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A b r i e f  inves t iga t ion  of the CSN rescue of t h e  TdDl  based on impldsive 

masewers i s  przsented. The r e s u l t s  i n d i c a t e  t h a t  t h e  f u e l  and time design 
allowances w i l l  not y i e l d  rescue f o r  a11 possible  r e l a t i v e  states of t h e  
spacecraf ts ;  hoiarevc'r, it i s  a l s o  shown t h a t  t h e  LEN can r e a d i l y  avoid these  
regions of no rescue. 
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INTHODUCTI ON 

T'he C D I  c h a r a c t e r i s t i c  veloci ty  budget has an allowance f o r  rescue 
of t h e  IXM crex i n  t h e  event t h a t  t h e  LE31 engines become inoperat ive 
(no f u e l ,  no e l e c t r i c  poi>rer, damaged engine, e t c . )  after reaching a c l e a r  
pericynthion o r b i t .  Also, LEK systems design includes a contingency time 
allowance after LEN launch t o  orb i t  f o r  t h e  LEM crew t o  reach t h e  CSM. 
Therefore, a b r i e f  invest igat ion on t h e  compatibi l i ty  of these  t w o  design 
allowances w a s  undertaken by the Theoret ical  Mechanics Branch and i s  reported 
herein.  

RESCUE MANEUVERS 

It i s  assumed t h a t  t h e  ItEM may be launched a t  any t i m e ,  t h a t  is, 

For purposes of t h i s  study, no f u r t h e r  LEM 
regardless  of CSM p o s i t i o n  or phasing, t o  a c l e a r  pericynthion o r b i t  ( a l t i t u d e  
l e s s  than or grea ter  than CSM). 
maneuvers a r e  considered. The CSM must, therefore ,  perform t h e  i n t e r c e p t  
and rendezvous maneuvers t o  rescue t h e  WA crew, and then i n j e c t  i n t o  t h e  
e a r t h  r e t u r n  t r a j e c t o r y  from the LEM o r b i t .  
maneuvers f o r  all. poss ib le  phasings between t h e  spacecraf ts  and t o  prevent 
t h e  f u e l  and t i m e  requirements from becoming prohibit ivel-y la rge ,  it i s  
necessary t o  consrider severa l  types of t r a n s f e r s .  
t h e  types of t r a n s f e r s  considered herein ere given i n  t h e  follo.i,ring sect ions.  

I n  order t o  perform these  

A b r i e f ' d e s c r i p t i o n  of ' 

Direct t r a n s f e r . -  The d i rec t  o r  iniiiieG.ate t r a m f e r  as shown i n  f i g u r e  1 
i s  a two-in:pulee t r a n s f e r  which i s  i n i t i a t e d  as man, as t h e  LE24 es tab l i shes  
i t s  o r b i t .  The pericynthicn of' t h i s  t r a n s f e r  i s  li1i:ited t o  a c lear -per ic~~r i tb ion  
a l t i t u d e  ( s a f e  a l t i t u d e  above l u z i a r  t e r r z i n )  ~ ~ h i c h  may b.;. less  than tha.t of t h e  
LT.:M 0rbi.t. 
and w i l l  be l'imited- by t h e  c h a r a c t e r i s t i c  v e l o c i t y  ( o r  f w l )  allowance. 

Tnese t-ransfei-s w i l l  be s h o ~ I ;  time 'irz.insfers (less t h a n  i;wo h.ours) 

Delayed t r a n s f e r . -  Since t h e  o r b i t a l  angular v e l o c i t y  of a spacecraf t  i s  
inverse ly  proport ional  t o  i t s  a l t i t u d e  t h e  phase zngle  bet7qeen t h e  CSM and 
t h e  LEN w i l l  change with t i m e  without any t h r u s t i n g  (except when LEN and- CSM 
are displaced i n  t h e  same o r b i t ;  see  next ty-pe of t r a n s f e r ) .  Thus, i f  t h e  
phase angle between t h e  spacecraf ts  i s  such t h a t  t h e  v e l o c i t y  requirements 
f o r  an immediate t r a n s f e r  are prohibi t ive,  then t h e  CSM need only wait i n  
i t s  o r b i t  u n t i l  t h e  proper phasing f o r  t r a n s f e r  is obtained, see f i g u r e  2. , 

This t n e  of t r a n s f e r  i s  c a l l e d  a delayed t r a n s f e r  and. w i l l  be l imited by 
t h e  contingency time allowance. 

Modified delayed t r a n s f e r . -  If t h e  phase angle  between t h e  spacecraf ts  
i s  such t h a t  t h e  delayed t r a n s f e r  exceeds t h e  tinre allowance, then t h e  CSM 
can ascend or descend, as required, t o  a new a l t i t u d e  and coast  u n t i l  t h e  
proper phasing f o r  t r a n s f e r  i s  obtained (see f i g w o  3 ) .  
maQeuver i s  r e f e r r e d  t o  as a nodiified delayed t r a n s f e r  and w i l l  be l i m i t e d  by 
both v e l o c i t y  and time allowances. 

This ty-pe of 
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. .  
SCOPE OF CALCULATI Oi‘JS 

.. For purposes of t h i s  inves t iga t ion  it is assilrned t h a t  t h e  CSM i s  
i n i t i a l l y  i n  a n  80-nautica.l-mile c i r c u l a r  o r b i t  and t h a t  t h e  IXbI i s  i n  a 
c i r c u l a r  o r b i t  between t h e  a l t i t u d e s  of 50,000 f t  and 160 n a u t i c a l  miles. 
Furthermore, t h e  out-of-plane angle between t h e  o r b i t s  of t h e  spacecraf t s  
i s  assumed t o  be less than or equal t o  3 degree. The rescue maneuvers are 
based on impulsive conic ca lcu la t ions  and are limi-ted t o  a c h a r a c t e r i s t t c  
ve loc i ty  allowance of 455 fps  and a contingency t i m e  allowance of 9 hours. 
This t i m e  allowance starts a t  the  time LEN e s t ab l i shes  c i r c u l a r  o r b i t  and 
ends a t  rendezvous. These numbers are cons is tan t  with t h e  design requi re -  
ments for both spacecraf ts .  
cor rec t ions  i n  t h i s  inves t iga t ion .  

N o  allowance is included for midcourse guidance 

Also, only a t y p i c a l  var ia t ion  of t h e  c h a r a c t e r i s t i c  v e l o c i t y  requi re -  
ment for i n se r t ion  i n t o  t h e  ear th  r e t u r n  t r a j e c t o r y  with o r b i t  a l t i t u d e  i s  
assumed as shown i n  f igu re  4. 
rescue maneuvers are expected t o  vary s l i g h t l y  from the  r e s u l t s  of t h i s  
i nves t iga t ion .  

Thus, f o r  any p a r t i c u l a r  Apollo f l i g h t  t h e  

I 

RESULTS AND DISCUSSION 

The va r i a t ion  of t h e  rescue time with phase angle betveen LEN and CSPI 
f o r  s eve ra l  LID1 o r b i t a l  a l t i t u d e s  i s  i l l u s t r a t e d  i n  f igu re  5 for coplanar 
rescu-e, The ve loc i ty  requirements f o r  these  rescue Tllr?.neu:i.’v?::s a r e  shown 
i n  table 1. 
t h e  9-hour contingency .tinre dlO:iztnc? i s  exceeded f d r  son:: l e a d  s.ng1.e~ 
equivalent t o  a 35-niinu.te increment of surTace phase tiiiie ( t ime s ince  CSM 
l as t  passed overhead) each CSM o r b i t a l  per iod (121.8 minutes). 
t h e  time of exceeding the  9-hour l i m i t  i s  shown i n  t h e  subsequent p a r t s  of 
f i g u r e  5 t o  decrease with I;EM a l t i t u d e .  For example, f o r  a 60-nautical-mile 
LEM a l t i t u d e  t h e  9-hour l i m i t  i s  exceeded f o r  only 16 minutes during each 
CSM period. 
i n  t h e  composite p i c tu re  of f igu re  6 f o r  coplanar rescue. I n  t h i s  f i g u r e  t h e  
a l t i tude-phase  angle regions a re  shaded d i f f e r e n t l y  for each type of rescue 
maneuver, thus,  c l e a r l y  out l in ing  t h e  regions of no reserve c a p a b i l i t y  wi th in  
t h e  design l in l i ta t ions .  
o r b i t  4” out-of-plane with the  CSM o r b i t .  On both f igu res  6 and 7 t h e  
boundary f o r  maxi.mum ID4 o r b i t  capab i l i t y  i s  based on using t h e  e n t i r e  ascent  
fuel  budget (without design reserve)  e s t ab l i sh ing  c i r cu la r  o r b i t  only. 

For t h e  1,EPI i n  a 50,OOO-f’i oi-bi.t, (i?igure 53.) it i s  seeg t h a t  

However, 

The e f f e c t s  of LEM a l t i t u d e  and phase angle are b e t t e r  i l l u s t r a t e d  

Similar results are shown i n  f i g w e  7 for t h e  W J 4  ’ 

Based on t h e  r e s u l t s  of f igu res  6 and 7 it i s  evident t h a t  t h e  present  
CSM rescue budget i s  in su f f i c i en t  t o  provide reserve  capab i l i t y  f o r  t h e  
anytime launch s i t u a t i o n  f o r  the I224 a t  any a l t i t u d e  between 5O,OOO f t  and 
144 nau t i ca l  miles.  RmTever, by a judicious choice of LEN o r b i t  a l t i t u d e  
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depending on t h e  phase angle  which can be adequately determined from 
surface phase time, then t h e  rescue budget i s  q u i t e  s a t i s f ac to ry .  
example, consider t h e  coplanar rescue r e s u l t s  ( f i g u r e  6). 
from 80 t o  2 6 3 O  t h e  LEN need only be launched i n t o  t h e  c l e a r  per icynthion 
o r b i t  of 50,000 f t  i n  order  t o  insure rescue. 
angles t h e  Ll34 must be launched i n t o  o r b i t s  as high as 60 n a u t i c a l  miles  (y= 2 6 3 O  plus) t o  i n s w e  rescue. The requirements i l l u s t r a t e d  by t h i s  
example are not considered t o  be unreasonable on e i t h e r  the L M  crew or 
LEN systems. 
ve loc i ty  than t h e  50,00@-ft o rb i t ,  and a ve loc i ty  increment of 360 fps  p l u s  
a 334 fps design reserve  a r e  ava i lab le  f o r  t h e  job) .  

For 
For phase angles  

However, f o r  any other  phase 

(The 60-nautical-mile o r b i t  requi res  only 143 fps  more 

A s  s t a t e d  e a r l i e r ,  t h i s  stucv i s  pr imar i ly  based on t h e  anytime launch 
s i t u a t i o n  t o  c i r c u l a r  o r b i t .  
i n t e rp re t ed  f o r  abor t s  during landing. 
i n t o  t h e  Hohmann descent t r a n s f e r  and p r i o r  t o  i n i t i a t i o n  of powered descent 
at  50,000 f t ,  then t h e  LEN could continue t o  coast  back t o  80 nau t i ca l  m i l e s  
and c i r c u l a r i z e  a t  that a l t i t u d e  ( t o  presume t h a t  t h e  T,EM could not  do t h i s  
would be t o  presume simifltaneous failures of t h e  LEN descegt, ascent,  and 
RCS engines).  
from f igu re  6 it i s  evldent t h a t  rescue could be performed by e i t h e r  of 
two types of manem-ers. 
phase angle ranges from -9.4" (350.60) t o  about +loo or  -t-12' (depending on 
th ru - s t - to - in i t i a l  weight r a t i o ) .  Thus, from f i g u r e  6, a.gain, t h e  LECY1 r m s t  
abor t  back t o  circuAar o r b i t  alt,itudes a s  high es  16 nau t i ca l  mj.l.es. This 
a l - t i t ude  requireinent occu-s for abor t s  ea r ly  i n  t h e  descent when a n  over 
abundance of f u e l  is a ~ k i l ~ b l z ;  hence, LEVI resci1.e d e s c e ~ t  abor t s  are qJit,e 
adequately covered. by t h e  present design allowances. 

However, t h e  results of f i g u r e  6 can a l s o  be 
Should t h e  abort  after i n j e c t i o n  

A t  i;hi.s t i m e  t h e  phase aiigle would- be -18.8 or 341.2' and 

For aborts a f t e r  i n i t i a t \ . on  of poirered descent t h e  

CONCLUDING REMARKS 

A br i e f  i nves t iga t ion  of the compat ib i l i ty  of the design f u e l  allowance 
f o r  CSM rescue of t h e  LEM with the assoc ia ted  contingency t i m e  allowance 
on Lm systems design has been presented. This study i s  based on conic 
t r a j e c t o r y  and does not  include any midcourse guidance cor rec t ions .  The 
r e s u l t s  of t h e  study ind ica t e  that for some combinations of LEM o r b i t  a l t i t u d e  
and phase angle, rescue cannot be performed wi th  t h e  present  design allowances 
However, t h e  results a l s o  show t h a t  t h e  regions of no rescue can r e a d i l y  be 
avoided by t h e  LED1 f o r  abor t s  during descent and f o r  t h e  anytime sur face  abort  
s i t u a t i o n  as w e l l .  

.- 



L E M  IMNEDIATE 
. ILTI TUDE TRANSFER 

50,000' 233 -to 455 

20 n.mi. 192 t o  455 

40 n.mi. 126 to 455 

60 n.mi. 63 to 455 

80 n.mi. 0 t o  455 

100 n.mi. 41 to 455 

120 n.mi. 82 to 455 

140 n.mi. 118 to 455 

160 n.mi. 156 to 455 

i 

DELAYED 
TFUINS-FIER"" 

233 

192 

126 

63 
Not 
Applicable 

4 1  

82 . 

118 

156 

MODIFIED DELRYI 
(ASCENDING ) 

455 

455 

455 

455 

455 

455 

455 

455 

455 

TRANSFER 
7DESCENDIIL (I )+E* 

233 

261 

307 

3 51. 

394 

445 

455 

455 

455 

* No slllowance for midcourse guidance correct ions 

-E* Holmann t r a n s f e r s  
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1. 

2. Rendezvous (rescue)  

I n i t i a l  pos i t ions  acd i n i t i a t i o n  of rescue t r a n s f e r  

3. I n j e c t i c n  t o  e a r t h  re turn  

I;EM 
Orbit  

~. 

Rescue 

\ 
Earth r e t u r n  

a) Pericynthion r e s t r i c t e d  t o  LEM a l t i t u d k  

b) Pericynthion r e s t r i c t e d  t o  safe  a l t i t u d e  

Figure 1.- Direct or immediate t r e n s f e r  
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1. I n i t i a l  pos i t ions  

2 .  Posi t ion a t  end of phasing coast  and i n i t i a t i o n  of 
rescue t r a n s f e r  (Hohmann) 

3. Rendezvous (rescue)  

4. In j ec t ion  t o  e a r t h  r e t u r n  

Figure 2.- Delayed t r a n s f e r  

. .  



* I. 

1. I n i t i a l  pos i t i ons  and i n i t i a t i o n  of' phasing t r a n s f e r  

2. 

3. 

4. Rendezvous ( r s s c u ~ )  

Posi t ions a t  i n i t i a t i o n  of phasing coast  

Posi t ions a f t e r  phasing coss t  and i n i t i a t i o n  of rescue t r a n s f e r  

a )  Ascend for plizsing 

t h  r e tu rn  

5. Inject ioi i  t o  e a r t h  r e tu rn  Rescue t r a n s f e r  

\\ 

'. , 
_ -  

CSM phasing o r b i t  
. ';- \ 

/' '.. ' 

,v' ,I' 

CSM phasing -7 i I - 1 '  i 
t r a n s f e r  

'\ 
', ?' 

I " 
\ 

'\ 
\ 

'\ 
\ \ *  r n J  * Ear th  r e tu rn  

'c Orbit F 
1 

,' L.. I n i t i a l  CSM o r b i t  
*-- . 
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