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Analytical Estimation and Analysis of Trajectory Performance for
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Abstract: An analytical method of trajectory parameter estimation is proposed for the boost-glide trajectory of
hypersonic long-range missile. From the view of energy, an analytical estimation formula of gliding range and flight time is
established by using the quasi-equilibrium gliding conditions. Then the effectiveness of glide trajectory parameters such as
lift-drag ratio and initial velocity on range and time is studied. Moreover, the range and flight time characteristics of
minimum energy elliptical trajectory are analyzed theoretically. Based on the analytical formula, the range and time
characteristics of the glide trajectory and the elliptical trajectory under various conditions are compared. Also a criterion on
determining the best application scope of the two trajectories is proposed. Finally, the simulation results show that the errors
between the analytical estimation results and the numerical simulation results are less than 2% , indicating that the precision
of the analytical estimation approach is high. As a result, the performances of glide trajectory may be analyzed reliably and
effectively by use of the analytical method, and the analysis results may be provided for the preliminary selection of the
trajectory scheme.
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Fig.1 Diagram of initial velocity and gliding range
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Fig.2 Diagram of long-range missile flight trajectory
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i I 55 A T FH T
w/GmesT) (D) A it it it Ky (1520) Ky (1)
(Y F) /km U#T) /km  (f530) /km  (fi#fr) /km

7500 1.75 12662. 14 12662. 35 13922.45 13523.48 0.909477322 0.936323343
6000 1.75 5418.51 5397.98 5012.85 4840.26 1. 080925023 1. 115225215
4500 1.75 2524.97 2513.51 2285.29 2149.42 1. 104879422 1. 169389882
7500 2 12662. 14 12662. 35 15825.73 15455. 41 0. 800098725 0.819282698
6000 2 5418.51 5397.98 5696. 28 5531.73 0.951236973 0.975821307
4500 2 2524.97 2513.51 2590. 46 2456.48 0.974720667 1.023216147
7500 3 12662. 15 12662. 35 23472.05 23183.12 0.53945644 0.546188347
6000 3 5418.52 5397.98 8452.13 8297.59 0.641082553 0.65054793
4500 3 2524.97 2513.51 3759.75 3684.72 0.671579493 0. 682144098
7500 4 12662. 15 12662.35 31151.37 30910. 83 0.406471678 0.409641216
6000 4 5418.52 5397.98 11228.26 11063. 46 0. 482578420 0.487910654
4500 4 2524.97 2513.51 5011.31 4912.96 0.502854481 0.511608073
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Table2 The time correlation coefficient
S km (WD), (A v, (BT, v, () v, (FFHT)/ ‘te t, t t {(/ K,
(m-s™) (m-s7") (m-s™") (m-s™") (FE)/s (f#HT)/s (P5H) /s (fEFT) /s (PFH) (ftr)
4000 1.75 5393.5 5399.6 5569.5 5669.9 1182.4 1091.7 1131.0 1123.1 1.0454 0.9720
8000 1.75 6748.7 6762.2 6816.8 6878.5 1783.8 1711.2 1767.5 1761.4 1.0092 0.9715
12000 1.75 7426.0 7432.9 7355.1 7397.7 2225.3 2183.7 2333.1 2326.4 0.9537 0.9387
4000 2 5393.5 5399.6 5325.1 5416.9 1182.4 1091.7 1184.8 1179.1 0.9979 0.9259
8000 2 6748.7 6762.2 6608.0 6668. 6 1783.8 1711.2 1851.1 1842.3 0.9636 0.9288
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