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Establishment and precision analysis of long-straight track measurement
control network for rocket sled test
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Abstract: Rocket sled tests hold significant experimental value in the development of aerospace, weaponry, electronics, and nuclear
weapons. To establish a precise measurement control network for the track and accurately obtain the spatiotemporal parameters during
rocket sled tests, a combined measurement method based on a distance-angle mixed intersection adjustment model is proposed. Firstly,
a mixed intersection adjustment model was constructed utilizing angle measurements from total stations and distance measurements from
laser trackers. Principles for constructing the measurement error matrix were defined, and the global coordinates were optimally estimated
using a nonlinear least squares method. Secondly, the Monte Carlo method was employed to simulate and analyze the measurement
equipment layout and the accuracy of the mixed intersection adjustment model. Simulation results indicated that positioning the
measurement equipment centrally within the measurement range minimized the overall coordinate measurement errors of position markers,
thereby reducing initial value errors in the adjustment model and enhancing the model’ s solution accuracy. Finally, experimental
verification was conducted at a rocket sled test site. Within a measurement range of 669 m, the standard deviation of the position marker
distances in the track measurement control network was found to be 0.19 mm, validating the feasibility of the mixed intersection
adjustment model for long straight track measurements. This method offers significant reference value for full-range measurement tasks.
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Fig. 1 The coordinate system of the measuring equipment
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Table 5 Partial position calibration coordinates and distance measurements after adjustment mm
JEee) X Y 7 JiErn g =X ) g SR
1420-4 327 934. 63 22 636.57 -103. 56 59 983, 30 29 983, 30
1418-4 298 017. 42 20 646. 46 -165.56 ' ’
1414-4 238 144.22 16 662. 69 -293. 89 29 999. 39 29 999. 30
TA12-4 208 211.06 14 671. 13 -346. 83 ’ ’
1410-4 178 279. 93 12 680. 69 -414. 41 30 006. 52 30 006, 41
1408-4 148 339. 66 10 688. 85 —475. 65 ’ ’
1406-4 118 413. 63 8 696. 80 -544.12 29 999, 43 29 999. 73
1404-4 88 480. 62 6 702. 50 -605. 16 ’ ’
1402-4 58 533.27 4712.44 -673.62 29 969. 09 29 969, 18
1400-4 28 630. 33 2723.17 -729. 18 ’ ’
1.398-4 -1 337.62 730. 04 -789. 12 29 981. 72 29 981. 81
1.396-4 -31253.37 -1257.00 -845.98 ' '
1394-4 -61 199. 69 -3 251.72 -904.90 30 008. 20 30 008, 43
1392-4 -91 141.79 -5241.31 -973.56 ' '
1.390-4 —121 053. 96 -7 231.20 -1 030.21 30 012, 76 3 0012. 76
1.388-4 -151 000. 44 -9 223.69 -1092.55 ' '
1.386-4 —-180 922. 57 —11211.15 -1 151.98 30 014. 61 30 014. 66
1.384-4 -210 870. 76 —13 206. 22 —1204.42 ’ ’
1.382-4 —-240 796. 15 —15 195.93 -1 260. 80 26 984. 03 26 984. 04
1.380-4 -270 713. 85 -17 188.57 -1314.63 ' '
1.378-4 =300 665. 04 -19 179. 54 -1 366. 88
29 992. 34 29 992. 34
1.376-4 =330 591. 06 =21 172.24 -1419.93
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