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Research on winding vibration of a three-phase transformer under an AC/DC hybrid environment
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Abstract: Winding vibration characteristics of a three-phase transformer with respect to the DC disturbance problem are
studied under AC/DC hybrid operation. The DC invasion state equation of a Y/A transformer is established, and the winding
current is identified through electromagnetic coupling iteration while the winding vibration is analyzed by a vibration
harmonic response model. The DC biased electromagnetic characteristics of the transformer under different operation modes
are simulated and calculated to examine the variation of winding current and its vibration characteristics under different DC
disturbances. At the same time, the winding vibration under different conditions is compared and the rules are summarized. A
dynamic model test platform for the three-phase transformer is built, and a DC disturbance experiment of 380 V transformer
under no-load and load operation is carried out to obtain winding current and vibration information. The simulation result is
verified by experimental data.
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Fig. 1 DC disturbance circuit model of Y/A transformer
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Table 1 Transformer parameters

WS BiEAd S
M /Hz 50 —
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Fig. 3 Electromagnetic parameters under different
DC levels with no load
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Table 2 Vibration acceleration under different DC

g/(107 m/s?%)

’ | E4E 2 B4E 3E4E 4 S4H
0 2.059 1.448 1.446 1.213
1.0 2.830 2.089 1.972 1.733
2.0 3.606 2.649 2.589 2.297
3.0 4214 3.261 3.112 2.774

G HR AT TR g B K. 461 3 )
DUA H# 57 BB I i e 5 8500 R 28k O il
M, R, PRl b 1, 2 5S4
LRI T 3. 4 F5edl, Ui A SR 4l PR )
TSR 1. 3 SR IR INE KT 2.
4 SHAKY AL C MRS T B M, B4
5 CER[22-23 )5 45 eV & .

P A ARG i R R S A 4k e 1) 4R B0
FEEAT FFT A4, $Rah 25 8L WE 5.

e ah I /(107 mis™)

2 . . e . ) . i : .
“0 100 200 300 400 500 600 700 800 9001000
Hi4%Hz
(a) Vgl flezh st 4

el )

'.-E 1.0 L

S 08 B

X 06

= 04 ot N

= NS

5 0.2 R N -

=5 0 L L i L L L L L H H
0 100 200 300 400 500 600 700 800 900 1 000

Y Hz

(b) 3 LA B ik P
Bl 5 SR E IR E

Fig. 5 Spectrum diagram of vibration at winding coils
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Table 3 Vibration acceleration under different DC

/(107 m/s?)

1 5 £kH 2 5Lkl 3 S LkIE 4 SLIE
0 4.502 3.663 3.656 2.981
1.0 4.841 3.925 3.894 3.125
2.0 5.204 4217 4.192 3.464
3.0 5.572 4.656 4.568 3.802
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Table 4 Vibration acceleration under different DC disturbance
/(107 m/s?)

1 5L 2 SLIE 3 5408 4 S
0 6.565 5713 5.690 5.168
1.0 6.722 5.877 5.858 5304
20 6.876 6.011 5992 5.598
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Table 5 Vibration acceleration under different DC disturbance

2/(107 m/s?)

1 Sk 2 S 3 SR 4 S
0 1.953 1.399 1.516 1.196
1.0 2.766 1.978 2.066 1.697
2.0 3.642 2.601 2.667 2.305
3.0 4.339 3.244 3.180 2.768
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Fig. 11 Spectrum diagram of vibration at winding coils
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Table 6 Vibration acceleration under different DC disturbance

2/(107 m/s?)

a
1 52k 2 SEIE 3 SEE 4 S

0 4.693 3.594 3.609 2971
1.0 4.901 3.911 3.908 3.106
2.0 5.169 4.196 4.194 3.399
3.0 5.502 4.501 4.488 3.741
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Fig. 13 Spectrum diagram of vibration at winding coils
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Table 7 Vibration acceleration under different DC disturbance
2/(107 m/s?)

1 SEJE 2 SEJE 3 S 4 SR
0 6.493 5.552 5.501 4.896
1.0 6.655 5.745 5.704 5.015
2.0 6.801 5.995 5.856 5.301
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