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Abstract: Field insulation testing is the most cost-effective and efficient means of verifying equipment reliability before GIS
commissioning. However, current partial discharge (PD) monitoring technologies used in field insulation tests, typically represented by
UHF and ultrasonic live detection, have shortcomings in terms of effective monitoring duration, PD sensitivity, and field application
criteria. To address these issues, this paper proposes a highly sensitive PD detection method suitable for the entire process of field
insulation testing of UHV GIS. The method enables the measurement and analysis of all raw PD signal pulses during the test, and by
adopting an approach of “test voltage characteristic acquisition — external triggering of the PD acquisition unit”, it achieves accurate PD
pattern measurement under non-power-frequency voltage conditions encountered in field testing. A UHF PD signal denoising algorithm
based on coherent averaging is investigated, which can reduce the background high-frequency noise from around 20 mV to below 1 mV
in field measurements. The proposed method was applied during the field testing of a 1 100 kV GIS at a UHV substation, where it
successfully detected an abnormal PD phenomenon caused by metallic foreign objects inside a circuit breaker. Subsequent internal
inspection after opening the cover revealed ablation traces from the foreign object, and the defect was eliminated. These results validate
the effectiveness of the proposed PD detection method and signal processing approach.
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Fig. 1 Schematic diagram of the 1100 kV GIS insulation test and partial discharge measurement system
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Fig. 4 Interference suppression effect of the noise sensor
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Fig. 5 Typical abnormal partial discharge signal waveform

FE—SE N TR, 8] — R ™ A A Rk =
WSS s 8 BA R —80E, kR S
SRR o U B R BRIOBENLIE, R0 s Sl
R SEIE S x AR RSN

x,(n) =s,(n) +&,(n) (1)

RO)HF: n=1, 2, 3, ..., NEKRFIHEG x(n)s
s(n). S(N)ASEIMIE S x(t). s(t). SR EIER; N
NREKEE TR L 5.

AT S T AU PRSI BEALE 5,
HOARWIETAN 0, 75 2538 H i — AN E (14 5L o7
LOREKE N B RN, KRGS EE S
S SRR MRy ZE AT e, BRI, R
IR (S SIS AR E nT LR Q) KRER

E~No? @)

BEEMES sifEreEN &, WSIIESH)

fEMEEL Sl

S =5 ®)

T No?

M ASE S ARIECE S, T e

SO RBEHLYE, LA T R A E TR
= 1

E=—No? 4

v @

FLEEI(2)s (@) TN, R SEIIAE 5 BEAT 122



ROFRFS, A A I R B SR RN T AL FE AT
(1 1M, AR R, FAS R LOAH P AR RTIE KT M
5. Dk, BHATARERE S AL, IR
AT o SR, A5 P A AR e vk T LA R A SIS
SORMH, R T R S AR AT S R
G, DR, S A (R i U S A I
BEATXFR bR, HoOpikin T

FERH M AES X0)6=1 2, ... M)JE, 7F
Hrhik e — 4 S LB E NS EE S XR(3), ¥
PIE S 5SHE ST IO, SRR T
B1) Ry(k+N-1) S o f5 KA oF I 5 21 oy 5440 e 4 i
R(dj), FHAREIFFLIES 52 E S 2 AN 1)
%£45.

&w+N—n:§pgmx4nkmstksN—16)

i=1

R(d;) =max| R;(k+N-1)] (6)
AN ={AN; |AN; =d; - N +1{ (7)

RE)-(7) ' Rk+N-1)IHIFETH; dj FAR T
SRR AR RERI 41 R(A) A 51 R(k+N-1)
(NI

REMAFSEAESEESHNZ AN 5,
o W RS S AR AT P, R IE AT
ER AT P P A B, 15 21BN J5 115 5 Xo(i)

L1y
Xp(|)=VZXj(I+ANj) (8)
j=1

R EIE, & BT kS & R

43 fi#ti%:(singular value decomposition, SVD)FI/NE 7

VR PN RO AT EUAL, A8 XUR B 3% bR BB

ARJFIBAE S, WK(9), FFAEFHF AL 515

S MM T PRI SVD IEAVNE T iEN %15
ST, AEZER LA 6.

f,(t) =A™ —e?'")sin(2r ft) 9)

() : fu(t) A G MRS FIBHRTE 5, mV;

ANMRAE © ARG fONE S REIR.

SVDJj ik |1||l||h|'

MWWWMmmmmwmww

i

-’*»‘wwwvrrvllmkw.ﬁl‘.w.hwmﬂfrmwwwmwww*ww

A LA Wﬂm” :

500 1000 1500 2000
i f&l/ns

B 6 ARFREEESCESR

Fig. 6 Signal processing results for different denoising

&5 W fi/mV

=

algorithms

MERE T LA H, S BTR AR T
BE S RS E NETTEMEL, SES A
A BN P 5 5 BRSO R i, TS5 5 &%
Pl T B e M IR 15 5
2 BEREKSH
21 HREGER

AR YRR G T AR r A R e R RS e A T
BEREDNT RIS R P R SR E S, HEE
KAEF N 2 GSals, BEMSHERRAERE— K R0 BRI
FKR T o 7E S R v e il A e B I FE R, TR
Horbp G Wik s AT E 6 NI, AT A P
WERF AL 44, BRESEEE 2, I
xK LMK T,

1 R RS E TR

Table 1 UHF sensor arrangement

L IR E% HIE IR E
CH1 Wik & 1 AEHLAL I Py B A IR
CH2 W s 2% 1 HLRI P AL AR
CH3 Wik 2% 2 AELA I Py A IR
CH4 Witk 2 2 HLAIO0] Py A SRk
CH5 Witk & 1 U A5 T AL RS
CH6 Tk 3% 2 MU A5 5 AL AR




(b) IR %ﬁET%E
B 7 B bR e A B X5 L B

Fig. 7 UHF sensor arrangement in field measurements and actual on-site layout diagram
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GIS PR RFHHN, 22 MW RBR AL %
ANTT ARG RS, BT GIS Wk & JE Ah T i Bl
TER, B mIE RS R AR RIS GIS i
P I RIS, AHIF T B AL R AR B 3 15
TR WA TR B AL BRI o PR R A R S R T
c=0.3 m/ns, CH3 1 CH4 i f& /&% 2 [ #Y4 GIS HE
PRIIFEES A L=Ly+L,, M SR FAFE RS CHA 238
(PR ES Ly i ARIR A

= (10)

RN 45 SR AT 343 SR OBR B PR 25 CHA 5K
AMEEE 28 25 m, HAZE WK 10. 7£ 1100 kV 1
min i [k J5, 5 HEPE 2 762 kV, 30 min J5 i
FEIE SR TBORIIN , FEWTRE A 2 R E SR K
WREES, MESREIES M EYE. H
SeHER— FBATION, R BEEMR E R T RS RS
SRAE K

Bl 10 JRifE ST 2R AL R

Fig. 10 Time-difference localization results of partial discharge signals

2.2 RETL RS SRR

% SR R RS 5 E R I AR — B[R] P
PRPD I3 LI 11, Hkahh A bR JyARAL A (FRAL),
MR RS R I — AN R, AR A R R
S IEAE (AL mV) o IS R 3080 S 2 3.1
B 8 FroR SR Bk e, IR I AZAE a0 RFALE -

1)RI6 FL AR A 56.8 Hz, &3k BAIN E] 21
13 s, TS AT ANRR RN JE T R U B b,
29 1~2 1%, WkE SIRME £ AifE 75~150 mV 2
], FLPEIESZ I A IE Sk A A By B, A A7 =

B AGLE 45~135°, 225~315° W5 [X [A] A o

2) JRTBUE 5 B K IR A 20 tH BAE 90°F 270°,
B IE 7 g Ak, H R B ARTETE 45~135°,
225~315°PIANIX [A] N, AHAL BT 90°F1 270°, JF
BUE SIRERR, YIHZRBUE 55 R 5% f R A7
TEIEAHG K R

3K 8 HhE ARk BB, YA S
PR AR 52 B, ARG BB T e
PEARK, [FIRARYE 3.1 st gy R, S ELA T
M fF, HEEARRTAERE A A S, MR



758 A R BRI AL SR IR AP 51 %

150

B mv)y

100

Hifig®y
& 11 Ff55 PRPD Ei%
Fig. 11 PRPD pattern of partial discharge signal

e R TS B I T AR A g 34 D,
K 12, M 12 iR AR E AT BLE H: Bl R
S R T &, RBCE B B T, R
B R ORFFRRGE X P, Ry ik i o e — e ¥l
FEl e, Bl P R T, Il AR Bt e AR
FE 70 min A2 4, A5 MR T2 A s A 1100 kV I
2 B —MRKHIZRIE, X 2 i T7E 1 100 kV B,
GIS HREE BRI E R B2 R, X
DG A TR . MTEIRIGZE KA %] 100 min
Fidi, WHESCGHILT —AMB/NARIE, IX 1T A2 H
TGS B M 762 KV PRI 0 13X — i R 2 8T
G B BRLZ ARSI, A TR E L 1R
KPR S . B b, R UK B R AR AL
34 1 £ 4 S JURL 7= 2B R TR A

1100kV
I 1 11 I
I [ T I
1000 | | I 1 I 14
| [ l |
| [ I I
2006V 1 300kv le3skh Tezkv | I
= I [ 762k 1 ]
= >
ey | [ I
= | [ |
= | [ I
IE 500 - I [ 17
| [ |
| [ |
| [ I I
| [ 1| I q
| Il | I
| I I
[ I |
0 | Ll 1 1
0 50 100
I [A] (min)
() RITBUBk v S B 3 Ak B 2%

]

g

g

T R R & Mmin)
5 8

&

(b)Y~ R B34 SR Uik 4

& 12 JRBUsk SR BE A TE) AR AR
Fig. 12 Variation of partial discharge pulse count over time
FEAR S I R TBUE 5 e R B B I ) A2 £
fhrfadh UL 13, IS 13 Al Ze T LAE H: BT CH4
PR IRAR PR B R BRI RS 5 A% 46 ) CHA
FRIRA A /N, FONE B E SR ERA KT
CH3 {345 . 24158 Fi K A 200 kV FH2 300 kV i,
JRBUE 5 B K IRE KRR ROR, 1858 kil 2
H, RSG5 R B S 3, (HI KR B

N,

3 3 8 B %
=] i=1 o
T T

5 d )L (mV)

s
=]

Je g

U Yvw
1204, ° \

0 20 40 60 80 100
I [ {min)

(a) RBURAIEEZRAL LR

200 - CH

d CHY —

200y 2006y BIKY TezkY TOIKV [(H )



(b) FAMREH BT R E
&l 13 Rk B R IE (B BE A T BB 5L
Fig. 13 Variation of maximum partial discharge pulse

amplitude over time

R4E Bk RBUE SRHAES T, FIWHZAL RBUE
TG JEWR R 2 4 R RIS K, TR
RIS WS N BRI N A . LA I 4 2
i Kmilit s . i A = AR AL B A G
R TS, RIS B & e ik B, 15
AEFRR R IA MR (WK 14), HAES
JRTBGE N BARWI A, HEN A 4 MO 7E e A 4 %
PREE T AIRZE  ARHE I, R iiURZERE 25 CHA R
AL AR BE B A 2.37 m, AHLE 3.1 5 10 B L Y
2 i H AR 2.5 m, Rz 13 em, 7EILIZAR
b & T AT AR R 2V L

Bl 14 Wrikas S E S AR R R
Fig. 14 Black marks at the bottom of the circuit breaker gas

compartment enclosure

TEEA A e E 1% AT TIE L, 7R 58
HA L AR E, AW S S BT T
AT RS, B AN Ie R AT IR R T
55,
2.3 BUBMNRIHE

T AR R A )R e s A B S
R, BEH T —BRE T ORI S R
ARG WAE,  F UG Sl iR R
i g Rl RSN Y =

TEI I 48 G B0 AR T e GIS R A4 ikt
SRR BORAS IR I, A I B R RS S S

AR R AL 10 5 B ke = S S ko S 8, R T 1]
G BOKIRESRHFIESE, S8R TE
SR, FEFNWR AL R R A, RO
SNTRFEE WL 15, A% LR DI

DRFEEMSRMSE R, HIWT S AR J= Ukt
RS

HE R TRk IS s

)R PRPD 1 PRPS [k 15 J31] Joy 3 st FL 2 2
(H%. Jomrz. BBk, BIF AL 4 MR,

A)FREEAC KA AR, E b R B AT
JETBEAL,  F2k G 75 I Jm TiS A Bk R R 47K 1
SE s

5) A R S 5 A B g, SRR HUE R
TRBATHIE, NAERBORR GRS RET, 1Eis
ATHERT R, FIWRBUE SR K

6) L1 R TBUA 5 J503 A2 S W A5 5 I (A % Ry
Hi, H HRRRLE RBUE 5 5 FIE e /N
JRTBUK M A =500 /5 BT ARG 5 5 )
Pah: 2PN, R R =500 AN ER R TR]
b He>25%), Mg R BUE AL R T AT S AL E

7)1 J AR R A A LE AR R IE B R T80 A
¥, RO AL E

e

e Rk S S

HEETF RS

W IT b ‘ ‘ R




& 15 /EAHECE o trRER
Fig. 15 Flowchart for diagnosis and analysis of partial
discharge anomalies
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