98

RIS BT B A o1 (K72 1 i R 7K B ol R )

[=I=RESY2 oo .y < PN N M el
ETHZZF T E S BE K E IR E HERIE 7!
SRIGAE ™, s, REF, KRS, iEdH?, KB
(1. B RMARKE a. R TAEFR; b it EMNEZE SR, 48E 480 350002;

2. MK WA ILEL AILFR, B2 @M 350108;
3. BMAGEE AHMRANG AR ZHESNE, 48 @M 350013)

B EAAKWETERAE S, T R AR R S A 57 AL K R SR 2% 5T, 51 D AR T s 4 5 SR AR L T8 J 22
DRI 22 4 S, 00 5 A A T 8 T T R 4 B 779 DA TS A T 2 T P R 55 PR A AR B A i 2 A RS . Al
SXof 0 7o R SR A B R K S S TR T T I e R SRS A8 R B 7K S 5 kA S e S 1 e 1 B B S
) ALV A3 1 AR T U R R 23 TR S B 7 — R T L 5 > PR A /K R e 2SR W i xR i K
HEEDE I ROR BEAT VRl o 25 RN - 22 /K A B S 0 I R BEAS 2R HR BT T, 28 3 IR A MBI 8 ), A2 I 4%tk
LR A PERE W 5 3R TT, A7 & 28 IR A I G P ARt o 0T B 22 AN S0 B ) P S5 1 L B a0 A S A A 20 o 28 s 45 v
53 S HR T FE e vt » IS 51 84.8%

K SRRR) : AR I AR 5 R K 5 HUUMERE s SCHF AL 5 R BT A

FESES : TM214 DOI:10.16790/j.cnki.1009-9239.im.2023.12.013

Judgment of oil-filteration effect for
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Abstract: In the long-term operation process, due to the ageing of transformer oil for offshore wind power, the moisture and
other impurities will be produced, which may cause transformer insulation failure, resulting in economic losses and safety
accidents. Thus, it is urgent to propose an effective method of transformer oil filteration and judgment to improve the
transformer oil performance and evaluate its ageing status. In this paper, the oil filter film was conducted superhydrophobic
modification, and the effects of the number of oil filtration, the type of film, and the superhydrophobic modification on the
properties of oil before and after filtration were investigated. The health classification model of transformer oil was
established by support vector machine algorithm. In addition, a new method based on machine learning was proposed to
evaluate the oil filtering effect of superhydrophobic film. The results show that the oil filtering performance of the film after
superhydrophobic treatment is improved greatly. Especially after three times of modified organic film filtration, the
comprehensive performance of transformer oil has significantly improved, meeting the applicable standard of transformer
oil. Compared with several algorithms, the model built by support vector algorithm has the highest accuracy of 84.8%.
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Fig.1 Diagram of preparation of

modified superhydrophobic film
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Fig. 2 The relationship between oil filtration times of

different films and water content of transformer oil
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Fig.3 The relationship between oil filtration times of

different films and breakdown voltage of transformer oil
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Fig.4 Change of moisture content in transformer oil before

and after superhydrophobic modification of superthin film
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Fig.5 Change of breakdown voltage of transformer oil before

and after superhydrophobic modification of superthin film

3 TERHERTEERE

3.1 THERHEBNEHE

A AR AR KB RS AT R, T A
7= HE K G AT AR AR S RIORL ) S5 2R 5T, 24 A o
B EIRER, SR AL R G . IR RSAE
&k (CH) VA (H) CH EE(CHY) 28 (CH <
— S ALK (CO)  ZF I (CO VA (0%, A
VRSO H )78 e 2 T 08 AR R A 2 —
A DLE N VR AR e 48 R B FE AR 2 — o B R 4R
WG Ky EEMZ W BB HOK S T
FRERA AL R TR B, P RoK S =
it g F R R VP AL AR 28 vE g BEIR S 1 R A
AR DA - 5 0 K] 7 A4 52 A I 4 ol 4 5 D Ak 4R A1 4
HLomE IR,

HR 35 Q/GDW 168—2008( 41 4% H # #5 IR A& 46 &
I HLAE Y , A8 25 7 5 27 F R K o 2 5 PR A
LR 2F1% 3,

A s 5 A RS 0T 20 A DY ANBY B 3 — i B
JfE e, B I BONAT I AL, SR = B R
1, BT BN G M2 A . 3R 445 T I b 70 iy
HE TR IR P AR s 24 e e R 1 00 B L A S i



@EFR 2023,56(12)

SR 55 T L8 50 070 FE A L T R 101

*1 TERBERITEEHESAR
Tab.l Component of transformer oil health

assessment characteristics
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Tab.2 Attention value of transformer oil breakdown voltage
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Tab.3 Attention value of transformer oil moisture content
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Tab.4 Evaluation status and its coding of transformer oil
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Fig. 6 Flow chart of transformer oil health classification
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Tab.5 Sample distribution
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Tab.8 Partial characteristics and oil filtration performance

i WG evaluation of different types of hydrophobic films
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Tab.6  Comparison on classification accuracy of

different algorithms
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Tab. 9 Partial characteristics and evaluation of different
types of modified hydrophobic films

Koy E

e SVM KNN A2 0 2%
33 78.0% 76.0% 76.0%
IR ER 87.0% 73.9% 77.4%
Tz AL 88.0% 70.9% 84.6%
JE AL 80.6% 58.2% 88.1%

GHES cH, €O, CO ES
/(mg/L)  /kV
Ji it 1.05 213224 13.17 66.8 12.51

3
MCPEE P T 1,02 2144.55 14.08 123 31.9 1
MG HUBES 048 469.56  8.23 5.2 59.99 0

et PRI 0.78 118561 12.88 24 34 3

U PP3 0.70 861.68 933 146  22.18 1
dMEPVDF1L 132 860.54 28.83  11.1 45.9 1
MPEPVDF3 145 651.77 2827 6.6 44.49 1

T3 1 R SR ) W B R R A7 N ) B 2% 7 B
Ro MR THLAE H, A EL T KINN FIXZ i 28 I 2%
Bik, SVM BILRAT B i B HE Rl 3¢, 14 21 84.8%, IF
H BB AT N A R R . 3% 3R W SRR A B AL A
AR s g% A R B B o K SRR R T
SVM SRR o

RT TRIBAENGEERERTBITIERIEL
Tab.7 Comparison on comprehensive accuracy and

running time of different algorithms

ik HER2/% RSB ATHE RN/

SVM 84.8 0.892 29

KNN 70.2 0.996 84
BUZ L W 2% 81.7 1.443 40

I PR A B SVM 73 A5 Y , 4 9 i v 5 2k
HITJE Ak RE KA BEAT 70 84 5 , 45 R 20 il sk 8 Al
RO Firow , Horh PP BEUE M EON 1 s RE Fn il
N PPL, HAb B ARG DAL 4. R 8 AT LA
JEuh AT 4 R S AR RRCIR 5 23 2R 08 3, RV A 12 4K
M) P AR e P A i e 3R A7 9 e gk 44K T A i 3
AR YW R SRR B — € DI &R
B A 2 LU T A5 o

MR R] LU, ) FH R 5L 7KL o 2 7 A
S AT i i AR s A O i RREOIR S B B 4R
TH BRS04 TE 2 1, B2 4403, Hor
SOV HUBEIE T 3 U )RR R A 5 A 5T S 12
AR T 2 4 BEAR A » 75 & 72 s 4% A8 ) s A SIE 9
TR B 7K AP 8 AT 9l i R R S T L R 1K
56 TN 73 2 25 5 AR 9% L S AN HL I R T A7 ik
s UG X EE S SR BTG 45 R 5 AR SC et AR R 5 2
ZER RIS UEH 1 BRI T S

5 4518

AR S X e R R AR T 25 S D L AR B
Bt X 308 ol A AT R R K SR K 5 8 SR T
[7] B 2% 8 D i Tl 5 22 s % il e A 2, I A
SVM S48 i it A FE VP A5 AR, 1 £ i 7
JS2FH 28 e 2% R 447 8OR  A3 B BL R 4518 -

CL 38008 3 B80T o A o 5 K B e
HHR i 27 R R 3 UKL L IR BUR B 4 . AN
ol SR THEJBE 14 B K AE REAN (), I 52 318 I U A 52
TE FT A BSOS e ek A BT A i ROR B
e 3 LR A L AR e AR M FE AR AT A 68 A v L R
R AL 7K VN P A T i i A AT AT



@EFR 2023,56(12)

RGN - T HLE A o1 (1078 L B R A B I R ) 103

(20 9 VA% A8 s 4% il 10 £ B 175 O 45 & L 4 o
> LN S BR AR s s i 4 B 00k 4k R AT A .
XS P2 NSRRI A SVM BLE R 2 148 I
i T R R RO TR A IR B 84.8%, I Hiz
AT I T B R, BE 05 0 A2 I A TR0 i RROIR A R AT
7K

(3 30 2o ik 56 0 5 s M0 o 17 B R AL
AT S 100728 s 25 ol i R VP A5 R R, P A i 7K 7
I FR) I ek 2R, A5 B SO AT WL i i 3 T RO B
of o BRI 45 R — 2, 23— D IRAE T AR
HH PR 3 AL 4% 2 ST 1R 7 R I 8RB A R
K, 65 45 3 I P R N P T AR s 4 i 4 4 2 T
TR
S HR :

(1] JR i 3, R fel e o RS0 UM 5 < B e 1 5 T e v R df el
AR R NI, v U HAR,2021,47(7):2396-2408.

[2] &5, K TS i R E AT R R R SR R 2R R
[9]. B BB T2 22 412,2022,42(12):4278-4292.

[3] TR R IR IT 4,55 g BRGNS AT 4 DR L S
JEEE[T]. o F L L 4 4%,2016,36(3):729-738.

[4] BN R KT, T IR A RS b R 4 N L SRR R R
5 AR UE MW 7T LS [I]. B A ,2022,46(8):2859-2870.

[5] TR, THRIE,FiLA,5 . KRB LM 110kV HL )48 2%
E YA E IS M D] 4841 8E,2023,56(1):62-69.

[6] TG, K E, 2 AR AR 8 o 4 4 % A A 1) B
BURIRT FE[T]. 484561 K},2022,55(9):57-62.

[7] THR,ESIE KSR 304U S0k R oK o F AU
BT[] 4824 81,2019,52(3):86-90.

[8] hiflir, B im, 20 5 e, 5 /K oy S i 8 R 2l AR A S i g
HUBR SR S [R5 [J]. 48 264 81,2017,50(12):22-27.

[9] B, A3, ST 77 A AR G RS0 Tl AR 2522 AL [ R T ]
A AL, 2013,46(4):43-47.

[10] Sl Z2 40, FH o o, 2= 40k 258 55 R SR IG 40 2 il w2 i AU AR T 7 B0
R[] 462044 81,2022,55(1):12-18.

[11] SR4 A, FR 78, st ik 58 . 8 25l 22 AR 1 212 7 YR T 9 ik e
[7]. 441 81 ,2021,54(8):8-17.

[12] ZRFIE I, g%, % R RDK 4 & 8 T = ol & ALl
VAR B A R A 2 R SRR R LU AT S [T]. A AR,
2020,53(11):89-95.

[13]  FERARK, T4 BRI, &6 B 4 46 25 0 o R Bt 1) 7 e o o
AR 7 R BT FT[0]). 48 2064 8E,2020,53(5):58-63.

[14] LINJY,LINF, LIU R R, et al. Scalable fabrication of robust su-

perhydrophobic membranes by one-step spray-coating for gravi-

tational water-in-oil emulsion separation[J]. Separation and Puri-
fication Technology, 2020, 231:115898.

[15] ZHOU Y J, HE L T, WANG L X, et al. A facile and effective
strategy to develop a super-hydrophobic/super-oleophilic fiber-
glass filter membrane for efficient micron-scale water-in-oil
emulsion separation[J]. RSC Advances,2022,12:3227-3237.

[16] CHEN X, ZHANG L J Q, WU M, et al. Preparing hydrophobic
cellulose nanofibers-SiO, films and coating by one-step mecha-
nochemical method[J]. Polymers,2022,14(20):4413.

[17] LIANG Y Y, JUJ G, DENG N P, et al. Super-hydrophobic self-
cleaning bead-like SiO,@PTFE nanofiber membranes for water-
proof-breathable applications[J]. Applied Surface Science,2018,
442:54-64.

[18] FAN X H, LIU J F, ZHANG Y'Y, et al. Polarization loss analysis
and ageing characterisation of transformer oil-immersed insula-
tion by using decoupled frequency domain spectroscopy[J].
High Voltage, 2021,7(3):575-585.

[19] YUE R L, MENG D, N1, et al. One-step flame synthesis of hy-
drophobic silica nanoparticles[J]. Powder Technology,2013,235
(2):909-913.

[20] H5E Bh BRAG AR, AR, 5 3 T Gl h 2O I R A B e
PG TTVAL]. B R HL TR 2% 41,2021,41(13):4710-4720.

[21] R 7 EE R KRR, AE I T /N B A S R i AR
s % T AR 40 2% 22 A0OIR 25 P A (D] W A R HOR 2018, 44(1):
226-233.

[22]  BEEG G MROCH IR S R L K g AR s Al b
T 4 2 AR A VR AL 52 R R 2 IE (D], o B AL R 24,2017,
37(10):3037-3044.

[23] R0 5 B0 A 55 T BP AR 2R I 2% 1) i e H FL R
Breik sU0]. i R AR ,2012,38(11):2912-2918.

[24]  ERLWERME, NS T SR R B ALK BT R S S
SRR HE0E WM A% a2 B PR T [0, s R 4R, 2015,41
(3):800-806.

[25]  WRdfd ey, JA om0, IR, S 3 T 20 G A A B 28 I 2% 1R AR 2
25 J5 T TR A AR T R[] e R 4R, 2022, 48(5): 1705-
1715.

[26] BE¥, 55 5, M A5 L N T 20 I 2% FIAE SR A HRTEAR
Je s PR A VA o 1082 T [9]. 1 R, 2014,40(3):822-828.

[27]  ERHT R, VFRR 0 S5 8K Si0, B i K 1L F ) e &l
K B Z G5 R [0]. 46 TR A 8,2020,48(4):217-221.

r#m HER:2023-05-23 ; #& B HH#F: 2023-07-10.

EE B KA (1999-) , B (k) @ diam A, mt4, £ 2
INEGELGHA SR F DGR EBEEL DRI
(1968-), 5 (k) , iT &\ F WA, I, EEANFHRAX F AL
BRI IR BT WA AR





