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Microwave velocity interferometry for the parameter diagnosis of
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Abstract: The measurement of the interior ballistic projectile velocity in a two-stage light gas gun or powder gun and the
observation of the state of the precursor gas in the launch tube are very important for the design and calculation of the interior
ballistic and for the analysis of the abnormal ballistic. In order to obtain the better results, two microwave interferometers in the
Ka-band and X-band were designed by the Dopple principle, since the transmission and reflection characteristics of microwave
are related with the caliber of launch tube and objects materials respectively. A combination of the short-time Fourier transform
and phase calculation was used to process the interference signal, and then the velocity, acceleration, displacement, projectile
bottom pressure and other information were obtained by calculation. Complete interior ballistic data for a two-stage light gas
gun and a high-speed powder gun were obtained experimentally. The difference in the projectile velocity measured by the
microwave interferometer and the optical beam blocking (OBB) device is less than 0.5%. Moreover, it was demonstrated in our

experiments that under some conditions, shock waves may cause premature breaking of the diaphragm in the high pressure
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section, which results in the projectile having a secondary loading at high pressure, and then becoming fragmented with a
probability. In addition, based on the reflection and transmission characteristics of the ionized gas at different microwave
wavelengths, the velocity of the precursor H, gas in the launch tube of the two-stage light gas gun was measured using the X-
band microwave interferometer for the first time, which can provide data for studying the temperature, pressure, ionization and
other states of the high-speed ionized gas.

Keywords: microwave interferometer; two-stage gas gun; powder gun; velocity measurement; interior ballistic; precursor gas
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Fig. 1 Schematic diagram of the microwave interferometer
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(a) 10 GHz microwave interferometer (b) 37.5 GHz microwave interferometer
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Fig. 2 Photos of microwave interferometers
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Fig. 3 Experimental setup of the interior ballistic measurement system
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Fig.4 Experimental data from the two-stage light gas gun (test No. 2SLGG0511)
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Fig. 5 Experimental data from the two-stage light gas gun (test No. 2SLGG0429)
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