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Fig. 1 Schematic of velocity measurement by single zone-block device
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Fig. 2 Schematic of calibration by single zone—block device
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Fig. 3 Schematic of velocity measurement by dual zone—block device
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Table 1 Results of calibration by single zone-block device

Firing sequence v,/ (mes™ ') ton/ s tux/ 1S Sein/mm Shr;/mm
1 117.13 638.6 638.6 74.80 74.80
2 154.60 485.6 483.6 75.07 74.76
3 164.91 454.0 454.0 74.87 74.87
4 169.84 440.8 441.6 74.86 75.00
5 166.29 449.8 450.6 74.80 74.93
Average value 74.88 74.87
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Table 2 Results of velocity measurement used single zone—block calibration method

Firing sequence Voy/(mes ) ot/ (mes ™) Avggy/(mes™") Sveri/ (%)
1 117.13 117.02 0.11 0.95
2 154.60 154.24 0.36 2.31
3 164.91 164.69 0.22 1.31
4 169.84 169.58 0.25 1.50
5] 166.29 166.01 0.28 1.69
Average value 0.22 1.55
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Table 3 Times value sequence of projectile pass through screen

Firing sequence 1,/ s t3/ s tic/ps t/ s tin/ps i/ s
1 862 2 881 6 153 23 158 52 528.6 528.6
2 127 79 130 44 227 05 234 88 782.4 782.6
3 8839 903 5 157 06 162 49 541.6 541.8
4 100 14 102 28 177 95 184 09 613.4 613.6
5 808 9 826 9 14376 148 71 495.8 496.0

W52 3 v s L FE T 1) A (9) H MR EE Sei A1 Sike s AS, A AS, A b a2 158 22 8 45 1, WX bR 2 45
RhNEA4,

T T B DX AR G T 12 15 3 A S B AR SR T 0L X 48 5 7 1 40 B34 0L B8 SF- 259 8 S 00 BT S0 249289 74.98 mm,
BRI ZE N 0.06 mm , bR 8 AR A5 22 0 0.8%, , 5547 5 FH Y6 HEHE (10 0L 45 W0 0 4 X 458 25 492 90

HR 8 2 1 r AL 2o 568 AT (7] 1 3 4 F b S 45 R L T BOAL S 1 = O B AT B v, TR SS RN 5.

25 I 2 5 3 2 P SR ) B KRBT S T s 0 0 R L, UK bR A 7 1k B AR 22 2 M

0212004-7



T o AR

x4 VURBIREER

Table 4 Results of calibration by dual zone—block device

Firing sequence S/ mm Siixe/mm AS,/mm AS,/mm
1 75.00 74.96 0.06 0.06
2 74.97 75.01 0.05 0.05
3 74.97 74.96 0.06 0.06
4 74.98 74.97 0.06 0.06
5 74.99 74.99 0.06 0.06
Average value 74.98 74.98 0.06 0.06

R5 VRBIREFENELER

Table 5 Results of velocity measurement used dual zone—block calibration method

Firing sequence o/ (mes ) Vexo/ (mes™ ') Avers/(mes™ ) Overa/ (%0)
1 117.13 117.21 0.08 0.66
2 154.60 154.49 0.11 0.70
3 164.91 164.96 0.05 0.30
4 169.84 169.86 0.02 0.12
5 166.29 166.28 0.01 0.07
Average value 0.05 0.37
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Method of Calibrating Target Distance Using Dual Zone-block Light
Screen Velocity Measuring Device

LI Jing', SUN Zhonghui’, NI Jinping"’, TIAN Hui'
(1 School of Opto—electronic Engineering ,Xi'an Technological University ,Xi'an 710021, China)
(2 Chinese People's Liberation Army 63853 Unit, Baicheng 137001, China)
(3 Shaanxi Province Key Laboratory of Photoelectric Measurement and Instrument Technology , Xi'an 710021, China)

Abstract: Light screen is a photoelectric test equipment that adopts the principle of measuring the flying
time in a fixed distance, commonly used to measure the flying velocity of projectile which also known as
the initial velocity of projectile near the muzzle. For the same diameter projectile, distance measurement
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error is the main factor affecting the velocity measurement error when timing error is determined. Direct
measurement methods such as steel rules and laser range finders are used to measure long target distance
greater than 1 m in light screen, and measurement error of distance is generally 0.5 mm, the relative error
of distance is not more than 0.5%,, which has little impact on the relation error of velocity measurement.
For light screen of short target distance with target distance less than 200 mm, the above method is still
used to measure distance , and the distance relative error is greater than 2.5%,, then the relative error of
velocity measurement exceeds 2.5%,, which does not meet the requirements of the actual velocity
measurement. In this paper, a target distance calibration method using the dual zone-block velocity
measuring device is proposed, which consists of two sets of calibration light screens with the same
principle. The target distances of the two sets of light=screen are consistent and much larger than the
distances of calibrated light screens. Based on the transmission formula of velocity measurement error , a
calculation method of minimum calibration distance under the determination of that error is given. Two sets
of light screen are utilized for calibration to measure the velocity of the flying projectile at two points on the
ballistic separated by a fixed distance. Combined with the distance between two points, the resistance
parameters of projectile and instantaneous velocity at any time between two points are developed based on
the ballistic equation. Based on the fact that the average velocity within a certain distance is equal to the
instantaneous velocity at the midpoint of projectile flying time within that distance, considering the time
sequence of projectile passing through calibration light screen and the calibrated light screen, the distance
calibration formula of calibrated light screen is given, and the calibration error calculation formula is
derived. The influence of calibration distance and layout spacing in dual zone—block device on the calibration
error is analyzed when projectile’s flying velocity is determined. If projectile velocity is constant, the
calibration error decreases with the increase of calibration distance and layout spacing. Furthermore , when
the calibration distance and layout spacing are fixed, the larger the projectile flying velocity, the greater the
calibration error. Taking the target calibration test of three light screen as an example, the single zone-
block calibration test and the dual zone—block calibration test are carried out, in which the calibration
distance is 1 237 mm and the layout spacing is 1 996 mm. When the projectile velocity is 150 m/s , the
calibration relation error of single zone-block device and dual zone-block device are 1.6%, and 0.8%,
respectively. The velocity measurement is carried out with calibration results of dual zone-block, and the
relation error of velocity measurement is 0.37%, , which meets the requirements of velocity measurement.
We proposes a calibration method for dual zone—block screen velocity measuring device , which indirectly
measures the target distance of light screen with unknown distance by using the calibration light screen with
known long target distance. Meanwhile, the calibration method proposed can be used to calibrate the target
distance of sensors for zone—block velocity measurement on various principles and usage level.

Key words: Velocity measurement; Light screen; Calibration; Resistance parameter; Error transmission
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