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Figure 1 (Color online) Two-dimensional corridor for H- Figure 2 (Color online) 3D H-V-a entry corridor
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B : ----Equilibrium glide condition|
16} e N Path constraints
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Figure 3 (Color online) Two-dimensional corridor for D- Figure 4 (Color online) 3D D-V-a entry corridor
V profile
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Figure 5 (Color online) 2D entry profile boundary for Figure 6 (Color online) 3D equilibrium glide space
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Figure 13 (Color online) The heading error corridor
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t
’3/ = ksin (q - ’7) V/rrelativm (45)

Hdr ¢ B, reative NN RATHE BAR SAHXEESE. B 14 AN AERR, LI
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Figure 14 (Color online) Transformation from polar coordinate to Cartesian coordinate for proportional guidance
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Figure 15 (Color online) Logic of entry guidance based on 3D equilibrium glide space
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M S AT DA 7R 20 R LU 5 R O oA B8 R Re R, I HLRE A 1 A NI R AR S D) 46, s
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4.2 BAHIFHESH

IEX RN CAV S EAEEENIEH CITH, TREN m = 907 kg, ZEMI Sep = 0.35 m2.
—Eﬁ?%ﬁﬁgﬁég@ﬁi% Qmax = 1000 kW/mQa dmax = 500 kPa, Nmax = 47 j{ﬁﬂuﬁggﬁgﬁﬁﬁﬁ%”ﬁ H =
202 km, V = 150040 m/s; RIGHLE IR FELIAN Serror = 10 ke M A BUETEFEA —80° < o < 80°,
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Figure 16 (Color online) 3D trajectory for multi-entry Figure 17 (Color online) Change of altitude with respect
points to velocity for multi-entry points
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Figure 18 (Color online) Change of attack angle with Figure 19 (Color online) Change of bank angle with re-
respect to velocity for multi-entry points spect to velocity for multi-entry points
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Figure 20 (Color online) Change of heating rate with Figure 21 (Color online) Change of g-load with respect
respect to velocity for multi-entry points to velocity for multi-entry points
®1 MEBARNTSHMENTEER
Table 1 Results for Initial entry point trajectory parameters
Initial dispersion Serror (km) H (km) V(m- sfl) Qmax (kW - m*2) Nmax Gaz (kPa)
Hgy + 600 m 2.85 21.28 1503.53 942.43 3.79 168.43
Hp — 600 m 4.35 20.42 1504.12 912.35 3.42 147.86
Yo +0.2° 0.12 21.51 1495.02 931.92 3.38 152.21
0 — 0.2° 1.54 21.11 1502.64 913.35 3.74 165.66
Vo +40 m/s 2.67 20.91 1504.12 948.32 3.78 168.71
Vo — 40 m/s 2.54 20.62 1495.91 907.52 3.31 143.48

LR 18 A1 19 i, A ENDRE, A I SN IR, BURAE g R A BN
EARAL. Hy = P 0 S AL N BTN A 5 (18 23) FTRAAS Y, R RE R, FESS E UM A DL
SR N A AE = G187 A 1) X R KA S 2 N, RN R AR LR, SRE T =4
SR A (AL R AR 2 RO AL B R, B = P A 0 s (] B T P o S R TIG 7R  1 E  B
PRyl LB BLAE R AT DA, 7R R AR LR HARZOm A RSO0 T, FEA AT 8 AN F
PG N R A BRI B IE RN

4.2.2 EHEMEHESN

(1) BN SBUBSHAREVEREAT . EH E AR AW TN S H 8, 4w PIVIa S8k
Bl R: Hy C (—600 m, 600 m), vo C (—0.2°,0.2°), Vo C (—40 m,40 m). £ 1 NYIEEN ST SH
P 4G

IR 1 e A, FEAAERIAE TN E LT, TN S nT DAL b 2 B AR 2 AR
2. R, S B BRI AE SR EhRE ).

(2) BARSHEIREHT. T E AN RLEARSE R 2 10 R Bk

(a) RAERE p W7 (£25%);

(b) & m Wz (£5%) F IR CL W2 (£10%) FMEH I R Cp W% (£10%).
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Figure 22 (Color online) Change of dynamic pressure SRS

with respect to velocity for multi-entry points Figure 23 (Color online) Bank angle o boundary for 3D

equilibrium glide space

i
0.15 220 210
0.10 2.15
2.10
0.05
_ g 2.05
< 0 £ 200
-0.05 < 1.95
1.90
-0.10
1.85
~0.10 —0.05 0 005 0.0 0.5 1.80
’ ’ 0 ' ’ ’ 1450 1500 1550
V (m/s)
24 (MLEIFZE]) Monte Carlo FT#ELIHN E RE 25 Monte Carlo ITH&inEE /RERE
Figure 24 (Color online) Terminal error of position for Figure 25 Terminal error of altitude/velocity for Monte
Monte Carlo simulation Carlo simulation
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Monte Carlo FEFLFT$EX L P 24 v v B i 22 FH 25 iy 8 P55 o P A 22 G IS o) 47 B 68 SR A A 1 1, 8o for B
ZE4 R ZHALT 5 km JEE LA, BT R 50% B2 2 (CEP) /NT 2.5 km, 2018 Bl 22 /N T
35 m/s, 3 FER ZE /DT 2 km, 7] DAAS H ) SERAE IO SRS EER BN 0 T A SR BAT 5 I AR i A
DRI, AR SCUE T AR = 4P P 2 10 1 1 3 7 B 43 ) A LA TR 1) 5 e 1 .

TS AT AT DS ) T T A R ) S N T S VAR AR G N Tk
ALUF 5 AMIL A
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Hypersonic entry guidance design based on three-dimensional
equilibrium glide space

Erlong SUY2 & Jianjun LUO*

1 Science and Technology on Aerospace Flight Dynamics Laboratory, Northwestern Polytechnical University, Xi’an
710072, China;

2 Science and Technology on Space Physics Laboratory, Beijing 100076, China

*E-mail: jjluo@nwpu.edu.cn

Abstract Three-dimensional entry corridors and three-dimensional equilibrium glide space concepts subject to
path constraints are proposed in this paper for the first time. The three-dimensional entry corridors including
H-V-« (altitude-velocity-attack angle) space and D-V-a (drag-velocity-attack angle) space are obtained offline
within which the entry vehicle flights will observe inequality path constraints. The a (bank angle-velocity-attack
angle) three-dimensional equilibrium glide space is achieved based on quasi-equilibrium glide condition. The piv-
otal trait of this three-dimensional equilibrium glide space concept is that it is capable of successfully converting
inequality path constraints consisting of heating rate, dynamic pressure and load into control variable constraints
which are bank angle and attack angle. The advantages and potential applications are investigated and presented
in this paper. The proportional terminal guidance law is introduced in the entry guidance which can fulfill the
integrated design of entry guidance and terminal guidance through applying the 3D equilibrium glide space. The
robustness and adaptiveness of the proportional guidance law based on 3D equilibrium glide space are verified
through simulations

Keywords hypersonic entry, path constraints conversion, three-dimensional entry corridor, three-dimensional
equilibrium glide space, adaptive guidance law
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