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The gliding phase guidance for hypersonic gliding vehicle
based on improved MPSP

GUO Haifeng, HUANG Changgiang, DING Dali, XIAO Hong

( Aeronautics and Astronautics Engineering College, Air force Engineering University, Xi’ an 710038, China)

Abstract; Aiming at the reentry guidance of hypersonic gliding vehicle considering multi-constraints, the research proposes an improved

predictor-corrector guidance law, which is based on model predictive static programming( MPSP). The initial value generator was founded by using

the rapid generation of three dimensional trajectory, which solves the MPSP problem of providing guess history difficultly and refreshing nominal

trajectory for the initial perturbation. The kinematic model of the hypersonic gliding vehicle was built based on energy, and the predictor-corrector

guidance based on MPSP was deduced. The influence factors from the initial decent phase to the gliding phase were investigated. The digital

simulation was carried out in gliding phase considering perturbations of the initial values and aerodynamic parameters. The results turn out that the

improved MPSP predictor-corrector method have the advantages of precise initial guess values, computational efficiency and strong robustness to the

perturbations.
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Fig.1 Improved MPSP predictor-corrector guidance
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Tab.1 Perturbation of initial states of gliding phase

case C, Cp R/m V(m/s)  y/° (1788 0/° @/°

1 20% 20% 1436.64 -0.017 -0.0033 -0.1119 -0.2379  0.0022

2 20% 0 1417.54  24.95 0.1068 -0.1348 -0.1526  0.0041
3 20% -20% 1414.42  51.91 0.2186 -0.1576 -0.0667 0.0061
4 0 20% -29.69 -35.66 -0.0212 -0.0026 -0.0094 -0.0001
5 0 -20% -1717.29 31.36  0.1161 -0.0240 0.0869 0.0019
6 -20% 20% -1717.29 -75.69 -0.2028 0.1756 0.1403  -0.0060
7 -20% 0  -1753.47 -40.47 -0.0830 0.1505 0.2280  -0.0043
8 -20% -20% -1771.77 -2.10 0.0396 0.1251 0.3165  -0.0027
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Tab.2 Terminal states of MPSP and IMSP guidance

i 0/° @/° y/° W/° r /s
e 3.878 0.137 -0.027 2.317 1.004 \

MPSP  3.799 0.259 -0.013 2.176 1.004 14.63
IMPSP  3.877 0.138 -0.025 2.318 1.004 5.20
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Tab.3 Initial values and final values

Variables Initial Value Final Value
R/m 48945 25445
9/° 143.75 222.23
@/° 34.49 7.84
V/(m/s) 7112 7979
v/° -0.36 -1.53
W/ 88.79 132.78
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Fig.7 Trajectories with different initial values
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Fig.8 Bank angles with different initial values
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