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AR AT EREZEEMEIZEERE S, FREAEARRAARDZH T, HR AT HHEA
B RR, @ MGEHUBIE ke, DA E R ELECY BT B AR, R FUELR, SR RS
RGBT DTSR, (R SRR T AN & DR BE. e, RY%E Bk EHLE R E R
25 ARG NAFE S, BRFRARERY, MT4AEE A R tE, RS H RS N AR
AWMU, B LFH, SR 3R,

x $# 3\ BARH, KHEN; BeREEE, REfEhLore
HESES: V4124 ERHRIAED: A

15

i

4 Apollo THHIAF, SEEER H BB &4t 77 BAANG T 2i B4R, KR
B 5 H BB AR Jo o i s i L PE, SRR TER R BRI AR . A BREffi 2% A2 2
KT RBEHIERY (Earth Departure Stage) #5208, RF—FHEAFARIE V. HER
ANFURAM Bl LR s, MERAE A WEZEAMS BRI, EAARRERDL
WESLBBNG A . ENKRE HETRZEKAE R, BRIEEANEREANEH, RAARS
BB, T PE R S T P e okt P, Ry —FMaR =R, Hi,
BRI RAE LG I AR AR Z IR, BNEH RGE 0 X PUER B .

I P AN H B ST BT 1 AT T ORI 7S, STk [3—6] 45 T -5-401 H Bkl i+
RIS B DBFTE. FFAESCHE (3], A T A s BB N\ P i H 36 Pl A AT i 1 g — A
Ptk (HR BRSO 2B H SR EE T B ys, HiE e, s sy
R, EHRKHSEERARFER L. ST (7] 430 T B TONIFH BRI 35 % I8 2930
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T B R GT D R, SCRR [8—11] X TE ASRMAR B A S AT T P7E, XA AT
LB TR

BABEASEHREANRNFFEEZ AR, B THRANAR, HALEAH KT
PE—MRAA HREPESRESHE, Kt AR e -8y 3d 24, FHAT
TERREIZ) 1d, FHFHEREHBEA. SRS, BRAZAESTHERER, YRFK
HEZ, HRSE IR ESES I EEMR k. $hxhX ERr s, 556 ®E L, 42300
FEAEX (BB T BN S A W AN 3 O A PUIE B B E B i L N B aE
&, LAHHIREHE R BT B AR, R YLE LR, 6 R L ORI #E 29 TR 8 K a0t
REIN

2 2R

TEMATENG A KT DR #En, HERESEREZARGMN, BEHRANKHSH,
(G AL EIE) . H (REE AR BRI R EEFFER. BT HETHMT,
ARICRE LR AR A IEZB B2 AR, SRR LR
2.1 HEESHFLR

ASSCHER MR TR R PUE LRI, 7EX R R T, SBREAE A PuUEmE 1 pr
7. HIERTRL, TN s BB I A\ A RS BE, ARIRTEE H R AL ORTE R A BLE,
TEFF A PUE L RATRIE )R, HEATE AR, &)t A B PuER EER. 43RBT
PUEIEAN P A FerpBaE (UL A miR B PUE N BI) BASHE O M. I AT, LAEH
HEREBROYIN T, £ ABRVERTEEN, #Rovi HBBE; ABRMERTEEZSN, PR bB
. KA ABREREBRA TS, 2 BIFR N A R, DA R 2 m i TR il 2%
PHEEE T 2% 3CHR (10], BARARFER. i T BB TR PUE B R T PR B E T,
S E Wi (G BEAE A B , M A Fe R BLE B v i, MRIEX —HF A, ASORHLEZS
W 3 A B AR A BLE 2R,

JI MR HIE B hnsc ‘

JE R A T SRS R AOME B Hﬂzﬁ,nﬁlﬁ

B 1 A E A E A Ul R EE

2.1.1 #HAHREAR
BRicEHRHABEE, SEDMNHK A\ o, KITENRHAPUE LTS N+ 1 BRE
H, WA:

o1, = arcsin(sin i, sinwy,) (1)
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AL = {1, + arctan(cos iy, tan uy,) 2)
AL = {2, — arctan(cosir, tanur,) + 180° |

Hor, i WP A PUEMXT T ABRRERBIA, w8 KRN E A KA R A, o0 T
KR, X (2) F—. ZoXniET K ENER T, MBEEAL. HIt, &%
FHAME, FAYENHZX (1) f1X (2) .

BEAp . pp LA ABSE, 45, T WL A A (R . BAREF
HYUE, A SRR AE LA, S

pp = arcsin(sin ig, sinup) (3)
Ap = p + arctan(cos iy, tan up) A
Ap = 2p — arctan(cos iy, tan up) + 180° )

Her, up H KBS A SRS ERA, O ATHREEE. ABE AR, WE:
2, =2 —wi.Tpp (5)

Her, wn AABKHEMAER, Tep 4 KL H A EERAR 2B A K CATHE.
NTHHE Tep , FEMTE: (1) MARBHENEHSMTS 0B (2) Kihd ARk
IRIEFIR EA—BHITTE;  (3) KAES N + 1 Bz KinE H i b=, HIEE:

Tep=To+N -T+Tny1 , (6)

Hor, To 3 KAEAGE A MBS — UG 3 A PUB T3 A CATHSTE], T o930 A PUERI A, T
HEMAR>BRIES N + 1 B LAY CATH . —BEo T, KEERS A Bl Ly KTt RA &
K, —HK 1 d LA, UREEN 100 km Z4AHHFHHUETR, N 25% 10~12 /12
XtT4E R A PUEBUA i, ATRLEL AL A A e MKATHSE Tep , (E153FH
PUETESE N + 1 BN CiE H & L2, MERASE HBIE R,
212 #HHPEAX
P A B 5 A BRI EUAL BRI AR SE, B (av(tup), du(tip)) N ABRTE tup BFZ] (€
FEEIIAIL A R RD) BRI ARG, D9 A BRIEIARTE top Bl H A, PUER TR ARE 0
VAT

tan oy, (¢
2 = ap(tLp) — arcsin M
tan 1EPO
7)
tan oy, (¢ (
2 = ay(tLp) + arcsin M —180°
tan 1EPO

Hrr, B—. S RIX T I BEBEAL H R,
B (Na, pa) HHLH BB YUEME S OR B, AH CITE tea B 530 A H R HLIE
I EES, Q2 BN
tan pa

2= Ap — arcsin tanioa + 65 (tea)

tan pa (8)
{2 = \p + arcsin —— + 0 (tga) + 180°

taniga
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Hedt, 6, hRsHk R IR ERR,
2 (7) FT/on CARTEILE A ST Z] top B9 ABROLE (av(tp), oL(tLp)) ME—BRAZE T 2. = (8)
R 0 HiE T NILHBE DIV A S B tea . M TFBRAZAES, N tea 5
tp 29 2.5~3 d . RINH A EEBHET A SE R tp~tlp o B (7) AR (8) ATHENS 15 H
K I b B RS B I BT T (£ ~in)
2.2 FEYE
221 HEGRMAHFAAR
FE KM AT R, TR AR NAR (Y 32 WG 35, LR ACPH Y6 A 1 7 0 5 A FH LA
Z AR Je R e — T Y. O, R REE S H ., H, AW JLAER, WE 2
TR R SCKIHIT ) S T B e £ A BE R KBNS f, A B FR. BRI TATS,
A A PH LA FT 48 T B T A PRl BT e 0, IR I L AR v o /N e e 2
RIS KRBT R I A,

\\ &
HIERFEAR ™
PNCifoa 7\ 4

¥

Hi A LRSI R AL

K2 |AZEALEFH - H - AILERRRER
N T RIER AR BA BB 20, 2R fs IRHITE—=ZHTEE, B

BSmin < BS < ﬁSmaX 9 (9)
PR FHTEH R HEABAR R T T R AR RE , ML & 5 A KRB AR R PR RS K
RS = [Ros, Roy, Ro.]T = M3(u)M,(i)M3(2)R§ | (10)

Hb, o B CWHUER S EIRA, 2 NPETRERE, | MPUEBA, M. Ms 258
8o B, o BIBERAIMIRFHEIE, B A BRKHEE, o BREFLMA, NH:

R = M (—es)M3(—Xs)[1 0 0]T = [cos \s, sin\gcoses, sin\gsineg]T . (11)

T&, ARG RHALS A Os -
Bs = arcsin(Ro,) (12)
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M= (10) FI= (11) JTHL, ANGHA Os H3EM 2. i, PR s, es AR, BALE—
M HEFEE 10 d 2247, SR es ORH R UL, TEXPERER, ASA s H5 M A&
K. s PAZY 0.9863(°)/d MU BEENG, HRIL AT HAAS B R R AT KFHA ST A .
222 FHALHKMEIZIEAAX

FoA AT BRZER, BoR CARE AR A RIEITE A, AT RS a2 0, —M8ZR
KRFHEI NS AR 7E—E BB N . KHGTE A SIS AARKHEEARR, EARDY
KHESEM Zs H:

(R,
Zg = arcsin (|RSI§|) , (13)
He, Ry HARMTEE H S ORRR THALE RS, RS, 4 R W = 4+, Apollo 3%
H, BORE A AR KHEEA (sun elevation angle) K 5° ~ 14°, FHAKRME 12,
2.3 MBLR

XEE H BRI, BRI ARG E S, BITEEERR], BAE — Aol 2
MR, 72T BEPRRRA (B AREINER. FAA, AEBINELS) , B8R
TR SCRE, BORBERTEM G v AR R AL R Ry, MISCHERIAGMISE = BE M 0

6 = arcsin (ﬁ%]t') , (14)
HA, Re. 9 Ry 89 2 0L, WP ol WA —MBEZORIE: 0 > 10° . i THUBREy A 5%, ML
WRE T RAHHE O, 7H5h, 0T ARG BT, X5 A R B, w] RSk
TR ABRKMPE, X ABRATI, BPRRACEXTE A A .

MPHRANEH, BEFLTERED LR AMH 3 h M5 4 h gEFTESEN 7 1,
LA 0 7 vt g AT LS A PR, R R SR R, U, — MR E WA DL L
PEvli o P, B R AR, WA ER o o 0 A, FUiBRRKHHLOIK A A
Omax » W 3BT, B, Lha, b REL, Onae AEREIFDPNEDNER o, dH
MZEJLE . KA RERE AR E T AL (B HHL) SP/AAER TR, B A
E. W,

A Ap fl dw 0IFRR B W RSHUDZRBE, T R BERCHT My /NIE, J5 Nu /N2
TFER 25

b %

K3 EZNERER
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AE — A\w > we(Mh + Nh) R (15)
H, we RARHEREFEE, B 15 (°)/h,

3 ZUHGRM M DL

TEWE Z AR A, S FARIIE AR %0, AR TEZER, AR4RE
BRI AR E RS A 0, AP E RS H & 1 084 ] RER A HROE P
XA, FE. KINE R TEX A RAE A TR M R LS sc R, A A FoR
TES @ AR A TR LR8BS, MASHE I Ly ATRIRZR -

LW:AlﬁAgﬂ---ﬂAn:mAi s (16)
=1

Her, n RRARFMM B, £ LRAGRMERT, FTLHAREEASED, A S
W ANH S CORBLE S A BRI BRI 3C 80) B LURTH A 5285 0 s 3 1, 53X ST 11 ply il
R AE A BERY KITPE RS, FIk, & 02 EIFAML, 77 HH A — 5 0
HERED,

hT&EHSERASEAMERS, Bk, "TUd Bbr s e E o, Borkm T,
3.1 HBmEASEOHEREASEO

KR A A E A A RRREO: W A S 8 24 100 km B9 3F A $L3E,
KAGTESR ABE 13247 N )5, £ N+ 1 BN CIEE A S LS, RIE &2
B, FFUF 100 kmx 15 km ARG B P38 5 R B3GR BE A 0 20 15 km 09 5, %0t 280 s 5 &
B 33k E H .

BN A M EAE H S iRt oy Tew , HA T A S B E R 255 8 s i i i (30 h
Tep , NEMi#T B EBIE H TR Eidy 7L, WA:

Tpr, =Tpp + 11 (17)

Hep, Ty S®EMPLBER, 48 1h. A TEALBERCHRNE, AHTHE, &
XA Ty B RL T hit, Tep BRI (6) . BEE AT LA (tro, tu1) , TEITHGE] TeL
Ja, AT EAAERE AE Ok (two — Tew, tu1 —Ter) , EH (tro, tp1) .
32 HEAREOHEAORETO
ASCHEZRE TR T A ST E DR, B, REHE CAFENE A B ER A a A,

BIZIE A O R Z, I REHEHCA (teo, tr1) , WAL REHEHTAALKZEILH
M TKATEEIR] Te . T A BES AR RLR, BCRATRTEY Tp DO .

a3

Tp =/ L(eLsinh H — H) (18)

HL
Hreh, au . er HIEAPUEMRKBERA RO, HAANDRMESA, w WA
HEL.
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BT Tr SEMMPLEGRR, B, fEICZET, REILMSH ARBYE. M A%BH
EXEZEGAOENZ, SF., GESELZREAX, B, Tr BitiEe— AL R,

EADSEABED A, REA T it Wi, fTHiLA S8 0 ERRE Tr 153
ANOEE O (tpo — Tp, tp1 —Tp) , WEH (tBo, tB1) .
3.3 HBMAOREOTEMAZBIESEO

HHFER IS S E DR R S A B HE A G, B BRI, CHAAL K
WZlts . L s . GiE op . CITHEA 0, VIS AFEBINELRE ra FRITHUE A
Oa , FTLAGEGHERIE S A AW A R EHGE M, ASCHE DL E IR ELE
. F, FlE— B2 I S O, EEEE R GAE & H BB B HUE & B InE
FAMAOE, B)E, RIEZA BB EIHEENINE S 2T A S8 CITEE] Tas , AT EED
2 Tap BBME LG . Hdr, Tas 7TH TFXHHEGH:

Tap = a [(Eg —esin Eg) — (Ep —esin Ep)] (19)

Heh, ae. e HHBBREPUEMKEMARORE, Ea. Es 4AAMEMR. AND SR
A, pe AHIERTITHEL.

BT I s A B RE G IR, — BT, HEORE S gk, B
I, AT ARSI B TE U PR, R T DI A L

RHE LREYE, 46 HmBREYENRIT LS, BEWE 4 BRI EE AP E A
T HRGE D R,

WAL SO P i, DARI B W | [ IOERA LR R 5
i Bl BAM BRIESY [ Ly F SN %Hﬁmﬁﬁnﬂﬁﬁn:]

wanmEmEsEn [ | dmamsEmg || e anpen g
KIS o AR L S F A H 1

N
i IR 4 e B IR I [P \ wl v FaEs sAwn Y
1 i T H i R BRI B IR BIEUE > preaiala 7K

B4 EHBEN PN G R E D5 R o

:Bsmin<ﬁs <Bsmax?

4 PiERA B

ASCLL 2025 4R, TR A BB HLE AN PR B BOR B PUE R RS 1, R
AR A HREHE. RS REFR AR USRI BRI T.
4.1 HAFRH

FIEUTHEARNENF: (1) F A ROBHEALT X ETEH X, A4 (-23.40°, —2.98°)
WY AT A (2) SHUPLE N R 350 km | A1 43° BIEBLE; (3) PFAPLERNFE 100 km |
FAXE A ARERHTA R 172° FBIPIAE;  (4) HIE I Pk AR5 7 i 6 M AT



3 3 B8, % NLHUBUE NN RS DA 53t 317

HAAFRRM: (1) FARKEEEA 5°~15°, FRNHARAT; (2) FHA B0
WRHT 3 h | JF 4 h BEMERRMA  (3) HBYERRKHEAN AR —45°~45°% (4) KAFTES
HYuE L7 12 B2 )5, &t &,

4.2 {ARZR

MIEE A SRR, HRARIFEAGHAFTOME 1 o, mR 1AH, FAEN

BAMMEEARR—R, 244 3 MEEA, ¥F 13 RKIl&. BHMEEL 2040,

®1 HRARMAEO

F7 B G R ] F5 ] R R ]

1 2025-01-09T06:16—2025-01-10T02:03 8 2025-08-03T21:29—2025-08-04T17:10
2 2025-02-07T20:51—2025-02-08T16:38 9 2025-09-02T08:47—2025-09-03T04:29
3 2025-03-09T10:52—2025-03-10T06:37 10 2025-10-01T 20:50—2025-10-02T16:33
4 2025-04-07T23:59—2025-04-08T19:43 11 2025-10-31T09:51—2025-11-01T05:35
5 2025-05-07T12:11—2025-05-08T07:53 12 2025-11-29T23:47—2025-11-30T'19:33
6 2025-06-05T23:36—2025-06-06T19:17 13 2025-12-29T14:21—2025-12-30T10:08
7 2025-07-05T10:34—2025-07-06T06:15

WIE, Xt LR A D, mENEARRAEIEA SR HE D, W3R 2 PR, fisk 2
W, EARBHEORER/DT 20, BERAEHAEL 8L,

®2 FRARMB®EO

F5 B O IR ] 5 B O IR ] 5 B O IR ]

1 2025-01-09T08:31—17:14 | 6  2025-06-06T10:34—15:38 | 11  2025-10-31T 09:55—14:55
2 2025-02-08T08:56—16:38 | 7  2025-07-05T10:3¢—14:28 | 12  2025-11-30T 09:11—16:02
3 2025-03-09T10:52—17:57 | 8  2025-08-04T11:25—14:11 | 13  2025-12-29T 14:21—16:06
4 9

5

2025-04-08T09:56—17:38 2025-09-02T11:06—13:47
2025-05-07T12:11—16:30 10 2025-10-02T'11:00—14:54

MEAGRHE D, HERADGHE D, RIEA O AE OB R KA S AZRE H d
REPUE, 1521022 RA MR B BR EIPUEMNR 3 PR, R R4 1 R KBS A ZEK
HHLE. H, BuBE TR A mREREAPAE DO, o HPERER, o FHO
E, i NPUEMAMA, 2 KALERE, o BIHESERA, O BTFEREANA, A
S NI BUE D BE R B P R B v, A N B TR HLE RO HE N 3R B
B P i i

xR 3 RELFRHNEBREHE

e

BLIE T oC a i i9 w ,Bs Avy Avg
/km /) /() /) /) JkmsT! JkmesT!
2005-01-05T 05:38:33.61 263700.489 0.974486 42.9141 12.2882 209.7531 20.32  3.1185 0.9237
2005-08-01T00:44:22.66 277164.336 0.975725 42.9839 282.9468 145.4029 25.12 3.1219 0.9101
2005-08-30T00:24:53.11  276338.799 0.975653 42.9911 306.8728 143.1480 38.32 3.1217 0.9120
2005-09-29T00:13:59.22  274236.099 0.975466 42.9937 333.1155 152.4712 25.09 3.1212 0.9258
2005-10-28T08:25:27.70  257965.509 0.973918 42.9799 345.8805 167.4079 22.49 3.1170 0.9184
2005-11-27T07:19:25.36  249260.003 0.973008 43.0584 358.9013 191.1460 19.77  3.1145 0.9219

2005-12-25T05:42:13.43  253784.091 0.973489 42.9641 1.9400 197.7358 19.66  3.1158 0.9187

HE: ISR, SEERA f=0.
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N T RAE BRI REIER M, M STK #ATH/ARIE. R TRIE, WAAMSHE 3+
BT, KA fR EPLER A STK , JR7ES A f AT IME, 755 STK /R 45 R

WP 5 Brs. HASGRAE STK L BAFFERECR. 07 HA5 REUE T A SCR H J7 K1 IE
BRI A .

28 #&

FHBEEAE |

| HmERFasE |

B 5 EHEERUE TSR I ALE STK JOR4 R
5 & W iR

D5 BLA5 SRR I AR SCHR H Y S 1T 1 R A R L B R IE R A A 2. 34 R
F, HTZZARZMEEN, BNEHNRESE DFAREGE T AMS IR K, HE 1 F
T, R Z UL kS, BARINILSPTIHARIRERAE Y . A SCHR H B 73Xt T e A HR
#E AES (NEEHRA TR, —HlES) MASHE Dot RAES %M E.
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Launch Window Analysis and Trajectory Design for Manned Landing
Mission from Near-earth Orbit Injection to the Moon

HUANG Wen-de!, XI Xiao-ning?, WANG Wei!

(1. College of Mechatronics Engineering and Automation, National University of Defense Technology, Changsha
410073, China; 2. College of Aerospace and Material Engineering, National University of Defense Technology,
Changsha 410073, China)

Abstract: To improve the safety and enhance the capability of launch, crew and cargo will be
sent separately at nowadays’ manned lunar landing mission. Therefore, it is needed to consider
this new change when determining the launch window and designing the trajectory of such a
lunar mission. Aimed at near earth orbital injection, firstly, a number of considerations which de-
termined the launch windows were analyzed, including the orbital constraint, sun light constraint
and earth station coverage constraint. Then an inverse algorithm is proposed to determine the
launch windows. In the proposal algorithm, windows of lunar landing, then windows of lunar
landing, and then windows of insertion to influence sphere of the Moon, at last, the injection win-
dows of translunar trajectory, are determined successively. Finally, simulation examples are given
according to the characteristics of free return trajectory. The results of the research show that
launch windows are not accessible once per month for given lunar landing point and near-earth

orbit, however, more a one opportunities are available for a year and selected.

Key words: Manned lunar landing mission; Launch window; Free return trajectory; Patched-

conic



