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Instantaneous velocity measurement method of projectile with double
ballistic zone-block apparatus
LI Hai, ZHENG Chenhao, ZHAO Pingwei, NI Jinping, WU Zhichao
(1. Shaanxi Province Key Laboratory of Photoelectric Measurement and Instrument Technology, Xi'an Technological

University, Xi'an 710021, China; 2. Xi'an Institute of Electromechanical
Information Technology, Xi'an 710065, China)

Abstract: Using the traditional zone-block apparatus for the projectile velocity test, the air resistance is always
ignored and the projectile is assumed to be moving in a straight line at a uniform speed. Based on the principles
of aerodynamics and theoretical mechanics, a method for measuring the instantaneous velocity of projectiles
using two sets of zone-block velocity measuring apparatus was proposed. The velocity attenuation coefficient
B of the projectile flying in the test area was calculated by using the velocity values of two velocity measuring
points separated from a certain distance. Then the instantaneous velocity of any point in the trajectory near the
test area could be calculated from the B value. Simulation analyses show that the relative measurement error of
this method within 0.8 times the speed of sound is less than 0.01%, which is much lower than the engineering
error requirement of 0.1%. The slingshot, air gun and rifle live ammunition experiments find that the
measurement accuracy of the projectile flight speed within 0.8 times or more than 1.2 times the speed of sound
is not lower than the 0.1% accuracy of the zone-block apparatus, which verifies the feasibility of this method.
The research provides new ideas and methods for the design and optimization of the ballistic comprehensive
parameter measurement system.

Key words: zone-block velocity measuring system; air resistance; average speed; instantaneous speed; relative
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Fig.2 Schematic diagram of double zone-block velocity
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Table 1 Error data of velocity measuring points m/s
O R THIBE A i
SR M A P
1 2 3 4 5 6 7 8
1 0.02x10°° 0.01 0.02 0.03 0.04 0.05 0.06 0.07
2 0.01 0.07x10°° 0.01 0.02 0.03 0.04 0.05 0.06
3 0.02 0.01 0.01x10™* 0.01 0.02 0.03 0.04 0.05
4 0.03 0.02 0.01 0.03x10™ 0.01 0.02 0.03 0.04
5 0.04 0.03 0.02 0.01 0.04x107™ 0.01 0.02 0.03
6 0.05 0.04 0.03 0.02 0.01 0.06x10™ 0.01 0.02
7 0.06 0.05 0.04 0.03 0.02 0.01 0.08%10™* 0.01
8 0.07 0.06 0.05 0.04 0.03 0.02 0.01 0.01x107
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Table 2 Test data of slingshot shooting 6 mm steel ball

5 Vio/m-s vz/m-s” birts v/m-s Vy5/m-s™ R#E/m-s” FHXFR 2 /%
1 39.966 39.826 0.009 362 39.686 39.687 0.000 -1.23x10°°
2 46.978 46.812 0.009 421 46.647 46.648 —0.001 -1.25x10°
3 39.052 38.923 0.008 872 38.793 38.794 0.000 -1.11x10°°
4 41.572 41.431 0.009 075 41.290 41.290 0.000 -1.15x10°
5 44371 44.240 0.007 877 44.109 44.110 0.000 —8.68x10°
6 41.247 41.111 0.008 858 40.974 40.975 0.000 -1.1x107
7 42.132 41.986 0.009 272 41.841 41.841 -0.001 -1.2x10°
8 42.522 42.380 0.008 905 42.239 42.239 0.000 -1.12x10°°
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Table 3 Test data of slingshot shooting 10 mm mud pellet

e vio/m-s viy/m-s” biois v/m-s’ Vyy/m-s R%E/ms AT IR ZE/107 %
1 42.450 42.213 0.014 901 41.978 41.979 —0.001 -3.09
2 27.511 27.394 0.011 371 27.277 27.278 0.000 -1.82
3 41.393 41.051 0.022 131 40.712 40.714 —0.003 —6.83
4 44.392 44.129 0.015 816 43.868 43.870 —0.002 -3.49
5 54.301 53.982 0.015 689 53.665 53.667 —0.002 —3.43
6 57.467 57.073 0.018 326 56.682 56.685 —0.003 —4.69
7 58.009 57.648 0.016 655 57.289 57.291 —0.002 —3.87
8 54.921 54.571 0.017 032 54.224 54.226 —0.002 —4.05
Fz 4 HIEE 6 mm WERNIRX B E
Table 4 Test data of air gun shooting 6 mm steel ball
iaz vio/m-s viz/m-s” bio1s v/m-s” Vy3/m-s’ PR¥E/m-s’ FAXHR2£/107 %
1 189.251 188.584 0.009 404 187.921 187.923 —0.002 -1.24
2 154.607 154.004 0.010 424 153.403 153.406 —0.002 -1.52
3 146.456 145.758 0.012 728 145.064 145.068 —0.003 -2.27
4 150.784 150.150 0.011 235 149.519 149.522 —0.003 -1.77
5 148.839 148.207 0.011 354 147.577 147.580 —0.003 -1.8
6 143.349 142.884 0.008 651 142.422 142.423 —-0.001 -1.05
7 136.190 135.685 0.009 908 135.182 135.184 —0.002 -1.38
8 126.753 126.220 0.011 243 125.689 125.691 —0.002 -1.77
x5 SR HIE
Table 5 Test data of rifle
e vio/ms’ vy gms’ bia1a v/m-s™ vy gms’ w2 /ms AHXTER 22/%
1 824.402 822.740 0.000 734 822.438 822.438 0.000 —4.86x1077
2 853.971 851.304 0.001 138 850.819 850.820 —-0.001 -1.06x10°°
3 855.432 854.213 0.000 519 853.992 853.992 0.000 —2.34x1077
4 839.631 837.155 0.001 074 836.706 836.707 —-0.001 -8.37x1077
5 838.926 836.940 0.000 862 836.579 836.579 0.000 —-5.98x10”7
6 839.631 838.127 0.000 652 837.854 837.854 0.000 —-3.58x1077
7 829.187 826.402 0.001 224 825.897 825.898 —0.001 -1.33x107°
8 838.223 835.756 0.001 072 835.308 835.308 —0.001 —-9.58x1077
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Fig. 15 Schematic diagram of light curtain arrangement of
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Table 6 Test statistics
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