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An investigation on combined entry guidance for lunar

capsule skip reentry
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( College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; A new entry guidance method combined predictor-corrector guidance and reference trajectory guidance was proposed for reducing

calculated amount in predictor-corrector entry guidance. Predictor-corrector guidance was applied in initial entry phase to improve robustness, and

reference trajectory guidance was applied in second entry phase to reduce calculated amount. Through the information of reference trajectory, it was

less time consumed in predicting. The method with a new command fast iterative algorithm was designed to reduce the iterative times. The reference

command profile was revised according to actual condition of lunar capsule in transfer position so as to compensate error and to improve the quality

of the second entry guidance performance. Numerical simulation results demonstrate that the combined entry guidance method is able to lessen time

in predicting and fasten correction, and it has the characteristics of high precision and robustness.

Key words: lunar capsule; skip reentry; entry guidance; combined guidance

A R — AT B kAT (— RN T
0.5) , ZEHIR [T 55 v, il AT 55 iR o 22, JF:
Pl /)i 2RI R W1, R [ R Bk R
B FEARFRIRIER AL 2R AR,
FT7 R RARTT 53 S P Ff A vl 0 vk AT — A
1B PRERUEEBOTHR A TR R RN, B e
PEAIRT 2% 3 N — A TR VA B B R, (R
S5 TR IR o il R L (] I S st 4
BEPEAT &, nDR RN T A T ALS ]

“PA R T R F AR HE B
TE S, 7/ IE Bk BROR B ETE th R AR T R
il A Rl N R — AR e B I AT A
(Crew Exploration Vehicle, CEV ) i& [8] {T- 5% 19 77
TGS HE E 5L 56 = (Jet Propulsion Laboratory,
JPL) 2 i PreGuid F A i § J7 47 ; Tigges

« YT HER.2014 -04 -22

Crull \Rea 5§ £ ) 508 Bk 2% X 7 A = 5 %
( Numerical Skip Entry Guidance ,NSEG) ™| i
FofrFE A 0515 7 0 SR FH 80 T — A2 o)
T, S S W WE RIS R MERUE A S S (AT - AL
IR AN P A Fir 2591 . Brunner | Lu 5%
TERHA R E A R AU O - A E A
#7177 s Souza BFFE T B BH A7 i3 J3 ) i
MRS o Beah, B R 2 2 i
JEAEXTER A CM IR PR T B T TEWRA
fRFsE

ASCER TN — AT E T ORI 0] R
PR T PGS G - R E S AR E A A 4
Sl ST e SOk R P A RE
SR, Bt TR AR P B0 Oy v e PR
PR A A 1R 25 M T 1%, IR A B

EEWE: HEK AR SE BT H (61203194) 5 il K €A 8N ) 25 H R F S 5050 % P L4 W B0 H (2012afd1018)
EER A 3025 (1989—) , B VTP H A, L0984 , E-mail ; lianglongd4141989@ 163. com;
KA GRAEVER) 3, B8, WA B A R0, E-mail ; zw. nudt@ 163. com



46 1] W58, BT BB AL A S 7 ik "7l
D5 BT AT T 90 5 B A 22 I - i 2 1 0 20, 2o,

SR RE IR W 20 TN b ], R A o
84 I B ERRERI T AMARZE UK, S —
UCFRA Tl S O B R e

1 BASSFEE

I TR AR TR B8N (— /T 0.5)
It HMFHLSIRE AR, BT AT 75 IR B AR bR 22T
HALFA WHR R A SR s e e
AR ST T PP SR P I P8 R ST BRI b R AR
T 2 S P T O 2, 45 21 RS A A S
m(sT;—R+mg—mwe X%—mwe x(w, xr) (1)
T AL R Y S I EA BT LS Ty o
TP TG HT, (1) H,m R
r NAEE R R Bl T sme 51 0 e,

SR E1 P AR FE 26 s 0, 0 Iy B I FE T,

x (@, x1) JA B NE LI
(1) AE3R [l A AR R R B, al 15 2 AR
| Wi N B W =

dv,/d¢ x cosA,cosp,
8- 8o, .
do/dt |=m=H y+R, | +m — sing,
! r w,

m
dv,/de z - sinA,cose,
-C.qS x Uy

+0, C4qS ]mA|:y +R()] -mB| v, (2)
C.qS z v,

A2 H, r g RARRKE; Ry ik [B] AR &

JE SRR s Ay S FEATT LA 5 @0 PR KR

BLA RS C, L € 70 C, a3 3 D il L 325 16
BB R %8G g WEhE; S WS H TR0,
B AR 2 IR [0 AR 2R B BEARE  5 0, B g, 2
NG| I A MO R A v FIER B el 1) |

e, A ] J, Wi 3A = (3) frn.
3~]2 a, : .2
g, = —'J%[l +7(7) (1 -5sin"p) |
(3)

2
a
- 3 & Ze) g
gw,, rrZJZ (rr) sme

Horb,w AIER G| 1 R A 0, M ER AR IE R
e AHLLAE. K (2) Hi A B 5T
PSR

B=| 2o, 0 2w,

2w, 20, 0

K(4) G 0, 0, 0, S IR
K 2R A R R4

2 HEHSKEE

AR P R NIRRTk
e e s <1 4 o 0 B A 2 A e o
HPE— A B PR AR E TN - A21E, fRIIE &
FPE IR B AR B R RATRES s ZIRFRABL
HoR FARERUE S sl MG TR

(5)

TREEET  CIREAE

—REAE

Altitude

W
FA TR-EIERS
TR =R AR

FRRERE S

Range

CRENEIN BV ESC!
Fig.1 Scheme of entry guidance

FP B AR FEA R R 5 3 4B
Br: WA ABL JFIC BB AR, 11
Uil T AR AR 45 BRI ORI
ik, FEARTET, 5 GRBGRIT R N, T
0. 240 A A ATFREBDEE ™
21 Fl - RENSR

CHBIAREAR, TR, R T
Sy, LB B, AR RN 05, A
T B SR R, SR T
SRR N, KT N U443 A S B
W — B B

AERRATRUN - BEE ) S0 B, AR T i
AT o, (o) L LIS AR A 7, i
. 1l BE LY, T A B T 4 0
Suwro FERUETESS SCRRIORE CAURE ST S BUAN 5
TR S, 10 5 22 AS,,, . BETE SR A0 0
o () BB RRTTEEER AS,, 105561100 4 1 1
O (0) o B2 15 T — B A BB — B
R
22 FENENSR

AR AR IR SRR b



<72 (FE TR SR S AN S

536 &

> EIFA IR 0T 0, (v) FRAS SR SEATE Sieeo

v
PHE TSR S SRR CRTRRBI RS Ao

NO
Aoy Z ASiggy

YES

BT REA S oA R I, , (v)

‘m%ﬁmmsmwﬁ%ﬂﬁ ——

W F—AHS M

SRR

B2 wi - BE S

Fig.2 Flow chart of predictor-corrector guidance
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Tab.1 Entry mission parameters
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Tab.2 The types and distribution of deviation parameters
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Tab.3 Statistic analysis of prediction times( 1000 cases)
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Tab.4  Statistic results of transfer position parameters
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