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Fig.2 RVM testing principle

(1) BrBe 1 i fbad #e : h Fohit s A 7E

FEIUARE = AR A B4, AR vl iy S AR R T L
P 2 Fpl st i 1] SR L s R U, o

(2) BrBe2 R L tbad e - iR i A B I

)2 LT AR I 5] A S 0B, 5 26 W A R 3 K

B B — 20, (B AR AT 0] 52 v T 3K, 25 A AL I 1)

ANTFARARI 8], LS B S0 o Y H s 1Y [ e A

(3) BrBe3 Jyrf ol 2 ad 7 - B AL R A A

FEMEAT F P FL AT L P A P S A E A2 T

TR P S L T ™ A — R s [l A2 e, G

FL I WRHEL 2 T e e Kl S IR U, 5 78 0

/N, 81 AR il 2R ) B B BEAE A R dU/de



203 SRAESC 5 5T PSO-ELM 748 He g AR SRS T BUEAL Jr ik

TR,

(4) BB 4: 24157 H 3k B o5 K AE 5 K Tk
T, BT BOR AR A R A T P SRR A R o

SCHESCIR E A N, R A 10 kV & e T3
2k L 4 T R B T, DR UE 4K R 25 X SR ARG B 1
R P 2 e fIG, R # LT 6517b SEBUHM 4R
A T PN ER s [l A2 2ok A ) 50 1 SR S, ZE Il 2 F
FEIA R A = R AR I R 4, Il 52 s T4 e 2
W 3 Frs .

— .
RISIT

S R S _—
pc(®) ) il ’ 5!/
EENARY 6517b &

D)

@ S G PELRL

e ]

RN IR

3 RVM flliK BB 2%
Fig.3 RVM testing circuit

Horp S, —Ss B e e T3 E dk HL A%, S, o [l
PTG, S, W HE S 0] B 1 56, S, g 8 H o] T 56, S,
oA e S FL BTG, S O HE LTS s Ry (R, 1 MQ
AT HL B DR AP R B TSI 265 1 AN B BOW IR R T 78
OIRRAL, DU S, (S, P16, S5 08, (SsFT T, BU 7RI 1
(] it o Y AR AL RO 2,5 56 2 B BOW ISR E T A
BEEWAL, B S, (S5, S, .S ST, Ul AE
a1l e B AR LI 45 565 3 B BOT B
FEPI AL 32 IS S, (S, 3T0F, 5.8, \Ss M5, Ik
AR 94 S 1 P, A 20 i R T TR A

SR AR T g A 2% dy B AR L 2 A% M B 2
R, SR RS AU IR 4 BT . AU A g b, S
TEIEAT i 2% 246 2 R 1) 75 BT, o 246 G 2R AT Oy
13 emx13 em 13 emx3.5 em &KL, A 45 et 3
YT AL o TR Ak PN 28 % AR Al e 728 T A i 2
BRAL TR 96 h, Horp A SR ATAR Y 5 /K B LA TE 0.5%
DA, 22 il i & 7K /T 10 /L SRR BS
AR AUH S il 25 22 I AR BB, SC b ik 4%
AR S AR Y B R L 1501

SCHURE I AR 24 G i URE B T s E R B AT
HPCEA T, AR R Ly 1501, % B34 TR 4%
T DN b 2 2 A 0 B R i PR 3R, S P e %
(RIS AR BE Sl 130 °C 356 B SR FH I 2 AR HEAR
AR A AR AN S R .

TER FH 1T 52 H, e 0 3, SCHPef S8 T80 I 1) 5
> 10 min A1 5 min, Jl3LHy &8 500 V, 7E 30 C .

4 TE[RFHEZEFNEN

Fig.4 Equivalent structure of transformer main insulation

—

(b) R

() A

(c) WIRFE

5 ZUAFERAWINE
Fig.5 Aging platform and test samples

60 °C .90 Ci X B T, % b ad il & iy A e &4k
SRR P AR 4R 4 S A T R AT o] A2 e 3, 2R AT
AR 2 (0] 52 v H 28, 0 BT T 2 A e AR

[ 58, s 28 0 R AL it T2 A A ] 52 A, T
(L HP o P ) 8 00 I 52 vl T gt 2 )00 46 R 5, 8 |
W 3 A FEAFIERAE A IIZREE SR ] PSO-ELM Hi:
X M AR 4 SR PN 24 2 AR Y AR AR B K
HEAT I , I 00 25 R 5 BRAL 73 B 45 R EA T 1)
XF AT

2 ML RS EWN G ERIE

21 EEBEMNKERST
2.1.1 B NRUKE R RVM 25 SR i 52

75 TR A AR 48 2% 1 7K g3 R R 32 R 4 2
ARECZ I, K o B e ™ 4 A 2%
Fi o PR SO o WG 4 T 4 FIAS[FIZK 43
HE(1.30% .2.26% 3.04% .3.62% ) 1) 1 4% 46 2 15
A IRAE 30 °C 60 °C 90 C it B T 435 647 [
52 UK (I b & 30, H DU B 3 e, RS
[T vk B T AR AR TP R K oy B A R RS
A7), 115 H s At SR A 6 i .

F R R AT AR o] 0, KoK 5 300 R AR Ak
VA S i, (9155 W o A DG (B S 358, 191 42 /L
JE IR A 1eh 5 3 328 W 1 A 5 (] s % B A To] 0 3K L



2 HEHEAR 204

12
10 f,
> 8h
= | 100 200
B 6h — BKE1.30%
i | — FKE2.26%
E 40 — FIKE3.04%
' — GK#F3.26%
oLl ¢ , . : .
0 1000 2 000 3 000 4000
EA
(a) 30 CIHAIREE N IIRVMA £k
10"
8t
z |
§ o1, 50 100 150 200
® — B E1.30%
A — BIKE2.26%
N — FIKH3.04%
b | — BIKF3.26%
0 ! . N N N N N
0 500 1000 1500 2000 2500 3000
A /s
(b) 60 CMBIEE FIHRVMIHTZE
[
Lo 8
6Ll 4
| 2
Z 5t 0
g Al 50 100 150
| — BKE1.30%
= 3 — FKE2.26%
H - — HKE3.04%
e — F7K#3.26%
Lhaf o
oLl

0 500 1000 1500 2000
N
(c) 90 CMiR & T IRVMIt £k
E6 AERKEEEEEEMZE
Fig.6 Recovery voltage curves of different
micro water contents
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The assessment method of transformer oil-paper insulation state based on PSO-ELM
ZHANG Dewen', ZHANG Jian', QU Limin', WU Dixing®, LIU Heqian' , ZHANG Mingze’
(1. State Grid Heilongjiang Electric Power Co.,Ltd. Research Institute,Harbin 150030, China;
2. Harbin University of Science and Technology (Key Laboratory of Engineering
Dielectrics and Tts Application, Ministry of Education) ,Harbin 150080, China)
Abstract ; Oil-immersed power transformer is an important part of power grid, and its reliable operation plays a vital role in
pomler system security. Aiming at the problem that the insulation state of transformer cannot be assessed quantitatively after
long-term operation , the accelerated aging and damp tests of oil-paper insulation model are carried out in this paper. The
influence of aging and damp of oil-paper insulation on its recovery voltage curves is explored. The particle swarm optimization
(PSO) is used to improve the parameter prediction method of extreme learning machine ( ELM) ,which realizes the quantitative
assessment of aging and moisture of oil-paper insulation based on the characteristic parameters of the recovery voltage curve. By
comparing the physical and chemical performance analysis of oil-paper insulation models, it is shown that the prediction
accuracy of PSO-ELM method is much higher than that of traditional ELM method. The absolute error range for predicting the
moisture content of oil-paper insulation the degree of polymerization ( DP) of presshoard is less than +0.4% or +30,
respectively.
Keywords : oil-immersed transformer; oil-paper insulation ; recovery voltage ; partical swarm optimization-extreme learning ma-

chine (PSO-ELM) algorithm ;state assessment ;non-destructive testing
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