
f 

7 

D 

......................... b ............ - *  b ........... ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ........... .......... 
- . 

L b w T  

............ AUGI 5. ;368 m \r qp 4? 

f 
.. N A T I O N A L  A E R O N A U T I C S  A N D  SPACE A D M I N I S T R A T I O N  .. 

e . .  

I ;: . .  .. .. ... . . .  .... . . . . . . . . .  ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ 

MSC INTERNAL NOTE NO. 68-FM-189 

. . .  ............ August  1 ,  1968 ..QQ 

TRANSLUNAR LM DPS A B & T %  

I 
& ....................... ........... ............ ........... ............ ........... ............ ........... ............ ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ 

........... 4% I 
............ ........... +b ‘ 

\9 
/A. 

.., -?/ 
Li  (,h ........... ’ <  ,/- 

. (.?@ 
’ .$?,!, 

............ ............ ............ ........... ........... ........... ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ 

TECHNIQUES FOR 

ADVANCED LUNAR MISSIONS 

............ ........... B y  G u s  R .  Babb,  

............ ........... Advanced Mission Des i  

........... M I S S I O N  P L A N N I N G  A N D  ANALYSIS D I V I S I O N  

M A N N E D  SPACECRAFT CENTE 
HOUSTON.TEXAS 

N74-70 

U n c l a s  

.......... .......... 
T R A N S L U N A R  LFl DPS .......... 

.......... .......... 

.......... .......... ABORT TECHNIQUES FOR A D V A N C E D  L U N A R  

........... ........ : :,MISSIONS ( N A S A )  26 p ........ 
.......... ........... .......... ........... .......... ........... .......... Q0/99 16302 

:R 

522 



. 

MSC INTERNAL NOTE NO. 68-FM-189 

TRANSLUNAR L M  DPS ABORT TECHNIQUES FOR ADVANCED 
LUNAR MISSIONS 

By Gus R. Babb, Jr. 
Advanced Mission Design Branch 

August I ,  1968 

MISSION PLANNING AND ANALYSIS DIVISION 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MANNED SPACECRAFTCENTER 

HOUSTON, TEXAS 

A pp ro ved : A pp ro ved : 

YAdvanced Mission Design Branch 

Approved : 
John r.IMayer, Chief 
M i s s i w  Planning and Analysis Division 



- . -. 

FIGURES 

Figure 

1 

2 

7 

8 

9 

10 

11 

12 

13 

Page 

P r o f i l e  of a single-impulse abort  t r a j e c t o r y  a f t e r  . . . .  a n  SPS engine f a i l u r e  at lunar o r b i t  i n s e r t i o n  9 

Single-impulse abort AV requirements f o r  a maximum 
payload t r a j e c t o r y  t o  Copernicus . . . . . . . . . . .  1 0  

Single-impulse abort AV requirements of nonfree- 
re turn  t r a j e c t o r i e s  t o  Aristarchus and Copernicus . . 11 

Multi-impulse abort AV requirements of nonfree-return 
t r a j e c t o r i e s  t o  Copernicus . . . . . . . . . . . . . .  1 2  

P r o f i l e  of multi-impulse abort a f t e r  engine f a i l u r e  
at lunar o r b i t  inser t ion  . . . . . . . . . . . . . . .  13 

Abort AV avai lable  from LM descent propulsion 
s y s t e m . .  . . . . . . . . . . . . . . . . . . . . . .  1 4  

SM separation pr ior  t o  LM DPS abort  propulsion 
m a n e u v e r . .  . . . . . . . . . . . . . . . . . . . . .  1 5  

CM DPS abort maneuver on t o  a high-speed t ransear th  
t r a j e c t o r y  following SM separation . . . . . . . . . .  16 

Flight p r o f i l e  f o r  abort with SM je t t i soned  t o  
increase AV c a p a b i l i t i e s  . . . . . . . . . . . . . . .  17 

Abort AV requirements f o r  fast TE t r a j e c t o r i e s ,  
Copernicus mission . . . . . . . . . . . . . . . . . .  18 

Abort AV requirements f o r  fas t  TE t r a j e c t o r i e s ,  
Aristarchus mission . . . . . . . . . . . . . . . . .  19 

I 

LM e l e c t r i c a l  energy consumed t o  provide emergency 
crew l i f t  support a f t e r  SM separation . . . . . . . .  20 

LM O2 and H20 consumed t o  provide emergency crew 

l i f e  support a f t e r  SM separation . . . . . . . . . . .  21 

i v  



TRANSLUNAR LM DPS ABORT TECHNIQUES 

FOR ADVANCED LUNAR MISSIONS 

By Gus R .  Babb, Jr. 

SUMMARY 

A method of providing abort  capabi l i t i es  from nonfree-return 
t ranslunar  (TL) t r a j e c t o r i e s  using t h e  LM descent propulsion system 
(DPS) i s  presented. Abort AV requirements are given which indicate  
t h a t  f o r  low-energy TL t r a j e c t o r i e s  t h e  DPS does not have suf f ic ien t  
AV capabi l i ty  t o  abort  t h e  e n t i r e  spacecraft .  An abort  technique i s  
examined i n  which t h e  SM i s  je t t isoned and emergency l i f e  support i s  
provided by t h e  LM. The resu l tan t  decrease i n  spacecraft  weight 
enables t h e  DPS t o  abort  t h e  spacecraft from these  low-energy t r a j e c t o r i e s  
and re turn  it t o  ear th  before t h e  l i f e  support c a p a b i l i t i e s  of t h e  LM 
a r e  exceeded. 
20 hours) t o  reduce t h e  t i m e  required f o r  LM l i f e  support and t o  obtain 

The abort  maneuver i s  delayed as long as possible  (8 t o  

e a r t h  landing longitude control .  

INTRODUCTION 

The enlarged payload and performance reqi irements of longer and m 
complicated lunar landing missions w i l l  require  t h e  use of nonfree- 
r e t u r n  TL t r a j e c t o r i e s .  
instance,  a 110-hr, nonfree-return t r a j e c t o r y  can de l iver  5000 t o  6000 
more i n t o  lunar o r b i t  than a free-return t r a j e c t o r y .  This r e s u l t s  i n  

For a mission t o  t h e  c r a t e r  Copernicus, f o r  

re  

l b  

a 5000-lb increased lunar science payload or-5000 l b  of service propulsion 
system (SPS) f u e l  which could be used f o r  lunar  o r b i t  maneuvers such as 
a CSM assist of t h e  LM. 

The CSM has t h e  capabi l i ty  of del iver ing an Apollo (36-hour) LM t o  
a 60-11. m i .  o r b i t  over a l i m i t e d  region of t h e  moon using free-return 
t r a j e c t o r i e s  , but nothing more. With nonfree-return TL t r a j e c t o r i e s  , 
a l a r g e  var ie ty  of mission p o s s i b i l i t i e s  become avai lable .  

The advantage of t h e  free-return t r a j e c t o r y  i s  t h e  f r e e  abort 
capabi l i ty  i n  case of lunar  orb i t  inser t ion  ( L O I )  failure. 
advantage i s  l o s t  as soon as LO1 begins, and an SPS f a i l u r e  a f t e r  a 

However, t h i s  
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I n  the  s ingle  impulse abort  case t h e  spacecraf t  makes a s ingle  
burn d i r e c t l y  from t h e  TL coasting o r b i t  onto a t r ansea r th  t r a j ec to ry .  
This p r o f i l e  i s  i l l u s t r a t e d  i n  f igu re  1. With t h i s  type of abort  t r a j e c t o r y ,  
t he  AV required r ises sharply with an increase i n  t h e  t h e  between 
pericynthion passage ( a t  which t h e  SPS f a i l u r e  occurred) and t h e  applica- 

I 

I t i o n  of t he  abort impulse. This i s  shown i n  f igu re  2 f o r  t h e  Copernicus 

2 

p a r t i a l  LO1 burn presents  nearly as d i f f i c u l t  an abort  problem with a 
free-return as it does with a nonfree-return. 

I f  nonfree-return t r a j e c t o r i e s  a r e  t o  be general ly  used, some technique 
must be found t o  abort  t h e  mission i n  case of a complete SPS f a i l u r e  
a t  LOI ,  which i s  t h e  f i r s t  major SPS burn. The only other  AV source 
ava i lab le  at t h i s  point i s  t h e  LM DPS which i s  unfortunately qui te  l imi ted  
i n  AV capab i l i t i e s  when maneuvering t h e  CSM with a f u l l  load of fue l .  

Studies  o f  both s ingle  and multi-impulse abort  AV requirements show 
t h a t  f o r  t h e  110-hour Copernicus TL t r a j e c t o r y  t h e  minimum AV required 
f o r  abort i s  approximately 2700 fps .  This i s  beyond t h e  1950 i p s  t h a t  
t h e  DPS can generate with t h e  service module loaded, as it i s  a t  t h i s  po in t .  
The problem i s  40 000 l b  of unused and unusable SPS f u e l .  There i s  no 
provision f o r  emptying t h e  fuel tanks,  and t h e  tanks themselves cannot 
be simply dropped of f  because t h e  f u e l  tanks and t h e  CSM l i f e  support 
system a re  a l l  par t  of t h e  same s t ruc tu re  i n  t h e  SM. One so lu t ion  i s  
t o  j e t t i s o n  the  e n t i r e  SM with i t s  f u e l  and l i f e  support; abort  onto a 
high-speed s ingle  impulse t ransear th  (TE) t r a j e c t o r y  with t h e  DPS, which 
can generate 4600 fps  with t h i s  reduced weight; power down t h e  CM; and 
l i v e  i n  t h e  LM during t h e  TE phase. 
LM je t t i soned  j u s t  p r io r  t o  entry.  

The CM can be powered up and t h e  

This paper presents  abort  AV requirements and examines t h e  f e a s i b i l i t y  
of abort from nonfree-return t r a j e c t o r i e s  using t h e  LM f o r  l i f e  support 
over a portion of t h e  r e tu rn  t r a j e c t o r y .  

ANALYSIS 

A t  t he  beginning of  t h e  LO1 burn the spacecraf t  i s  composed of t h e  
CSM, with nearly full f u e l  tanks,  docked t o  t h e  LM (which i s  a l so  f u l l y  
fue led) .  The weights of these  various vehicles  a r e  given i n  t a b l e  1. 

It i s  assumed t h a t  there  i s  a t o t a l  SPS f a i l u r e  a t  i n i t i a t i o n  
of t h e  LO1 burn, i . e . ,  t h e  TL t r a j e c t o r y  i s  i n  t h e  slow nonfree-return 
type and with no previous warning t h e  engine fa i l s  t o  s tar t .  
i s  t o  f ind  some way t o  r e tu rn  t h e  crew t o  ea r th  from t h i s  po in t .  

The problem 
11 

Single Impulse Abort 
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landing mission. The required AV reaches a peak and l e v e l s  off t o  a nearly 
constant value at a t i m e  past  pericynthion of s l i g h t l y  l e s s  than 2 hours. 
Because of t h e  2 t o  4 hours required t o  ready t h e  LM descent s tage f o r  
abor t ,  t h e  lower-cost abor t s  immediately a f t e r  pericynthion a r e  not ,  i n  
prac t ice ,  ava i lab le .  

The AV requirements a l s o  increase with an increase i n  t rans lunar  
f l i g h t  time ( f i g .  3 ) .  The slower nonfree-return t r a j e c t o r i e s  which have 
t h e  grea tes t  payload capab i l i t i e s  a l so  present t h e  most d i f f i c u l t  abort  
problem. I n  few cases of i n t e re s t  i s  t h e  required AV within t h e  1950-fps 
capabi l i ty  of th.e DPS when moving t h e  f u l l y  loaded spacecraf t .  
general ly ,  t h e  AV requirements are between 2500 and 3500 fps .  

More 

Multi-Impulse Abort 

Because of t h e  high AV required f o r  s ing le  impulse abor t s ,  a study 
of multi-impulse abort  techniques was undertaken using t h e  optimum 
n-impulse program developed i n  reference 1. 
have been published separately ( r e f .  2 ) .  
The minimum three-impulse AV t o  abort from t h e  110-hour TL t r a j e c t o r y  
i s  over 3000 fps  i f  t h e  2-hour delay a f t e r  pericynthion t o  ready t h e  LM 
i s  observed. 

The r e s u l t s  of t h i s  study 
Figure 4 summarizes these  r e s u l t s .  

The bes t  multi-impulse aborts a l l  had s i m i l a r  p r o f i l e s  ( f i g .  5 ) .  
The f i r s t  DPS burn occurs as soon a f t e r  LO1 as possible  and places t h e  
CSM LM in to  a high e l l i p s e  around t h e  moon. 
600 fps  f o r  a 1 0  000-n. m i .  e l l i p s e .  
apocynthion t o  t ake  care  of any plane change t h a t  may be required.  
t h i r d  impulse and t h e  second major burn i s  made somewhat before pericynthion 
and i n j e c t s  t h e  spacecraft  onto t h e  TE t r a j e c t o r y  defined by t h e  f i n a l  
s t a t e  vector .  Thus, t h e  spacecraft i s  inser ted  in to  a capture o r b i t  so 
t h a t  lunar grav i ty  can swing the ve loc i ty  vector around, eliminating 
l a rge  f l igh t -pa th  angle changes. 

This requi res  approximately 
A second impulse is  made at 

The 

The higher intermediate o rb i t s  requi re  l e s s  AV f o r  ge t t ing  i n  and 
out of o r b i t .  However, t h e  higher o r b i t s  a l so  have a longer period and 
t h e  t i m e  between LO1 f a i l u r e  and spacecraft  e x i t  of t h e  lunar sphere of 
influence (SOI) increases.  The pos i t ion  of t h e  f i n a l  Vm vector must be 

ro ta ted  around i n  a posigrade d i rec t ion  corresponding t o  t h e  13'/day 
apparent revolut ion of t h e  earth about t h e  moon. 
f i r i n g  pos i t ion  fo r  t h e  TE in jec t ion  impulse f a r t h e r  and f a r t h e r  from 
pericynthion, making in j ec t ion  increasingly cos t ly  i n  AV. 

This s h i f t s  t h e  best  

The optimum e l l i p s e s  had apocynthions of c lose  t o  13 000 n. m i .  and 
periods of about 3 days. 
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The n-inqrulse program used here gives t h e  best  t r a n s f e r  between two 
spec i f ied  s t a t e  vectors  f o r  a given time in t e rva l  At. 
only capable of operations around a s ingle  body so t h a t  t h e  s t a t e  vectors  
had t o  be obtained from other  sources. 
time of abor t )  were obtained from TL t r a j e c t o r i e s  t o  Copernicus with 
various f l i g h t  times. The f i n a l  s t a t e  vector was t h e  s t a t e  vector a t  t h e  
lunar  SO1 , obtained from t h e  best single-impulse TE t r a j e c t o r y  s t a r t i n g  
from t h e  lunar parking o r b i t  f o r  a Copernicus landing and ro t a t ed  t o  
account f o r  the abort  time. 
f l i g h t  t ime. 
i n  AV were not found t o  be very s ign i f i can t .  

and subsequent single-impulse s tud ies  have indicated t h a t  faster t r a j e c t o r i e s  

i n  absolute veloci ty  (energy s ta te)  , but it a l s o  decreases t h e  required 
change i n  t h e  f l ight-path angle.  

The program was 

I n i t i a l  s t a t e  vectors  ( a t  t h e  

This TE t r a j e c t o r y  had an approximate 100-hr 
A few other TE state vectors  were examined and t h e  differences 

A l l  t h e  f i n a l  VW vectors  

I 
I may give be t te r  r e s u l t s .  Using f a s t e r  TE t r a j e c t o r i e s  increases t h e  change 

examined were from t h e  same type of low-energy, 100-hour TE t r a j e c t o r i e s ,  

, 

Abort Techniques 

Both of t h e  abort modes examined required abor t  AV’s on t h e  order of 
3000 fps  f o r  the slow low-energy TL o r b i t s  which are highly des i rab le  f o r  
t h e i r  payload carrying capabi l i ty .  
abort  versus the CSM SPS f u e l  remaining onboard. 
spacecraf t ,  the DPS can only generate 1950 f p s .  Thus, it appears t h a t  
with t h e  kind of slow nonfree-return o r b i t s  necessary f o r  t h e  payloads 
and o r b i t  or ientat ions of advanced lunar missions,  t h e  DPS i s  of ten  - 
i f  not always - unable t o  perform t h e  kind of d i r e c t  abort  with t h e  f u l l y  
loaded spacecraft t h a t  had been envisioned up u n t i l  t h i s  t ime. 

Figure 6 gives t h e  AV avai lab le  f o r  
For a f u l l y  loaded 

The problem i s  qui te  simply too  much weight. I n  p a r t i c u l a r ,  t h e  
40 000 l b  of SPS f u e l .  
a f t e r  t h e  abort burn, and reduces t h e  ava i lab le  AV t o  t h e  point where an 
abort  cannot be made. This SPS f u e l  i s  completely use less  s ince  t h e  SPS 
engines do not work, and i f  i n  some manner it could be j e t t i soned  t h e  
increase i n  avai lable  AV would allow t h e  spacecraf t  t o  abort  from almost 
any TL t r a j ec to ry .  

This accounts fo r  nearly half  of t h e  mass remaining 

There i s  no current provision f o r  j e t t i son ing  t h e  SPS f u e l  and it 
appears t h a t  modifications t o  do so would be very d i f f i c u l t .  
t h a t  would most l i k e l y  cause SPS f a i l u r e  with hypergolic f u e l s  would be 
of t h e  same type t h a t  would prohibi t  emptying t h e  f u e l  overboard, s ince  
pumping t h e  f i e 1  in to  t h e  f i r i n g  chamber and pumping it outs ide  i s  
e s s e n t i a l l y  t h e  same problem. I n  any case,  hardware modifications of 
a r a the r  extensive nature would have t o  be made t o  j e t t i s o n  t h e  f u e l  
alone. 

The events 
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One so lu t ion  i s  t o  j e t t i s o n  the  whole SM. This not only el iminates  
t h e  SPS f u e l  but a l s o  t h e  f u e l  tanks, SPS engine, and s t ruc tures .  Without 
t h e  SM t h e  AV ava i lab le  increases t o  4600 fps .  
sh i f t ed  t o  t h e  LM a t  t h a t  point and t h e  CM powered down. This i s  required 
because the  CSM l i f e  support and power i s  a l l  i n  t h e  SM with t h e  exception 
of enough i n  t h e  CM f o r  reent ry .  
impulse, would simply be t h e  LM with t h e  CM being ca r r i ed  along as a 
reent ry  vehicle  t o  be entered and used when ea r th  i s  reached ( f i g .  7 and 

Li fe  support must be 

The spacecraf t ,  during and a f t e r  

8 ) .  

Once t h e  SM i s  j e t t i soned ,  time becomes a c r i t i c a l  f ac to r  because of 
t h e  much more l i m i t e d  l i f e  support c a p a b i l i t i e s  of t h e  IN. The time on 
LM systems can be minimized by coasting out t o  t h e  neighborhood of 
t h e  SO1 before t h e  abort  impulse i s  made ( f i g .  9 ) .  
r e l a t i v e  pos i t ions  of t h e  ear th ,  moon, and spacecraft  change very slowly 
and a r a the r  l a r g e  w a i t  has very l i t t l e  e f f e c t  upon t h e  minimum obtainable  
time between t h e  abort  impulse and reentry.  Figure 10 shows t h e  time of 
TE f l i g h t  a f t e r  t h e  abort impulse versus t h e  AV required at t h e  impulse 
based on a 110-hour Copernicus mission. 
support must be on t h e  LM systems. Two curves a r e  shown: 
impulse occurring 8 hours past  pericynthion ( A t  = 8)  and t h e  other  i s  
f o r  an impulse occurring 1 4  hours past  pericynthion ( A t  = 1 4 ) .  
minimum time of f l i g h t  a f t e r  t h e  impulse i s  almost exac t i ly  t h e  same i n  
both cases ,  around 42 hours. 
and abort impulse can be var ied so t h a t  a su i t ab le  landing area  w i l l  be 
i n  t h e  correct  pos i t ion  f o r  t h e  reentry without increasing t h e  t o t a l  
time from impulse t o  reentry.  

I n  t h i s  region t h e  

This i s  t h e  t o t a l  time t h a t  l i f e  
one is  f o r  t h e  

The 

T h i s  means t h a t  t h e  t i m e  of t h e  SM j e t t i s o n  

Figure 11 shows t h a t  t h e  same comments apply f o r  an Aristarchus 
abort .  I n  addi t ion,  t h e  m i n i m u m  time between impulse and reent ry ,  during 
which l i f e  support i s  i n  t h e  LM, i s  very c lose  t o  t h e  same fo r  both missions,  
i . e . ,  42 hours. 
t h a t  t h i s  time (42  hours) i s  a sol id  l i m i t  and t h a t  a l a rge  increase i n  
ava i lab le  AV i s  necessary t o  s ign i f icant ly  reduce t h e  minimum t i m e  required 
on IN l i f e  support. 

The AV curves a re  very s teep  i n  t h i s  region which ind ica tes  

On t h e  bas i s  of t h i s  information a consumables analysis  was made 
This ana lys i s  shows t h a t  for t h e  LM i n  deep space with three  men aboard. 

t h e r e  i s  apparently no major problem involved with th ree  men l i v i n g  i n  
t h e  standard LM on an emergency basis f o r  t h e  45 hours required of t h i s  
abor t .  There i s  some problem, however, with CM power. 

During t h e  CM powered-down phase, a l l  users  of power i n  t h e  CM can 
be turned off except fo r  t he  computer. The r e su l t an t  power l e v e l  i s  
qui te  low but t h e  42 hours is  long enough t h a t  t h e  t o t a l  energy d ra in  
would completely deplete  t h e  CM power sources j u s t  about t h e  time t h e  
reent ry  parachute opens. This would not leave any power t o  r i g h t  t h e  
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CM i f  it landed apex down, nor would the re  be any power f o r  beacon 
operations.  This l a t t e r  would be absolutely necessary should t h e  landing 
take  place out of s igh t  of t h e  recovery forces .  

The CM power l e v e l  during TE f l i g h t  is low enough t o  be eas i ly  
del ivered by the  CSM LM umbilical  cord, and t h e  LM b a t t e r i e s  have more 
than enough power and energy t o  supply i t .  However, a t  present t h e r e  i s  a 
r e l ay  system tha t  disconnects t h e  power lead  of t h e  umbilical  when t h e  
descent s tage i s  a t tached.  Some method of circumventing t h i s  r e l ay  should 
be incorporated so  t h a t  t h e  descent batteries can supply t h e  CM computer 
during t h e  TE coast .  With t h i s  change, t h e  length of t h e  TL f l i g h t  time 
i s  l imi ted  only by t h e  LM power sources and can be as long as 57 hours 
( f i g .  12). 

Other LM consumables a r e  c lose ly  matched t o  t h e  power output. The 
O2 usage could last  f o r  a 62 hour f l i g h t ,  while t h e  water would be depleted 

i n  61 hours ( f ig .  1 3 ) .  
f l i g h t  t i m e  c apab i l i t i e s  of t h e  major LM consumables. 

Thus, t h e r e  i s  only a 5-hr va r i a t ion  i n  t h e  

RESULTS 

Single-impulse and multi-impulse aborts  from slow nonfree-return 
TL t r a j e c t o r i e s  were examined. Abort AV requirements i n  both abort  
modes proved t o  be around 3000 fps  which i s  considerably more than t h e  
1950 fps  capabi l i ty  of t h e  LM DPS when moving t h e  massive CSM LM space- 
c r a f t  configuration remaining a f t e r  an LO1 burn f a i l u r e .  

The abort technique t h a t  has been developed i n  t h i s  study t o  
circumvent t h i s  problem i s  t o  j e t t i s o n  t h e  SM before t h e  abort  burn. 
This reduces the t o t a l  mass of t h e  spacecraft  and t h e  DPS can then provide 
4600 fps  of AV. 

The CSM consumables a r e  i n  t h e  SM, which i s  l e f t  behind, so l i f e  
support must be t ransfer red  t o  t h e  LM. The l i f e  support c a p a b i l i t i e s  
of the  LM a r e  suf f ic ien t  i f  t h e  time spent between j e t t i son ing  of t h e  
SM and reentry a t  ear th  i s  as short  as possible .  Therefore, t h e  space- 
c r a f t  with the  SM s t i l l  attached i s  allowed t o  coast  out t o  t h e  region 
of t h e  lunar  sphere of influence (approximately 31 000 n. m i . ) .  
SM i s  t h e n  je t t isoned and t h e  spacecraf t  abor t s  onto a high speed TE- 
t r a j ec to ry .  
t r ans fe r  time a f t e r  t he  abort burn can be as low as 40 t o  45 hours. 
hergency  l i f e  support can e a s i l y  be maintained onboard t h e  LM f o r  t h i s  
period of time and, i n  f a c t ,  could be provided f o r  up t o  57 hours. This 
gives a cer ta in  amount of performance pad and contingency capabi l i ty .  

The 

With t h e  4600 fps  of AV t h a t  i s  now avai lab le ,  t h e  TE 

. 
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The minimum TE t r a n s f e r  time of 42 hours appears t o  be r e l a t i v e l y  
independent of t h e  o r i g i n a l  t ranslunar  t r a j e c t o r y  . Consequently t h i s  

technique should be su i tab le  f o r  a l l  of t h e  landing s i t e s  now abort  
being 

t 

considered. 

CHANGES TO THE LM 

t present t h e r e  seems t o  be only two modifications t o  t h e  LM t h a t  
are r e a l l y  necessary f o r  t h i s  type of abor t .  
involved with t h e  umbilical  cord between t h e  CM and LM must be a l t e r e d  
so t h a t  power can be sent  back t o  t h e  CM from t h e  LM while t h e  descent 
s tage  i s  at tached.  
sect ion.  Second, a t h i r d  s u i t  umbilical o u t l e t  should be i n s t a l l e d  i n  
t h e  LM for t h e  t h i r d  crew member i n  t h e  event of LM pressure l o s s .  

F i r s t ,  t h e  r e l ay  system 

This requirement w a s  discussed i n  d e t a i l  i n  an e a r l i e r  

CONCLUSIONS 

An abort  technique has been described i n  which t h e  abort  AV 
capab i l i t y  of t h e  LM DPS i s  more than doubled by j e t t i son ing  t h e  SM and 
s h i f t i n g  l i f e  support t o  t h e  LM. 
technique i s  enough t o  provide abort c a p i b i l i t y ,  
f a i l u r e ,  f o r  a l l  normal TL t r a j e c t o r i e s ,  including t h e  very slow nonfree- 
r e t u r n  o r b i t s  which have maximum payload c a p a b i l i t i e s .  

The 4600 f p s  AV ava i lab le  with t h i s  
i n  t h e  event of LO1 

The length of t i m e  t h a t  l i f e  support must be provided by t h e  LM i s  

This minimum t i m e  proved t o  be almost t h e  same (approximately 
determined by t h e  minimum time in t e rva l  between t h e  abort  AV and ea r th  
reent ry .  
42 hours) f o r  both of t h e  s i t e s  examined (Copernicus and Aris tarchus)  
even though these  s i t e s  represent a f a i r l y  wide spread i n  o r i en ta t ion  of 
t h e  o r ig ina l  TL t r a j e c t o r i e s .  
support t h a t  t h e  current LM can provide. 

This i s  w e l l  wi thin t h e  57 hours of l i f e  

There i s  every ind ica t ion  tha t  t h i s  r e l a t i v e  invariance i n  l i f e  
support requirements w i l l  hold t r u e  f o r  t r a j e c t o r i e s  t o  a very wide region 
of  t h e  lunar  surface.  I n  addition, t h e  post-Apollo LM vehicles  w i l l  
probably have increased l i f e  support c a p a b i l i t i e s ,  and t h e  combination 
of high-AV capab i l i t y  plus  long TE f l i g h t  t imes should allow abor t s  
from any TL t r a j e c t o r i e s  l i k e l y  t o  be of i n t e r e s t  f o r  some time. 

A safe  r e tu rn  t o  ear th  i n  t h e  event of an  SPS engine f a i l u r e  a t  
LO1 can thus be effected by t h e  LM DPS even f o r  very low-energy TL o r b i t s .  
This  allows these  maximum payload t r a j e c t o r i e s  t o  be u t i l i z e d  i n  t h e  
mission planning process without v io l a t ing  current  s a fe ty  cons t ra in ts .  
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TABLE I.- WEIGHT SUMMARY 

Block I1 CM (manned), lb . . . . . . . . . . . . . .  13 000 

Block I1 SM (includes R C S  and unusable RCS 
f u e l ) ,  l b  . . . . . . . . . . . . . . . . . . . . .  11 560 

Usable SM fue l ,  lb . . . . . . . . . . . . . . . . .  39 740 

Total  LM weight (unmanned but including 
f u l l  f u e l ) ,  lb . . . . . . . . . . . . . . . . . . .  33 500 

Total  spacecraft weight, l b  . . . . . . . . . . . . .  97 800 

Usable LM DPS propellant . . . . . . . . . . . . . .  17 510 l b  

DPS engine I . . . . . . . . . . . . . . . . . . .  299.4 sec 
SP 
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Figure 1.- Profi le of a single-impulse abort trajectory after an SPS engine 

failure a t  lunar orbit insertion. 



10 

-d- 
ri 

-cv 
ri 

L. 

o =  
2 
5 

- -co  ti 

0 

S 
A 
u 

.- 

.- 
Q 

v) m a 
aJ 

Y 

L r 

0 
0 0 0 0 0 

0 0 
0 9 hl a3 

01 cv f-i 

0 0 
0 0 0 0 0 
(\I m d- 
' X  cul cul cul 

v) 
3 
0 .- 
E aJ a 
0 
0 

s 
; 0 

aJ .- e 
Y 

-0 m 
0 

m 
Q 

- 

5 
E 

E 

.- 
x m 

m 
L 
0 

CL 

v) & 
S 

E 
2 

2 
a 

.- 
3 
D 

> 

5 m 
0, 
v) 

3 
- 
E .- 
I al 
m 
S 

v) 

I 

cu 

- 
.- 

$ 
m .- 
LL 



0 
0 m 
(r\ 

0 
0 
0 
rr\ 

0 
0 m 
(v 

0 
0 
0 
(v 

0 
d 
d 

0 
0 
rl 

3 
P 

0 
03 

D 
8 
(d 

0 
4 

e 
0 -n m 
W 
v) 

3 
- 
.- 2 
I 
W 
0) 
8 

v, 

- 
.- 



12 

. 

W 
I- - m 
4 

.. 
W 
I- 
O z 

(v 
0 

r. 

m 
Yc\ 



t 

I +/ 

impulse 
(small) 

Earth 

Figure 5.- Profi le of multi-impulse abort after engine fai lure a t  lunar orbit insertion. 

/! P 

I 

p’ 



I 

5000 

4500 

4ooc 

3500 

3000 

250C 

2000 

1 5 u u  
100 50 0 

Percent of SPS fuel remaining in SM 

Figure 6.- Abort AV available from LM descent propulsion system. 



. 

z 
II m 
m 
n 
H 
-I 
0 
4 
L 

' 0  

Q 

.- 
L 

H 
m 

LL 



16 

. 



a 

C 

. 

c 

SPS fa i lure 

Y C J y  

on and abort impulse 

I 

- - *,- c- - - 
speed TE  trajectory 

0 

/ 
4 

Lunar SO1 

0 
0 

Figure 9.- F l igh t  profi le for abort wi th SM jettisoned t o  increase AV capabil it ies. 



> a -  

\ 

X 
0 
9 

0 
Q- 



r d  
4:  

I I  
aJ 
E .- 
U 

: 
N 

cv 
0 

> a, 

2 
9 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

rl 

X I I I I '  I 
cv a3 m -3 

0 
N 
rl 

3 
rl 
rl 

0 
0 
4 

0 
OI 

0 
co 

0 
b 

0 
9 

0 
In 

0 
d 

0 
m 

.- 
E 

> l a 



. 
I 
E 
0, 

b b  

-8 
t 
P 

t 
Y 
3 
Q 

E 
0 

0 
OI 

0 
co 

0 
l- 

0 
9 

0 
VI 

0 
d 

0 
rn 

0 
N 

0 
rl 

0 

0 

8 
0 .- 
Y 

m, 
aJ " 

L 
2 

E 
E 
E 

L 0 
h 

aJ 
. -c 

8 
0 .- 
Y 

2 

aJ aJ 
m 

P, I > 
v) 0, 
E Q 

0 
Y 



F 

400 

S 300 
5 

-D 
aJ 

f 
0" 200 
v) 
S 

0 

I 
z 
N 

100 

0 -  

- 
-- 
- 

- 

- 

c 

Usable LM H,O 
SM Jettisoned 
3 Crewmen in LM 

L 

1 s t  Midcourse f 
&Abort thrust 

50 

40 

-a 

a 30 
4 

-D 

f 
v) 
S 
0 
0 

cu 
O 20 
I 
-I 

10 

-1 0 0 1 0  20 30  40 50 6 0  7 0  
0 

Time from SM separation, hr 

Figure 13. - LM O 2  and H20 consumed to provide emergency crew life support 

after S M  separation. 



22 

REFERENCES 

1. Jezewski, Donald J.; and Rozendaal, Harrey L.:  An Eff ic ien t  Method 
f o r  Calculating Optimal Free-Space N-Impulse Tra jec tor ies .  
MSC I N  67-FM-170, November 1967. 

2.  Kirkpatrick, James C . :  Preliminary Abort AV Requirements f o r  A 
Copernicus Mission. MSC I N  68-FM-116, May 16, 1968. 


