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Abstract 
i 

(1) Statement of t h e  Problem. 

A continuous t h r u s t  is employed f o r  braking a veh ic l e  EC?cI 
from o r b i t  t o  landing. The nonl inear  guidance and computer 

scheme can be c a r r i e d  by the space veh ic l e  t o  e l imina te  the  

i n h e r e n t  delay of' an earth-bound r a d i o  command system from 
. I 2 .  %!.L 0 , C I  . ' 21,: f--, <.kL..- ! A  :.n2 mgalt?r \iloncntum f'cr the conputer schcrie , 

can be measured on board by r ada r  and gyroscopic equipment 

operated by an a s t r o n a u t .  -4 b u l l ' s - e y e  landing  i s  guaranteed 

by us ing  the proposed system without tracking stations on the 

moon. A !! N65 17288 
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2 e o f  Approach. 
c 
2 ( a )  Var i a t iona l  Equations. ; 

IWASA CR OR Tmx OR AD NUMBER) (CATEGORY) 

The fol lowing equations desc r ib ing  the dynamical 

behavior  of t he  rocket-powered vehicle a r e  given by the author  

i n  t h e  paper "Nonlinear Guidance System f o r  Descent Tra j e c t o -  '+\ ries:"' A I A A  Journa l ,  V o l .  1, No. 8, August - 1963, pp. 1958-1960. 
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The v a r i a t i o n a l  equat ions a r e ,  (new results) 

and 
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where A(k) ,  B(k) ,  C(eO), D(k) and E ( k )  a r e  func t ions  o f  k. 

( b )  Computer Scheme. 

The p a r t i c u l a r  cornouter scheme f o l l o w s  Figure 1 where 

:,:in and km a r e  the measured inverse  r ad ius  and s p e c i f i c  momen- 

t G m  of the  vehic le ,  respec t ive ly .  The computer i nve r se  r a -  

d i u s  I L ~  i s  determined by a p a r t i c u l a r  program i n  terms of kme 

( i )  The angular e r r o r  A& 

Assuming no guidance e r r o r s  (6ae-+ 0, 6ar 7 0)  

and measurement errors (Su - 0, 6k 0)  , then 

and um E U  ae = aec 

The v a r i a t i o n a l  equation of ae and de can be ,w&kten as 

bagc - haec Aum - -5, = Au Aa, = Aaec = 

If nonl inear  guidance i s  employed i n  determining the  t r a j e c -  

t o r i e s ,  t h e  computer i s  supposed t o  c a l c u l a t e  t h e  re ference  

s p e c i f i c  f o r c e  according t o  t h e  program, i . e . ,  

u= 
" e  - ?p u; o r  = ' 

BY eva lua t ing  the p a r t i a l  d e r i v a t i v e  and s u b s t i t u t i n g  i n  

Equation (7)  we obta in ,  (new r e s u l t s )  

If t h e  i n i t i a l l y  perturbed q u a n t i t y  i s  ABb, then f o r  t h e  

e n t i r e  landing  operat ion 

A 0  = ABb =: constant  



d2Au 1 
E - +  

dk2 

the v a r i a t i o n n l  equation i n  u i s  

g 2  dAU 2Gr 
Aa3? + P2[1 - -]Au e - - 

ku3 ku2 

v a r i a b l e  a, i s  generated from t he  feedbac!c The con t ro l  

s i g n a l s  urn, km, and uk. 

an independent va r i ab le ,  i t  follows t h a t  

Because krn(=k) i s  considered t o  be 

(12)  Akm 2: A k  = 0 

provided 5k 0, i.e., no measurement e r ro r  i n  k. 

The v a r i a t i o n a l  equation f o r  ar  i s  

The r a d i a l  s p e c i f i c  f o r c e  a, i s  chosen t o  be 

D i f f e r e n t i a t i n g  Equation (14)  w i t h  r e spec t  to um, one o b t a i n s  

t h e  value of Aar in Equation (13). 

S u b s t i t u t i n g  t h i s  value and Equation (14) i n t o  Equation 

(11) yields, (new r e s u l t s )  

- d2AU + & $ = o  ' 
dk" 

If the i n i t i a l  condi t ions  a re  

= o  dAU 

= kb 

then the  s o l u t i o n  f o r  t he  entire landing opera t ion  is 
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Au = hub = cons tan t  

(iii) The ve loc i ty  errors AVe and AVr. 

The per turbed value o f  Vo can be  found a s  

1 

The r a d i a l  v e l o c i t y  may be determined a s  

1 

dAe hroting t h a t  dk = 0, t h e  error  of r a d i a l  v e l o c i t y  becomes 
1 
2 dAu dk AV, = k a-g 

= 0 as i n d i c a t e d  i n  Equa- dau I If' the i n i t i a l  condi t ion 

t i o n  (16), then 
-lk = kb 

(3)  Important Conclusions. 

( a )  The v a r i a t i o n  equat ions a re  completely genera l  i n  

scope f o r  any two-dimensional problem f o r  any system w i t h  

v a r i a b l e  angular  momen turn. 

(b) By chooslng t h e  computer scheme and the  nonl inear  

guidance for s p e c i f i c  forces  ae and ar ,  the  angular  and r a d i a l  

e r r o r s  a r e  small  and t h e  ve loc i ty  e r r o r s  a r e  zero, if t h e  

system s t a r t s  wi th  s p e c i f i c  perturbed i n i t i a l  condi t ions .  

( c )  The computer scheme can be c a r r i e d  out  e n t i r e l y  on 

board t h e  vehic le  without r e q u i r i n g  any t r ack ing  s t a t i o n  on 

t h e  moon. 

A11 above a r e  new ma te r i a l s  no t  publ ished o r  presented 

elsewhere. 
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