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Abstract

With the development of electrical engineering and the further demand on the
service reliability of power systems, the on-line insulation momnitoring technique
has been paid much attention. High voltage capacitive-type equipment plays a
very important role in power systems, and the dielectric dissipation factor (tand)
is an important parameter to reflect the insulation condition of power equipment.
Therefore, studying the on-line tand monitoring methodology is of practical
values.

Based on the academic analysis and the actual data measured on site, the
contrast of tand between the data measured during the test of energized
equipment and that during the preventive test is carried out. As it had been
checked by using the Schering Bridge method with high voltage standard
capacitor, and the changing regularity of tand for the same equipment with
different voltage applied or circumstance can be compared. The result proves
that the data measured during the test of energized equipment can represent the
insulation status better than the data measured during low voltage leave-line test.
And the historical data of the same equipment should be analyzed to eliminate
the effect of the interference between phases.

The difficulty of successful on-line tand monitoring of capacitive-type
equiﬁment is how to suppress the interference. Therefore, a comprehensive
comparative measuring method is presented. The result shows that the problem
can be solved effectively after using this method.

Considering the difficulties during developing this technique local and
overseas, such as the excursion of the fundamental wave of power system, the
existence of the harmonics and the electromagnetic interference, selection of
fundamental wave and calculation of phases’ difference are completed by the
combination of digital filter and correlation. Comparing with the FFT algorithm,
with this method the spectrum leakage can be avoided and assure the better
accuracy in certain frequency range.

Key Words: Capacitive-type equipment, Dielectric dissipation factor, Test of
energized equipment, Correlation, Digital signal processing
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1, ¢ . .
=?[f,435m2(a;:+9)cosgadr+ fABsm(cor+t9)cos(wr+6’)sin¢xdt]
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Kb =AmEmERSHE, EXPEZIAET, Tz
ﬁ'x}, (0) = % _E ABsin’* (wt + ) cos pdt

-_——4]15(:05(0 .sing(ax+|9)dr
AB
= —— COS 1 -cos 2(at + 8)|dr
= cosp [ [1-cos2(ar +6)
——‘iBicos
B LA AT 4R
2R_(0) 2R_ (0)
COS @ = ———_ @ = arccos —— (4-3)
v="ag 7 4B

B (4-3) W, HEHPMESRIEE A B LR ENIEIEE - =0 if
EMFRIER,, (0) Wi fcosp , FAAIFIALIZE @l

4.2.4  WE{E A. B BRI

ABRRXEHERE TS0 yoZFBNBMREKRERR (0 ~@)-
B x(n W BHERE
E(r):% fx(r)x(zw)dr (4-4)

YBr =080
f%x (O)':}}F fxz(r)d;-_—% I[Asin(a::+9)+Nr(x)]2dr
=% I[AEsinz(ax+9)+2ANI(t)sin(ax+9)+Nf(r)]dr

DR FERE/NTIRE A B, ERAB=I00Z28, mAE _HEEA
MxtE, BT ATIFERT TIRENEN, TS

- _l 1 9 _A
Rx(n)_TfA sin’ (@ + O)dl = =

A=+2R_(0) (4-5)
B=.J2R, (D) (4-6)

L Es]

[ 22 AT 15
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4.2.5 FH % BR H I B RS 1] 3R A 3

EES () BEEFWN A x(n), n=0, 1, 2, =, k1, 55y
IR A vy, n=0, 1, 2, =, k1, N

. k-1 B

R,J.(0)=%Zx(n)y(n) (4-7)

R©=13 m) (4-8)

n = )

R,@=—3 () (4-9)
n=0

Hebh A RS, AT, dEcosp FIRERNSMEEREE
HEHE (4-7) £ (4-9) ABH.

FHxERHARBRMESHHEAZN, B EKRSBHEAERN
N TEESBEEANRAMBAARESE, JFH, ENRHARE
FRAR T HREELHRRTEAAE TR HRA SRR,
3T F L] [F30{E 5 &R 0] LU A SR B AEXT AH A 2

4.3 {HEIR

KFREBEBARARRFEESNERERBRNI R —MEER
ST . MFEBERELBK BRI (TIR) B FAE S
A7 Bk ma R (FIR) B 88, B FIR My R UL IEE SN EERE
FIER T, RIEAN SHFEEEMEKE.

HF BRI EMAN A, FUTRAE FIR B #X R XE
SR BRE S HEATIER . WA TSR N 49~51Hz I H@E FIR ¥
WA, STREE ST . BT FIR BB ERHEASUR,
BTl it IR I E S MAHAMERAHE, HIMEXHEBAE,
N MRE. BRGEEIRLTRE R, BMAXEn @ik
HPIE SR E.

EHRETT, WA LZKKRREMIIS LR EHEEEE, m
20 3 IR J& 1 IE 5235 W R RAR LI Se PR M B . A 30t ie
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AR 22 B R 2 SRR SRR Z i A E . BEOBREE BN
ERARZE S HT A R (4-3) ~(4-9) A E B MR 2 BIRHEAE. I
BT, Bt EZE AT EER . RESEEFEZERR
TEARSEERN B RCR . B 38 R SR R AN 3 B S S S A BT AR AT
SIS TR B LR, LU R I A 3¢ 5 i R 15 BETH BRI
T 9 R RV B AT

i B AP LR, 7Hla:

a=sin (100 m t)+0. 1*sin (300 1 1) +0. 4*sin (500 7 t)

b=sin(100 ® t+At)+ 0. 1*sin(300n t+ A1)

+ 0. 4%sin{500 = t+At)
B BT AN 3 IR, S IRKIEE, TIAtL AR RIEIE.

L R RN ARSI ARRE R E

251 FIR SEEARIEESS, BT HARRA EEH R R E

RELA IR

AR ATE A R, ERBERNER 4-1 fir.

# 4-1 BEXE S BB X KBRS R W

|

{F B 444 EipE (Atv) | BEExE (M8
KA
(BRI
Eﬁ@iﬁﬁﬁ 360 0. 0524 0
400 0. 0471 0
700 0. 0269 0
RS
ABTHET, |
BHIE (RESE | 2% % *5/400 0. 0785 0
A7) 9% T ¥3/400 0. 0471 0
2 1 *11/400 0. 1728 0 |

LA I, R BB KA S R AR R B BT R, ST AR
PR EERIF TR,
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0. B2 JE HASERE 55 I8 R A A X T A = X

23t FIR @R sSuEs s, ST RENSERRERSTET
HESRRHEESEE 2-FFT BN TFAETENKH. H5, &
TG E LR TR HIERT M FIR BEMBSEENARBEITS
. HWEZRERWME 4-2 FiR:

£ A2 BWEAEEETHRINMNEZRRE

BN IRE

BWOrE B THXDT ¥ 2-FFT
HY A iy
|| RGOSR RRE | HEE EFIE)-BRE
i: ) Hiw{H Hiwld

2n 0.0262 0 0

3n | 0.0262 0 3.1

357 | 0.0262 -0.5 -1.1

2.5 | 0.0262 -0.7 -3.0
2.01 5 | 0.0262 0.3 1.1

* 5 HRAE 720 N2, At=21 x3/720

£ 43 BEAEWEXN TETHRMMTNERREZXH

Hip{E BRE (B3R
BHRT RSN At x| =HBME - ®mipE
Hit{E
BT | BRI 400 M 0. 0471 24.9
WS At=2 7 x3/720 0.0471 0

+ 4 B BAFE 400 M, At=2 1 x3/400

H LR RSRERT R MM EE#R R LT LY
20 TRAR AR e R EBEE AERR v E, I CHBF R EIEE
BRIEER, BNAAXS IR REREEZEANAE.

RS LRI T -




—_

G 43 AR 1S B8

70 AR 5540 HT AU B P F IR AR E 2 TG

-k

8 B A S A 5 R B PR SRR S R A AR SR 3 AR

X

A, T

W R R B S B E 2-FFT Bik, WAEBAKA. wBIRATHKT

K 5 T A R BB U RS R
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(T P B L TE R

4. 4 MG LRBIE BT

LRI =FFTIR MR L BRSE MBI A FEE, B TEN
B SREHE A ERUES . 270N A FR AU A oA i AR X U & v
SETFHXS AN MR EX BT 29T . WA,
E¥, SELEAMEA R

3209 {ERBHEREANTRE, KEREL

A 3207,

A . EIEEWE S GAEREE 3207, BIE Sk B8 1538 3209,

FREHEANIENEREENAIXRE 4290 1~ 5.
T EE AR SRR SRR 4290/20ms, RN 20ms. %
HERGIBELEWE 4.4 BiR, ZHEFRSHEMEEER 5 T A,

Sy AT FIR IS Ja BEAT BT
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HAE R EHIR N FAREEHER RS, EREEHEFTHH
¥, B—MRE T EEXENBEEAEEE: T ERERSBIRIE
EHAR, CEEREREBRBRERFAR A RGRE. KO
AT

6=1-T-(k-kl)/100 (4-10)

SMRPAFESHEBENT: « AXWERALTERLE. BT
MXSRERITESIINMAAZEME, T AEHEHIRFERE, k.
k1 435 o dE Mt BB A RBURIERE.

EEFNES, gHESEHERFTSMRNIIRERERNXER
B, R 4-4 PHEBH L —FPFE 3-4 b9 32074CT 5 32098CT =
#, FAUNBHEESTESRE 2-FFT FEENFAESIR P X
e R 4-5 PHEIE A H LR FEHEN R EXFEFLEEEIE 23S
PR TVEEL R Z: 2-FFT BB EINGE R, HR 44 KX 4-5 F#
B, HTFEAERTEA SNENME" HEAERARE, &
FHRXEMNEMANTREEEHRE 2-FFT FEMXRKMA TR
EHERH.

FEatrd, SESEMxEEN, ARIERFRIERKERE
AR ERD, T|HEEWT &M

IR KE T=5To, ToRESTREMESEMNAN, FHi
TS PSR R TR R T 5 A~ A1,

BMMESHRZ 1 (MESXE) NELEKKE T B 20%LL A iF
¥,

WA AL E&RHE, ETFHEXTITHET N RESI RIS
BRENEHIIER.

# 4-4 FRiR— RS E AR5 I B iE

FE 7 A 8 B #8 C 8
Atand (%) * 0.021 -0.002 -0.02

«FLAE Y 3207HCT, #EMY 320948CT: Atand R E1{H
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(%)
2001-7-20 A 0.05 -0.06
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2001-7-24 A #H
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iE (NI TE) . 03 506
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2 0.05 0.08
A AR 3 0.06 0.07
4 0.02 0.04
2001-7-26 1 -0.06 -0.10
=g =] B 44 2 -0.06 -0.07
20°C~27°C 3 -0.03 -0.06
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2 -0.06 0.14
C 18 3 0.04 0.07
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17°C~24C B #f 2 -0.04 -0.13
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EBTEMHSENNER, NELR TN EBEZIRFERNN=
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T MAMEE, XEEEin R RERRE. RBENEX
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M RIRE -

(1) BRBFRE

RERERBELRFSEENHZ —EMBERMAMINRE . LI
REEUMNBENFHERESZEMNER LI, ﬁ&ﬂ%ﬁ?m
HRFERERBETIRARSNEREE, WEFEBERARTES
g, IR ATAMEBLRE KT ERMIISHRAFRE.

(2) PBEPLRE

BEV IR EMRIBRIRE, BRE{EMFSHARENRE, EX
BEMEENRT, sMNERUSAITEFHIEIALY. EMRETERLE
HTF AR BRI AR, MR8 E20m X A=A iR
£, —fkid, BREITENEBE. EAKRES, BHiRESET
R RN, WILBHE. BEKY) . BEIHINEHE.

(3) HMERE

MR REREMNEPHEAINNE IR ERRE. X£H
FTMRARATEMNBBREIEPRESE. SHEANE FHHZES|ET
piRE, REFENENEEEARESIENREEZ. MALIEFNLEE
THRREMMELESREEATREN, NIEFAH.

AR IR F i H BT BTG 5 R L2
i kE: EMRASEY, MERRETELE AR AEF
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B F Sk T AL ARR U EF T U B R 2-FFT B934
SRS AN B, FEESLOHh T IRE 2-FFT 4R
FEFEESEM RN PR, #FETHEY T NARFEERREAR
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. RAEfESGRE 2- FFT EEFEER IR X S BEEA

ﬁﬁ—%%ﬁﬁﬁ¢m@€mlﬁﬂﬁﬁﬁmﬁﬁ Sy =]
ﬁ%ﬁ%Iﬁva%xﬁ%H¢%WA?MEm HEPANE
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BB 41E 20ms TIHAE 2- FFT B4, mATgeE i
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B, BURBRBEEEFSHITEREFENHBAMNAZ. TiHERHEIR
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