5538 4% 557
2019 47 H

BT R RE BT B AR

Advanced Technology of Electrical Engineering and Energy Jul. 2019

A~ =) e 7t 32 JEE TS e 4R 28 45 B S5 B A PR A P 3R
E R, FEK AEBEC, RER.E K. H

(1. HHBRFEALTAEFR, W RHAE 6117565
2. BT BB RE A TRNE, T Fw 211106)

WE. BWMATERE TR, KI5 LIRS R ik 6 X ok Pl 122 ik 6938
K ATl k% B LA — v, A AL B T HRAELE RGN EHAL TS,
B G R AR 3 i 2R S B B A AR e v L] AT ST 45 R RO BT xR 0k T eg A B e
ERILF AT, B i I G B B e AR X 5 5 AN AL (BB AR | Mk R R Ao TR
&= F U, R R B Peik B - BA A — AN B R AR & B3Rl R B e 5% 2R N
3, AR EIR T R BRGS0 B3R d X B, K I AR S B SR AR R Ak B R 2R
VWM =R NP R 2 & Ik Bt B NI Ve S L B s s @ A D B A N = 5 e A QS & B e S
Rl E 6 £ F RS, B oA, B IR E AR Z A A AEBARS R AR, MRB LRI
RFGRAR B BEFREERNERAOLER LR FE B HO K EARKATIE S 2R

Vol. 38, No.7

IR AR

KPR . AR WA WIAT R, TR R, LY

DOI: 10. 12067/ATEEE1807073

1 35

IR RGP S B 2 —, Hastr
2R RE R RGN LM E , % T i fE
Mk E WL E A E L, RS EsfTid R
H, H T AT AR R A 5E mA A B AR i s | e
A R A SRR , FEE 2 S BRI A A 2R
R I TP TR Joy S PR 23 180 e DR TR 245 Rl 2
PR RGRA, HRTE Ry EE A
LER AR S A5, TR BIE S I 4R 48 25 1) S
WA R,

AR A AN WT B AT AR e L B L
PRAFVEHT T 45 1k, 520 A [ A (19 6 75 4w
TIB4T TOLHIAN TR, SR AR 5 B IR R AR
Il N Ahaye i 2 K ARARCE AR TR S5 D7 T T
KRERIBEISE, SCHR[4,5]) KW, fEEBCE G &=
Vo6 VR T T A P ) i L TS R D) 2% R 5 SCRIR[ 6] 3%
0t 206 4 % 1 55 K A v, A TS AR I P Al
BT R, E MR AL 48 5 2 i 5 SCRR [ 7 ] 2 W3 i

i

Fs B E: 2018-07-25

XEHS: 1003-3076(2019)07-0047-09

FE 5K S TMSS5

89 T e 23 AARR T T DR 2 s T B 3 S5 i T 400 44
G AN N TERNL IR LA K 2 A0 IS 46 2% b1 RL I o 25 Ry
PEo BRBFSE AR S 200 T I S e T T 26 A i
DL P AR 118725 S 05 1 I 1) R 3 v 2 8 Ok AL
i FL 2R N 5 T A8 T A 2 Axis AT B — > T A
ZS00 g Gavit™ I AL J. Morin! 2! 43 B4R H i B
BV AAR R ity L B O BRI, LA B St 52 3t 37 %o i
i LA FR BN , A IS HL B T 1Y
PG BER ; e 2R T TR B R IR B 4 AP T 32
BTV A SO N9 R A4 L2 T B N O 720 2 A Y
JEAEFATR it o 3t 5 90 i R 52 ) PR 3R 22 [] 1 56
AR A H W L O R i e
HATE TR FEE S0 A A S e S A S
TR BT T I SRS T 46 I8 OB A i < 7R
R N AT Sl et T RLR B, B REE
X7 FE AR BT v ) PN A 32 S TT i it s e
PRI LUK PR R B AR OCHIFSY, 3 4 24 4 e 2
ZEUE BT HORE T AR 2 ) SRy B BO R AR 2 T
G358 A P (B AT e 2 6 i P, R i Ao 2 5 i)

EE®E T S %(1994-), F5, FREE, BULATTEA, WRTET 1 O e T A R A I RS Al
BHER(1963-) , F, WIEE, Zebz, W, FFFE07 10 A e B A Rk M S RS A



48 BT OBE B B R

A SEER— BT, e O R A il ity L A —
AR R, PR IHOBIF 5 U X T 0l AR 48 2 Jmy B F K
JRIFL M o0 A 2L

ARSCHE SR T R R A0 S ) JR) B e 3
£, 0 IR T B R AT TR B Bk o)
e F R Il U038 X 24 2% R e 1 SR AR T e 2
TR R , o Je 8 o R A R A R R AR S N
XAV T 700 o A SCIFE Al D728 e 4% B 3R
BATHEPR A —TE B S R , $2 v 8 TR AR 1 18
FFA

2 Wit AR E

2.1 HmBslE

VEHE Tmm 10 4 Je 4 2 AX W FN 254 v Fir B AR
o 2 4 R 6 T T T AR A 2R RE S AR
RIS HTHCE 7E 90°C A5 IRBE T HEAT LA, (o =L e
FrifE GB7600-2014

SRR 4G 2 XA A AR TR 7 P B BUSE T AERREE
Y RN e a0 T 25 BR UE AT BUAL B B S R R
Imm B9 28 2% 28 HEE BY S ELAE 100mm 1Y [R1HE 3BE
XPRFE G THT B | 14 Bk 20 2 6 0 % I 45 2R 1
SR 5 A% AR T AL B AT AR 2 B GB/T10580-
2003 B A8 G 4XHAE 90°C /50Pa Y ELAS RS T T4
48h ; SR 5 FL2S TE AL BRAT 9 A8 R #8246 2% 40HR
£ 40°C/50Pa Y FL25 A BE T 1= 7 48h , 15 31 1) 48 2%
AR R A T
2.2 REFAERREER

A SCHE RIS 5 #R R R AR R BT R R
FEL ARG B G RT  BA T = AN 4R, I 1 R
S i e 4 o) B e R YR R 43 2R FH TG J) 5 FL A R
T B E VR KRR I 4 SR B T, HE R
Uy =100kV  FiE IR S, = 10kV - A, ¥ 5= T/ T
5pC. JrylS e rEL s I A S 4 FH RICK R B MPD600 )
JASC, ELAT A v BT RE VR e 412 2 H s R R A
BRI 2K

IR e St B2 N A a W =R
BRI, GnIRL 2 7, 300 Ao 406 2 2 fof e 4 2 D0
PATE AR R By, 18 FH R PR I O et T A RE Y O
ST A 38 A RS 28 S X ] P S

LRI P 3 32 720 AR AR L) 358 Pl e OR
FHRE-MAS S Sy X565 H AR, BRAS T A 10 36 R
DR I AR SCHE FF AR 2850, DA - 55 750 Ay 3 560 rL AR Ok
BRI L 251 T B8 FE 28 P RSP B I

| AR AL
s
' BRRRR A i
V220V N C Caooocy —1 Lo iAo _Z
JRiRL
ST

BT A G LG

Fig. 1 Discharge detection unit
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Fig.3 PRPD and H(q) spectra of discharge process
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Fig.4 Average discharge capacity over time

at different flow rates
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Tab. 1 Initial voltage and transition voltage
at different flow rates
WEE/ (m/s) 0 0.4 0.8 1.2 1.6
PDIV/kV 16.2 16.6 16.4 16 15.6
HArmE/KV 0 222 236 22,9 215 20.6

3.2.2 BRAXELEHEANE

L5 SRy AN ) i 3 B2 i b o 7 v e K P o
Bifi it L B[R] ) AR A 26 AL S T LUE
Wit 5 71 it L F B ] 9 380, AN () 3t T e K e o
IS RER Y IKE Sk e LS A < b T (1 =
T RE RGN R AT o S A S RN S 4 R Y
HEH AR LR B Bt , T SO0 T AR R H A Y
ARAS N O R B A R K H i 4EREAE 200pC Fff
W, KA TR T EE R 1. 6m/s B IRR
JHRCFEL e IR 5 T A R R, ZE L 80min 35 ]
1000pC., 7E 5 HL $5 42 90min J&5 ¥E A PR & 2 B B,
e R H AR Ak 4 e B S R T A, L
Wit o L 114 A8 A0 A A R e Al S B A RS I8 N
P51 i AR A AL,

—e— Om/s
—o—0.4m/s
——0.8m/s
—a—1.2m/s
I —=—1.6m/s

e BB

—_
<
2

zeRRNE L

BRI /pC

,,,,,,

10?

0 20 40 60 80 100 120 140 160 180 200 220
i FE et 1] /min

&5 N[5 T e R r i B ] A8 14
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at different flow rates
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Fig. 6 Discharge repetition rate changes with time

at different flow rates
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Fig.7  Oil-paper interface charge separation under oil flow
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Study on partial discharge characteristics of oil-paper insulation under
different oil flow rates

SU Mao', LI Chun-mao', XIA Guo-giang'*, WU Jin-yuan',
GAO Bo', YANG Yan'
(1. School of Electrical Engineering, Southwest Jiaotong University, Chengdu 611756, China;
2. Nanjing Nanrui Jibao Electric Co. , Ltd. , Nanjing 211106, China)

Abstract: At present with the increase of transformer capacity, most transformers speed up heat dissipation by in-
creasing the oil flow rate, but which will also have a certain impact on partial discharge of oil-paper insulation. To
study the influence mechanism of flow rate on partial discharge characteristics of oil-paper insulation, a partial dis-
charge experimental platform is set up. The results show that the process of partial discharge of oil-paper insulation
can be divided into five stages: initial phase, slow development, transition, rapid development, and pre-breakdown
stage through the analysis of discharge patterns and experimental phenomena of static oil flow. From the stagnation
stage to the rapid development stage, there is a turning voltage, which indicates that the partial discharge develops
into the interior of the insulation board. On this basis, partial discharge tests at different flow rates are carried out,
and it is found that the partial discharge parameters of oil-paper insulation first decrease and then go up with the in-
creasing oil flow rate. In the early stage of discharge, the influence of different flow rates on the discharge is slight.
With the progress of the discharge development stage, the difference between the flow rates is gradually obvious. By
analyzing, there is a weak coupling between the electric field intensity and flow rate, which is the reason of the in-
crease of the partial discharge level. Besides, the discharge parameters at the later stage are more affected by the
flow rate than the previous period.

Key words: oil flow rate; oil-paper insulation; oil flow charged; turning voltage; applied electric field



