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RTCC REQUIREMENTS FOR MISSION H AND 

SUBSEQUENT MISSIONS: ENTRY PHASE 

By James W. Tolin,  Jr., John K. Burton, 
and Joseph E.  Rogers 

SUMMARY AND INTRODUCTION 

Presented i n  t h i s  i n t e rna l  note a r e  t h e  real- time program require-  
ments f o r  t h e  reen t ry  phases of Mission H and subsequent missions. 
These requirements a r e  ba s i ca l l y  t h e  same as those defined fo r  t h e  
Apollo 9 and 10 missions presented i n  reference 1. 
from reference 1 a r e  found i n  t h e  method used t o  compute reen t ry  
t r a j e c t o r i e s  f o r  state vectors obtained below t h e  reentry  i n t e r f ace  
(400 000-ft a l t i t u d e )  and i n  t he  f i n a l  phase reference t a b l e .  
primary mode of reen t ry  t r a j ec to ry  control  w i l l  use t h e  guidance and 
navigation con t ro l  subsystem (GNCS) onboard t h e  spacecraf t .  
a GNCS failure should occur, t h e r e  are severa l  backup reen t ry  modes avail- 
able .  

The primary changes 

The 

However , if 

The backup modes may use t he  entry  monitoring system (EMS) for 
ranging or may be based on manual open-loop con t ro l  of t h e  spacecraft  
bank angle by t h e  f l i g h t  crew. The real- time computations ..equired t o  
support these  reen t ry  modes f o r  Mission H and subsequent missions a r e  
presented i n  t h i s  document. 

PRIMARY GUIDANCE REQUIREMENTS 
t 

The basic  Apollo reen t ry  guidance and navigation system log ic  i s  
presented i n  reference 2. Some phases of t h e  reen t ry  guidance f l o w  log ic  of 
reference 2 a r e  subject  t o  updates at  a l a t e r  time. The current  Apollo 
reen t ry  guidance flow log ic  i s  presented i n  f igures  1 through 13 of t h i s  
i n t e r n a l  note. The de f in i t i ons  of t he  reentry  guidance var iab les  a r e  
presented i n  t a b l e  I. The guidance gains and constants a r e  presented 
i n  t a b l e  11, and t h e  f i n a l  phase reference t r a j e c t o r y  i s  presented i n  
t a b l e  111. 

The navigation f o r  t h e  real- time program i s  t o  be obtained from t h e  
real- time processor in tegra t ion  package. The t o t a l  aerodynamic acceler-  
a t i on  D used i n  t h e  t a rge t i ng  phase ( f i g .  4) i s  a l s o  t o  be obtained from 

d 
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t h i s  in tegra t ion  package. 
and t h e  D computation a r e  included t o  provide a more complete document. 

The average g navigation computation ( f i g .  2 )  

The i n i t i a l i z a t i o n  phase of t h e  program i s  presented i n  f i gu re  3. 
The parameters Q7 and L/D must be i n i t i a l i z e d  t o  accommodate a branch t o  
KEPL from INITROLL ( f i g .  5 )  f o r  a slow-speed reentry .  The parameter Q7 
i s  made equal t o  Q7F, and L/D i s  equated t o  LAD (cos C l O ) ,  where C10 i s  
t h e  command module (CM) bank angle a t  reen t ry  i n t e r f ace .  The parameter 
FACTOR must be i n i t i a l i z e d  a t  1 .0  t o  insure  t h e  correct  computation of 
L/D i n  t h e  UPCONTROL phase fo r  shallow, high-speed r e e n t r i e s .  The un i t  
t a r g e t  vector URTO i s  t he  i n i t i a l  t a r g e t  un i t  vector and must be com- 
puted from t h e  longitude and geodetic l a t i t u d e  of t h e  desired splash 
point .  The time increment TN is  a constant which i s  added t o  t he  
current  f l i g h t  time t o  obta in  a nominal time of f l i g h t  from l i f t - o f f  
through reentry .  

The RTCC must have t h e  capab i l i ty  t o  receive  an update of t h e  t a r -  
ge t s ,  t r i m  aerodynamic cha rac t e r i s t i c s ,  guidance gain LAD, guidance gain 
LOD, CM weight, and l a t e r a l  b i a s  during t h e  missions. The f l i g h t  control-  
l e r s  must have t h e  option t o  s e l ec t  t h e  i n i t i a l  reentry  bank angle of 
t h e  CM, C10. They must a l s o  have t h e  capab i l i t y  t o  maintain t h i s  i n i t i a l  
bank angle u n t i l  a prescribed g l e v e l  g i s  obtained, a t  which time 

t h e  roll commands from t h e  guidance log ic  a r e  used. These manual ent ry  
devices (MED) a r e  fu r the r  defined i n  t a b l e  I V  which a l s o  includes a 
column labeled system value. 
t h e  system value w i l l  be used i f  no MED i s  inse r ted  i n t o  t h e  system. 

C 

For those parameters with spec i f i ed  value ,  

The function of t h e  l a t e r a l  b i a s  term i s  t o  simulate t h e  aerodynamic 
ro t a t i on  of t h e  l i f t  vector which r e s u l t s  from a l a t e r a l  center-of- 
g rav i ty  o f f s e t .  The magnitude of t h e  l a t e r a l  b i a s  (CGBIAS)  term i s  
computed from ;he equation 

where Ycg and Zcg a r e  given i n  CM body coordinates. 
s ign of CGBIAS i s  t h e  s ign of Ycg.) 
t h e  center  l i n e  and through t h e  apex of t he  CM; t h e  pos i t ive  Z-body ax i s  
i s  normal t o  X-body and i n  t h e  general  d i r ec t i on  of t h e  l i f t  vector(throu& 
t h e  f e e t  of t h e  crewman); and t h e  pos i t ive  Y-body completes t he  orthogonal 
set of ar ight- hand system. The calcula ted bank angle 6 which i s  used i n  

t h e  in tegra to r  must r e f l e c t  t h e  CGBIAS t e r m ;  t h a t  i s ,  

(Note t h a t  t h e  
The pos i t i ve  X-body ax i s  i s  along 

f3 = f3 + CGBIAS. 

The RTCC must be ab le  t o  compute a guided reentry  simulation f o r  
s t a t e  vectors obtained a f t e r  ent ry  i n t e r f ace ,  400 000-foot a l t i t u d e .  
This computation w i l l  be accomplished by in tegra t ion  of t h e  s t a t e  vector 
used t o  generate t h e  postburn column found i n  t h e  RTCC reen t ry  displays  
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t o  t h e  t i m e  of t h e  t r ack ing  vector  obtained below a 400 000-foot a l t i t u d e .  
A t  t h i s  point  i n  t h e  simulation, t h e  state vector  w i l l  be replaced with 
t h e  vector  obtained below t h e  400 000-foot a l t i t u d e ,  and t h e  in tegra t ion  
w i l l  be continued t o  normal termination.  

DIGITAL AUTOPILOT SIMULATION 

The d e t a i l e d  flow log ic  f o r  t h e  roll channel of t h e  CM r een t ry  
d i g i t a l  au top i lo t  (DAP) i s  presented i n  f i g u r e  14. The DAP i s  explained 
more f u l l y  i n  reference 2 ,  from which t h e  bas ic  flow w a s  taken. 

The DAP simulation implements t h e  roll commands issued by t h e  reen t ry  
guidance l o g i c  every 2 seconds.. The only inputs  necessary are t h e  
roil command from t h e  reen t ry  guidance (delayed by 1 s e e )  , t h e  t r i m  
angle of a t t a c k ,  t h e  value of SWTCH2, and t h e  i n i t i a l  spacecraft  bank 
angle. Because t h e  roll. command t o  t h e  DAP i s  delayed by 1 second, t h e  
log ic  uses t h e  command generated a t  t i m e  T during t h e  t i m e  i n t e r v a l  
( T  + 1) t o  ( T  + 3) .  The spacecraft bank angle i s  t h e  same as speci f ied  
i n  t h e  previous sec t ion .  The flow w i l l  process t h e  log ic  a t  0.1-second 
i n t e r v a l s  and w i l l  make 10 individual  ca lcula t ions  of t h e  pe r t inen t  
va r i ab les  during t h e  f i r s t  second of each 2-second i n t e r v a l  before e x i t i n g  
t h e  rou t ine ,  going t o  t h e  i n t e g r a t o r ,  and then re turning f o r  t h e  second 
second of t h e  2-second time i n t e r v a l  ( f i g .  14): The minimum time i n t e r v a l  
t h a t  can be processed i s  3 centiseconds, which accounts f o r  t h e  t runcat ion  
of t i m e  i n t e r v a l s  T 1 ,  T2, and TOFF t o  two decimal p laces ,  as shown on 
page 4 of t h e  s i x  pages of DAP flow logic .  
include bank angle,  body r o l l  rate ,  s t a b i l i t y  roll r a t e ,  and CM RCS f u e l  
usage. 

Outputs from t h e  rout ine  

A l l  switches have t h e  i n i t i a l  values shown on page 18. A s  indicated 
i n  t h e  flow, SWTCH2 must be equated t o  zero each time a new roll command 
i s  generated by t h e  reen t ry  guidance so  t h a t  t h e  parameters w i l l  be 
r e i n i t i a l i z e d .  

The DAP roll l o g i c  i s  designed t o  ca lcu la te  a d e l t a  t i m e  i n t e r v a l  
( T l )  so  t h a t  t h e  CM RCS engines w i l l  be f i r e d  t o  dr ive  t h e  spacecraft  t o  
t h e  commanded a t t i t u d e .  This value of T 1  t h a t  i s  ca lcula ted  i s  based on 
a roll rate t h a t  i s  proport ional  t o  roll a t t i t u d e  e r r o r .  I n  addi t ion ,  
t i m e  i n t e r v a l s  TOFF and T2 a r e  ca lcula ted  which represent ,  respect ive ly ,  
a . c o a s t  time and a time t o  f i r e  t h e  opposing j e t s  t o  reduce t h e  roll 
rate t o  approximately zero as t h e  spacecraft  a t t i t u d e  approaches t h e  roll 
c omand. 



4 

A l l  constants  were taken from reference 2 with t h e  exception of t h e  
accelera t ion  about t h e  CM X-body ax i s  which w a s  taken from reference 3. 
The de f in i t ion  of va r i ab les  used i n  t h e  DAP simulation are presented i n  
table V ,  and t h e  DAP gains and constants  are presented i n  t a b l e  V I .  

ENTRY MONITORING SYSTEM 

The en t ry  monitoring system (EMS) provides t h e  crew with reen t ry  
monitoring and backup ranging c a p a b i l i t i e s .  It provides a d isplay  of 
load fac to r  g versus i n e r t i a l  ve loc i ty  V on a s c r o l l  marked with 
o f f s e t  and onset curves which enables the  crew t o  monitor t h e  reen t ry  
t r a j e c t o r y  and t o  perform a safe manual r een t ry .  I f  the re  i s  a f a i l u r e  
i n  t h e  PGNCS e i t h e r  before or during reen t ry ,  t h e  EMS can be used as 
a reen t ry  display f o r  t h e  backup mode. 

The EMS i s  i n i t i a l i z e d  when t h e  f l i g h t  crew i n s e r t s  t h e  i n e r t i a l  
ve loc i ty  and t h e  i n e r t i a l  range-to-go values i n t o  t h e  EMS p r i o r  t o  
reent ry .  The inse r t ed  da ta  corresponds t o  t h e  0.05g point or t o  an 
a r b i t r a r y  a l t i t u d e  i n  t h e  reen t ry  t r a j e c t o r y .  These q u a n t i t i e s  a r e  made 
avai lable  t o  t h e  crew by voice communications from t h e  ground. The 
primary method f o r  i n i t i a l i z a t i o n  i s  t o  compute t h e  i n e r t i a l  ve loc i ty  
and i n e r t i a l  range-to-go by use of t h e  RTCC r een t ry  simulation program. 
The EMS begins t o  operate when it senses a load f a c t o r  of 0.05g k 0.005g 
or when t h e  crew manually starts t h e  system a t  a time t h a t  corresponds 
t o  an a r b i t r a r y  a l t i t u d e .  The following procedure i s  t o  be used t o  
determine t h e  i n i t i a l  conditions. 

1. Determine t h e  i n e r t i a l  pos i t ion  and ve loc i ty  at t h e  O.O5g point  
or  a MED a l t i t u d e  (HEMS) i n  t h e  reent ry  t r a j e c t o r y .  I f  a MED a l t i t u d e  

i s  not input i n t o  t h e  RTCC,  t h e  simulation w i l l  automatical ly use t h e .  
0.05g point .  

2. U s e  t h e  s t a t e  vectors  at  0.05g o r  t h e  MED a l t i t u d e  and continue 
t h e  veloci ty  in tegra t ion  f o r  guided and backup ent ry  t r a j e c t o r i e s  with 
t h e  equation 

L 

where 

Vo = ve loc i ty  at  0.05g or  HEMS 

V = i n e r t i a l  ve loci ty  
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I$, = 0.948 ( reso lu t ion  f a c t o r )  

A 

tf = t i m e  when t h e  a l t i t u d e  decreases t o  25 000 f e e t  

= sensed aerodynamic acce le ra t ion  along t h e  longi tudinal  body a x i s  X 

t = t i m e  at 0.05g or HmS 
i 

g = 32.174 f t / s e c 2  

3. 
range-to-go. 

Use t h e  ve loc i ty  from t h e  above equation t o  ca lcu la te  t h e  i n e r t i a l  

t o  tf above an obla te  ea r th  ti 
where Rf  i s  t h e  i n e r t i a l  range from 

and 0.000162 i s  t h e  conversion f a c t o r  used t o  obta in  range-to-go i n  n .  m i .  . 

Vo and R a r e  t ransmit ted  by voice l i n k  t o  t h e  
f 

f l i g h t  crew f o r  EMS i n i t i a l i z a t i o n .  
s t eps  i s  presented i n  f igure  1 5 .  
i n  fps  and t h e  i n e r t i a l  range-to-go i n  n. m i .  

w i l l  be displayed i n  t h e  Mission Control Center (MCC)  t o  t h e  f l i g h t  con- 
t r o l l e r  f o r  r e l a y  t o  t h e  crew. 

The quan t i t i e s  

A block diagram of t h e  i n i t i a l i z a t i o n  
The i n e r t i a l  ve loc i ty  w i l l  be ca lcula ted  

These q u a n t i t i e s  and ti 

BACKUP REENTRY MODES 

The mission support f o r  Mission H and subsequent mission reen t ry  
phases i s  t o  be designed t o  encompass a l l  r een t ry  speeds from ea r th  
o r b i t a l  t o  lunar  r e t u r n  and t ime- cr i t i ca l  abort  reent ry  speeds. 
it i s  necessary t o  devise a backup reent ry  mode wh,ich w i l l  s a t i s f y  t h e  
s a f e  reen t ry  requirements f o r  t h i s  range of v e l o c i t i e s .  The RTCC must be 
programed t o  provide t h e  f l i g h t  c o n t r o l l e r s  with t h e  option t o  s e l e c t  a 
backup reen t ry  mode as opposed t o  a guided (closed- loop) mode. The b a s i s  
f o r  these  backup modes i s  manual a t t i t u d e  con t ro l  of t h e  CM l i f t - v e c t o r  
o r i en ta t ion .  The se lec t ion  of t h e  proper rou t ine  t o  be used i s  b a s i c a l l y  
a function of t h r e e  parameters. 

Therefore, 
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1. Degree of degradation of t h e  spacecraft  systems 

2. I n e r t i a l  ve loc i ty  at  r een t ry  

3. I n e r t i a l  f l ight- path  angle a t  reen t ry  

A flow diagram t h a t  contains f i v e  possible backup modes t h a t  must 
be provided f o r  i n  t h e  RTCC i s  presented i n  f igure  16. A t  en t ry  i n t e r-  
face ,  t h e  spacecraft  i s  banked t o  an angle defined by K 1 ,  a MED quant i ty .  
The bank angle i s  then held constant u n t i l  t h e  g l e v e l  i s  equal t o  g . 

may be defined i n  one of two ways. The parameter 
C 

gC 

1. A MED quant i ty  

2. A quant i ty  which may be set automatically i n  t h e  program i f  
option 2 ,  3, or 4 i l l u s t r a t e d  i n  f igure  16 a r e  used 

The subroutines which may be se lec ted  when KSWCH i s  equated t o  a 
value of 1 through 5 a r e  described below. 

Subroutine 1 i s  a constant bank angle rout ine .  The bank angle K 1  
i s  flown u n t i l  t h e  g l e v e l  i s  eqxal t o  

i s  r o l l e d  t o  a second bank angle,  K 2 .  

gc,  a t  which time t h e  spacecraft  

Subroutine 2 i s  a r o l l i n g  reent ry  mode. A constant bank angle K 1  
i s  held u n t i l  t h e  g l e v e l  i s  g rea te r  than g . A t  t h i s  t ime, t h e  CM i s  

r o l l e d  about t h e  X-body ax i s  a t  a r a t e  of 20 deg/sec. 

MED value. This subroutine i s  se lec ted  by equating KSWCH t o  2 .  

C 

The value of 
should be set automatically at 0.05g unless it i s  overridden by a gC 

Subroutine 3 i s  a constant g ent ry .  When KSWCH = 3,  gc should 

be s e t  t o  0.05g unless overridden by a MED value.  The flow log ic  f o r  
t h i s  mode i s  presented i n  f i g u r e  17 ,  and t h e  d e f i n i t i o n s  f o r  t h e  parameters 
used i n  t h e  flow log ic  a r e  presented i n  t a b l e  V I I .  

and K 1 ,  t h e  des i red  constant g l e v e l  (DO)  , L A D ,  and the  roll d i r e c t i o n  
( R L D I R )  should be MED q u a n t i t i e s .  
flown u n t i l  g = Q at  which t i m e  t h e  constant g log ic  i s  used t o  contro l  

t h e  roll angle of t h e  CM. 

Besides KSWCH, gc ,  

A constant bank angle K 1  should be 

C Y  

Subroutine 4 i s  used t o  i t e r a t e  on t h e  constant g l e v e l  t o  be flown 
so t h a t  t h e  longitude of impact ( A  

t a r g e t  ( A t ) .  

) i s  equal t o  t h e  longitude of t h e  IP 
The flow log ic  f o r  t h i s  mode i s  presented i n  f igure  18, and 

i 
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t h e  parameters used i n  t h e  flow log ic  a r e  defined i n  t a b l e  VIII. KSWCH 
i s  equal t o  4 ,  and g i s  equated t o  0.05g unless overridden by a MED. 

A constant bank angle KL i s  flown u n t i l  

constant g l og i c  i s  used t o  control  t h e  CM roll a t t i t u d e .  

C 

at which t i m e  t h e  gC , g = 
Besides KSWCH, 

and K1, A t ,  LAD, DO, and RLDIR should be MED quan t i t i e s .  gc , 
Subroutine 5 shapes t h e  t r a j e c t o r y  by i t e r a t i n g  on a bank angle and 

time- to-reverse bank angle t o  reach t he  des i red t a r g e t  ( A  t ¶  Q* 
The reen t ry  processor can a l s o  be used t o  generate an reen t ry  foot-  

p r i n t  by t h e  use of subroutines 1 and 2. 

The MED's required f o r  t h e  backup modes a r e  summarized i n  t a b l e  I X  
which contains a column marked system value. For those parameters with 
a spec i f i ed  value,  t h e  value w i l l  be used i f  no MED i s  inse r ted  i n t o  t h e  . 
system. 

i 

i 
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TABLE I.- VARIABLES FOR REENTRY GUIDANCE 

V a r  i able 

ORTO 

i iZ  

v 
- 
R 

VI 

ETE 

h T  

' E N 1  
- 
DELV 

G 
- 

ALT& 

AHOOK 

A0 

ALP 

ASKEP 

ASP1 

ASPUP 

Defini t ion 

i n i t i a l  un i t  t a r g e t  vector 

u n i t  vector north 

ve loc i ty  vector  

pos i t ion  vector 

i n e r t i a l  ve loc i ty  vector  

vector east at  i n i t i a l  t a r g e t  

vector  normal t o  RTE and DZ 

t a r g e t  vector 

u n i t  vector normal t o  t r a j e c t o r y  plane 

in tegra ted  accelera t ion from PIPAS 

grav i ty  vector 

a l t i t u d e  ( i n  f e e t )  

t e r m  i n  GAMMAL ca lcu la t ion  

i n i t i a l  drag f o r  upcontrol 

constant for upcontrol 

Kepler range 

f i n a l  phase range 

up-range 

ASP3 gamma correct ion 

a ALT i s  not a guidance gain as defined by t h e  G&N contractor ,  but 
r a the r  a var iable  defined exclusively f o r  t h e  RTCC f o r  purposes of 
preventing computer in te rup ts .  
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V a r  i ab l e  

ASPDWX 

ASP 

COSG 

c10 

, 

9 

TABLE I.- VARIABLES FOR REENTRY GUIDANCE - Continued 

D 

DO 

DHOOK 

DIFF 

' DIFFOLD 

DR 

DLEWD 

DREFR 

DVL 

E 

F1 

F2 

F3 

FACT1 

FACT2 

FACTOR 

GAMMAL 

GAMMALl 

Def ini t ion 

range down t o  p u l l  up 

predicted range 

cosine of GAMMAL 

i n i t i a l  CM bank angle 

t o t a l  aerodynamic acce le ra t ion  

control led constant drag 

term i n  GAMMAL computation 

THETNM - ASP (range dif ference)  

previous value of DIFF 

reference drag for down cont ro l  

change i n  LEWD 

reference drag 

vs1 - VL 

eccen t r i c i t y  

a range/a drag ( f i n a l  phase) 

a range/a RDOT ( f i n a l  phase) 

a range/a L/D 

constant f o r  upcontrol  

constant f o r  upcontrol 

used i n  upcontrol  

f l ight- path angle at  VL 

simple form of GAMMAL 
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TABLE I.- VARIABLES FOR REENTRY GUIDANCE - Continued 

Variable Def in i t ion  

KA 

K2ROLL 

LATANG 

LEQ 

LEWD 

L/D 

L / D 1  

P 

PRl3DANG1 

PREDANG2 

PWDANG3 

PREDANGL 

Q7 

RDOT 

RDOTREF 

RDTR 

RDTRF 

ROLLC 

RTOGO 

SL 

T 

drag l e v e l  t o  i n i t i a t e  constant drag s t e e r i n g  

parameter used i n  ca lcu la t ion  of roll command 

lateral range 

excess cen t r i fuga l  force  over g rav i ty :  
= (VSQ - 1) GS 

upcontrol reference L/D 

des i red  l i f t- to- drag r a t i o  (oscula t ing  p lane)  

temporary s torage  f o r  L/D i n  l a t e r a l  log ic  

p a r t i a l  der iva t ive  of range with respect  t o  
L/D 

reference range from f i n a l  phase t a b l e  4 

I 
f i n a l  phase range per turbat ion  due t o  drag 

f i n a l  phase range per turbat ion  due t o  RDOT 

predicted range ( f i n a l  phase) 

minimum drag f o r  upcontrol 

a l t i t u d e  r a t e  

reference RDOT f o r  upcontrol 

reference RDOT for downcontrol 

reference RDOT from f i n a l  phase t a b l e  

roll command 

range-to-go ( f i n a l  phase) 

s i n e  of l a t i t u d e  

elapsed t i m e  from l i f t - o f f  
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TABLE I.- VARIABLES FOR REENTRY GUIDANCE - Concluded 

V a r  i ab l e  

TEMIB 

THETA 

THETNM 

V 

v1 

VL 

VREF 

vs1 

WARS 

VSQ 

WT 

X 

Y 

,Definition 

incremental value of L/D f o r  upcontrol 

des i red  g rea t  c i r c l e  range ( rad ians )  

des i red  g rea t  c i r c l e  range (nau t i ca l  miles)  

ve loc i ty  magnitude . 

i n i t i a l  ve loc i ty  f o r  upcontrol 

e x i t  ve loc i ty  for upcontrol 

reference ve loc i ty  for upcontrol 

VSAT o r  V 1 ,  whichever i s  smaller 

( VL /VSAT ) 

normalized ve loc i ty  squared : = (V/VSAT ) 

ea r th  rate times time 

intermediate va r i ab le  i n  G - l i m i t e r  

l a t e r a l  m i s s  l i m i t  
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TABLE 11.- GUIDANCE GAINS P d D  COYSTANTS 

(a)  Reentry constants  and gains 

Const ant or gain 

Factor i n  ALP computation 

Constant gain on drag 

Constant gain on RDOT 

B i a s  ve loci ty  f o r  f i n a l  phase 
s tar t  

Maximum drag for down-lift 

Factor i n  AHOOK computation 

Factor i n  GAMMAL cornputation 

' COS 15O 

I n i t i a l  va r i a t ion  i n  LEWD 

Computation cycle-time i n t e r v a l  

Maximum accelera t ion  

Factor i n  KA cornputaticm 

Factor i n  KA computation 

Factor i n  DO computation 

Factor i n  DO computation 

Optimized upcontrol gain 

Optimized upcontrol. gain 

Increment on Q7 t o  de tec t  end 
of  Kepler phase 

Latera l  switch gain 

Time of f l i g h t  constant 

Symbol 

c1 

c16 

C 1 7  

c18 

c20 

CHOOK 

C H 1  

COS 15 

DLEWDO 

DT 

GMAX 

KA1 

KA2 

KA 3 

KA4 

KB1 

KB2 

KDMIN 

KLATl 

KTETA 

Value 

1.25 

0.01 

0.002 

500. 

210. 

0.25 

1.0 

0.965 

-0.05 

2. 

257.6 

1.3 
- Q7F 
GS 

90. 

40. 

3.4 

0.0034 

0.5 
1 x 

1000. 

Units 

n.d. 

n.d. 

n. d. 

sec  

fpss 

GS 

GS 

fpss 

fpss 

n.d. 

U f P S  

fpss 

rad  

sec 



3 

13 

TABLE 11.- GUIDANCE GAINS AND CONSTANTS - Continued 

(a)  Reentry constants  and gains - Continued 

Constant or gain Symbol Value Units 

i 

Nominal time of  f l i g h t  TN 500. sec  

Constant i n  FINAL PHASE K13P 4. n.d. 

Nominal upcontrol L/D : LEWD1 0.15 n.d. 

Factor t o  reduce upcontrol gain POINT1 0 . 1  n.d. 

F ina l  phase D range/DV Q3 0.07 n. m i .  / fps  

F ina l  phase D range/D GAMMA Q5 7050. n. mi./rad 

F ina l  phase i n i t i a l  f l i g h t -  
path angle Q6 ‘0.0349 rad  

&WIN 40. PPS s 

Q7F 6. fpss 

Constant i n  f a c t o r  

Minimum drag f o r  upcontrol 

Constant i n  GAMMALl Q19 0.5 n.d. 

fps Minimum VL W I N  18 000 

Yelocity t o  switch t o  r e l a t i v e  
fps 

700. 0 s  

veloci ty  VMIN VSAT/2 

RDOT t o  s tar t  i n t o  KUNTEST VRCONTRL 

Tolerance t o  s t o y  range 
n. m i .  2 5 ~ ~  25. it e r a t  i on 

rad La te ra l  switch b i a s  term LATBIAS .00012 

VQUIT 1000. fPS 

19 749 550. fPS 

Velocity t o  s top  s t e e r i n g  

I n i t i a l  a t t i t u d e  gain K 4 4  

d 
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TABLE 11.- GUIDANCE GAINS AND CONSTANTS -- Continued 

(a )  Reentry constants  and gains - Continued 

Constant or gain Symbol Value 

Velocity t o  start f i n a l  phase 
on INITENTRY VFINALl 27 000. 

Factor i n  i n i t i a l  a t t i t u d e  VFINAL 26 600. 

Max range MAXR" 4 500 

Entry canversion fac to r s  and sca l ing  constants  

Angle i n  RAD t o  NM 

Nominal G value for  sca l ing  

Atmosphere s c a l e  height  

Earth radius 

Earth equa to r ia l  radius 

S a t e l l i t e  ve loci ty  a t  RE 

Earth rate 

Equatorial  ea r th  r a t e  

Gravity harmonic coef f i c i en t  

Earth g r a v i t a t  ionax const ant  

ATK 

GS 

HS 

RE 

REQ 

VSAT 

WIE 

KWE 

J 

3437.7468 

32.2 

28 500.  

21 202 900. 

20 925 738.2 

25 766.1973 

72.9211505 x 

1546.70168 

.00162346 

Units 

fps 

f P s  

n.  m i .  

n.  mi./rad 

fPss  

f t  

f t  

f t  

0 s  

rad/sec 

fPS 

n.d. 

MUE 3.986032233 x m3/sec2 

% i s  not a guidance gain as defined by t h e  G&N contrac tor ,  but  
r a t h e r  i s  an input  defined exclusively for t h e  RTCC t o  prevent computer 
in te rup t s .  



TAl3LE 11.- GUIDANCE GAINS AND CONSTANTS - Concluded 

( b )  Switches 

Switch 

F ina l  phase switch 

Indica tes  overshoot of t a r g e t  

Overshoot ind ica to r  

Indica tes  i t e r a t i o n  i n  HUNTEST 

Indica tes  i n i t i a l  roll a t t i t u d e  s e t  

Relat ive ve loc i ty  switch 

I n h i b i t  downlift  switch i n  DAP i f  s e t  = 0 

.05 g switch 

I n h i b i t s  roll switch during upcontrol 

Indica tes  program has s t a r t e d  u t i l i z i n g  
guidance commands 

Indica tes  a bad t r a j e c t o r y  

Counter f o r  number of passes through 
guidance l o g i c  

%OGOSW and PASSCN a r e  not guidance 

Symbol 

EGSW 

GONEPAST 

GONEBY 

HIND 

INRLSW- , 

RELVELSW 

LATSW 

.05GSW 

NOSWITCH 

ROLLSW 

NOGOSW a 

PASSCN~ ~ 

I n i t i a l  
value 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

switches as defined by t h e  - 
, G&N contrac tor ,  but r a t h e r  a r e  inputs  defined exclusively f o r  t h e  RTCC 

t o  prevent computer i n t e r r u p t s .  
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TABLE 1V.-  MED PARAMETERS FOR G&N SIMULATION 

MED System Purpose 
value 

4T3 'T -- Used t o  provide real-time update capab i l i ty  
of t h e  r een t ry  t a r g e t .  

gC 
0.05 To maintain a constant bank angle u n t i l  

a prescr ibed g level,  a t  which time reentry  
guidance roll commands a r e  u t i l i z e d .  

LAD 0.27 Necessary t o  provide update capab i l i t y  of 
t h e  maximum L/D reference.  
by changes i n  vehic le  aerodynamics during 
t h e  mission. 

Made necessary 

LOD 0.207 Provides capab i l i t y  f o r  updating f i n a l  phase 
reference L/D. Made necessary by 
aerodynamic changes during t h e  mission. 

CGBIAS 0 .  Provides update of l a t e r a l  b i a s  needed due 
t o  changes i n  aerodynamics. 

T r i m  aero- -- Used t o  provide real-time update of 
dynamics aerodynamics which may change during t h e  

m i s s  ion. 

c10 0 .  Provides capab i l i t y  of se lec t ing  t h e  
i n i t i a l  r een t ry  bank angle. 

CM w t  

HEMS 

-- Provides update capab i l i t y  of changing 
t h e  command module weight. 

-- EMS i n i t i a l i z a t i o n  a l t i t u d e .  

a \  

d 



TABLE V.- DEFINITION OF VARIABLES FOR FIGURE 16  

Variable 

BACC 

BETA 

BRATE 

BRR 

FUEL 

ITEM 

JNDX, JNDW 

RAE 

RAEDES 

ROLLCD 

ROLLCDl 

SACC 

SRATE 

TEM 

TOFF 

T 1  

T2 

T3 

T4 

T5  

TUSED 

VDRIF 

Defini t ion 

body acc elerat ion 

spacecraft  bank angle 

body roll rate  

pseudo body roll rate 

f u e l  used by CM during reen t ry  

temporary in teger  s torage 

d i r ec t i on  of roll f l a g s  

roll a t t i t u d e  e r ro r  

des i red roll a t t i t u d e  e r r o r  

roll command 

roll command s torage 

s t a b i l i t y  acce le ra t ion  

s t a b i l i t y  roll rate 

temporary s torage 

coast t i m e  

t i m e  t o  f i r e  jets  

time t o  reverse  f i r i n g  

temporary s torage 

temporary s torage 

temporary s torage 

temporary s torage 

d r i f t  roll rate 
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TABLE V I . -  DAP GAINS AND CONSTANTS FOR FIGURE 16  

(a)  Gains and constants  

Symbol Value Units 

ANGMAX 20.0 deg/sec 

A 1  9.10 deg/sec2 

A2 4.55 deg/ s ec 

-- M 0 

SLOPE 0.25 sec-1 

TIMINT 2.0 sec 

TMAX 0.1 sec 

vz 

XBUF 

xs 

Symbol 

KLAG1 

KLAG2 

KLAG3 

SWTCHl 

, SWTCH2 

SWTCH3 

2.0 deg/sec 

4.0 deg 

2.0 deg 

(b) Switches 

Value 

1 

1 

1 

0.0 

0 .0  

1.0 

Units 

-- 
-- 
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TABLE V I 1 . -  PARAMETEES FOR CONSTANT g LOGIC 

( a )  Constants for constant g log ic  

Symbol Constant Value 

VSAT s a t e l l i t e  ve loc i ty  at  ea r th  radius  25766.1973 f p s  

VMIN veloci ty  t o  switch t o  relative VSAT/2, f’ps 

KWE equa tor ia l  e a r t h  rate 1546.70168 f p s  
veloci ty  

c16 constant gain  on drag 0.01 

C17 constant gain  on RDOT 0.001 

HS atmospheric s ca l e  height 28500 f t  

GS nominal g value for sca l ing  32.2 f p s  

( b )  Variables for constant g log ic  

Symbol V a r  i ab1 e 

uz un i t  vector North 

UNIT (F) un i t  radius  vector 

- 

D 

V I  

t o t a l  aerodynamic acce le ra t ion  

i n e r t i a l  ve loc i ty  vector 

DO control led  constant drag 

LAD maximum L/D of vehic le  

RLDIR des i red roll d i r ec t i on  
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TABLE VII1.- DEFINITION OF VARIABLES FOR CONSTANT g ITERATION LOGIC 

Variable Def in i t ion  

DO constant g level 

minimum acceptable g level 
("go tape" v a r i a b l e )  gmin 

maximum acceptable g level  
("go tape" v a r i a b l e )  gmax 

I I P  

AT 

longi tude of impact 

longi tude of t a r g e t  (MED) 

TABLE IX.- MED PARAMETERS R E Q U I ~ D  FOR THE REENTRY BACKUP MODES 

Parameter 

gC 

KSWCH 

K1 

K2 

DO 

LAD 

RLDIR 

System Backup 
value modes Purpose 

0.05 1,2,3,4,5 To maintain a constant bank angle 
u n t i l  a prescr ibed g l e v e l  a t  which 
t i m e  one cf t h e  s i x  backup modes 

. i s  entered.  

-- 1,2,3,4,5 EMS i n i t i a l i z a t i o n  a l t i t u d e .  

-- . 1,2,3,4,5 'Determines which backup mode w i i l  
be used. 

1 

-- 1;2,3,4,5 To provide c a p a b i l i t y  of se lec t-  
I ing  i n i t i a l  r eed t ry  bank angle. 

-- 1 Provides option o f  s e l e c t i n g  sec- 
ond bank angle t o  be flown after 
g = gc* 

constant g level, f t / sec* .  

! 
128.8 .7Y4 . Provides a b i l i t y  t o  s e l e c t  des i red 

0127 " 3,4 Provides update c a p a b i l i t y  n f  
1 9, reference maximum L/D. 

+l. 3 ¶4  Provides c a p a b i l i t y  of s e l e c t i n g  
' roll d i r e c t i o n  for t h e  constant 
: g mode. 

' c  

Provides a b i l i t y  t o  s e l e c t  longi-  
tude o f  t a r g e t .  

4Y5 -- 

Provides a b i l i t y  t o  s e l e c t  la t i -  
tude of t a r g e t .  

5 -- 
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INITIALIZE REENTRY 

TARGETING 

SELECTOR Lr' 

~~ 

Figure 1,- Reentry steering. 
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AV i G AT1 0 -0 
SAVE VEL  INCREMENT 

I 

- 
- - 5 11 + J (3) R (1-5 SL2N UNIT (m + 2 SLJ 

3 R  

a 

I 

I 

F i g u r e  2.- " Average - g"  nav igat ion.  



24 

I N I TI A LI Z.A TI ON 

~ 

m=m*m - --  
UTR = RTE*UZ 

W T =  WIE(TN + T) 
RTINT= URTO + UTR (COSONT) - 1) + RTE SIN ONT) 

THETA = C 0 S - l  (UNIT (i?) - UNIT ( m T ) )  

K2ROLL = 1 SGN tK2ROLL) 
KLAT = K L A T l  LAD 

L/D CMlNR = LAD COS 15 
FACTOR = 1.0 

Q7 = Q7F 
L/D = LAD COS (C10) 

ROLLC = C l O  
DlFFOLD = 0 

DLEWD = DLEWDO 
LEWD = LEWD1 

K2ROLL = -UNIT (RTINT) UNIT (VI* UNIT (R) 

Q2 = - 1 1 5 2  + 500.LAD 

* INDICATES VECTOR CROSS PRODUCTS 

Figure 3.-  Initialization. 
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I 
J 

n TARGETING 

rL1 HUNTCN = 0 

* .  IS RELVELSW ZERO? 

v =  171 - K W E ~  *UNIT R) 
I s 4 

V = ABVAL (v) 
2 2 VSQ = V  /VSAT  

LEQ = (VSQ -1) GS 
RDOT = v *UNIT m) 
I N 1  = UNIT [--IT (Ell 
D = ABVAL (DELV)/DT 
LATSW = 1 

I 
t 

W T =  WIE T IS RELVELSW ZERO? 

YES 

IS EGSW ZERO? 

‘ r & S  

IS V - VMlN POST 

I 

WT = WIE (KTETA THETA + T) 

t 
U r n =  m + r R ( ( 6 0 S  WT:-1) + RTE SIN WT 
LATANG = (URT) - UNI 

THETA = c0s-l C(URT).UNIT (R)I 

Figuru 4.- Targeting. 
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~ IS NOGOSW 

[-l[ms ~ 

I S  RDOT POS 

I 
I S  PASSCN- 2 ZERO 

NO YES 
1 

PASSCN = PASSCN + 1 SET ERROR INDICATOR 
TRAJECTORY I S  NO GOOD 

I '  
P- 

I 

IS THETA * ATK - MAXR POS 

NOGOSW = 1 

1 
SET ERROR INDICATOR 
TRAJECTORY IS NO GOOD 

, 

Figure 4.- Concluded. 

1 I GOTO380 I 
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Figure 5. - Initial roll. 
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V 1 =  V + RDOT/LEWD 
AO = wi/w2 (D + RDOT~/ (Z  HS c i  LEWD) ) 

A 1  = D 

V 1 =  V + RDDT/LAD 

A 1  = A 0  
A0  = W1/W2(D+ RDOT2/(2HS Cl-CAD)) 

- 

FACT1 = V l / ( l -ALP)  
FACT2 = A L P  [ALP-l)/AO I VL = FACTl r l -SQRT (FACT2 Q7 + A L P 1  

YES 

I S  VL-VSAT POST 

NO YES 

vs1= v1 

I 
1 I 

U DVL = VS1-VL 
OHOOK = [(1-VSl/FACT1)2-ALP] /FACT 2 
AHOOK = CHOOK (DHOOK/Q7-1)/DVL 
GAMMALl =LEWD (Vl-VL)/VL 
GAMMAL = GAMMAL1-CH1 GS DVL2(1 +?HOOK DVL) I 

1 OHOOK VLL 

I 
1 

t 
VL = VL + 

47 = [(1-VL/FACT1)2-ALP] /FACT 2 
GAMMAL = 0 

GAMMAL VL 

LEWD-(3 AHOOK DVL2 + 2 DVL) [CHl GS/(OHOOK VL)] 

t 
GAMMALl = GAMMALl (1419) + Q19 GAM 

GO TO RANGE PREDICTION 

Figure 6.- Huntest. 



3 
0 ‘  

YES 

DLEWD = -LEWD/2 .O 

I 

29 

NO 

I 

RANGE 

VBARS = V L ~ P J S A T ~  

COSG = 1-GAMMAL2/2 

ASKEP = 2 ATK SIN-’NBARS COSG G4MMAL/E),BALLISTIC RANGE 
ASP1 = Q2 + Q3 V L  
ASPUP =e (HS/GAMMALl) LOGe[AO VL2/Q7 V12)] UPPHASE RANGE 

ASP3 = QS (Q6-GAMMAL) 
ASPDWN = -RDOT V ATK/(AD LAD RE) 
ASP= ASKEP + A S P 1  +ASPUP +ASP3 +ASPOWN TOTAL RANGE 

,FINAL PHASE RANGE 

,GAhnM4 CORRECTION 
,RANGETOPULLOUT 

I DLEWD = DLEWD DIFF I D I t t D L O  - D I t F  

HIND = 1 
DIFFOLD = DlFF 

Figure 7.- Range prediction. 

i 
t ’  



t 
L/D = - L E W D 0  + C 1 6  (D-DO) - C 1 7  (RDOT + 2HS DO/W 

5 IS D- C20 POS’ 

I 

L/D = 0 

I 
r 

B 

GO TO 310 

d 
Figure 8. - Constant drag. 



~~ I SELECTOR = PREDICT 3 I 

FACTOR = (D-Q7)/(Al-Q7) 

1 

GO TO PREDICT 3 I S  AO-D NEG 1 I EGSW=l I <&?YES 

I 

IS  VREF-VS1 POS 7 

YES 

\ / 
YES NO 

RDOTREF = LEWD (V1-VREF) ROOTREF = LEWD N1-VREF) 
I -CH1 GS (VSl-VREF)’ 

NO 

T E M l B  = [POINT1 + POlNT l  ( I T E M l B l  - POINTl)] SIGN (TEMlB)  

I + 

1 + AHOOK (VS1-VREF) 1 I .[ DHOOKVREF ]I 

GO TO NEGTEST 

Figure 9.- Upcontrol. 

d 
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( I S  .05GSWZERO? ) 

~ ROLLC = 0 

( I S  D-(Q7F+KDMIN) POS? 1 

i 

MAINTAIN ATTITUDE CONTROL 

(ZERO SIDESLIP AND ANGLE OF 
ATTACK NEAR ITS TRIM VALUE) 

SELECTOR = PREDICT3 

I 1 
I 

I 

I I G O T 0  
MODE SELECTOR 

z 

38 0 

Figure 10.- Ballistic phase. 

J 
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PREDICT 3 0 e3 IS V - VQUIT POS? 

GO TO 380 

1 

YES 

DO N = 1, 2, 3, 

I 

IF VREF (N) -V POS 

YES 
I I 

GRAD = N -VREF (M -1))/NREF (MI -VREF(M-l)) 
F1= FA(M -1) + GRAD (FA(M) -FA(M -1)) 
F 2  = FRDT(M-1) +GRAD (FRDT(M)- FRDT(M-1)) 
RDTRF = RDTR(M -1) -k GRAD(RDTR(M) -RDTR(M -1)) 
DREFR = AREF(M -1) + GRAD(AREF(M1 -AREF(M -1)) 
PREDANG 1 = RTOGO(M -1) + GRAD(RTOGO(M1 -RTOGO(M -1)) 
P = PP(M -1) + GRAD(PP(M1 -PP(M -1)) 
PREDANG 2 = F1 (D -DREFR) 
PREDANG 3 = F 2  (RDOT -RDTRF) 

X = (THETA ATK -PREDANGL)/P 
PREDANGL=PREDANGl+PREDANG2+PREDANG3 

- .  I 

L/D = -LAD 
GO TO GLlMlTER 

YES 

GONEPAST=l  L/D = LAD SGNOO 

NO 

Figure 11.- Predict 3. 
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G LIM ITE R 0 
IS GMAX -D POS ’? 

YES 

GO TO 310 

Figure 1 2 .  - G-Limiter. 
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Q 

SWTCH2 = 0.0 

t 
IS D-g6. GS POS 

NO 

ROLLC = C 1 0  ROLLSW = 1.0 

I I 
t t I 

OUT TO AUTOPILOT WITH ROLL COMMAND 

Figure 13, - Lateral control. 

a 
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EACH SECOND 

CALPHA = COS (ALPHA) 

Figure 14. -Atmospheric roll DAP flow logic, 

Page of pages FFR 
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BETA AND ROLL COMMAND 
IN RANGE 0-360" 
ROLL SHORTEST 

DIRECTION 

SETA AND ROLL COMMAND 
IN RANGE 1180" 
ROLLOVERTHE 
TOP ONLY 

RAE = ROLCDl -BETA 
RAE IN RANGE f 360' 

TEM = SGN(-BRR).(BRR2/(2*A2*CALPHA)) + RAE 

t 
NO 

I S  ABSF (TEM) - 180 2 0  w 

Page 

2 

I t YES RAE RAE * CALPHA 
i 

of  pages 

6 

RAE RAE -SGN(RAE).36C 1 t -  
DETERMINE WHICH HALF PLANE CONTAINS 
THE POINT (RAE, BRR) AND LIMIT TO 
RIGHT HALF PLANE OR BUFFER ZONE J 

\/c c TLJ \ XBUF/2)-RAE- X B U F / 2 3  LHP , 1 

I REVERSE SIGN 
OF BRR, RAE 

AND JNDX 

IS SGN(BRRl.(BRR2/(2*A2)-XBUF/2) -YES 
-RAE + XBUF/2<O RHP 

NO 

INBUFFERZONETEST 
FOR VELOCITY DEAD ZONE 

t 

JNDXl = -JNDX 
VDRIF = BRR 
T 1  = 0.0 

Figure 14. - Continued. 
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DETERMINE IF POINT 
IS WITHIN DEADBAND 

I 

IS RAE - RAEMIN - BRR'TIMINTeO 

J N D X l z  - JNDX 

Figure 14. - Continued. 

Page of Pages m 
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c__L_-) IS RAEDES-ANGMAX / S L O P E - X S U  

RIFT VELOCITY 

I 

YES 

VDRIF = ANGMAX 
KLAG4 = -1 

I 
DRlF = SLOPE*(RAEDES-XS 

ND 

1 

I TOFF = P R A E  -T1. (BRR+VDRIF) - TZ.VDRIFM2.VDRIF) 

TRUNCATE TIME INTERVALS 
T1, T2, AND TOFF TO 2 
DECIMAL PLACES. 

IS T 1  - 0 . 0 3 C O  

K L A G l  = 1 

TRUNCATE TIME INTERVALS 
T1, T2, AND TOFF TO 2 
DECIMAL PLACES. 

IS T 1  - 0 . 0 3 C O  

K L A G l  = 1 

IS T 2  - 0.03" 0 

KLAG3 = 1 

TOFF= 0 .O 

Fiyure 14.~-Continued. 

Page of Pages WI 



SACC = BACC/CALPHA 
T 1  = 0.0 

BACC = 4.6397 
SACC = BACC/CALPHA 

I '  
t 

IS  T1-TMAX >O 

NO YES 

T3 = TMAX 

T 4  = T3 
T 1 =  T1-TMAX - 

JNDX=JNDXl 
BETA = BETA 

C+lr, I S  TOFF+T2-TMAX>O 

T3 = T2 
T4 = T3 
TUSED= TOFF+T2 
KLAG3 = 1 

T3 = TMAX-TOFF 
T 4 =  T3 
TUSED = TMAX 

5 
T 3 =  T 1  
T 4 =  T3 
KLAG1 = 1 
T 5  = TMAX-T1 

TOFF = TOFF-T5 
1 

ITUSED = T 3 t  
1 I 

BRATE = BRATE+BACC-SGN(JNDX).T3 
BETA = BETA+SRATE *T3+0.5.SACC*T32*SGN(JNDX) 
SRATE = BRATE/CALPHA 
BETA= BETA+SRATE-TOFF 
KLAG2 = 1 
JNDX = JNDXl 

IS T2 - (T5 - TOFF)>O 

, '='YES 

T2 = T24T5-TOFF) 
T3 = T5-TOFF 
T 4 =  T3 KLAG3= 1 

Figure 14. -Continued. 
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INERTIAL POSITION AND 

CALCULATE INERTIAL POSITION, 
VELOCITY AND TIME AT POINT 
0.05s OR AN MED ALTITUDE 

ASTRONAUT DIALS IN 

EMS FOR INITIAL 
CONDITIONS 

AND Rf INTO DISPLAY TO FLIGHT CONTROLLER 

TO FURNISH TO ASTRONAUT BY VOICE 

Figure 15. - Ground initialization flow for EMS initialization. 

i 
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CALCULATE 

V = ABVAL (m 
VSQ = V /VSAT 

RDOT = v' UNIT (RI) 

2 2 '  

LEG = CVSQ - 1)GS 

- 

I 

I L/D = - LEQ/DO + C16(D-DOl - C17(RDOT 4- 2HS DO/V) I 
f 

IS ABVAL(L/$AD) - 1 POS ((2 
L/D = LAD SGN(L/D) G 

*DENOTESVECTOR CROSS-PRODUCT 

Figure 1 7  .- Constant g logic. 
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DO= g 

,-!!%-( IS ABS ( M k )  

I t 
YES 

I I 
OUTPUT IP, DO 

3 

NEG 

I I I 

STORE Alp FOR t DO = gmin 

I DO = gmax I INTEGRATE TRAJECTORY 

NOTE: IN ORDER TO KEEP LOGIC CORRECT THE LONGITUDE 
MUST BE EXPRESSED FROM 0 TO 360" 

t 
STORE XI,, FOR 00 = g,,, 

ITERATE ON DO 
FOR A,,, = Xt 

I 
INTEGRATE TRAJECTORY 
WITH DO SET AT 
RESULT OF ITERATION 
OUTPUT IP. DO 

L J 

Figure 18.- Iteration logic for constant g level at which X - ' 
IP - "t. 
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