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DC partial discharge and breakdown characteristics of
flowing transformer oil containing metal particles
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Abstract: Free metal particles are usually regarded as one of the most hazardous contaminants in the liquid-phase insulation
of converter transformers, which can lead to the partial discharge (PD) initial voltage and breakdown voltage of equipment
decrease obviously. In this paper, a transformer oil circulation system was constructed, and DC partial discharge and
breakdown experiments were conducted on the transformer oil containing metal particles at different oil flow velocity. The
PD characteristic parameters were extracted, and the variation of characteristic breakdown voltage with oil flow velocity was
obtained. Then the affecting mechanisms of oil flow velocity on the PD and breakdown characteristics were discussed
combined with the particle distribution images between electrodes. The results show that when the oil is static, the partial
discharge degree of the transformer oil containing metal particles is highest. With the increase of oil flow velocity, the PD
initial voltage increases, and the discharge repetition rate and the accumulation discharge magnitude per unit time decrease.
When the oil is static, the breakdown voltage of the transformer oil containing metal particles is lowest. With the increase of
oil flow velocity, the Weibull distribution curve of breakdown voltage shifts to the right, and the characteristic breakdown
voltage increases, that is, the flowing of oil improves the insulating properties of transformer oil and reduces the breakdown
possibility remarkably.

Key words: metal particles; DC; transformer oil; partial discharge; breakdown characteristics

—_

@sFRl 2023,56(9)

=]

0 35l

R AR T S8 1E 9 v JE B B H R 4 I e
Bt 2 — , FLL T 5 L I A A v I 22
ATELIZ ATV, AR R B N B R R B R
AR LA oL, e it 8 R R R A AL & Ve Re R

EEWB: B M358 dw HA a8 #3478 (SGTYHT/21-
JS-223)

9o SR, H T HUBRAR Bh I 22 5 #6556 B IR, S
32 AT I A5 T AN T RE A 2 VRN AT <R
R £ 25 JORE— 2 10 ] AR TS e e, e,
JE SR XL B AT R 1 3 L A B E BRI N B A
T I 3 S 30 P P I W AR o < e DR AE i T
IR o DR 4 R 2 FR) 408 25 280 o 3 B
W52 ¥ Je) T8 (P AR 463 HEL e Tt 2 FRL T B, xf
AR A A S REfE FHAR K . DUk, & )& Sk i



disirRl  2023,56(9)

T A < B ORI B0 22 s s Il P B UL =) 0T P A oy S R 67

WA A AR T 8 R 48 & e A RIS G 2k R
Z
Bl N A0 2 3 0 4 8 Aok AR e #5 3i 1F PD 5
HFER IR T KRB . A5 5000 58 7 3
AR RS R A B SRR 5 & ) PD #EAT TIRA
WF T, 43 AT 1 SORL R 42 RM J5R DA R Jl P Ak 2 2ot
R . G5 SRR HR Aok () A2 Bk FELUE AT PD
U L f e, BRI BRI, BRI A T W0 3 2 18], HL i
HOK & B0 PD 41 ¥ A BH 25200 . R SARATHI
ZEERIR A K g B VAL V25 RN R 1 A Cultra high frequen-
cy, UHF) R 1 AC IR B FEL 3% T 728 e 2 vl
A &R SHAPD. &R KMAELZREET,
L L ok ot b FE IS (8] A LA 88D, UK I LS
5 44 1.0 GHz; B HJE T PD ) UHF 15 5 R {E
B, R BB FRCR R 46 L (PDIVO , IE L S b ik B
Hi IR N B PD R —E . WEIL C £ 5 76 32 3 Al
LU R I T AN [ ROST R 0Ok 5 ) Ak S R
AR ROk S e S T g W e . S5 IR R, 4%k
T ) 2 FE R o S SR P 3 I B AEG, LR R
TR TR EE SRR, K E
1A TR AR R 5 G P 466 k3 o 2 P P AR

IR TS 7 0 AR R AR R AT AR, 5K
B HL 7 78 s 4 5 SR FH o 3 Y 415 A B T 1) S
IR H 7 3, o (R AR 28 Ve 8 AL TR BIR
AU, SCHER[15-16]1%5T XAt 2748 e 4 il 4 8 foks 51
R JR R AT T AP T . 25 SRR Bl
AU 138G K, PD R FE BRA , Bt A T I 0 v B0
T2 BEBRAR, 72 80°C I HH L4 ml o AELAF FT AL Xyl o
BTG R ORLHE AT, ELO T ORI AL B0 9 1)
R AL -

CA TR B, B R vl B 4 ok T
Ty SR AR T e v 3 X3, S3UACE 48 5 0 ) 46 25 i P gk —
AR DN, ASHE FU R AR R AR I S R S
a3 ) #5 E2 7 s 2 9 P 8@ ORL PD 5 o 2 R PR S
PG TE B T F R AN A9 8 T & ok AR e 3
) PD 5 o 27 4058 , 42 B PD R AE = , IR BUA [F) 9
TR o 7 U B Weibull 2 B, FE3E— 20 B S5 R
o7 5 LR BE A AR R . S AR R BT SR
TH BRBORL 23 AT S AR, &L 0 AL X PD A o 2 R 1
S AL AT 118 o
1 REFERFE

RIS E B R/ MER R G B 1R,
2 PR R M 9 IR O R R ) BRI T A ) R
TG BR-BR AR S5 4 2 . v 2R X B AR T 8% T TE

REHTIEA BN TS H] R G008 1o A8 4 4% 02
TH IR A, AT SIS YR A B I SR Y . ik AR
JESS B ATHYE , B A P AL 2 758 P I B AN
I 0.30 my/s!™, WU B0 i A Hh 4 ) v JA B R 0~
0.3 m/so Ui B35 i) B T pH e B2 A% B I AR L RHL LR
R B0 R 28 AN S AL R, T SO M N 1 e A AR
JEAR R . BR-ER AR B AR N 35 mm . RS B
10 mm. b~ AR ST [E] B508 2.5 mm, | AR
S N R S TR BR AR A AN A g . E
S O A S A %, B R IR R R A
W R IR 4 5 4 R — B

Bk AT
L ! IR B IR 2%
) ek )
RAFE R TT i
2 400 o W
g.: ;:-,‘._...-.- =
T I SRR 2=
WL
I

R
Bl TERMELRS

Fig.l Transformer oil circulation system

AT TR 2 AL B AR T 2 9 PD RE M 56 T &
U 2 iz, S A TRC2025 74 v s B9 L IR 1) 76 U6
Wt B R R . W R a8 5l R E 5 dE
TEAR S B2 N Tektronix DPO7104 8 5 7 7 I 28 .
K IF BRI & PD. C (1 053 pF) N & LA, Z
9 S = RN P BT . AEBIE S0V B i o A
PR, i s g B i 27 a2 o e AR A 5 R IR
PRI & 72 IR A [ % 5 PR & L 5 VDT FH
P, N HFCT 39 B S 40 CT A& 1 2%, i it 52
AR S GRS BN 20 D BN R B 88 o I 72
rh R F s B AR B SR ARORE 23 A1 15 O, 3 AR LR
295000 fps, - FH i 58 B TG AR A LED ¥4 )6 5 X 7
T8 PN R EEAT AN DR G IR I B i 0 5
BAL S BT LT IR AF

B0 R T A4 g 52 R AR T A i R 0 v
258 R 2% o BRI AT, Jo 0 A8 48 kAT I 0k
JBE A T AR A A S v v R A B S AR TR
Sl T 3= Y 9 9 oo e 0 B e 1 e el o = 1B A
%9 50~200 pm, 1 B.& K F 100 wm 1) 4 & ok
X T4 G 1) 6 T BOK, WO BCP 3 B 2 150 pm
(1 & JB ORLIEAT B 8 o ASHIF 9008 3 3 3 11 ) 2



68 F A« O SR ORI B8 I 5 ) LIRS B 5 o R T A BEEMRE 2023,56(9)
PRI LB 26
— —
i 1 T li 241
Whooe i
Z 22
a
S ° ° - [=9
o HE W[5 \ 201
CTAT T RS
JESER/ RS AN ——
18

B2 RTERAPDSHFHFHRKETE
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Fig.4 Change of PD characteristic quantities with

oil flow velocity
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Table 1 Weibull distribution parameters of DC breakdown

voltage of transformer oil

L /(m/s)
0 0.05 0.10 0.15 0.20 0.25 0.30

S
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Fig.7 Breakdown signal waveform in flowing transformer oil
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