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Analysis of the Correlation on the Weather Conditions and the Contamination Degree
Using Muliple Regression Method
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Abstract

This paper presents the correlation on the contamination degree and weather conditions usig the

multiple regression of the statistic method.

The cotamination is a significant factor in the insulation system. The major factor is natural

contamination, and the most is the salt. The salt contamination is occured by the weather

conditions. The weather contaminations are wind, precipitation, temperature, relative humidity, etc.

The effects of those are different, and the correlation is showed numerically by using the multiple

regression method of the statistic method. With this, the estimation of the equivalent salt deposit
density (ESDD) becomes possible by the changes of the weather conditions.

.M 2

R HEMuE 9o AAMEH7] wWEd
iRF A o3 9&xE o) Eriysic WY
Hule] 29 AAMAAAN nFsoF & 2&89
e A 71%5H 29 AFH 2, FAFH 8o
Z EEso 49 8 4 gl '

7133 oz dtEE Monsoond IS Ee
o} o wet FA7e 29 FHEHY F& B
Ao] grEolrt o HlE "7 Fdele A
AEFHHEA Q&0 3 ¢ o a2y
oo dB8e ¥ BTl s S HAES

HE Boln oM, sl Fell A EE viEl
& GRo o3 908 dAZel HIHE U7
3 Ao dale dAz ¥e AFolq
WA gagc £33 mEo] #HIF o
1Y AE A7 siekx e Wel EX
Aol Fale] FFo] o AAZ At

o= B4 A a9ld &F Q&0 Ftsl

i

2ok o 4

o |

L 8 o £
2
ki
>

. B E oMo A

ORI
U A
i)
2
o
o x
[0

is

[«

3
o
>
=

iy

to
o -
£hl
2

A TE T8 845
& ofYlete iR 24
& grledel ¥

)
3
A

23l EAS Holu Ut irjled EFE WF
2284 02E olxu g FEY ASdE
A% A o (synergy effect)® doZ 4 doh ¥
1 olg)s Ao oy A7t ustA NPEH

2 kA 73
Ay AR
93 &R A w1 A
2 712, Ad
t}Z 3 A2 (multiple
regression analysis)ol 98 ol## 714 aiset
ESDD®¥ S F2loz AT 4 Ut
E ATe BARAYYY sl gFIALH
& EaA s14aist ESDDY A@3dAE 24
}3 ESDDE o &s8le W e AR o

oy ofr o2 o
o
wlo

-
> N o
X
o
i
o
ML
oft = -

ol

N
HE

Al g

A 24 3}

b}

2.1. ESDD &%

ESDDE 4tdel sigtAw# AFxe 3 A
Aoz 24394 4249 YA &x,
, ARE gz Agakelth ol XM el ESDD
Fe 148 Hez Fy3ich ol A A

o

I o mo

-199 -



sjeto A 7Aoo g ESDDE ZAHIAEH,
= :#oly ESDD &AL 12418 7
A RE FAAAE sige2REH o
43 FolW, Z7] & AAEAS /AN
MY Aoz =49 ESDDE 994 5€%
2001 7¥7HRI0) W, 12412 AR HAHE 2
9] ESDDE 99 1120 &A% Zoo|th

g Aoz 249 ESDDE %A H(brush
wiping) & ©o|-&38%9 3, ZZAAe ESDDE AF
QEZARANE ol &3lAth AlEE EF 254 mm

oA e ARG em, Ao EZRE 10 m &
oo AAjstArt.

=}

A
M

M

22. A

221 dF3ALY 7124

GEAYIAREL BEAYYARYS Qus
@ ez AEAA HALGY BHE Hols}
gtk 5952 YY) 32 pAY SPALE X,

AggARge o

glo

Xa, X3, -, XpBb2 T 0hF
I} o] Hogh

Y= f0+ BiXi+ BoXo+ BXa+ - BpXp+ ¢
&7l A Y& ESDDE Jeuls F&msolw,
Xy, Xo, X3, -, Xo® AF 712, T8, §EFFE,
N, ERe dehile A% Wsolth Al e

A HAAF Bo, By, =, B —"?—7‘5‘%‘?3% g3
AP 5L HA2xATHE 18T

222 dF3AAELEY ¥

EANE Z2aYA SPSSE E&3 FTAA

g Fysidch. A AHPE eyl A3
FBAFE AN F Aok FEAFD7E 08%
1A0]) S EPuise FHAFA ol e
% Reow, 063 0.8AF01A ¢ e
Fagel e i@k F@AFmeol 06& 9
2] E3e ZASode SHEF) FHEAFAAE

=-0.95-0.00052x,+0.0260x2-0.00032x3-0.00255x4
+0.0009x5+0.0035x%s

0.16

0.14 A —@— Measured
—O— Predicted

0.12 4

0.10 1

0.08 4

0.06 1

ESDD [mg/cm?]

0.04 4

0.02 4

0.00 1

May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul
1998 2000 2001
Date [month}]

29Y 1 Result of multiple regression analysis
for Sokcho with SPSS

of A4 AWAFE 07%elH, FH FBHE
wolw Utk T ZelH ReJAX ESDD 4%
B e A7ls A gASkm gon, %e
ESDDel Qloias ZHA3% gt As 243
3 itk 22 ESDDAlZe] o] FadtA
Bt RRo] I REoth shustd Alme
ESDD Hulxeh HE AL 97l HEe,
20008 598 7S F3A7 BASRA 7

et daAE BE oldd sEgx o

232 P -A3<t

a9 25 BN TE3 4
g HoFm gtk o] aHEe A ¢
=

=-0.0780-0.00053x1+6.79 X 10 >x2-0.00021x3
+0.00059x4-5.8 X 10 °x5+0.0005xs

0.030

—&— Measured |
|} —O— Predicted |

0.025 4

0.020 1

0.015 4 - -

ESDD [mg/cm?)

0.010 4

0.005 - -

0.000

T T T v T T T T T T T T
May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul
1999 2000 2001

Date (month]

2% 2 Result of multiple regression analysis
for Boryung with SPSS, Nov. 1999 and Mar.
2001 is not measured.



3e wolm Yout, 3 1% wolt 4718 238
ESDD@el 84 £ vlx1 gieh,

233 AAE-da
a9 3% ARTAAS BFHARY A3
zolth, adze] d4AE ooz FaT,

vi=0.1944+7.07 X 10 ®x,+0.00398x2-6 X 10 ®x3
-9.7 % 10 5x4-0.00019x5-0.00013x¢

wou/
—8— Measured
—O— Predicted
0.006 + 3
— 0005
8
=]
E 0.004
o
o
7]
W 0.003 4
0.002 4
0.001 . T T T T v T v T v v v
May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul
1999 2000 2001
Date [month]

¥ 3 Result of multiple regression analysis for

Samchonpo with SPSS, Aug. 2000 is not
measured
714 1999 7€E AT dFEEY A7)

ol FA7F A9 FAre A, AR AF)L 0.665
22X By FuAF &} 2 Aozt vyyA

o) =
w .

234 4A-AFx

O 4% AAA Y gFIARY 27%E oY
0025
—o— Measured
0.020 4 ...} —o— Predicted | . |
— 00154
8 :
(<] .
E o010 f -
a
a
1723
* o005 { 8
0.000 4
May Ju Sep Nev Jan Mar My Ju Sep Nov Jan Mar
1999 2000 2001

Date Imonth]

2% 4 Result of multiple regression analysis for
Sungsan with SPSS

Z2 HoFm QY o] a2z it
off o3 Fazch,

A e
7i=0.199064+3.94 X 10 °x,+0.008944x2+0.000419x3
-0.00039x4-0.00025x5+0.000183x6

o) Aol FBASE 06100t s FEAFE
1749 24 doEHZAA 3 wskn,

235 1%

el 4A P UE BFUYAA BHe 1)
9 99z 247 ESDDE tiez %7 WE
o, YHA olgel xE IY 4 vk olo] B
ATANE AFLEE FHPNE BEoA AT
254 1247 Aoz 9EES HANT UE
#292034 2% 765 kV AFA¥E) ESDD

A8 2 1A Adgd 71E s E 85y
39t 29 5

—e— measured ESDD
—e— predicted, r = 0.778, =0.605
—v— V’ predicted, r=0.783, /=0.613

ESDD (mg/em?]
3

005 4

2% 5 Result of multiple regression analysis
for Kochang, Nov. 1999

%7€ ESDDSt uwFAHE

r:0778§ H]J‘I’_Z—‘] l—::.O A_i:o -y/g __% Eﬁg‘
2ol glojA o] ZA A B4 @3}] 7+e) '{x}

rie 4

7R A °}‘_ %*é—% B
ol & S4E MAHEI] st FUe Y 7]

& AFArE Y Ao e Zo] FEe ATl
e A#RAde AdHEGoY r=078322 nnjd
o Wslgto] {EFEHYD,

% 62 28 59 BAzxy ol9d EIFL 3
£ Aee tFEXFIAES AHE Bojm gl
o oy, FExde Adueze ABAF

_.201_



h
Ju

28 X YolHE 2 WaE YU &
o},
a3y 7e @9 4ED ol

2 e

e o0&

so Qe nAs 9t £ o ¥z
% 4% HYHARN G BEs) o&ws VT @
z%e ABAL BAE A2E woln Aok

—8— measured ESDD
—8— predicted, include wind direction, r=0.785, r=616

E£SOD fmg/em?]
-
3

1% 6 Result of multiple regression analysis for

Kochang, Nov. 1999, include wind direction

020

—8— measured ESOD

—&— predicted, include wind direction, r =0.817, =668
old wind velocity and direction data is applied

0.1 —o— predicted, inciude win direction, r=0.828 , =0.685

old wind velocity data is applied

ESDD [mglem?)]
-
S

18 7 Result of multiple regression analysis for
{ochang, Nov. 1999,
velocity data is applied nonuniform contamination

old wind direction and/or

upe} o] Aoz

a9 54 2 + 9
A ¢ & Qos, 4

WEFelst A Add
A% £8 08 ol4sl &g

¢7, 2RRnE 33
o ua oy e FE
+ A,

-
=
A

o o fpo
_\;..1
R
2
°
p

B
2
o
ufo
e

e gzuARas B

sted #4o2 Ugd £ AQY. 148 A

ESDDE 2 713 5%e RE 74Uss 7d%

) glol A7 AT wHel, 1243 F719|

23772 zt= ESDD dolglE 1 AtEetel
Jlgdstet 2R BA7 AU

124 1%0@4 QEEE UEHAEANS

nsQL

),
x2
oo
o
e
o
o
patd
n

(1) T. Fujimura, K. Naito and Y. Suzuki, "Dc flashover
Voltage Characteristics of Contaminated Insulators”,
|EEE Transactions on Electrical Insulation, Vol. EI-16,
No.3, pp. 189-198, June 1981

(2) Kazuhiko Takasu, Takatoshi Shindo and Noboru Arai,
"Natural Contamination Test of Insulators With DC
Voltage Energization at Inland Areas”, IEEE
Transactions on Power Delivery, Vol. 3, No.
4.1847-1853, October 1988.

(3) Ahmad S. Ahmad, Hussein Ahmad, Md. Abdus
Salam, “Prediction of Salt Contamination on High
Voltage Insulators in Rainy Season Using Regression
Technique”, |IEEE Transactions on Electrical Insulation

(4) Zhang Renyu and Zheng Jianchao, "Progress in
Qutdoor Insulation Research in  China”, IEEE
Transactions on Electrical Insulation, Vol. 25, No. 6,
pp. 1125-1137, December 1990

(5] K. Naito, Y. Mizuno and W. Naganawa, "A Study on
Probabilistic Assessment of Contamination Flashover
of High Voltage Insulator”, IEEE Transactions on

Power Delivery, Vol. 10, No. 3, pp. 1378-1384, July
1995

(6) 23, st “shoteeHelol WE Maiet XY
ool E2Y BIZEN", WatHIiEE =24, H

50H 6%, pp 276~280, 2000. 6.

(7) G. N. Ramos, M. T. R. Campillo and Naito, " A
Study on the Characteristics of Various Conductive
Contamination Accumulated on HV Insulators”, |EEE
Trans.PD, Vol. 8, pp. 1842-1850, 1993

] P. ). Lambeth, "Effect of pollution on high voltage
outdoor insulators”, Proceedings of IEE., IEE reviews,
Vol. 118, No 9R, 1971, 9



