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Point discharge and arc characteristics of oil-pressboard
insulation under switching impulse voltage and superimposing power
frequency electrical stress

WU Jingfeng', WANG Wensen', DING Bin', ZHANG Lu', HAN Yanhua', LI Yi*’, LI Simeng’

(1. Electric Power Research Insititute of Shaanxi Electric Power Company SGCC, Xi'an 710100, China;
2. State Key Laboratory of Electrical Insulation and Power Equipment, Xi'an Jiaotong University, Xi'an 710049,
China; 3. School of Physics & Information Technology, Shaanxi Normal University, Xi'an 710119, China)

Abstract: The key power equipment with the oil-pressboard insulation winding structure is prone to appear the problem of
acetylene content exceeding the standard when putting into operation, and then partial discharge and arcing phenomena are
produced. Therefore, the point discharge and arcing characteristics of oil-pressboard insulation were studied under switching
impulse voltage and superimposing power frequency electrical stress. The discharge and arcing characteristics of different
point defects were compared and analyzed, and the influence of the superimposed phase of impulse voltage and power
frequency voltage was discussed. The results show that the arcing process of the defect model containing pressboard after
breakdown can divide into high-frequency re-arcing stage, stable arcing stage, and re-arcing stage before the voltage
restored. Among them, the high-frequency re-arcing stage has higher arcing frequency and lower recovery voltage. Under
the switching impulse voltage, the pure oil gap defect model shows multiple breakdown, and the oil-pressboard composite
insulation defect model shows that the pressboard breakdown directly and the oil pressboard breakdown successively, and
the defect model type affects the discharge characteristics and arcing rule. The superposition phase affects the discharge
characteristics and arcing law by affecting the electrical stress magnitude.
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Fig.1 Impulse voltage experiment platform
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Fig.2 Superimposed voltage experimental platform
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Fig.3 Signal acquisition device
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Fig.5 Switching impulse voltage waveform under

breakdown state of five models
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Fig. 6 Switching impulse voltage waveform under special
breakdown condition of oil-pressboard composite

insulation defect
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Fig.7 Characteristic quantities of different defect rekindle arc

regions under switching impulse voltage
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Fig.8 Schematic diagram of discharge in
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internal breakdown type model
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Fig.9 Schematic diagram of discharge along the

surface flashover type model
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Fig.10 Breakdown voltage waveforms of three models under

superimposed power frequency electrical stress
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Tab.2 Characteristic quantities of different defect rekindle arc regions under superimposed power frequency electrical stress

ﬁ}%ﬁﬁ*ﬁﬂ PAI/% PAZ/% PA3/% PA]rave/% PAZr/% PA}rave/% FAIa FA}a
PRI A BRI (90°) 19.42 44.84 35.74 53.31 1.20 28.26 4.66 2.13
SRR B S BV TR A (180°) 18.75 48.65 32.60 42.67 1.21 25.84 3.91 1.98
TR A ST A (270°) 16.36 53.12 30.52 36.54 1.21 23.89 3.49 1.82
55 4 IR T (90°) 5.32 53.68 41.00 51.05 1.05 34.28 6.22 2.76
G5 Ly VR T B (180°) 6.17 57.36 36.47 46.46 1.04 32.55 4.80 2.58
G599 Ly SR T B (270°) 8.34 62.64 29.02 42.28 1.05 30.92 421 2.39
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Fig.11 PD waveforms of different defect models under
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Fig.13 Time and amplitude characteristic quantities of

different defect
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Tab.3 Discharge probability and frequency of different defect
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Tab.4 Time and amplitude characteristic quantities of

defects during different discharge stages

BRI A% T,./ms
A BRI PR (90°) 0.651 0.284
A BRI R (180°) 0.437 0.455
A R R (270°) 0.311 0.848
AR A8 2 5[ (90°) 0.609 0.698
YRBR AL 2 (180°) 0.466 0.746
AR AL 25 BRI (270°) 0.338 0.898
AR & AR (90°) 0.565 0.597
TMARSE & A LR A (180°) 0.452 0.689
MARE & A LRI (270°) 0.328 0.844
PRI E 2 VR T (90°) 0.245 0.779
S 3 R I R (180°) 0.152 0.947
S L RV I AR (270°) 0.123 1.020
554 L F W T BREE(90°) 0.189 1.072
554 B FE T I BRAE(180°) 0.165 1.133
554 B T B G (270°) 0.152 1.238
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Tab.5 Discharge probability and frequency of defects

during different discharge stages

e R P /% P /% Fie
Al BRIk FE(90°) 85.5 14.5 2.8
Al PRk FE(180°) 73.8 26.2 2.1
4l B ER R (270°) 58.4 41.6 1.7
MR L 2 3.(90°) 46.4 53.6 2.9
MR 28 2 B 3(180°) 21.6 78.4 23
MR 28 2 [3(270°) 12.7 87.3 1.9
AR E A AL E(90°) 73.5 26.5 2.4
IS E A4 5B (180°) 54.8 452 1.8
A E A4 5B (270°) 31.6 68.4 1.6
SHHE L) B VYT BRI (90°) 56.6 43.4 2.6
R AT A BV TR (180°) 38.4 61.6 1.9
AR Ly BT I B (270°) 29.7 70.3 1.2
G99 EL7r VR T BRI (90°) 48.8 51.2 3.1
559 . B R T B (180°) 32.8 67.2 2.5
§5 9 H o IR T (270°) 29.5 70.5 22
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