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Analysis of Propagation Characteristics of Acoustic Signal in Insulation Oil
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Abstract: This paper dealt with the propagation characteristics of acoustic signal in insulation oil for the purpose of

improving the reliability of AE (acoustic emission) method used for condition monitoring of oil-immersed transformers.

A discharge source was placed in insulation oil and AE sensors (f. :140 kHz) were attached on the oil tank to study

the changes of velocity and propagation path with the depth and distance. The average velocity was 1,436 m/s and

the velocity decreased with the increase of depth from the oil surface to 430 mm. The propagation paths were

classified into three sections by the shortest reflection path of the detected signal. The minimum distinguishable

distance in each section was 70 mm. It was also verified that PD (partial discharge) with a magnitude over than 500

pC can be detected by the AE sensors.
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Fig. 1. Frequency response of AE sensor.
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Fig. 2. Frequency response of the prototype.
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Fig. 4. Propagation paths of acoustic signal in insulation oil. Fig. 5. Typical discharge pulse and acoustic signal by
propagation paths (depth=30 mm). (a) 100 mm, (b) 900 mm.

Table 1. Distance and TOA by propagation paths (depth=30 mm).
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Table 2. Distance and TOA by propagation paths (depth=230 mm).
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Table 3. Distance and TOA by propagation paths (depth=430 mm).

Division Section 1 Section 2 Section 3 Division Section 1 Section 2 Section 3

Distance Time Distance Time Distance Time Distance Time Distance Time Distance Time

[mm] [us] [mm] [ps] [mm] [us] [mm] [ps] [mm] [ps] [mm] [us]
100 431.7 2303 6082 121.8 1,064.7 3184 100 223.6 87.7 4317 1457 1,064.7 436.6
300 516.1 2202 670.8 1077 1,101.1  300.0 300 367.4 X 516.1 1084 1,101.1 4073
500 652.9 1053 781.0 89.8 1,172.0 2727 500 538.3 X 6529 1023 1,172.0 361.5
700 816.3 82.0 9219 736 12702 2262 700 728.0 X 816.3 783 1,270.2 316.1
900 993.1 69.7 1,081.6 61.6 1,390.5 2150 900 921.9 X 993.1 4.5 1,390.5 276.8
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| - \ Section 2
v L
Upper : Discharge pulse [1.00 V/div, 100 ps/div] Ij;)perl : DlSCharg‘e- pulse [100 V‘/div, h "100 ps/d_iv]
Lower : Acoustic signal [100 mV/div, 100 us/div] Lower : Acoustic signal [100 mV/div, 100 ps/div]
(b) P ®)
: Section 2 A i
.'ﬁl-. Section 1 \ SQCUOH 3 i\ Section 2 Section 3
I \\/ S — N\ — — — '\_/__. SR - - I
75 mV@ v Steel path i i 100 mV ?\ o
7mV i b Mot | - 12m
Upper : Discha‘rge 'pulse [1.00 V/d}'v, 100 us/dfv] Upper - Discharge pﬁl;;fl()o Vidiv. “‘]‘60 us/dl\;ﬁm i
Lower : Acoustic signal [20 mV/div, 100 us/div] Lower : Acoustic signal [20 mV/div, 100 ps/div]

Fig. 6. Typical discharge pulse and acoustic signal by
propagation paths (depth=230 mm). (a) 100 mm, (b) 900 mm.
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Fig. 7. Typical discharge pulse and acoustic signal by
propagation paths (depth=430 mm). (a) 100 mm, (b) 900 mm.
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Fig. 8. Variation of propagation depending on depth.
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Fig. 9. Typical calibration pulse waveform. (a) 10 pC, (b) 100 pC.
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10. Relation between injection charge and output voltage.
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Upper : Discharge pulse [50 mV/div, 200 ps/div]
Lower : Acoustic signal [10 mV/div, 50 ps/div]
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Fig. 11. Typical acoustic signal waveform. (a) 400 pC, (b) 500 pC.
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