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APOLLO MISSION D (AS-504/CSM-104/LM-3 

SPACECRAFT OPERATIONAL TRAJECTORY 

VOLUME I - MISSION PROFILE 

By Harold L.  Conway, Robert S .  Merriam, Harold 0 .  Spur l in ,  OMAB 
and W i l l i a m  E .  Lee, TRW Systems Group 

1 . 0  SUMMARY 

The Apollo Mission D spacecraft  operational t r a j e c t o r y  completely 
r e v i s e s  a l l  previously published spacecraft  t r a j e c t o r y  da t a .  
volume, Volume I, describes t h e  mission p r o f i l e  and AV maneuvers t h a t  
include five docked SPS burns, one docked long-duration DPS burn, an 
LM-active rendezvous, an APS burn-to-depletion and t h r e e  CSM so lo  SPS 
burns. A summary of t h e  spacecraft  l i g h t i n g ,  t racking ,  ground t r a c k s ,  
t r a j e c t o r y  input parameters , and sequence of events i s  a l s o  presented. 
Volume I1 presents t h e  t r a j e c t o r y  l i s t i n g  of both t h e  CSM and LM 
t r a j e c t o r i e s  i n  p a r t s  1 and 2,  respec t ive ly .  Volume I11 contains MSFN 
aspect angle t i m e  h i s t o r i e s  and AOS and LOS da ta  f o r  t h e  CSM and LM. 

This 

2.0 INTRODUCTION 

Apollo Mission D i s  planned as a 10-day, ea r th  o r b i t a l ,  combined 
CSM and LM operations mission which w i l l  demonstrate t h e  capab i l i t y  of 
t h e  CSM and LM t o  perform se l ec t ed  functions of t h e  lunar landing 
mission. This w i l l  be t h e  second manned Saturn V mission and t h e  f i r s t  
mission i n  t h e  f l i g h t  t e s t  program which includes both manned CSM and 
LM operations.  
program p r i o r  t o  t h e  lunar  landing mission. 

The mission a l s o  features t h e  only EVA of t h e  t e s t  

2 .1  Purpose 

The purpose of t h i s  document i s  t o  provide t h e  spacecraft  operational 
t r a j e c t o r y  and a t t i t u d e  environmental da ta  f o r  evaluating t h e  CSM and 
LM systems f o r  crew t r a i n i n g ,  mission support, and consumables ana lys i s .  
The t r a j e c t o r y  p r o f i l e  is  designed t o  r e f l e c t  published repor t  da t a  t h a t  
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includes t h e  ASP0 mission requirements and tes t  objec t ives ,  t h e  known 
spacecraft  and launch vehic le  c o n s t r a i n t s ,  t h e  spacecraf t  mass, 
aerodynamic, and performance p rope r t i e s  , ground support network and 
f a c i l i t i e s ,  and t h e  spacecraft  guidance equations and log ic  This 
p r o f i l e  i s  intended not only t o  update but a l s o  t o  expand and improve 
a l l  p r i o r  t r a j e c t o r i e s  f o r  t h i s  mission. 
as necessary t o  r e f l e c t  changes t o  t h e  planned mission. 

This document w i l l  be rev ised  

2.2 Scope 

This r epor t  i s  published i n  t h r e e  volumes. The o ther  two volumes 
contain t h e  information l i s t e d  below: 

Volume 11, Trajectory L i s t ing ,  presents t h e  d e t a i l e d  t r a j e c t o r y  l i s t i n g  
f o r  both t h e  CSM and LM. 
t h e  CSM l i s t i n g  begins a f t e r  t r anspos i t i on  and docking with LM e j e c t i o n  
from t h e  S-IVB and continues through r een t ry  and touchdown. I n  p a r t  2 ,  
LM and CSM/LM Separation Parameters ( I n t e r n a l  Note 68-FM-286), t h e  LM 
l i s t i n g  i s  presented from LM e j e c t i o n  through t h e  ascent burn t o  deple t ion .  

I n  pa r t  1, CSM Parameters ( I n t e r n a l  Note 68-FM-2851, 

Separation parameters between t h e  CSM and LM are presented f o r  
t h e  rendezvous and APS long-duration burn. 

Volume 111, MSFN Tracking Data, ( I n t e r n a l  Note 68-FM-287) contains 
time h i s t o r i e s  of MSFN acqu i s i t i on  and lo s s  of t h e  CSM s igna l s  from 
LM e j ec t ion  t o  CM touchdown. 
t h e  APS burn t o  deple t ion .  
time h i s t o r y  f o r  s t a t i o n s  supporting t h e  mission. These d a t a  a r e  
applicable f o r  l i f t - o f f  delays not exceeding 1 5  minutes. 

AOS and LOS d a t a  f o r  t h e  LM i s  given through 
This volume also presents  aspect angle 

2.3 Mission P r o f i l e  Sumnary 

Missi0n.D i s  now scheduled as t h e  second manned Saturn V f l i g h t  
and i s  designed as a CSM/LM combined operations mission which w i l l  
v e r i f y  t h e  capab i l i t y  of t h e  CSM and LM t o  perform se l ec t ed  functions of 
t h e  lunar  landing mission. 

The mission dura t ion  i s  approximately 1 0  days and launch i s  scheduled 
f o r  t h e  f i r s t  quarter of 1969. 
generation i s  February 20, 1969, a t  1600 G . m . t .  (1100 e.s.t.1 from 
complex 39B. This l i f t - o f f  time represents  t h e  f irst  opportunity of 
t h e  3-hour window. 

The assumed launch d a t e  f o r  t r a j e c t o r y  

The f l i g h t  azimuth i s  72O f r o m t r u e  north.  

The mission p r o f i l e  i s  separated i n t o  s i x  periods of a c t i v i t i e s .  
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h m  The f irst  period extends from l i f t - o f f  t o  1 9  00 g . e . t .  and 
includes t h e  following events:  

1. Launch 

2.  In se r t ion  

3. T&D and LM e j ec t ion  

4. Two S-IVB restarts after LM e j ec t ion  

5. SPS-1 (36.8 f p s  - docked) 

The second period begins at 19 00 
h m  h m  g . e . t .  and ends a t  40 00 g . e . t  . 

and contains t h e  following events:  

1. SPS-2 (849.4 fps  - docked) 

2. 

3. 

SPS-3 (2548.1 fps  - docked) 

SPS-4 (299.8 fps  - docked) 

h m  The t h i r d  period i s  i n i t i a t e d  a t  40 00 g . e . t  . and ends at 
h m  66 30 g . e . t .  and includes t h e  following events: 

1. LM systems evaluat ion 

2. 

3. 

The four th  period extends from 66 30 

DPS-1 (1698.3 f p s  - docked) 

SPS-5 (550.5 f p s  - docked) 

h m  h m  g . e . t .  t o  89 00 g . e . t .  and 
includes t h e  following events:  

1. EVA preparation 

2.  EVA 

The f i f t h  period extends from 89 00 h m  h m  t o  114 00 g . e . t .  and includes 
t h e  following events: 

1. LM-active rendezvous 

2. Unmanned APS long-duration burn - propel lant  deplet ion 
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h m  The s i x t h  and f i n a l  period begins a t  114 00 and terminates at  

h 238 35.5m and contains t h e  following events: 

1. sPS-6 (62.7 f p s  - CSM solo) 

2. SPS-7 (155.7 f p s  - CSM solo) 

3. SPS-8 (313.4 f p s  - d e o r b i t )  

3.0 ABBREVIATIONS 

ACN 

AGS 

ANG 

AOS 

APS 

A R I A  

ASP0 

BDA 

CAL 

CDH 

CES 

CM 

CRO 

CSI 

CSM 

DAP 

DPS 

Ascension t racking  s t a t i o n  

abor t  guidanc e system 

Antigua t racking  s t a t i o n  

acqu i s i t i on  of s igna l  

ascent propulsion system 

Apollo range instrumented a i r c r a f t  

Apollo Spacecraft Program Office 

Bermuda t racking  s t a t i o n  

Cal i forn ia  t racking  s t a t i o n  

constant d i f f e r e n t i a l  height 

cont ro l  e l ec t ron ic s  system 

command module 

Carnarvon t racking  s t a t i o n  

concentric sequence i n i t i a t i o n  

command and se rv ice  modules 

d i g i t a l  au top i lo t  

descent propulsion system 
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DPS-1 

EMS 

w 

e.s.t .  

ETR 

EVA 

EVT 

FTP 

GBM 

GDS 

g . e . t .  

G . m . t .  

G&N 

GYM 

HAW 

IMU 

IVT 

LET 

LH2 

LM 

LOS 

LOX 

LV 

MER 

first  DPS burn 

en t ry  monitoring system 

extravehicular mobili ty u n i t  

ea s t e rn  standard t i m e  

Eastern Test Range 

extravehicular a c t i v i t y  

extravehicular t r a n s f e r  

f ixed  t h r o t t l e  point 

Grand Bahama t racking  s t a t i o n  

Goldst one t racking  stat ion 

ground elapsed time 

Greenwich mean time 

guidance and navigation 

Guaymas t racking  s t a t i o n  

H a w a i i  t r ack ing  s t a t i o n  

i n e r t i a l  measurement u n i t  

in t ravehicu lar  t r a n s f e r  

launch escape tower 

l i q u i d  hydrogen 

lunar  module 

l o s s  of s igna l  

l i q u i d  oxygen 

launch vehic le  

Mercury t racking  sh ip  
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MIL 

MSFN 

PGNCS 

PLSS 

P R E  

RCS 

RED 

SLA 

SM 

SPS 

SPS-1, SPS-2, ...) 
SPS-8 

s-IC 

s-I1 

S-IVB 

TAN 

T&D 

TEX 

TLI 

TPI 

TPF 

VAN 

Merr i t t  I s l and  t r ack ing  s t a t i o n  

Manned Space F l igh t  Network 

primary guidance and navigation 
con t ro l  subsystem 

por tab le  l i f e  support system 

P r e t o r i a  t racking  s t a t i o n  

r eac t ion  con t ro l  subsystem 

Redstone t racking  s h i p  

spacecraft  LM adapter 

se rv ice  module 

se rv i ce  propulsion system 

f i r s t  through e ighth  SPS burns 

Saturn I C ,  LV f i r s t  s tage  

Saturn 11, LV second s tage  

Saturn I D ,  LV t h i r d  s tage  

Tananarive t racking  s t a t i o n  

t r anspos i t i on  and docking 

Corpus C h r i s t i  t rack ing  s t a t i o n  

t r ans luna r  i n j e c t  ion  

t e r m i n a l  phase i n i t i a l i z a t i o n  

terminal phase f i n a l i z a t i o n  

Vanguard t racking  sh ip  
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4 .O DATA SOURCES FOR GENERATION OF THE OPERATIONAL TRAJECTORY 

Input da ta  used t o  ca l cu la t e  t h e  D mission t r a j e c t o r y  were taken 
from t h e  following sources: 

Mission objec t ives  . . . . . . . . . . . .  reference 1 

Mission cons t r a in t s  . . . . . . . . . . .  references 2, 3, 4 

S t a t e  vector  a t  LM e j e c t i o n  . . . . . . .  reference 5 

Spacecraft aerodynamics , weights , 
engine performance , e a r t h  and 
atmosphere constants , t rack ing  t a b l e  I ( a )  through 
sh ip  loca t ions  . and braking ga tes  . . .  I ( f )  . respec t ive ly  

Reentry d i g i t a l  au top i lo t  . . . . . . . .  reference 6 

Spacecraft  guidance equations and 
log ic  . . . . . . . . . . . . . . . . .  references 7 ,  8 

MSFN s t a t i o n  loca t ions  and 
t racking  equipment . . . . . . . . . . .  reference 9 

Aerodynamic heat ing da ta  . . . . . . . . .  reference 10  

U.S. 1962 Standard Atmosphere . . . . . .  reference 11 

Fischer Earth Model of 1960 . . . . . . .  reference 1 2  

5.0 OPERATIONAL TRAJECTORY DESCRIPTION 

This sec t ion  of t h e  report  descr ibes  t h e  major mission events 
occurring during each of t h e  s i x  periods of a c t i v i t y  in to  which t h e  
mission has been divided. Table I1 l i s t s  t h e  de t a i l ed  t e s t  object ives  
which requi re  spec i f i c  t r a j e c t o r y  and/or vehic le  a t t i t u d e  planning. 
discussion of each period of a c t i v i t y  ind ica tes  which of t h e  objec t ives  
are accomplished i n  t h a t  period. 

The 

A summary of events,  l i g h t i n g ,  and t racking  r e l a t i v e  t o  mission 
elapsed t i m e  i s  included i n  f igu re  1. The ea r th  ground t r acks  f o r  
t h e  CSM a r e  given i n  f i g u r e  2. The launch vehic le  sequence of events i s  
given i n  t a b l e  111. A spacecraf t  sequence of events may be found i n  
t a b l e  IV(b).  
f o r  t he  network support s t a t i o n s  a r e  presented i n  t a b l e  V ( a )  f o r  t h e  CSM 

AOS and LOS da ta  based on both Oo and 5' e leva t ion  angles 
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and i n  t a b l e  V(b) f o r  t h e  LM. 
and moon set times relative t o  t h e  CSM a r e  presented i n  t a b l e  V ( a )  and 
those f o r  t h e  LM are included i n  t a b l e  V(b).  

Sunrise and sunset times and moon r i se  

5 .1  F i r s t  Period of A c t i v i t i e s  

5.1.1 Pos t in se r t ion  a c t i v i t i e s . -  Following i n s e r t i o n  i n t o  a 
103-n. m i .  near-circular parking o r b i t ,  t h e  S-IVB maintains t h e  cutoff 
a t t i t u d e  f o r  20 seconds before maneuvering t h e  complete configuration 
t o  a l o c a l  hor izonta l  a t t i t u d e .  
t o  t h e  CSM/LM/S-IVB combination. 
of systems checks and configures t h e  CSM f o r  o r b i t a l  operations.  
pre-TLI demonstration i s  conducted within t h e  f i r s t  o r b i t ,  and t h e  CSM 
platform i s  then realigned t o  t h e  launch o r i en ta t ion  i n  t h e  f i rs t  period 
of darkness. 

The S-IVB then  imparts an o r b i t a l  r a t e  
The f l i g h t  crew then  conducts a s e r i e s  

A 

h m  
5.1.2 Transposit ion and docking.- A t  approximately 2 34 g . e . t .  

t h e  S-IVB assumes a T&D a t t i t u d e  with t h e  CSM pitched 1 5 O  below t h e  
l o c a l  hor izonta l  and yawed 35' south from t h e  o r b i t a l  plane. 
a t t i t u d e ,  t o  be rev ised  i n  t h e  near f u t u r e ,  w a s  se lec ted  f o r  nominal 
launches i n  t h e  December 1968 t o  March 1969 time frame. 

h m  g . e . t . ,  t h e  CSM separa tes  from t h e  
S-IVB/LM with a 1 f p s  AV. The SLA panels a r e  j e t t i soned  a t  t h e  time of 
CSM separation. 
reduces t h e  separation ve loc i ty  t o  0.5 f p s ,  p i tches  180° t o  look at  t h e  
S-IVB/LM, and n u l l s  t h e  separa t ion  ve loc i ty .  

This T&D 

A t  sun r i se ,  approximately 2 43 

Coasting about 1 minute t o  a range of 50 f t ,  t h e  CSM 

The CSM then  c loses  on t h e  
S-IVB/LM. 

After reaching t h e  docking i n t e r f a c e  t h e  CSM maintains i t s  pos i t i on  
r e l a t i v e  t o  t h e  S-IVB/LM f o r  a period of approximately 15 minutes. 
Having r o l l e d  -60°, t h e  CSM then s o f t  docks with t h e  LM a t  approximately 

3 00 g . e . t .  The LM i s  repressur ized  and hard docking i s  completed 
before en t ry  in to  darkness. 

h m  

5.1.3 LM e j ec t ion  and separation.- The CSM remains docked through 
h m  g . e . t .  t h e  LM 

The CSM/LM coas ts  about 2.5 minutes before  
t h e  t h i r d  period of darkness, and a t  approximately 4 09 
i s  e jec ted  from t h e  S-IVB. 
a 3-second SM RCS burn provides permanent separa t ion  between t h e  CSM/LM 
and S-IVB before t h e  f i r s t  S-IVB restart .  

5.1.4 S-IVB r e s t a r t s . -  The S-IVB r e t u r n s  t o  a l o c a l  hor izonta l  
h a t t i t u d e  a t  approximately 4 35m g . e . t .  and preparations begin for t h e  

f i r s t  of t w o  S-IVB r e s t a r t s .  The first restart occurs at  approximately 

4 44 42 g . e . t .  (90 percent t h r u s t ) .  The second r e s t a r t  occurs a t  h m s  
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h m  approximately 6 06 g.e .t . (90 percent t h r u s t  1 , and the scheduled LOX 

and LH2 propel lan t  dumps a r e  completed by 6 27 
contains d e t a i l e d  information on t h e  S-IVB a c t i v i t i e s  f o r  t h i s  mission. 

h m  g . e . t .  Reference 5 

5.1.5 SPS-1.- Meanwhile, t h e  CSM IMU i s  realigned t o  t h e  prefer red  

alignment, and a t  6 01 40 g . e . t .  as t h e  CSMILM passes over H a w a i i  t h e  
f i rs t  docked SPS burn occurs. The 5-second, 36.8-fps burn i s  G&N 
cont ro l led  and uses external-AV t a r g e t s .  Resulting apogee and perigee 
a l t i t u d e s  are 131 n. m i .  and 113 n. m i . ,  r e spec t ive ly .  No u l l age  i s  
requi red .  A p a r t i a l  demonstration of t h e  c a p a b i l i t y  of t h e  G&N system 
t o  con t ro l  t h e  spacecraft  i n  a docked configuration during a AV maneuver 
i s  accomplished during t h e  burn (CSM au top i lo t  s t a b i l i t y  margin). 

h m s  

5.1.6 Objectives s a t i s f i e d . -  Those objec t ives  which required s p e c i f i c  
t r a j e c t o r y  or a t t i t u d e  planning which were s a t i s f i e d  during t h e  f i r s t  
period w e r e  t h e  CSM-active docking (M20.24), and LM e j ec t ion  from t h e  
SLA (P20.25). 
s a t i s f i e d  during t h i s  period. 

The CSM au top i lo t  s t ab i l iLy  margin (P1.23) w a s  p a r t i a l l y  

5.2 Second Period of A c t i v i t i e s  

h m s  5.2.1 SPS-2.- A t  22 1 2  00 
BDA t racking  s t a t i o n ,  t h e  f i r s t  of t h i s  per iod ' s  t h r e e  long-duration, 
docked SPS burns takes  place.  The G&N-controlled, external-AV burn 
i s  t a rge ted  primarily t o  s h i f t  t h e  node eastward but a l s o  has a s m a l l  
in-plane AV component t o  r a i s e  apogee t o  191 n.  m i .  
r e s u l t i n g  from SPS-2 (and f o r  SPS-3, SPS-4, and DPS-1) i s  necessary t o  
open t h e  launch window t o  approximately 3 hours. 
l i f t - o f f s  within t h e  launch window, some of t h e  maneuvers w i l l  be 
reor ien ted  t o  s h i f t  t h e  l i n e  of nodes westward.) 
of t h i s  burn a l s o  permits l a r g e  crew monitoring l i m i t s  and prevents 
t r a j e c t o r y  problems due t o  low perigee i f  l a r g e  a t t i t u d e  dispersions 
occur during t h e  burn. Additional t r a j e c t o r y  objec t ives  of t h i s  burn 
are t o  provide continuous SM RCS deorb i t  capab i l i t y  and t o  reduce t h e  
SM RCS propellant requirements f o r  LM rescue during t h e  rendezvous period 
by reducing t h e  CSM mass. Approximately 7360 l b  of SPS propellant a r e  
consumed during t h e  110.4-second, 849.4-fps burn. 
were not observed on SPS-1, t h e  SPS p i t c h  gimbal w i l l  be in t en t iona l ly  
misaligned 0.5O. The burn p a r t i a l l y  demonstrates t h e  CSM DAP a t t i t u d e  
con t ro l  capab i l i t y ,  and t h e  40 percent amplitude s t roking  t e s t  i s  
performed. No u l l age  i s  required.  

g . e . t . ,  as t h e  CSM/LM passes over t h e  

The nodal s h i f t  

(For various l a t e  

The apogee adjustment 

I f  r i g i d  body t r a n s i e n t s  

5.2.2 

passes over t h e  MIL t racking  s t a t i o n  a t  25 18 30 
G&N cont ro l led ,  external-AV burn nominally s h i f t s  t h e  l i n e  of nodes 

SPS-3.- Approximately two revolu t ions  a f t e r  SPS-2, t h e  CSM/LM 
h m s  g . e . t . ,  and a 2 5 4 8 . 1 - f ~ ~ ~  
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approximately l o o  e a s t .  
a l a r g e  nodal s h i f t ,  a s m a l l  in-plane AV component raises apogee from 
191 n. m i .  t o  271 n. m i .  and allows f o r  poss ib le  l a r g e  a t t i t u d e  excursions 
and l a r g e  crew monitoring l i m i t s .  

Although t a rge ted  pr imar i ly  out of plane t o  g ive  

Approximately 18 680 l b  of SPS propel lan t  are consumed during t h e  
burn, f u r t h e r  increasing t h e  SM RCS c a p a b i l i t y  f o r  use i n  LM rescue or 
backup SM RCS deorb i t .  Not l e s s  than  1 0  seconds after i g n i t i o n  and 
no l a t e r  than 30 seconds before termination, a f u l l  amplitude s t roking  
t e s t  i s  employed. This t e s t  completed t h e  CSM DAP s t a b i l i t y  margin 
ob j ec t  ive . 

5.2.3 SPS-4.- The f i n a l  burn of t h e  second period of a c t i v i t i e s  

takes  place a t  28 28 00 g . e . t .  over Texas. This burn i s  a l s o  G&N- 
cont ro l led  and nominally t a rge ted  t o  s h i f t  t h e  l i n e  of nodes 1' east. 
The 28.O-second, G&N-controlled, external-AV burn provides 299.8 f p s  
out of plane.  Apogee and perigee a l t i t u d e s  (271 n .  m i .  and 115 n.  m i . ,  
r e spec t ive ly )  remain unchanged. If,  however, launch i s  delayed more 
than  15 minutes, t h e  burn w i l l  be r e t a rge ted  with an  in-plane component 
t o  ad jus t  apogee ( a  phasing p r i o r  t o  rendezvous i n i t i a t i o n )  t o  r e t u r n  
t h e  t r a j e c t o r y  t o  nominal l i g h t i n g  and t racking  during t h e  rendezvous. 

h m s  

5.2.4 Objectives s a t i s f i e d . -  The CSM au top i lo t  s t a b i l i t y  margin 
objec t ive  (P1.23) w a s  completed during t h i s  period. 

5.3 Third Period of A c t i v i t i e s  

5.3.1 LM power-up and systems check.- The t h i r d  period, beginning 
h m  at approximately 49 00 

checkout and evaluation. 
members t r a n s f e r  i n t r aveh icu la r ly  t o  t h e  LM. The IVT w i l l  demonstrate 
t h e  crew's a b i l i t y  t o  t r a n s f e r  t o  t h e  LM by t h i s  method, and it w i l l  
v e r i f y  procedures and premission planning times assoc ia ted  with t h e  
t r a n s f e r .  After t r a n s f e r ,  t h e  LM crew w i l l  power up t h e  LM and conduct 
a systems check and evaluation. This a c t i v i t y  terminates a t  t h e  
beginning of t h e  docked DPS burn. 

g . e . t . ,  is  devoted pr imar i ly  t o  LM systems 
h m  A t  approximately 42 1 0  g . e . t .  t h e  two LM crew 

h m s  
5.3.2 Docked DPS burn.- The DPS i g n i t e s  a t  49 43 00 

f o r  364.0 seconds (280 seconds a t  FTP) , and i s  under PGNCS a t t i t u d e  
cont ro l .  The burn time i s  s u f f i c i e n t  t o  v e r i f y  LM PGNCS DAP a t t i t u d e  
con t ro l  c a p a b i l i t y  during a docked t h r u s t i n g  maneuver. The f l i g h t  
crew w i l l  a l s o  demonstrate manual t h r o t t l i n g  and termination of t h e  
descent engine. 

g . e . t .  and burns 
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A f t e r  t h e  DPS has 
w i l l  manually t h r o t t l e  
manually terminate t h e  

burned f o r  280 seconds a t  FTP, t h e  f l i g h t  crew 
t h e  DPS during t h e  remainder of t h e  burn and w i l l  
burn. C r e w  takeover corresponds t o  a point  a t  

which 124-fps AV remain t o  be gained. 
368 seconds, t h e  burn i s  terminated 4 seconds ea r ly  t o  insure a manual 
cut of f  . 

Although t h e  burn is  ta rge ted  t o  

The LM thrust  p r o f i l e ,  as shown i n  f igu re  3, r e s u l t s  i n  1698.3 f p s  
being used t o  s h i f t  t h e  l i n e  of nodes east by 6.7' f o r  a nominal launch 
t i m e .  
apogee of 270 n. m i .  and a perigee of 115  n.  m i .  
two- j et u l lage  is  planned. 

For l a te  l i f t - o f f s  t h e  burn w i l l  be ta rge ted  t o  always give an 
A 10-second LM RCS 

After t h e  docked DPS burn, which is  covered by MIL and BDA, t h e  LM 
systems a r e  powered down, and t h e  LM crew re tu rns  t o  t h e  CSM through 
t h e  tunnel.  

5.3.3 SPS-5.- A t  54h26?.6s g . e . t . ,  t h e  SPS burns f o r  41.5 seconds 
over t h e  ETR. 
c i r cu la r i zes  t h e  o r b i t  at 133-11. m i .  a l t i t u d e .  The r e su l t i ng  c i r cu la r  
o r b i t  i s  t h e  base o rb i t  from which t h e  LM-active rendezvous w i l l  be 
i n i t i a t e d  i n  t h e  f i f t h  period. 
For l a t e  l i f t - o f f s  SPS-5 w i l l  continue t o  be a c i r cu la r i za t ion  maneuver 
and w i l l  always last  a t  least 40 seconds. 

The r e su l t i ng  550.5 fps  from t h e  PGNCS-controlled burn 

A 20-second, two-jet u l lage  i s  required.  

5.3.4 Objectives sa t i s f i ed . -  Objectives requir ing spec i f ic  a t t i t u d e  
o r  t r a j e c t o r y  planning which w e r e  s a t i s f i e d  during t h i s  period were t h e  
DPS burn durat ion e f f e c t s  (M13.12), and LM PGNCS DAP performance and 
thrust  performance ( ~ 1 1 . 6 )  . 

5.4 Fourth Period of Ac t iv i t i e s  

5.4.1 FVA preparation.- A t  approximately 60 00 g . e . t . ,  two 
crewmen w i l l  move through t h e  docking tunnel  t o  t h e  LM and power up and 
check LM systems. One LM crew member w i l l  don t h e  EMU and, a f t e r  a 

thorough checkout, w i l l  egress t h e  LM at approximately 71 40 00 g . e . t .  

h m  

h m s  

5.4.2 
hatch using t h e  surface t r a n s l a t i o n  a ids .  
ingress  t h e  CSM. After a b r i e f  r e s t  t h e  EVA crewman w i l l  egress t h e  CSM 
and move back t o  t h e  LM. Some of t h e  EVA a c t i v i t i e s  a r e  t o  (1) evaluate 
t h e  CM hatch,  ( 2 )  r e t r i e v e  and stow col lected samples, (3 )  evaluateLEVA 
l i g h t ,  and ( 4 )  perform EVA photography. 

- EVA.- The EVA crewman w i l l  move from t h e  LM t o  t h e  CM s ide  
The EVA crewman w i l l  then 

5.4.3 Post-EVA.- Entering t h e  LM through t h e  forward hatch, t h e  
EVA crewman w i l l  doff t h e  EVA equipment a f t e r  repressur iza t ion  of 
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t h e  LM. The PLSS i s  then  recharged, and t h e  LM systems are shut down 
before t h e  LM crew does a n  IVT through t h e  docking tunnel .  

5.4.4 Objectives s a t i s f i e d . -  The extravehicular a c t i v i t y ,  M20.35, 
ob jec t ive  w a s  completed during t h i s  period ( t a b l e  11). 

5.5 F i f t h  Period of A c t i v i t i e s  

5.5.1 Rendezvous p ro f i l e . -  The rendezvous p r o f i l e  begins with a 
5-fps AV r a d i a l l y  down, small "football" separa t ion  by t h e  SM RCS 
(ca l l ed  a " footba l l "  because of t h e  appearance of t h e  LM's motion 
r e l a t i v e  t o  t h e  CSM; see f i g .  4 ) .  The s m a l l  f o o t b a l l  r e s u l t i n g  from t h e  
5-fps SM RCS burn i s  included t o  prevent t h e  LM or CSM from wasting 
a t t i t u d e  propel lan t  while s t a t i o n  keeping during platform alignments. 
I n  addi t ion ,  t h e  maximum separa t ion  of 2.8 n.  m i .  i s  s u f f i c i e n t  t o  
prevent recontac t  of t h e  CSM and LM during t h e  l a r g e  f o o t b a l l  phase. 
One-half o r b i t  a f t e r  t h e  small f o o t b a l l  t h e  LM burns r a d i a l l y  up i n t o  
a l a r g e r  f o o t b a l l  from which it then  maneuvers i n t o  a concentric o r b i t  
above and behind t h e  CSM. A f t e r  a period of c o e l l i p t i c  coas t ,  t h e  LM 
proceeds through one CSI-CDH sequence which sets up t h e  conditions f o r  
t h e  nominal LM-active TPI from below and behind. 

Since t h i s  i s  the first manned LM separa t ion  from t h e  CSM t h a t  i s  
of any s i g n i f i c a n t  d i s tance ,  t h e  l a r g e r  f o o t b a l l  r e s u l t i n g  from t h e  
rad ia l  burn i s  included mainly as a sa fe ty  measure. The f o o t b a l l  w i l l  
permit a l e s s  d i f f i c u l t  LM r e t u r n  t o  t h e  CSM i f  t h e  s i t u a t i o n  d i c t a t e s .  
The l a r g e  LM rad ia l  burn, termed t h e  phasing burn, i s  t h e  only AGS- 
cont ro l led  maneuver on t h e  nominal mission. For all other LM burns 
t h e  PGNCS w i l l  be primary, and t h e  AGS w i l l  be i n  a monitor mode. 

During t h e  rendezvous t h e  CSM w i l l  o r i e n t  f o r  and prepare t o  execute 
any maneuver t h a t  t h e  LM is  unable t o  perform. If t h i s  s i t u a t i o n  arises, 
t h e  CSM would e s s e n t i a l l y  execute an equal but oppositely-directed 
maneuver commonly r e fe r r ed  t o  as a "mirror image" maneuver. 

5.5.2 SM RCS i n i t i a t e d  f o o t b a l l  phase.- The f i f t h  period of 
a c t i v i t i e s  begins w i t h  t h e  in t ravehicu lar  t r a n s f e r  of t h e  two LM crew 

h m  members at approximately 89 00 g . e . t .  After LM power-up and systems 
checkout, both t h e  LM and CSM IN'S a r e  aligned. The LM alignment i s  
tha t  of a "nominal" alignment f o r  t h e  TPI, and t h e  time on which t h e  
alignment i s  based corresponds t o  t h e  time of i g n i t i o n  a t  TPI. T h e  
+X CSM stable member i s  co l inear  with t h e  +Z LM stable member, t h e  +Y 
CSM i s  co l inear  with t h e  +Y LM stable m e m b e r ,  and t h e  +Z CSM s t a b l e  
member i s  co l inear  w i t h  t h e  -X LM stable member. Following IMU alignments, 
t h e  CSM and LM undock approximately 25 minutes before t h e  SM RCS separa t ion  

burn and s t a t i o n  keep u n t i l  approximately 93 05 45 h m s  g . e . t .  The SM RCS 



1 3  

then  provides a 5-fps r a d i a l l y  down burn t o  place t h e  CSM i n t o  an 
equiperiod o r b i t  ( small foo tba l l  ) . 
t h e  -Z body RCS th rus t e r s .  

The maneuver i s  performed with 

Because of nonnominal burn executions and d i f f e r e n t i a l  atmospheric 
drag, t h e  5-fps AV i s  l a r g e  enough t o  prevent recontact  of t h e  CSM and 
ye t  s m a l l  enough t o  permit a s implif ied abort  of t h e  nominal rendezvous. 
After an IMU fine-alignment rendezvous radar  checkout, t h e  LM maneuvers 
f o r  t h e  AGS-controlled DPS phasing maneuver. 

h m s  5.5.3 LM DPS phasing maneuver.- A t  93 50 04 g . e . t .  a f t e r  a 7-second, 
two-jet RCS u l lage ,  t h e  DPS, at 10  percent t h r u s t  f o r  1 5  seconds and 
40 percent t h rus t  f o r  10 .2  seconds, provides 85-fps AV r a d i a l l y  up. 
With t h i s  phasing burn over MER, t h e  LM i s  placed i n t o  an equiperiod 
t r a j e c t o r y  with apogee and perigee approximately 1 1 . 2  n. m i .  above and 
below t h a t  of t h e  CSM and with t h e  maximum LM-to-CSM range (at  t h e  
horizontal  c ross ing) ,  approximately 47.9 n.  m i .  

The r e su l t i ng  foo tba l l  is  planned so t h a t  favorable l i gh t ing  and 
MSFN coverage as  w e l l  as acceptable A V ' s  e x i s t  i f  a 130' terminal 
phase t r a n s f e r  near perigee i s  required.  

be appl icable  i f  t h e  nominal rendezvous p r o f i l e  were aborted pr ior  t o  
t h e  c o e l l i p t i c  maneuver ca l l ed  t h e  inser t ion  burn. Once t h e  decis ion 
is  made t o  continue t h e  rendezvous, t h e  LM coasts  approximately 
111.7 minutes after t h e  phasing burn through t h e  TPI 

perigee of t h e  f o o t b a l l )  t o  a pos i t ion  near apogee. 

Such a t r a n s f e r  (TPIo)  would 

pos i t ion  (near 
0 

5.5.4 LM DPS inse r t  ion maneuver. - A t  approximately 95 h m s  41  48 g . e .  t . 
following a 7-second, two-jet RCS u l lage ,  t he  DPS ign i t e s  over GYM and 
burns f o r  24.8 seconds at 10  percent t h rus t  t o  provide 39.9-fps AV. 
The PGNCS-controlled, external-AV burn es tab l i shes  a near-circular 
o r b i t  approximately 11.2 n. m i .  above t h a t  of t h e  CSM. Following t h e  
burn t h e  LM coasts  f o r  approximately 40.2 minutes before s taging and 
t h e  CSI maneuver. 

5.5.5 LM RCS-interconnect CSI maneuver.- A t  approximately 
h m s  96 22 00 g . e . t .  t h e  CSI ( a  horizontal ,  re t rograde burn over TAN) i s  

scheduled. 
interconnect , PGNCS-controlled burn. 
c rea tes  a perigee approximately 10.1 n. m i .  below t h a t  of t h e  CSM. 

Staging occurs a t  t h e  beginning of t h e  30.6-second, four- je t  
The 37.8-fps AV from t h e  maneuver 

5.5.6 LM APS CDH maneuver.- A f t e r  a 44.5-minute coast  t h e  LM 
reaches perigee.  Following a 4-second, four- je t  LM RCS u l lage ,  t h e  APS 
burns f o r  3.1 seconds and provides 37.9-fps AV nearly horizontal  and 
retrograde.  The PGNCS-controlled burn over RED es tab l i shes  a near- 
c i r c u l a r  o r b i t  approximately 10.1 n. m i .  below t h e  CSM. A t  burn 
termination t h e  LM trails  t h e  CSM by 75.8 n. m i .  
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5.5.7 LM RCS TPI maneuver.- The LM coas ts  approximately 
53 minutes after CDH before reaching t h e  TPI poin t .  
on an  e leva t ion  angle of 27.5' at approximately 8 minutes in to  darkness, 
t h e  TPI burn of 17.6 seconds ( four - je t  RCS in te rconnec t )  and 21.9-fps AV 
i s  applied pr imar i ly  along t h e  l i n e  of s i g h t .  
requi res  about 45 minutes (including braking) .  

I n i t i a t e d  over TAN 

The 130' t e rmina l  phase 

The braking schedule assumed f o r  t h e  t r a j e c t o r y  generation i s  
presented i n  t a b l e  I(f ) . 

h m  S ta t ion  keeping begins at approximately 98 36 g . e . t  . over HAW and 
h m  docking i s  assumed t o  occur a t  98 53 . 

5.5.8 APS long-duration burn.- Af te r  docking t h e  crew configures 
t h e  ascent s tage  f o r  t h e  long APS burn and then  r e t u r n s  t o  t h e  CSM. 
The CSM j e t t i s o n s  t h e  ascent s t age  and app l i e s  3.0 f p s  out of plane t o  
provide a s a f e  separa t ion  a t  APS ign i t ion .  A t  approximately 

100 26 00 
propellant deple t ion .  The LM IMU remains unchanged from t h e  alignment 
f o r  t h e  rendezvous and consequently t h e  t h r u s t  i s  t a rge ted  t o  a maximum 
of 45' out of plane t o  prevent gimbal lock .  
from t h e  PGNCS-controlled, external-AV burn over GYM, TEX, and MIL 
r a i s e s  apogee t o  3237-n. m i .  a l t i t u d e .  The burn i s  preceded by a 
fou r - j e t ,  3-second u l l age ,  and t h e  interconnect remains open through 
t h e  burn t o  provide a t t i t u d e  con t ro l .  

h m s  g . e . t . ,  t h e  APS t h r u s t s  f o r  an estimated 360.0 seconds t o  

The r e s u l t i n g  5246.7 f p s  

5.5.9 Objectives s a t i s f i e d . -  Those objec t ives  r equ i r ing  spec i f i c  
t r a j e c t o r y  planning which were s a t i s f i e d  during t h i s  period include CSM 
single-crewman rendezvous capab i l i t y  (P20.33) , AGS AV c a p a b i l i t y  using 
DPS (P12.4) , LM j e t t i s o n  (P20.29) , LM-CSM undocking (P20.26) , PGNCS- 
cont ro l led  APS burn (Pll.lh), AGS CES a t t i t u d e  t r a n s l a t i o n  con t ro l  
(P12.3) , rendezvous radar  t racking  performance (P16.4) , LM e leva t ion  
rendezvous (P20.27) , LM-active docking (M20.28) , and a long-duration 
APS burn (M13.11). 

5.6 Sixth  Period of A c t i v i t i e s  

If t h e  SPS becomes unable t o  deorb i t  t h e  CM, t h e  SM RCS w i l l  be 
required t o  e f f e c t  t h e  deo rb i t .  The AV ava i l ab le  from t h e  S M  RCS i s  
adequate f o r  t h i s  purpose through t h e  f i r s t  f i v e  periods of a c t i v i t y .  

To reduce t h e  RCS AV requirements f o r  deorb i t  i n  t h e  s i x t h  period 
of a c t i v i t i e s ,  or, equiva len t ly ,  t o  reduce t h e  SM RCS propel lan t  
reserved f o r  t h e  backup d e o r b i t ,  a perigee adjustment is  scheduled t h e  
day following rendezvous. 
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h m s  5.6.1 SPS-6.- A t  approximately 121  59 00 g . e . t .  t h e  SPS t h r u s t s  
over CRO f o r x s e c o n d s  under con t ro l  of t h e  G&N using external-AV 
t a r g e t s .  
62.7 f p s  and lowers perigee t o  95 n. m i .  

Preceded by a 20-second, two-jet u l l age  t h e  burn y i e lds  

5.6.2 SPS-7.- Two days following t h e  SPS-6 perigee adjustment t h e  
h m s  f i n a l  t r a j e c t o r y  adjustment before deorb i t  occurs (169 47 00 g .e . t .1 .  

The burn, SPS-7, i s  designed t o  r a i s e  apogee t o  210 n. m i .  and t o  pos i t i on  
apogee i n  t h e  southern hemisphere. 
because (1) it allows more f r e e - f a l l  t i m e  t o  400 000 f t  (assumed ent ry  
i n t e r f a c e )  a f t e r  t h e  nominal SPS deorb i t ,  and ( 2 )  it s l i g h t l y  reduces 
t h e  RCS AV requirements f o r  backup SM RCS deorb i t  i n t o  t h e  nominal 
recovery a rea .  

This pos i t ion ing  i s  des i r ab le  

The maneuver scheduled over MIL requi res  6.2 seconds of burn and 
155.7 f p s  of AV. A 20-secondY two-jet u l l age  i s  necessary p r i o r  t o  SPS 
ign i t ion .  The burn i s  G&N-controlled and uses external-AV t a r g e t s .  

5.6.3 SPS-8.- The deorb i t  maneuver, SPS-8, i s  scheduled at 

238 1 0  00 
The r e t r o f i r e  occurs approximately TOO n .  m i .  southeast of H a w a i i  and 
i s  covered by both H A W  and RED. The deorb i t  burn of 12 .3  seconds and 
313.4 f p s  i s  a G&N-controlled and external-AV-targeted maneuver which 
r equ i r e s  a 20-seconds two-jet u l l age .  

h m s  g . e . t . ,  which i s  s l i g h t l y  l e s s  than  t h r e e  days a f t e r  SPS-7. 

d h m  5.6.4 Preentry sequence.- A t  9 22 1 0  12.28' g . e . t .  t h e  SPS engines 
w i l l  be cut off and a 15.3-minute coast t o  atmospheric en t ry  w i l l  be 

~ 

s t a r t e d .  Approximately 90 seconds following t h e  deorb i t  burn, t h e  SM 
w i l l  be j e t t i soned .  
t o  t h e  north before separation t o  ensure aga ins t  poss ib le  CM/SM recontac t .  
After CM/SM separa t ion ,  a shor t  time is allowed f o r  an adequate separation 
d is tance ,  and t h e  spacecraft  i s  maneuvered t o  t h e  r een t ry  t r i m  a t t i t u d e .  

The crew w i l l  manually yaw t h e  CSM 45' out of plane 

5.6.4.1 Reentry: Reentry at 400 000-ft a l t i t u d e  w i l l  occur at 
33.36' N geodetic l a t i t u d e  and 89.70' W longitude approximately 15.3 minutes 
a f t e r  SPS r e t r o f i r e .  The deorb i t  point and subsequent ground t r a c k  and 
pe r t inen t  geographic loca t ions  of various deorb i t  and r een t ry  events 
a r e  shown i n  f i g u r e  5. 

Landing of t h e  CM following t h e  nominal r een t ry  t r a j e c t o r y  cont ro l  
d h m  w i l l  occur at 9 22 40 48.17' g . e . t .  a t  30.64' N geodetic l a t i t u d e  and 

58.97O W longitude. The CM maneuver envelope f o r  t h i s  prime recovery 
area i s  shown i n  f i g u r e  6.  

5.6.4.2 Reentry t a rge t ing  : Figure 7 presents  a representa t ive  
r een t ry  co r r ido r .  This r een t ry  cor r idor  shows severa l  reent ry  l i m i t  and 
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t a r g e t  l i n e s .  The bottom l i n e  is  t h e  log ,  ze ro - l i f t  undershoot 
boundary. The next l i n e  i s  t h e  SPS t a r g e t  l i n e ,  which i s  used f o r  
generation of block da ta .  Nominal deorb i t s  are not constrained t o  t h i s  
l i n e .  The mode I l i n e  represents  t h e  l if t-vector-up overshoot boundary. 
The mode I11 l i n e  i s  an overshoot boundary, based on a lift-vector-down 
a t t i t u d e  u n t i l  0.2g, then l if t-vector-up. The mode I1 l i n e  i s  a l s o  a 
lift-vector-down a t t i t u d e  u n t i l  0 .2g ,  but then  t h e  spacecraf t  is  r o l l e d  
during reent ry .  The RCS t a r g e t  l i n e  i s  used t o  def ine  t h e  SM RCS 
propellant-budget red  l i n e .  Suf f ic ien t  SM RCS propel lant  is  reserved t h a t  
reent ry  conditions from a hybrid deorbi t  are below t h i s  boundary. The 
undershoot and a l l  overshoot l i n e s  include worst-case L/D, atmospheric, 
and l a t i t u d e  dispers ions.  For fu r the r  discussion of the boundaries 
and t h e i r  use i n  contingency cases r e f e r  t o  references 1 3  and 14 .  

The reent ry  in t e r f ace  ve loc i ty  and f l igh t -pa th  angle f o r  t h e  
end-of-mission SPS deorb i t  i s  a l so  shown i n  f igu re  7. The r een t ry  
s t a t e  vector  da ta  i s  presented i n  t a b l e  V I I ,  and t a b l e  I ( a )  contains  t h e  
reent ry  t r i m  aerodynamic coe f f i c i en t s  f o r  Mach Numbers 0.2 through 29.5. 

For guided r e e n t r i e s ,  t h e  optimum t a r g e t  l oca t ion  a f t e r  t h e  SPS 
deorb i t  i s  on t h e  ground t r a c k  a t  t h e  5 5 O  bank-angle contour l i n e  f o r  
L/D's between 0.26 and 0.42. 
cross-range t a rge t ing  can be placed off t h e  ground t r a c k  anywhere t o  
within approximately 22 n. m i .  of t h e  l a t e r a l  boundaries of t h e  
theo re t i ca l  maneuver envelope. However, t h e  included t a r g e t  w a s  
se lected on t h e  ground t r ack .  For a fu r the r  discussion concerning t h e  
reent ry  t a rge t ing  c r i t e r i a  and reent ry  monitoring, see references 15 
and 16 .  

I f  necessary, t h e  t a r g e t  l oca t ion  f o r  

5.6.4.3 Sequence-of-events and t r a j e c t o r y  parameters: Figure 8 
presents t h e  al t i tude-range p r o f i l e  of t h e  r een t ry  t r a j e c t o r y ;  
s ign i f i can t  t r a j e c t o r y  and guidance events a r e  noted. Table V I 1 1  
presents  a more de ta i led  CM sequence of events f o r  r een t ry .  Figure 9 
shows t h e  command bank angle ,  load f a c t o r ,  and a l t i t u d e  p r o f i l e s  versus 
time from t h e  reent ry  in te r face .  The maximum load f ac to r  experienced 
f o r  t h i s  t r a j e c t o r y  w a s  3.20g. Figures 1 0  and 11 present o ther  per t inent  
reent ry  t r a j e c t o r y  da t a  as a funct ion of t ime from a 400 000-ft a l t i t u d e .  
The maximum t o t a l  heating r a t e  obtained w a s  60.80 ( B . t  . u . / f t 2 ) / s e c ,  and 
t h e  t o t a l  heat load w a s  1 2  676 B.t .u . / f t2 .  

The outer ,  middle, and inner gimbal angle time h i s t o r i e s  during 
reent ry  a r e  shown i n  f igu re  12. 

Shown i n  f igu re  13  are t h e  communications blackout regions based 
upon da ta  from reference 17 .  The normal CMC DSKY disp lay  quan t i t i e s  
f o r  t he  f i n a l  phase of reent ry ,  Program ~67, are shown i n  f i g u r e  1 4 .  
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Figure 15 shows t h e  ve loc i ty  - load-factor p r o f i l e  t h a t  can be 

Figure 1 5  
expected on t h e  EMS disp lay  during t h e  nominal guided r een t ry .  
lunar nonexit range l i m i t  p a t t e r n  is  used for  t h i s  p l o t .  
a l s o  presents  t h e  CMC-commanded bank angle and t h e  EMS-computed 
range-to-go as a func t ion  of EMS ve loc i ty .  

The EMS 

The CM i s  on t h e  chutes f o r  approximately 5 minutes 1 0  seconds. 
The re la t ive ve loc i ty  i s  30.0 f p s  at touchdown. 

5.6.5 SM RCS backup deorbit .-  This s ec t ion  describes events which 
would be appl icable  i f  SPS-8 does not occur. 
it i s  assumed t h a t  some systems f a i l u r e  i s  discovered which would prevent 
t h e  SPS from being used t o  deorb i t  t h e  CM. The CSM would then  coast  
approximately 3/4 revolu t ion  t o  a pos i t i on  over Carnarvon. 

approximately 239 1 5  40.3 
providing 100.9-fps AV. 

Shortly before SPS-8, 

A t  
h m  s g . e . t .  t h e  SM RCS would burn f o r  217.7 seconds 

d h m  

SM/RCS engines w i l l  be cu t  off and a 37.7-minute coast  t o  atmospheric 
e n t r y  w i l l  be s t a r t e d .  The crew w i l l  manually yaw t h e  CSM 45' out of 
plane t o  t h e  north before separa t ion  t o  ensure against  poss ib le  CM/SM 
recontac t .  
separa t ion  d is tance ,  and t h e  CM i s  maneuvered t o  t h e  r een t ry  t r i m  a t t i t u d e .  

5.6.6 SM RCS preentry sequence.- A t  9 23 19  17.98' g . e . t  . t h e  

After CM/SM separa t ion  a short  time i s  allowed f o r  an adequate 

5.6.6.1 Reentry: Reentry at 400 000-ft a l t i t u d e  w i l l  occur a t  
33.47' N geodetic l a t i t u d e  and 104.20' W longitude approximately 
37.7 minutes a f t e r  t h e  SM RCS deorb i t  burn. The deorb i t  point and 
subsequent ground t r a c k  and pe r t inen t  geographic loca t ions  of various 
deorb i t  and r een t ry  events are shown i n  f i g u r e  16 .  

Following a nominally-controlled r een t ry  (lift-vector-down manually 
t o  1.Og and then G&N r e e n t r y ) ,  CM touchdown w i l l  occur a t  

1 0  00 1 5  26.72' g . e . t .  a t  23.10' N geodetic l a t i t u d e  and 59.78' W 
longitude. The CM maneuver envelope f o r  t h i s  recovery a rea  i s  shown 
i n  f i g u r e  17. 

d h m  

5.6.6.2 Reentry t a rge t ing :  Figure 7 presents a representa t ive  r een t ry  
cor r idor  which shows t h e  400 000-ft en t ry  conditions f o r  t h e  SM RCS 
deorb i t .  Nominal en t ry  f o r  t h i s  pos i t ion  i n  t h e  r een t ry  cor r idor  i s  
t o  hold t h e  lift-vector-down t o  1.Og and then  f l y  t h e  CMC r o l l  commands. 
The r een t ry  cor r idor  l i m i t  l i n e s  are discussed i n  sec t ion  5.6.4.2. 

The r een t ry  i n t e r f a c e  ve loc i ty  and f l igh t -pa th  angle f o r  t h e  
end-of-mission S M  RCS deorb i t  i s  presented i n  t a b l e  I X .  Table I ( a )  
contains t h e  r een t ry  t r i m  aerodynamic c o e f f i c i e n t s  f o r  Mach numbers 
0.2 through 29.5. 
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5.6.6.3 Trajectory parameters: The maximum load f a c t o r  experienced 
f o r  a guided t r a j e c t o r y  t o  t h e  5 5 O  center  l i n e  t a r g e t  shown i n  f igu re  17 
was 3.26g. The maximum t o t a l  heat ing r a t e  obtained w a s  
68.06 ( B . t . u . / f t 2 ) s e c ,  and t h e  t o t a l  heat load w a s  13 829 B . t , u . / f t 2 .  
The CM i s  on t h e  chutes for approximately 5 minutes 10  seconds. The 
r e l a t i v e  ve loc i ty  a t  touchdown i s  29.9 fps .  
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TABLE I.- TRAJECTORY SIMULATION PARAMETERS - Continued 

(b )  Spacecraft  weights" 

Module weights : 

CSM at i n s e r t i o n  (crew, equipment . prope l l an t ) ,  l b .  59 224.0 
LM at in se r t ion ,  l b  . . . . . . . . . . . . . . . . . .  32 000.0 
SLA r ing ,  l b  . . . . . . . . . . . . . . . . . . . . .  3 776.0 

. .  

Tota l  i n j ec t ed ,  l b  . . . . . . . . . . . . . . . . . .  95 000.0 

Propellant weights : 
SPS propel lant  ( includes 862.4 l b  unusable) . l b  . . . .  35 470.3 

APS propel lant  ( includes 140.6 l b  unusable) . l b  . . . .  4 434.7 

CM RCS propel lant  ( includes 38.8 l b  unusable) . l b  . . .  270.0 
LM RCS propel lant  ( includes 45.0 l b  unusable) . l b  . . .  633.0 

DPS propel lant  ( includes 469.5 l b  unusable) , l b  . . 17 979.5 

SM RCS propel lant  ( includes 57.6 l b  unusable) , l b  . . 1 362.4 

Miscellaneous weights: 

Tota l  ascent s tage  and propel lan t ,  l b  . . . . . . . . .  9 965.0 
Tota l  descent s tage  and propel lan t ,  l b  . . . . . . . .  22 035.0 
LM crew and equipment, l b  . . . . . . . . . . . . . . .  490.0 
CM at in se r t ion ,  l b  . . . . . . . . . . . . . . . . . .  13 065.0 
CM at  en t ry  in t e r f ace ,  l b  . . . . . . . . . . . . . . .  12 984.0 
CM at main chute deployment, l b  . . . . . . . . . . . .  12 462.0 
CM a t  touchdown, l b  . . . . . . . . . . . . . . . . . .  11 779.0 

a From reference 17. 
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TABLE I. - TRAJECTORY SIMULATION PARAMETERS - Continued 

( c )  Performance 

SPS t h r u s t  dataa: 

Thrust ,  l b  

Tota l  burn t i m e  of 0 t o  200 see . . . . . . . . . .  20 824.0 
Tota l  burn t i m e  g rea t e r  than 200 sec . . . . . . .  21 107.0 

Spec i f i c  impulse, s e c  

To ta l  burn t i m e  of 0 t o  200 see  . . . . . . . . . .  312.5 
Tota l  burn t i m e  g rea t e r  than 200 sec  . . . . . . .  312.6 

DPS t h r u s t  datab : 

Thrust (100 percent )  . l b  . . . . . . . . . . . . . . . .  10 500 .O 

FTP, t o t a l  burn t i m e  of  0 sec  (92.5 percent ) .  . . .  9 712.5 

(94.5 percent )  . . . . . . . . . . . . . . . .  9 922.5 
FTP, t o t a l  burn t i m e  g rea t e r  than 370 sec  

Spec i f ic  impulse, s ec  

Docked DPS, average . . . . . . . . . . . . . . . .  302.3 
Phasing . average . . . . . . . . . . . . . . . . .  293.6 
Inse r t ion  . . . . . . . . . . . . . . . . . . . . .  290 * 9 

APS t h r u s t  data' : 

Thrust ,  l b  . . . . . . . . . . . . . . . . . . . . . . .  3 450.0 

. . . . . . . . . . . . . . . . . .  Speci f ic  impulse sec  309 * 9 

SM RCS t h r u s t  data": 

Thrust ,  l b  . . . . . . . . . . . . . . . . . . . . . . .  
Speci f ic  impulse, sec  . . . . . . . . . . . . . . . . . .  

b LM RCS t h r u s t  data : 

T h r u s t , l b  . . . . . . . . . . . . . . . . . . . . . . .  
Speci f ic  impulse, sec  . . . . . . . . . . . . . . . . .  

393.1 

276.0 

400.0 

273.0 

?From reference 18. 

bFrom reference 19. 

From reference 20. C 
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TABLE 11.- DETAILED TEST OBJECTIVES REQUIRING SPECIFIC 

AND SPACECRAFT ATTITUDE PLANNING" 

Objective number 

M20.24 

M 1 3 . 1 1  

M 1 3 . 1 2  

M11.6 

~ 2 0 . 2 8  

M20.35 

P20.25 

P20.27 

P16.4 

P12.3 

P11.14 

P1.23 

~ 2 0 . 2 6  

~ 2 0 . 2 9  

P12.4 

P20.33 

T i t l e  

CSM ac t ive  docking 

Long durat ion APS burn 

DPS burn durat ion e f f e c t s  

LM PGNCS/DAP performance and t h r u s t  
performance 

LM-act ive docking 

Extravehicular a c t i v i t y  

LM e j ec t ion  from S L A  

LM evaluat ion rendezvous 

Rendezvous radar  t racking  performance 

AGS / C E S  a t  t it ude / t rans  1 at ion c ont r ol 

PGNCS cont ro l led  APS burn 

CSM au topi lo t  s t a b i l i t y  margin 

LM-CSM undocking 

LM j e t t i s o n  

AGS AV capabi l i ty  using DPS 

CSM s ing le  crewman rendezvous capab i l i t y  

a From reference 1. 
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TABLE 111.- SEQUENCE OF EVENTS FOR LAUNCHa 

Event 

Lif t -off  

M a x i m u m  dynamic pressure 

S-IC inboard engine cutoff  (CECO) 

T i l t  arrest 

S-IC t h r u s t  termination (OBECO) 
and S-IC/S-I1 separat ion 

S-I1 s tage  a t  90 percent t h r u s t  

Mixture r a t i o  s h i f t  t o  5.5 

J e t t i s o n  S-IC/S-I1 forward 
i n t e r s  t age 

J e t t i s o n  launch escape system 

Mixture r a t i o  s h i f t  t o  4.7 

S-I1 t h r u s t  termination and 
S - I I /S -1VB s ep ar at i on 

S-IVB stage at 90 percent t h r u s t  

J e t t i s o n  S-IVB ullage cases 

S-IVB stage t h r u s t  termination - 
parking o rb i t  i n se r t ion  - 
pos t inser t ion  ul lage 

T ime  from l i f t - o f f ,  
min: see 

0:oo.o 

1: 17.250 

2: 19.316 

2: 20.000 

2 : 30.623 

2: 35.061 

2: 37.161 

3: 00.861 

3 :05.861 

7 : 02.210 

8 : 44.19 2 

8: 49.192 

8:56.641 

%&en from reference 5. 
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TABLE V I 1 . -  SM RCS DEORBIT MANEWE8S TO THE ENTRY INTERFACE 

(a )  Conditions a t  deorbi t  

Earth-fixed pos i t ion  
Longitude, deg E . . . . . . . . .  105.92 
Geodetic l a t i t u d e ,  deg . . . . . .  -31.43 
Al t i tude ,  n. m i .  . . . . . . . .  181.37 

9 23 15 40.29' T i m e ,  g . e . t .  . . . . . . . . . .  d h m  a 

I n e r t i a l  ve loc i ty  vector 
25 164.92 

77 -81 

Velocity,  fps  . . . . . . . . . .  
Flight-path angle,  deg . . . . . .  .63 
Azimuth angle ,  deg . . . . . . . .  

( b )  Conditions a t  reent ry  (400 000 f t  ) 

Earth-f ixed pos i t  ion 
Coast t ime, sec . . . . . . . . .  
Longitude, deg W . . . . . . . . .  
Geodetic l a t i t u d e ,  deg N . . . . .  

2242 
104.20 

33.47 

I n e r t i a l  ve loc i ty  vector  
Velocity,  f p s  . . . . . . . . . .  25 892.9 
Flight-path angle,  deg . . . . . .  -0.967 
Azimuth angle ,  deg . . . . . . . .  91.60 
Target l a t i t u d e ,  deg N . . . . . .  22.80 
Target longitude, deg W . . . . .  59 -15 

a A t  burn i n i t i a t i o n .  
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TABLE 1X.- SPS DEORBIT MANEUVERS TO THE ENTRY INTERFACE 

(a )  Conditions a t  deorb i t  

E a r t  h-f ixed p o s i t  ion 
Longitude, deg W . . . . . . . . . . . .  
Geodetic l a t i t u d e  . deg . . . . . . . . .  
Al t i tude ,  n. m i .  . . . . . . . . . . .  
Time  a t  u l l age  ign i t i on ,  hr:min:sec . . 

I n e r t i a l  ve loc i ty  vector 
Velocity, f p s  . . . . . . . . . . . . .  
Flight-path angle,  deg . . . . . . . . .  
Azimuth angle,  deg . . . . . . . . . . .  

151.63 
11.63 

180.28 
d h m  s 9 22 9 40 

25 162.88 
-0 i65 
58.48 

( b )  Conditions a t  r een t ry  (400 000 f t  ) 

Earth-fixed pos i t ion  
Coast-time, sec . . . . . . . . . . . .  918 
Longitude, deg W . . . . . . . . . . . .  89.70 
Geodetic l a t i t u d e ,  deg N . . . . . . . .  33.36 

Velocity,  f p s  . . . . . . . . . . . . .  25 798.1 
Flight-path angle ,  deg . . . . . . . . .  -1.880 
Azimuth angle,  deg . . . . . . . . . . .  86.76 
Target l a t i t u d e ,  deg N . . . . . . . . .  30.62 
Target longitude, deg W . . . . . . . .  58.98 

I n e r t i a l  ve loc i ty  vector 
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WEST LONGITUDE (DEG) 

Figure 6 .  CM maneuver envelope from an SPS deorbit. 
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Figure 1 4 .  Program 67 DSKY-displayed CM C commanded bank angle ,  cross-range 
error, and down-range error  t i m e  h i s t o r i e s .  
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WEST LONGITUDE (DEG) 

Figure 17. CM maneuver envelope from a SM/RCS deorbi t .  
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