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Creeping Discharge Characteristics of Three-element Mixed
Insulating Oil-paper Composite System Under Needle-plate
Electrode Structure
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Abstract: On the basis of a new type of three-element mixed insulating oil with excellent physichemical and
electrical properties, and taking the mineral insulating oil-paper composite system as a reference, the creeping
discharge characteristics of the three-element mixed insulating oil-paper composite system were analyzed under
needle-plate electrode structure. The electric field distribution of two insulating oil-paper composite systems were
simulated under needle-plate electrode structure. On the basis of density functional theory, the energy band
structures of natural ester molecule and mineral oil molecule were studied comparatively. The results show that
compared with the mineral insulating oil-paper composite system, the three-element mixed insulating oil-paper
composite system has smaller partial discharge inception voltage, flashover voltage and larger maximum discharge
magnitude, discharge pulse number under creeping discharge fault. There is small difference on electric field
distribution between two insulating oil-paper composite systems under needle-plate electrode structure. The energy

gap of palm oil molecule and soybean oil molecule in mixed oil are smaller than that of the mineral oil molecule,
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therefore, the mixed oil molecule is more likely to ionize under strong electric field.

Key words: mixed oil; creeping discharge; needle-plate electrode; energy band structure
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Tab.3 Stepped voltage of creeping discharge test under

various electrode distance
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Fig.2 The partial discharge inception voltage and

flashover voltage of insulating oil-paper composite system
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Fig.4 The PRPD patterns of mineral insulating
oil-paper composite system in surface flashover
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insulation oil-paper composite systems at different

electrode distances
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Fig.10 Electric field distribution of the three-element

mixed insulating oil-paper composite system at

20 mm of electrode distance
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Fig.11 Electric field distribution of two insulating
oil-paper composite systems from needle electrode to

plate electrode at 25 mm of electrode distance
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Tab.4 Magnitude of electric field intensity £ and its
horizontal component E_for insulation oil-paper composite

system at the needle tip

B = pramgmma oha  Fagmas ki
W B

Jmm E/(V/m) E/(V/m)  EJ(V/m)  E/(V/m)
10 4104x10°  7.1509x107 4.528 5x10° 7.824 1x10’
20 6.834x10°  1.1902x10° 7.593 3x10° 1.310 5x10°
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soybean oil, and mineral oil
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