
� u 28 ��u 3 � z���J�.�� Vol.28, � No.3 ��� 2010 � 9 � PROGRESS IN ASTRONOMY Sep., 2010 ��':_��1000-8349(2010)03-310-10

h�p~k�~m8�n6t�f�x(1��UYT 1 �[ZV 2 �W�X 1

(1. P!G�YK�}|>AyP�hK��<< 410073; 2. P!G�YK�W{y2i>AK��<<
410073)9-�Æht3�%?℄�Æ	
�bÆ%[
*m��4m*y)	k�S	+
T1rMe7Mk�vÆ�`T1rMeF�ÆbOo�qMeÆE��*ÆuTMe�`�K#�`℄7M�`k�BKOk�h};	tF��`}�!�BKOF�h�	WeÆ;=Oo�qMekrx9F�BKO#'h℄	N8(R,{Æ
u9�M�x℄1rMeÆ
*m�k�BKO/1Ww6��sF%^RÆ^� 1 �>Æ/q�R|sIAF�	z � g�
*m���BKO�Oo�qMe��K )�%=%w���V412.4 ��� '*`���A

1 �i��Pw Apollo �g0�
xO�����Pl6j�A�R�26)x(�jd,
��)o6�w��lp�#(-�A80qLd
'd�nK��)o6����lp�\��u�&Wq�� (Earth Departure Stage) ,= r�$
'd℄�,6#�Ld [1] �jL�)Vx\�℄�=?�j>?NJ
�O�)l�[`5,61�D�&

�09j�U[%�N$�)l��℄S�O~�j���aUE
Y,�	Æ�N$�)l�
3l)x(�jd,
�0qLd r�$w$i�Ld r�$ [2] 
0I
℄?p3j�R�gP
p%YM7��A�R�G0(2d
�)l��AJN�LdjD��u�O����)l�j�AJN�u,=gXfjM7��& [3−6] 8Eg�Æ��o6�gj�AJNM7�q-V�& [3] 
(�gS0qLd6Ljq�I_Ld�AJNj℄�q>�℄V>^�&XÆG��q�I_KLd�yjM7
�mD5J"�_�qy6L�_�L�wnV2�!�_n#�s���& [7] 8Eg�A�)i�o6�jFqj�_|�� �y���2010-02-08 � +����2010-06-03



� 3 � n�gÆo�T1rMe7Mk
*m��BKO)�xE� 311������AJNjk-
�& [8−11] ��)o6�j�AJN,=gM7
��)l��SM7#���)l�w�A�)o6�V�DÆ0�
ntp�)j�_
�)l�j&=Ld℄�3lNn�pLdwtaLd
�q�I_&=K�℄�
 3 d Xr
L���LK�� 1 d 
.�Y�4&L��Qw�O
�)l��7�yY�<2
�_|�<Æ
��AJNjE�wD�[<
.��*�%4qw
'a�ON�
$�M7�
�w�D �)l�j�AJN\LdD��u��~jV�_S0qLdE�
aNn�pLd
D�~)
tSLd�_�J"�_\6L�_j�AJNj�g|:�
2 ��a~��,=�)l��AJNE�K
		�YFqbÆ�_|�
Pi�)&Iw0�q
(�Tqyw\0qLd) �� (�TL�w) j*�F�tS5�+�j���
g't(�
$���_|�(
Ld��H�_�J"�_\6L�_�
2.1 �|i7s,2�$��
�w�D M7Ld�_�u��
�w�D 
z:j�)l�Ld5� 1 lT�n�H1
&IS0qLd
f,6q�I_Ld
'd�0�wH�f<>i�Ld
�i�Ld>&=b#d
,=L�o6
VdQ�qI_Ld�pq��$�7M7S0qLd
f6Ljq�I_Ld (aNn�pLd
\) j�AJN�u�
�'(�
a�=��k-�
&*
���Yl���
=
0�
Ld���Yl��2�
=
q7
Ld�&Iw��k-�je5 w
(-=
6Nw\ENw�a6Nw
�$wj~J�(�$�H5F�& [10] 
PH0�+^�nt
�w�D jLdD�\tew&4�u
7YE�e� (0q
\0�
) 
�q�I_Ld�H&��:<%℄qw
$��Ld�_(
0�Ld�_\0qLd�_�

� 1 �{;k
*m�MeUe�
2.1.1 �KRICQN�DL�w�X5����(-
 λL � ϕL 
&I�i�Ld>&=jt N + 1 #�L�
�p�

ϕL = arcsin(sin iL sin uL) , (1)



� 312 �������y���I�-��������� 28 ��
{

λL = ΩL + arctan(cos iL tan uL)

λL = ΩL − arctan(cos iL tan uL) + 180◦ ,
(2)�=
 iL 
i�Ld*�t��Cdj�!
 uL 
&I5SL�wKj��-!
ΩL 
H w5��R (2) t℄��(R(-�jt&I�LdjH
��
5SL�w�gP
8�L�w�:
i�LdjtSR (1) \R (2) �D λP � ϕP 
0�wj�X5����
nt&I�0�wH(L (Df�D) 
<>i�Ld
0�w[Vi�Ld>jw
C�Xp�

ϕP = arcsin(sin iL sin uP) , (3)

{

λP = ΩP + arctan(cos iL tanuP)

λP = ΩP − arctan(cos iL tan uP) + 180◦
(4)�=
 uP 
&I5S0�wKj��-!
 ΩP 
H w5��7Fq��NI
�p�

ΩL = ΩP − ωLTPD , (5)�=
 ωL 
��NI!fr
 TPD 
&IS0�w8Lp�(Wwj&=K��
g�g TPD 
Y5 �f� (1) q�I_Ldj0�w�tt 0 #� (2) &IS��CdH w
℄#jDQ� (3) &I�t N + 1 #2�&kL�w>K�gPp�
TPD = T0 + N · T + TN+1 , (6)�=
T0 
&IS0�w8t℄QSi�LdH wj&=K�
T 
i�LdjAÆ
TN+1
Lp�(W��t N + 1 #>j&=K��℄��S 
&I�i�Ld>j&=K�0rn;
℄�
 1 d Xr�a2�
 100 km Xrji�Ld�g
 N �
 10∼12 # [12] ��t8�ji�Ld�! iL 
Ha�S}-0�w5� λP \&=K� TPD 
Pii�Ld�t N + 1 #�&kL�w>K

Lp�L�N�|��

2.1.2 �KEICQNg0�wjX�:w��jX�:1s*n
D (αL(tLP), δL(tLP)) 
��� tLP KJ (&I
W0�wKJ) jC5\C�

P��o6�� tLP 
W0�w
LdjH wC5 ΩjtS�














Ω = αL(tLP) − arcsin
tan δL(tLP)

tan iEP0

Ω = αL(tLP) + arcsin
tan δL(tLP)

tan iEP0
− 180◦ ,

(7)�=
t℄��R(-�jtH��

W0�wj�S�D (λA, ϕA) 
q�I_Ld
fwjq75���
P&I� tEA KJwq�I_Ld
fw�a
Ω kjtS�














Ω = λA − arcsin
tan ϕA

tan iEA
+ θg(tEA)

Ω = λA + arcsin
tan ϕA

tan iEA
+ θg(tEA) + 180◦ ,

(8)



� 3 � n�gÆo�T1rMe7Mk
*m��BKO)�xE� 313��=
 θg 
4j�<
8K�R (7) +T&I�0�wKJ tLP j���: (αL(tLP), δL(tLP)) �℄&�g Ω ��R (8)+z Ω &�gS0qLd
f,6q�I_LdjKJ tEA ��t�)l�+�
S tEA 

tLP �
 2.5∼3 d ��5q�I_Ld0�wJN
 t

′

LP∼t
′′

LP 
nR (7) \R (8) H1si��jjq�I_Ld
fwJN (t
′

EA∼t
′′

EA) �
2.2 �{;2�
2.2.1 �ICDOPLMJQN�&I&=S?=
�YFq&InV��jZ=�u
Y�nVJ6A�.wnV��2�j�!�B�℄�����PK
�Fq&ILdw0�q��nj�_F�
5� 2 lT��fnV�.wLdyj�!
LdjnV6A!
l βS +T���nVJ

=J
&IjnV��H(O3t&IwRB�=yjBI�
�nVJw���.jV1�!ntnVJw&ILdyj�!�

� 2 �
*m�T�>1 – r – ��`G�Ue�
g�/nV��>p#YjZ=
Y� βS ';�℄�j��
��
βSmin < βS < βSmax , (9)DnV�q7I>Z)�j�.Of
R

E
S 
�nV�:Of�&ILdZ)�=j�kR

O
S 
�

R
O
S = [ROx,ROy,ROz]

T = M 3(u)M1(i)M3(Ω)RE
S , (10)�=
 u 
&ILdj��-!
 Ω 
LdH wC5
 i 
Ld�!
M1 �M3 (-
( x B� z BDIjZ)Il;,�:l λS +TnVm5
 εS +TmC !
�p�

R
E
S = M1(−εS)M3(−λS)[1 0 0]T = [cosλS, sinλS cos εS, sinλS sin εS]T . (11)tV
H�inV6A! βS �

βS = arcsin(ROz) , (12)



� 314 �������y���I�-��������� 28 ��nR (10) \R (11) H1
6A! βS wLdj Ω � i 
a� λS � εS pF�l�S?℄�7BB 10 d Xr
CH� εS X
:b�gP
�&ILd&�d
6A! βS 7w λS pF� λS a� 0.9863(◦)/d jf�v�
<PH�gi
vxjnV6A!�
2.2.2 �SRFDOPHGJQNg
�y>�9X
Y�&I���j�x,=l��
gvi;K�jZ=
℄�Y�nVj6A!';�℄�j����nVJ��ywj6A!lnV2�!+T
L�wjnV2�! ZS 
�

ZS = arcsin
( RL

Sz

|RL
S |

)

, (13)�=
 R
L
S 
nV�L�w�7Z)� j�:Of
 RL

Sz 
 R
L
S j z (f� Apollo �g=
Y�L�wjnV2�! (sun elevation angle) 
 5◦ ∼ 14◦ 
�.N�.� [12] �

2.3 �

2���)l�S?j6L
Y�6L��B
B6L
��+dKJ
8�p℄5�tSH6Y���&=S?=jF�w (�Tq�I_
fw�L�w��qI_
fwn) 
�Ypqyj0B�DF�w�6L��7Z)�j�:Of
 Rk 
�F�wj6�2�! θ 
�
θ = arcsin

( Rkz

|Rk|

)

, (14)�=
 Rkz 
 Rk j z (f�6L�H�j℄�Y�V� θ ≥ 10◦ �ntq�jNI
6L�_A�g�Aj0JN�l�
nt��wq�*?X�
�tL�wj6L�u
Han3t���j6L����H�
�H-
�L�wH���t�)l�
X,�S Y��
WF�wj� 3 h \d 4 h ,=
B6L [13] �\56L�jHH6��p'
0tS
B6LY�
gP
℄��Ye5a>j6L�5�6L�Dqy6L�n���e56L� a � b U>�7�VXjq7 !

θmax 
5� 3 lT��=
a a � b 
~7� θmax 
36je51~(-+T a � b j6L���&Iw���F�w�dj8 wL~ (�=U() we1~ t���ew
E � W �a λE \ λW (-+T E � W jq75�
�tSF�w� Mh 1K�d Nh 1K
B6Lj|�V�

� 3 �dC7MUe�



� 3 � n�gÆo�T1rMe7Mk
*m��BKO)�xE� 315�
λE − λW > ωe(Mh + Nh) , (15)�=
 ωe +Tq�NIf�
! 15 (◦)/h �

3 ���a~�"LPG�i��DÆ�_=
7?�_jYl.0V*��Bnj�p4�_�FYYl
p4�_�QYYl�p4�_A��A�JN
p4�_A��A0JN�kpH�p4�_<>ee�_F�
nn��AJN:V�%4�_Yl l�<>j�A{rj ��:l Ai +T�t i �_|� <>j�A{rj�a
��AJN LW Ha+T
�
LW = A1 ∩A2 ∩ · · · ∩ An =

n
⋂

i=1

Ai , (16)�=
 n +T�_|�jQb��>^�_jYl 
Ha�gi
L�wJN�0�wJN�6Nw (&ILdw��k-�j w) JN\q�I_
fwJN�%4JNntS�)l�Y�j&=Ld
$�U
gP
JN2�.0�_
Han�=℄5JN�1�vJN�ntL�wV�)l�j~)w
gP
Han~)w���mJN
>w��5 �
3.1 �/?4qdÆ�"
4qdÆ �&IS0�w
L�wjS?X9
�S0�w�f,62�� 100 km ji�Ld
&I�i�Ld>�= N #d
�t N + 1 #�&kL�w>K
'd&I=Lp�(W
.Q 100 km×15 km j�~LdI_
W?�y� 15 km jw
�5SE��f9Lp
WL�w�DS0�w
WL�wl�K�
 TPL 
�=S0�w
Lp�(Wwl�K�


TPD 
SLp�(Ww
L�wl�K�

 TL 
�p�

TPL = TPD + TL , (17)�=
 TL w9LpjS?pF
�
 1 h �ntL�S?%$�M7�3

(��'
$���g TL Ka 1 h �� TPD j�g�R (6) ���L�JN
 (tL0, tL1) 
��gi
 TPLd
Ha�gi
0�JN
 (tL0 − TPL, tL1 − TPL) 


 (tP0, tP1) �
3.2 �/
4qdÆ�"�ÆqdÆ �$���w�D ,=�AJN�g�gP
�Y�g&I
W��k-�&*jKJ
�
W6NwjKJ�:0�wJN`1
 (tP0, tP1) 
�6NwJN!AtS6Nw80�wj&=K� TP �nt0�LdB

�(
C&=K�
 TP

[10] �
TP =

√

a3
L

µL
(eL sinhH − H) , (18)�=
 aL � eL 
0�Ldj;�B\
7r
 H 
6Nwj
�0w!
 µL 
��ha:b�



� 316 �������y���I�-��������� 28 ��nt TP w>wjLdpF
gP
�P2�
�Y#&�q�I_Ld��q�I_Lds3$w6NwKJ�5����nDÆgepF
g�
 TP j�gV℄5~ZjS?�℄6NwY
Ld�$w
7V
g�'�g
gP
Hn0�wJN3$�" TP i
6NwJN (tP0 − TP, tP1 − TP) 


 (tB0, tB1) �
3.3 �/�ÆqdÆ�"o4>.�!qdÆq�I_
fwJNj�gwq�I_LdpF�n~J�(�$�H1
`16NwKJ tB �5� λB ��� ϕB �&=V~! θB 
a�q�I_
fwO6 rA \&=V~!
θA 
HaD�E
$
fw\0�wjNn�pLd [14] �$�jJN�gaNn�pLd
\�gP
��℄5KJV,

fwJN
Y#YEV,V�℄|Nn�pLd
$
fw\6Nw�'d
:</Nn�pLdS
fw80�wj&=K� TAB 
n6NwJN�" TAB i

fwJN��=
 TAB Hn R�gi
�

TAB =

√

a3
e

µe
[(EB − e sinEB) − (EA − e sinEA)] , (19)�=
 ae � e 
Nn�pLdj;�B\
7r
 EA � EB (-

fw�6Nwj
0w!
 µe 
q�ha:b�nt
fwVq�I_�,>?jF�w
℄��S 
BY�tSqy6LY��gP
Ha:<qy6L��
E�aXj
fw�:�:<>^g�
'aNn�pLdjD���
i
5� 4 lTS0qLd6Lj�)l��AJN�g�D�m?�

� 4 �T1rMe7Mk
*m��BKO�h�E�n�
4 �$(i^$�a 2025 �
\
�g/��n0qLd6LjNn�pLdj�AJN
.D�tS�_|�jNn�pLd��gS?=j[6|�a�i
"&'Q5 �
4.1 ���#� �Fqa z$[6|��(1)L�wE��t+!Uq���X5��
 (−23.40◦, −2.98◦)j�yw�(2)0qLd
2� 350 km ��!
 43◦ j~Ld�(3) i�Ld
2� 100 km �*��Cdj�!
 172◦ j~Ld� (4) qy6L��T�a�\CM��



� 3 � n�gÆo�T1rMe7Mk
*m��BKO)�xE� 317�z$�_|�� (1) L�wnV2�!
 5◦∼15◦ 
�.
N�.�� (2) L�wj6LtS� 3 h �d 4 h 
B6Lj|�� (3) I_LdjnV6A!
 −45◦∼45◦; (4) &I�i�Ld>&= 12 #2d
Lp�(W�
4.2 v<	�:<L�wjJ"|�
�gi
L�wj�JN5+ 1 lT�n+ 1 H1
L�JNv5
8�E$℄Q
$�� 13 5
8�
Cp 13 Q{r�JNjR��
 20 h �a 1 �5rl5e�A[ MQ�6L� A[ MQ�6L�

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
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/km /(◦) /(◦) /(◦) /(◦) /km·s−1 /km·s−1

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
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2005-12-25T05:42:13.43 253784.091 0.973489 42.9641 1.9400 197.7358 19.66 3.1158 0.9187H��2sy8N�D)2y" f = 0 
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Launch Window Analysis and Trajectory Design for Manned Landing

Mission from Near-earth Orbit Injection to the Moon

HUANG Wen-de1, XI Xiao-ning2, WANG Wei1

(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-
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