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Detection of Micro-water Content in Transformer Oil Based on
Multi Frequency Ultrasonic and Artificial Neural Network
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Abstract: The micro-water content in transformer oil is an important factor to measure whether the transformer
can operate stably for a long time. Based on multi-frequency ultrasonic detection combined with artificial neural
network algorithm, a method for predicting micro-water content in transformer oil was proposed in this study.
Firstly, the micro-water content in 210 groups of oils was determined by Carl Fischer titration. Secondly, 210
groups of oil samples were detected by multi-frequency ultrasound to analyze the relationship between micro-
water content in oil samples and amplitude and phase signals in multi-frequency ultrasonic data. Finally, the
original 242-dimensional multi-frequency ultrasonic data was reduced to 23-dimensional by PCA. Two prediction
models for micro-water content in transformer oil based on PCA-GA-BPNN and PCA-PSO-GRNN were
established by combining with BPNN and GRNN artificial neural networks as well as GA and PSO optimization
algorithms. The prediction results were compared with the actual results. The results show that the forecast
accuracy of both models is higher than 90%, which indicates that the method proposed in this study can effectively
detect the moisture content in transformer oil.

Key words: transformer oil; micro-water content; multi-frequency ultrasound; artificial neural network; prediction
model
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Fig.1 Structure of multi frequency

ultrasonic testing system

Z R 75 R I AR 4 1 AE 5 AR Y 600~1 000
kHz, O R L) R 750 kHz. R4 TAER, #75 K
WE R B AERG S . (558 SR UE S BT A
O 2 AR A s, SR S R4S S B s
BRUCES TR, I A L. A — 34 s (5 5 i
F 1 4k B2 A% J 3 6 75 R 0S8 T2 HFid N L2, G &8
H T2 A& 515 5 B OO I & Bl T1, e A L3

Fric B8 A B AE S X (D PR .

x(t) = Asin (wt + ¢) (D

% {5 5 ¥ /2 Dirichlet 2% £, 3L A LLid Jy X
(2)~(3),

x(t) = C,sin (wt) + C, cos (wt) 2)

x(t) = Acos (¢)sin (wt) + Asin (¢)cos (wt) (3)

a2 ~3), 1 H74),

C,=Acos(¢), C, =Asin(¢) 4)

BRI B i B A AR Az 22 5 223 ) an =0 (5) L 26D
TN

A= JCr+C,? (5)

C, T
¢ = arctan{co}Jr[l— sgn(Co)]E (6)

A (5~ (6)H : A NIEAE ; C, 1 C NPT HL .
BRI R GLLE A T S VA A



116 M RE

+ T2 R 7R RN R 8 T 4% (14 AR T Bt v oK B A

BGEME 2022,55(4)

PSR I o AR B A R AR R 4y 5 IR R AE
A I A, 0 AR eI A . R R AT R R
SSPET [ [ B M 20 s, B 0K H 20 AN [) 4356 i 75
WAE S, U BRI B 0 L1 VL2 A1 L3 2 il 40 & 45
RN L IR AE 20 4 A £ 55025 %5 B R 8 20 4 L 3=
AT N6 L [ AR 20 4 i B 5505 55 B AR 467 20 2
B TRAT B S AT, R AR A SR B — A
242 HERHE P D B . SRR S S AT 3 G
W, AR BRI A R, HE T R ENE., B
TE A% FE I 52 230 B IR R LR R T, 505
GAE—ERE, N THESEXERKWE . B
JE 28 90 H A7/ 5 %o R 2 00 RS A B/ 5 2
BT 7738 L2 o R Ah 5 A8 G iR R TR 2R A R 1
R A5 22 5 A SCR FH 7K i P U 1R 7 1 0 SI2 56 PR 85 R
PEYEFETE27°C o
12 EFZHBENTERAPRKSERM
MASFEAT THL AR 38 b s Ly 8 7 21041
A TR SRR A o A R ST AR T A% K S B TR
DR TR o AR 6 M, IS 7] T o WA 1) 28 . 4 vl B
R AL 78 B A S B0 T RE A AR IR A T A
KA NGREE o AR B 7 BB R 1 FTR .

F1 2000 EF AR

Tab.1 The 210 sets of transformer oil samples
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Fig.2 Acoustic spectra of multi frequency ultrasound
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Fig.3 Multi frequency ultrasonic amplitude response of

oil samples with different moisture content
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Tab.2 Eigenvalue and cumulative

variance contribution rate
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2 54.95147 346 0.603 813 115 14 1.299 503 951 0.966 817 684
3 26.23 695553 0.712230271 | 15 1.234427 372 0.971 918 624
4 17.77209 151 0.785 668 666| 16 1.166 180 272 0.976 737 551
5 109965357 0.831 108896 | 17 0.855418 586 0.980 272 338
6 9.162 125551 0.868 968 919 | 18 0.759 886 278 0.983 412 364
7 6.142911 954 0.894 352853 | 19 0.466 307 196 0.985 339 253
8 4.086 777752 0.911 240364 | 20 0.428 298 263 0.987 109 081
9 3.310798 399 0.924 921 349 || 21 0.353 899 512 0.988 571 475
10 2.83 234 4498 0.936 625 252 22 0.305 262 822 0.989 832 892
11 2.422 565261 0.946 635 853 | 23 0.301 556 144 0.991 078 992
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Fig.7 Prediction accuracy of models under

different training oil samples
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Tab.3 Convergence time of two models

I ZRHE & PCA-GA-BPNN PCA-PSO-GRNN
/A W SA st il /s WL ST [/
40 12.3 13.5
80 35.6 38.3
120 70.1 69.9
160 105.6 103.7
200 1129 135.4
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Tab.4 The prediction value of micro water content in

two forecasting models

o Mk fE PCA-PSO-GRNN PCA-GA-BPNN

5 el F i (mg/L) T (mg/L)
1 14.30 13.10 13.56
2 11.32 12.26 10.52
3 16.48 14.95 15.63
4 6.44 5.98 5.98
5 11.00 12.14 10.25
6 2.29 2.67 2.55
7 4.22 3.79 3.99
8 7.49 6.44 6.77
9 22.16 20.01 21.00
10 18.43 20.11 17.02

i, PCA-GA-BPNN £ 714 [ 10 25 il I 22 18 & KA
1.41 mg/L, £/} 0.23 mg/L, V34 244 4 0.74 mg/L.
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Fig.8 The prediction difference of micro water content of

two prediction models
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Tab.S The prediction error of two prediction models
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RMSE 0.379 5 0.2339
perr 0.008 9 0.003 9
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