SO, %k
BRI/ T NO, MEALHE . TEMAHFZMHT, SO,
AT EE B R, 18 AR VB FI Y5 4 1 NO, T6iE
TER BB, H ARG RS LIRS e,
BRAFKEEER, AP KER
AN, ONERPE SR ROSPR AL T AR AR, TR
1R, SO, Al NO, il 03— (@) TR i [ N Ak
& H,SO4 A1 HNO;, FALEZIN S . HE—IRKR
TS5 NO, EE L NO HIESIEE, NO,EH R
H 5% A WA FERR, NO 4 NO, JL

FHFEFER D Gid FIRE R B RK R HoSOy,
Fi5 CaCO; R BEI AT A= i CaSOy4,  WNF(S) T
SO, +OH—H,S0, (1)
NO,2+OH—HNO; (2)
SO,+H,0+0,—H,S0, A3)
NO,+H,0—HNO; (4)
H,S04+CaC0;—>CaS0, )

RAELRRIBENE 2 Fi: 1D ERSFER
A — RPVERAL 22 ]S, A2 R CaSO4 JLARTE HL )4k
YR 2) HoSO4 LARRTN « R 55 S5 IR 1 I K T
APTRERI R A5, 515 ) CaO.CaCO;
AR AE K CaSO, P R FUR B, MR A1E T
AT 25T RV H, CaO I L E & T Hii5 Y
Y2515 1M CaSO, ML EAL T Bhis A 4a g 1704, 4
Frilh, SRR G IAAECR, BAES
S BIFR I PR IIRIE, A HIT CaSO4 AR TR
TR+ R BRI, B2 BB FEK
I, AFITF CaSO, A L. WK LRIk me
= RIVEA B, AR RO R RN B R Eh A R AR N
@ﬁ@ﬁ?%ﬁﬂ‘ﬁ% VSR o ﬁ:*%%ﬁﬂ:’ Efﬁﬁ VSR?%?EEEE
JIHMEG R TR IR SR AR Bl %

12 CaSO,MIE%

AN, BN R TGRS ISR H
KA ESRUTEY), AT CaSO, Fil CaCOs 7EH
H 2P E N OREHE 2 . SR A R TS
# R CaSO,4 1 CaCOs i Eb B 43 A1 7E 40%~90% 2 [H] ,
TN RS BRUTEYIH, CaSO, Fil CaCO; HEL
HMNIZIE 40% 44, BRI 258 CaSO,



142 IS BRIGINI) CaSO, %] L)) L AN G T 48 5 05 Pk (K R i 23

Vol. 35 No. 3

1 CaCO; ELE I RARAE . BHFAREY, KAREF
PRI CaSO, IS EA S, R EEERCIAN, H
A £h 2 AL 58 B R 38%~50%), [,
HL 1AM 423585 F ) CaSO4 A1 CaCO5 F) LY B /258
i — 2 B E A A Bk 90%, AT REAELE K & - AE
AW 3 AN,

1) 38 5 A5 B 1) 3 VT R VR B R
J5 % J& , T CaSO4 A1 CaCOs H 2 T AR FEE AF 3K 1)
MEVETERL . 7R ) AN SR T I AL OB
AWML CaSO4 Fil CaCO3. CaSOy4 Al CaCOs
Z AN LG EE 5 Y ) B R SR A A 00, Mt
PR ThALH R, CaSO, 1 bk 5t il itk v

2D fEH MG R E M, R CaSO,
A CaCO; 2 ¥ fiff 5 AW AR B E VA 1 38, Fofth 5
(NaCl. NaNO;. KNOs; %582 Il A H = i 5 %
PEER . 7EESREEKES, &Rk R 5 v vk 3R
FET P, T CaSO4 A CaCO3 SR REMIA AR I Il 1K
N B

3) BRERAHE R I %M. TR E AN
5 SO, {5 SR EA %, 385 K BHAR 5 1 58 52 Fl
BFAIE Ko AT IR R #h A AU 5 2 SO, 15
PME RSB B IM B, 38 75— 1 R 24 S)
AR BT . fEHR IR, W W
WIS R SR ORI A, AT LU
HOREAEE. ShRes e ees, FIFEAT DAt
BRI TE R, N A R 22 RO B R A R 26

iR T CaSO,4 Ml CaCO; & HEAIAR S HLI ¥
RS, I T EAE R [ SHIE .
2 WMERESXTISTMEFISINEERRN
21 RERFEXSHNEFMN

TEHL I MGG R VAL, PPl AT IR A,
W 3 A5 FH PR 7 VA2 D B A B S 3 % . BTk
NSRS 2, 5 RO A F 5 2R L )
AR NaCl % B . BF 70 am R 8L, R
Fobn R S AN G R TR KRN 10~
20 mL, {XREAME D EMEE M. & ESDD
B B R S 7 (K B I8 A>T 300 mL, AT Af
TSR EEPE SR (EEN CaSO ) KRB MHE S,
RT3 ESDD it Bk, AR
57 CaSO, I BT &4 %, Bl CaSO4 £ 10 mL
/it ESDD R bRtk E. 159 CaSO,
5 NaCl HJHESESEEIE ESDD, A3 E|H 15k

Y SR T R S b ig B L 418200,

I IANTE ESDD Byl s #E AR E K
ARG G b BTV PR SR (RIAR #h) e 4 VB i, AR JE BA
W SR RS aE. B
T ARAN L B2 — Nk FE, 1S be b 3h v iR e
B2 2 MR RE o R A R T S R
W, BEETRS TR n 5B ST R
N 2 e SUNH B o, ofZIET 1 FIW 5 2 5 HaL fif
Jis /N 1RSSR VR 55 AR A R
FEAME, WMo BRI A
FE b, RIS A K& KRN & ESDD, HEiER
RS A T S . BIgisAT, BRI A
G P K SRR ), A T i 1 R R
CaSO, R IR T HL. 45+ CaSO, L E K
W, KREEEMS R CaSOs HAE R AREY
(NSDD)[R KR AKAE o BRI, R A B AR A
CaSO, ZEXEZAME T X ESDD Al NSDD I oiik %, 2
WIS FH B g 470 445 25 3R THT TR MR Ff /K &0 2 ESDD.

WHEVONER SRS, ST 84w
SRPLMESIN, S2hr EFAEawtk. WS TP
FABE AT, 55 FEAR BT A R PR — A e o
o BFIAE A BEAEHAEFER S, (i
LB MR . C2F B SO; T FE T AR HEIA
fift ) CaSOy4 73 HL B B+, ki {1 48l AR Vs i 1)
CaSO, WA fH; 2 IRREPT ., B Fim M R ¥t fa
ST, EARERE S BIIAE R TR . IS
T3 Ve R R UM O AN 1T iR 3
AR T PE T R 52, BEEERA
DE B R0, R AR A B 2 19 0 . BA CaSO,4
Al NaCl R, W&l 1 B, CaSO4 BV FEM &
NaCl WP it o, Fk, T 55 @ m
VA B ) R AR R AN B A AR B, R
SR R T S MRS B A S R
H BTk BT 54 %% ESDD W7 VEAFAE— & 1), 5
2 hn. BIR CaSO,4 WIAFLE, {8 FH & Fh 31 % H X ESDD

NaCl/%

B1 HESFIRBERSZE

Fig. 1 Influence of co-existing ion on solubility®



#35% %3 M

HoOR 143

L) ESDD ik b T Sl £
2.2 MRERESXTISIARERR

EN TG ING Rt , (%% NaCl #
HMEVEPE CaSO4 HHIHIT5HY . FEAHIR] ESDD I (K&
70 A2 I LS R AR F])» 50%IN 45 LU Upso, i CaSOy
EE A s i T w50, 2 B e e HriA s
T CaSOy, TEVGH B/ RIKF A R RAETE A
Tfi e B e A K B AR S N A R AR LR R
N L5235 2B 5t NaCl b E e
fit, My58H NaCl LB, V52 35 %
fi%, NZSHIE Us Tt

; 24
) :
201+
g v
H_,
m 16f---
®
Ein
& 12
gl : : : :
0 40 80
CaSO4 1EIG R I HL /%

B2 CaSO+NaCl&iSERMBEGFHI U™
Fig.2 Uysyo, of disc insulator with
contamination of CaSO,+NaCl/?8!

CaSO4 X175 A Ha s R 52 M BE SR ILAE CaSOy 194
fife FEUBREVE T THT, B R INAE CaSO, Vil HL G P~ A
FIFRIR ¥ C2F A SO i 2 AAFR J5 1

WEE RS, MEBSIEHTETM
BEEE S, BSREN; SRS, AHE
TR PE IS B -l A R AR, A 2 RS T )P
BS A ARG, RN, BT R
NS YN ) e G S E A LN AT 6l N )

E%i&%#ﬁﬁﬁi oy FREBRAEER. TRiE
AR, BT S0X >NO;>Cl; BT Ca™™>
131
= CI"
5 * NO;
{//
g //
= o 3{/
I .
7t s Ao
'.10{;%
i Na" Mg™ ca™

T
B “0.01. 0.03, 0.10” TR, mg/em’.
B3 [AMRET X &IKiSH Q4% E RS2
Fig.3 Influence of ion on
lowest flashover overvoltage!***"

Mg* >Na*. HE 3 FRitienl /L, SR N R
} S0 >NO;>Cl", Ca**>Mg**>Na", Xfif)5H
HIESOT <NO; <CI', Ca**<Mg**<Na', FE&/&
B AR, BRI, 5
25 [H CaSO, W fif LS 77 AL H 3R T Ca™ A1 SOZ 1
Ji S AR S A IR T A LR, CaSO, i
IS E s =T

3 MRS ENTUXIHEHEENZ

R T AN G 5 R R o3 5 B R T K
IGHEIEMR, B A AREAM R, KR
T Qe AL, H I AN G5 A9 1 32 o) ol
Wiz 2etb. NIGIUERL B, BT T 2 A E S
DX AN G L E By, KILSEE R X TS
B RS RR 5 [ L B 50%, B AEY,
PR SRS I MR AEE 1) &7/ S PSR 53 TIE A
THFDEI X 58 b CaCOs NS, 4341k
NEWERRS AR Bk, AT
%ﬁ%%i%&%ﬂ%ﬁ%ﬁ’&ﬁ%ﬁ%ﬁﬁ
. BEEREIKRE. KEE. HXAESEIH T REIRAERE

SERI R LB I N, R, éﬁz”ﬁﬁ%f)&i‘#:@
TARRISEIL, SO, HEBRR B #T L, HIoh %%

RIMTTH T CaSO, [ LL E A Fil 2 oD BEE IS
TR R, R4 R (TG RN NOYHHE
R IZ RGN, W TSNS AR TS R R R B )
b B thoks B 2 9

WRTSCHTE, B NO, b Am KT SO,
AT, FEARIZ&AF N, NO, iRz i B i i,
HAEIE 5 IR M IT5 4%, T SO, W] LU FE
B 3 KT R e ELAR IR 6 308 S VA
FEARF Wi S v, A8 MBS AR TIN B AR
PEIE A CaSO, i, Hr s A R 1 A 2 th A
N CaSO, 11 50% /545 - 4= FEITE N L b 3k i
75 87 e BRI 3 2 Rk, 1110 ESDD SR A4 U2 5
FEN IR Tk X5 R B NO, HLiis B X3, Hi /)
M GR35 B e R AT /b, 1 ESDD R
BEWIN. BEE CaSO, 1L L MG R TR 1 LE
L [119k/b . ESDD R 5 REAT Rt R AL H Jy Ah 5 3%
T ) SEBR 5 B2, ESDD 5158 N4 HE Ui A 58
UF R R

AWK, WRHBANGEMS FH, ™
A H CaSO4 RIS INZK LUK Uy IR 451
PRARGRFINUMAIR . fEAH[R] ESDD F - B 2



144 IS BRIGINI) CaSO, %] L)) L AN G T 48 5 05 Pk (K R i 23

Vol. 35 No. 3

F, NaCl 5B o 5 #5482 0.5s, ARRRSE 1s;
CaCl, ¥ FF 42 50~100 ms; FHFR & ELBcH I, &
SEREERFLE 0.5 min, FREBIILL T HELL T
R A AR, Bk, ABRUSE Tk X %%
AR NO, B #Hay5 Y- IX 38, Kok nT Be T I 5 k™ iR
IS .

4 LHig

1) R ) A S5 3 R Ay 3R AR
BRSSP EHEA K.

2) BN GIS R TR CaSOy A2 FHBEIR TS YL
Y SO,. CaCOs, TE RS SAHAIAN 2%
PF R — REVEMN SN K HyS0y, 5 1E
KA B 42 73R OV AE -

3) HLIAMEZS I CaSO4 il CaCO; I EE
HJLAREIA 90%, WARFRE—EMEHEIEH. 2t
YONTTREAETE 3 Al SEAEH : DCaSO4 AMEE L,
HR TP AR CaSOy 177 17K B
@CaSO, MMM, AT HAh Z b =,
CaSO, I F AR BTN Ml SR 2 ORI R H 7
B2 AR, MHENRFEABER R @D b
Re, (EEmiER Ehibidi%.

4) CaSO, MM PEER, RIS A K /KRG
WG FL AR A AR, TCVEE & ESDD 50 &5
B4z CaS0,. TEIBATSERRH, TEHLJIAMEZ
RIMABRAKDIFA T, REEEMR] CaSO4 04 T
ANEEIVER - R, BN T N 2l 2 ESDD
FINSDD, A FH A48 25 3% T P VAN B /K AT
TSRS EEM &

5) CaSO, X5 [N HUE I BE R ILAE CaSOy
() i P S RV T T, IBSRINAE CaSO, 5 A L 25 7~
AT Ca¥ A SO IR EAVAR T . BT
BT R RO AR K, 5 H 23R BIG, 177 CaSOy
VAR EL B P AR B T Ca® R SOL” I3t B A4
AR T HAh AT # LUK, ff CaSO, 5 MK M 2%
LA

6) BEEEGERIRII 2N, RERSHGE
HEn, ARAEERELTTREARE CaSO, N 13K
HARTGR IRy . E BT NO, ¥ Bk 2 f1
TR AR IR T, A REIRZR T X 25 R0 NO, B
Berm Je X3, WSk P RE I 52l 0 (1B 45 T 3o
SE 3k

(1] fE&E—, ZEPRUE. TR f MBI 5 DA 4 bt 0 (B R s 25 0].

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

(10]

(1]

[12]

[13]

A, 2010, 34(12): 124-130.

Su Zhiyi, Li Qingfeng. Historical review and summary on measures
against pollution flashover occurred in power grids in China[J]. Power
System Technology, 2010, 34(12): 124-130(in Chinese).

PO, ENR, k&) & @RISR AL TR
WIS IR EFIECR, 2009, 33(5): 54-57.

Yuan Jihe, Jiang Xingliang, Zhang Zhijin, et al. AC pollution
flashover performance of standard suspension insulators at high
altitude sites[J]. Power System Technology, 2009, 33(5): 54-57(in
Chinese).

JaEK, PERK, WM, & HEMELH Y WAL TF RGN
FRYERTALI]. AR, 2007, 31(18): 28-31.

Fan Jianbin, Huang Zhiqiu, Xie Rongkun, et al. Research on pollution
flashover performance of Y-type of insulator strings used in HVDC
transmission line[J]. Power System Technology, 2007, 31(18):
28-31(in Chinese).

BB, BRI S L R e T B DR S S B A B
INHLEL S BaTEIELT]. MR, 2008, 32(4): 1-6.

Yin Qiong, Chen Yuan. Mechanism of pollution-flashover in power
transmission and transformation equipments caused by rainfall or
snowfall type high conductivity rapid contamination accumulation
and its prevention measures[J]. Power System Technology, 2008,
32(4): 1-6(in Chinese).

FEH, ENMR, k&) & @RI bR AL TR
WIS ARFELT]. EFIECR, 2009, 33(5): 54-57.

Yuan Jihe, Jiang Xingliang, Zhang Zhijin, et al. AC pollution
flashover performance of standard suspension insulators at high
altitude sites[J]. Power System Technology, 2009, 33(5): 54-57(in
Chinese).

KB, WMR, INAH. SRS T INERIER IR & R
[7]. HRIEAR, 2006, 30(2): 35-40.

Zhang Zhijin, Jiang Xingliang, Sun Caixin. Present situation and
prospect of research on flashover characteristics of polluted insulators
[J]. Power System Technology, 2006, 30(2): 35-40(in Chinese).
Li Hengzhen, Liu Gang, Liu Xiaodong. Discussion on the application
of leakage current and optical sensor online monitoring equipments
[C]//2008  IEEE
Insulation. IEEE, 2008: 85-88.

HIHR. KA EIREAER S N TAE PR A D). Bat:
HELTRY:, 2002

Jolly D C, Poole C D. Flashover of contaminated insulators with
IEEE Trans on

International ~ Symposium  on  Electrical

cylindrical symmetry under DC conditions[J] .
Electrical Insulation, 1979, 14(2): 77-84.
Cheng TC, WuCT, KimY B, etal. EPRI-HVDC insulator studies
part ii laboratory simulation studies[J]. IEEE Trans on Power
Apparatus and Systems, 1981, 200(2): 910-920.

MRgesd, OGN, Mok, . Jeillbkma i 4s ik & 3h s i s
EWIC[]. mEERAR, 2001, 27(5): 57-58.

Chen Yugiang, Wu Yaguang, Tian Qiang, et al. Investigation of salt
density in substation and transmission line by optic spectrum in
laboratory[J]. High Voltage Engineering, 2001, 27(5): 57-58(in
Chinese).

FIHERR, 500, Kb, & OLRAREBELMEN RGN, &
HUEHA, 2005, 31(8): 33-35.

Wan Dechun, Cai Wei, Song Wei, et al. Investigation on ESDD
on-line measurement system using optical technology[J]. High
Voltage Engineering, 2005, 31(8): 33-35(in Chinese).

Bte, EEI B R. FJRERR T A S S RS T].
BWEE RS, 1994(6): 12-14.



#3585 H3IM

L S

145

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

Qian Maohua, Cui Guoshun, Guan Zhicheng. Study on using the

partial  surface evaluate contamination level

[J]. Insulators and Surge Arresters, 1994(6): 12-14(in Chinese).
g, R, EILRE. BERESX ESDD SRR E 4T 5 5L
[, EEERAR, 2005, 31(2): 9-12.

Liu Yu, Wang Shaojun, Fan Liqun. Quantitative analysis and

conductivity to

verification on the contribution of CaSO, to equivalent salt deposit
density[J]. High Voltage Engineering, 2005, 31(2): 9-12(in Chinese).
K, T RREEIMEG T RERED]. FALE IR
AR, 1997, 24(4): 24-29.

Zhang Huiyuan, Ding Yang. Study on determining contamination
levels of grid electric porcelain external insulation[J]. Journal of North
China Electric Power University, 1997, 24(4): 24-29(in Chinese).
Ramos N G, Campillo R M T, Naito K. A study on the characteristics
of various conductive contaminants accumulated on high voltage
insulators[J]. IEEE Trans on Power Delivery, 1993, 8(4): 1842-1850.
IEC60815-1—2002, Selection and dimensioning of high voltage for
polluted conditions, part 1: definitions, information and general
principles[S].

1EE—. B ERA% T B ARSI S B RS e C)/Hh
HIHL LR m s B 22y 2007 A ARFE2 . Wl PEH
LT 4, 2007: 281-290.

AR, Y, GRIEMS. 500 kV SRGLZ TS N HMIR T[], R
A, 2006, 32(10): 138-140.

Yan Dong, LuMing, Zhang Yapeng. Analysis of pollution flashover
fault on 500 kV Huochang transmission line[J]. High Voltage
Engineering, 2006, 32(10): 138-140(in Chinese).

KERG AR, BB B IRTSRY W B AR B R V5 I v
R[] HET AR, 1989(6): 13-18.

Guan Zhicheng, Zhang Renyu, Xue Jialin. Study on the influence of
soluble natural contamination on the voltage of contamination
flashover[J]. Insulators and Surge Arresters, 1989(6): 13-18(in
Chinese).

1 E—, Xt JRIE AT ARt X 2k Bk 5 A L T 40 4% 1 I EL
A E ARG R A R L], SR, 2004, 28(10): 13-17.
Su Zhiyi, Liu Yansheng. Comparison of natural contaminants
accumulated on surfaces of suspension and post insulators with dc and
ac stress in northern China’s inland areas[J] .
Technology, 2004, 28(10): 13-17(in Chinese).
Chrzan K. Conductivity of aqueous dust solutions[J]. IEEE Trans on
Electrical Insulation, 1987, 22(3): 241-244.

Seinfeld , John H. Atmospheric chemistry and physics of air
pollution[M]. St.Louis: John Wiley&sons Inc, 1986: 49-62.

Zhou J G, Dong G, Imakoma T. Contamination performance of

Power System

outer-rib type suspension insulators[C]//Asia Pacific, IEEE/PES
Transmission and Distribution Conference and Exhibition. Shanghai:
IEEE/PES, 2002: 2185-2190.

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

HIHR. KA EIREAERS N TAE PR A D] Bat:
FETRS, 2002.

KM, . ELVR AR BB BT RS % T N Ti5
RIG[T]. FFEERR, 2008, 34(8): 1774-1777.

Zhang Peng, He Zhi, Gao Xinming. Study on the artificial pollution

i
P,

test of isolating switch insulator of DC converter station[J]. High
Voltage Engineering, 2008, 34(8): 1774-1777(in Chinese).
EE, EOCH, HRM]. 522 PHEsSE AR, 1991:
71-75.

Zhang Fuzeng, Wang Liming, Guan Zhicheng. Investigation on DC
flashover performance of porcelain insulators in high altitude
areas[C]/IEEE International Conference on Condition Monitoring
and Diagnosis. Shenzhen: IEEE, 2008: 72-376.

HARNE, ERRW], KBRS X ORI 28 2 T ELRTS N R
HERFIE[I]. SRR, 2008, 34(6): 1089-1094.

Zhang Fuzeng, Wang Liming, Guan Zhicheng. External insulation
characteristic of ultra high voltage transmission line in high altitude
area[J]. High Voltage Engineering, 2008, 34(6): 1089-1094(in
Chinese).

Williams LJ, Kim J H, Kim Y B. Contaminated insulators-chemical
dependence of flashover voltages and salt migration[J]. IEEE Trans on
Power Apparatus and Systems, 1974, 93(5): 1572-1580.

Cheng TC, WuCT, ZedanF. EPRI-HVDC insulator studies part i
field test at the sylmar HVDC converter station[J]. IEEE Trans on
Power Apparatus and Systems, 1981, 100(2): 902-909.

Sulaiman A E, Igbal Qureshi M. Effect of contamination on the
leakage current of inland desert insulators[J]. IEEE Trans on Electrical
Insulation, 1984, 19(4): 332-339.

Cheng T C, Wu C T. Communications on the deleterious effects of
nitrates on insulating surfaces under HVDC conditions[J]. IEEE Trans
on Electrical Insulation, 1979, 14(3): 171-174.

Yeks HER: 2010-11-15.

fE& I

ZIEHE(1984), 5, MHLwFIA, BTN
&AM 4i%%, E-mail: zidian 2008@foxmail.
com;

XIRI1969), 5, A, BIZdR, Wit S,
BT 7 1) A T A B IO I 7o PR R R ) e el e %
HBid. AR RIS

FIEHA
FILIE(1941), 5B, Hir, @AW, hEIERR L, #T7
I 9 B R R BEREOR o LS LR B AR 2R D 5 e 2 WL HL T R G
VLIV S RDIE /A

(TE%HE D)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


