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The purpose of t h i s  memorandum i s  t o  e x p l a i n  t h e  
a s c e n t  p ropu l s ion  system a b o r t  boundary (or dead-man curve)  
and provide  a rule-of-thumb f o r  e s t i m a t i n g ,  a t  any p o i n t  i n  
the LM powered descen t ,  where t h e  curve i s  r e l a t i v e  t o  t h e  
v e h i c l e  and t h e  ground. The Apollo 15  d e s c e n t  (bo th  t h e  
Opera t iona l  Trajectory and t h e  a c t u a l  f l i g h t )  i s  a l s o  examined 
w i t h  r e s p e c t  t o  t h e  a b o r t  boundary, and the performance i n  t h i s  
regard of Apollo 15  i s  compared w i t h  t h a t  of o t h e r  l u n a r  l and ing  
miss ions .  

DERIVATION O F  THE APS ABORT BOUNDARY 

I t  should  f i r s t  be exp la ined  e x a c t l y  what i s  meant 
by t h e  APS a b o r t  boundary or dead-man curve.  I t  is  the boundary 
of the c a p a b i l i t y ,  de f ined  i n  t e r m s  of  c e r t a i n  s t a n d a r d i z e d  
assumptions,  t o  a b o r t  s t a g e  i n  t h e  powered d e s c e n t ,  dropping 
t h e  Descent S tage  and f l y i n g  t o  s a f e  o r b i t  on t h e  a s c e n t  pro- 
p u l s i o n  system (APS)  a lone .  The e v e n t s  and sequence assumed t o  
g e n e r a t e  t h e  APS a b o r t  boundary a r e :  

1. DPS t h r u s t  drops t o  ze ro  du r ing  powered d e s c e n t ;  

2 ,  A four-second de lay  fo l lows  f o r  c r e w  response ,  
s t a g i n g ,  and s t a r t i n g  t h e  APS;  

3 ,  A t  t h e  end of t h e  de lay  t h e  APS i n s t a n t a n e o u s l y  
a t t a i n s  f u l l  t h r u s t  and t h e  LM a t t i t u d e  i s  v e r t i c a l ;  

4.  The L M  then  j u s t  c l e a r s  t h e  l u n a r  s u r f a c e .  

The allowance of t h e  4-second de lay  i s  cons idered  by mission 
p l anne r s  and f l i g h t  crews t o  be ve ry  conse rva t ive .  The con- 
d i t i o n s  de te rmining  t h e  c a p a b i l i t y  t o  a b o r t  under t h e s e  assump- 
t i o n s  are t h e  a l t i t u d e  and descen t  ra te  a t  t h e  i n s t a n t  of DPS 
f a i l u r e  . 



- 2 -  

The APS a b o r t  boundary i s  a "dead-man curve" only  f o r  - 
descen t  propuls ion  system f a i l u r e ,  a s  a d e s c e n t  can normally 
b e  abor t ed  by t h r o t t l i n g  up the  DPS t o  i n i t i a t e  t h e  r e t u r n  
t o  o r b i t  from any a l t i t u d e  or  t imedown t o  t h e  B I N G O  p o i n t .  
" B I N G O "  i s  c a l l e d  when t h e  DPS p r o p e l l a n t  q u a n t i t y  remaining 
i s  j u s t  enough f o r  5 seconds a t  f u l l  t h r o t t l e ,  t h e  amount 
r e q u i r e d  t o  i n i t i a t e  an abor t .  This  q u a n t i t y  of p r o p e l l a n t s  
i s  s u f f i c i e n t  f o r  20  seconds of hover ing ,  so B I N G O  i s  a com-  
mitment p o i n t  i f  t h e  LM i s  below t h e  APS abort boundary and 
has  n o t  y e t  landed: I f  t h e  descent  i s  n o t  abor t ed  a t  t h i s  
p o i n t ,  t h e  c r e w  i s  committed t o  l and ing  w i t h i n  20 seconds.  

An APS a b o r t  boundary curve  i s  gene ra t ed  and i s  shown 
on an a l t i t u d e  vs .  a l t i t u d e - r a t e  p l o t  of t h e  nominal d e s c e n t  
i n  t h e  publ i shed  Opera t iona l  T r a j e c t o r y  f o r  each miss ion .  
F igu re  1 i s  a reproduct ion  of p a r t  of F igu re  4 .10-10  of t h e  
Apollo 15  Opera t iona l  T r a j e c t o r y ,  V o l .  I. I t  shows t h e  Opera- 
t i o n a l  T r a j e c t o r y  from l o w  g a t e  t o  touchdown and t h e  APS a b o r t  
boundary. The i n t e g r a t e d  t r a j e c t o r y  crosses the a b o r t  boundary 
a t  about  132 f e e t  a l t i t b d e ,  corresponding t o  a t i m e  55 seconds 
a f t e r  l o w  g a t e  and 2 5  seconds b e f o r e  touchdown. The a b o r t  
boundary is somewhat p a r a b o l i c  i n  shape and concave upward, 
as i t  i s  e s s e n t i a l l y  a curve of d i s t a n c e  v s .  v e l o c i t y  a t  c o n s t a n t  
a c c e l e r a t i o n .  I n  the i n t e r v a l  t r o m  low g a t e  t o  touchdown, how- 
ever ,  it is  s o  n e a r l y  s t r a i g h t  t h a t  it i s  q u i t e  w e l l  r e p r e s e n t e d  
by a l i n e a r  approximation: 

A l t i t u d e  = 80 f e e t  t 1 0  t i m e s  t h e  Descent R a t e .  

This  i s  a u s a b l e  rule-of-thumb, and it i s  shown by examinat ion 
of o t h e r  Opera t iona l  T r a j e c t o r i e s  t o  be a p p l i c a b l e  t o  p rev ious  
l u n a r  landing  missions as w e l l  as t o  Apollo 1 6 .  

F igu re  2 i s  a p l o t  of t h e  a c t u a l  Apollo 15 d e s c e n t  
i n  t h e  same reg ion ,  f o r  comparison w i t h  t h e  a b o r t  boundary. I n  
Apollo 15 t h e  LM reached t h e  a b o r t  boundary 30 seconds a f t e r  
low g a t e  and remained on or  below it f o r  70 seconds b e f o r e  
touchdown. This  e a r l y  a r r i v a l  and long i n t e r v a l  are consequences 
of Colonel S c o t t ' s  i n t e n t i o n a l l y  adopted technique  of going down 
f a s t  t o  a l o w  a l t i t u d e  and then hover ing ,  as opposed t o  t h e  
Opera t iona l  T r a j e c t o r y ' s  mode of descending a t  a f a i r l y  r a p i d  
c o n s t a n t  ra te  (5 f t / s e c )  from 200  f e e t  a l t i t u d e  a l l  t h e  way t o  
touchdown. It  coes  n o t  n e c e s s a r i l y  fo l low t h a t  C o l .  S c o t t ' s  
t echnique  (now g e n e r a l l y  favored by f l i g h t  crews and miss ion  
p l anne r s  a l i k e )  i n c r e a s e s  t h e  r i s k s  involved  over  some d e f i n a b l e  
o r  a t t a i n a b l e  minimum. The Opera t iona l  T r a j e c t o r y  p rov ides  a 
s t a n d a r d  and a b a s e l i n e  f o r  mission dynamics and p r o p e l l a n t  re- 
qui rements ,  b u t  i t  i s  an a r t i f i c i a l  c o n s t r u c t  c r e a t e d  f o r  t h a t  
purpose and i s  n o t  in tended  t o  provide  a model f o r  f i n d i n g  an 
a c c e p t a b l e  s p o t  on t h e  su r face  and landing  on i t .  From a 
p r a c t i c a l  p rocedura l  s t a n d p o i n t ,  it appears  t h a t  t h e  e a r l i e s t  
a r r i v a l  a t  an a l t i t u d e  low enough f o r  d e t a i l e d  examinat ion and 
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APOLLO 15 LM DESCENT, RELATIVE TO APS ABORT BOUNDARY 
(TIMES INDICATED ARE SECONDS BEFORE TOUCHDOWN) 
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FIGURE 2 - APOLLO 15 AS FLOWN 
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e v a l u a t i o n  of t h e  luna r  s u r f a c e  would be  t h e  most d e s i r a b l e .  
For i f  a c e r t a i n  amount of t i m e  has  t o  be s p e n t  hovering a t  
a l o w  a l t i t u d e ,  examining t h e  s u r f a c e  and s e l e c t i n g  a l and ing  
s p o t ,  t hen  t h e  sooner  t h a t  t i m e  i n t e r v a l  is  begun t h e  sooner  
i t  is  f i n i s h e d  and t h e  r i s k  of DPS f a i l u r e  i s  p a s t .  Or, i f  
it is  recognized t h a t  t h e  hovering/searching i n t e r v a l ' s  dura-  
t i o n  cannot be p r e d i c t e d ,  then t h e  ear l ie r  it beg ins  t h e  more 
t i m e  i s  a v a i l a b l e  f o r  t h e  crew t o  p i ck  a s p o t  and l and .  

Table  I compares t h e  t i m e s  below t h e  APS abort  boundary 
of t h e  l u n a r  l and ing  m i s s i o n s  t o  d a t e  and Apollo 1 6 .  

TABLE I 

M I S S I O N  TI&% BELOW APS ABORT BOUNDARY (SECONDS)  

OPERATIONAL TRAJECTORY 
(To  Automatic Touchdown) ACTUAL 

1 6  25 -- 
1s 25 'io 

14 32 30 

12 39 61 

11 55 85 

2 0 13 -WE-  j ab 
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