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Research Progress on Influence of Water Content of QOil-paper Insulation on Partial Discharge

of Converter Transformer

DU Boxue, JIANG Jinpeng
(School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Converter transformer is the core equipment in HVDC transmission system, which plays a key role in con-
necting AC and DC system. Oil-paper insulation is the main insulation of converter transformer, whose insulation
performance is of great significance to the transmission system. Moisture will inevitably exist in the oil-paper insulation
system due to insulation aging and external moisture intrusion. Meanwhile, moisture not only significantly reduces the di-
electric strength of the insulation, but also is adsorbed onto the surface of the insulation paper, increases the number of
interface defects and distorts the local electric field, and causes partial discharge or even insulation failure, which pose a
great threat to the reliability of the oil-paper insulation system and the stable operation of the converter transformer. We
review its research status in the world, analyze the source, existing state and distribution characteristics of moisture in
converter transformers, explore the internal mechanism and dynamic law of moisture balance and migration in oil-paper
insulation, and summarize the law and mechanism of moisture effect on the characteristics of charge and partial discharge
of oil-paper insulation under operating conditions. The dynamic behavior of moisture at the interface of oil-paper insula-
tion is emphasized especially. It is pointed out that the influence of transient process of water migration on the charge and
partial discharge of oil-paper insulation under operating conditions can not be neglected.

Key words: converter transformer; oil-paper insulation; moisture; space charge; partial discharge
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Fig.1 Relationship between water content in oil and electric

field in oil-paper insulation(!®!

ERZESHRESHL, TUSFNERAS. 58S
ELFER AR AFLIRAS, RS K o & =38 N,
IR FIEBEIE R, Ko UKL RAFAE; ik
ARSI —DIINE, K UM IR
SEAELGH T, TR — PRSI B B
K o 2400 K G AR T T AR A8 25 R IV R B
gy K A AR BE>100% 0, 7K 43 B I B A& )
IIBUSEAR, RS EERE S T RERALE, Ky
St — DB EE UK (H K)o 1X 28 H H KB
T 28 %7 B 25 1 B3 I AR T s 1Y) 7 (1) 46 2%
IEJ Hi21-22]

AR TG T IEER J18UN, AR
22, B RENRIE, WK R EHE b,
FE K S IR B 1 32 BT B 123, /K 90 246 2 AR B 4R
FPRESHE SRS EEA K, ARKES BERH
ZIEWI . LS KA E BK 5 R . K H B



FAf:, R My Bt Ak S ARA 5K 0 Jm B CRAT AR S5k 2935

fiRlS, Koyl S S AR ERERA S,
IAELYER LR N BE LI T2 K S &
By, Ky FAESSIEEE IR TR E T
JZ, IXMELES RS TR B > T AEAL T 2 18] )
i LR S SN R 7K 2 SR S B TR K T
B 7K 73 BRI HE N, VR BRS 0 7K 2 6 S AROO AT R0
P YER LR ks, BB LR . K
b DI, BEES B AT R AL,
PLE KR,

MR A8 G AR K 7> LUK 7> T RS & 3
B AFAE . HIH AAAE TG IRM A HE R AT YL
BR(H AR Z 6, Ja# il S 5L 4R et
Mg &R,

i AL T 2% v 6 78 B8 A 11 248 S AR AE S0 FE
AR T 6 B 7= A S 7K W R 8 1 AR OK 7 T
DE>2.0%) T 140 CHIM AR T SRBIBUK
AT 2 o), i TR A G AROK 20 5 5 73 5
<0.5%)E R RE NI LF A KRS I
FLREEMRAR, Al Zpid iR B L SR PN AR R 2

3 BOREERFHREGRIKT T ESTR

31 KT
G AR S DR A o TN IN R
flir . AHPEE AL 2 P . IX 4 R AR R 2 R
AR an K P T I AR AL R 47 28 R A
BORHY7K 3P i 1) 8 AP A, 14T AR TP AR [ 2
AR A ATE IR AR )2, i, 20 E
FT T E PRI REIE R AR, & R ERELE
— BRI R N ORFEANAS,  RERIX S m] AR AE I )
P PRI, AR s R DX T AR A Sk ik B
IRV o IARAE LI K o3~ it e 3 B
7K 533 FE R 1K 2 7K o3 I — b iT # B 53— Ak
HIEH, SR AEM B I RS KT
BETE R G HIA FRA R @SR R K. K
HERE . BIES . R IRMEAR R R 1k
MK INERERA R, mX1)FR.
Ve =Vo + RTIn(p/ p5) (1)
Xt Yo NSHEH: R NEMESMETEE: T 4
WZ: p H ps 73 il 7K 28U SR AN K 28 U i A 25
k. plps FRHRHE LB AL . £ — & i
JERUETRSEAE T, Ko~ I AH AR A 57 B AH R Y
FHXTHOANE . KB FIIKZE SR 5

1 mm

—

B2 160.5 C F4ZdURE <R
Fig.2 Bubbles on paper surface at 160.5 ‘C[27]

T: 20 [ s0c/ a0c /
émg / : //
ﬁ ; / /st
g L) P )y
§6;ﬁ “~_ ;/// ‘
ZN g )’ /'/ ﬁ& " 60 C
= : VP
1) i/// I 100 C
e PTCT FETEY FTTT PR

5060 70 80 90
#4 2h vh K 4 BR By $107°

K3 I aRAa 5K o)1 1 it 2 128)

Fig.3 Equilibrium curves for moisture partition between

(=]
—
(=)
ot
[=2]}
o |
(=21
~F
(=

insulating oil and insulating paper(*®!

32 koiE®

IKAIAE IR AS IR FERGFE « T FE 0 FE R F186 FE 1)
TER N KA . RS EESTdfEd, BE
ZE e IR AR A G b K A IR I R BRI ), 7EAH
[FR L 26 AR R A BRI 7K 23 B R 2620
AR R K7 Y B R BOR T B . R 2R A Bk
K, KT AT BIEMEIN A R RS
PEFHER/IN, UK 77l 25 BRI AR .

W T RERIUNAEME, KT R PR
S8R, DT 2 () A LA P 2 B e s e R S
XS KA IR AR F 520 A i B AR A K 4y
FHIAH AR R SRR, ERET i B AR
SYECISE N, AR S BAE TR RN, DR,
KT B R EOE B,

Y R AL KA AT REAETE SR 3 ek
A, RERBRESRIK TR ITF . R4 %4t
AFRFIKY &8, KT EEN SRR KES
P BRI 2 FIHLEI S . fEKD 54T
HeRMAHEAER T, FEOoAH AR A RIS A LA A
NEZLERNS . KOTELEAH Y 8RS



2936 i LR AR

ERAK D EBER. WEFm, FHERNPMA
HARTRIG N, LR 4EZR AR TR E - N . H
ST A YEZ R IR A I AR A FATS AR 128 K T3 431281,
Ky B BBARN, 7K LKA FRERTE AEAE, K
BN T AYE R I AL |, SeFgE R R
G, FEUKS TR BCREEUC. (H2pEE Ky &
B, KAyFHHFEEIE, B ER
JUFHER, 7R EE. 2 aHERF AN S A B
ERR, #F4e 3R KR A sg . [Fn,
AYERBEREAE KR, KRERGHLEREHTKS T
B TBRHITR ], KT BREe 1,
AIAEZ FLM G FIERE I3, B Ah, A4 R K 5
SRR TR A 2 AR, 4SBT
Wfa], FEOK ST HRE RSP Bl 4 K+
TEA 42 To e B X (T s = B4,

AR 2 2 (A1) 7K 73 A8 4 R e I8 v i K 201,
2 LT PR 7K 2 T e PEE AR AT 248 2R 10 7K 20 BT 2 B 3
FEARK . M ETE I, SRR K o A R
Pk b, BRICACPAT R TR 7 A4 R
GRS WE TR,  Fdlid R A
o NS M (RN Te B AL 4 TS50 R 43 F
IR 2 7 F B BN K 7 F IR 2iE H
(hnslsd . JufBae yMERm 1) AR, 20 AR
RN AR BREIIAR . 2K BT
AR BT HCR B 2 e e A i A S Ak K
FIERAT ARG SN R R PR, H—2
S M) Y 4% T B A B SRR . SCRR[301H (1 431
NG LW, WK An T, K
Sy AR SRR 5, AR B SRR, Ko
BRI ELT e R )R, HIFRAHEANR YR
NS AR “RE . SCHR[35]1RI XS AR
FE(20~80 C)HHiM AR L KK 3 BT NikAT 14>
T, WE S s, (i Ras BRI A IR
W b, K TFEagERm AR RS>, 4
GANIK A TR AR IES, BRI K 7 ) 4
SR YEG AR, WHART I X K 53 2 ) ) S
BEn, 28Ky FRERUK T, AITTE
TACTTH X IR K X o SCHR[36]1F 75 3R ] 4 4F
YK K R B>4% 0, PUE AR S S 8BUKSY
- FE VH 4% 5 T e 5 23 1 TA) SRR AR SR AR K 4 F
%, TERURERIRES K Ko i & 5 H>5%0F, T
SRR IR A KA X o SCHRBTIRF LRI, 7R
THEIEFE(20~80 °C, 5h)dr, sKAr I 4CHR T

2021, 47(8)
Bk
./—%ﬁ X
™~ \
I A .

B4 JRorFAEL YRR To e TIX L A0
Fig.4 Migration of H20 in the amorphous region of

cellulosel*!

K5 b aRse S Al i sk o3 X B3
Fig.5 High water zone by hydrogen bonds at the oil-paper

interfacel?%)

P RRARAENT JE 1, e eV 4RSS S B JZ I AL
B IX BRI FE(20~80 °C, S h)dr, JKAMEH
TR ABCE RS R R, 78402 18] 7 AR 20 40 A
TEAM R ZTE R K4y X . SCHR[38IWF 78 R B, TF
I FE(20~90 CHWII, IR AR K HK 39 # 2
W, FEAUBCRTH T BT 1R IX .

4 REEIFRBRBLAIK DSBS

4.1 KSRGS RIEMR

AR G BRI B A AT 9 5 HOW 45 4
DIMAR . TR & B AREE 5 N 7 145K, 3t
SN HLGT s R

K FIHERE(Z 1 eV)/NTH )24 i1
BAE(A) T eV, RILERIERT, KT8 5
KRBT G T, X0 T R S AR T A
T T EREFYUER >TSS A T FL S A

BEE LA HOK T SRR, Ko TR
SEOCHER, EAgER AR TEFBIXA
K U T A AL, (A P



FAf:, R My Bt Ak S ARA 5K 0 Jm B CRAT AR S5k

2937

Tne 7K 5325 5 R B AEAS 78 BY X DA K 4 i IX 5 AN e 1Y
XA mAL, FEREsKaE&E N, Kok
54 R R AR I AT X 3. W PR T A PR K 43
FEAEHER 1 TR R, sIREARNNE, HF
g b X -0 58 BY X FH T A I FLBR A1 . STk
[40-4 1A 7232 B R Bt 7K 2= 5 M SR G ) I B A B
AR BEFN AR R R A R4, AR B e ) .
b, KLY F A EE T BUE ARG,
XUEELRA M A B T RS EE, Ky 544
FRUEE T2 e R JF A R ) B P ) S . X L
Tk R 2 2 SO A A W R AR ST . SCR[42]
o FREIG RERK DT EH p—D—bm R 4
WEIE 3 5/ 6 S47 L IERIEE L R A b X ET
TERARE T AR RN 25, WIS Ta4E%R
HE P SCREIRV B AR AR, (4T 4 R4 R
FEREAR . SCRR[431IA N, TAR4a %k b 73 7K 7 1 LA
BT IAAAAE, IR AN S A4 R 10 &
MERBIKAERN . Ky FRESHH 031% A2
L12% e, —#a Ko FrBesE T,
et FEEM RN, $iE TR R
ReMl &g, ABREEERCD . MoK iR Hudt—
A ETH1.12%~3.12%)I, SEETEEYE BT
RSO EEET, RS R ENSERD, H
TP EREENER, S8 EA .
42 KRR ELB SN
SCHR[44-451IN R 24 I 4R 4 2 A K A AT LERT
Tyl /K R T RE AR 22 5730 A1 70 mN/m), —#6
a3 K FA A T IR AR RS K 77, Ko+
FEEIF- 7K 5 7808 220, ~FIYIEIFE A 2.32 nm.,
EEBBEMER T, maR4LgP B PRy T+
TR R A B 2 [k R AL 5, b T sy AR 26 2 1)
HLF o SCHR[46]1ET X 4K RUBE T 7K 23 5% BLA Y ot ) 5
MHEH K" BAL. W 6 fior, 5 “/K7e” fi
ek, IR IR TR NN, K TRZE
YRR T B 3 24, 45 MK T 5
GPKRL A TR RS 1 245 E 6 AL ATR);
o FERK A FAETSABAE I IER N 558 1 2451
R, TERGE 2 B4 ER g R); 2 3
JREERK > TR RN B R A . 7R IR 3
EEit, 1L 2 EEE Ry B AR IR AT RS
PEAE, HAREE 2 R A5 B 3 FEE . SCHER[43]
WFIE R IR A2 B0 3 1 I 4% 464 2% 11 B3 He
SR, FAET K EER LA FIRERY

L

Fig.6 Schematic of a water shell surrounding

a nanoparticle!*4

o, fEHSAER NN, MmN T 3558 Bt
REFE AR S R . SCER[ATIR K 4 1 4
RPN RS TS, PRETFHE Y
I, 7K & BRI INIE 2 8 R 8 Z AR IRI R B RE 2L
AR, BEAL, SCERIEFT T—40~100 °C i B [X ] py A%
JEA M SR, AT KRS
FEREEE . SRS REY, miR50~100 C)
N, K LLESHIE e, A IK
3% A8 A T PR H 3 /N s A IR BRI
(—=10~50 °C), A& [ it HH 7K 7 A8 9 BIEIK (9 A s
WK S RE B SR B HERE
<=10 ‘CH}, JMH KT 4REATH, HILH B SR E
B2 R 2R OB FE AR I RE IR . SCHER[18TIA 7K 4y
XoF YH AR A8 25 H, 5 2 1) 5 M2 v T LR AR A L 4
MM, AT FBUK >0 B &8s 2 A g
AR 2 3 o3 A AR O
4.3 Ky ¥ AR LALSES BB AT RN

e L AR 1 245 18 ) 8 2H 3ol 40 24 2% A TE B U LR
DEIVERTR,  4agih AR 4 248y A AL b
P (A A AR SR . ST FL T R SR A B
IR, T AR T B F2 25 (—OH)
it 5 (—CHO) MR FEHE [ (—COOH), Hi it E K
AR TG AR T BT, AR T2 R,
FIT A4 5 ARAR R T 2R 525 55 " 51 47 FL Ap 481

F 2 KA FEI T i 4% 4 % 2 1) B A R O AT
Foiag, MEERK . W M E.
W7 A B A 4518 T LA T AT AN . BF5E
SR UK GBI MARL LN E, R KFE
HRETE e . WIS AR ER B R, ZCH



2938

i LR AR

2021, 47(8)

2 IKIFFAA T I AR A 2k ) A A PR T A

Table 2 Summary of researches on the space charge characteristics of oil-paper insulation under the influence of water
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