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RTCC REQUIREMENTS FOR MISSION G: THE TRANSLUNAR 

MIDCOURSE CORRECTION PROCESSOR 

By Bernard F. Morrey, Broay 0. McCaffety, and Alfred E. Morrey 

SUMMARY 

This note documents the  formulation of t he  Mission G t ranslunar  mid- 
course correction processor f o r  t he  Real-Time Computer Complex (RTCC)  . 
The processor contains several  midcourse correction and a l te rna te  lunar 
mission s t r a t eg ie s .  The options available i n  t h e  program and t h e  logic  
necessary for implementation are described i n  d e t a i l .  

INTRODUCTION 

During the  t ranslunar  coast phase of the  Apollo Mission G ,  it i s  
necessary t h a t  t he  RTCC have the  capabi l i ty  t o  e i t h e r  correct dispersions 
i n  the  nominal t r a j ec to ry  or determine an a l te rna te  f l i g h t  plan which'% 
within t h e  ex is t ing  capabi l i ty  of t he  spacecraft .  This capabi l i ty  i s  
provided by the  midcourse correction processor. 
module i n  the  program is  t h e  "generalized i t e r a t o r "  which has been docu- 
mented previously i n  reference 1. 

The basic  computation 

A number of requirements have been imposed upon t h e  midcourse cor- 
rect ion program. These requirements include the  a b i l i t y  t o  correct  a 
dispersed s t a t e  vector t o  some nominal end conditions, reoptimize the  
landing mission, and generate a circumlunar flyby a l te rna te  mission. 

These requirements a re  obtained through three  computation modes: 

1. The x,  y ,  z ,  and t t a rge t  update. (XYZ midcourse mode). 

2. The best  adaptive path (BAP) reoptimization. 

3. The free-return lunar flyby mode. 
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One-or more m-ssion options are  avai lable  under each mode. The m i s  ion 
options , l i s t e d  below, are defined by manual entry device (MED) codes which 
s p e c i e  the  mode, type re turn ,  lunar parking o rb i t  (LPO) or ientat ion,  and 
whether t he  mission is  t i e d t o  a landing s i te .  

1. x ,  y ,  z, and t t a rge t  update. 

2. Free-return, f ixed LPO or ien ta t ion  , landing si te.  

3. Free-return, free LPO or ien ta t ion ,  landing s i te .  

4. Nonfree-return , fixed LPO or ien ta t ion  , landing s i te .  

5. Nonfree-return,. free LPO or ien ta t ion ,  landing s i te .  

6 .  Circumlunar free-return flyby t o  nominal H PC and 

7. Circumlunar free-return flyby, spec i f ied  H PC and nominal @ PC . 

Each of these options can be flown i n  a docked or undocked configuration. 

This document contains an operational flow chart  (flow chart  1) de- 
l inea t ing  t h e  above Seven options and f'unctional flow charts  (flow chart  2)  
fo r  each of t he  th ree  computation modes. The t e x t  describes t h e  logic sup- 
porting these three  modes - t he  x ,  y ,  z, and t t a rge t  update, t h e  BAP 
reoptimization, and t h e  lunar  flyby mode. 
t he  detai led log ic  for  each of these modes. Reference 2 presents the  de- 
ta i led logic  fo r  t he  LO1 processor. 

Flow charts  3, 4, and 5 give 

Tables I through I11 present t he  input and output f o r  t he  processor 
and defines the  data t a b l e  parameters. Equations defining display param- 
e t e r s  not presently computed by t h e  midcourse processor are described i n  
t h e  appendix. 
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NOTATION 

Abbreviations 

bes t  adaptive path 

consumables due t o  EECOM based on t imeline 

command and service modules 

BAP 

CON 

CSM 

EECOM e l e c t r i c a l ,  environmental, and communications 
systems 

FSD Flight  Software Division 

gravi ta t iona l  ac c e l  e ra t  i on g0 

g.e.t. ground elapsed t i m e  

GF guidance f l a g  

G.m. t . Greenwich Mean Time  

I 

LM 

SP 
spec i f i c  impulse 

lunar  module 

LO1 lunar  orb it i n s e r t  ion 

LPO lunar  parking o rb i t  

M mass 

MCC m i  dcourse corre c t  ion 

manual entry device MED 

M F T  mission planning table 

naut ica l  m i l e s  n. m i .  
3 

RCS react ion control system ( t o  be used i n  end 
of mission f u e l  reserve) 

RTCC 

sc 

Real-Time Computer Complex 

spacecraf't 



TEI 

TLMC 

H 

I 

PC 

r 

Rtny Rng 

T 

AV 

v 

4J 

- 

Y 

4 

x 
A t  

AV 

a c t  

c i r  

cont 

d 

e l  

dY 

4 

t r a n s  earth in j ec t ion  

first guess log ic  f o r  AV, Ay, A$ of t h e  
midcourse maneuver 

Symb 01s 

height from surface 

i n c l i n a t  ion 

CSM plane change 

radial distance between vehicle and moon 

reentry range 

t i m e  

cha rac t e r i s t i c  ve loc i ty  

magnitude of veloci ty  

azimuth 

f l ight-path angle 

l a t i t u d e  

longitude 

difference between t h e  nominal t rans lunar  
flight t i m e  and the  predicted. 

s ca l a r  ve loc i ty  

Subscripts 

ac tua l  

c i r cu la r i za t ion  burn 

cont ingency 

des ired 

ear th  landing 

dry 
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f 

fr 

fr-r tny 

i 

2P 

lo 

l o i  

lopc 

I C  

11s 

Is 

m a x  

mcc 

min 

msn 

nd 

PC 

P r  

r e m  

rtnY 

t 

t e  

t e i  

c a l  

, f i n a l  

f r e e  re turn  

reentry of free return 

i n i t  i a1 

ea r th  impact point 

lunar  o r b i t  

lunar  o r b i t  i n se r t ion  

lunar  o rb i t  plane change 

landing computed at earth 

lunar  landing s i t e  

lunar  surface 

m a x i m u m  

midcourse correct ion 

minimum 

mission, defined t o  be from the MCC t o  
reentry 

node 

pericynthion 

powered re turn  

remaining 

reentry 

t i m e  

t ransear th  (used w i t h  t ransear th  f l i g h t  time) 

t ransear th  in j ec t ion  

ca l ib ra t ion  
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INPUT - OUTPUT 

Inputs fo r  a l l  midcourse modes f a l l  i n to  two categories:  those from 
the  data t a b l e ,  and those which a re  manually entered during the  mission by 
a MED. The data t a b l e  contains var iables  which a re  needed t o  execute t h e  
d i f fe ren t  options. 
x, y ,  z, and t mode or f i r s t  guesses f o r  cer ta in  independent var iables .  The 
table a l so  contains parameters which change according t o  t h e  nominal mission 
design and launch day (e .g . ,  lunar landing s i t e ) .  
t ransferred t o  the  MPT, the  data table i s  updated by t h e  appropriate param- 
e t e r s .  
t o  T L I  a re  re fer red  t o  as "nominal" i n  t h i s  t e x t . )  
i s  t o  be computed, t h e  appropriate independent and dependent var iables  a re  
ca l led  from t h e  data t ab le .  The data t ab le  and the  MED quant i t ies  a re  de- 
fined i n  tables I and 11, respectively.  

These var iables  may be t a rge t  parameters used i n  t h e  

If a BAP midcourse i s  

(Input updated i n  t h i s  way as  wel l  as those variables computed p r io r  
Each time an option 

Outputs from the  MCC program a re  of three types: those displayed, 
those sent t o  the  MFT, and those which update the  data table. Displayed 
parameters, defined i n  reference 4 and shown i n  t a b l e  111, are  subject t o  
revision. Output fo r  t h e  data table i s  shown i n  t a b l e  I. BAP's are t h e  
only options tha t  update the  data table. I ' 

I 
Only the  f i r s t  maneuver i n  a sequence i s  sent t o  t h e  MPT. When a 

midcourse option i s  computed, only t h e  midcourse maneuver i s  t ransferred 
t o  the  MPT. The information sent t o  t h e  MPT for  t h e  MCC includes the  
following o r b i t a l  elements before and after t h e  impulsive burn: 

I 
I 

1. x 
I 1 

I 2 .  Y 

4. k 

5 .  .j, 

6. i 
7. Time of maneuver ( G W )  

End of Mission Fuel Reserves 

The mass computation used i n  t h e  t r a j ec to ry  computer i s  not designed 
t o  be accurate enough fo r  real-time end-of-mission fuel reserves,  but i s  
designed t o  allow the  i t e r a t o r  t o  optimize t h e  mission. The m a s s  computa- 
t i o n  described here w i l l  be ca l led  after a l l  of t h e  desired A V ' s  have been 
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compute . 
t h e  integrated t ranslunar  t r a j ec to ry .  

integrated t ranslunar  t r a j ec to ry .  

impulsive calculat ions from conic t r a j e c t o r i e s .  

fo r  t h e  MCC processor. 

The ATmcc i s  an impulsive compu,ation and is  calculated after 

The ATloi i s  computed based on t h e  

and AT a r e  t e i  (See page 12. )The AT lopc 
The ATcir i s  a constant 

Only two types of expendables w i l l  be considered by t h i s  method 
of computation. These two expendables, EECOM consumables and RCS pro- 
pe l l an t ,  w i l l  be deducted based on a timeline.  
determined by IBM and FSD. 
tha t  w i l l  be t ransfer red  t o  the  LM w i l l  not be considered i n  computation 
of the AVlopc . 
w a s  a difference i n  m a s s  of only 13 l b s  between computing with and without 
t he  crew and equipment. For a more accurate m a s s  computation, a AV b i a s  
w i l l  be used for  t h e  M C ,  LO1 and T E I  maneuvers. This b ias  i s  the  difference 
between an impulsive burn and integrated burn a rc .  The computation w i l l  
be as follows: 

This t imel ine  w i l l  be 
The mass of t h e  crew and t h e i r  equipment 

A study showed t h a t  for a 200-fps AV at the  LOPC there 

- - + T t o  f irst  pass + T from first  pass t o  t h e  lunar Tlopc Tnd ( G . m . t . 1  
o rb i t  plane change 

- - + T from LO1 t o  c i rcu lar iza t ion  T c i r  Tnd ( G . m . t . )  

Mmcc = (Mi - CONt - RCSt )/e- FAT )/go* Icn - m r c  1 

TLMC - FIRST GUESS LOGIC FOR MIDCOURSE CORRECTION 

This logic  i s  ca l led  using the  nominal time of Pericynthion and 
converges t o  t h e  midcourse correct ion posit ion; t ha t  i s ,  a t r a j ec to ry  is  
generated from a specif ied condition at t h e  moon t o  t h e  posi t ion vector 
where t h e  correct ion maneuver w i l l  occur. The AV, Ay, and A$ of t h e  
maneuver a re  then computed by taking t h e  difference between t h e  V, y ,  and 
$ of t h e  current t r a j ec to ry  and t h e  V ,  y ,  and $ of t h e  t r a j ec to ry  generated 
by t h e  f irst  guess logic .  
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This is  a general descriPtioq of TLMC and i t s  var iables .  The 
par t icu lar  a r ray  w i l l  be specif ied i n  each option. 

The variables needed for  t h i s  operation are  as follows: 

1. Independent variables and t h e i r  empirical first guess equations 

X = 3.1 - 0.025 A t  

( s t ep  s i zes  w i l l  be 2-19) V = d184 -+ .553/r - .0022At 

J, = 270° 

2. Dependent variables 

X 

Y 

Z 

3. Other parameters 

I 

These are  t h e  parameters required, 
i n  addition t o  the  independent 
var iables ,  t o  provide the  i n i t i a l  
s t a t e  vector t o  TLMC. 

F i r s t  guessing J, t o  be 270' starts a retrograde approach a t  the  

moon. This convergence method i s  re fer red  t o  as a backward i t e r a t ion .  
The f i rs t  guess logic  w i l l  be used i n  t h i s  manner f o r  a l l  options. 

XYZ MIDCOURSE MODE 

The XYZ midcourse mode w i l l  be employed t o  correct a mildly dispersed 
s t a t e  vector during t ranslunar  coast. The t a rge t  objectives f o r  t h i s  
maneuver are generated e i the r  i n  t h e  pre-mission count-down or i n  ear th  
parking o r b i t .  These nodal t a r g e t s  are computed using option 2 .  

This mode does not guarantee a free return.  
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The t a rge t  objectives f o r  the  midcourse maneuver a re  : 

1. The posi t ion vector defining the node between the  approach hyper- 
bola  plane and the  desired LPO plane,  where x, y ,  and z r e f e r  t o  the  earth- 
moon plane longitude, l a t i t u d e ,  and radius magnitude of the nodal point ,  
respectively.  

2.  The nominal time of arrival (t) at t h i s  node. 

The computational sequence f o r  t h i s  mode i s  begun with a check t o  
determine the distance between the  spacecraft  and the  moon. If the  distance 
i s  20 e . r .  or less, computations are made i n  moon reference,  but  i f  t h e  
distance i s  greater  than 20 e . r .  , computations a re  made i n  ear th  reference 
with a sphere r a t i o  of 0.275. 



The computation procedure f o r  t h i s  mode i s  as follows. 

1. Converge TLMC t o  t h e  desired end conditions i n  order t o  provide 
good f irst  guesses. The following ar ray  w i l l  be used . 

Independent 
variables F i r s t  guess 

Ehpir ical  f irst  
guess 

0 (not 
t r iggered)  

270' 

Nominalb (not 
t r iggered)  

Nominal (not 
t r iggered)  

Eknpirical f irst  
guess 

Nominal (not 
t r iggered)  

Weight 

512 

Step 
s i z e  

a For a de ta i led  explanation of t he  program input i n  terns of inde- 
pendent and dependent var iables ,  see reference 3. 

t h i s  value does not change during t h e  computation. 
When e i the r  option 4 or option 5 i s  computed, t he  difference i n t i m e  

at pericynthion between the  r e su l t i ng  integrated t r a j ec to ry  and t h e  integrated 
nominal time a t  pericynthion i s  saved and used, i f  t h e  maneuver i s  sent t o  
t he  MPI, i n  computing l a t e r  x, y,  z and t options. This AV i s  used i n  t h e  
empirical equations fo r  longitude and veloci ty  t o  obtain f i r s t  guesses for  
these parameters i n  TLMC. 

bWhen an independent var iable  i s  given a f i r s t  guess and i s  not t r iggered ,  

C 
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Value 

Midcourse pos i t ion  
2.0657 n. m i .  

Midcourse posi t ion 
k.0657 n. m i .  

Midcourse posi t ion 
5.0657 n. m i .  

Weight 

-- 

Class 
designator 

2. Using answers from s t ep  1 as f i r s t  guesses, an integrated TLMC 
is  converged according t o  t h e  following input.  

F i r s t  guess 

Step 1 

0 (not t r iggered)  

Step 1 

Nominal (not  
t r iggered)  

Nominal (not 
t r iggered)  

Step 1 

Nominal 
(not t r iggered f 

‘eight Step 
s ize  

19 
2- 

-- 

19 
2- 
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Dependent 
var iable  Value 

Midcourse posi t ion 

Midcourse posi t ion 

Midcourse posi t ion 

2.0657 n. m i .  

2.0657 n. m i .  

2.0657 n. m i .  

Weight Class 
designator 

1 

1 

1 

3. Converge an integrated x, y ,  z ,  and t t r a j ec to ry  as specif ied i n  the  
following array:  

Independent First  guess I variables I 
'lCfmc c 

'Ymc c 

"me c 

Atnd 

Step 2 

Step 2 

Step 2 

Nominal (not 
t r iggered)  

Dependent 
var iables  

Hnd 

a 
'nd 

a 
'nd 

I 
P C  

Value 

Nominal 
kO.5 n. m i .  

Nominal 
+o . 0l0 

Nominal 
20. 0l0 

90' - 1820 

Weight 

512 

512 

512 

Weight 

-- 

64 

Step s ize  

2- 
1 9  

19 
2- 

23 
2- 

Class 
des ignat or 

1 

1 

These are input i n  earth-moon plane coordinates. a 



4. The ATloi i s  now calculated.  This e n t a i l s  obtaining t h e  burn out 

mid-course state vector from s t e p  2 and in tegra t ing  t o  the  ynd from s t ep  3. 
This i s  done i n  t h e  supervisor by making a c a l l  t o  t h e  integrator .  f 

To determine the  three  components of t h e  AT t h e  following l o i  ’ w i l l  be used: 

from s t e p  3 ’nd 

IAVloi) w i l l  be the  difference between t h e  V of t he  approach b. 

hyperbola from s t ep  4 and the  V of t h e  resu l tan t  lunar o rb i t  at t h e  point 
of t ransfer .  

C. A+nd w i l l  be obtained from t h e  dot product of t h e  angular 
. - .  

momentum vectors of t he  lunar o rb i t  and approach hyperbola computed at 
the  t i m e  of landing. (See appendix. ) 

This completes t h e  computation sequence fo r  t he  X Y Z  midcourse mode. 
The supporting logic  is  presented i n  flow chart  3. 

“ ” ~  , BAP MIDCOURSE MODE 

Excessive performance penal t ies  associated with an XYZ correction 
This mode optimizes t h e  may require  reoptimizing t h e  landing mission. 

mission f o r  maximum spacecraft  fuel reserves by computing t h e  remaining 
CSM maneuvers (e.g. ,  MCC, LOI,  PC, and TEI )  as a set .  

Two constraints  can be applied t o  t h e  reoptimization of t h e  landing 
mission. The f irst  constrains target ing of t h e  midcourse correction s o  
t h a t  the  resu l tan t  t r a j ec to ry  is  free return.  The second constrains the  
approach azimuth t o  the  lunar  landing s i t e  so  t h a t  t he  or ientat ion of the  
LPO remains fixed. The a l te rna t ive  t o  these constraints  i s  t o  re lax  the 
free-return requirement and l e t  t he  approach azimuth vary within defined 
bounds enabling the  LPO t o  seekan optimum orientat ion.  
constraints  or a l te rna t ives  are  applied t o  the  program, the  landing m i s -  
s ions p ro l i f e ra t e  i n t o  four types (options 2-5). 

If t h e  above 

During t h e  reoptimization process, t he  x,  y ,  z ,  and t ta rge t ing  param- 
e t e r s  are  computed fo r  the  new f l i g h t  plan. The t r ans fe r  of a BAP option 
t o  the  MPT automatically updates t h e  appropriate x, y ,  z ,  and t parameters 
i n  the  data  t ab le  (see table 1). 
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The calculat ion procedures f o r  options 2-5 are considered i n  detail  

I n  these  cases reent ry  
below. A t  t h i s  point it should be mentioned t h a t  t h e  midcourse program 
uses t h e  sme reentry model fo r  a l l  BAP options. 
i s  simulated by requir ing t h e  t r a j ec to ry  t o  s a t i s f y  a constant f l i g h t  
path angle a t  a constant height at  reentry.  The desired X is  a pref l igh t  

constant and i s  obtained through a constant reentry range and delta time 
from reentry t o  landing. 

greater  than . 2 O .  

height at reentry.  
s t an t  f l ight-path angle. 

e 

i P  

The accuracy i n  t h e  X need not be i t e r a t ed  t o  
iP  

No cross range i s  necessary. Free r e tu rn  t ransear th  

The t ransear th  f l i g h t  t i m e  terminates on t h i s  con- 
t r a j e c t o r i e s  terminate on a constant f l i g h t  path angle at a constant d 

The calculat ion procedures fo r  t h e  landing missions (options 2 ,  3, 4, 
and 5 )  follow. Flow chart  4 presents t he  de ta i led  flow f o r  t h i s  mode. 

Free-Return Options 

Option 2.- The free-return,  f ixed lunar  o rb i t  or ientat ion 
i s  calculated as follows. 

1. Converge TLMC using the  following array: 

Independent 
vari ab les F i r s t  guess 

Empirical first 
guess 

o (not  
t r iggered)  

270' 

Nominal (not 
t r iggered)  

Nominal (not 
t r iggered)  

Empirical f irst  
guess 

Nominal (not 
t r iggered)  

I 
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Dependent 
vari ab l e  

X 

Y 

Z 

Value Weight 

M i  dcours e posi t ion 

M i  dcours e pos it ion 

Midcourse posi t ion 

+.0657 n. m i .  

+.0657 n. m i .  

2.0657 n. m i .  

-- 

-- 

-- 

Class 
designat or 

Independent 
variables 

AICIIllCC 

1 

1 

Step 
F i r s t  guess Weight s i z e  

Step 1 

1 

Step 1 512 2'21 

Step 1 512 2-21 

'Ymc c 

Avmc c 
c A 

2. Converge a conic, free-return t r a j ec to ry  passing through t h e  
nominal H 

maneuver before entering t h e  f u l l  mission s tep.  This s t ep  is  i n i t i a t e d  
by values obtained from s t e p  1. 

and $pc i n  order t o  get  a b e t t e r  f irst  guess fo r  t h e  midcourse 
PC 
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goo - 182' 

Nominal k1.735 n. m i .  

( a>  

Dependent 
var iab le  

64 

-- 
8 

H 
PC 

+PC 

Hfr r tny  

I 
PC 

Value Weight 

Nominal +0.5 n. m i .  

Nominal +O.0lo - 

Class 
designator 

3. Converge a conic full mission using the  midcourse maneuver from 
s t ep  2 as a first guess while re laxing t h e  constraints  on H and + . 

PC P C  

Independent 
var iables  

'Jltei 

Avt e i 

Tlo 

ATlls 

'Jlloi 

Yloi 

'Jlmcc 

' ymc c 

"mcc 

F i r s t  guess 

Nominal 

Nominal 

Nomi n a1 

Nominal 

Nominal 

Nominal 

Step 2 

Step 2 

Step 2 

Weight 

8 

1 

10-6 

10-3 

1 

Step 
s i z e  
2-21 

2-21 

2-21 

2-1 8 

2-19 

2-19 

2-19 

2-21 

2-21 

%e minimum value i s  Oo, and the  maximum is  obtained from the  data  
tab le .  

i 

d 



Dependent 
variables 

H 
PC 
I 
PC 

a 
Hlo 

Hfr r tny 

I fr 

411s 

I 

H 
P r  

rtnY 
b 

Tte  

*'el 

+ l l S  

Values 

40 - 100 n. m i .  

goo - 182O 

Nominal k0.5 n. m i .  

Nominal -1-1.735 n. m i  

(a)  

Nominal - + 0 .Ole 

Nominal - + 0.01' 

0' - 40' 

Nominal k1.735 n. m i  

Nominal 2 8 h r  

oo k 0.2' 

Nominal - + 0.01' 

Class 
designator 

0 

0 

1 

1 

0 

1 

1 

0 

1 

0 

1 

1 

4. Once t h e  dependent variable constraints  are  satisfied, the  mission 
i s  reoptimized. 

from s t ep  3. If t h i s  results i n  as much as 2500 l b s  gain i n  M an 

addi t ional  2500 lbs is added t o  t h e  l i m i t s  of t h e  var iable  t o  be optimized 
and t h e  optimization continues (see flow chart  4, p. 56). 
variable  T w i l l  be turned off  during optimization. 

This i s  done by including the  mass after T E I  as a class  3 
% dependent variable with l i m i t s  of 3000 l b  grea te r  than the  selected value 

t e i '  

The dependent 

t e  

%'his i s  t h e  height above t h e  lunar landing s i te .  This i s  applicable 
t o  a l l  f u l l  mission options. 

bThe Tte w i l l  be biased by t h e  difference between t h e  nominal t ranslunar  

f l i g h t  time and t h e  t ranslunar  f l i g h t  t i m e  computed from s tep  2. 
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A t  t h i s  t i m e  t he  mission has been reoptimized, and there  i s  now a new 

t i o n  were i n  t h e  conic mode, it i s  necessgry t o  generate an integrated 
free-return t o  obtain t h e  corresponding AVmcc. 

t he  recalculated AT 
nvtei 

. Because up t o  t h i s  point a l l  phases of t h e  reoptimiza- 
target PC and $PC 

This precis ion AVmcc, 

t h e  conic lunar o r b i t  plane change and the  conic - l o i  ’ 
are used t o  obtain the  end of mission f u e l  reserves .  

5. To obtain better first guesses for t h e  integrated free-return 
t r a j ec to ry ,  an integrated TLMC t r a j e c t o r y  i s  generated using t h e  
following array: 

Independent 
var iables  

V 
PC 

yPC 

$PC 

H 
PC 

@PC 

A 
PC 

T 
P C  

F i r s t  guess 

Step 4 guess 

0 (not t r iggered)  

Step 4 

Step 4 (not 
t r iggered)  

Step 4 (not 
t r iggered)  

Step 4 guess 

Step 4 (not 
t r iggered)  

Weight Step 
s i z e  

Midcourse pos i t ion  

Midcourse posi t ion 

k.0657 n. m i .  

Y 



6 .  An integrated free-return t r a j e c t o r y  i s  generated t o  pass 
through the  updated H and @ from s t ep  4. The f irst  guess for t he  

independent var iables  w i l l  be from s t ep  5. 
P C  PC 

Step Weight size 

2-1 9 5 12 

512 

5 12 

2-2 1 

2-2 1 

F i r s t  gues s I Independent I variables  

J- 

"mcc 

'yrncc 

AV mc c 

Step 5 

Step 5 

Step 5 

Dependent 
variable 

H 
PC 

@PC 

I 
P C  

Hfr rtny 

I fr 

7. The zloi i s  now determined. This i s  done by making a c a l l  t o  t h e  

in tegra tor  and propagating from MCC t o  t h e  y l o i  
obtained, LIBRAT i s  ca l led  t o  get t he  EIW system and t o  calculate  H 

And,  and tnd. The components of t he  AT are ;  

between the  V of the  approach hyperbola a t  LO1 and the  V of t he  resu l tan t  lunar 
o r b i t ,  and AJlloi which w i l l  be from the  dot product of t h e  angular momentum 

vectors of t he  approach hyperbola and t h e  lunar o r b i t  taken a t  the  time of 
landing. 

from s t ep  4. A f t e r  t h e  yloi i s  

nd, @nay 
from s tep  4, t he  difference 'lei l o i  

C l a s s  
Weight designator Value 

1 Step 4 t0.5 n. m i .  

Step 4 tO.01~ -- 

90' - 182O 64 0 

Nominal k 1.735 n. m i  -- 

-- 

1 

1 

( a )  8 .  0 

a 

t ab le .  
The minimum value i s  O o ,  and the  maximum i s  obtained from the  data  
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H 
PC 

$P c 

Option 3.- The free-return,  free-orbit  o r ien ta t ion ,  of fe rs  two methods 
within i t s e l f .  The f irst  i s  ' t o  enter  a spec i f ic  azimuth over t h e  lunar 
landing (not necessarily t h e  nominal) by manually entering through t h e  
MED AZmin = AZmax fo r  t h e  desired value. Both t h e  se lec t  and optimized 
modes a re  solved with azimuth as a c l a s s  1 variable .  The second method 
i s  t o  MED t h e  desired azimuth range. I n  t h e  se lec t  mode t h e  azimuth i s  
set as a c l a s s  1, but i n  t h e  optimized mode t h e  azimuth i s  s e t  as a c l a s s  2 
variable.  Flow chart  4 shows t h e  check t h a t  w i l l  be made t o  determine 
whether t h e  azimuth MED w i l l  be a specif ic  value or whether it w i l l  r e l ax  
t h e  azimuth range. 

Nominal (not 
t r iggered)  

Nominal (not 
t r iggered)  

The free-return,  e e e  lunar  o rb i t  o r ien ta t ion ,  is  calculated as 
follows : 

1. Converge TLMC using the  following array. 

T 
PC 

I 

Nominal (not 
t r iggered)  

F i r s t  guess I Independent 
var i  ab l e  s 
-I 

V Ehpirical  f i r s t  
guess 

0 (not t r iggered 

270° 

x Ehpirical  first 
guess 
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.. 

Dependent 
var i ab l e  Value 

Midcourse posi t ion 
5.0657 n. m i .  

Midcourse posi t ion 
5.0657 n. m i .  

Midcourse posi t ion 
5.0657 n. m i .  

Weight C l a s s  
designator 

1 

1 

1 

2. Converge a conic, free-return t r a j ec to ry  passing through the  
nominal H and Q using f irst  guesses from t h e  f i rs t  guess logic.  

P C  P C  ' 

Independent 
vari ab l e  s 

*lJllncc 

AY,cc 

AV 
mc c 

F i r s t  guess 

Step 1 

Step 1 

Step 1 

Weight 

512 

5 12 

Step 
s i z e  

2-19 

2-21 

2-21 



22 

Dependent 
var iable  

H 
PC 

I 
P C  

Hfr rtny 

Value 

Nominal 20.5 n. m i .  

Nominal +O. 01' 

90° - 182O 

Nominal 21.735 n. m i  

( a>  

C l a s s  Weight des igna t  or . 
1 

1 

0 

1 

0 

3. Converge a conic full mission using the  midcourse maneuver from 
s t ep  2 as a first guess while relaxing the constraints  on H and @pc. 

P C  

Independent 
variables 

"tei 

Avtei 

%o 

ATlls 

"lei 
'lei 
A%CC 

A?/mCC 

AVmCC 

F i r s t  guess 

Nominal 

Nominal 

Nominal 

Nominal 

Nominal 

Nominal 

Step 2 

Step 2 

Step 2 

Weight 

8 

1 

10- 6 

1~ -3 

1 

1 

5 12 

512 

512 

Step 
s i z e  

%e minimum value i s  O o ,  and t h e  maximum i s  obtained from the  data 
table. 
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Dependent 
va r i  ab l e  s 

I 
PC 

HICl 

Hfr rtny 

I fr 

411s 

%lS 

I 

H 
P r  

rtny 
b 

T te  

"el 
C 

#lis 

Values 

40 - 100 n. m i .  

goo - 182' 

Nominal t 0.5 n. m i .  

Nominal 5 1.735 n. m i .  

(a) 

Nominal 5 0.01' 

Nominal 5 0.01' 

0' - 40' 

Nominal t 1.735 n. m i .  

Nominal t 8 h r  

0' * 0.2' 

1) AZmin = AZmax 
MED 2 )  AZ range 

Class 
designator 

0 

0 

1 

1 

0 

1 

1 

0 

1 

0 

1 

1 

%e min imum value i s  O', and the  maximum i s  obtained from t h e  data  
t ab le .  

b The Tte w i l l  be biased by the difference between the  nominal trans- 

MED values f o r  I / . J ~ ~ ~  m u s t  l i e  between 250' and 290'. 

lunar f l i g h t  time and t h e  t rans lunar  f l i g h t  t i m e  computed from s t ep  2. 
C 

A check w i l l  be 

made t o  determine i f  t h e  values a re  within t h i s  range. 
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4. Once t h e  dependent var iable  constraints  are s a t i s f i e d ,  t h e  mission 
i s  reoptimized. This i s  done by including t h e  mass a f t e r  TEI as a c l a s s  3 
dependent var iable  with l i m i t s  of 3000 l b  greater  than t h e  selected value 
from s tep  3. If t h i s  r e s u l t s  i n  as much as 2500 l b  gain i n  Mtei, an 

addi t ional  2500 l b  i s  added t o  t h e  l i m i t s  of t h e  var iable  t o  be optimized 
and t h e  optimization continues (see flow chart  4 ,  p. 56). 
azimuth spec i f ies  a range then I) i s  set as a c l a s s  two var iable  fo r  11s 
optimization, t he  weight on t h i s  var iable  w i l l  be 1. The variable Tte 

w i l l  be turned off  during optimization. 

If t h e  MED on 

5. Before converging a precision free-return t r a j ec to ry ,  be t t e r  
f i rs t  guesses are obtained by in tegra t ing  a TLMC t r a j ec to ry  t o  t h e  
optimized pericynthion. 

I Independent F i r  s t  gue s s 

Step 4 

0 (not t r iggered)  

Step 4 

Step 4 (not 
t r iggered)  

Step 4 (not 
t r iggered)  

Step 4 

Step 4 (not 
t r iggered)  

Value 

Midcourse posi t ion 

Midcourse posi t ion 

Midcourse posi t ion 

t.0657 n. m i .  

t.0657 n. m i .  

5.0657 n. m i .  

Weight 

c 
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Independent 
variables 

6 .  An integrated free-return t r a j ec to ry  i s  generated t o  pass through 
t h e  updated H 

var iab les  w i l l  be from s t ep  5. 
and $pc from s t ep  4. The f irst  guess for t h e  independent 

PC 

Step F i r s t  guess Weight size 

Step 5 

Step 5 

'*mcc 

' ymc e 

2 -19 

512 2-21 

512 

"mcc Step 5 I 512 1 2-21 
i 1 

I I I 1 

Step 4 k0.5 n. m i  

Step 4 + O . O ~ '  

Dependent I var i  ab l e  

-- 
-- 

Value 

I 
PC 

Hfr rtny 

C l a s s  1 Weight I designator 

goo - 182O 64 0 

Nominal -t- 1.735 n. m i .  -- 1 

H 
PC 

@PC 

1 

1 

7. The gloi is  now calculated.  This is  done by making a c a l l  t o  t h e  

in tegra tor  and propagating from MCC t o  t h e  yloi from s t ep  4. 
t r a j ec to ry  i s  integrated t o  t h e  y LIBRAT i s  ca l led  t o  ge t  the  EMP system 

and t o  ca lcu la te  Hnd, 

product of t he  angular momentum vectors of the  approach hyperbola a n g t h e  
lunar o r b i t  taken at the  time of landing. The other components of AV 

a re  : 

of t h e  approach hyperbola a t  t h e  node and t h e  veloci ty  of t h e  r e su l t an t  
lunar o r b i t  a t  t h e  node. 

After t h e  

l o i  ' 
And,  and t Calculate t h e  A+ f r o m t h e  dot 

nd * l o i  

l o i  
from s tep  4, and the  AVloi from the  difference between t h e  ve loc i ty  'lei 
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Nonfree-Return Options 

The nonfree-return BAP options have a somewhat similar procedure 
i n  computation t o  t h a t  of t h e  free-return options. The following are 
the  major differences i n  t h e  two methods. 

1. The use of a polynomial (ref.  6)  t o  update t h e  t i m e  of t h e  
node. This adjustment t o  t h e  t i m e  t o  t he  node i s  shown i n  flow chart  4. 
The polynomial cannot be used i f  t h e  MCC OCCUTS later than 20 hours a f t e r  
TLI.  The t i m e  from t h i s  polynomial i s  re fer red  t o  as the  6 ( A t ) .  

and I from the  dependent variable fr-rtny fr 2. The dropping of t h e  H 

arra;y. 

3. There are  two other  t i m e  adjustments t h a t  m u s t  be taken i n t o  
consideration when using the  nonfree-return t ra jec tory :  

a. Translunar time i n  which the  DPS re ta ins  t h e  ab i l i ty  t o  
re turn the  spacecraft  safely if the  SPS fails  t o  ign i t e  f o r  LOI. This 
t r a n s i t  t i m e  (AT ) m u s t  not be exceeded. 

dPS 
b. The t r a n s i t  time must be such t h a t  the sun elevation at the  

lunar  landing s i t e  i s  within the  desired range. This t r a n s i t  t i m e  i s  
re fer red  t o  as G . m . t .  of t h e  maximum sun elevation. 

The use of these t ranslunar  f l i g h t  t i m e s  i n  control l ing the  time t o  
the  node i s  shown i n  flow chart 4. 

4. The weight on AV, Ay, AI) of t h e  midcourse maneuver w i l l  be 8 f o r  
t he  full mission se l ec t  s tep.  

Option 4. 
fixed lunar o rb i t .  

chart  4. 
options i s  a l s o  determined by t h i s  logic  i n  flow chart  4. 
TLMC i s  the  most constraining of the  three t i m e s  - time from 6(AT) polynomial, 
maximum time fo r  DPS abort ,  and maximum time f o r  sun elevation constraint .  

Following i s  t h e  sequence f o r  computing a nonfree-return, 
The A t n d  t o  be used w i l l  be selected as shown i n  flow 

The t i m e  required fo r  the  first guess logic  fo r  nonfree-return 
This t i m e  f o r  
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Dependent 
variable 

X 

Y 

Z 

1. Converge TLMC as follows: 

Class 
Weight designator Value 

1 Midcourse posi t ion -- 

Midcours e pos i t  ion -- 

M i  dcours e pos it ion 

k.0657 n. m i .  

1 
2.0657 n. m i .  

1 -- 
~ 0 6 5 7  n. mi. 

Independent 
var i ab l e  s 

F i r s t  guess 

Eknpirical f irst  
guess 

o (not t r iggered  

270 

Nominal (not 
t r iggered)  

Nominal (not 
t r iggered)  

Empirical first 
guess 

Flow chart  4 
(not t r iggered)  
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2. Converge a conic nonfree-return s e l e c t  full mission. The 
variables for t h i s  s t ep  are shown below. 

Independent Step 
variables size F i r s t  guess Weight 
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Value 

40 - 100 n. m i .  

3oo - 182O 

Nominal 5 0.5 n. m i .  

Nominal 2 O.0lo 

Nominal 2 O.0lo 

min = (value from 
logic  of flow 
chart  4) - 2 h r  

max = (value from 
logic  of flow 
chart  4) + 2 h r  

Nominal 2 8 h r  

0 - 40 

oo 5 0.2O 

Nominal 2 1.735 n. m i  

Nominal It O.0lo 

Ffeight 

1 

64 

-- 

-- 

-- 

0.125 

0.125 

0.125 

-- 

-- 

-- 

Class 
des i gnat o r 

0 

0 

1 

1 

1 

0 

For nonfree-return f u l l  missions the  AT m a y  vary. To bound 

t h i s  c lass  two variable properly,  a check i s  made as shown i n  flow 
chart  4. 
ATnd i s  determined by the  most constraining of t he  times derived from 

t he  DPS abort constraint  and the  sun elevation constraint .  

nd 

This log ic  assures t h a t  both t h e  upper and lower bound f o r  
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The nominal t ransear th  f l i g h t  t i m e  w i l l  be  adjusted by the  same 
A t  applied t o  t h e  t ranslunar  f l i g h t  time by t h e  log ic  of flow chart  4. 

The f l i g h t  cont ro l le r  w i l l  have t h e  option v i a  a MED t o  change t h e  
ear th  landing time by one day. 

3. Optimization i s  ef fec ted  by maximizing the  mass after TEI; t h e  
limits on t h i s  var iable  should be 3000 l b  above the  selected value. If 
t h i s  results i n  as much as 2500 l b  gain i n  Mte, an addi t ional  2500 l b  i s  

added t o  t h e  limits of t h e  variable t o  be optimized and t h e  optimization 
continues (see flow chart 4, p. 5 6 ) .  

The l imi t ing  values on A t n d  w i l l  be the  values t h a t  come from flow 

chart 4. During optimization Tte w i l l  be turned o f f .  

4. Converge an integrated TLMC. 

F i r s t  guess 

Step 3 

Step 3 (not 
t r iggered)  

Step 3 

Step 3 (not 
t r iggered)  

Step 3 (not 
t r iggered)  

Step 3 

Step 3 (not 
t r iggered)  

Weight Step 
s i ze  
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5. To get  t he  displayed impulsive E a precision t r a j e c t o r y  mcc' 
i s  converged t o  t h e  optimized LO1 conditions, as shown below. 

Independent 
var iables  

A 'me c 

''me c 

"mcc 

AT nd 

Dependent 
var iables  

Hnd 

'nd 

'nd 

I 
PC 

F i r s t  guess 

Step 4 

Step 4 

Step 4 

Step 4 (not t r iggered)  

Value 

Step 4 +0.5 n. m i .  

Step 4 - +O.Olo 

Step 4 - +o.0lo 
90° - 1800 

- 

Weight 

-- 

64 

s t ep  
s i z e  
2-2 1 

2-2 1 

2-2 3 

Class 
designator 

1 

1 

1 

0 

6 .  The AVloi i s  now calculated.  This involves making one c a l l  t o  t h e  

in tegra tor  and propagate t o  t h e  yloi from s t e p  5.  
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is  t h a t  from 'lei The components of t h e  ATloi are as follows: 

s t ep  5; AVloi is  the  difference between the  veloci ty  of t h e  approach 

hyperbola at the  node and the  veloci ty  09 t h e  resu l tan t  lunar  o rb i t  at 
t h e  point of  t r ans fe r ;  A$loi i s  f r o m  t h e  dot product of  t h e  angular 

momentum vectors of t h e  approach hyperbola and t h e  lunar o rb i t  taken at 
the  t i m e  of landing. 

Option 5.- The computation procedure f o r  t h e  nonfree-return, f ree  
lunar o rb i t  or ientat ion i s  s i m i l a r  t o  t h e  nonfree-return option 4 with the  

The freeing of t he  o r b i t  or ientat ion i s  handled i n  t h e  exception of + 
same way as  i s  done f o r  t he  free-return f r e e  o rb i t  case,  option 3. F i r s t  

11s 

t e i '  Yloiy A'loi* guesses of zero a re  used f o r  A$ 

1. Converge TLMC as follows : 

F i r s t  guess 

Empirical f irst  
guess 

o (not 
t r iggered)  

270° 

Nominal (not 
t r iggered ) 

Nominal (not 
t r iggered)  

Empirical first 
guess 

Flow chart  4 
(not t r iggered  

Step 
s i ze  

The t i m e  required f o r  the  f irst  guess logic  f o r  nonfree-return options 
i s  a l so  determined by t h i s  logic  i n  flow chart  4. 
the  most constraining of t h e  three  times - t i m e  from 6(AT) polynomial, 
maximum t i m e  fo r  DPS abort ,  and maximum t i m e  fo r  sun elevation constraint .  

This t i m e  fo r  TLMC is 
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Z 

I I 

Midcourse posit ion 
2.0657 n. m i .  

I Dependent 
var i ab l e  I Value 

~ Midcourse pos i t ion  

Y M i  dcours e posit ion 
k.0657 n. m i .  

2. Converge a conic full mission using t h e  midcourse maneuver from 
s t e p  1 as a first guess while re laxing t h e  cons t ra in ts  on H and @pc. PC 

Independent I variables 

I 'Jltei 

av 
t e i  

T l o  1 A T U S  

"lei 
'lei 

F i r s t  gues s 

0 

Nominal 

Nominal 

Nominal 

0 

0 

Step 1 

Step 1 

Step 1 

Weight 

8 

1 

10 -6 

10-3 

1 

1 

5 12 

5 12 

512 

Step 
s i z e  

2-21 

2-21 

2'2 1 

2 -18 

2 -19 

2-19 

2-19 

2-21 

2-21 
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Dependent 
variables 

H 
PC 

I 
PC 

Hlo  

411s 

ATnd 

T t e  

I 
Pr  

"el 

r tny  H 

+ l l S  

Value 

40 - 100 n. m i .  

goo - 1 8 2 O  

Nominal f 0.5 n. m i .  

Nominal ? 0.01' 

Nominal f O.0lo 

min = (value from 
logic  of flow 
chart  4) - 2 h r  

max = (value from 
logic  of flow 
chart  4) +e 2 h r  

Nominal f 8 h r  

O - 40 

oo f 0.2O 

1) A h i n  = AZmax 

2 )  AZ range 
MED 

Class 
des i gn at or 

0 

0 

1 

1 

1 

0 

0 

- 0  

1 

1 

1 

For nonfree-return full missions t h e  ATnd may vary. To bound t h i s  

c lass  two variable properly, a check i s  made as shown i n  flow chart  4. 
This log ic  assures t h a t  both t h e  upper and lower bound f o r  ATnd i s  

determined by t h e  most constraining o f t h e  t i m e s  derived from t h e  DPS 
abort constraint  and t h e  sun elevation constraint .  
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The nominal t ransear th  f l i g h t  time w i l l  be adjusted by t h e  same 
A t  applied t o  t h e  t rans lunar  f l i g h t  time by t h e  log ic  of flow chart  4. 

The f l i g h t  con t ro l l e r  w i l l  have the  option via a MED t o  change t h e  
ea r th  landing t i m e  by one day. 

3. Optimization i s  e f fec ted  by maximizing t h e  m a s s  after T E I ;  t h e  
l i m i t s  on t h i s  var iab le  should be 3000 lb above t h e  se lec ted  value. If 
t h i s  r e s u l t s  i n  as much as 2500 l b  gain i n  Mtei, an addi t iona l  2500 l b  
i s  added t o  t h e  l i m i t s  of t h e  var iable  t o  be  optimized and t h e  optimization 
continues ( see  flow chart  4 ,  p. 56) .  

The l imi t ing  values on A t n d  w i l l  be t h e  values t h a t  come from 

flow chart  4. During optimization T w i l l  be turned o f f .  If t h e  MED 

on azimuth spec i f i e s  a range then 1 C l l l C  i s  s e t  as a c l a s s  two var iab le  
t e  

L A D  

f o r  optimization, t h e  weight on t h i s  var iab le  w i l l  be 1. 

4. Converge an integrated TLMC as follows. 

Independent 
var iab les  

'nd 

'nd 

'nd 

Hnd 

'nd 

And 

' Tnd 

F i r s t  guess 

Step 3 

Step 3 (not 
t r iggered)  

Step 3 

Step 3 (not 
t r iggered  ) 

Step 3 (not 
t r iggered)  

Step 3 

Step 3 (not 
t r iggered)  

Weight Step 
s i z e  
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'JImcc 

*Ymcc 

"mcc 

ATnd 

Dependent 
var iables  

Step 4 

Step 4 

Step 4 

Step 4 \not t r iggered)  

Value 

Midcourse pos i t ion  
t.0657 n. m i .  

Midcourse posi t ion 
2.0657 n. m i .  

Midcourse pos i t ion  
2.0657 n. m i .  

Weight 

5. To get  t h e  displayed impulsive Emcc, a precis ion t r a j ec to ry  i s  

converged t o  the  optimized LO1 conditions,  as shown on the  following page. 

-- 

Class 
designator 

1 

1 

1 

I Independent 
va r i  ab l e  s F i r s t  guess Weight 

512 

-- 

Step 
s i z e  
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Hnd 

'nd 

'nd 

I 
PC 

I Dependent 
variables I 

Step 3 kO.5 n. m i .  -- 

Step 3 f0.01O -- 
Step 3 +0.01O -- 
goo - 180° 64 

Weight I Value Class 
designator 

5. The ATloi i s  now calculated.  This involves integrat ing the  

translunar coast t o  t h e  y from s tep  4, by making one c a l l  t o  t he  loi 
integrator .  

To obtain the  Eloi, i t s  components w i l l  be t h e  following: AVloi w i l l  

be the  difference between t h e  velocity of t he  approach hyperbola at the 
node and the  veloci ty  of t h e  resu l tan t  lunar  o rb i t  at t h e  t r ans fe r  po in t ;  
A+ w i l l  be calculated from t h e  dot product of t h e  angular momentum vectors 
of approach hyperbola and t h e  lunar orb i t  taken at t i m e  of landing; t h e  
y w i l l  be the  value from s t ep  5. 

LUNAR FLYBY MODE 

The t h i r d  computation mode generates t he  circumlunar flyby a l te rna te  
mission. The logic  supporting t h i s  mode i s  simply a circumlunar, free- 
re turn t r a j ec to ry  t o  the  nominal height and l a t i t u d e  of pericynthion. 
The t ransear th  port ion of t h e  t ra jec tory  satisfies a constant f l i g h t  
path angle, height of reentry,  reentry range, and delta time from 
reentry t o  landing. N o  d i r ec t  control i s  avai lable  over t he  h 

i p  
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If t h e  earth-return longitude i s  not acceptable, t h e  f l i g h t  cont ro l le r  
w i l l  have t h e  a b i l i t y ,  through a MED,'to vary the  H 

w i l l  control  t h e  re turn  longitude. 

as t h e  height is changed by a MED. 

which, i n  turn, 
PC 

The $pc remain the nominal value 

Option 6.- The circumlunar flyby free-return t r a j ec to ry  is  a re turn  
t o  nominal, as shown i n  flow chart  5. 
mode i s  begun with a check t o  determine the  dis tance between t h e  SC and 
t h e  moon. If the  distance i s  20 e.r. or less, computations a r e  made i n  
moon reference, but i f  t h e  distance i s  greater than 20 e.r . ,  computations 

. a re  made i n  ear th  reference with a sphere r a t i o  of 0.275. 

The computational sequence for t h i s  

There w i l l  
be a maximum of 20 i t e r a t ions  fo r  each s tep.  

1. Converge the  TLMC first guess logic  as follows: 

Independent 
variables F i r s t  guess 

Ehpir ical  f i r s t  
guess 

o (not 
t r iggered)  

270° 

Nominal (not  
t r iggered)  

Nominal (not  
t r iggered)  

Eknpirical f irst  
guess 

Nominal (not 
t r iggered ) 

I 

P 
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Dependent 
var iable  

X 

Y 

Z 

Value 

Midc ours e pos it ion 
2.0657 n. m i .  

Midcours e posi t ion 
2.0657 n. m i .  

Midcourse posi t ion 
2.0657 n. m i .  

Weight Class 
designator 

1 

1 

1 

2. Once t h e  f i r s t  guess values a re  obtained f romthe  conic TLMC an 
integrated TLMC t r a j ec to ry  i s  converged using t h e  following array.  

Independent 
var iables  

@PC 

x 
P C  

T 
PC 

F i r s t  gue s s 

Step 1 

o (not t r iggered 

Step 1 

Nominal (not 
t r iggered)  

Nominal (not 
t r iggered 

Step 1 

Nominal (not 
t r iggered)  

Step 
s i z e  



40 

Value 

Nominal f0 .01 

Nominal +O .01 

goo - 182O 
Nominal f 1.735 n. m i  

(a)  

3. U s e  t he  converged values from s tep  2 as first guesses f o r  t h e  
integrated free-return t r a j ec to ry .  

Weight 
-- 
-- 
64 

-- 
8 

Independent 

"mcc 

"mcc 

I AVmcc 

Dependent 
variables 

H' 
PC 

+PC 

Hfr r tny  

I 
PC 

Ifr 

Step 2 

Class 
designator 

1 

1 

0 

1 

0 

" 

c 

%inimum value i s  Oo and t h e  maximum value i s  obtained from the  
da ta  table. 
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Option 7.- The circumlunar flyby with the  a b i l i t y  t o  specify the  
' €I w i l l  use the  same procedure as option 6.  The f l i g h t  cont ro l le r  w i l l  

P C  
have control  over earth-return longitude by a MED value t o  the  height of 
pericynthion. 
option 7. 

Flaw chart  5 shows the  r e l a t ion  between option 6 and 

1. Converge TLMC using the  following array: 

Independent 
vari ab l e  s 

V 

H 
P C  

A 

T 
P C  

F i r s t  guess 

Empirical first 
guess 

o (not 
t r iggered  ) 

270' 

MED value (not 
t r iggered)  

Nominal (not 
t r iggered ) 

Ehpir ical  f i r s t  
guess 

Nominal (not 
t r iggered  

Weight 



I Dependent 
var i  ab l e  

Y 

Value 

Midcourse posi t ion 
rt.0657 n. m i .  

42 

Weight 

Midcourse pos i t  ion 
5.0657 n. m i .  

Z M i  dcours e pos ik on 
rt.0657 n. m i .  

-- 

Class 
le s ignat  o r  

2.  Converge an integrated TLMC t r a j ec to ry  as follows: 

Independent 
variables s i z e  F i r s t  guess 1 Weight 

I 
I 

I 

I 
Step 1 

o (not t r iggered)  

Step 1 

Nominal (not 
t r iggered)  

Nominal (not 
t r iggered)  

512 I 2-19 
-- I -- 

-- 

-- I -- 

t r iggered ) I I 
Class 

Value Weight designator 

Midcourse posi t ion 
rt.0657 n. m i .  

Midcourse posi t ion 
rt.0657 n. m i .  

I -- 

I -- 

1 

1 

1 Midcourse posi t ion -- 
5.0657 n. m i .  
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3. Converge an integrated free-return t r a j ec to ry  t o  the  specif ied 

I Independent F i r s t  guess I variables Weight 

I I I 

"mcc 

'Ymc c 

Avmc c 

Step 2 512 

Step 2 512 

Step 2 5 12 

Dependent 
variable 

H 
PC 

Value Weight 

MED k 0.5 n. m i .  -- 
Nominal +O. 01' -- 
90° - 1 8 2 O  64 

Nominal rt 1.735 n. m i .  -- 

( a )  8 

Step 
s i z e  

Class 
des ignat or 

%Iinimum value i s  Oo and t h e  m a x i m u m  value i s  obtained from the  
data  tab le .  
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TABLE I.- II?F'UT/OuTpuT DATA TABLE" MTH SPECIFIC STEP FROM WHICH 

EACH VARIABLE WILL BE TAKEN TO UPDATE THE DATA TABLE 

Input/output variables 

GMT 
PC 

Gmna 

Hnd 

'na 

And 

H 
PC 

+ P C  

Yloi 

'Jlloi 

%ls 

Tlo 

911s 

'Jltei 

Avt e i 

T te  

'11s 

Rlls 

- 
1 - 
- 
Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

P 

P 

P 
- 

- - 
Ster 

6 
- 

TC 

7c 

T C  

TC 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

- 
&x - updated i f  option i s  sent t o  MPT. 
Y - value drawn from data t ab le  
P - pref l igh t  constant 

- 
4iss: 
- 
Ste] 

6 
- 

TC 

TC 

7c 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

- 

Step 

XYY 5b 

x 5  

x 3  

x 3  

x 3  

X,Y 3 

X,Y 3 

X,Y 3 

X,Y 3 

X,Y 3 

X,Y 3 

y 3# 

X,Y 3 

X,Y 3 

X,Y 3 

P 

P 

P 

b C a l l  EBETA and BETA t o  compute t i m e  from node t o  pericynthion, 

' C a l l  DGAMMA and XBWA t o  compute t i m e  from pericynthion t o  the 

"pc and +pc* 

node, Hnd, and And. 

- 
Step 

lib 
- 

5 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

- 

L 
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6 7  

x x  

x x  

x x  

x x  

X 

x x  

TABLE 11.- MED QUANTITIES 

rnD 

me c T 

Configuration 

a I AZmin 

a 
AZmax 

Yrtny 
b 

b Rtny Rng 

Adjustment t o  t ransear th  

f l i g h t  t h e C  

H 
P C  

Min DPS t i m e  

Max DPS t i m e  

Min SEA time 

Max SEA t i m e  

- 
1 
- 

X 

X 

- 
2 
- 
X 

X 

X 

Mission options - 
3 

X 

X 

X 

X 

X 

- 
4 
- 
X 

X 

X 

X 

X 

X 

X 

- 
5 

X 
- 

X 

X 

X 

X 

X 

X 

X 

X 

%ormulat ion i n  the  appendix. 

bThese MED parameters a re  needed t o  cover the  open-loop reentry 
when there  i s  a G&N failure. 

C The adjustment t o  T will be t o  change t h e  ear th  landing by t e  
one day. 
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TABLE 111.- DISPLAY OUTPUTa 

output 

~ 

Return 

&nin 

AZmax 

Config. 

g.e.t. 

"mcc 

yAwmcc 

h 

b 
mc c 

- 

b 

PC 
b 

l o i  g.e.t. 

A'loi 

AZact 

KbO 

A 4  

HALPO 

HpLPO 

- 
AVlopc 

AVteiC 

' t e i  g.e.t 

Avrem 

g.e.t. 

9 i p  

IC 

d 

a 
A .  

IP 

M i g  
_. - 

1 - 
W 

NA 

NA 

NA 

W 

n 

n 

n 

n 

n 

n 

n 

n 

NP 

NP 

NP 

Nf 

Nj 

Nl 

NJ 

N1 

NI 

Nl 

- 
2 

_. 

w 

0 

n 

n 

W 

n 

n 

n 

n 

n 

7. 

r 

1 

T 

1 

1 

I 

1 

I 

1 

1 

- 
on 

4 
- 
- 

w 

W 

tl 

n 

w 

n 

n 

n 

n 

n 

n 

n 

11 

r 

r 

r 

r 

r 

T 

1 

I 

1 

1 

- 
tin 

5 
- 
- 

w 

0 

n 

n 

0 

n 

n 

n 

n 

7. 

r 

r 

r 

1 

1 

1 

I 

1 

1 

I 

1 

= not applicable. 

NA 

NA 

0 

n 

n 

n 

n 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NP 

NP 

NP 

Nf 

r 

r 

r 

- 

- 
7 - 
w 

w 

EA 

NA 

w 

n 

n 

n 

n 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

n 

n 

n 
- L.;;.--------- n = number; w = word; 

bFormulation i n  the appeidix. 

Support Division and delivered t o  IBM. 

YAW,,  w i l l  be formulated by Flight 

c -  AV . w i l l  be corrected by +85 f p s .  t e i  

dCoordinates of earth landing w i l l  be Geodetic. 
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TABLE I11 .- DISPLAY OUTPUT" - Concluded 

output 

H 
PC 

AZact 
b 

"rem 

STA I D C  

G . m . t .  V d 

g.e . t .  ve 

CSM WTf 

LM WTg 

Mission options 

a 

bFormulat ion i n  t h e  appendix. 

n = number; w = word; NA = not applicable. 

C STA I D  - Standard vector ident i f ica t ion  of t he  s t a t e  vector used 
t o  compute the  maneuver sequence. 

dG.m. t .  V - G . m . t .  time t a g  of t he  s t a t e  vector ,  hours:minutes:seconds. 

e g .e . t .  V - g.e . t .  t i m e  t ag  of t h e  state vector ,  hours:minutes:seconds., 

fCSM WT - Total CSM weight, l b .  

gLM WT - Total LM weight, l b .  
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A P P E N D I X  

O P E M T I O N A L  AND FUNCTIONAL FLOW CHARTS 
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- AZ AZnin max 

The MED convention for enter ing t h i s  parameter w i l l  be changed t o  a 
pos i t ive  Oo - 3 6 0 O  system as shown below. 

For example, 

and 

J l g  = 300° 
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T 
l o i  ign 

g .e . t .  i s  defined t o  be t h e  time of LO1 ign i t i on .  
l o i  

- 
T~~~ ign - Tnd + Tstart 

- wO - - -  
Tstai-t 

-AV 

gols-rl 
L - 

l + e  

g0Isp 

where 

Wo = i n i t i a l  m a s s  

i = m a s s  flow rate 

AV = Floi from t h e  LO1 ca l ib ra t ion  

= gravi ta t iona l  constant 
g0 

I = specif ied impulse 
SP 

Calculation of A$,oi 

To calculate  t he  AJlloi t he  following procedure w i l l  be used: 

1. C a l l  RVIO with inputs of 

r = l  

v = l  

(p = l a t i t u d e  LLS 

e = longitude LLS 

c 
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y = o  

Output w i l l  be t h e  uni t  selenographic Cartesian posi t ion and veloci ty  

2' vectors U and U 1 . 
2 .  C a l l  LIBRAT at the  time of landing with U1 and U2 as input 

vectors t o  get t he  selenocentric vectors (U' and U;) corresponding t o  

the  landing s i t e  at t h e  t i m e  of landing. 
1 

3. Compute A$loi = cos -1 pl (ui x u ~ j  
Where h is the  uni t  angular momentum vector at t he  node, as defined 

1 .  
i n  t he  precision t r a j ec to ry  computer. 

Delta Delta Time Polynomial 

The 6 ( A t )  polynomial determines the  optimum nonfree-return trans- 
lunar  f l i g h t  t i m e  (from translunar  in jec t ion  cutoff t o  lunar  orb i t  
i n se r t ion ) .  The independent variables a re  as follows : 

a ( e . r . ) :  semi-major axis o f  t h e  shutdown state 

At ' (hr ) :  delay time from TLI  cutoff t o  t ranslunar  midcourse maneuver, 
t h i s  value w i l l  be: g .e . t .  of TLIign + 328 see. 

X ( e . r . ) :  radial distance of t he  moon at t i m e  of lunar orb i t  inser t ion  m of t h e  nominal free-return t r a j ec to ry  

@,(rad): 

At(hr) : 

fl ight-path angle (measured from l o c a l  v e r t i c a l )  of t h e  
moon at t i m e  o f  LO1 of t h e  nominal free return 

. nominal free-return f l i g h t  time f r o m  TLI t o  LO1 (value t o  
be used during RT w i l l  be t h e  t i m e  t o  pericynthion) 

The range of t he  independent variables is as follows: 

a(e.r .> , 13 t o  81; A t ' ( h r ) ,  2 t o  20; X m ( e . r . ) ,  56 t o  63; , 
'm 1.5 t o  1.7; At(hr ) ,  61  t o  74.7. A check should be provided t o  

determine the  value of t h e  semimajor axis.  .If i t s  value i s  less than 
14 e.r. and pos i t ive  then it should be set at 14 e.r .  
grea te r  than 91 e.r. or l e s s ' t han  zero then it should be set at 91 e.r .  

I f  i ts  value i s  



This i s  done because thepolynomial i s  f i t  between 13 and 81 e.r .  and 
the lower end is  not very accurate so  the value of a w i l l  not be allowed 
t o  go below 14 e.r .  
therefore,  the upper l i m i t  w i l l  be set at 9 1  e.r. 

The upper end is accurate and extropolated very w e l l ;  

The polynomial i s  of the form: 
2 

& ( A t )  = bo + bl/a + b2/a2 + b At'/a + b4At' + b A t '  + b6Xm + b X 
3 5 7 m  

2 3 
+ b X /a + b X A t '  /a + b A t '  /a2 + b l l A t '  /a + b12/a3 + b13At' 

+ b14Xm/a2 + b15XmAt1 + b16 m 17 m m 

+ b X cosBm + b20/a4 + b A t 3  + b X + b23At'/a4 + b24At 19 m 2 1  22 m 

+ b A t 2  + b26AtXm/a + b AtXm + b28At/a + b A t 2  X 2/a2 25 27 29 m 

A t '  

8 m  9 m  10 
2 2 2 

A t '  X /a + b X At'/a2 + b18At' X /a2 

The coeff ic ients  f o r  the & ( A t )  polynomial are l i s t ed  below: 

0.16614352 x 

0.10673486 R l o 4  
b13 

b14 

15 

16 

17 

b18 

19 

0.48237399 x l o 1  

bl -0.33327854 x l o 3  
-0.12140743 x 

0.43980221 x 

0.98116717 x l o 4  b 
b2 

b3 
-0.15785115 x l o 3  

-0.46467769 x l o 2  b4 0.42236397 x 10-1 b 

b 0.50951511 0.44041338 x 10-1 
5 

b6 
b -0.15132136 x 10-l 7 

-0.23454849 0.35644845 b 

0.55472146 x l o7  b20 

b21 

b22 

-0.42499530 x 

0.22349293 x 

b8 -0.77055739 X l o 2  
b 0.32689925 x l o 1  

b10 0.31964177 x I O 4  

9 
-0.55596397 x lo5  

b23 
-0.16267514 x 101 bZ4 0.28837746 x 10-l 

-0.91659504 x 10-3 

bll 

25 b12 -0.99746361 x lo6  . b  
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b26 -0 53786773 

b 0.37944308 x 

b28 

29 
b 

?7 
0.85832895 x l o2  

-0.69204019 x 
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* 

c 

Q 0 

r 
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I- 1 

CALL DATA TABLE TO GET 
APPROPRIATE VARIABLE 
ARRAY AND INITAL VALUES 

OBTAIN DESIRED STATE 
VECTOR FROM VECTOR 
EPHEMERIS BY SPECIFYING 
TIME OF VECTOR 

I I I I I 

t 

t 

INTEGRATE THROUGH ATMCC TO MIDCOURSE POINT 2 A A 

T'"" 1 YES 

TRAJECTORY 

FREERETURN 

YES 

INTEGRATED 
TRAJECTORY 

I, I 

CALL TLMC 

UPDATE 

V 
CONVERGE CONIC 

SELECT NON-FREE 
RETURN FULL MISSION 

CONIC OPTIMIZE 
FULL  MISSION + 

I 1 
CONVERGE INTEGRATED 

TLMC TRAJECTORY 
INTEGRATE 

TRAJECTORY 
1 ATLMC t 

FULL MISSION 

CONVERGE INTEGRATED 
FREE RETURN 

INTEGRATED 
TRAJECTORY 

CONVERGE lNTEGRATED 
TLMC TRAJECTORY 

I L 
INTEGRATED I\ 

FREE RETURN 

I 
I 

CL, RETURN 

Flow chart 2.- Functional flow translunar midcourse supervisor. 



OBTAINED DESIRED STATE VECTOR 
FROM VECTOR EPHEMERIS BY 
SPECIFYING TIME OF VECTOR 

0 WITHIN 20 e. r. YES 4 7 1  MANEUVER IN 

OF MOON MOON REFERENCE 

- 
CALLDATATABLE 

OBTAIN NOMINAL M, Y, 2 ,  t h d  
SET VARIABLE ARRAY AND 
VALUESFORXYZ MODE 

I 

STEP 3 NOMINAL NODE USING AV, Ay, AND 
A$ FROM STEP 2 AS FIRST GUESSES 

t 
CALL TLMC TO OBTAIN FIRST 
GUESSES FOR AV, AYAND 
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Flow chart 3.-  Detailed flow of XYZ logic. 
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Flow chart 4.- Detailed flow of BAP. 
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Flow chart 4.- Detailed flow of BAP - Continued. 
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Flow chart 4.- Detailed flow of BAP -Continued. 
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Flow chart 4.- Detailed flow of BAP - Continued. 
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Flow chart 4.- Detailed flow of  BAP - Concluded. 
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Flow chart 5.- Detailed flow of flyby mode. 
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