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AS-202 E B N T R Y  GUIDANCE AND NAVIGATION EQUATIONS 

AND FLOW LOGIC 

By Oliver  Hill 

SUMMARY AND INTRODUCTION 

A general description of the Reentry Guidance and Navigation ( G  & N )  
Program has been documented i n  "Apollo Reentry Guidance and Navigation 
Equations and Flow Logic." T h i s  document (reference 1) presents t h e  
flow logic  and equations which should apply t o  a l l  Apollo missions. 
n i t i on  of guidance gains, constants, and minor additions o r  changes t o  
the  G & N logic  w i l l  be necessary f o r  individualmissions.  This i n t e rna l  
note defines the guidance gains, constants, and the  additions and changes 
t o  reference 1 required t o  define the reentry guidance f o r  the  real time 
program f o r  the  AS-202 mission. This note a l s o  presents an evaluation 
of t he  s t a b i l i t y  and control system (SCS) developed by MIT and IBM. 

D e f i -  

REAL TIME PROGRAM FBQUIFEBENTS 

The symbols and values of the guidance gains and constants neces- 
sary f o r  t h e  reentry 0 & N program simulations f o r  t h e  AS-202 mission 
are presented i n  tab le  I. The contents of table I1 are iden t i ca l  t o  
t ab le  I11 of reference 1. The column headings of table I1 have been 
changed t o  make them compatible with t h e  var iable  names used i n  calcu- 
l a t i n g  the  reference t r a j ec to ry  i n  t he  predict  3 control phase. 

The AS-202 G & N log ic  is  presented i n  figures 1 through 13 and 
supersedes t h a t  i n  reference 1. 

In i t i a l i za t ion  Computations 

The cmple t e  AS-202 reentry guidance presented i n  reference 1 
includes the  i n i t i a l i z a t i o n  phase logic,  which had not previously been 
documented. 
t h e  variables THETA, =ROLL, and URTO, which are necessary t o  s tar t  
reentry guidance. 
target (THETA), parameter t o  control t he  d i rec t ion  of t h e  command module 
(CM) 

The purpose of t h i s  ghase is  t o  campute i n i t i a l  values f o r  

The variables are defined as the i ne r t i a l  range t o  

i n i t i a l  r o l l  (=ROLL), and the u n i t  t a rge t  vector (&TO). 
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The i n i t i a l  t a rge t  vector, @PINT, used i n  the calculat ion of THETA 
and K2ROLL i n  t h e  i n i t i a l i z a t i o n  sequence, i s  obtained by evaluating 

:TINT = &TO + UTR (cos W T ~  - 1) + ~ T E  Sin W T ~  

at  the  nominal f l i g h t  time corresponding t o  the selected t a rge t ,  UTRO, 
which is  ei ther  the Atlant ic  or  Pacif ic  t a rge t .  
i s  the  predicted f l i g h t  time from guidance reference release t o  an a l t i -  
tude of 25 000 f t  above the t a rge t .  

Nominal f l i g h t  time, Q, 

Targets and Nominal Fl ight  Times 

The uni t  t a rge t  vectors f o r  the Atlant ic  and Pacif ic  t a rge t s  and 
t h e i r  respective nominal f l i g h t  times a r e  t o  be entered i n  t h e  real t i m e  
program i n  the following manner: 
nominal f l i g h t  time are  t o  be w r i t t e n  i n t o  the  real time program. 
program must have the  capabi l i ty  of receiving a manual entry device (MED) 
update of the t a rge t  and i t s  nominal f l i g h t  time only i f  a n  abort  i s  
iminent. The Pac i f ic  t a rge t  and i t s  nmina l  f l i g h t  time, which require 
a MED update capabi l i ty  a lso,  are t o  be read i n t o  t h e  r e a l  t i m e  program 
on a constants t ape  p r i o r  t o  launch. 

The Atlant ic  abort  t a rge t  and i t s  
The 

The Pacific t a rge t  and any update t o  the  Atlant ic  t a rge t  are t o  be 
read i n t o  the real time program i n  geodetic l a t i t ude  and longitude, 
referred t o  the Fischer e l l i p so id  of 1960, and the geocentric radius. 
The nominal f l i g h t  times w i l l  be input i n  hours, minutes, and seconds. 
The t a r g e t s  a re  then t o  be transformed i n t o  un i t  t a rge t  vectors  referred 
t o  the  geocentric i n e r t i a l  frame a t  guidance release.  
program must be capable of reading out a l l  t a rge t s  and nominal f l i g h t  
times t o  allow ver i f ica t ion  of t he  input quant i t ies .  

The r e a l  t i m e  

I n  essence, the  Atlantic abort  t a rge t  and i t s  nominal f l i g h t  t i m e  

The Pacif ic  t a rge t  and i t s  nominal f l i g h t  t i m e  can be 
can be updated any time before the spacecraft has been committed t o  the 
Pacif ic  ta rge t .  
updated only a f t e r  the spacecraft has been committed t o  the  Pacif ic  t a rge t .  

SCS Routine and Gimbal Angles 

A one-degree-of-freedom simulation of the  SCS i s  des i rab le  f o r  
obtaining a measure of the CM react ion control system (RCS) fuel  consump- 
t i o n  f o r  reentry control maneuvers- 
Studies Section and I B M  are presently Coordinating regarding this simula- 
t i o n  f o r  the real time program. 
a gimbal angle routine f o r  accurately determining the  vehicle a t t i t u d e .  

The Mission Analysis Branch's Reentry 

The Reentry Studies Section has developed 

0 

b '  
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This routine i s  an in t eg ra l  par t  of t he  SCS rout ine.  

* 

b I 

An evaluation of the SCS-Il3M and t h e  SCS-294 (MIT) routines revealed 
no bas ic  differences between t h e  accuracy of t h e  two. 
less computer time and i s  therefore more desirable .  It was necessary t o  
a l ter  the SCS-IBM i n  order t o  achieve the  desired simulation and make the  
SCS-IBM compatible with t h e  gimbal angle routine.  This modification was 
i n i t i a t e d  and performed by the  Reentry Studies Section. The recammended 
values of gains, constants, and i n i t i a l  f l a g  se t t i ngs  t o  be used i n  the SCS- 
IBM rout ine are given i n  t ab le  I. 

The SCS-IEM requires  

The SCS logic  is  given i n  t h e  appendix. 

It i s  requested t h a t  the  SCS-IBM containing t h e  gimbal angle rout ine  
be included i n  the  real time program. 
accurately determining t h e  a t t i t ude  and l i f t -vec to r  or ientat ion of t he  
CM. The platform w i l l  be aligned as specif ied i n  reference 2, and no 
realignment w i l l  occur during the f l i g h t s .  Thus, the  platform alignment 
w i l l  be the  same at  reentry as at guidance reference release. The p l a t -  
form i s  aligned with the X PIPA input ax i s  held t o  the loca l  geopotential  
(1960 Fischer e l l ipso id)  v e r t i c a l  (up),  the  Z PIPA ax i s  pointing down 
range a t  an azimuth of l04.g9Ol0 east  of t r u e  North, and the  Y PIPA a x i s  
cmple t ing  t h e  orthogonal system. 

This routine provides a means f o r  

Reentry Eackup Mode 

N c a r i n a l  t r a j ec to ry  canputations w i l l  reflect the  type of reentry 
specif ied by t h e  letters Z, M, or B, which are defined as follows: 

Z - A zero l i f t  reentry t ra jectory ( r o l l i n g  reentry with a roll 
r a t e  of 17 deg/sec about t h e  velocity vector)  w i l l  be generated. The 
CM w i l l  f l y  with l i f t  vector down u n t i l  0.05 gs a t  which time ro l l i ng  
w i l l  be i n i t i a t e d .  

M - A maximum l i f t  vector w i l l  be generated. 

B - A reentry t r a j ec to ry  w i l l  be generated based upon a constant 
bank angle and the  l a t e s t  t a rge t  stored i n  the computer. The CM w i l l  
f l y  a constant bank angle from guidance i n i t i a t i o n ,  0.05 gT 
t a rge t .  

t o  t h e  
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'PABIZ I . -GUIDANCE GAINS AND CONSTANTS 

Symbol 

Constant drag gain (on drag) c16 
Constant drag gain (on RDOT) c17 
Lead velocity f o r  upcontrol s t a r t  c18 
Minimum constant drag Cl9 
Minimum D f o r  l i f t -up  C20 

Factor i n  AHOOK computation CHOOK 

Factor i n  GAMMAL computation CH1 

G- l i m i t  GMAX 

Minimum drag f o r  l i f t - u p  if down 

Upcontrol gain, optimized KB2 

Upcontrol gain, optimized KB1 

Factor i n  V l  computation KC1 

Factor i n  A0 computation KC2 

Lateral  switch gain KLAT 

Normalization fac tor ,  acceleration Gs 

Increment t o  Q7 t o  end kepler 

MAX LID LAD 

Lateral  switch bias  term LATBIAS 

LAD COS (15') L/DCMIIIR 

Upcontrol L/D LEWD 

Final  phase L/D M D  

Fina l  phase range -(23 500 Q3) 

KA 

Factor i n  L/D computation f o r  f i n a l  phase K13P 
KDMIN 

Time of f l i gh t , ca l cu la t ion  gain KTETA 

Acceptable tolerance t o  s top range 25 NM 

Q2 
Fina l  phase dR/dV Q3 
Fina l  phase i n i t i a l  veloci ty  Q4 

i te r  a t  i on 

F ina l  phase dR/dRDOT Q5 

Value 

o .I l /fps/sec 

0.00497 l /f  ps 

500 fps 
40 fps/sec 

175 fps/sec 

0.25 n.d. 

0.75 n.d. 

10 g 
0.2 g 
0.009 l / fps  

3.4 n.d. 

0.8 n.d 

0.7 n.d 
0.0075 n. m i .  

32.2 fps/sec 

4 n.d. 

0.5 fps/sec 

1000 sec 

0.3 n.d. 

0.4 n.mi. 
0.2895 n.d. 

0.2 n.d. 

0.18 n.d. 

25 n. m i .  

-1002 n. m i .  

0.07 n. mi./fps 

0.3 n. m i . / f ? p s  
2.3 500 fps 

0 

& 

b 

Y 



TABLE I.-GUIDANCE GAINS AND CONSTANTS - Continued 

Symbol 

Fina l  phase i n i t i a l  RDOT Q6 
0 Minimum drag f o r  upcontrol Q7F 

Factor i n  FREDANG 3 computation Q8 
* b  1 Limi t  value of VCORR VCORUM 

Minimum RDOT t o  close loop 

Minimum VL V M I N  

MAX drag f o r  constant drag phase 

Earth equator ia l  r a t e  vector wE=wifz 

VRcom 
VMIN Velocity t o  switch t o  r e l a t i v e  velocity 

Velocity t o  s top s teer ing  VQUIT 
DOMAX - 

Earth s ide rea l  r a t e  X time W T - W T  

Earth s ide rea l  r a t e  w 

Normalization fac tor ,  veloci ty  

Nominal ear th 's  radius (entry only) 

Atmosphere sca l e  height 

Range angle t o  naut ical  mile factor 

Gravity poten t ia l  harmonic coefficient 

Earth's gravi ta t ion constant 

Acceleration about x-body axis 
Acceleration about x - s t ab i l i t y  axis 
MAX r o l l  r a t e  

Rate camand l imi t e r  

Dead band 2 

Dead band 1 

Rate gain 
Att i tude error gain 

W T  
RE 

Hs 
ATK 
3 
m . 

BACC 

SACC 
-..-- 
E 
A 

B 
c€€t 

GA 

Value 

820 f p s  

6 fps/sec 

0 n.d. 

1000 f p s  

700 fps  

12 883 fps 

18 000 fps  

1000 f p s  

500 fps/seo 

7.292 115 05 x 
10-5 ra i / sec  

---- ' 

7.292 115 05 x 
10-5 rati/sec 

25 766.197 fps  

21  202 goo f t  

28 500 f t  
3437.7468 n. mi./rad 

1.623 45 x 10-3 n.d. 

3.986 0 2  233 x 1014 
meters 3 2  /sec 

9.07 deg/sec 2 

BACC/cos 22' deg/sec2 

17.2 deg/sec 

1.9 deg/sec 

0.2 deg/sec 
A- .007 deg/sec 

0.1 n.d. 

0.2/sec 
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TABU 1,-GUIDANCE GAINS AND CONSTANTS - Concluded 

Symbol 

Atti tude error dead band D 

Trim angle of a t tack  
Pac i f ic  target  nominal f l i g h t  time 

Atlant ic  target  nominal flight time 

---- 
% 
% - 

I n i t i a l  unit t a rge t  vector a t  l i f t - o f f  URTO 

HIND 
€ruwmID 

GONEPAST 

EGSW 
S!ilRTER 

K1ROLT.l 

RELVElSW 

L A T S W  

V a l u e  

4.0 deg 

22.0 deg 

5243 sec 

1420 sec 
---- 
0 n.d. 

0 n.d. 

0 n.d. 

0 n.d. 

0 n.d. 

0 n.d. 

0 n.d. 

0 n.d. 

0 

6’ 
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NAVl GAT ION - 

I 
1 

1 

- - LATERAL LOGIC - 
L (3 10) 

1 
- 

OUT WITH 1 ROLL COMMAND 

t 

FIGURE 1 .- REENTRY STEERING 

b 

'w 
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READ AND CLEAR PIPAS 
SAVE V E L  INCREMENT 

AS EELV 

AVI GAT IO Q 
1 

- F DELV TEM = VI + AT 9 -T 
R = R + A T T € M  

- 
bE L V  + A T  41 

2 VI =TEM + - I- 2 

FIGURE 2.- NAVIGATION AV COMPUTATION. 
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- 
RTE = ~ Z X U R T O  
UTR = RTE x iz - 

WT = EARTH ROTATION FOR NOMINAL FLIGHT TIME - 
RTINT= URTO +UTR(COS WT - 1) +RTE SIN WT 

THETA = cos-1 UNIT 5) UNIT KINT) 

I I K 2  ROLL = - UNIT ( RTlNT ) * UNIT ( V 1 X UNIT (K) 

I K2 ROLL = SIGN ( l., K2 R O L L )  
I I 
1 ' MAKE CHOICE OF INITIAL 

LIFT VECTOR UP OR DOWN, 

SELECTOR = INITROLL 

(-1 

NOTE : f LAD FOUND IN SOME BRANCH LOGIC INDICATES THAT 
THE SIGN ASSOCIATED WITH THE CALCULATED VALUE OF L/D I S  TO BE ATTACHED TO LAD 

FIGURE 3. -  INITIALIZATION. 
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RELVELSW = 1 

I V 
WT = W (RE V E T A  +T) 

TARG ET1 NG (3 

- 
U R T =  URTO +TJT_R ( COS-WT - 1 ) +ETE S I N  WT 
LATANG = UNITl( URT )-_UNI 
THETA = COS [UNIT ( URT 1. UNIT (E)] . 

c 

'4' 

(IS RELVELSW ZERO?) 

; = ,  V = V I  ,+, 
+ c 

V = A 5 V A L ( E 2  
VSQ = V / VSAT 

RDOT = UNIT (R) 
UNI = UNIT [v :UNIT m] 
D = ABVAL (DELV)/DT 

LEQ = (VSQ-1) GS- 

WT = WT I 
YES I 
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INITIAL Q 
( IS D- .05GPOS? 

(Is RDOT + VRCONTRL NEG? ] 
YES 1 NO 

c 

FIGURE 5.- INITIAL ROLL 

NASA-MGC-FOD 
MISSION PUNNING & ANALYSIS DIVISION 
MISSION ANALYSIS BRANCH 
Plot No. 
Date 

15,632 - 
12 /13/63 G .  Hunt .. 



HUNTEST Q 

SELECTOR = PREDICT 3 
EGSW = 1 

c 

1s VL-VSAT POS? 

YES NO 

I S  RDOT NEG? i p J S  

I 
GO TO 
MODE SELECTOR 

V 1 =  V + KC1 RDgT/LAD 
AO= D A 0  = D + KC2 RDOT / ( 2 H S  LAD) 

I S  V1-VSAT POS? 
NO YES 

vs1 = v l  V S 1  = K A T  

IS HUNTIND ZERO? :=is 
1 

HUNTIND = 1 I 
DIFFOLD = 0 

HUNTEST 1 0 
47 = Q7F 
A L P  = 2 A 0  HS / (LEWD V12) 
FACT 1 = V l A I - A L P )  
FACT 2 = ALP (ALP -1) /A0 
V L  = F A C T 1  [ l -SQRT (FACT2 Q7 + ALP11 

I I I 

I I 
DVL = V S l - V L  CONSTD 
DHOOK= t(1-VS1/FACT1)2-ALPl /FACT2 
AHOOK = CHOOK (DHOOK/Q7-1)/DVL 
GAMMALl  = LEWD ( V 1 - V L ) N L  
GAMMAL = GAMMALl - C H ~  GS D V L ~ ( ~ + ~ H O O K  DVL) 

DHOOK VLL 

IS GAMMAL NEG? L-p? t 
GAMMAL V L  V L = V L +  

Q 7  = r ( l - V L / F A C T l )  -ALP1 /FACT2 
LEWD -(3I$-lOOK DVL't2DVL) [CHlGS/(DHOOK VL)] 

I 
~~ 

G A M M ~ L  = o 
GO TO RANGE PREDICTION I 

FIGURE 6 . -  HUNTEST 

NAS-LEC- FOD 
MlCSlON P W N I N C  L ANhLVSIS DIVISION 
MlSSlCN ANALYSIS BRANCH 

?lot No. 1i,653 
Date W 1 3 J b  G. Hunt 



RANGE 

E = SQRT 1 + (VBARS - 2) COSG2 VBARSI I VBARS = VL~AISAT' 
COSG = I-GAMMAL'I 2 

~ 

t 
. A S K E P  = 2 A T K  SIN-l(VBAR COSG GAMMAL/E) , B A L L I S T I C  RANGE 
A S P l  = Q2 + Q3 V L  , F I N A L  PHASE RANGE 

= 
( H S / G A M M A L l )  LOG, [AOVL2/(Q7 V i 2 ) ]  UPPHASE RANGE 

A S P 3  = Q5(Q6- GAMMAL X 2 3 , 5 0 0  1 , GAMMA CORRECTION 
ASPDWN = -RDOT V ATK/(AO LAD RE) 
ASP 

, R A N G E T O P U L L O U T  
= ASKEP + A S P l  + ASPUP + A S P 3  + ASPDWN, T O T A L  RANGE 

D l F F  = THETNM -ASP 

t 
IS ABS (DIFFI  -25 NEG 1 

YES I <*?E I S  HIND = Z E R O ?  S 

77 I S  VCORR -1000 POS? 
1 

YES NO 
I 

YES 

VCORR = VCORR/2 

V C O R R = 1 0 0 0  

I S  V S A T - V L  -VCORR NEG? 

NO 

1 1 
V l = V l + V C O R R  
HIND = 1 

1GO TO HUNTEST 1 I 

Y 



0 

L/D = -LEQ/DO + C 1 6  (D-DO) - C 1 7  (RDOT + 2HS DO/V) 

L 

4 

* . 

CONSTD 0 
- 

L GLIMITER 

' YES 

LATSW= 1 
L/D = 0 

(;FI LID( - 1.0 poi) 

NO 

NEGTEST 0 
I G O T 0 3 1 0  I 

FIGURE 8.- CONSTANT DRAG 
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I S  RDOT WEG, AND 
V-VL-C18 NEG? 
YES 

RDTR = (LAD/KCl)  (V l -V)  
DR = A0 - KC2 RDTR2/(2HS LAD) 
L/D = LAD + C 1 6  (D-DR) 

-C17 (RDOT - RDTR) . 

UPCONTRL 0 
I S  v-v1 POS? 

YES 

I I I [GO TO MO'DE SELECTOR] 

GO TO PREDICT 3 

1 

VREF = F A C T l E  1-SQRT (FACT2 D + ALP) ]  

t 
( I S V R E F - V S A T  POS? ) 

RDOTREF = LEWD (Vl -VREF) RDOTREF = LEWD (Vl -VREF) 

1 FACTOR = (D-Q7) / (AO-Q7) I 
1 1 LID = LEWD - KB2 FACTOR E K B ~  FACT'OR (RDOT-RDOTREF) + V-VREFIJ 

IFILIDI- 1.0 POS 

/D = + L A  GLlMlTER 

1 



( I S  D 4 Q 7  + KDMIN) POS? 

I 

i 

I MA1 NTAl N ATTITUDE CONTROL I I  EGSW = 1 I = (ZERO SIDESLIP AND ANGLE OF '7 I ATTACK NEAR ITS TRIM VALUE) I 

(GOTO MODE SELECTOR 

OUT TO CDU WITH 
ROLL, PITCH, AND 
YAW COMMANDS 

FIGURE 10.- KEPLER 

NASA - MSC - FOD 
MISSION P U N N I N G  & ANALYSIS DIVISION 
MISSION ANALYSIS BRANCH 
Plot No, 15,637 
Dit0 l2 /13/65 G .  H u t  



YES 

NO 

GRAD = (V-VREF (M-1)) / (VREF (M) - VREF(M-1)) 
F 1  = FA(M-1) + GRAD (FA(M) - FA(M-1))  
F 2  = FRDT(M-1) + GRAD(FRDT(M) -FRDT(M- l ) )  
RDTRF = RDTR(M-1) + GRAD(RDTR(M1 - RDTR(M-1)) 
DREFR = AREF(M-1) + GRAD (AREF(M: - AREF(M-1)) 
PREDANGl = RTOGO(M-1) + GRAD (RTOGO(M) - RTOGO(M-1)) 

PREDANG 2 = F1 (D-DREF R) 
PREDANG 3 = F2 (RDOT -RDTRF) 

X = (THETA ATK -PREDANGL) /P 

P = PP(M-1) t GRAD (PP(M) -PP(M- l ) )  

PREDANGL= P R E D A N G l + P R E D A N G 2 + P R E D A N G 3  

- 

G O N E P A S T = l  El 

-!IF l K l 3  P ( X ) l -  1.0 P O S ~  
!YES 

L/D = * LAD 

GO TO GLIMITER 

L/D = LOD + K13P(X NO 

IF VREF (N) -V POS Ill 

(GLIMITER I 

No c 1 YES 

FIGURE 11.- PREDICT 3 



c 

“i 

IF(L/D(- 1.0 POS 
1 

NO 

1 

FIGURE 12.- G LIMITER 

YES 

L/D = LAD 

I .  
GO TO 310 

NAS4 - MSC - FOD 
M *-‘IC*,’J PLAI-IN!P!C & ANALYSIS DIVISION 
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YES 1 
Y = KLAT VSQ + LATBIAS + r- is ABS (L/D)-L/DCMINR NEG? ) 

\ 
NO 

( I S  K2ROLL LATANG POS? 3 I 

1 I 

f I S  K2ROLLLATANG Post \ 
AND LATSW ZERl 

YES 1 

I S  L/D NEG? 

KlROLL = KlROLL 
-K2ROLL 

2 
NO 

2 
NO 

1 

NO 

1 ROLLC = K2ROLL COS-l(L/D/LAD) + 2 T I K l R O L L P  

I I.LATSW = o ] 

OUT TO CDU WITH ROLL COMMAND 
., . I. , .(. ' \ _  ' 

r l  -,':,::-! p!.,'.;.';:'::C i, :.i4ACYSIS DIVISION 
L:~:;,.;,L:: :. ,;: L ~ S ! S  B ~ A N C H  

Plot 122. 15.685 
Date Z-l8-& c- 

FIGURE 13.- LATERAL CONTROL 



APPENDIX 

SCS-IBM AND GIMBAL ANGLE ROUTINE 

Flow logic for the SCS-IEM routine is presented in its final form 
in figures 1 through 4 of this appendix. 
given in table I. 
determine the navigation base, body, and stabilityAaes were developed 
for a right-hand system. 
figure 5. 
tion base, and stability axes. 

The gains and constants are 
The following transformation matrices required to 

Unit vectors p ~ ,  e, and N are defined in 
Subscripts B y  N, and S indicate the respective body, naviga- 

0 

-cos p 

Sin p 

0 

1 

0 

0 

1 

0 

0 

cos 

cos CY 

cos 'I 

Q = 22" - angle of attack (angle between x-body axis and 
x-stability axis) 

- 4  

tt = 11" - angle between x-navigation base and x-stability 
axis 

The roll gimbal angle R(2) is obtained from the equation 

A where Yp is the platform unit Y-axis 



22 

The fuel consumption during reentry is co!puted from the jet-on 
time and a scaled fuel flow rate,?. The rate F was obtained from a 
six-degree-of-freedom reentry simulation and includes the fuel con- 
sumed in the roll, pitch, and yaw RCS jets. 



COMMANDS (ROLLC) AND 
SET INITIAL CONSTANTS 
CALSO R(2) = ROLL GIMBAL ANGLE (DEGII 

I 

c - SIGN OF RAE) 
SET 
RAE = 0" 

L. 

ACR = RAE * GA 
I 

1 
~ 

DOES ARC EXCEED NO 
LIMIT E DEG/SEC 

MODUALTE RAE 
BY GAIN FACTOR 
TO OBTAIN ATTITUDE RATE 
COMMAND 

MODULATE PREVIOUS 
R O L L R A T E  CRP(211 BY 
GAIN FACTOR (GR) 
RPM = RP(2)* GR 

DEG/SEC (SIGN OF 

I I 

RATE COMMAND 
ARC 4 RPM TO GET (RCI I 

I RC = ARC - RPM 
1 I 

h NASA - MSC - Fob 
MISSION PLANNING & P.FJAL?'SIS 3 IV lS:~f j  
MISSION ANALYSIS DRArK!i 

(*) 
RATES 

FIGURE 1.- SCS - IBM. 
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IS RC WITHIN RCS JET 
DEADBAND B DEG/ SEC 

NO 

RP(2) = RP(1) 

A @+-I @ 
FLAG 3 DOWN 

NASA - MSC - FOD 

Plot No. 
Date 31 18 166 . 0. Hill 



V 

t 

L 

i 

TO FIRE RCS JETS 
TIME = ( I RC I /  SRACC)* 10. 
SRACC IS ANGULAR ACCELERATION 
ABOUT X-  STABILITY 
AXIS FROM JETS IN DEG/SEC* . 

I””””””’?) FOR DEAD- 

BAND 

I 

SET 
TIME = TMAX 

IS TIME > INTEGRATION 
INTERVAL (TMAX) 

FUEL ( 2 )  = F U E L ( l ) +  TIME *F  
* 

I 

(-) 
COMPUTE ROLL ANGLE ABOUT 
STABILITY X-AXIS RG(2) AFTER 
TIME SEC. 
RG(2) = RG(1)  + RPS (TIME) f 1/ 2 SRACC (TIMEI2 
(TAKE SIGN OF RC) 

FIGURE 1 ._ CONTINUED. MISSION PLANNIKC t% ANALYSIS DIVISION 
MISSION ANALYSIS BRANCH 
Plot No. 15,676 ( 3 of 4 pages) 
Date 3/18/66 0 .  Hill 
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FIGURE 1. - CONCLUDED, NASA - MSC - FOD 
MISSION PLANNING & ANALYSIS DIVISION 
MISSION ANALYSIS BRANCH 
plot No. 15,676 (4 of 4 pages) 

I,nt+> 3/18/66 - 
i -~ 

n 

1 

I COMPUTE ROLL RATE ABOUT 1 

J 
1 , 4 

COMPUTE ROLL ANGLE RG(2) AT 
TMAX SEC. ABOUT STABILITY 
X-AXIS r I RG(2) = RG(2) + RPS(TMAX - TIME) I 

SET FLAG AND 
ENTER SPECIFIED BANK 
ANGLE FOR INITIALIZATION 

c 



Y 

d 

c 
i 

NASA - M S C  - FOD 
MISSION PLANNlNC & ANALYSIS DIVISION 
MISSION ANALYSiS BRA?ICH 
Plot No. -. I 
rJ::Pc 3 / ’ 8 / 6  _ _  0 .  H i l l  

15 677 

.A A A 
N = V R X H  

A 

-x S 
P 

A 

-xB 

A 
Xs = UNIT X- STABILITY AXIS 
A 
XB = UNIT X- BODY AXIS AT ZERO BANK ANGLE 
N 

= UNIT X- BODY AXIS A T  BANK ANGLE fl  xB 
A 
R = UNIT POSITION VECTOR OF SPACE CRAFT 
QR = UNIT VELOCITY VEC-TOR OF SPACE CRAFT 

B = BANK ANGLE 

FIGURE 2.- ORTHOGONAL SET REFERENCED TO 
THE OSCULATING PLANE. 
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