U ER TR

2021 4£9 A Electric Power Engineering Technology FTAE: FHSH

184

DOI:10.12158/.2096-3203.2021.05.026

LT I A R o TR S Y 4 2k 12 I8 B

Z%, =&, FHE, B, ER’, KXT
(1. o BRI B THEAR B B B 7 1 iR 4300005
2. Ly B AR R TS 0 (PSRBT 7% 710049
3. PR RIE A R T ML % 314300)

H B HRLEE N RERGRSWEHRL B E RN TR RAANZARTEFEAETEZNEL, MBI B
#E(FDS) ik A 4 %452 86+ 5 W THiE A RBRFLE AL KMENRERE ST RSB, AIZN XS
WA R B A, SOk, B TR B A RSB, A B B SR TSR RIR £ A T MR AKI FDS 3%
I TX B A K R L £ 6 B, S SRR B 3R R AR SRR R R A R IR X, AR, 15 AR B et 3 B aR IR A AL R
125 T B 2 I3k, A 13 BRI G BAL B 40, 4 MR IKIR L FDS 5 R AR AL 5 XA AL & % (PDC) i & il & 3% £
KO FA, LPEHT T —EATHRABN o RSO LE LT RE , A PERRBFEARBE LA ST . S WE,
AR Ok w5 T A G ol R B BOR R xEAR £ My, TR AR B E e TR TR Hm, RGBT E

BMRLGETER T RN X, BIET ZEE NS ERE,
RERR] A vl R SRR i BRI AR B T R R G G R R R AR

& 425 . TM855 XEkFRERY : A

0 3|7/

e He HEL ) B 5 Ga A TR AS 1Y A RO A e 4 2%
R 5 S TR 114 A ) AT DR IR TR 25 2 A AT r R s A 7
ATEEPERSCHEIRAE T . JAE 1990 4E, K. Jonscher
D T R A R B R, HAE I T ILAE TR AR
JOEFH T H, ) T 26 G R AS ARG I s, A v e i 24
75k 3 B AL A Ak 5 2 A% 4k HBL R ( polarization
and depolarization current, PDC) P Wk R
(return voltage meter, RVM) L T BRI A H B ( fre-
quency domain spectroscopy, FDS) 317" 0 4 1 17
Y e I 5 vk W1 AR IR o A B 62 B8 | B 1AL
F . Jr S L L IR 1) | 2 ) R, A 285 R A L 2 i 28 2
F R ITREA R AE AR A [ A A =g 43 - 45 4 v s (]
LB s S

PDC 3238 52 BF 58 A A L -5 25 B A Fi, 3 i )
(] R 28 A HEAHE , 23 BT A [) AR A 26 2R 1) 408 st B[] 53
it PDC 5 HA MR o B4 i, 7EH iR 4%
GRS I PG i A 8 Tz R . M T
PDC %, FDS L HA S A%EE+ & G m/E
5 FLTHRE S e 3s " (EAR AR B FDS ik 4%
FEDR Ik I 8], O B 3 ok 1 2 ANl STk
[12—13 JYBIFTE R B, B — Ul I sl 70 B 24 0 A
A THT AR HL A 5T A9 24 2 e ik, 15072 SR IBCAY v o iz
A B A7 .2021-03-19; 41 B H7.2021-05-26
Ao BRAXMRFALERA-FEAHE IRNAKR
B4 A 2T B B (U1830129)

X E YRS :2096-3203(2021)05-0184-08

PRE A IR VAL LAY T4 G LR DL G B o 25
=, PDC 0 3 ) e H A 5 248 2 £ 2 805 FDS
AR B (], (H 58 # 19 FDS il 2k f 75 26 2%
FEFE.

A I r 1 I B e A 2 E O 2 26, v
— &N ASE B SE AR T (3 wHz ~3 GHz) (41
HLTIE R A N (HLZ A8 U BR T S 36 = b R
I, JCE B 0 5 55 — 238 T i B B
I, FDS 3578 R I H T e 2 B A6 I v 4 B
YRR o SR BEAT 7 b R0 B it 2 0 s Ak, B
Gy HL 0™ F I R 22 BOK, HLAW A 3k 54
min, {1 FFDE AR R B Ir R A8

SCHRAES Y IR B BV BIF T SR A b B T &
BT IR 5 05 A 26 A I e B A IR R
F PDC 3 8 5 o b e 0 v B8 AT R ST ) F 9
5o T IR 4 3 X I A5 5 b A Ak B
ARTFIIIE T A A R P S R A Bl
DR e R P X R 22 73 45 44, i i B e Ak 55
REAABLT, AT L BB 2 A L i R v I o o
e A 42 FRL Yy 2 SR e 2 AL, T A3 e i
800 V JEIPAT T nI R fr) i LI, LATHG A2 FDS Al PDC
TRA TN 5 B A2 He i il 4 200 2% 2 4 A T2
Frisga e, Btk 1 T s AR b B A MER L

1 WK RED

1.1 ST ElgMEIE
FDS 30 28 5 00 e 25 i S A U FE A 1E



185 TE5 45 SR TR IUSRA v R LR B I 2 W

DIEL P JE ST ARE (0.1 mHz~ 10 kHz) 7
AR 1 mHz 5588 FDS P30 7
RATTE 50 min SERL, MIXFEA L AN 1 PR o

R

72| E— )i
i S 6’)
| s

E1 FDSMEHERKEFRETE
Fig.1 Schematic diagram of FDS
measurement circuit principle

I BT FE A IE DI tan 8 FIRh
_ e'(w) _ e(w) + o,/ey0 ()
e (w) e(w)
A e AN E B e, AN BH B o0l
BT H 0 AR,
ETENMREBGIALZRE C (o) , RN
T AT I AR 3
I{w)=i0C (0)U(w) (2)
BN
C'(w)=C(w) -iC"(w) =
Cle(w) —il&(w) +oy/gp0]} (3)
X Co oy B A VA B AR B JLATHL 2, F o tan 8 8]
&

tan

C"(w)
(o) (4)
HWA R FEAT BN B SHFE. X T
ARSI &, A R S T4
T 1R | (AR % 1) 450 AR B A Im AR AL 4 AR
A PRI XA HL 2 iR AT I, AT (] 4 S e g,
NIRRT
Hy 3R AT A5, FDS Sl o 3 42 59 B 1) A o R
e A 205 5 o BARMIBL Y FDS 45 0] LUA AL
ST 7K B R A R EE T R S 4RE 1 B i A
SR AL (40 1 mHz 75 16 min) MIRAERT , 5
A FDS AR 1 h, BARIG I T B4 15 1 52
MERE
PDC {3 /2 ) 2 757 003K s A B R 1 )
fRHL I 5 2R A B U, PDC )t Fi Jif I B4 1] 2 oy
R, BRI AN R 5 PDC B R ] 3 i,
X F RN A, ¢ = 0 B i I i Bk L U )
WAL 7, (1) AT SRR -
(1) = CU.Loy/g, +,8(0) +f(1)] (5)
o C A U L 2858 (1) O il e 8K, — A
PDC P JC I A, 3R] 2006 5 /(o) Sl FA RS

tan § =

O e
R L }Lﬁm
|2 N Lol Ucl 7 ldep
B o [ B i
\+ k .
#| semshi e
fl

B2 PDCUEREEFEERE
Fig.2 Schematic diagram of PDC
measurement circuit principle

U(t)
U,

10)
i(t)

o

.
2 ‘. /( t
i

depol

3 RS ERIES PDC B4k
Fig.3 Applied voltage and PDC
current curves of the dielectric

i E T AR AL . DRI AR A L T AT R A
ipol(z)=COUc[@ +f(t)] (6)
€9

Tt I A R R — B ] o 0 e AR AR R
B 0 3L, H R RT SEAI0CA A AR PR s it i T R PR AR
IRYERE H U, , I Hs 7 26 1 HL 3 i Bk oy N H
Yo HBLA1S 2] EARAL TR -

Ly (1) == CULf(1) —f(t+1,)]  (7)

K (6) K& (7) BIK PDC U 1 HEAS S, %of
TR A A T, b b E A4S T
S N TN IR R A ST & VNG LY o AT T 2
WEERL IR, 2 Al i 3 v, 3 A 3 I e A
A L SIS st AR A FEL I o

A A ERAESE PRt B v, i T AR A TR
Wit A8 F AT SN IR IR, 25 W AL L R L 25 5
B B B WRa ¥ J VAL T N1 o G & A
PR {5 LS B R A 22
1.2 BEHRE Y R i i

0 BRI, (T) op f e, ) I/ T f (1) 8K
SCore ) WAL DL Z W AT, G 4% Ak H 9 (AN Ay Joit
Wi 37 RS 0) AR FE o 2 B8 3 e A i gt T AT
(8) TG

(1) = 3 e (8)

A oy, G090 DR FUL 5 28 ORI ] 5 %80, 1 AR R Y
SRR RE i = 1 XA AR AL, =2
X TCE T b A A S T AR AL, 1= 3 XF I 4 2% 2 Ak
A R R 3 G S T P SR R AR R A RIOK R T




U ER TR

186

FIRRAL o BRIEA Y Jo i 7 R AR £ (0) 23R T DLk
5h:
1 . —t/T;
1=y Y ae (9)
XFE (9) 4 W 3t F A7 PR ol B i AR e (fast
Fourier transform , FFT) , A] #5451 3 b 34 B iR 38346 20

Y(w) =

On— . - -

CJ—ﬁU<w>+aMwa<w>+ij<w>U<w>]=
&y

g

€o

AR F (o) 997 HE i R pR BSOS R 3K 2, U 4
HL I AR A A

Fiwle, + F(0))| CU(w)  (10)

Y(w) =

0-0 "
— +X"(w)
gow

ijo

g, +X () -j( )]U(w)=
i0Cye(0) U(w) (11)
LA X () X' (@) 53 B RACEE B TR TR 5 2
NHHHEH e(w)=&"(0)-je"(w) , FIA FTHFEM
EYIH
(4 X"
&"(w) _6‘070) X'(w)
g(w) g, X (w)

tan §(w) = (12)

AW
10kQ =

Ve

100 kQ
100 kQ

100 kgi 100 kﬁi

2 EHUEEMERE IR

BUA 1R reL I 7 0 S A A i o R R AIG  FR
DN R ZE R AT I R 2 2 B , BR i 1 A H
Wi 7 iR AE B BT L o SO S I ROR
B AT, I B e R ) R M R R
FE A A SR A 5 e B R, Sl SR 22
SRR T R U N R R S BT HIERE A
2.1 JKHE

SCARIOR FEL %R R P AR TN 454, o Tk
REL I BAIC 20 % R I, DA T 52 B v vl s i o, Dy R
He 25 4 25 IR 5 R 00 B Bl D o K P e 2 P
OPA454 i Moz B &, AR A n] ik 100V,
HATRGIE R A 45 A2 B0 R e - FETOR Ha f B
JUIEBUN G 4 7R, o3 o Ze A 2 A4S B A )
LR AR B AR AR 0o AR 5 2 7 A
HL I 0 0 TIOKR: 20 A, (EL PN ) Hi AR P AR S, PRLG
Ze A WO Ay At R T AT AR T B, B — SR K
KL AR AR S 80K 40 4%

EWOR L B ZE TR 73 L, AL A4 Oy 2 4 E
Fe BRBEIZ T HOR f , Hoi Hh i s Bl A (5 5 1722 1k
A s Vor s Voo 739010 A4 AT By fr i H T T iy
2o 2 ZHRER BRI L 2 25 S R R (100 V)
RSB EE A2 A3 (e [R) B, A O )

A%

Y 7
T 10kQ -
PNP ,J-

1 MQ

v

2

Vee

B4 THAEKEFREE
Fig.4 Schematic diagram of the main amplifier circuit principle
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The insulation diagnosis device based on the hybrid time

and frequency domain method
WANG Liang', YUN Hao', LI Yang®, GAO Xuan’, MA Huiming’ , ZHANG Daning’
(1. China Nuclear Power Operation Technology Co.,Ltd., Wuhan 430000, China;
2. State Key Lab of Electrical Insulation and Power Equipment ( Xi’an Jiaotong University) ,Xi’an 710049, China;

3. China Nuclear Power Operation Management Co.,Ltd. , Jiaxing 314300, China)
Abstract: It is significant for the safe and stable operation of power system to accurately diagnose and evaluate the insulation
status of oil-paper-insulated power equipment. Frequency-domain dielectric spectroscopy has the advantages of abundant
insulation information and strong anti-interference ability. However, it takes a lot of time for low-frequency test process of
frequency domain spectroscopy (FDS) ,which has a negative influence on field testing, diagnostic and evaluation. In addition,
the FDS curve is very vulnerable to external interference and result in test error due to the low current amplitude in the low
frequency band. In order to solve this problem, a mixed solution of time domain method and frequency domain method is
adopted. In the low frequency band,the Fourier Transform is used to transform the time domain polarized current signal into the
frequency domain to obtain the loss factor of the low frequency band. Meanwhile, a set of insulation diagnosis devices is
designed in this paper based on hybrid time and frequency domain method. The linear cascade amplifier has the advantages of
high bandwidth,high voltage and low harmonic distortion. A symmetric differential structure is adopted in the micro current
measurement circuit, which suppress temperature and power frequency interference effectively. Finally, the accuracy of the
device is verified by the experimental test on the oil-paper insulation bushing model of the transformer.
Keywords : dielectric response ; frequency domain spectroscopy ; time-frequency domain conversion method ;oil paper insulation;

insulation diagnosis ;transformer bushing

(%8 4A&PL)





