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Processes on the surface of the strong current arc cathode and self-coordinated volt-current characteristics of the thermionic cathode
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Problems of many new plasma technologies that are based on arc plasmatrons (plasma torches) are connected with construction of low – erosion (long working), high – current cathodes. Optimization of cathode forms and structures, a choice of the cathode materials can be executed by means of the adequate numerical modeling of processes on the cathode surface and the near cathode area. The analysis current-volt-characteristics (CVC’s) of the thermionic cathode working in argon plasmas is carried out in a wide range of the cathode surface temperature. It is shown, that non-monotonic current – volt characteristics are relevant to low temperatures of the cathode surface, with growth of the cathode temperature the CVC is the monotonous falling one (fig. 1). As against to the work [1] we are constructed the falling branch of the CVC. The condition of CVC type change for the tungsten thermionic cathode is received. Using known stability criteria of an electric arcs [2], it is possible to make the conclusions about an opportunity of realization the concrete branch of the tungsten thermionic cathode.

The problem of CVC shapes of the thermionic cathode within the framework of the self-consistent approach is studied. In the self-consistent approach the cathode temperature is not the free parameter, and the cathode temperature have to be determined from balance equations of the energy streams that are falling on the cathode surface. For the high temperature tungsten cathode working in argon plasmas the volt-current characteristic is falling (fig. 2). Hence, under strictly certain conditions connected to an external circuit of an arch [2] the stationary work of the cathode can change from the homogeneous temperature of the cathode surface (the diffuse mode) to the modes with a cathode sports. Last regimes are characterized by the non-uniform distributions of the temperature and of the current along the cathode surface. 
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Fig. 1. Dimensionless current - volt characteristics of the thermionic cathode for several cathode temperatures T0.:1 — T0 = 2800 К; 2 — T0 = 2750 К; 3 — T0 = 2700 К; 4 — T0 = 2650 К; 5 — T0 = 2600 К.
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Fig. 2. The self-consistent current – volt characteristic of the thermionic cathode
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