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Fig. 1. Schematic diagram of Mie scattering.
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Fig. 2. Sagittal distribution of the scattered light intensity of Ti droplet: (a) 0.1 pm; (b) 0.5 pm; (c) 1.0 pm; (d) 2.0 pm; (e) 4.0 pm;
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Fig. 3. Distribution of the relative scattered light intensity
of Ti droplet.
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Fig. 4. The measurement layout of droplet by Mie scattering.
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Table 1.  Design size of CCD annulus.

7854 AEF/mm HPFF /mm B85 M /mm HPFF /mm B784¢ A /mm HPIF /mm
1 0.105 0.117 13 0.373 0.414 25 1.321 1.468
2 0.117 0.13 14 0.414 0.461 26 1.468 1.631
3 0.13 0.144 15 0.461 0.512 27 1.631 1.812
4 0.144 0.161 16 0.512 0.569 28 1.812 2.014
5 0.161 0.178 17 0.569 0.632 29 2.014 2.238
6 0.178 0.198 18 0.632 0.702 30 2.238 2.486
7 0.198 0.22 19 0.702 0.78 31 2.486 2.763
8 0.22 0.245 20 0.78 0.867 32 2.763 3.07
9 0.245 0.272 21 0.867 0.963 33 3.07 3.411
10 0.272 0.302 22 0.963 1.07 34 3.411 3.79
11 0.302 0.336 23 1.07 1.189 35 3.79 4.212
12 0.336 0.373 24 1.189 1.321
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Abstract

Metal droplet is produced accompanied with vacuum arc discharge, which is important to the research of
cathode spot and the application of vacuum arc. The droplet comes from the cathode spot crater and can reflect
the physical process of the cathode spot. However, it will destroy the uniformity of surface deposition in
engineering and should be avoided as much as possible. The measurement of metal droplet usually adopts off-
line collector, which cannot obtain the signal of the whole space and singe arc. In order to on-line measure the
droplet, a new method by the Mie scattering is developed in this work, and its feasibility is investigated. The
characteristic of the scattering light of titanium droplet is computed by the simulation code. The results
indicate that the scattering light beams of the small droplet are distributed at all angles. With the increase of
the diameter, the scattered light beams are more and more concentrated in the forward direction, which allows
the inversion of the signals of the droplets with different diameters. Then the detector is designed with different
annuluses. When the detector is divided into 35 annuluses, the light energy coefficient matrix is easy to solve
and the measurement system has a good resolution. The experimental setup is built and the preliminary
experiment is carried out. The results indicate that the diameters of titanium droplets are mainly around 9.8 pm,
which verifies the effectiveness of the Mie scattering method of measuring vacuum arc droplets. However, the
small droplet information is not detected, so the droplet diameter distribution is quite different from the off-line
measurement. The reason is that the signal-to-noise ratio of the measurement system is poor, thereby leading
the scattered signals of the small droplet to fail to be obtained effectively. The experimental setup need to be

further optimized.
Keywords: Mie scattering, vacuum arc, droplet, detector
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