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ABSTRACT: The work aims to repair the defect of aluminum alloy casting by electro-spark deposition (ESD) technology. Two
kinds of electrodes (ER5356 electrode and self-manufactured electrode) were used to repair the pores on the surface of

aluminum alloy under the optimized electro-spark deposition conditions. The effects of ESD process, electrode materials, and
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deposition atmosphere on the repair layer were systematically studied. Scanning electron microscope (SEM) and energy

dispersive spectrometer (EDS) were used to characterize the microstructure and element distribution of the repair layer interface.

The microhardness of repair layer was tested by microhardness meter. The Tafel curve of repair layer was tested with

electrochemical workstation, and the degradation rate was tested in water bath. The degradability of the repair layer was

comprehensively evaluated from the aspects of thermodynamics and kinetics. Under the protective atmosphere of argon gas, the

optimal repair process parameters were frequency of 5000 Hz, capacitance of 150 uF, and deposition angle of 45°, and the heat

input at this time was 0.480 J. The repair layer had a dense structure and uniform element distribution, and the component

segregation was small. The microhardness of the repair layer was higher than that of the substrate due to the elimination of

dendrites. The self-corrosion potential of the repaired sample (—1.493 V) was lower than that of the substrate (—1.421 V). The

degradation rate of the self-manufactured electrode repaired layer was slightly faster than that of the substrate due to that the

ER5356 electrode repair layer was insoluble in water. The surface defects of 3.5 inches aluminum alloy fracturing balls can be

repaired by ESD technology, and the results show that the microhardness and degradability reach engineering targets.
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Fig.1 Electrode microstructure: a) ER5356 electrode, b) self-manufactured electrode

Anode

A

ﬂ.ﬁgl'

a iR

117

b FEREE

K2 i AR R R
Fig.2 Schematic and physical drawings of ESD: a) physical draw of deposition, b) schematic of deposition
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Tab.2 Test plan and analysis of test results

Capacitance Empty Frequency Angle

Number ") \F column (BYHz (C)/(e) 'eStPlan
1 1 1 1 1 A1BIC1
2 1 2 2 2 A1B2C2
3 1 3 3 3 A1B3C3
4 2 1 2 3 A2B2C2
5 2 2 3 1 A2B3C1
6 2 3 1 2 A2BI1C2
7 3 1 3 2 A3B3C2
8 3 2 1 3 A3BIC3
9 3 3 2 1 A3B2Cl1
K1 95.4 110.6 73.6
K2 107.6 86.7 96.2
K3 72.7 63.9 68.3
Range R 34.9 46.7 27.9
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Fig.3 BSEM image of repair layer cross sections under different capacitances
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Fig.4 SEM image of the repair layer surface under different atmospheres: a) argon atmosphere, b) nitrogen atmosphere
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Fig.5 SEM image of the surface of a single point of ESD: a) ER5356 electrode, b) self-manufactured electrode
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Fig.6 Macro SEM image of repair layer: a) ER5356 electrode, b) self-manufactured electrode
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Fig.7 Microstructure and element distribution of repair layer by ER5356 electrode
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Fig.8 Microstructure and element distribution of repair layer by self-manufactured electrode
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Fig.9 Microhardness distribution of repair layer and substrate
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Fig.10 Tafel curve of repair layer and substrate
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Fig.11 Degradation curve of repair layer and substrate
LRE 75 TR PR B RORT R Y R RN AP RE A )

WG B 2 B TEREI L T ER5356 BRIEE )2, ik
PeBE B A E B E I & B e A R, B 12

b EHE

K12 HRETIRIBE Al-Ga &8 5Y M
Fig.12 Physical image of Al-Ga alloy repaired by ESD: a) before
repair, b) after repair
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