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5, P o l a r i t  Dcfini t ions!  Vehicle p o l a r i t y  d e f i n i t i o n s  are given' i n  Drawing * ' 
Number 4%. 
6 ,  
-¶ 1 --*, p o s i t i v e  a c t u a t o r  motion, and r e s u l t a n t  t h r u s t  p o s i t i o n  as a func t ion  

Control Sys,t,em Equations: The e s s e n t i a l  equat ions which de f ine  t h e  con- 
/- 

idual a c t u a t o r  motions 'are contained i n  Appendix 3 ,  
m system equat ions  are described i n  Appendix 7 with t h e  a i d  of F-igur 
I 10 and Sheets  1 and 2, Drawing Number 50M34204, 

The a u x i l i a r y  

5 Factors ,  .Tolerances, and Charac te r i s t i c s :  The scale fact 
r d a t a  are ' tabula ted  in Appendix 4 f o r  f l i g h t  con t ro l ,  Appe 
T, Appendix 6 fo r .  aSE, and servo c h a r a c t e r i s t i c s  are given on shee t  
kng 50W34207 . 

. ". 



APPENDIX l 

Commanded t h r u s t  d i r e c t i o n  (B c o m n d )  i n  p i t ch ,  yaw, 
and r o l l  respec t ive ly ,  

ai 

v i 

Enclosure l 

f 

Commanded ac tua to r  motions f o r  ind5vidual ac tua to r s .  

Resul tant  pos i t i on  of t h r u s t  vec tor  due t o  individual  
ac tua to r  motiond, 

Individual  a c t u a t o r  motions, 

Rat io  o f  B actuator t o  B command, 

Acceleration o f  actuator p i s ton ,  

Velocity of  ac tua to r  p i s ton ,  

The minimum value of  f3 error signal in degrees required 
t o  cause f u l l  
p l i e s  t~ S-PB only],  

flow i n  the servo hydraulic valve, (Ap- 

Dif fe r en t i a l  cur ren t  output o f  the  S-IB magnetic am- 
p l i f i e r s  of  the  cantroY computer used t o  dr ive  the H-l 
engine SBSTVBP~ 

Current output of t he  S-IWB magnetic ampl i f ie r s  of  t he  
contra% computer used t o  dr ive  t h e  5-2 engine servo, 

Vehicle angular acce le ra t ion  in p i t ch ,  yaw, and r o l l ,  
Cdeg/sec2) 0 

Vehicle a t t i t u d e  error i n  p i t ch ,  yaw, and r o l l  respec- 
t i v e l y  (sometimes referred t o  as A+ 

Vehicle a t t i t u d e  rate i n  pitch,  yaw, and r o l l  respec t ive ly ,  

A + y ,  and A+, )"  PB 

Vehicle l a t e r a l  acce le ra t ion  perpendicular t o  t he  veh ic le  
longi tud ina l  ax i s  i n  p i t c h  and yaw respec t ive ly ,  

Control computer a t t i t u d e  e r r o ~  gain,  

Control system attitude error gain,  

Control system a t t i t u d e  rate gain, 

Control system aecelarsmeter control  gain, 
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Dig i t a l  computer a t t i t u d e  e r r o r  gain cons tan ts  
i n  p i tch ,  yaw, and r o l l  respec t ive ly ,  

I n e r t i a l  a cce l e r a t i ons  i n  t he  X, Y,  and Z space- 
f ixed  d i r e c t i o n s  s respec t ive ly ,  

Incremental i n e r t i a l  ve loc i ty  outputs  o f  t he  p l a t -  
form a c c e l e r o m ~ t e r _ e n c ~ d e r s ,  corresponding respec- 
t i v e l y  t o  t h e  XI’ YI, ZI  

Vehicle a t t i t u d e  commands i n  Euler  angles ca l cu l a t ed  
by t h e  LVDC, 

S p a t i a l  amp l i f i e r  e r r o r  command i n  p i t c h  and yaw-roll 
mixed,, 

S p a t i a l  ampl i f ie r  l a g  network time cons tan t  (seconds) 

Engine funct ions  of t h e  APS system, 

Cut-on l e v e l  (vo l t s )  of s p a t i a l  ampl i f ie r  

Output of t h e  s p a t i a l  ampl i f ie r ,P  

S p a t i a l  ampl i f ie r  l a g  network gain,  

The amount of  f3 i n  degrees caused by l ma of  i in -  
put  t o  t h e  5-2 valves ,  

S p a t i a l  ampl i f ie r  h y s t e r e s i s  network gain,  

Resul tant  t h r u s t  of t h e  APS system i n  the  pitch,yaw, 
and r o l l  axes respec t ive ly ,  
Time of f l i g h t  i n  seconds, 

Engine numbers of  t he  APS system, 

M 

Time base #l: I n i t i a t e d  a t  l i f t o f f ,  

Time base #2: I n i t i a t e d  by the  ac tua t ion  of t h e  
S-IB prope l lan t  l e v e l  sensnm,  

Time base #3: I n i t i a t e d  ‘by S-IB engine c u t o f f ,  
Tifie base #4: I n i t i a t e d  within t h e  d i g i t a l  computer 
when S-IVB cu to f f  condi t ions  are s a t i s f i e d  o r  forced 
by a d i s c r e t e  s igna l  a t  a premature S-IVB engine cut-  
o f f  0 

Time of event:  Command Fl ight  Control Computer S-IVB 
burn mode on,, 

2 Enclosure 1 
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Time of event:  
S-IVB Bum Mode O f f  (Begin Coast Phase) 

Command F l i g h t  Control Computer 
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APPENDIX 2 

GENERAL DESCRIPTION OF THE GUIDANCE AND CONTROL SYSTEM FOR SATURN IB/203 

1, General: The general  operat ion of t h e  guidance and cont ro l  system f o r  
Saturn I discussed with t h e  a i d  of  Figure 1, 

2, Guidance System: 

a, The purpose of t h e  guidance system i s  t o  perform navigat ion eva lua t ions ,  
t o  i s sue  d i s c r e t e  commands, t o  i n i t i a t e  c e r t a i n  guidance and cont ro l  funct ions ,  and 
t o  s t e e r  t h e  veh ic le  i n  a manner t o  s a t i s f y  mission requirements, 
by means o f  a guidance program compiled f o r  a p a r t i c u l a r  mission and s to red  i n  the  

This i s  accomplished 

e h i c l e  D ig i t a l  Computer (LVDC) memory, The LVDC is  provided the  input  da t a  

s igna l s  and d i s c r e t e  outputs ,  The inputs  dur ing t h e  f l i g h t  cons i s t  of i n e r t i a l  ve- 
l o c i t i e s  and d i s c r e t e s ,  and the  outputs  c o n s i s t  of a t t i t u d e  commands and d i s c r e t e s ,  

The vehic le  i n e r t i a l  a cce l e r a t i ons  a r e  sensed by the  acceferometers of 

launch and‘throughout f l i g h t  from which it determines t h e  prescr ibed  s t e e r i n g  

b,  
t h e  s t a b i l i z e d  plat form (STE124M)o 
Adapter (LVDA), processed by the  LVDA and passed t o  t he  LVDC where they are u t i l i z e d  
i n  guidance computations, The a t t i t u d e  s i g n a l s  a r e  de tec ted  ‘by t h e  ST-124M platform 
gimbals, processed by the  pla t form e l ec t ron i c s ,  and s e n t  t o  the  crossover de t ec to r s  
QCODOs) of t he  LVDA where they a r e  f u r t h e r  processed t o  ob ta in  gimbal angles,  
angles are then u t i l i z e d  by the  LVDC t o  compute guidance and cont ro l  commands, 

X , xz9 a s  a funct ion of  time during S-IB f l i g h t  and as closed loop s t e e r i n g  commands 
dzr ing  S-IVB f l i g h t ,  These commanded angles are compared with t he  ST-l24M gimbal an- 
g le s  (ex, e # 0 ] which represen t  t h e  vehlecle p a s i t i o n ,  
t o  ob ta in  tKe a f t i t u d e  e r r o r s  which a r e  then transformed i n t o  t h e  veh ic le  coordinate  
system, converted from d i g i t a l  t o  analog form, and issued t o  t h e  cont ro l  computer 
approximately 25 times per  second a s  p t t i t u d e  e r r o r  commands (J,  9 , 6,) 
are ca lcu la ted  approximately every 1,8 second f o r  S-IB s t age  &d e r e r y  1 
f o r  S-IVB s tage ,  and t h e  BBs are sampled approximately 25 times a second, 

The s i g n a l s  are s e n t  t o  t he  Launch Vehicle Data 

Gimbal 

c ,  The LVDC c a l c u l a t e s  t he  veh ic le  a t t i t u d e  commands i n  EuPer angles (Xx, 

The X0s and e 8 s  are d i f fe renced  

3, Control System: 

q. The cont ro l  system maintains t h e  veh ic le  a t t i t u d e  and reduces veh ic le  aero- 
dynamic loading by de t ec t i ng  t h e  veh ic le  a t t i t u d e ,  a t t i t u d e  r a t e ,  and l a t e r a l  acce le ra-  
t i o n s ,  processing the se  da t a ,  and i s su ing  commands t o  pos i t i on  t he  cont ro l  engines o r  
f i re  t h e  Auxi l iary Propulsion System (APS) engines,  

b, The cont ro l  computer analog inputs  cons i s t  vf t$e  aztitende e r r o r  s i g n a l s  
(9 ,, J, 1) $,9 from t h e  LVDA, the  a t t i t u d e  r a t e  s i g n a l s  (I# , I# , $,9 from t h e  con t rq l  -0 

f$% tl%’S=-+fai 

ra?e gyros and Control Signal  Processor (CSP), the  Eaterg1 axee le ra t ion  s i g n a l s  (y 
from the  cont ro l  accelerometers,  and the  S-IB s t age  a c t u a t o r  pos i t i ons  Q B  
13 B B B 

r espec t ive  valves,, The cont ro l  computer performs t h e  l og i c  switching, gain changing, 
and f i l t e r i n g  of  the  input  s i g n a l s  t o  cont ro l  the  e f f e c t s  of bending and saoshing on 
the  control  system, t o  cont ro l  t he  e f f e c t s  of the  sampling r a t e  and quant iza t ion  o f  t he  
a t t i t u d e  e r r o r  s i g n a l s  and t o  maintain proper  cont ro l  system s t a b i l i t y ,  I t  then mixes 

Enclosure 2 
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t h e  s i g n a l s  t o  form the  actuaXsr pos i t i on  commands' which are compared 
with t h e  a c t u a t o r  p o s i t i o n s  on the  S-HB stage t o  produce e r r o r  s i g n a l s  ( A i  
A i  A i  , A i  A i  , A i  , A i  ) which are s e n t  t o  t h e  servovalves t o  pogi t ion  
th$P&3d!%!ors $JF the2&IB %age,4yTo pos i t i on  the  S-IVB engine, t h e  input  commands 
($ and 4) form the  ac tua to r  p o s i t i o n  commands which are issued t o  the  servovalve 
as iv, 
than electr ical  B feedback t o  the  cont ro l  computer, 

4, and 
2P , A i  l 

These servos have mechanical feedback within the  valves and ac tua to r s  r a t h e r  

e ,  Engines l through 4 on t h e  S-PB s t age  are utilized f o r  veh ic l e  con t ro l ,  
P i t ch  and r o l l  signals are mixed on t h e  four  p i t ch  ac tua to r s ,  and yaw and r o l l  are 

Y P  mixed on the  four  yaw a c t u a t o r s  t o  obta in  the  required engine gimbal angles  (B ,B 
$ ), or t h r u s t  vector components, and r e s u l t i n g  cont ro l  torques,  For t h e  S-IVg 
sfage, there is only one engine which is gimballed i n  p i t ch  and yaw, The p i t c h  s i g -  
n a l s  go t o  the  p i t c h  a c t u a t o r  and t h e  yaw s i g n a l s  go t o  t h e  yaw a c t u a t o r  t o  produce 
t h e  required engine gimbal angles  ( 6  B ] or p i t ch  and yaw t h r u s t  vector components, 
The r o l l  sign.als are orocessed by th8 AP5 system t o  produce t h e  requi red  r o l l  t h r u s t  
vec to r  components, Thus, t h e  required ?itch, yaw, and r o l l  cont ro l  torques are pro- 

accepts  $ and 4 input  commands, mu l t ip l i e s  t hese  signals by t h e  proper gains ,  mixes 
t h e  yaw and r o l l  s igna l s ,  and produces output  s i kqa l s  from t h e  s p a t i a l  ampl i f i e r  
which are pseudo rate modPm%ated, ( ~ ~ = l ~ ) ~  t h e  
s p a t i a l  ampl i f i e r  output i s  zero, ( ~ ~ = 1 , 6 ~ ) ,  khe s p a t i a l  ampli- 

and pulse rate  modulated, t h e  width and rate depending on the  input  signal level ,  
The output  of  t h e  s p a t i a l  ampl i f i e r  d r ives  t h e  con t ro l  r e l ays  which a c t i v a t e  t he  
solenoid-valves,  
t h e  requi red  d i r e c t i o n ,  

duced dur ing  t h e  S-IVB powered phase, During t h e  S-JlVB coast  phase, the  APS system 

 or example, f o r  an input  O ~ C < E  
For an input  rLc2  

f i e r  i s  f % l P  OR< For ~ I I  input  c,<c~ t h e  s ~ a t i i a l  a ~ ~ ~ p l ~ f i @ r  output  is pulse  width 

These cause t he  hypergcslfc engines t o  ignite producing t h r u s t  in 

d o  The cont ro l  accelerometers are used on ly  du r ing  the  S-IB stage f l i g h t ,  
There are two ra te  gyro cases: one using the  emergency de tec t ion  system (EDS) rate 
gyros and asso ica ted  CSP, and another  us ing  the  eontroP ra te  g y ~ o s  and t h e i p  bui ld-  
i n  demodulators, The control  r a t e  gyros can be u t i l i z e d  only on S-IB s tage  f l i g h t ;  
however, t he  EDS rate gyro package and CSP may be u t i l i z e d  during any o r  aPB phases 

commands will come only from t h e  Instrument Unit  ( X U ]  system (not t h e  spacecraf t )  
of  flight, The EDS ra te  ~ ~ V Y " O S  w i l l  be used: CXI t h e  SA-283 Pl igh t ,  The attitude 

during the  entire 283 f l i g h t ,  

e, I t  should be noted theat on t h e  Saturn IB vehic les  t h e  EVDC is  m i n t e-  

This results i n  t h e  a t t i t u d e  loop being d i g i t i z e d  w i t h  t h e  effects of  
gral  p a r t  of t h e  con t ro l  system, whereas the  guidance computer QASC-l5] of Saturn I 
was not, 
quant iza t ion ,  sampling rate, and t r a n s p o r t  Bag being introduced i n  the  a t t i t u d e  loop, 
Transport Bag i s  given i n  Sheet 3, Drawing Number 58M3.4284 and Figure 2, 

f, 
equations: 

I t  should be noted t h a t  ao, a lB  and g2 are ealculated from the  following 

powered p i t c h  and yaw of the S-IVB s tage ,  
2 Enclosure 2 
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& a = - =  
$K degree of  a t t i t u d e  e r r o r  x d i g i t a l  computer a t t i t u d e  0 

gain f a c t o r  

f o r  the  S-IVB powered r o l l  and p i t ch ,  yaw, and r o l l  during the  coas t  
phase 

BE degrees of engjipe movement , , a IP---=: I 

8 degree p e r  second of a t t i t u d e  r a t e  1 

f o r  t he  S-PB s t age  and f o r  powered p i t c h  and yaw of the  S-IVB s t age ,  

E a = - - D  

i degree p e r  second of  a t t i t u d e  rate 1 

f o r  t he  S-IVB powered r o l l  and p i t ch ,  yaw, and r o l l  dur ing the  coast  
phase 

- $E - 
Y 

degree of engine movement - 
00  g2 - 

g2 appl ies  only t o  t he  S-IB s t age ,  

The S-IB s t age  servo-valve i s  l imi ted  t o  full flow at 8 ma of Ai by a 

g2 r e l ays  c lo se  at Tl + 28fl  second 
and open a t  T 9 PlO%l second, 1 

go 
mechanical s t op  which limits t h e  t r a v e l  of  the  valve spool ,  
n a l l y  designed f o r  12 ma f u l l  flow, 

The valves  were o r i g i -  

3 
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APPENDIX 3 

CONTROL . SYSTEM EQUATIONS (ACTUATOR SYSTEMS) 

1, The con t ro l  law f o r  a c t u a t o r  systems i s  represented by t h e  following equa- 
Symbols used are de- t i o n s  which give t h e  commanded t h r u s t  d i r e c t i o n  (8  command), 

f ined  i n  Appendix l ,  
a v  

+ a  5 

= a  J, + a  4 
= a  J, + a  d; 

- Pitch: Bpc - aop*p l p  p + gzpyp 

$YC. OY Y lY Y * R2YYY 
*e 

Yaw : 

Roll:  

1 

Brc o r  r 1r r 

2. The following equat ions  def ine  t h e  ind iv idua l  commanded ac tua to r  motions 
i n  terms of  commanded t h r u s t  d i r ec t i on  f o r  t he  S-IB s tage ,  

3, The following equat ions  def ine  t h -  ind iv idua l  commanded ac tua to r  motions i n  
terms of commanded t h r u s t  d i r e c t i o n  f o r  t h e  S- IVB s tage ,  

Bplc - Bpc 

Bylc - Byc 
- 

4, The following equat ions  represen t  t he  r e s u l t a n t  t h r u s t  pos i t i on  as a funct ion 
o f  the  ind iv idua l  ac tua to r  motion f o r  t h e  S-IB s t age ,  

Enclosure 3 
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5, The following equat ions  represent  t h e  r e s u l t a n t  t h r u s t  pos i t i on  as a funct ion 
of  t he  ind iv idua l  ac tua to r  motion f o r  t h e  S- I V B  s t age ,  

6, The preceding equat ions  a r e  approximations which a r e  v a l i d  only as frequency 
approaches zero s ince  a l l  hardware dynamics a r e  neglected.  
use  of  t he se  equations i n  cont ro l  system s tud i e s  may give erroneous r e s u l t s ,  
suggested t h a t  bending mode f i l te rs  and.engine pos i t i on  servo dynamics be examined 
before  any attempt i s  made t o  use the  i dea l i zed  equat ions  given here.  
accuracy o f  a p a r t i c u l a r  stddy depends upon these  dynamics, 

Even a t  cont ro l  frequency, 
I t  i s  

The degree of  

2 Enclosure 3 
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APPENDIX 4 (Continued) 

NOTES: l, The gimbal angles  (9") are sensed by means o f  two constant  amplitude, 
constant  frequency, phase- shif ted s i g n a l s  from t h e  gimbal angle  r e so lve r s ,  These 
s i g n a l s  are converted t o  a d i g i t a l  pu l se  count by t h e  Crossover Detectors  (CobOs) 
i n  t h e  LVDA, 
d iscussed i n  IBM document 64-208-008tI dated 24 December 1964, 

Complete e r r o r  a n a l y s i s  due t o  quant iza t ion  and hardware to l e rances  i s  

2 ,  The a t t i t u d e  e r r o r  s igna l  ($) i s  a c t i v e  a t  a l l  times during f l i g h t  un le s s  
overridden by a manual s i g n a l  from t h e  command se rv i ce  module (CSM) o f  t h e  Apollo space- 
craft  which w i l l  no t  be poss ib l e  u n t i l  SA-204, 
i s  t h e  result  o f  a D/A conversion i n  t h e  LVDA and has a quant iza t ion  l eve l  o f  0,06 
d e g l b i t ,  
a maximum value of  0,48 degree p e r  sampling per iod  o f  approximately 40 mil l iseconds,  

The 9 s i g n a l  t o  t h e  con t ro l  computer 

The change of t h i s  signal i s  l imi t ed  by t h e  f l i g h t  program i n  t h e  LVDC t o  

3, Only one ra te  gyro package will be a c t i v e  throughout f l i gh t- the  EDS rate 
gyro package 

4, The a t t i t u d e  ra te  s i g n a l s  are obtained from t h e  ra te  gyro demodulator out-  
pu t  c 

temperature v a r i a t i o n ,  
5 ,  Rate gyro n u l l s  include zero o f f- se t , ,  hys t e re s i s ,  mass unbalance, 

6 ,  The a t t i t u d e  rate  s i g n a l s  are obtained from t h e  demodulator output 
cont ro l  s i g n a l  processor ,  Tolerances are t h e  sum of t h e  ra te  gyro and cont ro l  

and 

o f  t h e  
s i g n a l  

processor  t o l e rances  The con t ro l  s ign$l  
proc$ssor provides s i g n a l s  t o  t h e  EDS d i s t r i b u t o r  ffom p rese t  rate  switches.  The $p 
and $ 
of thg  t h r e e  rate  gyros i n  e i t h e r  t h e  p i t c h ,  yaw o r  r o l l  a x i s  must exceed the  n r e s e t  
value i n  order  t o  i s s u e  an abor t  s igna l ,  

and both u n i t s  have p a i r l s p a r e  redundancy, 

switches are set f o r  f5,Oo/s Q,5' / s  a.nd the  ipr  i s  set f o r  f20"fs%L,5@/ss,  Two 

7, The cont ro l  accelerometers are a c t i v e  only during S-IB f l i g h t ,  The la tera l  
acce l e ra t ion  s i g n a l s  are obtained fram t h e  accelerometer s igna l  condi t ioners ,  

8 ,  Both t h e  te lemet ry  and cont ro l  potent iometers  are 5k ohms r e s i s t ance ,  
There i s  an ind iv idua l  60 v o l t  power supply f o r  each cont ro l  potent iometer  and a com- 
mon 5 vo l t  supply f o r  t he  e i g h t  te lemetry potent iometers ,  The to l e rance  on the  scale 
f a c t o r  includes effects  o f  pot  loading, 
mechanical locks i n  pos i t i on ,  This value r ep resen t s  t h e  n u l l  due t o  t h e  p o t  and t h e  
mechanical locks,  
p u t s  a t  maximum gain with spec i f i ed  limits i s  determined t o  be 0,6 degrees a t  l i f t - o f f ,  
This n u l l  neg lec t s  mechanical misalicgnments of  s tages  and sensors ,  

The f3 n u l l  i s  determined with t h e  ac tua to r  

For a closed Poop servo, t h e  f3 n u l l  due t o  a l l  cont ro l  computer i n-  

g o  The valve n u l l  s h i f t  i s  measured by the  amount o f  Ai  o r  f3 required t o  can- 
cel i t ,  For t he  S-IB s tage ,  t h e  valve was designed f o r  12 ma t o  cause f u l l  flow, 

P O ,  
cause f u l l  a z tua to r  ex tens ion  o r  r e t r a c t i o n ,  

8 

Same a5 note  b a  except t h a t  t h e  S-IVB valve was designed ~ Q P  46,7 ma t o  

Enclosure 4 



APPENDIX 4 (Continued) 

+ 11, The magnetic summing ampl i f i e r  s a t u r a t e s  a t  approximately -23 ma, The 
n u l l  s h i f t  i s  based on zero input  t o  t h e  cont ro l  computer, 
represented by an equivalent  B o  

This n u l l  s h i f t  may be 

1 2 ,  Same as Note 13, except t h e  S-IVB magamp s a t u r a t e s  at 660 ma, 

13, Control system u n i t  output  = nominal output  value 2 t he  gain to le rance  
9 t he  n u l l  s h i f t ,  

9 Enclosure 4 
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APPENDIX 5 (Continued) 

SATURN IB/SA-203 TELEMETRY FUNCTIONS 

1, 
yaw, and i and j f o r  r o l l ,  

2 ,  
yaw, and 

3 ,  
f o r  yaw, 

4,  
s h i f t  

Avai lable  on con t ro l  computer connector Y-9 p ins  n and E f o r  

Available on con t ro l  computer connector J-9 p i n s  u and v f o r  

- 
.II L 

IL.I M 

and r f o r  r o l l ,  
.I 

Available on con t ro l  computer connector Y-9 p ins  y and z f o r  

Control system u n i t  output  = nominal output  value 2 t h e  gain 

m .I*. 

p i t ch ,  k and m f o r  - - 
p i t c h ,  s - and t 

.I) 

for 

p i t ch ,  and w and x 
I I 

t o l e rance  *, t h e  n u l l  

4, 
t h e  f l i g h t  con t ro l  computer and n o t  i n  t he  blockhouse, 

6 ,  On Enclosure 5 
i n  t h e  blockhouse, 

7 ,  lVhen telemetr outpiits a re  measured i n  t he  blockhouse, refer t; sure- 5 * 

I t  should be noted t h a t  t hese  measurements are made a t  t h e  te lemet ry  outputs  of  

8 o f  t h i s  Appendix are t h e  to l e rances  for measurements being made 

9 

9 ,  See drawing 50l8QO7  sheet 2 for ~ a l v e  and solenoid c h a r a c t e r i s t i c s ,  

8 Enclosure 5 
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APPENDIX 6 

SATURN IB/SA-203 ESE INPUT FUNCTIONS 

RAMP GENERATOR MAXIMUM TORQUER REMARKS 
UNIT SCALE FACTOR RANGE SCALE FACTOR (SEE NOTES) - PARAMETER 

?.J At t i tude  Er ro r  0,8 v/deg 215,3 deg None 
s u b s t i t u t e  input  
t o  cont ro l  com- 
pu te r  

At t i tude  rate 4,s v/deg 
s u b s t i t u t e  input  
t o  cont ro l  com- 
pu te r  

i 210 deg/s None 

4 EDS r a t e  gyro None 8 mafdegfs P 8 -10 deg/s 
(160 ma max,) 

None 0 0  2 
Y Latera l  aceelera-  P,O v/meter/s2 910 m / s  

t i o n  s u b s t i t u t e  
input  t o  cont ro l  
c ompu t e r 

Q e  

Y Control aceelero-  None 
meter 

2 , 3  =+ -10 mfs 2 13 mafm/s 2 
(170 ma max,) 

NOTES: 
1, Resistance of torquing co i l s  is 135 915 OHMS. 

2, Resistance of  torquing coi l s  i s  150 %PO OHMS, 

3,  Accelerometers with se r$a l  numbers 1 through 9 have a torquer s c a l e  
factor of  15 ma/meter/s ., 
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APPENDIX 7 
, 

AUXILIARY PROPULSION SYSTEM (APS) 

I ,  The cont ro l  law f o r  the  APS system i s  represented by the  following equat ions  
which give e r r o r  command (E) t o  t he  pseudo rate modulafor ( s p a t i a l  ampl i f ie r ) .  

e- 

Pi tch :  cP = aopqp + a 4 
1P P 

Yaw - Roll Mixed; 

2, The following t a b l e  i l l u s t r a t e s  t he  p o l a r i t y  of  t h e  s igna l  required t o  cause 
each engine to f i r e ,  

Error s igna l  

l o  8% P 
2,  -E: P 
30 +Ey-R 

Y-R 

*‘Y+R 

4, - E 

6 a  -“ysYi 

’ 3, The following equat ions  represent  t h e  l’on-off-modulationvv c h a r a c t e r i s t i c s  o f  
t h e  s p a t i a l  ampl i f ie r s ,  where E 
command i n  degrees: 

i s  the  s p a t i a l  amp l i f i e r  output and E i s  t h e  a t t i t u d e  
0 

f o r  ~ e f * l O l  Eo = 0 

f o r  ~ ~ l f l ” ]  

f o r  l~1°1<e< l*1 ,601  

f o r  EL *10601 

Eo = minimum pulse  width and frequency, 

Eo = pseudo rate modulated s i g n a l ,  

Eo = 28v constant 
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APPENDIX 7 (Continued) 

4 ,  The above equations do no t  represen t  t h e  dynamics o f  t h e  s p a t i a l  ampl i f ie r  
nor t he  rest o f  the  a u x i l i a r y  cont ro l  system, 
s t a t e  c h a r a c t e r i s t i c s  
ences, i f  des i red ,  
Sob434204 L) 

5, 

However, they  do descr ibe t he  steady- 
The dynamic c h a r a c t e r i s t i e s  may be obtained %rem o the r  r e f e r-  

An approximation is  given i n  Sheet l and 2 ,  Drawing Number 

Table l gives t h e  angular acce l e r a t i ons  f o r  S-IVB burn and coas t  phases due 
t o  var ious  engines f i r i n g ,  

6 ,  
bands, 

Figure 7 g  and 7C are phase plane p l o t s  of  S-IVB 283 pi tch ,  yaw and rsll dead- 
The maneuvering rate ledge f o r  S- I V B  203 has been s e t  a t :  

* f O,SO"/s f o r  p i t c h  and yaw where Tf > T4 =+ 5 

2 O,5OB/s f o r  r o l l  where Tf 4 Tg + 1 

7 ,  Spa t i a l  amp l i f i e r  to le rance  

a, + t r i g g e r i n g  threshold 20,8v 6% 
210 

d o  4 f u l l  on thre3hold f l o 4 4 v  6% 

e ,  

kOo 3 2 " / s  

Minimum pulse  dura t ion  65 m s  2 10 

8, Figures 88, 8B, 9A, 9B, 10AD and %OB a r e  curves f o r  an i d e a l  pseudo rate modu- 
l a t o r  ( s p a t i a l  ampl i f ie r )  ,, 

a ,  Figures 88 and 8B - Input s i gna l  (vo l t s )  versus  switching frequency, 

b o  Figures 98 and 9B - Input s i gna l  (vo l t s )  versus  percent  on time, 

e, Figures 10A and POB - Input s i g n a l  (vo l t s )  versus  on-time pulse  width, 
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APPENDIX 7 (Continued) 

TABLE l 

38-283 S-IVB AUXILIARY 
PROPULSION SYSTEM CHARACTERISTICS 

MISS I ON 
PHASE APS ENGINES FIRED 

ANGULAR ACCELERATION = DE@/s2 

S-IVB BURN 
Tf = T3 + 1 

P * 0 0 Q04 
- 5  

S-IVB BURN IIID I I V Q  PIIIIP o r  IIIIV P * 0,929 
Tf = T3 + 457 

S-IVB COAST 
[Fuel Aft) 

I o r  I11 
P P 

111 o r  IIIIV 

IIV o r  11111 

* Q 0,125 

0,013 8,B28 0,929 

0,013 0,120 8,929 

S-IVB COAST 
(Fuel Fore) 

I O F  1x1 
P P 
111 o r  I I I IV 

I IV o r  11111 

0,161 * P 

8,016 0,156 0,930 

8,816 0,156 0,930 

NOTES: I, BPI $os are f o r  unmanned type mission, 
D O  

2 ,  cpQs i n  t a b l e  are f o r  s i n g l e  engine P i r ingso  

3, $R during S-IVB burn does no t  include 230 f t - P R  r o l l  torque due t o  9-2 swirl, 
Q O  

4 ,  Q, = 

N =  

F =  

d =  

@ =  

K -  

NFdK 2 

number of  engines f i r i n g  

t h r u s t  component = 150 1b x s i n  o r  cos 6" 

moment arm i n  inches 

mass moment o f  i n e r t i a  i n  K - M - s 

p ropor t iona l i t y  constant  = 0,6 

- deg/s where 
@ 

2 
g 

5 ,  Symbol * i nd i ca t e s  n e g l i g i b l e  acce l e ra t ions ,  

6, CG o f f - s e t  no t  considered, 

7 ,  The AFS engines during S-IVB burn are ac t iva t ed  by J, r o l l  and 4 r o l l  i npu t s  
only, 
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APPENDIX 8 

CONTROL SYSTEM REDUNDANCY 

l o  Platform ResoSvers 

a, Each platform axis  has two r e so lve r s  associated w i t h . i t  t o  provide 
backup modes of operation should one f a i l  during f l i g h t ,  

b o  A fine (64:P) reso lver  system i s  used i n  the  prime made and a backup 
( 2 ~ 1 )  system i s  used i f  t h r e e  ( 3 )  unreasonable values occur i n  t h e  f i n e  r e so lve r  
system dur ing one computation cycle, 
minor loop (40 ms), 
is 20,4", t h e  change i s  considered mreasonable, 

The r e so lve r s  are read and checked once each 
If t he  d i f fe rence  between the Past reading and t h e  new reading 

2 ,  Switch s e l e c t o r  

a ,  The reseto stage select ,  and read command r e l a y s o  each, c o n s i s t  o f  two 
paraBlel relays (both eofPs and contaetspl o f f e ~ i n g  improved r e l i a b i l i t y ,  

b o  The switch selector m g i s t e r  i s  pro tec ted  from f a i l u r e  by allowing t h e  
The LVDC sends an code o r  i t s  complement t o  spe ra t e  t h e  same output relay d r ive r ,  

$==bit  code t o  t h e  selected r e g i s t e ~ ,  The e i g h t  complement Pines are re turned  t o  the  
EVDC v i a  t h e  LWDA and t h e  t ransmi t ted  code i s  cheeked, In  t h e  event  an error is de- 
t ec t ed ,  t h e  r e g i s t e r  i s  reset m d  t h e  esmplament code is t ransmi t ted ,  

Using t h i s  code o r  complement-type operat ion allows t he  switch s e l e c t o r  
t o  work around an inopera t ive  r e l ay ,  

3 ,  LVDA D/A convertor  channelso 

a. Channels A E B i n  conjwaetion wi th  t h e  referenee channel provide redun- 
dancy f o r  the a t t i t u d e  e r r o r  ($1 inpu t s  t o  t h e  c o n t r o l  computer, 

b ,  Channel A is t h e  p ~ f m e  channel,  Channel vvB'y will be se l ec t ed  f o r  use 
i f  the  re ference  ladder  output and t h e  Channel vp.Avq l adder  outrput d i f f e r  by an mount  
" B , P 1 7 "  (0 ,094~) o r  when the  LVDA outnut  (sample G hold c i r c u i t )  t a  t h e  cont ro l  cam- 
puter  and t h e  re ference  ladder  output d i f f e r  by an amount 20.469" [so 3'95~) (Each 
channel c o n s i s t s  of  the  ladder r e g i s t e r s ,  ladder,  sample E hold m u l t i p l i e r ,  sample f; 
hold c i rcui t  3nd %he se?%eetion cfrs;uifs] 0 

- 

4,  Control  signal processor  and EDS rate  gyrtus, 

a. The EDS command E spare  ra to  gyros,  with their demodulators, i n  pon-junc- 
t i o n  with t h e  EDS referenee rate gyros and i t s  demodulator provide redundancy f o r  t he  
a t t i t u d e  rate %$> input  t o  t h e  control  computer, 

b,  The command gyros and t h e i r  demodulators are used u n t i l  t he  outputs  o f  
t h e  demodulators fo r  t h e  command md reference gyros d i f f e r  by an amount >l ,64"/s  
%0,222 deg/s then t h e  spare  gyros and t h e i r  demodulators are se l ec t ed  f o r  use,  
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APPENDIX 8 (Continued) 

5, 50 ma servo ampl i f i e r  channel (p i t ch  o r  yaw) 

a, The 50 ma command and spare  servo ampl i f ie r  channels in conjunction w i t h  
the  reference servo ampl i f i e r  channel provide redundancy f o r  S-IVB a c t u a t o r  control.,  

b, 
channel i s  used i f  t h e  outputs  of  t h e  re fe renee  and command ampl i f i e r s  d i f fe r  by an 
amount >8 ma %3%, 
@ and Q f i l t e r s  and the  9 scaliwg amplifiers. 

The command servo ampl i f i e r  i s  t h e  prime channel, The spare ampl i f i e r  

The 50 ma seryo ampl i f ie r  channel c o n s i s t s  of  t he  servo, gmpl.ifiep, 

6 ,  S p a t i a l  amp l i f i e r  channels (p i t ch  o r  yaw/rdPl) 

a, The command and spare  channels i n  conjunction with t h e  re fe rence  channel 
provide cont ro l  computer a t t i t u d e  con t ro l  (output) s i gna l  redundancy f o r  t he  r o l l  axis  
during S-IVB burn phase and fo r  p i t c h ,  and yaw/ml.P during coast  phases, 

b o  The command s p a t i a l s  ampl i f ie r  channel i s  used u n t i l  its output and the 
output of the  re fe rence  channel d i f f e r  by an amount from f o r t y  p e r  cent t o  s i x t y  pe r  
cen t  duty cycle then the spare channel output i s  s e l ec t ed  f o r  useo 
Drawing 50h$34207; spa t ia l  ampl i f i e r  channel consists of t h e  s p a t i a l  ampl i f ie r s  and 
t he  $ and 4 s c a l i n g  ampl i f i e r s ) ,  

(See Sheet 2 ,  

7, ControP Relay Package 

The contro l  relay package design takes advantage o f  t h e  quad redundant valves  by 

As t r ion ies  Systems Handbook dated Aug I p  1965 and Sheet 2 ,  Drawing 50M34207 f o r  more 
information on cont ro l  r e l a y  package 6 valve redundancy) 

pU%tfl%g relay C 0 f l . s  in paPalleP t o  cOnesPol the  Series p a r a l l e l  V a l V e s ,  (refer e0 
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*NOTES 
1, K1 and K2 versus s i g n a l  source 

Signal  Source lil K 2  
> 

3,75 m 11J LVDA 
l0,OO APOT f ,C )  SC - 1,OO P U  CSP (For K2 = 1 The ampl i f i e r  w i l l  be removed) 

4,50 CONTROL RG 

2,  

3, 

4, 

The EDS Rate Gyros w i l l  be used during the  e n t i r e  f l i g h t  for SA-202 S 203, 

Spacecraf t  con t ro l  will no t  be u t i l i z e d  before  Saturn I B  Vehicle 206, 

The con t ro l  accelerometers a r e  u t i l i z e d  only during S-IB f l i g h t ,  These f i l t e r  
will be ac t ive ,  

5 Q  

6,  
values 

A t e lemet ry  s i g n a l  ava i l ab l e  f o r  6, only, 

This diagram does no t  include dynamics, Values i n  each block are s t eady- s t a t e  

7, The 50 ma magamps and t h e  spa t i a l l ' ampl i f i e r s  have pairlspare redundancy, A *'n 
compare" s i g n a l  will pick  t h e  r e l a y  and switch ampl i f i e r s ,  

8,  

9. The symboJ @ i n d i c a t e s  a te lemetry s i g n a l  a v a i l a b l e '  from t h e  con t ro l  'com- 

The yaw and r o l l  nozz les  are canted 6 O ,  The th ree  nozzles  of cach'module do 
not  l i e  i n  t h e  same plane,  

p u t e r  a t  t he  ind ica ted  points, ,  

10,  The symbol @ i n d i c a t e s  r a t e  switch outputs  t o  t h e  emergency de tec t ion  sys 
tem, 
t o  t h e  demodulator l i m i t  o f  2 P O  degrees p e r  second, 

These s i g n a l s  are no t  voted by t h e  cont ro l  s i g n a l  processor  and are not  l imi t ed  

11, The symbol a i n d i c a t e s  a te lemet ry  s i g n a l  a v a i l a b l e  from t h e  a c t u a t o r s ,  

1 2 ,  The symbol i n d i c a t e s  a te lemet ry  s i g n a l  a v a i l a b l e  Prom t h e  con t ro l  s igna l  
processor ,  

13, 

14, 

In  S-IVB burn mode both Y,R spat ial  ampl ie ie rs  f i r e  simultaneously. 

In  S-IVB burn mode t h e  yaw signal i s  i n h i b i t e d  from reaching t h e  s p a t i a l  amp15 
I f ier ,  

GEORGE C. MARSHALL 
SPACE FLIGHT CENTER 

Control System NATIONAL  AERONAUTICS  
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