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OPERATIONAL ABORT PLAN FOR THE APOLLO 9 MISSION 

VOLUME I1 - CONTINGENCY DEORBIT 

By Mission Support Sect ion ,  F l i g h t  Analysis Branch 

1.0 SUMMARY 

The Apollo 9 p r e f l i g h t  nominal and contingency deorb i t  and r e e n t r y  
d a t a  a r e  based on t h e  Apollo 9 spacecraf t  ope ra t iona l  t r a j e c t o r y .  These 
d a t a  a r e  designed not only a s  a contingency deorb i t  s tudy,  but a l s o  a s  
a t o o l  f o r  f l i g h t  c o n t r o l  and f l i g h t  dynamics SSR personnel use i n  
s imulat ion support and mission con t ro l .  I n  add i t ion  t o  d a t a  f o r  t h e  
mass p r o p e r t i e s ,  d a t a  a r e  presented f o r  GO - NO-GO a r e a  and genera l  
r een t ry  s t u d i e s  f o r  t h e  nominal r e e n t r y  i n t o  t h e  prime At lan t i c  recovery 
a r e a ,  151-1. 

1 Volume I of t h i s  document g ives  t h e  abor t  da ta  f o r  t h e  launch 
a phase. 



INTRODUCTION 

The nominal mission p lan  f o r  Apollo 9 ( ~ i s s i o n  D )  i s  f o r  a n  e a r t h  
o r b i t a l  mission of up t o  10-days dura t ion .  An LM-active rendezvous 
exerc ise  wi th  t h e  CSM i s  scheduled t o  begin a t  t h e  end of t h e  f o u r t h  
day. Two l a r g e  LM burns a r e  scheduled, DPS-1 and APS burn-to-depletion, 
along with e igh t  SPS burns.  The nominal deorb i t  burn, SPS-8, w i l l  be V 

performed a t  approximately 238 hours g . e . t .  

The prime backup deorb i t  procedure i s  a n  SM RCS burn, and t h i s  ? 
procedure w i l l  remain prime u n t i l  t h e  RCS r e d l i n e  has  been v i o l a t e d .  
A combination of maneuvers known a s  t h e  hybrid deorb i t  w i l l  be employed 
a s  t h e  secondary backup deorb i t  procedure. The hybrid deorb i t  c o n s i s t s  
of an SM RCS burn followed by a CM/SM separa t ion  and a CM RCS burn. 
This maneuver sequence i s  performed about apogee so t h a t  an  optimum 
e f f e c t i v e  AV i s  achieved and a 40-n. m i .  vacuum per igee  can be  obtained 
from t h e  a v a i l a b l e  p rope l l an t s .  Although not presented i n  t h i s  r e p o r t ,  
t h e r e  a l s o  e x i s t s  one o the r  deorb i t  procedure, which i s  f o r  t h e  CSM 
f a i l i n g  t o  separa te  from t h e  S-IVB p r i o r  t o  a contingency reen t ry .  
Under t h i s  condi t ion  t h e  S-IVB LOX dump w i l l  be used t o  lower t h e  
perigee of t h e  o r b i t  t o  an a l t i t u d e  such t h a t  t h e  CM RCS can be used 
t o  insu re  atmospheric capture .  This procedure i s  being developed and 
w i l l  be documented i n  a r e v i s i o n  t o  t h i s  document. 

The t r a j e c t o r y  d a t a  presented i n  t h i s  r e p o r t  were computed using 
t h e  RTACF1s programs and processors  which w i l l  be used t o  support t h e  
Apollo 9 mission. Note t h a t  a l l  GO - NO-GO r e e n t r y  d a t a  a r e  based on 
a l i f t -vec tor -up  t o  0.2g and a GNCS r e e n t r y  t a r g e t e d  f o r  t h e  55' contour 
1 .  The hybrid. and SM RCS r e e n t r y  d a t a  a r e  based on a l i f t -vec to r -  
down t o  1.0g and a GNCS r e e n t r y  t a rge ted  f o r  t h e  55O contour l i n e .  

Abort d a t a  f o r  t h e  launch phase a r e  published i n  reference  1. 



3.0 ABBREVIATIONS 

BBO 

BOM 

C~ 

C~ 

CM 

CSM 

c .g. 

EBO 

EOM 

GNCS 

RCS 

RTACF 

RTCC 

SM 

SPS 

begin blackout 

beginning of mission 

drag c o e f f i c i e n t  

l i f t  c o e f f i c i e n t  

command module 

command and se rv ice  modules 

cen te r  of g rav i ty  

end blackout 

end of mission 

acce le ra t ion  of gravi ty  

ground elapsed time 

guidance, navigat ion,  and con t ro l  subsystem 

moment of i n e r t i a  about t h e  spacecraf t  
r o l l  a x i s  

moment of i n e r t i a  about t h e  spacecraf t  
p i t c h  a x i s  

moment of i n e r t i a  about t h e  spacecraf t  
yaw a x i s  

r e a c t i o n  con t ro l  system 

Real-Time Auxil iary Computing F a c i l i t y  

Real-Time Computer Complex 

se rv ice  module 

se rv ice  propulsion system 



SSR 

TPI 

AV 

n t 

Avt 

Sta f f  Support Room 

terminal  phase i n i t i a t i o n  

d e l t a  ve loc i ty  

d e l t a  time 

t o t a l  d e l t a  ve loc i ty  along X-body ax i s  



4.0 INPUT DATA 

4 . 1  Mass P roper t i e s  

The mass p roper t i e s  va lues  of c . g . ' s ,  moments of i n e r t i a ,  and p i t c h  
and yaw t r i m  angles a s  a  func t ion  of weight f o r  t h e  CSM conf igura t ion  
used i n  t h e  r epor t  a r e  presented i n  t a b l e  I. This t a b l e  was generated 
from t h e  CSM launch conf igura t ion  provided i n  reference  2 and r e f l e c t s  
usage of SPS f u e l  and oxid izer  only .  This t a b l e  r e l a t e s  t h e  SPS 
t h r u s t  vec tor  t o  t h e  spacecraf t  body coordinate system, and it should 
be noted t h a t  t h e  p i t c h  and yaw trim angles i n  t h e  t a b l e  do not r e f l e c t  
t h e  SPS e l e c t r o n i c  n u l l  b i a s .  Table I1 l i s t s  t h e  predic ted  nominal 
BOM and EOM t r i m  aerodynamic c o e f f i c i e n t s  used. The nominal EOM 
c o e f f i c i e n t s  were computed from t h e  CM c .g.  a t  en t ry  a s  provided i n  
reference  2. This c .g .  r e f l e c t s  ful l  water t anks  and a l l  nominal 
equipment changes made by t h e  f l i g h t  crew during t h e  mission. The 
BOM c o e f f i c i e n t s  r e f l e c t  t h e  CM launch conf igura t ion  and t h e  l o s s  of 
CM RCS propel lant  requi red  t o  o r i e n t  t h e  CM t o  en t ry  a t t i t u d e  and 
t h e  LM docking r i n g .  Both s e t s  of c o e f f i c i e n t s  were used i n  t h i s  r epor t  
t o  dep ic t  more accura te ly  t h e  a c t u a l  e n t r y  p r o f i l e .  

Besides t h e  nominal aerodynamics, t hose  r e s u l t i n g  from hybrid burns 
a r e  shown. These were computed based on a CM RCS propel lant  consumption 
es t imate  of 150.4 l b  f o r  80 f p s ,  which was furn ished by t h e  Reentry 
Studies  Sect ion ,  Landing Analysis Branch, MPAD. This es t imate  was 
based on t h e  CM conf igura t ion  provided i n  reference  2. These d a t a  a r e  
provided and were used i n  generat ing t h i s  r e p o r t  because, fol lowing a 
CM RCS deorb i t  burn,  CM l i f t i n g  c a p a b i l i t y  i s  s i g n i f i c a n t l y  d i f f e r e n t  
from t h e  nominal. 

4.2 S t a t e  Vectors and Spacecraft  Weights 

A l l  s t a t e  vec tors  and spacecraf t  weights used f o r  deorb i t  computa- 
t i o n s  were taken from t h e  ope ra t iona l  t r a j e c t o r y  ( r e f s .  3 and 4 )  and 
t h e  Marshall launch veh ic l e  opera t ional  t r a j e c t o r y  ( r e f .  5 ) ,  

4.3 Constants 

Earth and t r a j e c t o r y  cons tants  were obtained from t h e  ANWG t e c h n i c a l  
r e p o r t  no. 1 . 3  ( r e f .  6 ) .  CSM o r b i t a l  and engine cons tants  were obtained 
from t h e  CSM/LM spacecraf t  ope ra t iona l  d a t a  book ( r e f .  7 ) .  



The spacecraft  o r b i t a l  constants a r e  

CSM o r b i t a l  reference a rea ,  f t 2  . . . .  
CM reen t ry  reference a rea ,  f t 2  . . . .  
Orbi ta l  drag,  CD . . . . . . . . . . .  

The engine parameters a r e  

Thrust ,  l b  

SM RCS . . . . . . . . . . . . . . .  393.1 

SPS 

0 t o  200 sec of burn . . . . . . .  20 824.0 

Burn time grea te r  than 200 sec . . 21 107.0 

Specific impulse, sec 

SM RCS . . . . . . . . . . . . . . .  276.0 

SPS 

. . . . . . .  0 t o  200 see  of burn 

Burn time grea te r  than 200 sec . . 



5.0 RESULTS 

The d a t a  computed and i t s  purpose and uses  a r e  d iscussed  i n  f o u r  
- - 

s e c t i o n s  : r e e n t r y  sequence of events  f o r  GO - NO-GO a r e a s ,  SPS d e o r b i t s  , 
SM RCS o r  hybr id  d e o r b i t s  , and gene ra l  deo rb i t  d a t a .  Data f o r  t h e  r e e n t r y  
sequence of events  a r e  r equ i r ed  f o r  a gene ra l  review of t h e  condi t ions  

-4 and r e s u l t s  of poss ib l e  r e e n t r i e s  fol lowing SPS burns ,  SM RCS burns ,  and 
t h e  hybr id  deo rb i t  i n t o  t h e  va r ious  GO - NO-GO a r e a s  and backup e n t r y  
a r eas .  The gene ra l  s t u d i e s  g ive  information which i s  u s e f u l  t o  f l i g h t  
c o n t r o l l e r s  and f l i g h t  dynamics SSR personnel  i n  performing t h e i r  
func t ions  dur ing  s imula t ions  and mission con t ro l .  

5 . 1  Reentry Sequence of Events f o r  GO - NO-GO Areas 

The planned burns t o  be performed during t h e  f l i g h t  a r e  l i s t e d  i n  
t a b l e  111. The l a s t  o r b i t a l  maneuver performed p r i o r  t o  each GO - NO-GO 
deo rb i t  i s  shown on each r e e n t r y  sequence of events  t a b l e .  

The GO - NO-GO a r eas  a r e  t hose  r e e n t r y  a r eas  which would p l ace  t h e  
CM sp l a sh  i n  e i t h e r  t h e  P a c i f i c  o r  A t l a n t i c  a r eas  where recovery f o r c e s  
a r e  s t a t i o n e d .  An oppor tuni ty  t o  r e e n t e r  i n t o  each of t h e s e  a r e a s  oc- 
cu r s  approximately once each day a s  t h e  ground t r a c k  passes  through t h e  
recovery f o r c e s .  The geodet ic  l a t i t u d e  and long i tude  of t h e  GO - NO-GO 
a r e a s ,  a s  des igna ted  by t h e  F l i g h t  Operations Di rec to ra t e ,  a r e  l i s t e d  
i n  t a b l e  I V .  

The r e e n t r y  sequence of events  f o r  t h e s e  a r eas  a r e  l i s t e d  i n  
t a b l e s  V through XVI .  

Table I V  p re sen t s  t h e  r e e n t r y  sequence of events  f o r  a r e a  2-1. 
The CSM/S-IVB sepa ra t ion  procedure used i n  computing t h i s  r e e n t r y  was 
a  5-second SM RCS burn i n  t h e  r e t rog rade  horizon monitor a t t i t u d e .  The 
sepa ra t ion  i s  begun 20 minutes p r i o r  t o  t h e  deo rb i t  burn and p l aces  t h e  
CSM below and behind t h e  S-IVB a t  r e t r o f i r e .  The horizon monitor at- 
t i t u d e  mentioned he re  i s  t h e  nominal deo rb i t  a t t i t u d e  and i s  a t t a i n e d  by 
a l i g n i n g  a  mark on t h e  CM window wi th  t h e  e a r t h  horizon.  ( A  schematic 
of t h e  r e s u l t i n g  a t t i t u d e  i s  shown on f i g u r e  5 . )  

5.2 Nominal and Contingency SPS Deorbi ts  

5.2.1 Nominal EOM reen t ry . -  The nominal r e e n t r y  sequence of events  
f o r  landing a r e a  151-1 i s  presented  i n  t a b l e  XVII. This  sequence i s  
based on performing a l l  maneuvers l i s t e d  i n  t a b l e  X V I .  Note t h a t  t h i s  
r e p o r t  r e f l e c t s  a  d i f f e r e n t  AV f o r  t h e  deo rb i t  than  t h a t  of t h e  ope ra t iona l  
t r a j e c t o r y .  This  d i f f e r e n c e  i s  caused by a l i g n i n g  t h e  X-body a x i s  31.T0 



below t h e  l i n e  of s i g h t  t o  t h e  horizon,  a s  opposed t o  a l ign ing  t h e  
t h r u s t  vec to r  a s  given i n  t h e  ope ra t iona l  t r a j e c t o r y .  

Data f o r  t h e  new EOM t a r g e t  po in t ,  67' W longi tude ,  w i l l  be  docu- 
mented i n  a r e v i s i o n  t o  t h i s  document. 

5.2.2 Re la t ive  motion.- Figure 1 shows t h e  r e l a t i v e  displacement 
between t h e  S-IVB and t h e  CSM fol lowing separa t ion  p r i o r  t o  deorb i t  
f o r  a rea  2-1, but does not include t h e  CSM deorb i t  burn and reen t ry .  
This r e f l e c t s  t h e  same separa t ion  sequence discussed i n  sec t ion  5.1. 
Figure 2 shows t h e  r e l a t i v e  motion between t h e  SM and CM f o r  t h e  
nominal 151-1 r een t ry .  The CM/SM separa t ion  occurs with t h e  CSM yawed 
45' t o  t h e  south and a 90-second SM RCS burn appl ied .  

5 .2 .3  SPS underburns.- A p l o t  of AV versus  r e s u l t i n g  he ight  of t 
perigee i s  included ( f i g .  3 )  t o  show r e s u l t i n g  per igee  a l t i t u d e  f o r  
e a r l y  SPS terminat ions .  This p l o t  i s  based on t h e  nominal 151-1 
deorbi t  and i s  used by determining t h e  t o t a l  SPS AV from t h e  f l i g h t  
crew readout of r e s i d u a l  AV from t h e  AV counter .  This p l o t  would then  
provide t h e  r e s u l t i n g  perigee a l t i t u d e  . 

5.2.4 Percent of f o o t p r i n t  .- Figure 4 presents  t h e  percentage of 
f o o t p r i n t  remaining from var ious  t r u e  anomalies f o r  t h e  nominal EOM 
o r b i t .  It i n d i c a t e s  t h e  s e n s i t i v i t y  of t h e  landing poin t  t o  d ispers ions  
i n  t h e  deorb i t  burn p i t c h  a t t i t u d e .  The p i t c h  a t t i t u d e  was chosen a s  
t h e  v a r i a b l e  t o  be computed because t h e  AV i s  read i n t o  t h e  CM computer 
and i n t o  t h e  AV counter and i s  the re fo re  thought t o  be l e s s  subjec t  
t o  e r r o r ,  whereas t h e  manual method of a t t a i n i n g  t h e  horizon monitor 
deorb i t  a t t i t u d e  w i l l  more l i k e l y  r e s u l t  i n  p i t c h  d ispers ions .  Figure 4 
shows t h a t  t h e  l ike l ihood  of a t t a i n i n g  t h e  t a r g e t  i s  g r e a t e s t  when t h e  
deorbi t  burn occurs a t  a t r u e  anomaly of from 260° t o  50'. This p l o t  
i n  no way r e f l e c t s  a t ime-of-free-fal l  r e s t r i c t i o n ,  which may occur 
following a deorb i t  burn near per igee .  

5.2.5 Depression angles.- A p l o t  of horizon depression angle f o r  
various a l t i t u d e s  i s  presented i n  f i g u r e  5.  This depression angle i s  
defined a s  t h a t  angle  measured from t h e  l o c a l  ho r i zon ta l  a x i s  t o  t h e  
l i n e  of s i g h t  t o  t h e  e a r t h  horizon. ( ~ o t e  t h e  schematic on f i g u r e  5 . )  
The p l o t  a l s o  includes spacecraf t  l ong i tud ina l  a x i s  and SPS t h r u s t  
vec tor  depression angles .  Among i t s  many uses  i s  t h a t  of p red ic t ing  
horizon l i g h t i n g  condit ions and deorb i t  a t t i t u d e s .  The long i tud ina l  
a x i s  i s  31.7' below t h e  l i n e  of s i g h t ,  and t h e  SPS t h r u s t  vec tor  i s  
3' below t h e  long i tud ina l  a x i s .  



5.3 SM RCS and Hybrid Deorbits 

5.3.1 Backup EOM reentry.-  The reen t ry  sequence of events f o r  t h e  
two backup deorbit  procedures, SM RCS and hybrid, a r e  l i s t e d  i n  
t ab les  X V I I I  and X I X ,  respect ively .  These r een t r i e s  a r e  both i n to  
landing area 152-1. Since suf f ic ien t  SM RCS fue l  w i l l  be avai lable  
fo r  deorbit  a t  t h i s  time during t h e  mission, t h e  hybrid deorbit  i s  shown 
only fo r  general information and fo r  comparison t o  t h e  SM RCS deorbi t .  
The 152-1 hybrid deorbit  i s  performed by a 20 fps  SM RCS burn followed 
1 minute l a t e r  by an 80 fps  CM RCS burn. The a t t i t u d e  f o r  t h i s  deorbit  
procedure i s  i n e r t i a l  such t h a t  a t  t he  center of t he  hybrid burn a rc  
t he  t h ru s t  opposes t h e  ve loc i ty  vector.  

5.3.2 Apogee - deorbit  minimum d e l t a  velocity.-  Figure 6 presents 
t h e  impulsive AV t o  be applied a t  apogee from various o rb i t s  t o  achieve 
a 40-n. m i .  perigee a l t i t u d e  and t h e  t r ans f e r  angle (de l t a  longitude) 
from deorbit  t o  landing. The t r ans f e r  angle r e s u l t s  from a l i f t -vector-  
down t o  l g  and a b a l l i s t i c  reentry  p ro f i l e .  This p lo t  i s  t o  be used 
i n  r e a l  time t o  determine t he  minimum AV required t o  deorbit  t he  
spacecraft and t o  determine the  amount of apsidal  ro ta t ion  required of 
t he  o rb i t  shaping maneuver t o  place the  151-1 landing point i n  t h e  
Western Atlantic recovery area.  

The plot  covers a l l  t h e  o r b i t a l  p o s s i b i l i t i e s  f o r  an apogee 
deorbit  i n  t h e  Apollo 9 mission. 

5.3.3 Apogee deorbits .-  Table XX i s  a tabula t ion of apogee deorbi ts  
fo r  t h e  f i r s t  day of f l i g h t .  These were calculated assuming a burn of 
130-fps with the-  SM RCS th rus t e r s  and a r e  included t o  indicate  those 
times during the  i n i t i a l  par t  of t he  mission when land impacts can occur. 

The tabula t ion begins with t h e  f i f t h  apogee because t h e  inse r t ion  
o rb i t  i s  near-circular ,  and t he  burn could be performed a t  any point i n  
o rb i t  with equal r e s u l t s .  

5.3.4 Restricted region.- Figure 7 ,  8 ,  9 ,  10,  and 11 depict  
40-n. m i .  perigee l im i t s  f o r  deorbi ts  from various o rb i t s  f o r  impulsive 
AVls of 100, 125, 150, 175, and 200 fp s ,  respectively.  It i s  read i ly  
seen t h a t  only those t r u e  anomalies where t h e  40-n. m i .  a l t i t u d e  
perigee capab i l i ty  ex i s t s  a re  sa fe  fo r  deorbit  burns. Any deorbits  
outside these  l im i t s  would not r e s u l t  i n  CM capture and reentry .  



5.4 General Deorbit Data 

Figures 12 and 1 3  a r e  p l o t s  of incremental ve loc i ty  c a p a b i l i t y  
versus burn time and f u e l  used by SM RCS and SPS burns f o r  severa l  
spacecraft  weights. The 750-second spec i f i ca t ion  l i m i t  f o r  SM RCS 
burns i s  indica ted  on f i g u r e  12.  



CONCLUDING REMARKS 

If contingencies should occur during the flight, the primary objective 
is to continue the mission whenever possible. This document presents data 
for the nominal EOM reentry; in addition, adequate information is in- 
cluded to plan a contingency deorbit. The data is representative of 
values that will occur in the Apollo 9 mission. However, the mass prop- 
erties and reentry areas will change. This document will be revised to 
show additional information and changes to the EOM reentry areas. 



TABLE 1.- MASS PROPERTIES 

[Center of g rav i ty ,  moments of i n e r t i a ,  and t r i m  angles versus t o t a l  weight] 



TABLE 11.- TRIM AERODYNAMICS COEFFICIENTS 

(a) Beginning of mission 

[xCg  = 1041.89 in. ; Y = -0.50 in. ; Z = 5 -36 in. ] 
c g c g 

Weight = 12 875.00 



TABLE 11.- TRIM AERODYNAMICS COEFFICIENTS - Continued 

(b) End of mission @ 
rxcg 

= 1041.70 in.; Y = -0.40 in.; z = 5.60 in.] 
c g c g 

Weight = 12 984.00 



TABLE 11.- TRIM AERODYNAMIC COEFFICIENTS - Continued 

( c )  Beginning of mission CMRCS = 80 fps 

Lxcg 
= 1042.12 in.; Y = -0.45 in.; Z = 4.75 in.] 

c g c 

Weight = 12 724.60 



TABLE 11.- TRIM AERODYNAMIC COEFFICIENTS - Concluded 

(di) End of mission CMRCS = 80 fps 4 
Lxcg 

= 1041.92 in.; Y = -0.35 in.; Z = 5.0 in. 
cg c g 

Weight = 12 833.61 
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"~aunch i s  assumed t o  occur a t  1600 G . m . t .  on February 20, 1969. 

bltro-j e t  u l l age .  

Guidance 
node 

-- 
-- 
-- 
-- 
-- 

GNCS e x t .  AV 
GNCS e x t .  AV 
GNCS e x t .  AV 
GMCS e x t .  AV 

-- 
PGNCS - ex t .  AV 

GNCS e x t .  AV 

-- 
-- 

AGS - ex t .  AV 

PGNCS - e x t .  AV 
PGNCS - ex t .  AV 
PGNCS - ext .  AV 
PGNCS - Lambert 
PGNCS - ex t  . AV 

GNCS - ex t .  AV 

GNCS - ex t .  AV 

GNCS - e x t .  AV 
-- 
-- 

Tota l  AV 
Sps 

-- 
-- 
-- 

-- 
0.4  

36.8 
849.4 

2548.1 
299.8 

-- 

1698.3 

550.5 

-- 

5.0 

85.0 

39 9 
37.8 
37.9 
21.8 

5246.7 

62.7 

155.7 

313.4 
-- 
-- 

Resul t ing 
ha/hp, 

n.  r.1. 

-- 
-- 
-- 

-- 
112/109 

131/113 
191/113 
271/115 
271/115 

-- 

270/115 

1331133 

-- 
131/130 

144/118 

143/141 
1391120 
120/118 
132/119 

3258/131 

129/95 

210/93 

208/-29 -- 
-- 

Burn t ime,  
sec 

-- 
-- 
-- 

. -- 
3.0  

5.0 
110.4 
277.6 

28.0 

-- 

364.0 

41.5 

-- 

10.9  

25.2 

24.8 
30.6 

3 .1  
17.6 

360. 0 

2.4 

6.2 

12.3 
-- 
-- 

l ' ropulsion 
system 

-- 
-- 
APS 

SM RCS 
SM RCS 

SPS 
SPS 
SPS 
SPS 

-- 
DPS 

SPS 

-- 

SM RCS 

DPS 

DPS - 10% 
LM RCS 

APS 
LM RCS 

APS 

SPS 

SPS 

SPS 
-- 
-- 

Event 

~ a u n c h ~  
I n s e r t i o n  
S-IVB t o  sepa ra t ion  

a t t i t u d e  
CSM separat ion 
LM e x t r a c t i o n  

SPS-1 (docked) 
SPS-2 (docked) 
SPS-3 (docked) 
sPS-4 (docked) 

LM systems 
evaluat ion 

DPS burn (docked) 

SPS-5 (docked) 

EVA 

Mini-f o o t b a l l  

Phasing 

I n s e r t i o n  
CSI 
CDH 
TPI 
APS long 

durat ion burn 

SPS-6 ( s o l o )  

SPS-7 ( s o l o )  

SPS-8 (deorb i t  ) 
Entry (400 000 f t )  
Chute deployment 

C 

Tracking 
s t a t i o n s  

x'r? 
T E ,  .IAX 

None 

- - 
::one 

rifivl 
BDA 

!DL, BDA 
TEX 

-- 

iOL, BDA 

GYM 

-- 
None 

P E R  

GYM 
TAN 
RED 
TAN 

TEX, 14IL 

Ci13 

MIL 

HAW, RED 
-- 
-- 

1Jllni:c tirnc, 
s e t  

-- 
-- 
-- 

-- 
-- 

0 
0 
0 

20 

-- 

b10 

b20 

-- 

-- 
b 

7 

b7 
0 
4 
0 
3 

b20 

b20 

b20 
-- 
-- 

c:. r .  t .  of 
i i i i t i a t i o n ,  
hr:min:sec 

0O:OO:OO.O 
00:11:35.3 
02: 314 :00.0 

02:43:00.0 
04:08:57.0 

06:01:40.0 
22:12:00.0 
25:18:30.0 
28:28:00.0 

40:OO:OO.O 

49:43:00.0 

54:26:16.0 

71:40:00.0 

93:05:45.0 

93:50:03.6 

95:41:48.0 
96:22:00.0 
97:06:27.8 
97:59:20.6 

100:26:00.0 

121:59:00.0 

169:47:00.0 

238:lO:OO.O 
238:25:29.5 
238:35:28.7 

'l'ime t o  next 
event ,  

hr:min:sec 

00:11:35.3 
02:22:24.7 
00 :09 :00.0 

01:25:57.0 
01:52:43.0 

16:10:?0.0 
03:06:30.0 
03:09:30.0 
11:32:00.0 

09:43:00.0 

04:43:16.0 

17:13:44.0 

21:25:45.0 

00:44:18.6 

01:51:44.4 

00:40:12.0 
00:44:27.8 
00:53:02.0 
02:26:30.2 
21:33:00.0 

47:48:00.0 

68:23:00.0 

00:15:29.5 
00:09:39.2 

-- 
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TABLE IV.-  GEODETIC LATITUDE AND LONGITUDE 

OF THE GO - NO-GO AREAS 

a 
Nominal opera t ional  t r a j e c t o r y  EOM area .  

Revolution - area  

93-1 

108-1 

122-1 

137-1 

a 
151-1 

26:42 N 

26:20 N 

30:lO N 

28:02 N 

30:37 N 

69:30 w 

69:30 w 

66:oo w 

66:03 w 

58:59 W 



TABLE V.  , -  DETAILED REENTRY SEQUENCE OF EVENTS FOR LANDING AREA 2-1 (69: 35 W )  

INCLUDING S-IVB/CSM SEPARATION . . 

[ o r b i t  = 99/103 n. m i .  ] 

( a )  Re t ro f i r e  burn quan t i t i e s  

. . . . . . . .  Total  d e l t a  ve loc i ty ,  f p s  487.3 

Burn time, sec . . . . . . . . . . . . .  41.6 

. . . . . . . . . . . .  Thrust p i t ch ,  deg -48.9 

. . . . . . . . . . . .  True anomaly, deg 359 

. . . . . . . . . . . .  Al t i tude ,  n. m i .  101 

Weight, ~b . . . . . . . . . . . . . . .  59 106 

. . . . . . . . . . . . .  Pi t ch  t r im ,  deg -1. 29 

. . . . . . . . . . . . . .  Yaw trim, deg 3.09 

( b )  Sequence of events 

Minimum l i f t  



TABLE V 1 . -  DETAILED REENTRY SEQUENCE OF EVENTS FOR JXNDING AREA 6-4 (160:05 W )  BEFORE SPS-1 

[Orbit = 108/110 n. mi.] 

( a )  Re t ro f i r e  burn quan t i t i e s  

. . . . . . . .  Total  d e l t a  ve loc i ty ,  f p s  471.4 

Burn t ime,  sec . . . . . . . . . . . . .  40.2 

Thrust p i t ch ,  deg . . . . . . . . . . . .  -49.4 

. . . . . . . . . . . .  True anomaly, deg 319 

Al t i t ude ,  n. m i .  . . . . . . . . . . . .  109 

Weigh t , l b  . . . . . . . . . . . . . . .  59 106 

. . . . . . . . . . . . .  Pi t ch  t r im ,  deg -1.29 

. . . . . . . . . . . . . .  Yaw t r im ,  deg 3.09 

( b )  Sequence of events 
IU 
0 

Event 

Re t ro f i r e  

400 000 f t  

300 000 f t  

0.2g 

BBO 

EBO 

23 500 f t  

Minimum l i f t  

Maximum l i f t  

Ground elapsed 
t ime,  g. e . t  . , 
hr:min:sec 

08: 51:26 

09:OO:ll 

O9:02:40 

09:03:42 

09:02:39 

09:07:49 

09:11:07 

09:08:21 

09:13:46 

Elapsed time 
s ince  r e t r o f i r e ,  

min: sec 

00 : 00 

08:45 

11 :14 

12:15 

11:13 

1 6  : 23 

19:40 

16:55 

22:20 

Tracking a t  
r e t r o f i r e ,  

s t a t  ion  

-- 

-- 

-- 

-- 
-- 
-- 

-- 

-- 
-- 

Geodetic 
l a t i t u d e ,  
deg :min 

23:44 N 

32:30N 

32:39 N 

32:21 N 

32:39 N 

30:05 N 

2 9 : 4 0 ~  

30:53 N 

27:55 N 

129:41 E 

166:46E 

178:20 E 

176:52 w 

178:18 E 

161:51 W 

1 6 0 : 0 5 ~  

165:48 h' 

153:37 W 

I n e r t i a l  
ve loc i ty ,  

fps  

25 550 

2 5 5 7 1  

-- 

-- 

-- 

-- 

-- 

-- 

-- 

I n e r t i a l  
f l ight -pa th  
angle ,  deg 

-. 022 

-1.458 

-- 
-- 

-- 
-- 
-- 
-- 

- - 



TABLF: V I I .  - DETAILED REENTRY SEQUENCE OF EWNTS FOR LANDING AREA 6-4 (160: 05 W )  INCLUDING SPS-1 

[ o r b i t  = 1111128 n. mi.] 

( a )  Re t ro f i r e  burn quan t i t i e s  

Total  d e l t a  ve loc i ty  . f  ps . . . . . . . .  492.3 

Burn t ime,  sec . . . . . . . . . . . . .  41.7 

Thrust p i t ch ,  deg . . . . . . . . . . . .  -49.5 

. . . . . . . . . . . .  True anomaly, deg 330 

A l t i t u d e , n . m i .  . . . . . . . . . . . .  11 0 

Weight, ~b  . . . . . . . . . . . . . . .  58 769 

P i t ch  trim, deg . . . . . . . . . . . . .  -1.27 

Yaw trim, deg . . . . . . . . . . . . . .  3.09 

( b )  Sequence of events 

Event 

Re t ro f i r e  

400 000 f t  

Minimum l i f t  

Ground elapsed 
time, g . e . t  . , 
hr :min: sec 

08:52:32 

09:01:01 

Elapsed t ime 
s ince  r e t r o f i r e ,  

min:sec 

0O:OO 

08 : 29 

Tracking a t  
r e t r o f i r e ,  

s t a t  ion 

-- 

-- 

Geodetic 
l a t i t u d e ,  

deg :min 

24:14 N 

32:31N 

Longitude, 
deg :min 

130:42 E 

1 6 6 : ~ ~ ~  

I n e r t i a l  
ve loc i ty ,  

f PS 

25 578 

25 596 

I n e r t i a l  
f l ight -pa th  
angle ,  deg 

- -099 

-1- -487 



TABLE V I Z 1 . -  DETAILED REENTRY SEQUENCE OF EVENTS FOR LANDING AREA 19-1 (70:OO W )  INCLUDING SPS-3 

[Orbit  = 1121268 n. m i .  ] 

( a )  Ret rof i re  burn quan t i t i e s  

. . . . . . . .  Total  d e l t a  ve loc i ty ,  fps  737.6 

Burn t ime,  sec . . . . . . . . . . . . .  33.7 

Thrust p i t ch ,  deg . . . . . . . . . . . .  -48.9 

. . . . . . . . . . . .  True anomaly, deg 356 

. . . . . . . . . . . .  Alt i tude ,  n. m i .  111 

Weight, l b  . . . . . . . . . . . . . . .  32 750 

. . . . . . . . . . . . .  I Pi t ch  t r im,  deg -.67 1 
. . . . . . . . . . . . . .  Yaw t r i m ,  deg 1.37 

(b) Sequence of events 

Event 

Re t ro f i r e  

400 000 f t  

300 000 f t  

O.2g 

BBO 

EBO 

23 500 f t  

Minimum l i f t  

Maximum l i f t  

Ground elapsed 
t ime,  g.e . t  . , 

h r  :min: sec 

28:20:17 

28:27:38 

28:29:57 

28:30:57 

28:29:56 

28:35:11 

28:38:26 

28:35:37 

28:41:09 

Elapsed time 
s ince  r e t r o f i r e ,  

min: sec 

00:OO 

07 : 22 

09:40 

10:40 

09 : 39 

1 4  : 54 

18  : og 

15:20 

20 : 52 

Tracking a t  
r e t r o f i r e ,  
stat ion 

C AL 

-- 
-- 
-- 
-- 
-- 

-- 

-- 

-- 

Geodetic 
l a t i t u d e ,  

deg :min 

31:23 N 

33:42 N 

32:15 N 

31:18 N 

32:16 N 

2 6 : 5 3 ~  

2 6 : 1 8 ~  

28:19 N 

23:40N \ 

Longitude, 
deg :min 

135:09 W 

iO1:18 W 

90:31 W 

86:01 w 

90:38 w 

7 1 : 2 9 ~  

70:oow 

75:27 W 

63:54w 

I n e r t i a l  
ve loc i ty ,  

f PS 

25 813 

25 684 

-- 

-- 
-- 
-- 
- - 
-- 
-- 

I n e r t i a l  
f l ight -pa th  
angle ,  deg 

- -078 

-1.575 

-- 

- - 

-- 
-- 
-- 
-- 

-- 



TABLE 1X.- DETAILED REENTRY SEQUENCE OF EVENTS FOR LANDING AREA 33-1 (67 :45 W )  INCLUDING DPS-1 

[ o r b i t  = 113/267 n. mi.] 

( a )  Re t ro f i r e  burn quan t i t i e s  

Tota l  d e l t a  ve loc i ty ,  f p s  . . . . . . . .  r 639.6 1 
. . . . . . . . . . . . .  I Burn time, sec 27.6 1 

Thrust p i t ch ,  deg . . . . . . . . . . . .  -49.2 

. . . . . . . . . . . .  True anomaly, deg 339 

Al t i tude ,  n. m i .  . . . . . . . . . . . .  11 5 

. . . . . . . . . . . . . . .  Weight, l b  30 847 

. . . . . . . . . . . . .  Pi t ch  t r im ,  deg -.TO 

Yaw trim, deg . . . . . . . . . . . . . .  1.06 

( b )  Sequence of events 

Geodetic 
l a t i t u d e ,  

deg :min 

26:47 N 

33:37 N 

33:49 N 

33:35 N 

33:50 N 

31:16 N 

30:52 N 

32:09 N 

2 8 : 5 9 ~  

I n e r t i a l  
f l ight -pa th  

angle,  deg 

-. 445 

-1.655 

-- 
-- 
-- 

- - 

-- 

-- 
-- 

longitude, 
deg :min 

132:18 W 

100: 51 W 

90:03 W 

85:18 W 

90:11 W 

69:26 W 

67:45 W 

73:50 W 

60:54w 

Event 

Re t ro f i r e  

400 OOO f t  

300 000 f t  

O.2g 

BBO 

EBO 

23 500 f t  

Minimum l i f t  

Maximum l i f t  
e 

I n e r t i a l  
ve loc i ty ,  

fps  

25 782 

25 745 

-- 

-- 

-- 

-- 

-- 
-- 

-- 

Ground elapsed 
time, g.  e .t . , 
hr :min: sec 

51:08:46 

51:15:58 

51:18:14 

51:19:14 

51:18:12 

51:23:30 

51:26:46 

51:23:56 

51:29:31 

Elapsed time 
s ince  r e t r o f i r e ,  

min: sec 

00 : 00 

07 :12 

09 : 28 

10:28 

09 : 26 

14:44 

18  : 00 

15:lO 

20:45 

 racki in^ a t  
r e t r o f i r e ,  

s t a t  ion 

CAL 

-- 
-- 
-- 
-- 

-- 

-- 
-- 

-- 



TABLE x.- DETAILED REENTRY SEQUENCE OF EVENTS FOR LANDING AREA 48-1 (68:14 w) INCLUDING SPS-5 

[Orbit = 129/130 n. m i .  ] 

( a )  Re t ro f i r e  burn quan t i t i e s  
r 

Tota l  d e l t a  ve loc i ty ,  f p s  . . . . . . . .  472.8 

Burn t ime,  sec . . . . . . . . . . . . .  18.5 

Thrust p i t ch ,  deg . . . . . . . . . . . .  -50.1 

True anomaly, deg . . . . . . . . . . . .  31 0 

Al t i t ude ,  n. m i .  . . . . . . . . . . . .  129 

. . . . . . . . . . . . . . .  Weight, l b  28 036 

P i t ch  t r i m ,  deg . . . . . . . . . . . . .  -.72 

Yaw t r i m ,  deg . . . . . . . . . . . . . .  .58 

(b) Sequence of events 

I n e r t i a l  
f l ight -pa th  

angle,  deg 

- .037 

-1.557 

I n e r t i a l  
ve loc i ty ,  

f ~ s  

25 482 

25 644 

Longitude, 
deg :min 

148:58 W 

100: 50 W 

Geodetic 
l a t i t u d e ,  

deg :min 

21:04 N 

33: 28 N 

Tracking a t  
r e t r o f i r e ,  

s t a t  ion 

RED 

-- 

Elapsed time 
s ince  r e t r o f i r e ,  

min : sec 

00 : 00 

11 : 29 

Event 

Re t ro f i r e  

400 000 f t  

Ground elapsed 
t ime,  g . e . t . ,  
. h r  :min: sec 

74:55:20 

75:06:49 



TABLE X I  .- DETAILED REENTRY SEQUENCE OF EVENTS FOR LANDING AREA 63-1 (68:OO W )  INCLUDING SPS-5 - BEFORE MINIBfiL 

[Orbit = 129/129 n. mi.] 

( a )  Re t ro f i r e  burn quan t i t i e s  

. . . . . . . .  Total  d e l t a  ve loc i ty ,  f p s  471 5 

Burn t ime,  sec . . . . . . . . . . . . .  18.4 

. . . . . . . . . . . .  Thrust p i t ch ,  deg -50.0 

True anomaly, deg . . . . . . . . . . . .  307 

. . . . . . . . . . . .  Al t i tude ,  n. m i .  128 

Weight, l b  . . . . . . . . . . . . . . .  28 036 

. . . . . . . . . . . . .  Pi t ch  trim, deg -.72 

. . . . . . . . . . . . . .  Yaw trim, deg .58 

( b )  Sequence of events 

Minimum l i f t  



I TABLE XII .- DETAILED REENTRY SEQUENCE OF EVENTS FOR LANDING AREA 78-1 (70 :40 w) INCLUDING WS-6 

[Orbit = 931127 n. mi.] 

( a )  Re t ro f i r e  burn quan t i t i e s  

( b )  Sequence of events 

Tota l  d e l t a  ve loc i ty ,  fp s  . . . . . . . .  468.1 

Burn time, sec . . . . . . . . . . . . .  18.2 

Thrust p i t ch ,  deg . . . . . . . . . . . .  -48.3 

True anomaly, deg . . . . . . . . . . . .  307 

Al t i t ude ,  n. m i .  . . . . . . . . . . . .  100 

. . . . . . . . . . . . . . .  .Weight, l b  27 847 

P i t ch  t r i m ,  deg . . . . . . . . . . . . .  -. 72 

. . . . . . . . . . . . . .  Yaw t r i m ,  deg .55 

I 

\ 

Longitude, 
deg :min 

132:24 W 

103:07 W 

ound elapsed 
Event time, g . e . t . ,  

hr :min: sec 

Elapsed time 
s ince  r e t r o f i r e ,  

min: sec 

00 : 00 

06 : 28 

Re t ro f i r e  

400 000 f t  

I n e r t i a l  
ve loc i ty ,  

f PS 

25 617 

25 570 

122: 30: 39 

122 : 37 : 07 

1 

I n e r t i a l  
f l ight -pa th  

angle, deg 

- -237 

-1.443 

Tracking a t  
r e t r o f i r e ,  

s t a t i o n  

CAL 

-- 

Geodetic 
l a t i t u d e ,  
deg :min 

30:25 N 

33:28 N 



TABLE X I 1 1  . - DETAILED REENTRY SEQmNCE OF EVENTS FOR LANDING AREA 93-1 ( 69 : 30 W) INCLUDING SPS-6 

[Orbit  = 921124 n . m i .  ] 

( a )  Re t ro f i r e  burn quan t i t i e s  

. . . . . . . .  Tota l  d e l t a  ve loc i ty ,  fp s  457.0 

. . . . . . . . . . . . .  Burn time, sec 17.7 

. . . . . . . . . . . .  Thrust p i t ch ,  deg -48.3 

. . . . . . . . . . . .  True anomaly, deg 299 

. . . . . . . . . . . .  Alt i tude ,  n. m i .  100 

. . . . . . . . . . . . . . .  Weight, l b  27 847 

. . . . . . . . . . . . .  Pi t ch  t r im ,  deg - -72 

. . . . . . . . . . . . . .  Yaw t r i m ,  deg .55 

( b )  Sequence of events 

I n e r t i a l  
ve loc i ty  , 

fps  

25 608 

25 568 

-- 
-- 
- - 
-- 
-- 
-- 
-- 

Event 

Re t ro f i r e  

400 000 f t  

300 000 f t  

0.2g 

BBO 

EBO 

23 500 f t  

Minimum l i f t  

Maximum l i f t  

Geodetic 
l a t i t u d e ,  
deg :min 

31:03 N 

3 3 : 2 0 ~  

32:05 N 

31:13 N 

32:05 N 

27:17 N 

26:41 N 

28:31N 

24:17 N 

I n e r t i a l  
f l ight -pa th  

angle,  deg 

- ,247 

-1.440 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

Longitude, 
deg :min 

131:05 W 

101:2gw 

90:02 W 

85:23 W 

90:05 W 

71:08 w 
69:30 w 
74:52W 

63:30 W 

Ground elapsed 
t ime,  g. e .t . , 

hr:min:sec 

146:03:58 

146:10:27 

146:12: 55 

146:13: 57 

146:12: 55 

146:18:04 

146: 21: 22 

146:18 : 35 

146: 24: 01 

Elapsed time 
since r e t r o f i r e ,  

min : sec 

00 : 00 

06: 29 

08: 57 

09:59 

08 : 57 

14:  07 

17 : 24 

14:37 

20 : 03 

Tracking at  
r e t r o f i r e ,  

s t a t i o n  

C AL 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 



TABLE X1V.- DETAILED REENTRY SEQUENCE OF EVENTS FOR LANDING AREA 108-1 (69:30 W) INCLUDING SPS-6 

[ o r b i t  = 90/120 n. mi.] 

( a )  Re t ro f i r e  burn quan t i t i e s  

Total  d e l t a  ve loc i ty ,  fps  . . . . . . . .  446.0 

B u r n t i m e , s e c  . . . . . . . . . . . . .  17.3 

Thrust p i t c h ,  deg . . . . . . . . . . . .  -48.3 

True anomaly, deg . . . . . . . . . . . .  289 

Al t i tude ,  n. m i .  . . . . . . . . . . . .  100 

. . . . . . . . . . . . . . .  Weight, l b  27 847 

P i t ch  trim, deg . . . . . . . . . . . . .  -.72 

Yaw t r i m ,  deg . . . . . . . . . . . . . .  .55 

( b )  Sequence of events 

I n e r t i a l  
ve loc i ty ,  

fps 

I n e r t i a l  
f  l ight -pa th  

angle,  deg 

-. 250 

-1.436 

-- 
-- 

-- 

-- 
-- 

-- 

-- 



TABLE X V .  - DETAILED REENTRY SEQUENCE OF EVENTS FOR LANDING AREA 122-1 (66: 00 W )  INCLUDING SPS-7 

[Orbit = 90/205 n. m i  . ]  

( a )  Ret rof i re  burn quan t i t i e s  

Total  d e l t a  ve loc i ty  , fps  . . . . . . . .  332.2 

Burn time, sec . . . . . . . . . . . . .  12.6 

Thrust p i t ch ,  deg . . . . . . . . . . . .  -51.4 

True anomaly, deg . . . . . . . . . . . .  266 

Al t i t ude ,  n. m i .  . . . . . . . . . . . .  153 

Weight, l b  . . . . . . . . . . . . . . .  27 417 

. . . . . . . . . . . . .  Pi t ch  t r i m ,  deg -.72 

. . . . . . . . . . . . . .  Yaw t r i m ,  deg 47 

(b) Sequence of events 

1 

Event 

Re t ro f i r e  

400 000 f t  

I n e r t i a l  
v e l o c i t y ,  

fps  

25 380 

25 807 

300 000 f t  

0.2g 

BBO 

EBO 

23 500 f t  

Minimum l i f t  

Maximum l i f t  

Ground elapsed 
t ime,  g . e . t . ,  

h r  :min: sec 

191 : 54 : 10  

192 : 05 : 42 

I n e r t i a l  
f l ight -pa th  

angle,  deg 

-.931 

-1.751 

- - 

-- 

-- 
-- 

-- 
-- 

- - 

192:07:52 

192:08:50 

192:07:50 

192:13:06 

192:16: 21 

192:13:31 

192:lg:  07 
-- - -- 

Elapsed time 
s ince  r e t r o f i r e ,  

min: sec 

00 : 00 

11:32 

-- 

-- 

13 : 42 

14  : 40 

1 3  : 40 

18  : 56 

22 : 11 

19:21 

24 : 57 
- - 

Tracking a t  
r e t r o f i r e ,  

s t a t i o n  

RED 

-- 

-- 

-- 

-- 
-- 

- - 
-- 

-- 

Geodetic 
l a t i t u d e ,  
deg :min 

20:15 N 

33:24 N 

Longitude, 
deg :min 

146:09 W 

98:10 w 

33:23 N 

33:04 N 

33:23 N 

30:31 N 

30:07 N 

31:28 N 

28:07 N 

87:54 W 

83:21 W 

88:03 W 

67:37 W 

66:OO W 

72:02 W 

59:09 W 



TABLE XVI  .- DETAILED REENTRY SEQUENCE OF EVENTS FOR LANDING AREA 137-1 (66 :03 W )  INCLUDING SPS-7 

[Orbit = 89/202 n. m i .  ] 

( a )  Re t ro f i r e  burn quan t i t i e s  
1 I 

Event 

Ret rof i re  

400 000 f t  

300 000 f t  

0.2g 

BBO 

EBO 

23 500 f t  

Minimum l i f t  

Maximum l i f t  

Ground elapsed 
t ime,  g . e . t . ,  

hr :min: sec 

. . . . . . . .  Total  d e l t a  ve loc i ty ,  fp s  321.7 

Burn t ime,  sec . . . . . . . . . . . . .  12.2 

. . . . . . . . . . . .  Thrust p i t c h ,  deg -51.6 

. . . . . . . . . . . .  True anomaly, deg 260 

. . . . . . . . . . . .  Alt i tude ,  n. m i .  157 

Weight, l b  . . . . . . . . . . . . . . .  27 417 

P i t ch  t r i m ,  deg . . . . . . . . . . . . .  -. 72 

Yaw t r i m ,  deg . . . . . . . . . . . . . .  .47 
-- 

(b) Secluence of events 

Elapsed time 
s ince  r e t r o f i r e ,  

min: sec 

00 : 00 

12:17 

14 : 26 

1 5  : 23 

14 : 23 

19:36 

22: 54 

20 : 03 

25:39 

Tracking a t  
r e t r o f i r e ,  
st a t  ion 

RED 

-- 

-- 

- - 

-- 

-- 
-- 
- - 

-- 

Geodetic 
l a t i t u d e ,  

deg :min 

22:02 N 

33:28 N 

32:44 N 

32:08 N 
I 

32:46 N 

28:40 N 

28:07 N 

29:49 N 

Longitude, 
deg :min 

149:36 W 

97:22 W 

87:14 W 

82:48 W 

87:23 W 

67:48 W 

66:03 w 

71:50 W 

59:30 W 



TABLE X V I I  . - DETAILED REENTRY SEQUENCE OF EVENTS FOR LANDING AREA 151-1 ( 58 : 59 W )  INCLUDING SPS-7 

[ o r b i t  = 881200 n. m i .  ] 

( a )  Re t ro f i r e  burn quan t i t i e s  

Tota l  d e l t a  ve loc i ty ,  fp s  . . . . . . . .  320.6 

Burn t ime,  sec  . . . . . . . . . . . . .  12.1 

Thrust p i t ch ,  deg . . . . . . . . . . . .  -52.8 

True anomaly, deg . . . . . . . . . . . .  23 0 

Al t i t ude ,  n. m i .  . . . . . . . . . . . .  182 

. . . . . . . . . . . . . . .  Weight, l b  27 417 

P i t ch  t r i m ,  deg . . . . . . . . . . . . .  -.72 

Yaw t r i m ,  deg . . . . . . . . . . . . . .  47 

(b)  Sequence of  events 

Ground elapsed 
Event t ime,  g . e . t . ,  

hr:min:sec I 
I 

Ret ro f i r e  1 238:lO:OO 

BBO 1 238:27:27 
EBO 1 238:32:37 

Minimum l i f t  1 238: 32: 58 

Maximum l i f t  1 238 : 38 : 48 

min : see s t a t i o n  

00 : 00 

deg :min 



Bm XVII1 . -  DETAILED REENTRY SEQUENCE OF EVENTS FOR LANDING AREA 152-1 (59:09 W )  USING SM RCS BURN INCLUDING 151-1 ULLAGE 3URII 

[ o r b i t  = 86/200 n. mi.] 

( a )  Ret rof i re  burn quan t i t i e s  
r 1 . . . . . . . .  I Tota l  d e l t a  ve loc i ty ,  fps  

loo 1 
. . . . . . . . . . . . .  I Burn time, sec 

215.4 1 
. . . . . . . . . . . .  I Thrust p i t ch ,  deg 6.9 1 
. . . . . . . . . . . .  True anomaly, deg 

lh8 I . . . . . . . . . . . .  I Alt i tude ,  n. m i .  191 1 
. . . . . . . . . . . . . . .  I Weight, l b  27 402 1 

I 1 
( b )  Sequence of events 

I n e r t i a l  
ve loc i ty ,  

fps  

25 091 

2 5 8 9 1  

-- 

-- 
-- 

-- 

-- 
-- 
-- 

I n e r t i a l  
f l igh t -pa th  
angle,  deg 

-47 

-1.05 

-- 

-- 
-- 
-- 

-- 
-- 
-- 

Geodetic 
l a t i t u d e ,  
deg :min 

2 6 ~ 2 8 s  

33:19N 

30:49 N 

27:03 N 

2 8 : 0 9 ~  

24:22 N 

22:46 N 

22:57 N 

12:31 N 

Tracking a t  
r e t r o f i r e ,  

s t a t i o n  

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

Event 

Ret rof i re  

400 000 f t  

300 000 f t  

1.0g 

BBO 

EBO 

23 500 f t  

Minimum l i f t  

Maximum l i f t  

Longitude, 
deg:min 

123:30E 

100:34W 

82:35 W 

69:33 w 

72:49W 

62:42 W 

59:07 I! 

59:30 W 

40:43 W 

Ground elapsed 
time g .e .t., 
hr:min:sec 

239: 20: 00 

239:57:31 

240:01: 23 

240:04:25 

240 : 03 : 37 

240:06:27 

240 : 10: 53 

240 : 09 : 18 

240:17:35 

Elapsed time 
since r e t r o f i r e  

min: sec 

-- 

37 : 31 

4 1  : 23 

44:26 

43 : 38 

46 : 27 

50 : 53 

49 : 18 

57 : 35 



TABLE XTX.- DETAILED REENTRY SEQtENCE OF EVENTS FOR LANDING .AREA: 152-1 (59 :09 W )  USING 

THE HYBRID BURN INCLUDING 151-1 ULLAGE BURN 

[ o r b i t  = 86/200 n. mi.] 

( a )  Burn quan t i t i e s  

( b )  Sequence of events 

CM burn 

80 

112 

-70 7 

161 

195 

12  984 

Total  d e l t a  ve loc i ty ,  f p s  . . . . .  
Burn time, s ec  . . . . . . . . . .  

. . . . . . . . .  Thrust p i t c h ,  deg 

. . . . . . . . .  True anomaly, deg 

. . . . . . . . .  Alt i tude ,  n. m i .  

Weight, l b  . . . . . . . . . . . .  

SM burn 

20 

43.2 

7 0 

152 

192.8 

27 402 

I n e r t i a l  
ve loc i ty ,  

f PS 

25 077 

25 891 

-- 
-- 

-- 
-- 
-- 

-- 

-- 

- 
I n e r t i a l  

f l ight -pa th  
angle,  deg -- 

. 4 1  

-1.06 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

Tracking at  
r e t r o f i r e ,  

s t a t i o n  

-- 

-- 
-- 
-- 
-- 

-- 

-- 
-- 
-- 

Elapsed time 
s ince  r e t r o f i r e ,  

min: sec ---- 
-- 

36 : 47 

40 : 32 

43 : 36 

42 : 49 

45:34 

49 : 33 

48:lg 

54:36 

1 Ground elapsed 
Event t ime,  g . e . t . ,  

h r  :min:sec 

~ e t r o f  i r e a  

400 000 f t  

300 000 f t  

1.og 

BBO 

EBO 

23 500 f t  

Minimum l i f t  

Maximum l i f t  

Geodetic 
l a t i t u d e ,  
deg :min 

239:21:05 

239:57:52 

240 : 01 : 37 

240 : 04 : 4 1  

240:03:54 

240:06:40 

240 : 10 : 39 

240:09:24 

240:15:41 

24:50 S 

33:13N 

30:37 N 

26:42 N 

27:48 N 

24:05 N 

22:47 N 

22:47 N 

15:19 N 

127:38 E 

99:03W 

81:43 W 

68:35 w 

71:46 W 

6 2 ~ 0 2  W 

59:09 W 

59:09 W 

45:15 W 



TABLE XX.- SM RCS APOGEE DEORBITS FOR THE FIRST DAY A. , 

Land 
landing 

YES 

YES 

NO 

NO 

NO 

YES 

YES 

NO 

NO 

NO 

NO 

NO 

NO 

YES 

YES 

YES 

Longitude 
of impact,  

deg :min 

16:50 E 

05:20 W 

27:26 W 

49:29 W 

71:27 W 

93:25 W 

115 : 27 W 

137 : 32 W 

159 : 40 W 

178:12 E 

156:07 E 

134:06 E 

122:59 E 

100:46 E 

78:32 E 

56:14 E 

L a t i t u d e  
of impact,  

deg :min 

28:39 N 

28:47 N 

28:57 N 

29:08 N 

29 : lg  N 

29:29 N 

29:39 N 

29:47 N 

29:55 N 

30:03 N 

30:11 N 

30:19 N 

27:28 N 

27:43 N 

27:58 N 

28:12 N 
- 

Landing t i m e ,  
g . e . t .  

h r  :min: s e c  

07:35:54 

09:04:43 

10:33:32 

12:02:23 

13:31:14 

15:00:05 

16:28:55 

17':5'7:44 

19:26:33 

20:55:21 

22:24:10 

23:53:00 

23:51:28 

25 : 21 : 28 

26:51:28 

28:21:28 

Apogee 
number 

5 

6 

7 

8 

9 

1 0  

11 

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

18 

1 9  

20 

R e t r o f i r e  
t i m e ,  g . e . t .  

hr :min:sec 

06:41:O4 

08:09:54 

09:38:44 

11:07:34 

12:36:24 

14:05:14 

15:34:04 

17:02:53 

18:31:43 

20:00:33 

2l:29:22 

22:58:12 

22:54:56 

24:24:55 

25:54:54 

27:24:53 



4 0 0  300 2 0 0  
loo Behind O Ahead 100 

Relative down-range horizontal displacement, f t  

Figure 1 .- CSM/S-IVB relative motion for area 2-1 separation sequence, 
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Relative down-range horizontal  displacement, n. mi. 

Figure 2.- CM/SM relative motion for area 151-1 with separation burn of 90 seconds. 



Total velocity, bVt ,  fps 

Figure 3.- Total velocity along X-body axis versus resulting perigee for area 151-1. 



True anomaly of deorbit burn, €ITR, deg 

Figure 4.- Percent of footprint remaining versus true anomaly of deorbit burn from a 200/88-nautical mile orbit. 



20 30 40 

Horizon depression angle, deg 

Figure 5,- Horizon depression angle versus altitude of spacecraft, 
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Eeorbit to target, M, deg 

Figure 6. Apogee AV and earth referenced angle from deorbit to  target versus apogee altitude and perigee altitude 
for h = 40-nautical mile transfer orbit. 
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True anomaly of impulsive burn ,  8, deg I 

Figure 7.  - True anomaly of impulsive b u r n  as a function of apogee and perigee altitudes depicting 4 h a u t i c a l  mile perigee l imits for a AV of 100 fps. 
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True anomaly of impulsive burn,  8, deg 

Figure 8 .  - T r u e  anomaly of impulsive b u r n  as a function of apogee and perigee altitudes depicting 40-nautical mi le perigee l imi ts for a AV of 125 fps. 



".. 
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 

True anomaly of impulsive burn ,  0, deg 

Figure 9 .- True anomaly of impulsive b u r n  as a funct ion of apogee and perigee altitudes depicting 40-nautical 
mi le perigee l imits for  a AV of 150 fps. 



True anomaly of impulsive burn,€), deg 

Figurelo. - True anomaly of impulsive b u r n  as a function of apogee and perigee altitudes depicting 40-nautical 
mile perigee l imits for a AV of 175 fps. 
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True anomaly of impulsive burn ,  8, deg 

Figurel l .  - True anomaly of impulsive b u r n  as a funct ion of apogee and perigee altitudes depicting @-nautical mile perigee l imi ts for  a AV of 200 fps. 
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F igure l2. -  Incremental velocity capability of the SM RCS versus burn time and spacecraft weight. 
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Figure 13.- l ncremental velocity capability of the SPS versus b u r n  time and spacecraft weight. 
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