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SPACECRAFT OPERATIONAL ABORT PLAN FOR A P O U  7 (MISSION C )  

VOLUME I1 - CSM LAUNCH ABORTS 

By Edward M. Henderson, F l i & t  Analysis Branch, 
and J. V. Butler, Mission Operational Section, TRW Systems Group 

1.0 SUMMARY 

The Apollo 7 spacecraft  operational abort  plan i s  divided i n t o  three 
volumes: Volume I contains the mode I abort t r a j ec to ry  data,  and Volume I11 
contains the  associated t r a j ec to ry  data  f o r  contingency deorbi ts  . 
t h i s  volume, Volume 11, the r e su l t s  of detai led abort t r a j ec to ry  s tudies  
f o r  the Mission C launch phase from launch escape tower (LET) j e t t i s o n  
u n t i l  inser t ion  i n  ea r th  o rb i t  is  presented. A complete abort  analysis  
vas ccndzcted fer mode II, mcde 111, and  fixed-^^: ~ b o r t s ,  and for the  
mode I V  contingency o rb i t  inser t ion maneuvers. 

I n  

The data enclosed can be used t o  determine when the l imi t ing  fl ight 
dynamic conditions f o r  safe  abort  are reached, t o  determine which abort  
mode or  technique is  required, t o  provide the basic information needed 
t o  perform an abort, and t o  determine information on the abort  resu l t .  
The f l i g h t  dynamics display facsimiles and the recmended crew char t s  
f o r  launch monitoring are  included. 
persions and consumables i s  discussed . Consideration of the expected d i s -  

The primary conclusion is t h a t  continuous abort capabi l i ty  e x i s t s  
throughout the launch, should contingencies demand it. 

2.0 INTRODUCTION 

The operational abort s tud ies  f o r  Apollo 7 (Mission C )  were conducted 
f=r z ~ y ~ y a n 2  and sey-v<ce n;d.ules (CSV) 101 ar,d the Saturn X? l ~ ~ m c h  vehicle, 
The abort  plan is  divided i n t o  three volumes: Volume I contains the  mode I 
o r  the  launch escape vehicle abort t r a j ec to ry  data, Volume I1 contains 
the  remaining launch abort  t ra jec tory  data pertaining t o  the CSM, and 
Volume I11 contains the associated t r a j ec to ry  data  f o r  contingency deorbits.  
Since mode I abort and contingency deorbit  s tudies  a re  s t i l l  i n  progress, 
these volumes w i l l  be published separately and only br ie f  mention of them 
is  included here. 
abort  t r a j ec to ry  s tudies  f o r  Mission C launch phase from launch escape 

I n  t h i s  volume, Volume 11, the  r e s u l t s  of detai led 
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tuwer j e t t i s o n  u n t i l  inser t ion i n  ear th  o rb i t  is  presented. 

The primary requirement f o r  launch abort planning i s  t o  provide 
techniques tha t  insure safe  recovery of the crew and spacecraft f o r  
contingencies t h a t  could occur during the  launch phase. It i s  assumed 
t h a t  the launch vehicle performance can vary over a wide range of con- 
d i t i ons  during launch. Therefore, these conditions must be bounded by 
l i m i t s  t h a t  would allow su f f i c i en t  reaction time by the crew and space- 
c r a f t  systems operations t o  perform a safe abort. 
be i n i t i a t e d  i f  the  launch vehicle violates these l i m i t s  t o  prevent f l i g h t  
with unsafe conditions. To avoid aborting a successful launch, the l i m i t  
l i n e s  a re  defined f o r  the l e a s t  r e s t r i c t i v e  conditions which w i l l  al luw 
a safe abort. 

Abort act ion would 

During launch the  velocity, a l t i t ude ,  atmosphere, and launch con- 
f igurat ion change d ras t i ca l ly ;  therefore,  several  abort modes, each adapted 
t o  a portion of the launch t ra jectory,  are required. Mode I aborts protect 
t he  spacecraft and crew while the launch vehicle is  on the pad and during 
atmospheric f l i gh t .  They u t i l i z e  the launch escape system f o r  safe  
separation, and the aborts r e s u l t  i n  a suborbi ta l  t ra jec tory  with landings 
i n  the Atlantic Continuous Recovery Area (ACRA). Mode I1 abort capabi l i ty  
begins once the LET has been jett isoned and continues u n t i l  the contingency 
o r b i t  i n se r t  ions  capabili ty begins o r  u n t i l  the resu l t ing  landings threaten 
the African coast. Mode I1 aborts consist  of a manual CSM separation 
from the launch vehicle, CM/SM separation, an entry or ientat ion meneuver, 
and an open loop f u l l  l i f t  entry. 
t ra jec tory  with landings i n  the ACRA a l so .  The mode I11 abort capabi l i ty  
begins once the mode I1 landings threaten the African coast and continues 
u n t i l  nominal insertion. The mode I11 aborts consis t  of a manual CSM 
separation, a fixed a t t i t ude  service propulsion system (SPS) retrograde 
burn, CM/SM separation, an entry or ientat ion maneuver, and an open loop, 
bank-left 59' entry. These abort maneuvers r e s u l t  i n  a suborbi ta l  t r a -  
jectory with landings a t  the Atlantic Discrete Recovery Area (ADRA). 
The fixed-AV abort capabi l i ty  e x i s t s  only near nominal insertion. This 
procedure i s  the same as mode I11 except t h e  SPS retrograde burn r e s u l t s  
i n  landings i n  the Indian Ocean Recovery Area (IORA). 
contingency orb i t  inser t ion ( C O I )  capabi l i ty ,  begins once the SPS can be 
used t o  inser t  the CSX i n t o  a safe o rb i t  and continues u n t i l  the launch 
vehicle has obtained a safe o rb i t .  The C O I  maneuver consis ts  of a manual 
CSM separation, a f ixed-att i tude,  SPS posigrade burn resu l t ing  i n  a 
75-11. m i .  perigee a l t i t ude ,  and subsequent SPS deorbit  t o  a planned landing 
area. These maneuvers r e s u l t  i n  a safe  o r b i t a l  t ra jec tory  from which 
an a l t e rna te  mission o r  an immediate deorbit  can be planned. 

These aborts r e s u l t  i n  a suborbi ta l  

The mode IV,  o r  

The following l i s t s  the basic abort requirements f o r  each mode: 

1. Mode I aborts are required t o  provide rapid separation from the 
launch vehicle during atmospheric f l igh t .  
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2. Mode I1 aborts are required t o  assure suf f ic ien t  entry sequencing 
t i m e  p r ior  t o  atmospheric capture and/or t o  avoid excessive entry loads. 

3. Mode I11 and f ixeddV aborts are  required t o  provide safe  water 
landings f o r  spacecraft systems malfunctions and extremely dispersed 
cu tof fs  conditions near inser t ion.  

4. Mode IV, o r  contingency orb i t  inser t ion,  i s  required t o  achieve 
a safe  o rb i t  following premature S-IVB cutoffs.  

The data presented i n  t h i s  report are used t o  determine when the  
l imi t ing  fl ight dynamic conditions f o r  a safe abort are reached, t o  deter-  
mine which abort mode i s  required, and t o  provide the basic information 
needed t o  perform an abort and information concerning the  abort result. 

Reference l i s  a recent comprehensive study of the e f f ec t s  of d i s -  
persions on launch phase aborts. 
t h i s  document for dispersion type information. Die s e l i s i i l v i t k s  of the 
various abort parameters f o r  variations i n  weight, a l t i tude ,  burn a t t i t ude ,  
and other parameters a r e  discussed and graphicall;. displayed. 
vehicle t ra jec tory  variations for of f  nominal performance are summarized 
i n  reference 2. This reference i s  good t o  determine the expected deviations 
i n  a l t i t ude ,  range, and f l ight  path angle for  the i n i t i a l  abort conditions. 
Another document t h a t  should be used t o  supplement t h i s  document is 
reference 3. This reference presents the launch phase abort techniques 
and data f l o w  f o r  Mission C. It contains the f l o w  charts  and accompanying 
ra t iona le  for the  abort cues, decisions, and data flow f o r  each of the  
abort  modes. 

This reference can be used t o  supplement 

The launch 

Spacecraft tumbling could occur f o r  aborts when the  launch vehicle 
f a i l u r e s  r e su l t  i n  high ra tes .  
burn t o  damp the ra tes .  (approximately a 2-second burn i s  considered 
su f f i c i en t ) .  However, t h i s  addi t ional  sequence has a negligible e f f ec t  
on the resu l t ing  abort procedures and t r a j ec to r i e s .  
abort  simulations have not been included i n  these studies.  This technique 
i s  l i s t e d  i n  the crew procedures and described i n  reference 4. 

These type of aborts could require an SPS 

Therefore the  tumbling 

The procedures defined i n  this document require f a r  less consumables 
than the nominal mission plan, reference 5. Therefore, a spec i f ic  con- 
sumable analysis has not Seen conducted f o r  t h i s  abort phn .  

3.0 II\Tmm7 DATA 

The information presented i n  the following l i s t  was used t o  generate 
the data presented i n  t h i s  report. 

3. Aerodynamic data.- Tables of coeff ic ient  of drag (C,) versus 
I 



Mach number and l i f t - to -drag  r a t i o  (L/D) versus Mach number f o r  t he  CM 
were taken from t ab le  I of reference 6. These data are  reproduced i n  
t ab le  I of t h i s  report .  
f o r  a command module weight of 12 647 lb, which d i f f e r s  from the weight 
used i n  these abort s tudies  by 8 lb. 
t ab l e  en t r i e s .  

These data are  valid a t  the beginning of Mission C 

Linear interpolat ion was used between 

2. 
reference 7. The 
entry interface a l t i t ude  is  400 000 f t ,  and the  reference a l t i t ude  f o r  
time-of-free-fall calculat ion i s  300 000 f t .  

Central  body constants.- Earth model constants were taken f rm 
'Be launch pad locat ion was taken from reference 8. 

3. 
the  command p i lo t ' s  window along the  l o c i  of points where the angle between 
the command p i lo t ' s  l i n e  of sight and the  CSM X-body ax is  i s  0.553269373 
radian, o r  31.7' (reference 9) .  
t h i s  scr ibe mark and the horizon of the  ear th  the  command p i lo t  obtains 
the  a t t i t udes  i l l u s t r a t e d  i n  f igure 1. 

Horizon monitor a t t i tudes. -  A scr ibe mark has been positioned on 

By maneuvering the  CSM t o  superimpose 

4. Nominal launch t ra jectory.-  The nominal t r a j ec to ry  computer 
printout,  obtained from reference 10, was used a s  the  bas i s  f o r  the  abort 
studies.  Event times were taken from reference 11, since none were e x p l i c i t  
i n  the launch t ra jec tory  printout.  Event times from reference ll are  
consis tent  w i t h  t h r u s t  and weight change events i n  the  t r a j ec to ry  printout.  
Since the  l a s t  data point of reference 10 is  a t  10 minutes 3.0 seconds, 
t h a t  time i s  t reated as  inser t ion  i n  t h i s  report. instead of 10 minutes 
and 3.6 seconds from reference U. 

5 .  S-IVB t a i l o f f . -  S-IVB t h rus t  and w e i g h t  flow t a i l o f f s  were 
simulated by multiplying the full. t h rus t  values a t  cutoff i n i t i a t i o n  by 
the  mult ipl iers  given i n  tab le  11. Tailoff is complete a t  1.85 seconds 
a f t e r  cutoff is  i n i t i a t ed .  

6. Tracking ship.- From reference 5 the  locat ion of the  inser t ion  
sh ip  Vanguard used f o r  these s tudies  is  48.0' W longitude and 32.7' N 
geodetic l a t i t ude .  

7. Trajectory simulation.- The computer program documented i n  ref- 
erence 12 was used t o  simulate fligh.ts. 
t he  capabi l i ty  t o  simulate both pawered and coast ing f l i gh t  i n  vacuum 
and in  an atmosphere. For these s tud ies  vehicle ro t a t iona l  dynamics do 
not have any s igni f icant  consequences and were not investigated.  

Multi-vehicle N-stage (MVNS) has 

During an SPS burn the t h r u s t  axis  i s  aligned through the  center  of 
gravfty t o  eliminate rotationalmoments. Because of the locat ions of t he  
engine and center of gravity t h i s  t h rus t  ax is  is about 3' from the  X-body 
ax is  (reference 6).  
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Huwever, f o r  these studies,  the  SPS t h r u s t  has been assumed t o  be 
pa ra l l e l  t o  the X-body axis.  
angle is  small, the  e f f ec t  on the data presented i n  t h i s  report  i s  negli-  
gible. 
0.14 of 1 percent. 

Since the  resu l tan t  t h rus t  misalignment 

For example, the sensed velocity change e r r o r  i s  approximately 

The CSM/S-IVB separation burn during an abort was simulated a t  the  
same i n e r t i a l  a l t i t ude  as  the  vehicle has on the nominal t r a j ec to ry  a t  
the t i m e  of abort i n i t i a t ion .  If an abort i s  necessary during the mission 
the  separation burn w i l l  be performed a t  whatever a l t i t ude  the vehicle 
has when separation occurs. The change i n  f l i gh t  dynamic parameters due 
t o  the separation RCS burn is  small so  t h a t  even a retrograde separation 
has only a small e f f ec t  on the  accuracy of the data presented i n  t h i s  
report .  

The sequences of events used f o r  simulations a re  not exactly iden t i ca l  
t o  those presented i n  reference 4. 
s ign i f icant  e f fec t  on f l i gh t  dynamics have been simulated. 
abort procedures are presented i n  reference 4. 

However, all of the events having 
Detailed 

A l l  of the data, except the crew charts  i n  Section 3.2, were generated 
under the assumption t h a t  the a l t i t ude  a t  abort equals the  a l t i t ude  on the  
nominal t ra jec tory  a t  the time of abort. 
ce r t a in  plotboard data i s  calculated using the current vehicle a l t i t ude  
therefore deviations from nominal a l t i t ude  can be taken i n t o  account by 
f l i g h t  contzol lers  during the mission. Dig i ta l  readout data calculated 
on the basis  of current a l t i t ude  are a l so  available t o  f l i g h t  control lers  
during the  missionl 

A s  discussed i n  Section 5.1 

8.  Weights, w e i g h t  flow rates ,  thrust .-  Reference 13 i s  the source 
used f o r  the  CSM weight (32 389 lb) and SPS usuable propellant (8378 l b )  
a t  separation from the S-IVB d u r i n g  an abort. The CM w e i g h t  a t  entry 
interface a l t i t ude ,  400 000 f t ,  was assumed t o  be the  same as i ts  weight 
a t  launch (E 639 lb) .  
expended a f t e r  separation of the CM from the SM during an abort i s  
neglected. 

The CM reaction control  system (RCS) propellant 

The SPS th rus t  is  20 000 lb ,  and the w e i g h t  flow r a t e  i s  63.8 lb/sec 
From reference 13 the resu l tan t  plus-X SM RCS according t o  reference 14. 

t h r u s t  using four j e t s  i f  393.2 lb, and the corresponding weight flow ra t e  
is  1.444 lb/sec. 

4.0 ABORT MODES 

The Mission C launch i s  divided i n t o  abort mode regions which are 
selected depending upon (a)  spacecraft propulsion and performance capabi l i t ies ,  



6 

(b) t r a j ec to ry  conditions a t  abort i n i t i a t i o n ,  and ( c )  s t a t u s  of l i f e  
support systems. 
for select ion:  

Consequently the  following abort modes have been defined 

1. Mode I.- The mode I abort procedures are  designed t o  protect the  
crew and spacecraft f o r  contingencies t h a t  could occur while the  launch 
vehicle is  on the pad, i n  the sensible atmosphere, a t  S-IB/S-IVB staging, 
and during approximately the f i r s t  15 seconds of S-IVB puwered f l i g h t .  
Contingencies occurring i n  t h i s  region of f l ight  require an escape system 
t h a t  w i l l  insure rapid detection of the  malfunction, provide adequate 
separation from the  launch vehicle i n  the  event of impending conflagration, 
and t o  provide su f f i c i en t  act ivat ion of the  spacecraf t ' s  ear th  landing 
systems. Therefore, the mode I abort is  selected when the  launch escape 
vehicle is  required t o  insure a safe procedure. (See Volume I f o r  the  
mode I t ra jec tory  de ta i l s . )  

2. Mode 11.- The mode I1 abort  procedures are  designed f o r  contin- 
gencies occurring a f t e r  the launch escape tower j e t t i s o n  u n t i l  a sa fe  
o rb i t  can be achieved with the  SPS or u n t i l  the  resu l t ing  landings threaten 
the  west coast of Africa. Because the aborts i n i t i a t e d  i n  t h i s  region 
can r e s u l t  i n  very high entry loads (g ' s )  and/or t lme-c r i t i ca l  en t r i e s ,  
no range control  maneuvers a re  considered. A f u l l - l i f t  en t ry  is  used t o  
minimize g's, and a simple separation technique is established f o r  rapid 
entry orientation. The mode I1 procedure requires a t  l e a s t  100 seconds 
from S-IVB cutoff t o  300 000 f t  a l t i t ude  t o  or ien t  t o  proper atmospheric 
capture a t t i tude .  This sometimes, f o r  l o w  launch t r a j ec to r i e s ,  requires 
exiznding the  mode I region o r  delaying tower j e t t i s o n  u n t i l  su f f i c i en t  
f r e e - f a l l  time is available t o  perform the  mode I1 abort. Caution should 
be employed here t o  avoid delaying tower j e t t i s o n  too  long because the  
launch vehicle would go unstable i n  approximately 40 seconds ( r e f .  17). 

3 .  Mode 111.- The mode I11 abort procedures are  f o r  contingencies 
occurring beyond mode I1 when a safe  o rb i t  cannot be achieved or  when 
spacecraft  systems malfunctions require immediate landings. The f i r s t  
mode I11 requirement is unlikely because of the  large C O I  region and the  
S-IVE cutoff conditions would have t o  be grea t ly  dispersed from the nominal 
launch t ra jectory.  The second i s  unlikely because i f  such a malfunction 
had occurred during hunch, the  abort  would be i n i t i a t e d  before enter ing 
mode 111; and f a i l u r e s  occurring a f t e r  enter ing mode I11 (approximately 
the l a s t  22 seconds of the launch) would be almost impossible t o  confirm 
in  su f f i c i en t  time t o  recommend a mode 111. 

4. F1xeddV.- The f i x e d d V  abort  mode i s  selected when S-IVB cutoff 
occurs very near  nominal and spacecraft  system malfunctions d i c t a t e  
immediate landings (same as  mode 111). For these near nominal cutoffs ,  
the S-IVB has e i t h e r  inserted the spacecraft  i n t o  a sa fe  o r b i t  o r  a region 
requiring only a small C O I  maneuver. If time permitted, continuing the  
f l i g h t  u n t i l  the  f i r s t  recovery area i n  the  second revolution (2-1) would 
be the sa fe s t  procedure. Mode I11 abort capabi l i ty  e x i s t s  i n  t h i s  region 
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also, but t h e  fixed-AV procedure would be used f o r  such contingencies 
when a safe  solut ion is  computed. This is because the  fixed-AV procedure 
requires much less AV, does not walk the  landing t r ace  back across Africa, 
and usually allows the  crew more burn preparation time than mode 111. 
The problem is being able t o  ident i fy  and confirm the  malfunction i n  
su f f i c i en t  t i m e  t o  perform a fixed-nV abort. 

The major concern would be a systems f a i l u r e  t h a t  required immediate 
re turn  t o  the ear th ' s  environment t o  re l ieve  the  l i f e  support systems. 
If the  spacecraft  systems malfunction i s  not t ime-cr i t ical ,  t h e  s a f e s t  
procedure would be t o  achieve a safe o rb i t  and deorbi t  t o  the  first re- 
covery area i n  the  second revolution (2-1). 
t o r y  de ta i l s . )  None of these spacecraft  systems malfunctions has yet 
been ident i f ied t h a t  would require using the  m o d e  I11 or fixed-AV f o r  
t h a t  purpose. Therefore, t he  chances of the crew having t o  perform a 
mode I11 o r  fixed-nV abort is wry small  compared t o  the other  abort modes. 

(See Volume I11 f o r  t r a j e c -  

5. X d e  111.- This CCI ~ r m e d . ~ - e  i s  selected f o r  Contingencies 
occurring once the  SPS can i n s e r t  the spacecraft  i n t o  a safe  o rb i t  
(perigee a l t i t ude  > 75 n. m i . )  and deor3it  from any place i n  the  r e su l t i ng  
orb i t .  This technTque is  the prime select ion because it is sa fe s t .  It 
allows the  ground and crew ample time i n  ear th  o rb i t  t o  determine the  
spacecraf t ' s  t r a j ec to ry  and system s ta tus ,  and the  ground can compute a 
precise deorbit  maneuver f o r  a planned landing area. 
a bonus, depending on the propellant available a f t e r  C O I ,  t o  perform an 
a l t e rna te  mission and obtain many of the planned t e s t  objectives ( re f .  16). 
The C O I  maneuver w i l l  be gerformed a t  a fixed time a f t e r  S-IVB cutoff or, 
i f  possible, delayed u n t i l  apogee (apogee kick). 
has the  following s igni f icant  advantages over the fixed-time procedure: 
requires  less AV, r e s u l t s  i n  smaller apogees, and gives the crew addi t iona l  
burn preparation t i m e .  Therefore, apogee kick w i l l  be selected whenever 
the apogee is located favorably for  the C O I  maneuver. 

It may a l so  provide 

The apogee kick maneuver 

To summarize, the abort mode select ion c r i t e r i a  i s  based on the  s a f e s t  
procedure available.  
a safe  mode I1 abort could be achieved. Mode I, mode 11, or deorbi t ing - nt 2-1 wscl6 5e b e s t  p r o c d m e  foi. spacecraft  systems mak-unctions t h a t  
require t e m i n a t i n g  the  mission. Xode IV, o r  C O I ,  is the  primary technique 
f o r  adverse t r a j ec to ry  conditions a t  S-IVB cutoff.  

The mode I abort region would be extended until 

4.1 General Trajectory Data 

The nominal launch sequence of events, condensed from reference 11, 
I s  ah- i n  t ab le  111. For a nominal iaunch,the launch vehicle i n s e r t s  the  
spacecraf t  i n t o  an earth o rb i t  having approximately a 120-n. m i .  perigee 
a l t i t u d e  and a 150-n. m i .  apogee a l t i tude .  
a l t i t u d e  (123 n. m i . )  and the  t o t a l  weight placed i n  o rb i t  require a s teep  

The r e l a t i s e l y  high inser t ion  
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ascent t ra jectory and nearly the maximum capabi l i ty  of the launch vehicle. 

Figures 2, 3, 4, and 5 show nominal Mission C launch t ra jec tory  
parameters. 
cutoff,  and insertion occurs exactly 10 seconds a f t e r  guidance cutoff.  
Figure 4 shows the gimbal angle readouts of the spacecraft onboard 
i n e r t i a l  measurement unit  (IMU) for the  nominal t r a j ec to ry .  
shows when the various launch abort modes can be used f o r  an abort from 
the nominal t ra jectory.  Figure 6 shows the nominal groundtrack and the 
landing point t race f o r  aborts from the nominal t ra jec tory  using the 
mode I1 sequence of events. If a s i tua t ion  develops during launch which 
requires an abort, but which is  not t i m e  c r i t i c a l ,  then the abort w i l l  
be delayed u n t i l  one of the fixed abort times. These fixed times are  
1 minute 40 seconds, 2 minutes 40 seconds, 6 minutes, and 9 minutes. 
The f i r s t  two times are  i n  the  mode I region, and the mode I procedure 
would normally be used. Therefore, the landing points f o r  these two times 
a re  not shown. 

Thrust and weight flow begin decreasing rapidly a t  a guidance 

Figure 5 

The RCRA extends from Cape Kennedy t o  the ADRA which i s  3200 n. m i .  
from Cape Kennedy. 

4.2 Mode I1 

The sequence of events f o r  a mode I1 abort i s  l i s t e d  i n  t ab le  IV. 
Mode I1 coverage begins when the LFT i s  je t t isoned and ends when the 
landing point, resu l t ing  from the sequence l i s t ed  i n  t ab le  IV, i s  past 
t he  ADRA. Nominally, tower j e t t i s o n  occurs a t  2 minutes 43.6 seconds 
a f t e r  l i f t - o f f .  From f igure 7 ,  t h e  end of mode I1 coverage for an abort 
from the nominal t ra jec tory  occurs a t  9 minutes 32 seconds a f t e r  l i f t - o f f .  
Figure 8 shows the landing location f o r  a mode I1 abort. 
abmts  a t  6 minutes and a t  9 minutes from l i f t - o f f  a re  i n  the mode I1 
region. Figure 9 shows the S-band communication blackout interval .  
During t h i s  i n t e rva l  there i s  no communication with the  CM since other 
channels used for Mission C are  more sensi t ive t o  ionization blackout 
than i s  S-band. 
the maximum entry load factor ,  or  deceleration. From about 6 minutes 
45 seconds g.e.t. t o  7 minutes 40 seconds g.e.t., a mode I1 abort from 
the nominal t ra jectory r e s u l t s  i n  a maximum ent ry  load f a c t o r  exceeding 
16g%. 
t o l e ra t e  without injury. Consequently, abort l i m i t  l i n e s  have been de- 
fined f o r  the ccnditions a t  abort which r e s u l t  i n  16g loads during the 
subsequent entry. Upon reaching these conditions an abort would be i n i t i -  
ated. A s  shown by figure 11, a 16g boundary crossed t h e  nominal Mission C 
t ra jectory.  
However, Mission C i s  limited by launch vehicle capabi l i ty ,  and the needed 
reshaping would produce an o r b i t  unacceptable f o r  performing a rendezvous. 
With the cmcurrence ( re f .  17) of t h e  Medical Research and Operations 

Fixed-time 

Figure 10 shows the  time of f r e e  f a l l  t o  300 000 f t  and 

A b r i e f  16g load has been considered the most t h a t  a man can 

Reshaping of t he  t ra jec tory  could eliminate the  high g region. 
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Directorate  and the Structures  and Mechanics Division of the Manned 
Spacecraft Center, . the maximum load f a c t o r  l i m i t  has been raised t o  18g% 
where necessary f o r  Mission C. me maximum load f a c t o r  abort l i m i t  l i ne ,  
shown i n  f igures  11 and 12, was a r b i t r a r i l y  fa i red  between 16 and 18g's. 

A t  mode I1 abort  i n i t i a t i o n  the f l i g h t  crew needs a minimum of 100 
seconds of f r ee  f a l l  t o  prepare f o r  entry.  Because of the  steepness of 
the  Mission C t ra jec tory ,  a 100-second l i m i t  l i n e  allows t r a j ec to ry  de- 
viat ions i n t o  low f l ight-path angle conditions where an abort  would produce 
excessive g loads during entry. 
t r a j ec to ry  deviations so large t ha t  there  i s  l i t t l e  chance of reaching 
an acceptable o rb i t  . Therefore, the t ime-of-free-fall  abort  l i m i t  l i ne ,  
sham i n  f igures  11 and 12, has been defined f o r  the  conditions a t  abort 
which r e s u l t  i n  140 seconds of f ree  f a l l  t o  300 000 f t .  The 140-second 
time-of-free-fall  l i m i t  was adopted by the Apollo Abort Working Group, 
as  reported i n  reference 18. 

Also a 100-second l i m i t  l i n e  permits 

Tables V and V I  l i s t  pertinent cha rac t e r i s t i c s  of mode I1 aborts 
from the  nominal t ra jec tory .  A l l  of the mode I1 data  were generated under 
the  assumption t h a t  the a l t i t u d e  a t  abort equals the a l t i t u d e  on the 
nominal t r a j ec to ry  a t  t he  time of abort. 

4.3 Mode I11 

The sequence of events f o r  a mode I11 abort is  l i s t e d  i n  t ab le  VII. 
As f o r  the  other  abort modes, the RCS plus-X t r ans l a t ion  burn beginning 
a t  3 seconds a f t e r  abcr t  i n i t i a t i o n  i s  performed a t  the  same i n e r t i a l  
a t t i t u d e  as the vehicle has on the nominal t r a j ec to ry  a t  the time of 
abort  i n i t i a t i o n .  The retrograde horizon monitor a t t i t ude ,  i l l u s t r a t e d  
i n  f igure  1, i s  used during the RCS ullage, which begins a t  110 seconds 
a f t e r  abort i n i t i a t i o n .  This a t t i t ude  is  a l t i t u d e  dependent, as  shown i n  
f igure  13. During the second RCS burn, the  CSM, i f  viewed i n  an i n e r t i a l  
reference system, w i l l  be ro ta t ing  a t  the o r b i t a l  ra te .  During the SPS 
burn, however, the s t ab i l i za t ion  and cont ro l  system (SCS) w i l l  maintain 
the  CSM i n  the  i n e r t i a l  a t t i t u d e  which corresponds t o  i t s  horizon monitor 
a t t i t u d e  a t  SPS igni t ion.  
drogue deployment is 55' south t o  be consis tent  with the end of mission 
backup entry procedure. 
further reduces a low CM/SM recontact probabili ty.  

The bank angle used from 0.2g deceleration t o  

Also, 55' bank maximizes cross-range t r a v e l  which 

Mode I11 abort capabi l i ty  begins when the  mode I1 landing range 
exceeds 3200 n. m i .  On the nominal t ra jec tory ,  mode I11 coverage begins 
32 seconds pr ior  t o  inser t ion.  Mode I11 ends beyond nominal inser t ion  
when SPS propellant capacity o r  time-of-free-fall r e s t r i c t i o n s  w i l l  not 
allow su f f i c i en t  SPS burn t o  land i n  the ADW. 
a mode I11 abort ,  the  ADRA, i s  3200 n. m:. downrange from the  launch s i t e .  
The landing t a r g e t  is  a t  longitude 20.28 

The landing locat ion f o r  

W and geodetic l a t i t ude  25.55' I?. 
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Because a mode I11 abort employs a p a r t i a l - l i f t  entry a s  opposed t o  
a full-lift entry f o r  a mode I1 abort, e a r l y  abort times i n  t he  mode 111 
region require no SPS burn and w i l l  land short  of the ADRA. This region 
corresponds t o t h e  shaded area of f igure 14. 
t h i s  region a t  9 minutes 34 seconds g.e.t. 

total-sensed velocity change (AV)” required t o  land a t  the ADRA can be 
determined by interpolating between the l i n e s  of constant nV. The SPS 
burn duration which corresponds t o  a given AV can be determined from 
f igure 15. The re la t ionship between burn duration and t o t a l  sensed veloc- 
i t y  change, which is the basis  f o r  f igure 13, is  not dependent on burn 
a t t i t ude ;  therefore, f igure 13 i s  a l s o  valid f o r  mode I V  and fixed-AV 
SPS burns. 
cutoff and the maximum entry g’s f o r  mode 111 aborts from the  nominal 
t ra jectory.  Both of these quant i t ies  are wel l  within the  l i m i t s  estab- 
l ished f o r  Mission C. The discontinuity i n  time of f r ee  f a l l  a t  9 minutes 
34 seconds g.e.t. corresponds t o  the f irst  time an SPS burn is required 
t o  land a t  the ADFU. Figure 17 shows the S-band communications blackout 
region f o r  mode I11 aborts from the nominal t ra jectory.  The blackout 
duration i s  approximately 2 minutes. Figure 18 shows the SPS retrograde 
burn required t o  land a t  the ADRA a f t e r  an abort from the  nominal launch 
t ra jectory.  SPS f a i l u r e s  ai- igni t ion or during the retrograde burn a r e  
discussed i n  section 4.6. 

The nominal t ra jec tory  leaves 
I n  the same figures the sps 

Figure 16 shows the time of f r ee  f a l l  t o  300 000 f t  a f t e r  SPS 

4.4 FixeddV Mode 

Several  character is t ics  of a mode I11 abort near the nominal inser t ion  
point or a f t e r  inser t ion a re  undesirable. I n  t h i s  area long SPS burns, 
over a minute i n  duration, a re  required t o  land a t  the ADRA. Also, the 
instantaneous landing point during the SPS burn sweeps westward across 
AfricR so  tha t  a premature SPS cutoff can r e s u l t  i n  a land landing. The 
f ixeddV mode, defined i n  t ab le  M, has been d e s i e e d  t o  provide capabi l i ty  
fcr quick return t o  ear th  without the long burns or the  land landing 
poss ib i l i ty  associated with a mode I11 abort. The fixed-nV mode a l so  
has the  advantage of long coast  times, from 2 t o  over 30 minutes i n  duration, 
preceding SPS ignit ion.  However, some disadvantages t o  t h i s  abort mode 
a re  s ignif icant .  Fixed-AV mode capabi l i ty  e x i s t s  only f o r  S-IVB cutoffs 
veiy near nominal insertion, between approximately 2 seconds of underspeed 
end 3 seconds of overspeed. Also, the  landing area, IORA,  w i l l  be covered 
only by a i r c r a f t  and ships of opportunity. 

In  the  fixed-nV abort region, the range from the  SPS i n i t i a t i o n  point 
t o  the desired CM landing point, t he  IORA, is  variable.  The f i x e d d V  

a 

t he  CM is  calculated onboard. 
imate4v 3.0’ from the plus-X axis,  the plus-X component equals approximately 
99.86 percent of the t o t a l  sensed velocity change. 

”lie vector component of sensed velocity change along the  plus-X axis  of 
Since the t h r u s t  axis  i s  displaced approx- 

- 
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abort consis ts  of a fixed retrograde SPS burn (AV = 600 fps)  a t  a fixed 
a t t i t ude  (figure 1.) and a h a l f - l i f t  entry (bank l e f t  5 5 O ) ,  which r e s u l t s  
i n  a fixed landing range of 8800-11. m i .  downrange from the launch pad. 
The timing of SPS igni t ion provides the  necessary landing range cont ro l  
Juet a8 a variable SPS burn duration provides landing range cont ro l  f o r  
mode III. I n  f igure 19 l i nes  of constant ground elapsed time of SPS 
ign i t ion  required t o  land a t  the IORA are  s h m .  

The boundaries of the f i x e d d v r e g i o n  of figure 19 are  defined by 
the l i nes  fo r  maximum time delay, minimum time delay, and perigee a l t i t ude  
of 35 n. m i .  The maximum-time-delay l i n e  is  the locus of S-IVB cutoff 
conditions t h a t  s t i pu la t e  the f i r s t  time the f i x e d d V  procedure can be 
used, the landing ta rge t  be achieved, and s t i l l  have 100 seconds of 
f r e e - f a l l  time a f t e r  the burn. It defines the longest time the SPS burn 
can be delayed from S-IVB cutoff. S-IVB cutoffs  t o  the l e f t  of t h i s  l i n e  
would require delays too f a r  i n  the suborbi ta l  t ra jec tory  t o  maintain 
the 100-second f r e e - f a l l  time. The minimum-time-delay l i ne  defines the 
locus of S-iVB overspeed coniiitions t h a t  require tne S E  burn t o  b e  
performed i n  2 minutes 5 seconds t o  achieve the desired abort parameters. 
S-IVB overszed  beyond t h i s  l i ne  would recpiire SPS igni t ions sooner than 
2 minutes 5 seconds from S-IVB cutoff, which is  less than the minimum 
crew abort burn preparation time. The 33-11. m i .  perigee a l t i t ude  l i n e  
defines the S-IVB cutoff conditions which would produce a 35-11. m i .  
perigee a l t i t ude  a f t e r  the f ixeddV maneuver. S-IVB cutoffs beyond t h i s  
l i n e  would result i n  higher perigees f o r  the f i x e d d V  aborts and would 
be extremely sensi t ive t o  the smallest dispersion. See reference 1. 

Figure 20 shows the ground elapsed time of SPS igni t ion f o r  aborts 
from the nominal t ra jectory.  
300 000 ft a f t e r  SPS cutoff and the maximum load fac tor  experienced during 
atmospheric entry f o r  aborts from the nominal. The time of f ree  f a l l  
increases very rapidly as  the f ixeddV region is  entered. Along the nominal 
t r a j ec to ry  the time of f r ee  f a l l  i s  about 60 seconds fo r  an abort a t  
9 minutes 51 seconds g.e.t. A t  9 minutes 52 seconds the time of f r ee  f a l l  
is  over 5 minutes. 
and ex i t ing  the S-band ionization blackout region f o r  aborts from the 
ncminal t raJectory.  TEtble X l i s t s  pertinent character is t ics  of f ixed-OV 
aborts from the nominal t ra jec tory .  

Figure 2 1  shows the time of f r ee  f a l l  t o  

Figure 22 shows the ground elapsed time of enter ing 

4.5 Mode I V  

The sequence of events fo r  a mode I V  abort i s  given i n  tab le  X I .  
A mode I V  abort is  a C O I  using the SPS. The perigee a l t i tude  must be 
e t  l e a s t  75 n. zi., and the apcgee nust be l o w  enough t o  permit a deorbit  
from any point on the orbi t .  Current SPS propeUant loading allows a 
total sensed velocity increEent of 3030 f t / sec .  
is  a l lo t t ed  t o  a r res t ing  a t t i t ude  rates  and maintaining pitch a t t i tude ,  

Of t h i s  amount, 230 f t / s ec  
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and a minimum of 600 f t / sec  is  reserved f o r  deorbit  from the contingency 
o rb i t .  
i n  a t t a in ing  C O I .  

This leaves a maximum SPS AV capabi l i ty  of 2200 f t / s ec  f o r  use 

Figure 23 presents constant SPS AV l i n e s  from 0 t o  2200 f t / s ec  a t  
200 f t / s ec  intervals  on a plot  of i n e r t i a l  f l ight-path angle versus 
i n e r t i a l  velocity. These l i n e s  indicate  the sensed veloci ty  change neces- 
sa ry  t o  achieve an o rb i t  w i t h  a 75-11. m i .  perigee. 
disiLayed on figure 23 s h m  the dimensions of the o rb i t  (perigee equals 
75 n. m i . )  which can 'be expected as a r e s u l t  of the  C O I .  
l i n e  indicates  conditions a t  abort  resu l t ing  i n  an o rb i t  w i t h  a 75-n. mb. 
perigee. On or  t o  the  r igh t  of t h i s  l i ne ,  t he  mode I V n V  is zero. The 
two segments of the  mode I V  boundary define the region i n  which the t o t a l  
nV required f o r  C O I  and the subsequent deorbi t  i s  equal t o  or less than 
the  2800 f t / sec  a l lo t t ed  f o r  these maneuvers. 
mode I V  region is  bounded by the 2200 f t / s ec  C O I  nV l ine ,  since t h i s  i s  
more constraining than the  2800 f t / s ec  l i m i t  f o r  C O I  and deorbi t  combined. 

Constant apogee l i n e s  

The Go - NO-GO 

The l e f t  side of the 

In  practice the  C O I  burn w i l l  usually be padded, o r  extended t o  
obtain an extra  100 f t / sec  of AV. 
a 75-11. m i .  perigee despite small  pitch, a l t i t ude ,  o r  other dispersions. 
A s  discussed in  reference 1, there  e x i s t  f l i gh t  mechanical l i m i t s  beyond 
which no amount of SPS burn, a t  the  a t t i t ude  shown i n  figure 1, w i l l  r a i s e  
perigee t o  75 n. m i .  Near these f l i g h t  mechanical l i m i t s  COI capabi l i ty  
can be l o s t  by padding the  burn. For Mission C,SPS propellant l imi ta t ions  
es tab l i sh  the C O I  region inside of the f l i gh t  mechanical l i m i t s  so  t h a t  
padding the SPS burn 100 f t / s ec  should not adversely a f f ec t  the  resu l tan t  
perigee a l t i tude .  

This pad i s  intended t o  insure achieving 

A modified mode I V  procedure, cal led apogee kick, can be used t o  
advantage f o r  some posit ive f l ight-path angle contingency s i tua t ions  near 
inser t ion.  The SPS burn t o  r a i se  perigee and the  RCS ulJ-age immediately 
preceding the  SPS burn are  delayed until the CSM coasts  t o  apogee. 
Compared t o  the standard mode I V  sequence, apogee kick allows the  crew 
rnore t i m e  t o  prepare f o r  the SPS burn and requires  a smaller AV t o  achieve 
a 75-n. m i .  perigee. 
increase i n  apogee a l t i t ude  during the SPS burn. A lower apogee requires  
l e s s  retrograde bum f o r  a deorbi t  maneuver performed near perigee. 
rules require tha t  Canary Island acquis i t ion occurs no l a t e r  than apogee 
if an apogee kick i s  t o  be perfomed. The area t o  the  right of the 
apogee kick l ine  i n  figure 27 defines the  region where the  r e su l t i ng  
apogee, following an S-IVB cutoff ,  occurs a f t e r  the  Canary Island t racking 
s t a t i o n  has acquired the spacecraft .  (Acquisition occurs a t  an elevat ion 
angle of 3 O . )  In  t h i s  zone any spacecraft  burn t o  be performed a t  apogee 
can be relayed t o  the  crew via the  Canary Island s ta t ion .  Constant times 
from abort t o  apogee and constant AV's required f o r  apogee kick are  shown 
i n  the  apogee kick region. 

Apogee kick a l so  has the  advantage of a smaller 

Mission 

The burn  duration and sensed veloci ty  change required f o r  C O I  are  
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presented i n  f igure 25 as functions of ground elapsed time of abort. 
Table X I 1  contains,SPS burn duration, SPS sensed velocity change, and 
the resu l t ing  apogee a l t i t ude  f o r  mode I V  aborts from the nominal t r a j e c -  
tory. 
is  shown i n  figure 26 as a function of a l t i tude .  
i l l u s t r a t ed  i n  figure 1. 
ject ion of the velocity vector on the local horizontal  plane. 

The pitch a t t i t ude  a t  SPS igni t ion in  the local coordinate system 
This a t t i t ude  is  

Posit ive pitch is  measured upward f romthe  pro- 

The aborts discussed are summarized on f igure  27. On t h i s  f igure 
the  abort mode overlap is obvious and the  abort mode p r i o r i t i e s  are a s  
discussed i n  sect ion 4.0. 
no abort action w i l l  be required unless f o r  SC system malfunctions. 

Once the S-IVB has crossed the GO - NO-GO l ine ,  

4.6 SPS Failures 

A s  discussed i n  the preceding sections, a continuous abort capabi l i ty  
ex i s t s  t'nroughout t i e  hunch. This is t rue,  oniy, i f  the SI3 is operational. 
There are two regions during launch, the mode I11 and f i x e d d V  abort, 
and the ;rode I V b u n s  y5ere SPS f a i h r e s  could prodilce unsafe o r b i t a l  or  
landing conditions. 
(HP) greater than 35 n. mi. but less  than 75 n. mi., and an unsafe landing 
i s  defined as African landings which e x i s t  f o r  landing ranges between 
3500 n. m i .  and 7100 n. m i .  Neither of these two conditions can be ob- 
tained i n  the mode I1 abort region, and therefore t h i s  mode w i l l  not be 
discussed here. 

An unsafe orbi t  i s  defined as one with perigee a l t i t udes  

Figure 28 shows the landing t race as it crosses Africa f o r  d i f fe ren t  
CM l i f t  prof i les .  F'rom t h i s  figure the times of abort along the  nominal 
launch t ra jec tory  t h a t  corresponds t o  the  landing footpr int  being completely 
on Africa f o r  no SPS burns can be obtained. 
entry, could result in  an Atlantic Ocean landing i s  9 minutes 39 seconds 
g.e.t., and the f i r s t  t i m e  a f u l l  l i f t  landing would r e s u l t  i n  an Indian 
Ocean landing is  9 minutes 50 seconds g.e.t. Using t h i s  entry technique 
r e s u l t s  i n  a dwell time of ll seconds along the nominal t ra jec tory ,  where 
aborts with no SPS igni t ions would r e su l t  i n  African landings. me use 
of the SM RCS t o  decrease this dwei i  time was not investigated; but, from 
previous studies such as reference 19, th i s  time could be reduced several  
seconds by burning the SM RCS, retrograde f o r  Atlantic landings and posi- 
grade f o r  Indian Ocean landings. 
mission i n  t h i s  region would allow ample f r e e - f a l l  time t o  perfom such 
a maneuver. 

The last abort time, a bank-90' 

The high f l i g h t  a l t i t udes  f o r  t h i s  

Figure 29 summarizes t h i s  information f o r  off-nominal f l ight-path 
angles and indicates where S-IVB cutoffs would r e su l t  i n  unsafe conditions 
without remedial SPS o r  SM RCS maneuvers. The procedures f o r  handling 
unsafe er5its i n  r e a l  time are  defined i n  the mission r u l e s  and w i l l  be 
discussed i n  Volume I11 of t h i s  document. Incidentally, the 35-11. m i .  
perigee a l t i t ude  l i ne  closely corresponds t o  the skipout l i n e  f o r  the 
en t ry  corridor. 
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The SPS burns f o r  t h e  mode I11 abort or t he  mode I V  C O I  maneuver 
are subject  t o  t h e  same unsafe conditions. 
these maneuvers could result i n  an African landing or In  an unsafe orb i t .  
These are  summarized f o r  aborts from the  nominal launch t r a j ec to ry  a s  a 
function of SPS f a i l u r e  t i m e  on f igures  30 and 31. A s  shown on these 
figures, t h e  dwell times a're great ly  increased f o r  the  SPS burns across 
Africa a s  compared t o  the S-IVB burn. 

That is, p a r t i a l  SPS burns f o r  

5.0 LAUNCH MONITORING DISPLAYS 

3.1 Flight Dynamics Displays 

The f l i g h t  dynamics displays are  the  v isua l  a ids  which are  available 
f o r  the f l i g h t  dynamics, r e t ro f i r e ,  and guidance of f ices  f o r  t r a j ec to ry  
monitoring during the  launch. They are  launch d i g i t a l s  and projection 
p lo t te rs  displayed on cathode ray tubes and analog plotboards t o  be used 
t o  determine the t ra jec tory  s t a tus  and t o  copmild abort action i f  necessary. 
The displays are driven by real-time computer computations based on the  
ac tua l  f l i g h t  data received from the  Manned Space Fl ight  Network (MSFN). 

"he background plots  t h a t  w i l l  be used t o  monitor the  t r a j ec to ry  
.Lraces a re  shown in  f igures  32 through 39. These figures a re  the  ones 
current ly  being used i n  simulations as defined i n  reference 20. These 
displays w i U  be updated p r io r  t o  the  ac tua l  launch t o  r e f l e c t  t he  l a t e s t  
spacecraft  and t r a j ec to ry  data. 

Figure 32 is  the  primaiy display f o r  monitoring the  launch t ra jec tory .  
m e  l ines  s h m  on t h i s  display, except f o r  the  s t r u c t u r a l  breakup l ine ,  
were computed assuming the a l t i tudes ,  corresponding t o  the  i n e r t i a l  
ve loc i t ies  along the  nominal launch t ra jec tory ,  remain constant f o r  the  
blight-path angles investigated. The nominal launch p ro f i l e  i s  shown 
f o r  easy detection of launch deviations. 

"he s t ruc tu ra l  breakup l i n e  defines the  region where s t r u c t u r a l  f a i l u r e  
i s  assured. S t ruc tura l  f a i l u r e s  above t h i s  l i n e  are  protected by the  
emergency detection system, (EDS). This l i n e  i s  used t o  protect against  
slm d r f f t i n g  t r a j e c t o r i e s  which w i l l  not be covered by the  EDS, and it 
is the only l ine  on t h i s  display t h a t  w i l l  be used t o  command abort  act ion 
and i s  biased 8 seconds f o r  data and react ion delays. The l i n e  is  only 
valid when a l l  eight; engines are  thrus t ing  during S-IB f l i g h t .  
i m u m  load fac tor  l i n e  i s  only used t o  indicate  an impending abort. The 
ac tua l  abort  action w i l l  be taken on f igure  33. 
i s  a l so  used only a s  an indication, and abort  act ion w i l l  be taken when 
the time-of - f ree- fa l l  d i g i t a l  equals 140 seconds and i s  decreasing. 

The m a x -  

The t ime-of-free-fall  l i n e  

The mode I V  capabi l i ty  l i n e  is  biased 3.5 seconds t o  show t h a t  t he  
spacecraft; has achieved COI capabi l i ty  when the scr ibe  reached the  l i ne .  
This crossing w i l l  be used f o r  the  ground t o  report  t o  t h e  crew t h a t  



mode I V  status has been achieved. 
determined by the  mode I V  computed AV (nV 
displayed on the  launch d i g i t a l s  f o r  t he  selected t racking source. 
mode I V  can be recommended i f  the  AVINs L 2200 fps. 

obtained by moving the  plotboard l i ne  t o  the  left  a t  an increment equal 
t o  the change i n  veloci ty  occurring during the  3'.5 seconds of f l i g h t  on 
the  nominal t r a j ec to ry  just  pr ior  t o  achieving mode I V  capabi l i ty .  'Ibe 
biased l i n e  w i l l  erroneously indicate t h a t  mode I V  capabi l i ty  has been 
achieved i f  the S-IVB cutoff occurs during the 3.5 seconds p r io r  t o  
ac tua l ly  achieving mode I V  capabili ty,  i f  the t r a j ec to ry  is off-nominal 
i n  a l t i t u d e  o r  i n t e r sec t s  the biased l i n e  a t  a shallow angle. 

The ac tua l  mode I V  capabi l i ty  is  
) a f t e r  S-IVB cutoff  and is INS 

A 
The b ias  is 

The apogee kick l i n e  indicates when S-IVB cutoff conditions would 
require an apogee kick. 
t o ry  conditions would rgsult i n  apogee occurring a t  Canary Island t racking 
acquis i t ion (based on 3 A combination of displays w i U  
be used t o  make t h i s  decision i n  r e a l  time. Tne GO - 110-GO l i n e  i s  determined 
by t r a j ec to ry  parameters which define a 754 .  m i .  perigee a l t i t u d e  f o r  
the nominal inser t ion  altituCie. The GO - NO-GO decision w i l l  be based on 
the d i g i t a l  displays f o r  the selected t racking source a f t e r  S-IVB cutoff .  

This l i n e  defines when the S-IVB cutoff t r a j e c -  

e levat ion angle). 

A po ten t ia l  abort l i m i t  t h a t  may be added t o  t h i s  display is an e x i t  
heat ing l i m i t .  This l i m i t  w i l l  protect against  f l ight conditions which 
would cause heating damage t o  the  spacecraft  during launch. This l i m i t  
i s  cur ren t ly  under invest igat ion by North American Rockwell, and i ts  
exact use w i l l  depend upon the  r e s u l t s  of these studies.  

The time of f r ee  fall.  and the  maximum entry load f ac to r  l i m i t  l i n e s  
i n  f igure  32 were generated using the a l t i t u d e  on the nominal t r a j ec to ry  
corresponding t o  the velocity a t  abort i n i t i a t ion .  These l i n e s  w i l l  be 
inaccurate a t  off-nominal a l t i tudes .  To avoid making an abort  decision 
on an inaccurate boundary, the  f l i g h t  cont ro l le rs  w i l l  switch t o  one of 
the plotboards shown i n  f igures  33 and 34, i f  the maximum ent ry  load 
f a c t o r  o r  time-of-free-fall. limits i n  f igure  32 are  approached. The plot-  
board on f igure 33 displays the t race  of the  ac tua l  entry conditions a t  
400 000 ft a l t i t ude ,  and the one OE figure 34 displays the t r a c e  of f ree-  
f a l l  time and f u l l - l i f t  landing range. These parameters are  computed 
almost instantanously by the real-time program from the ac tua l  posit ion 
and veloci ty  vectors extracted fron the f l i g h t  data. Therefore, the  l i nes  
s h a m  on these displays are not subjected t o  the a l t i t u d e  assumptions as 
the ones of f igure 32. 

Figure 33 w i l l  be used t o  i n i t i a t e  abort  act ion f o r  t r a j ec to ry  viola- 
t i o n s  t h a t  r e s i t  i n  excessive mximum ent ry  load f ac to r s  (g ' s ) .  
i l l u s t r a t e s  the nominal f u l l - l i f t  landing range var ia t ion with f r e e - f a l l  
time. This plot  shows the f r e e - f a l l  time abort l i m i t ,  bit abort  act ion 
w i l l  be taken on the d i g i t a l  value of f r e e - f a l l  time of 140 seconds and 
decreasing. 

Figure 34 

FuU-lift landing ranges corresponding t o  the range from the 
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pad t o  the ADRA, e a s t  coast of Africa (7300 n. m i . ) ,  and IORA a re  a l s o  
shown. 
the  f u U  landing range i s  c l ea r  of Africa. 

This display can be used t o  indicate when the  mode I1 ends and when 

Figure 35 shows the geodetic l a t i t ude  w r s u s  longitude plotboard, 
which i s  used t o  record the predicted mode I1 landing point of the  CM. 
When the  f u l l - l i f t  landing point marker crosses the "Mode I1 Landing 
Range Equals 3200 Nautical Miles'' l i ne ,  mode I1 capabi l i ty  ends. The 
l a s t  time an Atlantic landing can be obtained without a retrograde burn 
i s  when the f u l l - l i f t  landing t race  crosses the "Bank 90 Degree Range 
Equals 3400 Nautical Miles" l i ne .  This l i n e  and the eas t  coast  of Africa 
l i n e  on f igure 34 defines when the  landing footpr in t  i s  completely on 
Africa. Figure 33 a l so  shows the  acquis i t ion e l l i p s e s  f o r  the  Canary 
Island, Bermuda, and Vanguard t racking locations.  These e l l i p s e s  are  
based on a constant 100-n. m i .  a l t i t ude  and a 0' elevation angle. 

Figure 36 is  the Apollo guidance computer (AGC) Dynamic Status  display. 
This display w i l l  be used t o  compare the  t r a j ec to ry  from the AGC t racking 
data  with tha t  of other sources. The mode I V  capabi l i ty  l i n e  i s  a l so  
shown t o  indicate  when the  ACC data would compute a v a l i d  C O I  maneuver 
(nVI, < - 2200 fps) .  
t h a t  the  AGC is navigating properly. 

This display along with other data i s  used t o  indicate  

Figure 37 displays the i n e r t i a l  f l ight-path angle and velocity-to-go 
When ( V  ) t o  achieve a 75-n. m i .  perigee o rb i t  as  computed i n  r e a l  time. 

the  t race  crosses the  V = 0 l i n e  a GO o rb i t  is  achieved. The primary use 
of t k d s  display w i l l  be t o  monitor the  C O I  maneuver. This display w i l l  
indicate  when the  C O I  burn has achieved a safe  o rb i t .  Consideration i s  
being given t o  adding mode I V  o r  C O I  capabi l i ty  l i nes  f o r  various a l t i t udes .  
n i s  would enable defining C O I  capabi l i ty  f o r  anytime during coasting 
f l i g h t  and not j u s t  a t  125 seconds a f t e r  S-IVB cutoff .  Also f o r  delayed 
burns, it would show for the a l t i t udes  considered when C O I  capabi l i ty  i s  
l o s t .  

s 
S 

The altitude-versus-range prof i le  i s  shuwn on f igure  38. This display 
would show when the a l t i t ude  h is tory  deviates s ign i f i can t ly  from the 
planned prof i le .  
t o  help determine t h e  va l id i ty  of those altitude-dependent l i nes .  The 
mode I V  mark is a biased 100 000'ft a l t i t u d e  l i n e  which defines the f i r s t  
time the  crew can perform the  hi&i a l t i t u d e  mode I abort procedure. The 
ac tua l  ground report  t o  the crew w i l l  be based on the  corresponding d i g i t a l  
value of a l t i tude .  The 73-n. m i .  a l t i t u d e  l i n e  shows the  smallest  a l t i t u d e  
f o r  which a C O I  maneuver can be computed. 

The display can be used i n  conjunction with f igure 32 

The f l i g h t  dynamics displays and the  Real-Time Computer Complex (RTCC) 
computations a r e  designed t o  account f o r  off-nominal f l igh t -pa th  angles 
and a l t i t udes  f o r  abort conditions where possible. But, because much of 
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the information data shuwn on the displays is  computed premission, a 
nominal a l t i t ude  h is tory  has been assumed. 
the R E C  computations, and a s  a cross check,the abort burn AV parameters 
are  being generated f o r  several  different  a l t i tudes .  
cont ro l le r  console plots  which can be used i n  simulations o r  during the  
mission t o  compare solutions. 

For t h i s  reason, t o  back up 

These w i l l  be f l i g h t  

3.2 Onboard C r e w  Displays 

During the launch the crew has program ll and i t s  corresponding 
display keyboard (DSKY) displays t o  f a c i l i t a t e  t r a j ec to ry  monitoring 
(figure 39). 
i s  available u n t i l  the  ground or  crew commands program 00. Normally the  
ground Mission Control Center (MCC) w i l l  inform the  crew of t h e i r  t r a j ec -  
t o ry  s ta tus ,  but, i f  voice communications were l o s t  during the launch, 
the crew would have t o  depend on the DSW f o r  t h i s  information. Table XI11 
shows the values of the parameters f o r  a nominal launch, which were corn- 
puted with the guidance equations (ref. 21) and the launch parameters 
from reference 11. 
two seconds and displayed t o  the crew. A n y  time the  MCC would rule the  
spacecraft  guidance NO GO - from the displays l ike figure 36 - the  
computer w i l l  be commanded t o  program 00 and these DSKY displays would 
no longer be available. 

This program is  automatically i n i t i a t e d  upon l i f t - o f f  and 

During the launch, these S ra i i e t e r s  are uHated every 

(See ref. 3 f o r  procedure.) 

In  conjunction w i t h  the DSICYT displays in  program ll, two onboard 
char t s  are proposed f o r  use i n  the  event of voice communications loss  
during the launch, f igures  40 and 41. These char t s  have been ten ta t ive ly  
agreed upon with the crew and are  designed spec i f ica l ly  t o  be uncomplicated 
with as  few l ines  as possible. The apogee kick and f ixeddV procedures 
have been ruled out as a l ternat ives  when voice communications are l o s t  t o  
further simplify no-voice decisions. 

The basic display f o r  launch monitoring a re  the  i n e r t i a l  velocity, 
a l t i t u d e  ra te ,  and a l t i t ude  parameters. Therefore, these are the parameters 
used t o  govern the charts.  
helF determine when abort, act ion is  zecessary and what act ion i s  required. 
These functions would normally be conducted by the MCC when voice 
communications ex i s t .  Once the abort decision has been made, the crew 
would use the DSKY paranieters t o  mcjnitor the abort burn. 
l i s t  defines the action required for each mode:  

The c h a r t s  with the DSKY are t o  be used t o  

The following 

1. Mode I.- Mode I aborts use the launch escape vehicle and no DSKY 
parameters w i l l  be required. 

2. Mode 11. - Mode I1 aborts require no SPS burns, but Vl6N50E 
displays are recommended. 
t i m e  (TFF) remaining f o r  entry orientation and can be used t o  estimate 

These piraneters w i l l  indicate  the  f r e e - f a l l  
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4. Mode 1V.- Mode IV o r  contingency o r b i t  inser t ion a l s o  requires 
a burn and Vl6N3OE i s  the recommended display. 
burn a t t i t u d e  ( f ig .  1) the crew would burn the SPS u n t i l  perigee a l t i t u d e  
i s  equal t o  75-n. mi.-plus-5-seconds. This procedure would insure 
achieving a safe orb i t .  Caution should be employed here, i f  anytime 
during the burn the perigee a l t i t u d e  s t a r t s  decreasing the burn should 
be terminated; and, f o r  these terminated burns with perigee a l t i t u d e  l e s s  

After achieving the proper 

I than 75 n. mi. ,  a mode I11 abort should be i n i t i a t e d .  

t h e i r  landing range by adjusting SPLERRORa f o r  the f u l l  l i f t  entry. 

I 3 .  GO Orbit.- A GO o r b i t  is  defined t o  e x i s t  anytime the cutoff 
conditions r e su l t  i n  perigee a l t i t u d e  greater  than 73 n. m i .  and no other 
action be required. V16N44E can he cal led t o  display inser t ion parameters. 

3 .  Mode 111.- Mode I11 aborts do require an SPS burn and 1716~50~ 
is  the necessary display. After achieving the proper burn a t t i t u d e  
(f ig .  1) the  crew would burn the SPS u n t i l  SPLERROR is  equal t o  zero. 
This would s a t i s f y  the desired landing coordinates f o r  a mode I11 entry. 

Figure 40 shows the nominal-altitude-rate -versus-velocity t r ace  and 
the current abort t ra jec tory  l i m i t s .  Should the ac tua l  f l i g h t  t r ace  
violate  t he  booster breakup l i n e  o r  the maximum-entry-load-limit l i ne ,  
an abort i s  required. I f  the t r ace  approaches the t i m e - o f - f r e e - f a l l - l i t  
l i ne ,  Vl6N5OE should be called and abort action be taken when time of 
f r ee  f a l l  equals 140 seconds and i s  decreasing. Note t h a t  i f  even voice 
communications were l o s t ,  the MCC might s t i l l  have command capabi l i ty;  
then MCC would light the abort l i t e  f o r  t ra jec tory  l i m i t  violations. 
Using the chart t o  i n i t i a t e  aborts on the maximum entry load l i m i t  f o r  
off-nominal a l t i t udes  would be an invalid cue. Therefore, f o r  higher 
than Romfnal a l t i t udes  aborts should be i n i t i a t e d  sooner, and f o r  lower 
than nominal a l t i t udes  aborts could be i n i t i a t e d  l a t e r  than would be 
indicated. See reference 1 f o r  t h i s  l i m i t  s e n s i t i v i t y  with a l t i t ude .  

Figure 41 shows the nominal-altitude-rate -versus-velocity t r ace  f o r  
approximately the  l a s t  30 seconds of the launch. 
region i n  which abort capabi l i ty  s t a r t s  varying rapidly. The primary 
use of t h i s  chart  i s  t o  s h w  f o r  what S-IVB cutoff conditions COI capabi l i ty  
ex i s t s .  Therefore, t he  C O I  boundary i s  defined f o r  d i f fe ren t  a l t i t udes .  
"he a l t i t u d e  being f a i r l y  s t a t i c  near inser t ion,  t he  crew could choose 
the appropriate C O I  boundary and deteimine when the S-IVB t r ace  crosses 
i n t o  the COI capabi l i ty  region. The remaining l i n e s  on t h i s  f igure a re  
f o r  infonilation only and t o  f a c i l i t a t e  crew t r a in ing .  The other abort 
capabi l i t i es  can be determined d i r e c t l y  from the DSKY. 
has occurred, mode 11 capabi l i ty  extends un t i l  SPLERROR (AR) becomes 

This plot  expands the 

Once tower j e t t i s o n  

e 

SPLERROR i s  the difference between the h a l f - l i f t  landing point a s  computed 
by the AGC and the desired ADRA t a rge t  coordinates. This computation is  
based on the current posit ion and velocity of t he  spacecraft .  

6 



greater  than -167 n. m i .  corresponding t o  a f u l l - l i f t  landing a t  3200 n. m i .  
Mode I11 capabi l i ty  extends from aR greater  than -167 n. m i .  u n t i l  a 
nominal inser t ion i s  achieved. A GO orb i t  i s  achieved when perigee a l t i t u d e  
i s  greater  than o r  equal t o  75 n. m i .  

Note whenever the t i m e  of f ree  f a l l  i s  pegged a t  59 minutes 59 seconds, 
the nR computation is  invalid.  This i s  t rue  once the perigee a l t i t ude  
becomes greater  than 300 000 f t .  If a mode I11 burn i s  required i n  t h i s  
region, AR w i l l  become valid when the burn has progressed enough t o  de- 
crease perigee below 300 000 f t .  

6.0 CONCLUDING REMARKS 

The data presented here i l l u s t r a t e s  t h a t  continuous abort capabi l i ty  
e x i s t  f o r  contingencies t h a t  could occur between L?3T j e t t i s o n  up t o  
iicjmi~iei i n s e r i i u n .  For very l o w  hunch t r a j ec to r i e s  tower j e t t i s o n  may 
need delaying until  mode I1 capabi l i ty  i s  achieved. Where possible, 
mcde I1 abcrts  should 5e delayed -m-Lil entry g ' s  are redwed. Mode IV, 
o r  COI ,  i s  the primary procedure once the capabi l i ty  i s  achieved. The 
C O I  maneuver may need adjusting du r ing the  burn t o  correct  f o r  pitch 
alignment errors .  The mode I11 and I V  SPS burns require a l ighted horizon 
t o  confirm proper burn a t t i tude .  

Other s tudies ,  outside t h i s  document, have been conducted which show 
t h a t  sun-in-the-window and separation f o r  the abort procedures defined 
present no problem. These are documented i n  references 22 and 23, 
respectively. 

The f l i gh t  dynamics displays, crew charts,  and console p lo ts  w i l l  
be updated a s  required before launch. Other revisions w i l l  be incorporated 
as an update t o  t h i s  document i f  necessary t o  r e f l e c t  s ign i f icant  changes 
i n  the  abort t ra jec tory  data. The fixed-time aborts and apogee kick 
capabi l i ty  has changed since the data f o r  t h i s  document has been generated. 
The new fixed time of aborts are lminu te  40 seconds, 2 minutes 40 seconds, 
4 minutes b0 seconds, and 8 minut.es 30 seconds (ref. 24). 
capabi l i ty  is defined as  when S-IVB cutoffs  f o r  posit ive f l ight  path angles 
and i n e r t i a l  velocities greater  than the 23 500 fps  r e su l t  i n  apogees 
l a t e r  than three minutes f ron  cutoff with mode I V  SPS burns greater  than 

The apogee kick 

100 fps.  

An attempt t o  investigate a l l  the  reasonable f l ight-path angle and 
a l t i t u d e  variations f o r  t h i s  type launch has been made. 
dms not shm a l l  these resu l t s ;  however, much of t h i s  type data can be 
obtained d i r ec t ly  from references 1 and 2. Also some consideration has 
been given t o  off-nominal performence and the e f f ec t s  of atmospheric 
variations.  

This document 
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These s tudies  showed t h a t  one of the  most sens i t ive  parameters, t h a t  
could not be computed i n  r e a l  time, was the pi tch a t t i t ude  the  crew uses 
f o r  the C O I  burn. Therefore, as discussed i n  sect ion 4.5, a par t  of the  
t o t a l  SPS propellant i s  held i n  reserve f o r  when C O I  burns with off.- 
nominal p i tch  a t t i t u d e s  require more burn. This means the C O I  maneuver 
computed and passed from the MCC might need adjust ing during the burn t o  
account for  misalignments. 

A specif ic  consumable analysis  has not been conducted f o r  t h i s  abort 

The only requirement f o r  con- 
plan. A l l  of the procedures defined i n  t h i s  document require f a r  less 
consumables than t h e  nominal mission plan. 
sumable analysis would be on the  a l te rna te  missions considered a f t e r  an 
C O I  had been performed, and these are  discussed i n  reference 16. 
SPS propellant avai lable  i s  the only c r i t i c a l  consumable t h a t  influences 
these abort plans, and t h i s  value was obtained from reference 13. 

The 



Table I. Command Module Aerodynamic Charac te r i s t ics  
at the Beginning of Mission C 

Mach No.  

0. 00 

0. 20 

0. 40 

0. 70 

0. 90 

1. 10 

I. 20 

1. 35 

1. 65 

2. 00 

2. 40 

3. 00 

4. 00 

6. 00 

25. 00 

Lift - to- d r  ag 
Drag  (C,) Ratio ( L / D )  

0. 82706 

0. 82706 

0. 85592 

0. 99119 
1. 07330 

I. 18650 

1. 17160 

1. 29310 

i .  28040 

I. 29550 

1. 26630 

1. 24300 

1. 23610 

1. 31000 

1. 3 1000 

0. 27359 

0. 27359 

0. 26518 

0. 25373 

0. 28468 

0. 39687 

0. 39148 

0. 41764 

0. 41723 

0. 40  182 

0. 39003 

0. 37503 

0. 34628 

0. 28444 

0. 28444 

Command Module Weight = 12,647 l b  
X Center  of Gravity = 1041.22 in. 
Y Center  of Gravity = -0. 4 in.  
Z Center  of Gravity = 5.65 in.  
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Table II. S - I V B  Thrus t  and Weight Flow Tailoff Mult ipl iers  

Time Elapsed  Since Thrus t  o r  Flow Rate  
Cutoff ( s e c )  Multiplier 

0. 00 I. 000 

0. 10 0.993 

0. 20 0. 503 

0. 30 0. 137 

0. 40 0.086 

0. 60 0.060 

0. 80 0.036 

I. 00 0.026 

I. 20 0.018 

I. 40 0.012 

I. 85 0.000 

I. 70 0.004 
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Table 111. Mission C/CSM- I 0 1  Launch Vehicle Operat ional  T ra j ec to ry  
Sequence of Events 

Ground Elapsed Time 
(min:s ec )  

-0:05. 0 

0:oo. 0 

0:oo. 2 

0:lO. 2 

1:16. 0 

2:14. 5 

2 1 7 .  4 

2:20. 6 
2:23. 6 

2:24. 9 
2:25. 0 

2:26. 3 

2:28. 7 

2:29. 9 
2:36. 9 
2:43. 6 

2:48. 6 

9:53. 6 
9:53. 9 

10:03. 6 

Event 

Guidance Reference Release (GRR) 
F i r s t  motion 

Lift-off signal;  init iate Time 
Base  I. 

Initiate pitch and ro l l  maneuvers .  

Maximum dynamic p r e s s u r e  

Tilt  a r r e s t  

Level s ens c r activatien, init iate 
Time Base  2. 

Inboard engine cutoff 

Outboard engine cutoff; init iate 
T ime  Base  3. 

Separat ion signal 

S-IB/S-IVB physical separat ion 

J - 2  engine s t a r t  command 

Ullage bu rn  out 

90 percent  J - 2  th rus t  level 

Jet t ison ullage rocket mo to r s  

Jet t ison launch escape  tower 

Command IGM initiation 

Guidance cutoff signal 

Initiate Time Base  4 ( ref lects  an 
approximate 0. 2 second sys t ems  
de lay). 

Orbi ta l  inser t ion 
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Table IV. Sequence of Events for  Mode 11 Launch Abort  Simulations 

Controlling 
Condition 

Time Since Abort 
Initiated ( s e c )  

Value 
of 

Controlling 
Condition 

0.0  

Altitude ( f t )  

1 
Time  Since Apex 
Cover  Jet t ison ( s e c )  

Altitude ( f t )  

I 

i. 85 

3. 0 

24. 0 

400,000 

24, 000 

2.0 

i o ,  000 

0 

Event 

S-IVB th rus t  tailoff begins. 
Service module RCS ullage begins. 
(4  SM RCS jets in  plus X direction).  

Thrus t  and weight flow equals zero.  

S-IVB and CSM separa te .  

Ullage burn  te rmina tes .  Coast 
begins. Crew begins maneuver s  
to sepa ra t e  CM from SM and to  
or ient  for  en t ry  

Atmospheric  entry 
Bank angle equals zero.  

Apex cover  je t t ison 

Drogue parachute  deploys. 

Main parachute  deploys. 

Landing in  Atlantic Continuous 
Recovery A r e a  
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Table VII. Sequence of Events fo r  Mode I11 Launch Abort  

Controlling 
Condition 

Time Since Abort  
Initiated ( s e c )  

Predic ted  Half Lift 
Landing Range (n mi) 

Altitude (ft) 

Value of 
Controlling 

Condition 

0.0 

1.85 

3.0 

24. 0 

110.0 

125.0 

126.0 

3 , 2 0 0  

Event 

S-IVB t h r u s t  tailoff begins. 
SM RCS ullage begins. 

Thrus t  and weight flow equal zero. 

S-IVB and CSM separate .  

Separation b u r n  te rmina tes .  
Crew begins orienting CSM f o r  
re t rograde  horizon moni tor  burn  
with heads up. 

Service module RCS ullage begins 
using 4 j e t s  in  the plus X direction. 

SPS engine ignites.  

RCS ullage te rmina tes .  

SPS burn  terminate s. 
Crew begins maneuver s  to 
separa te  CM f r o m  SM and or ient  
CM with heat  shield fo rward  f o r  
entry. 

400,000 Atmospheric  en t ry  
Bank angle equals zero.  

Deceleration (g ' s )  0.2 Change bankangle  to  55 degrees  

Altitude (ft ) 24,000 Apex cover  jett ison 

T i m e  Since Apex 2 .0  Drogue parachute  deploys. 
Cover  Je t t i son  ( s e c )  

South. 

10 ,000  Main parachute  deploys. 

0 Landing in  Atlantic Continuous 
Recovery A r e a  
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Table IX. Sequence of Events f o r  Fixed AV Mode Launch 
Abort Simulations 

Controlling 
Condition 

Time Since Abort  
Initiated ( s e c )  

Calculated Ground 
Elapsed Time 
(min:sec)  

Sensed Velocity 
Change ( f t /  s e c )  

Value of 
C ont r ol ling 

Condition 

0.0 

i .  8 5  

3.0 
24. 0 

Variable 
(Ignition 
minus  
15 s e c )  

Variable 

Variable 
(Ignition 
plus i sec)  

600 

Altitude ( f t )  400,000 

Decelerat ion (g ' s )  0.2 

Altitude (ft) 24 ,000  

Cover  Jet t ison ( s e c )  
T i m e  Since Apex 2.0 

Altitude (ft)  io ,  000 

0 

Event 

S-IVB th rus t  tailoff begins. 
SM RCS d i r ec t  ullage starts. 

Thrus t  and weight flow equal zero.  

S-IVB and CSM separate .  

Ullage burn  te rmina tes ;  Crew 
begins or ient ing CSM fo r  heads 
up, r e t rog rade ,  horizon monitor  
burn. 

Begiii se rv ice  ,module RCS ullage 
using 4 j e t s  i n  a plus X direction. 

SPS engine ignites.  

RCS ullage t e rmina te s .  

SPS burn t e rmina te s ;  
Crew begins maneuvers  to 
separa te  CM f r o m  SM and or ient  
CM with heat  shield forward  f o r  
entry. 

Atmospheric entry 
Bank angle equals zero. 

Change bank angle to  55 deg rees  
South. 

Apex cover  je t t ison 

Drogue parachute  deploys. 

Main parachute  deploys. 

Landing i n  Atlantic Continuous 
Revovery A r e a  
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Table XI. Sequence of Events  f o r  Contingency Orbit  Inser t ions 

Controlling 
Condition 

Time Since Abort  
Initiated ( s e c )  

Value 
of 

Controlling 
Condition 

0. 0 

Predic ted  Pe r igee  
Altitude (n  m i )  

1.85 

3 . 0  
24. 00 

1 I O .  0 

125 

126 

75 

Event 

S-IVB th rus t  tailoff begins. 
SM RCS d i r ec t  ullage begins. 

Thrus t  and weight flow equal zero.  

S-IVB and CSM separate .  

U11 age bu rn  te rmina tes  ; 
Crew begins maneuver s  to or ien t  
CSM fo r  contingency orb i t  
inser t ion burn. 

Service module RCS ullage begins 
using 4 j e t s  in a plus X direction. 

SPS engine ignites.  

RCS ullage terminates .  

SPS burn  te rmina tes ;  
Orbital  coast  begins. 
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fo r  Mode IV Aborts  f r o m  the Nominal Tra jec tory  
Table XII. SPS Burn Duration, SPS AV, and Resultant Apogee Altitude 

Ground Elapsed 
T ime  of Abort  

(min: s e c )  

9:26. 11 

9: 27 

9: 29 

9:31 

9: 33 

9:35 

9:37 

9: 39 

9:41 

9: 43 

9:45 

9: 47 

9:49 
9:51 

9:51. 75 

SPS Burn  T ime  
(min: s e c )  

1:39. 74  

1: 36. 79 

1:29.99 

1:23. 03 

1: 15. 90 

1:08. 60 

1 : O l .  1 2 ’  

0:53.45 

0:45. 60 

0:37. 56 

0:29. 33 

0:20. 89 

0: 12. 24  

0:03. 37 

0:oo. 00 

SPS .AV ’:‘ 
( f t / sec)  

2200.00 

2130.61 

1965.34 

1798.87 

1631.20 

1462.29 

1292.13 

1120.74 

948.17 

774.41 

599.43 

423.2 1 

245.75 

67.03 

0. 00 

Apogee Altitude 
a t  SPS Cutoff 

(n  m i )  

113.35 

113.66 

114.40 

115. 17 

115.96 

116.76 

117. 56 

118.35 

119.12 

119.86 

120.57 

121.22 

121.83 

122.40 

122.61 

- ~ 

.b 1- 

The SPS AV l isted will resu l t  i n  a 75-nautical mile per igee altitude. 
pract ice  a pad of 100 feet  p e r  second will be added to these  AV values.  

In 
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MODE III/FIXED AV 
RETROGRADE ATTl TU DE 

I 

IV 
ATTITUDE 

NOTE: SPS RETROGRADE AND POSIGRADE MANEUVERS WILL NORMALLY 
, BE INITIATED AT BOOSTER CUTOFF PLUS 125 SECONDS FOR ALL 

LAUNCH AGORTS REQUIRING SPS MANEUVERS. T i i E  ATTITGGES 
P R i S E N i i 2  ABOVE ARE THE R E Q i i i R i i )  SPACECRAFT GRiENiA- 
TIONS AT SPS IGNITION. THE SUBSEQUENT ABORT MANEUVER 
WILL BE CONTROLLED VIA THE SCS; WHEREBY, THE SCS SHALL 
MAINTAIN THE INERTIAL ATTITUDE WHICH CORRESPONDS TO 
THE RELATIVE ATTITUDE AT SPS IGNITION. 

Figure i. Command Service Module Orientation at  SPS 
Ignition for Mode 111, Fixed AV, and Mode IV 
Launch Aborts 
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