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Analysis of uniqueness and optimality of glide segment initial

state for hypersonic glide vehicle

MENG Fanging' , TIAN Kangsheng’
(1. Department of Graduates, Air Force Early Warning Academy, Wuhan 430019, China;

2. Early Warning Intelligence Department, Air Force Early Warning Academy, Wuhan 430019, China)

Abstract: The trajectory characteristics of the near — space hypersonic glide vehicle are mainly under the influence of the initial state of glide

segment and control law of the vehicle. Therefore, the influence of glide segment initial state on trajectory characteristics of hypersonic glide vehicle

was studied under the condition that the control law of vehicle is determined. According to the different forms of glide trajectory, under the condition

of longitudinal equilibrium glide, the analytical formula of the vehicle state variable was derived theoretically, and the uniqueness of initial state of

the equilibrium glide trajectory was analyzed in combination with the equilibrium glide condition. Under the condition of longitudinal skip glide, the

evaluation indices of trajectory performance were constructed, and the initial state of glide segment with optimal trajectory performance was found by

using the group intelligence algorithm. Through the single factor sensitivity analysis, the sensitivity analysis of the initial states of two forms of glide

trajectory was carried out, and the initial velocity of initial state has the greatest influence on the trajectory characteristics. The analysis of the

uniqueness and optimality of initial state can be used for reference in the trajectory design, trajectory tracking, trajectory prediction and trajectory

optimization of hypersonic glide vehicle.
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Tab.1 Initial state of the glide segment of trajectory O and three groups of contrastive trajectory
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BHEQ .. =6000 kW/m’ , iz KFE g, =100 kPa,
K n,,, =10, EHEL S EEL R b, =
20 km {%aﬂ&f&%ﬁ% fife 5 HIR B AR d, =
200 km, ®] 45 2R BE @ XKV, € (1.7 km/s,
7.9 km/s) , ) b 39 BE A0 AR 8 LIy, e (- 20°,
20°), W) bR E LBk oz, e (- 100 km,
=20 km) o KM 3.3 7 H Bk R AR AT B
RIEGARAS (Vi v 20 ) ISR, BEE KL FHIN,,, =
100, AWK M, =200, B PEALE w,, =0. 8,5
AT C, =1.5.C,,, =1.5,

R4 T) 6 R SR T P B A AR LR
25 FP A AR R X LT A S e R R A R R AR
f AT 7 5% Ik SR S 5L Y 0 B P e T etk
BUATHUBAE M. I3 2 B, B =41
XiF LS5« (DFE e G 9 00 s 302 15 0 B A £ (Vs
¥o) ST BRI IR 5 B 2, s @FE SR ML A1) i R
FEWAA A BE (v 20) S5E T BB W IR R FE V5
TEI A AW LA T RE RN BE (Vo ,20) Z50F T, 2028
WG LA oo
YN E S DA S5 I L DR S X g L (1)
ERETE bR N B AR R BE N 3 s, M3 3 Al

F2 HE 10 FIZAX BN R ARVBRE

Tab.2 Initial state of the glide segment of trajectory 10 and three groups of contrastive trajectory
GRS SRS IR A b YR HAR IR 2E
Vy =4864. 718 n/'s, y, = —-4.727 8°
10
zyp = —93 691.965 m
11 zy= —-93598.273 m Az, =93.692 m 0.1%
V, =4864. 718 m/s
Py 12 zp = —93223.505 m Az, =468.46 m 0.5%
vo = —4.727 8°
13 zp = —92755.045 m Az, =936.92 m 1%
14 Vy, =4859. 853 m/s AV, =4.865 m/s 0.1%
vy = —4.727 8°
i 15 V, =4840.394 m/s AV, =24.324 m/s 0.5%
= -93 691.965 m
16 V, =4816.071 m/s AV, =48. 647 m/s 1%
17 vo= —4.723 072 2° Ay, =0.004 727 8° 0.1%
V, =4864. 718 m/s
7N 18 v, = —4.704 161° Ay, =0. 023 639° 0.5%
zy = =93 691.965 m
19 v, = —4. 680 522° Ay, =0. 047 278° 1%

&3 IE 10 FIZ AN HEERIT N R EN B AR R HE

Tab.3 Evaluation indices values and objective function values of trajectory 10 and three groups of contrastive trajectory

SrgT  SRIEHT PR B/ km AT/ s FIARHUREE T HA e
10 12 53.181 1085 4.711E +8 0.568 3
11 12 53.073 1085 4.710E +8 0.568 1
| 12 12 52.640 1085 4.707E +8 0.567 2
13 12 52.098 1086 4.681E +8 0.565 9
14 11 53.197 1067 5.159E +8 0.447 5
N 15 11 53.260 1057 5.338E +8 0.317 6
16 11 53.342 1050 5.400E +8 0.179 0
17 11 53.178 1084 4.736E +8 0.5389
7N 18 11 53.166 1083 4.764E +8 0.5389
19 11 53.150 1082 4.794E +8 0.5390
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