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Instantaneous measurement and temperature field simulation of
arc discharge in plasma electrolytic oxidation process
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Abstract: In order to describe the temperature field distribution around a single discharge channel exactly during plasma
electrolytic oxidation (PEO) process, a cylinder-shaped discharge model was designed. In the typical stage of the PEO
coating growth on aluminium alloy, by using the high-speed camera and statistical method, the characteristic parameters
of discharges, such as the spatial density of arc spot and size of channel, were measured, the lifetime (140 ps) and energy
of a single spark were also calculated. The parameters of the model were obtained. The Ansys software was adopted to
simulate the temperature field around a single discharge channel. The center temperature of the discharge channel was

over 2 X 10* K. The results can explain the formation of y-Al,O; and a-Al,O; and microstructure in the ceramic coatings

from the heat transfer theory.
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Fig.1 Model of single discharge channel(#, is thickness of
ceramic coating and d is diameter of single discharge channel):
(a) Cubic diagram; (b) Simplified section diagram
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‘m
g (Jkg"'K'H  (Wm'K™ K
Al 2 700 895 228 933
ALO; 3630 1260 >2b 2303

1) Changing with temperature.
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Fig.2 Pictures of sparks in typical stage of PEO (treated for 10 min): (a), (b), (c), (d) Continuous capture process with interval of

100 ps

3 PEO SR BelOE /A PACAEEL N 1] 10 min)
Fig.3 Distribution diagram of sparks in typical stage of PEO
(treated for 10 min)
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Fig4 Instantancous voltage and current waveforms of

single pulse (treated for 10 min): (a) Voltage—time curve;

(b) Current—time curve
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Fig.5 Surface morphology of coating in typical stage of PEO
(treated for 10 min)
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Fig.6 Temperature field distribution around single discharge
channel in typical stage during PEO process
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Fig.7 Temperature—time curves of connection node between
bottle middle of discharge channel and substrate in single

discharge in typical stage of PEO
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