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Influencing Factors and Process Control of Vacuum
Consumable Remelting Arc Stability
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Abstract: The behaviors of interelectrode arc during vacuum arc remelting of high-temperature alloy and special stainless
steel were investigated in this paper, and the influence factors such as electrode size, external quality, and gas element
content on arc stability were analyzed. The results showed that large deviation of electrode diameter significantly affected
the calculation of rod base speed, resulting in abnormal adjustment of arc gap, short circuits, and deviation of droplet fre-
quency. The electrode taper should be controlled to be <0. 5%. Cracks and shrinkage cavities defect on the electrode inter-
fered with arc stability control, especially radial cracks leading to severe instability of droplets and remelting rates. Gas
overflow was significant with high nitrogen in base material, which caused arc deviation, fluctuations in droplet and atmo-
sphere pressure. Therefore, it is advisable to control w[ N]<0. 003% during electrode preparation. There were obvious dif-
ferences in equipment among different furnaces, and appropriate PID parameters should be explored.
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Fig. 1 Schematic diagram of vacuum arc remelting
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Table 1 Alloy composition of VAR trial materials %
AR C Mn Si P S Cr Ni Cu W
GH696 0.06 0.02 0.07 0.002 0.000 8 11.01 23.00 0.01 -
GH4698 0.05 0.01 0.03 0.003 0.000 4 14.46 Ny 0.02 0.027
15-5PH 0.04 0.80 0.34 0.006 0.000 6 14.56 4.62 3.51 -
wh Mo v Al Ti B Nb Zr N
GH696 1.30 / 0.486 3.06 0.0149 - - 0.004 8
GH4698 3.00 0.011 1.583 2.64 0.005 5 2.05 0.04 0.001 7

15-5PH 0.29 0.033 0.007 -

- 0.290 - 0.090 5
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Table 2 Trial scheme for VAR arc stability
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Fig. 2 Schematic diagram of arc morphology
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Fig. 3 Calculation of driving speed of rod
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Fig. 4 Structure of VAR PID control system
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Fig. 5 The relationship between droplet frequency, arc gap,

and current
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Fig. 6 Melting curve of VAR : the effect of electrode taper
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Fig. 7 The effect of electrode diameter error on VAR melting

curve
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Table 3 Comparison of parameter stability
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E/V
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RM1 12.41 1.147
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RM2 9.37 3.96
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Fig. 8 Crack morphology of consumable electrode: (a) longi-
tudinal crack; (b) radial crack
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Fig. 9 The effect of longitudinal crack of electrode on VAR

melting curve
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Fig. 10 The effect of radial crack of electrode on VAR melting

curve
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Table 4 Comparison of parameter stability
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Table 5 Comparison of parameter stability

spom BE I
RMS5 23.68 0.35
L/
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e lheg )
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Ko™
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