
























































400 seconds prior to pericynthion of the descent orbit trajectory and ends
600 seconds later. The landing site is visible through the LM window for
approxim.ately 1 m.inute during the test. The spacecraft attitude sequence
for the LR test is shown in Figure 22. Note from. the figure that the LM
could be reoriented, following LR test com.pletion, to increase the landing
site observation tim.e.

Upon com.pletion of the LR test, the LM prepares for the DPS phas­
ing burn. The inertial burn attitude (plus X-axis 29 degrees above the
local horizontal in the direction of m.otion and face down at ignition) is
established 8 m.inutes prior to ignition which occurs at 100:46: 21 g. e. t.
The LM attitude profile from. MSFN acquisition to ignition provides HGA­
MSFN line of sight.

5. 2. 3 Phasing burn cutoff to insertion burn ignition (Figure 23). ­
The DPS phasing burn cutoff is at 100:47:03 g. e. t. with the LM holding the
burn attitude inertially until executing a pitch and roll (pilot yaw) m.aneuver
for RR tracking of the eSM starting 5 m.inutes after burn term.ination. The
eSM, upon confirm.ing the burn is nom.inal, continues the line-of- sight
m.aintenance tracking attitude rate and resum.es tracking beginning 5 m.in­
ute s afte r the burn. The LM tracking attitude at the end of the 10-m.inute
tracking period is held inertially fixed for the LM IMU realignm.ent m.en­
tioned previously. The eSM also tracks for 10 m.inutes and m.aintains the
final tracking attitude inertially fixed.

The eSM and LM initiate tracking again at 101: 17 :03 g. e. t. At
101:20:47 g. e. t. (5 m.inutes prior to loss of MSFN line of sight by the LM)
the LM term.inates tracking. The LM orientation at the end of tracking is
m.aintained inertially until resum.ption of LM RR tracking at 101:59:18
g. e. t. The eSM term.inates tracking at 101:27:03 g. e. t. holding the final
tracking attitude inertially fixed until the next tracking period beginning at
101 :48: 18 g. e. t. LM and eSM attitudes for the period from. phasing burn
cutoff to loss of MSFN provide HGA com.m.unication for both vehicles.

After the eSM ceases tracking at 102:18:18 g. e. t., the vehicle
m.aneuvers to the inertial m.irror im.age (MI) ins ertion burn attitude. The
MI burn attitude is a m.eans of providing eSM backup capability for the
LM rendezvous burns from. insertion to the final braking m.aneuvers (the
eSM nom.inally perform.s the docking m.aneuver). The MI burn attitude
consists of aligning the eSM propulsion system. (SPS or ReS) in a thrusting
direction opposite the LM burn orientation. Ignition for the MI burn is
scheduled at 3 m.inutes after the nom.inal tim.e of ignition for the LM burn.

The CSM MI Insertion burn attitude, at the tim.e of LM insertion
burn ignition, has the plus X- axis 26. 8 degrees above the local horizontal
in the direction of m.otion with the crew heads down. The MI burn attitude
is m.aintained until the LM burn is perform.ed and verified. The eSM
acquires MSFN in the MI burn attitude with the S -band HGA oriented
nom.inally for MSFN coverage.
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Table II. Spacecraft Attitude and Trajectory Data
(c) Lunar Orbit (Continued)
Part 2: CSM/ LM Undocking to LM APS Burn to Depletion

Mi s s ron
Tim o

(hr:min:sec)

Selt"nographic Position
Local Horizontal

Attitude
Pitch Yaw Roll
(deg) (deg) (""-sl

IMU
Gimbal Angles

IGA MGA DGA
(deg) (deg) (deg)

Look Angles
to Earth

Theta Phi
(deg) (deg)

Look Angle s
to Sun

Theta Phi
(deg) (de g)

Look Angles to
Other Vehicle
Theta Phi
(deg) (deg)

0.0 51. z
0.0 - 73.8

-{)O.O 70. :,
O. 0 - 109. v

180. a -94. 8
o. a - 109. b

No line of sight

No line of sight

95.1 -115.4

No hne of sight

No line of sight

No line of sight

No line of sight

No line of sight
No line of sight

No line of sight
No line of sight

No line of sight
No line of sight

No line of sight
No line of s ight

No line of sight
No line of sight

No line of sight
No line of sight

No line of sight
No line of sight

No line of sight
No line of sight

No line of sight
No line of sight

0_ 0
0.0

0.0
0.0

180.0
180.0

180.0

180.0

160.0

160.0

0.0
180.0

0.0
160.0

0.0
180.0

0.0
t80.0

0.0
tBO.O

0.0
160.0

0.0
180.0

0.0
160.0

0.0
0.0

0.0
0.0

0.0
0.0

35.0
90.0

90.0

35.0

35.0

90.0

0.0
90.0

0.2
90.0

0.2
90.0

0.2
90.0

0.4
90.0

0.4
90.0

0.6
90.0

0.7
90_ 0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

15. 2
179. 5

179.9
179. 5

179.9
179. 5

160.0
t 79.6

180.0
t 79.7

-120.0
0.0

- 120. 0
0.0

- 120. 0
0.0

O. 3

177.9

179.7
179. 1

179.7
-) 79.2

179.8
179.2

179.6
179.2

60.6

172.7

130.0
6.6

129.2
7.4

94.0
5.8

9'.9
6.7

93.6
6. I

9'.6
5.7

9,.2
,. I

9,.2
,.0

94.2
65.6

94.2
85.6

94.2
65. B

No line of sight
No line of sight

No line of sight

No line of sight

No line of sight

No line of sight

No line of sight

No line of sight

No line of sight

9.5 () 1. 5
170.6 176.3

174. 6 -177 1
170.6 17i:LJ

-45.7
-75. 3

-45. 7
-75.3

-45.7

- 175.2
-6. ,

- 115. ·1
-4.6

175. 1
-4.6

- 115. -I

95.2
64.7

70.0
84.7

95. I

12.0
166.0

12.0
166.0

12.0

0.0 77. I
0.0 46. 1

0.0

0.0

0.0

0.0

- 1 79. I
179.6

-179.4
179.2

- 179.6
179.7

-179.6
179.7

-179.6
179.7

-179.6
179.6

-179.6
179.6

-179.6
179.6

120.0
180.0

120.0
160.0

120.0
180.0

120.0

-60.0
0.0

180.0
0.0

-60.0

-60.0

-60.0

-60.0

0.0

0.0

0.0

0.0

0.0
0.4

0.0
0.4

0.3
0.4

O. ,

0.4

o. J
0.3

O. )
O. J

0.3
O. )

O. ,

O. J

O. ,

-0.3

O. ,
-0. )

O. 3
-0. )

0.3

0.0

0.0

0.0

0.0

0.0
0.0

0.0
0.0

0.0
0.0

70. :3

70. :3

70. :3

70. :3

-14.5
tv5. 5

- 14.5

-91. 0

29. 3

19. I

-107.6

-50.2
73. 1

-49.4
73.9

-14,1
73. q

-14.1
74.8

- 13.9
75.9

-lJ.9
75.4

-lJ.5
76.6

-lJ.5
76.7

-14.5
165. 5

-14.5
I h5. S

-60.0

-60.0

-60.0

-60.0

160.0
: 71. ~

0.0

0.0

0.0

0.0

160.0
17'1."

- 179. L
179.7

- 179.6
179.7

-17Q.6
179.7

-179.6
179.7

-179.7
179.7

- 179,7
179.7

120.0
1BO. 0

120.0
16Q. 0

120.0
160.0

120.0

0.0

0.0

O. ~

O. H

0.0
O. U

0.0
0.0

0.0
0.0

0.0

0.0

0.0

0.0

0.0
0.4

O. (l

0.4

O. 3
O. J

0.3
0.3

0.1
0.3

O. )
0.3

0.3
0.3

0.3
O. ,

O. 3
-0.3

O. 3
-0. )

o. ,
-0. J

0.3

-116. 5
116.9

127.8

-101.9

- H4. 7

I ~7. 5

-91. 3
10.0

-92., 5
W.8

- 51.5
ll.2

-52.9
14.0

-48.4
42.6

-46.0
42. 1

-4'.9
46.2

-43.6
46.6

-)0. ~

146.2

L I
148.2

to.O
- 1--\0. 0

t09.9

-7~, 0
-H9. 7

t,::'.--t

7::'.7

- 1 :;0.0

89. 7
K9.7

_H I. 1

- 79.5

- 1 1 1.7

-114.3

-150.0

-151. 4

IS!. s
151.8

153, I
I 5~. 1

150. z
150.2

149.6
149.6

145. z
145.2

144.9
144.9

141.2
141. z
140.9
140.9

126.0
llH.O

104. l
104.2

(>4.0
64.0

-9.7

-30.0

-114. f,

-151. z
IDol, 3

'}(l.O
90.0

-1.2
-1.2

-1. z
- 1. ~

-0. H

0.2
0.2

O. l
0.2.

0, -~

0.1

O. J
O. 3

O. ·1

0.4

0.4
0.4

0.5
0.5

0.5
0.5

0.7
0.7

1.1
1.1

1.2
1.2

O. I

-0. z
- 1. 2

-0. H

1.1

1.2
t.l

1.2
1.2

44.2

57. ')

57. H

49.4

5~, "\
57. fJ

57.4

57.5

57. ~

5~. J
57. q

56.3
56. I

56. 3
56. I

58. 3
56. 3

5~. 3
56. ,

56. 3
56. J

56. ,
56. J

56.4
58.4

56. ,
56.3

56. 1
56. 1

57.5

57. 3
42.4

56. 3

5!j.3
5~. 3

5~. ,
S8.3

LM

CSM

CSM

LM

CSM
1,1\.1

CSM
LM

CSM
LM

CSM
LM
CSM
LM

CSM
LM

CSM
LM

CSM
LM

CSM
LM

CSM
LM

CSM
LM

CSM

CSM
LM

CSM

CSM

CSM

CSM

CSl\1
l.M

CSM
l.M

Lose MSFN line of sight

Enter sunlight

Acquire MSFN line of s i g ht

Co nip l et c- l.Miettlson. st a r t
CSM e va sr v r- rn a n eu v cr-

LM lose MSFN line of si aht

CSM lost' MSFN line of si gh t

CSM ent er sunlight

LM ente r sunlight

LM braking burn i g n i t i o r (ReS minus
Z-;lXis lWts), CSM-LM r-a n g e 3000 ft

Braking bu r n cutoff, CSM and LM
continue tracking

LM braking burn ignitior. (ReS minus
Z-axis l. jets), CSM-LM range = 1500 ft

Braking burn cutoff. CSM and LM
c o nt i nue t r a c k i n g

LM braking burn ignition (RCS rn i n u s
Z-axis l jc t s ) , CSM-LM range = SOD it

Braking burn cutoff, CSM and LM
continue tracking

LM braking burn i g ni t i on (RCS minus
Z-axis l jets), CSM-LM range = 100 ft

Braking burn cutoff, CSM-LM
range = 85 ft, CSM-LM range

CSM and LM maneuver 10 docking
attitude, CSM-LM r ange = 50 f t

Acquire MSFN line of sight

CSM c o mple-t c- evasive rn a ne uve r .
rua m-u ver to L1\.1 ob s e r vat ion a t t rtudr­

Inertial at t n ud c hold

CSM! LM docking, i ne r n a l attitude
hold

TPI burn c u t o ff , CSM and LM rrr a n eu v e r
to SXT tracking - VHF r,J.nging ami HR
t r a c k i n g attitude. respectively

Maneuver to LM jettison attitude.
inertial attitude hold

Enter lunar u rnb r a

105: s }:04

t05:51 :l7

105:53: 10

105:09: 13

106:2:0:00

105:51 :39

105:54:2:4

105:54:30

105:57: 10

106:06:33

105: ')0:30

107: 18:2:1

107:30: 17

108:04:14

tOK:09:l4

106:4':56

106:50:45

I05:1q~L~

105:l0:07

105: 31 :..}9

105: \l: 13

105: 50: l-l

108:.38:57

IOH:~l:H)

LM unmanned APS burn to depletion
Ignition

CSM and l.M c-n t e r unib ra

CSM
l.l\1

CSM
LM

S7, q

57. o

57. H
71. I

0.4
0.4

O. I
0.0

o. a
0.0

- I U. H
- 14.4

14.4
0.0

25. :3
14. I

0.0
0.0

0.0
0.0

t 1::Hl. 0 -94.8
0.0 -109.6

180.0 -94.1:1
0.0 -109.6

0.0
0.0

0.0
0.0

180.0
0.0

160.0
0.0

70.5
85.2

70.6
85.2

175. t
-4.6

175.2
-4.6

174.7 -177.1
170.6 178.3

174.7 -177.1
170.6 176.3

41.
153.

IS. I

0.0
0.0

0.0
0.0

























MISSION TIME
75:51:45
START FIRST REVOLUTION
LOI-1CUTOFF
(-173.4, *20.1, -J.6)
INERTIAL ATTITUDE HOlO

TERMINATE fl~ST
REVOLUTION

//0 1318

• -119.0

MANEUVER TO SLEEP
ATTITUDE FOR
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(45.5,0.0, 135.0)
INERTIAL ATTITUDE HOLD

I
BEGIN lMU REALIGNMENT
(-34.9,0.0, 180.0\

TERMINATE lOCAL HOLD
(-45.0,0.0,180.0)
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Figure 3.

o SPACECRAfT AcaUISITION OF MSFN LINE OF SIGHT

e SPACECRAFT SUNSET

• SPACECRAFT LOSS OF MSFN LINE OF SIGHT

o SPACECRAFT SUNRISE

(X,X, X.X, X.X) - vEHICLE ATTITUDE RELATIVE
TO THE LOC.A.l HORIZONT.A.l ORIENTATION;
(PITCH, YAW, ROLl)

First Revolution Major Events and Attitudes
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ATTITUm fOR 130
1128.1,0,0,0,01
INERTIAL ATTITUDE HOlD_

Figure 16.

MtSSIONTtME
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START TENTH REVOLUTION
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Tenth Revolution Major Events and Attitudes
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LANDMARK ENTERS
LANDMARK ENTERS SCI FIELD OF COVERAGE
SXT FIHD OF COVERAGE (-22.0,0.0,0.0)
(-22.0,0.0,0.0) 100 SEC

25 StC

(X.X, X.X, X.X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL)

ZENITH
LANDMARK EXITS
SXT FIELD OF COVERAGE
(-22.0,0.0,0.0)

Figure 35. Tracking Geometry for Mode III Undocked Landmark Tracking




























