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Effect of Soluble Contaminants on the Effective Pollution Degree of Insulators
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Abstract: In natural conditions, different kinds of compositions of contaminants will accumulate on the surface of insu-
lators, and many of them are soluble contaminants, which have an influence on the flashover characteristics of insulators.
Consequently, taking a standard LXY4—160 insulator is taken as research subject, we performed artificial tests in which
insulators were contaminated with soluble contaminants NaCl, NaNO3, Na;SOs, KNO3, NH4NO3, Mg(NO3)2, MgSOs4,
and CaSO4. And the dissolution and pollution flashover characteristics were obtained. The research results show that the
flashover voltage gradient of insulator is different under various soluble contaminants, as the conductivity is one of main
causes. However, the same kind of soluble contaminants has similar effect on the flashover voltage gradient of insulators,
the difference is less than 5%. In addition, by taking the flashover voltage gradient and percentage of different kind of
soluble contaminant into account, the weight of each kind of soluble contaminant is obtained. As a result, the effective
pollution degree of typical contaminant is put forward and the formula between flashover voltage gradient and effective
pollution degree is presented. And the relative error is less than 5% between the calculated value and the test value ac-
cording to the formula. It has a reference value to assess the contamination level in different areas.
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Table 1  Structure parameters of insulator

HuZ SEItees 25 1) /mm #4%/mm JT€ FL 55 /mm
LXY4-160 146 280 400
L
B H S
T R
BT )

B—iEdE; T—2E4%: Ro—RYTHI,; H—mEghieEs, S—ilM;
E— ANLAMRSEIE; F—HANES; C—HhRRAikalEE
B e Rk 5 s =
Fig.1 Test circuit

ATV A I IR £ 4TS, IO
L4 F IR 4 B OB IS-12)

SRR FF M 4 T S ML I, L
BT, R T 10 IKEGERGRE . 50% %
I Usors RUFRHER V(R 22 0 7750 45200

N
Usows :ZUi /N (1)
i=1

ROk

s Uso NAEZE T S0%IN G HLE, kV; Ui N5
PRSI, KV N NEARORRRE: o ik
LERIM AR 22, %

2 AEIFMEMTRET RITRFHNRIR
WERS S

21 REREXN AR BRI

FEA R X AN 48 5 7 R AR R (175 8 & A
A, 1 HS2 AN F RSB, 48 2% 52K 1 P b
HHKEBSAFE. MK 2 HHEZEE w55 T
R SRR Je 5 /2 3 3. RIASTI T 1 A

N
0=(\/[Z(Ui—USO%)Z]/(N—I)/USO%)XIOO% )

F AR SR ERERERRR, HgR K
2 iR

HIEI 2 ATELE Y. BR 7 CaSOs 2 8h, HiAthml %
s LR L 3 2R B A I R SR (T i T 2 A S e



FPLR, ROGHE, NEE, S5 ARV 4G T A BAS R R 1485

. SR ANGER TR
g, BRARESEREA L. —Bokil, —EiR
BT, fEAHFBIMERT, SR E TR E
HK, BN LS, R R
[FIEE, FHA S FIRE AT, WS T IR,
SRR R R S R, Al S R T RE B
RAN, SR BN 45 BRTR, TR
—EIRE . RN, PR 1 R
K, BT i ik, VAV P RS R B A
H, 5 28 A g /N 13161,

M4 CaSO4 A HIKE KT 2 g/L B, IEEEA
ILEIIA, 4 CaSOs Jli IR E G SHE KT, TR
WEALFRERE. Fik, £S5 H NaCl
BRSBTS e, B —
BREER, T FCEIE NaCl 78 P 4 Fh i 3L m) 37
Wkt 4 %1 TN 4% H TR B FE PRI B2 0
2.2 NaCl 5H5EREh 3T 4625 F N 48 B [ #f B RO S2 0

N T TS AT R 4 2 TN 45 R R
HIRZIE , 253243 51 F NaCl. NaNOs. Na2SOs. KNO3.
NH4NO3. Mg(NOs). MgSOs. CaSOs 254 i oAb
PRI, e TR BN IEY), 0B s 4
G187 8 FRKEMA LSRRG, 5%
JURF R 45 4 21 5 TN 4% HEL IR BB FE OIS . T 4%
HIEBE ERNEAN RS RO E T, 4%+ A e HLER
2 L REBEAR AR, I T AN R AT R
O UG T N . 45T I TN 4% B TR B FE ]
FnNH

USO"u

B == 3)
X LG T HAICHEES, m; EL N41%%
TN HERRRE, kV/m. T 50%[A 4% H I 52548 46
% prspp MK R AT RN A

Uso, = APsson (4)
KA A RFEEG a NI EMRHERRE 456 303)
Je(4), FINZHBERRE Eu /E NRIEL S T
FIRRIE &, "R A

USO% —a

E = - K Peson %)

s Usow N 50%NZE L, kV; L R#ZT ()
MIFIEES, ms K AW

%} NaCl, NaNOs, KNOs. NH4sNOs. Mg(NOs),
X 5 PRI GG A4S FAT T IS INIREE, 4
B 3 Fios.

1.4
G/ 4
1.2F S “
’)lugﬁﬂjﬂ
1LoF aTHER%
o * THER 7
Eoosk =mims $
R: Tl TR 4
5 + B R B =
ﬁoé - AR
0.4F 2
0.2
0o 1 2 3 4 5 6 71

B (gL
K2 Y SR SRR RR

Fig.2 Relationship between mass concentration and

conductivity
60
AEY
ssl x TR 4
m R B
A THER A
or o MimR 4

* S

A 4% F S 16 B/ (kVem )
s &

98]
W
T

1 1 1
0.06 0.08 0.10 0.12 0.14
& 48 #h 2%/(mg-cm %)

1 1
300 0.02  0.04

Kl 3 ANFIRTVEIN 4 BT b 5 S R R R R
Fig.3 Relationship between flashover voltage gradient and

ESDD at various soluble contaminants

M 3 A5

1) Y%A ER %A RIS, S R ATV Rt . 1) 26 25
TN R AR, 1 H&FEREYE NaCl 17
TEWR 22 5%, 4 FIHIR £ 5 NaCl [ IR 4% B i i
BN ZE Al IE B 20% LA L o 7 HAHER 25345 36 LE NaCl
X R4 - TN 4% R B P v, X 1 A Rk
SEARYE Z AT AT S AT IE I SR 5 R, NaCliE T
K SR T AR £, A% T3R5 2%
TG, Foot RO R s, A 5 AR R i
I, T HLA4E R BT 5% R PR RIS, AT 3 R A
N2 LR RRE s 55 1/ DR A TR 5 2% 5 Wi
W, STE Rk, RN R 25
i 48 25~ R T TR (R A, AR T = 38 IR
J&, NI 5 ST vy P A 24 H s P 017200,



1486 i LR AR

2018, 44(5)

2) FHEREE AT, KINOs Xif I B 1 [N 45 L R Aofs
B, T R 3R AR IR LR R 5 s A A 1
X FESE RN RIS R S BT B & R o R B A
AR B AL, MR RIK, FETH
S A L B e R 21231,

3) NHaNOs3 4ei5 T [ 48 2 7 [N 4% B B 5 LL
NaNOs Fl KNOs &, M i SR A TiX 2 &
K25 NHaNO; 52 #4555 o RS B SEAUE,
R4 RIS E R B S =K, BERT
B, T A0 ) o 30 FL IR R, TR L B o) I ) 2%
IR 4% FRL A 2 v

ST 3 A IR A S R S R I 45 Rk T LA, T
DAAS AN R R Eho6F B R 48 2% 1IN 4% F R BB (3R
fiAkVim) KF&, wm(6)in

E, =15.69p.55 " Xf FNaCl

E =2427pueoy "2 T KNO,

E, =26.78pppn s % FNaNO, (6)
E, =26.38p,0 s % FNH,NO,

E =2633pup 7 T TMg(NO,),

MOV R AT E H: T FEMLLT, AFRH
B E8 T VSR SRR 4B o ZERIAK, 2K 3 1)
SR b, SRR R LI 2 2 [N 25 W R P
BESGE ZRE B3GR, HOCBdl fE A . X%
Wt BV 22 AR TR 5T (05 89 B4 W R AE TR 4K a (1)
SO R B A o 7 LR SRR S AEAH [R) S5 3h 2
AT, NS LR RA R LR, RIS 4 Bl L
THEREL T 4 v NG IR E S — TS, 18
PG HZan & 4 Fros, UGS EEARHAE SCIE 1)
5% IEAAHNT IR ZEL AN, AR RIF.
WORHIR R T B 482k 1IN %% FRURB6 B AT R 7R R
E, =26.32p.p " (7
N (7)RIK T 42310 LA LAY () 6 R 26 1
Sy NS R BE L 5 IR R A5 )
& KNOs. NHsNOs. NaNOs. Mg(NO3): #1141
FRERJ UM, P RME (7S — RALTHIR #h T 4%
TN, MAZ RN ED+H, BT &
AR EHX KM, A KRENRREAAE, K
DU 2 2 FRE B T HER TS, B TR SRR £
POEZCEe Rl INESuR il Al S
2.3 NaCl 5#REREh 3T 46825 F N 4 B E # B B S2
ARG 55 F NaCl. CaSOs. NaxSO4. MgSOs4
YR A G AT G5, PR T A FIBRIR R T B4
S NSRRI . WL R 5 For.

65

60

55F

501

45r

A 4% 8 B /(K V-m )

401

35

30 1 1 1 1 1 1 1
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16

&2 48 £ 25/(mg-cm %)

K4 HIRER N AI4a e N 2% R BB E

Fig.4 Insulator flashover voltage gradient under nitrate
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Fig.6 Insulator flashover voltage gradient under sulfate
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